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E X E C U T I V E S U M M A R Y

The United Nations has set a goal to eradicate hunger in the world by 2030.
The World Food Programme (WFP) is the primary instrument for the UN
to reach their goal and was even awarded the 2020 Nobel Peace Price for its
efforts to combat hunger. However, even with all the efforts, this goals seems
far away. The Food and Agriculture Organisation (FAO) 2020 estimates that
still almost 690 million people in the world experience hunger. Nearly 750

million, close to one in ten people, experienced severe levels of food insecur-
ity in 2019 and an estimated 2 billion people could not access safe, nutritious
and sufficient food. Looking worldwide, these levels of food insecurity are
not evenly distributed. In 2019, 19.1 percent of the African population, or
more than 250 million people, were undernourished. This is more than twice
the world average (8.9 percent) and it has a growing trend (FAO et al., 2020).

One of the substantial causes for food insecurity in an area is drought.
Drought is a very insidious disaster. Unlike rapid onset disasters, like an
earthquake or flood, it increases its grasp over an area over time. The longer
the drought lasts, the more an area is destroyed leaving devastating effects
that can last many years. The impacts of droughts are even bigger on areas
that are predominantly dependent upon agriculture. One way to assist poor
households facing chronic food insecurity and increase their resilience to
shocks is through unconditional direct cash transfers. This approach differs
from traditional aid, such as food aid, because it gives the power of decision-
making back to the people who know best their needs. this study aims to
explore different cash transfer policies as a humanitarian response to food
insecurity caused by and the influence on household food security.

The main research question posed in this research was:

"How can an agent-based model be used to analyse the effect of different
ex-ante cash transfer policies on the household food security in Kenya, as
humanitarian anticipatory action to drought?"

The objective of this study is to gain insight into the complex structure of the
food system when affected by a drought and, using a modelling approach,
explore the effects of different cash transfer policies on the food insecurity of
households under various scenarios. Agent-based modelling has been com-
bined with exploratory modelling techniques and empirical data to achieve
this objective.

The system that is observed in this study is based on previous drought mod-
els (e.g. (Vervoort et al., 2014), (IPCC, 2007)) including socio-economic and
environmental drivers on the household level (Stephens et al., 2018). Figure
5.2 shows a visual representation of this system, including a household food
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system, food production and a market mechanism. It shows that these sub-
systems are highly interconnected. A shock (like a drought) in one of these
systems will have a big impact on the rest of the system.

A household survey and choice experiments was conducted at 186 house-
holds in Isiolo by members of the Kenya Red Cross Society - International
Centre For Humanitarian Affairs (KRCS-ICHA). The survey identified three
main food sources of respondents; own livestock production, purchase on
the market and own crop production. Many respondents have experienced
severe food insecurity in the past and a seasonal rainfall deficit or excess of
rainfall is the most prominent cause for food insecurity. Additionally, choice
experiments were conducted to evaluate the preference of households re-
garding cash transfers. The results show that households prefer to have the
cash transfer in one lump sum payment, rather than two payments. There
has not been found any preference in the lead time of the transfer, but this
could be due to to misunderstanding of the experiment. The regression ana-
lysis shows that a higher education level, income from labour or from ’other’
sources significantly increases spending of the cash transfer on food. House-
holds with only a primary education level, income from labour, private busi-
ness or ’other’ spent less on mitigative measures. Households with only
secondary education spent more on household expenditures, while house-
holds with tertiary education would spend significantly less.

Three KPIs used to evaluate the performance of the system are; household
food insecurity, crop stock at the local market and capital of households. The
main policy levers are payment type and lead time. The policy interventions
have been separated in two different policy strategies; (1) ’As Soon As Pos-
sible’ (ASAP), characterised by long lead times and mainly one lump sum
payments; and (2) ’Careful consideration’, characterised by short lead times
and two time payments.

Figure 0.1: Food insecurity in different drought scenarios base model

The base model (Figure 0.1 shows that, without any drought, there are
hardly any households that become food insecure. When drought occurs
there is a peak in household food insecurity every year just before the har-
vest season. In the moderate drought scenario about 50% of households
become food insecure each year, while this is close to 100% in the severe
scenario. In a moderate drought scenario the average capital of working
households drops when a drought occurs, while in a severe scenario the
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average capital increases. Without any drought, the local market will be bal-
anced and will not run out of stock. When a drought happens, the market
stock quickly runs out in both drought scenarios.

Figure 0.2: Effect Lead Time on Total weeks food insecurity - Moderate drought

The only policy leaver that has a significant impact on household food insec-
urity is the lead time. A longer lead time leads to less total food insecure
weeks, as can be seen in 0.2. When comparing a 1 week lead time and 12

weeks lead time, the 12 week lead time causes a 45% decrease of total food
insecure weeks. The policy levers do not seem to affect the average capital
or market stock in a significant way.

Based on the results of this study, four recommendations are made for Neth-
erlands Red Cross - 510 and any other humanitarian aid organisations inter-
ested in these results.

1. Firstly, the results show that cash transfers can be a valuable tool to use
in combating food insecurity caused by drought. However, timing is
important when considering cash transfers. Cash transfers have more
impact if they are made well in advance of a drought disaster. If there
is a will to implement cash transfers more often, a procedure should
be constructed with well defined lead times and forecast probabilities.
Longer lead times do however come with more uncertainty. It will be
harder to convince other actors of acting when the forecast probability
is still low.

2. Secondly, not all household types have the same needs in different
drought scenarios. The results of this study show that in a severe
drought scenario working households become completely food insec-
ure and need food aid, while the other types still have some degree
of self sufficiency. In a moderate drought scenario the working house-
holds are least affected and almost none are in need of cash, while the
pastoral and semi-pastoral households become dependent on a cash
transfer. This is due to the fact that these households have limited
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income when their crops die out. These difference show that a cash
transfer program should take into account the varying needs of the
households types in different scenarios.

3. Thirdly, the future of food aid is not lost. Cash transfers may replace
food aid as the dominant humanitarian response in the future, but will
not completely replace it. The model simulations of a severe drought
in this study have shown that cash transfers are not applicable in all
situations. It is important to always perform an assessment of the local
markets before considering providing cash transfers.

4. Last, it is important to recognise the multi-actor setting of cash trans-
fers. Findings in this study and the F4S study can be used to convince
other actors to invest time and resources in a cash transfer program.
When doing this, the current cash transfer programs already in place
by the Kenyan government should be taken into account. Additionally,
it is important to understand that collaboration with local actors is key
in creating a successful cash transfer program.
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1 I N T R O D U C T I O N

1.1 the global hunger crisis

In 2020 The Nobel Peace Price was awarded to the World Food Programme
(WFP) "for its efforts to combat hunger, for its contribution to bettering con-
ditions for peace in conflict-affected areas and for acting as a driving force
in efforts to prevent the use of hunger as a weapon of war and conflict"(noa,
2020). As the world’s largest humanitarian organisation, the WFP provided
assistance to around 100 million people in 88 countries who suffered acute
food insecurity and hunger in 2019. The Nobel committee emphasised in
their explanation that this assistance to increase food security does not only
prevent hunger, but it helps to improve the prospect for stability and peace
(noa, 2020). The WFP is the primary instrument for the UN to reach their
goal of eradicating hunger by 2030. However, even with all the efforts, this
goals seems far away. The Food and Agriculture Organisation (FAO) 2020

estimates that still almost 690 million people in the world experience hunger.
Nearly 750 million, close to one in ten people, experienced severe levels of
food insecurity in 2019 and an estimated 2 billion people could not access
safe, nutritious and sufficient food (FAO et al., 2020).

The prevalence of undernourishment (PoU), a measurement for food insec-
urity used by the FAO, shows in the FAO’s latest report 2020 that Africa
has the highest prevalence of undernourishment in the world. In 2019, 19.1
percent of the African population, or more than 250 million people, were un-
dernourished. This is more than twice the world average (8.9 percent) and
it has a growing trend (FAO et al., 2020). According to FAO et al., Africa is
significantly off track to achieve the Zero Hunger target in 2030 and if the
current rate persist, its PoU will rise from 19.1 to 25.7 percent. Prolonged
drought in East Africa has led to a deep humanitarian crisis, with house-
holds facing substantial gaps in the consumption and access to food. Over
11 million people in nine East African countries are currently experiencing
crisis or emergency levels of food insecurity (Godfrey and Tunhuma, 2020).

1.2 the impact of drought

Drought is a very insidious disaster. Unlike rapid onset disasters, like an
earthquake or flood, it increases its grasp over an area over time. The longer
the drought lasts, the more an area is destroyed leaving devastating effects
that can last many years (IFRC, 2021a). The livelihood of households in
East Africa is still predominantly dependent upon agriculture, especially in

1
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rural areas. The impacts of droughts are large on these smallholder rain-
fed agriculture systems, as they have a low capacity to adapt (Thornton and
Herrero, 2001). This leads to a loss in food production due to diminished
crop yields and death of livestock (Wens et al., 2020). A direct link can be ob-
served between food production and famine (Ifejika Speranza et al., 2008) in
East Africa. In Kenya, the devastating 2011 and 2019 famines could both be
linked to reduced food production due to drought (OCHA, 2011; Anyadike,
2019).

Droughts can be defined as temporary deficits in water supply that often
have a wide range of economic, social, and environmental impacts (Wens
et al., 2019; IPCC, 2007; Wilwite, 2000). These impacts range from effects
such as crop failures and widespread death of livestock, to higher food prices
and inflation. However, food insecurity potentially has even more far reach-
ing consequences, as it can add to political instability, trade issues, conflict
and mass migration (Dermody et al., 2017). All these effects add to the mul-
tidimensional nature of food security (Connolly-Boutin and Smit, 2016) and
make it a complex problem involving many different stakeholders. Climate
change is expected to cause even more frequent and more severe droughts,
having a significant effect on the livelihoods and food systems of communit-
ies (IPCC, 2007).

1.3 humanitarian aid as a response to drought

There are several ways to deliver aid to areas that have been hit by drought.
Traditionally, most responses to drought and food insecurity, including most
responses of the Red Cross Crescent, prioritise the provision of food, safe wa-
ter, basic health services and basic sanitation (IFRC, 2021a). Food aid is cur-
rently still the dominant humanitarian response to drought disaster (Barrett
and Maxwell, 2005). There is extensive research on the effectiveness of emer-
gency food aid and it has the potential to stimulate growth in developing
countries (e.g. (Barrett et al., 2008; Harvey et al., 2010; Maxwell and Singer,
1979)). however there is also a risk that these food programs do not take into
account a comprehensive plan for improving the livelihood of household in
these areas (Maxwell and Singer, 1979) or even, either directly or indirectly,
have negative consequences on the indigenous food systems (Jackson, 2020).

Another way to assist poor households facing chronic food insecurity and
increase their resilience to shocks is through unconditional direct cash trans-
fers. This approach differs from traditional aid, because in traditional aid hu-
manitarian organisations choose where the money is spend on. Direct cash
transfers gives the power of decision-making back to the people who know
best their needs and can kick-start local markets and supply chains (Cross,
2017; UNDP, 2015). The Overseas Development Institute (ODI) and the Cen-
ter for Global Development (CGD) 2015 state that cash transfers are among
the most well-researched and rigorously-evaluated humanitarian tools. Ac-
cording to them, evidence shows that in most contexts direct cash as hu-
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manitarian aid is more efficient, more transparent and more accountable.
Additionally, in the current 2020 global pandemic, cash transfers could be
the only option for humanitarian aid.

Existing cash transfer programs for food insecurity are usually based on
observed triggers and are crisis-driven, thus after an event has taken place
(ex-post) (Guimarães Nobre et al., 2019). The result of this ex-post aid is
that the assistance might not reach those in need on time or that too much
damage is already done. Other options are to provide the cash during an
ongoing crisis or before the crisis (ex-ante). Ex-ante cash transfers are based
on forecasting systems and could work as a preemptive humanitarian aid
tool. Getting money before a drought could help farmers better prepare and
reduce damage (Wens et al., 2020). Ex-ante cash transfers could be the future
of humanitarian response, but more research is needed on the effect of this
measure.

1.4 food insecurity as a complex problem

It is apparent that food insecurity due to drought is a problem. This is es-
pecially the case in developing countries that are predominantly dependent
upon agriculture and do not have many means to deal with a widespread
drought. However, it is less apparent how to deal with this problem. The
problem of food insecurity is not just complicated, but it is complex. Com-
plex problems are characterised by the fact that they are highly adaptive, oc-
cur on many different dimensions and have many interconnected relations
between actors (Dam et al., 2013). A drought does not only affect farmers
and it does not only lead to a lack of food, there are many aspects to con-
sider. Dam et al. therefore suggest that a ’systems thinking’ approach that
includes the interacting and interrelated elements is necessary. By viewing
food insecurity as a complex adaptive system (Waldrop, 1992) it includes the
interactions between levels and dynamic emergent patterns that arise from
interactions between system components (Holland, 1996; Newman, 2003).
This cannot be done by a single approach or description.

1.5 research objective: exploring cash transfer
policies

As will be elaborated in the following chapters, this study aims to explore
different cash transfer policies as a humanitarian response to food insecur-
ity caused by drought and the influence on household food security. The
objective of this study is to gain insight into the complex structure of the
food system when affected by a drought and, using a modelling approach,
explore the effects of different cash transfer policies on the food insecurity
of households under various scenarios. An Agent-Based Model is construc-
ted and combined with exploratory modelling techniques, applied to a case
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study of the Isiolo district in Kenya. The goal is to find robust and useful
policy interventions that can be used by the The International Federation of
the Red Cross and Red Crescent Societies (IFRC).

1.6 structure of this study

This first chapter of this study aims to introduce the subject, provide context
and explain the societal relevance of the study. In Chapter 2, a literature re-
view will be conducted which results in a scientific knowledge gap and main
research question. Then, in Chapter 3 the research design and research meth-
ods will be explained and the subquestions formulated. After the problem
is introduced, Chapter 4 aims to identify the factors involved in the system
of household food security in Kenya by analysing the case of Isiolo county
in Kenya and providing the results of a household survey. Next, Chapter 5

will transfer the factors and relations found in literature, survey results and
choice experiments, into a conceptual model. Chapter 6 describes the imple-
mentation of the conceptual model into an Agent-Based Model. The results
from the experimentation are presented in Chapter 7, after which they are
interpreted and validated in Chapter 8. Chapter 9 provides a critical per-
spective on the outcomes of this study by stating its limitations. Finally, the
conclusions of this research are presented in Chapter 10.



2 L I T E R AT U R E R E V I E W

In this chapter, a literature review will be carried out. This will be done
by looking at the current scientific literature and models on food security
and direct cash payments. This will provide an overview of the current un-
derstanding of these concepts. Additionally, it will show where the current
scientific literature does not yet suffice, making a knowledge gap apparent.

2.1 review method

The literature review is divided in two main parts. The first part consists
of literature on the key concepts in this study. The second part is aimed at
existing food insecurity models, with a specific focus on Agent-Based Mod-
els. For this literature review, the following databases have been used: Web
of science, Scopus and Google scholar. Additionally, "gray literature", docu-
ments that have not (yet) been published (Schöpfel, 2010), has mostly been
gathered directly from the Red Cross or departments of the United Nations.
No type of documentation has been excluded, but there is a focus on sci-
entific published literature. 2.1 shows the search strings that have been used
in this review. In addition to searching through databases, literature has
been identified by means of ’snowballing’ search (Jalali and Wohlin, 2012),
in which key articles were used to identify other important authors or pub-
lications.

Table 2.1: Search terms used in review: adaptations on these strings have been used
as well

Section Search terms (TITLE-ABS-KEY)
Topic ( "Food security" OR "Food accessibility" ) AND ( "Drought"

OR "Drought risk" OR "Climate change" OR "Shock" )
Method ( "Drought" OR "Drought risk" OR "Climate change" ) AND

( "Agent-Based Model" OR "agent-based" OR "ABM" OR
"Farm household model" OR "Household model" OR "agri-
cultural model")

Policy ("direct cash transfer" OR "direct cash" OR "cash transfer" )
AND ( "ex post" OR "ex ante" OR "early action" OR "EA")

5
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2.2 key concepts of system

2.2.1 Food insecurity

Food security has been defined in different ways throughout history. The
current definition was defined at the World Food Summit of 1996 and was
slightly revised in a follow up meeting in 2001. This definition states: “Food
security is a situation that exists when all people, at all times, have phys-
ical, social and economic access to sufficient, safe and nutritious food that
meets their dietary needs and food preferences for an active and healthy life”
(FAO, 2001). This definition is used by most global humanitarian organisa-
tions like the World Food Programme (WFP) and the Food and Agriculture
Organisation (FAO) and it consists of four dimensions: availability, accessib-
ility, utilisation and stability.

Within the field of food security research there is a push for a systems ap-
proach that connects these different dimensions. Ingram (2011) shows the
complex relations between food systems and food security and highlights
the lack of research that takes these interactions into account. A lot of the
research on food security focuses on the availability of and access to food
(Müller et al., 2020) and according to (Stephens et al., 2018) more work is
needed to examine the links between food systems, agricultural systems and
food security that include the produce markets and food demands.

2.2.2 Direct cash payments

For most of the poorest people, humanitarian aid is still an important in-
strument to achieve short-term goals of drought preparedness and recovery
(Guimarães Nobre et al., 2019). There has been an increasing debate as to
whether direct cash transfers should be given to people instead of the tra-
ditional aid (Harvey et al., 2014). Direct cash transfers are typically less
expensive and give the power of decision-making back to the people who
know best their needs and can kick start local markets and supply chains
(Cross, 2017; UNDP, 2015). According to the Overseas Development Insti-
tute (ODI) and the Center for Global Development (CGD) 2015, evidence
shows that in most contexts direct cash as humanitarian aid is more effi-
cient, more transparent and more accountable.

Of all the different cash transfer programs, only a small group focus on trans-
fers before the occurrence of an event (ex-ante) (Garcia and Moore, 2012).
Most of the programs focus on aid after the event has taken place (ex-post)
what could result in assistance not reaching those in need on time or that
too much damage is already done. As this shift from ex-post to ex-ante aid
is still a relatively new concept, not a lot of research has been done to ex-
amine the effects. Most research into cash transfers and food security just
focuses on the benefits and results of this type of aid over the traditional
type (Villanger, 2008; Balhara et al., 2017; Fenn et al., 2017; Schwab, 2020).
The research that does take into account the difference in timing of the trans-
fer mainly focuses on the economic aspects of these cash transfer policies



2.3 review of existing models 7

(Guimarães Nobre et al., 2019). Guimarães Nobre et al. evaluates the poten-
tial cost-effectiveness of ex-ante versus ex-post cash transfer responses for
agricultural drought risk.

Looking at the research done in the area of ex-post versus ex-ante cash trans-
fers, it can be noted that none directly take into account food security as a
KPI, let alone food security at household level. Additionally, no research
takes into account the decision-making on the household level. A different
timing in cash transfers could lead to completely different decisions of the
people that receive the aid, preparing them for an upcoming shock. Cur-
rent research does not take into account how the difference in behaviour
influences the food security of households.

2.3 review of existing models

2.3.1 Food security models

In order to get an understanding of the complex socio-economic and envir-
onmental conditions that drive food systems and therefore food insecurity,
a lot of work has gone into the development of models and scenarios (IPCC,
2007; Vervoort et al., 2014). However, research on food security modelling
is often fragmented in literature and methodology, as it is often researched
in disparate disciplines without much interconnection. Some reviews give
insight into the different types of modelling that has been used to examine
food-related issues (e.g. (van Tongeren, 2001; Millington et al., 2017; Huber
et al., 2018)) with some addressing food security (van Wijk et al., 2014; Brown
et al., 2017) and these have been used to create a clear overview of the cur-
rent achievements and gaps in this field.

There is an increasing need to access the impacts of socio-economic and
environmental drivers on the household level rather than the national or re-
gional level (Stephens et al., 2018), as sufficient total global or regional food
security does not necessarily ensure food security for individual households.
Household models have been widely used in the agricultural community for
ex-ante analysis and priority setting of technological interventions (Thornton
and Herrero, 2001; Müller et al., 2017) and a lot of research takes crop and
livestock model outputs to use for farm-level economic analysis. Rapid de-
velopment takes place into different ways of modelling farm level decision-
making (Stephens et al., 2018). Currently all sorts of food security models
are being used with the major ’streams’ being: dynamic simulation, mathem-
atical programming (MP), and multi-agent modelling (van Wijk et al., 2014).
However, Food security as KPI has still received little attention in models
(van Wijk et al., 2014)
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2.3.2 Agent-based food security models

Agent-Based Modelling (ABM) provides a useful tool to examine how inter-
actions between households and the environment lead to the emergence of
food security (Balbi and Giupponi, 2010). Different models have been used
for different dimensions of food insecurity. Firstly, Agent-Based Models have
been used to model production, focusing on interactions between land and
farmer (Bharwani et al., 2005; Matthews et al., 2007; Ding et al., 2015; Wens
et al., 2020). Additionally for the consumption side within and across house-
holds an ABM approach has been used, often focusing on smallholders in
developing countries (Dobbie et al., 2018). Dobbie et al. developed a meth-
odological approach for constructing ABM models to assess food security
with an explicit focus on the four dimensions of food security.

Even though Agent-Based Models have been widely used to research food
security, there are still clear gaps in this field of research. Firstly, in all re-
viewed models decision-making takes place on a seasonal or yearly basis,
with matching time steps (van Wijk et al., 2014). This puts the focus on tac-
tical and strategic decision making and eliminates the possibility of detailed
climate risk analyses in which drought periods occur. Therefore explicit cli-
mate or market risk analyses have not been performed with these models
(van Wijk et al., 2014; Stephens et al., 2018) and they often do not consider
short-term variability from shocks (Müller et al., 2020). Secondly, little atten-
tion is given to non-agricultural activities (van Wijk et al., 2014) and farmers’
income. Additionally they do not take preemptive measures such as food
storage into account and they generally do not consider market changes
(Müller et al., 2020). The result is that these models cannot fully describe
climate related risk for food self-sufficiency and food security at household
level (van Wijk et al., 2014). Lastly, these models are often research tools for
assessing the consequences of system interventions and do not take into ac-
count the multi-actor nature of the problem (van Wijk et al., 2014). Because
of this these models lack usefulness in the policy arena.

2.3.3 Take away current models

There have been many model studies in the area of food security and drought
adaptation. This research aims to fill a gap that still exist within current lit-
erature. However, there are things that can be adopted from current model
studies to incorporate in this research. Studies show the need for an assess-
ment of socio-economic drivers at the household level. As mentioned, there
are already many studies that take a detailed look at the farming of small
household farms in times of drought. Additionally, there are models that
present the food consumption and market interaction of households. These
mechanisms can be used for constructing the Agent-Based Model in this
study.
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2.4 knowledge gap

By reviewing the current literature, it becomes apparent that to our know-
ledge (a) there is currently no useful Agent-Based Model that can analyse
drought and takes into account different dimensions of household food se-
curity. (b) There is insufficient knowledge about the difference in behaviour
of people in Kenya when provided with either ex-ante cash transfers as aid
for drought. (c) There is no Agent-Based Model that takes into account these
forms of cash transfers and the effect on household food security.



3 R E S E A R C H D E S I G N

The knowledge gap identified in the literature review shows that there is cur-
rently insufficient knowledge regarding the effects of cash transfer policies
as a humanitarian response to drought crises. This study aims to explore
different cash transfer policies as a humanitarian response to food insecurity
due to drought under different scenarios.

The design of the research will be discussed in this chapter by first address-
ing the main research question and the sub-questions. subsequently, the
methodology will be discussed, accompanied by a visual research flow dia-
gram. Finally, the methodologies per sub-question are explained.

3.1 main research question

This research focuses on one main research question that is derived by the
academic knowledge gap. The main research question is formulated as fol-
lows:

"How can an Agent-Based Model be used to analyse the effect of
different ex-ante cash transfer policies on the household food

security in Kenya, as humanitarian anticipatory action to
drought?"

3.2 sub questions

1. What factors influence the food insecurity of households in Kenya dur-
ing a drought?

2. How can household food insecurity due to droughts in Kenya and the
intervention of direct cash transfers be conceptualized and formalized
in terms of policies, uncertainties and Key performance indicators?

3. How can the household food insecurity be implemented in an Agent-
Based Model?

4. What is the effect of policy interventions on the household food secur-
ity in Isiolo County in Kenya?

5. How can the outcomes of this study be generalized to other drought
crises?

10
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3.3 methodology

In order to answer the main research question and the different subques-
tions, this study uses several research methods. The main research method
is the development of an Agent-Based Model that is based on a case study
in Kenya. Exploratory modelling techniques are used to find robust policy
under different scenarios. The complete research design is visualised in 3.1,
indicating the research phases and overall structure of the report. The figure
shows the integration of data and the household survey in the main phase of
the model study. This will be explained in more detail below. The research
methods of the sub-questions will be described in more detail in the next
sections.
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Knowledge gap Knowledge gap

Theory formalisation

Q1: What factors influence the food insecurity of 
households in Kenya during a drought?
- Literature study
- Household survey
- Discrete choice experiments
- Key informant interviews

Conceptual model

Q2: How can household food insecurity due to droughts in 
Kenya and the intervention of direct cash transfers be 
conceptualized and formalized in terms of policies, 
uncertainties and Key Performance Indicators?
- Conceptual model
- XLRM, UML, IDEF0

ABM model

Q3: How can the household food insecurity be 
implemented in an Agent-Based model?
- Agent-Based modelling

Policy advise

Q5: How can the outcomes of this study be generalized to 
other drought crises?
- Policy recommendations

Exploration and experiments

Q4: What is the effect of policy interventions on the 
household food security in the Isiolo region in Kenya?Case
study
- Experiments
- Exploratory modelling

Discussion Conclusion

Design of HH survey and
CE

Data

Analysing survey data

Parametrisation using
survey data

Policy levers based on 
Choice experiments

Analysing Choice
Experiments

Regression analysis

Figure 3.1: Research Flow Diagram

Integration of Household survey and choice experiments in the Model design

The household survey and choice experiments and the data that is gathered
from these are used in multiple ways throughout this model study. The
yellow flow in Figure 3.1 shows how the main model study and the data
stream are connected. This flow diagram shows that the household survey
and choice experiments are linked to the model study in two mayor ways.
First, the survey and choice experiments are used in the conceptualisation
phase of the model. This means that results from the survey, such as source
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of income, perspective on drought, source of food or how households deal
with food insecurity have been used to create the conceptual framework of
the model. Additionally, the design of the choice experiments has determ-
ined the design of the cash transfers and there fore policy levers in the model.

Second, the results from the household survey and choice experiments are
used as input for the model. Model parameters are taken from the survey
results and regression analysis. These input parameters include things as;
the number of households, household size, income, crop production and
available food. Additionally, the parameters for the cash transfers are based
on the choice experiments.

3.3.1 Sub-question 1: What factors influence the food insecurity of house-
holds in Kenya during a drought?

The first sub-question aims to identify the factors within the food system
and discover what factors influence the food insecurity of households dur-
ing a drought. Answering the first sub-question will be done using multiple
methods: a case study, conducting household surveys, analysing choice ex-
periments and key informant interviews.

The case that will be used for this research concerns the Isiolo district in
Kenya. According to the Kenyan National Drought and Management Au-
thority, in 2017, 80% of the household in Isiolo were food insecure followed
by a severe drought, which affected crop production, and consequently, the
access to food, poor incomes and high food prices. Isiolo is a drought-prone
county, which often rely on humanitarian organizations to provide food aid
relief. This case study aligns with ongoing projects of the 510 Red Cross
department.

The household survey has been conducted at 186 households within the Isi-
olo district by members of the Kenyan Red Cross. The survey is part of a lar-
ger project called Forecast-based Financing for food security (F4S). The F4S
project is a joint project by Stichting VU - Institute for Environmental Stud-
ies (IVM-VU), Netherlands Red Cross - 510 (510), the UCSB Climate Hazards
Center (CHC) and the Kenya Red Cross Society - International Centre For
Humanitarian Affairs (KRCS-ICHA). Some specific questions have been ad-
ded to the survey for this study. Due to the current COVID-19 crisis it is
not possible for anyone to visit the case area in person and therefore all com-
munication is done online. The household survey will provide empirical
information on food insecurity of households in the district.

While conducting the household surveys, the respondents will also be asked
to participate in several choice experiments. In these choice experiments the
respondents are asked to choose between two scenarios. These scenarios
have different values for a number of attributes. These experiments are con-
structed based on the theory of McFadden (1974) and rely on the hypothesis
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that the decision maker will choose an alternative that yields the highest
utility in a given situation. The preference of alternatives is represented by
a utility function and from the stated preference, the utility of attributes can
be derived. The choice experiments are analysed using the mlogit package
in R (Croissant, 2020b,a).

3.3.2 Sub-question 2: How can household food insecurity due to droughts
in Kenya and the intervention of direct cash transfers be conceptu-
alized and formalized in terms of policies, uncertainties and Key
performance indicators?

A conceptual model will be made as a base for this research. This concep-
tual model will be based on current literature and conceptual models on
food security, as well as the factors revealed by the first sub-question of this
study. It is important that this conceptual model pays attention to the mul-
tidimensional nature of food security and therefore it will be based on the
’four pillars’ framework that was created by FAO and later operationalised
for modelling purposes by (Dobbie and Balbi, 2017). This framework (see
figure 3.2) includes food availability, access, utilisation and stability.

Figure 3.2: Four pillars framework by (Dobbie and Balbi, 2017)

Additionally the XLRM framework will be used to structure the informa-
tion into policy levers(L), performance metrics (M), relationships (R), and
external factors (X) (Nikolic et al., 2019). This framework helps in finalizing
the conceptual model.
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3.3.3 Sub-question 3: How can the household food insecurity be imple-
mented in an Agent-Based Model?

Agent-Based Model

The outcome of the conceptualization phase will be formalized and imple-
mented in an Agent-Based Model. The tool that will be used for this model
is Mesa, a platform in Python for ABM analysis. Agent-Based Modelling
(ABM) provides a useful tool to examine how interactions between house-
holds and the environment lead to the emergence of food security (Balbi
and Giupponi, 2010). ABM is a bottom-up approach in which interactions at
the local level lead to the emergence of patterns at the macro-level (Epstein
and Axtell, 1996). It is very well suited to take the heterogeneous nature
of households, individuals and the environment into account (Epstein, 1999)
and analyse their decision-making behaviour. Lastly, Agent-Based Models
are well equipped to integrate data from different sources and can work well
in a data scarce context as they can deal with both qualitative and quantitat-
ive data (Janssen and Ostrom, 2006; Robinson et al., 2007).

For this research the methodological approach constructed by (Dobbie et al.,
2018) will be used. This approach includes the four pillars framework and
focuses on food security. An overview of this approach can be found in
figure 3.3. As this research focuses on food security at the household level,
households will be modelled as individual agents. These agents can have
interactions with each other and their environment. Drought scenarios and
cash transfer policies can be applied by changing the environment or chan-
ging the decision making rules of the agents.

Figure 3.3: Modeling approach by (Dobbie et al., 2018)

3.3.4 Sub-question 4: What is the effect of policy interventions on the
household food security in the Isiolo region in Kenya?

In order to answer this sub-question, the model will be used to explore dif-
ferent cash transfer policies under different scenarios.

Exploratory modelling

Exploratory Modelling and Analysis (EMA) is a modelling approach used
when modelling under deep uncertainty. (Kwakkel et al., 2015) argues that
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systems are complex and their context is deeply uncertain, computer as-
sisted reasoning is needed as human reasoning alone is not able to deal with
this uncertainty. The ABM model provides insight into the structure and sys-
temic behaviour, but given the deeply uncertain context this model is based
upon (the possibility of sparse data), EMA can be used in order to deal with
this uncertainty when composing policy advice.

3.3.5 Sub-question 5: How can the outcomes of this study be generalized
to other drought crises?

This last sub question aims to summarize the findings of the case-study and
will reflect on the identified policy interventions. The results will be used to
see if this approach is suitable in other situations as well. Finally, this will
result in recommendations for the Red Cross to inform them of cash transfer
policy strategies.



4 FA C TO R I D E N T I F I C AT I O N

In the previous chapters the knowledge gap and focus of this study have
been identified, as well as the approach and methodology that will be used
to fill this knowledge gap and answer the research questions of this study.
This chapter aims to identify the factors involved in the system of household
food security in Kenya. In order to identify these factors, the household food
security in the Isiolo county in Kenya will be analysed. This case provides
a context for the implementation of cash transfer policies as humanitarian
response to drought. A household survey and choice experiment for this
case will be used as a base to conceptualise the complex system of house-
hold food security and gain insight into the decisions made by households
when faced with impending drought. First, the case background will be
discussed, followed by the results of the household surveys and choice ex-
periments. Afterwards, a conceptual models are used to describe the system
of household food security in the Isiolo county in Kenya. This answers the
first sub-question of this study;

What factors influence the food insecurity of households in
Kenya during a drought?

4.1 case

Isiolo county is located at the center of Kenya. With a population of 260.000,
Isiolo is the second lowest populated county in Kenya (Kenya National Bur-
eau of Statistics, 2019). Because the county is also the 7th largest (25,300

km2), it is one of the most sparsely populated areas of Kenya. Most of the
county’s land is flat and made of many superficial rock deposits, over 80 per-
cent of the land cannot support crop farming. The climate can be described
as hot and dry with an average annual temperature of 29 degrees Celsius.
Annual rainfall ranges between 400 - 650 mm, however this falls mainly dur-
ing two rainy seasons with almost no rain in most months. Additionally, the
rainfall is not evenly divided over the county. The higher ground areas in
the south-west receive between 500-670 mm, while the eastern and northern
parts receive less than 300 mm (County Governmant of Isiolo, 2018).

17
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Figure 4.1: Isiolo district in Kenya, map by (ISSAfrica, 2020)

The combination of the climate and land composition are the base for mainly
agro-pastoral activities. Over 80 percent of the land is owned by the com-
munity under trust ship of the county government and is mainly used as
grazing land by pastoralists. Livestock keeping and trading is the main
driver of the county’s economy and accounts for up to 70% of it, followed by
small scale business (20%) and tourism (10%) (Isiolo County Government).
According to Isiolo County Government, a high percentage of the population
is not engaged in formal employment (85.5%) due to high illiteracy levels,
lack of skill and simple unregulated nature of urban self-employment.

4.2 household survey

To better understand the factors involved in household food security, a sur-
vey has been conducted at 186 households in Isiolo County by members
of the Kenya Red Cross Society - International Centre For Humanitarian
Affairs (KRCS-ICHA). The households have been selected through random
sampling of the villages in the area in order to get a representative sample.
The aim of this survey has been to gather local knowledge on food security,
identify early actions that local households take to lessen the risk of food in-
security and see how this local knowledge can be implemented in a model.
This section will cover results of the survey that are useful for this study start-
ing with general information about the households, followed by local exper-
ience with food insecurity and ending with how locals deal with impending
food insecurity. More details about the data analysis can be found in Ap-
pendix A. The data files, R code and original questionnaire can be found in
the GitHub repository: https://github.com/JoepHoeijmakers/MasterThesis.



4.2 household survey 19

4.2.1 General information

The survey was conducted at 186 households with an average household size
of 6.3. 151 of the respondents were female, 35 were male and the average
age of the respondents was 32.6 years old. The main source of income for
these households is livestock keeping, followed by a combination of livestock
keeping and farming and lastly private business or casual labour. Almost all
respondents indicated that their income was more than 300 KSh (2.27 Euro)
per month, but a precise division cannot be made, as this was the highest
amount that could be chosen in the questionnaire.

4.2.2 Food insecurity

This next section will cover the questions of the survey related to food insec-
urity. Additional plots can be found in Appendix A.

The three main food sources of respondents are own livestock production,
purchase on the market and own crop production. This is in line with earlier
observations about occupation and lifestyle. Many of the respondents are
smallholder farms that mainly depend on their own production as a food
source.

Figure 4.2: Causes for food insecurity

Figure 4.2 shows many causes for food insecurity, however a few stand out.
A seasonal rainfall deficit or excess of rainfall, a drought or flood period, is
the most prominent cause for food insecurity. Some other causes, as the in-
ability to sustain livestock due to water shortage or water quality issues, are
tied into these factors. Meager income from non-farming activities is men-
tioned as the third largest cause for food insecurity. This shows that there
are no suitable alternatives to farming for the livelihood of the respondents,
making them very dependent on external factors. Market failures is also
high on the list of causes, possibly indicating that the market does not func-
tion properly in times of need.
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Many respondents have experienced severe food insecurity in the past (Fig-
ure A.2) and there seems to be a growing trend. This trend could also
be ascribed to the fact that recent events are still more ingrained into the
memory of the respondents. The most difficult months for food security are
June until September, which corresponds to the dry season in the county
(County Governmant of Isiolo, 2018). People tend to find the forecasts about
droughts very reliable and act upon these forecasts. The main responses to
an upcoming drought are stocking up on food, increasing the sale of live-
stock and products and saving money, as can be seen in Figure 4.3.

Figure 4.3: How to prepare for drought

4.3 choice experiments

Subsequent to the questionnaire, the respondents have been asked to parti-
cipate in a choice experiment. The goal of the choice experiments has been
to evaluate what attributes of cash transfers households prefer in different
scenarios.

4.3.1 Set-up of experiments

The experiment consisted of six rounds for each participant. The participants
where given a different scenario per round and had to choose between two
options of cash transfers, based on what their preferred option would be.
Each round a choice card with the two scenario’s was shown. These scen-
arios could vary in the hazard type (flood or drought), the severity (moderate
or severe) and the time of the drought warning. The cash transfer options
provided could vary in the type of payment (one lump sum or two consecut-
ive amounts) and the lead time (long or short). The lead time indicates how
far ahead of the drought the cash transfer would be received. Additionally,
the respondents were asked how they would spend the money by dividing
fake coins over different expenses. An example of a choice card is included
in Appendix A.3 and all experiment card, including the explanation given
to the participants, can be found in the GitHub repository.
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4.3.2 Data cleaning and analysis

The data of the choice experiments has been extracted from the complete
data file of the survey and only the drought scenario choice experiments
have been used. The data cleaning has been conducted in Python in the
file "Choice experiments Kenya.ipynb" and the analysis of the experiment
has been conducted in R in the file "Kenya_CE.R", both can be found in the
GitHub repository. For the data cleaning, the results have been divided into
different dataframes for the different rounds and all non essential attributes
(columns) were dropped. Additionally, all entries where no round number
was indicated by the enumerator were dropped. Steps of the data cleaning
process can be found in Appendix A.1.

While processing the data, a major fault has been found. The enumerators of
the experiments had to indicate which round was being played, which card
deck was chosen (Red or green), which option the participant chose (A or
B) and what payment type and lead time corresponded to that choice. The
red and green card decks were different sets of cards, each with the same
six rounds. The indication of the payment type and lead time by the enu-
merator was a redundant step. The combination of the deck colour, round
number and scenario choice always belong to a certain payment type and
lead time. For instance, scenario A of round 1 in the red card deck consists
of two payments with a long lead time (see A.3). However, it was found
that enumerators would indicate a payment type or lead time that was not
consistent with the card and choice they indicated. In the example card men-
tioned, they would indicate that scenario A was chosen, but that a one lump
sum payment was chosen as well.

It could be that enumerators did not indicate the correct deck of cards, cor-
rect choice or made a mistake in writing down the payment type and lead
time. A script was developed (see Python file) to check all entries and com-
pare it to all combinations of valid options. The results gave 362 false entries
and 359 correct entries. All false entries have been dropped for analysis, as
it is impossible to determine the cause.

Random utility models have been used to analyse the choice experiments.
These can be used to analyse the discrete choice of a decision maker, by
looking at the utility of the choice attributes (Croissant, 2020a). McFadden
won the Nobel Price in economics for his development of a theory to analyse
discrete choice. The models work on the assumption that the decision maker
can rank the posed alternatives by an order that provides the highest level of
utility (Croissant, 2020a). A utility function is composed of two components:
a systematic component and an unobserved component. The mixed logit
model takes the heterogeneity of the population into account by assuming
that the parameters of the utility function vary between individuals.
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4.3.3 Results of choice experiments

Both a basic mixed model and a mixed model that accounts for correlation
have been used to see if correlation effects have any influence on the results.
Looking at the Log-Likelihood of both models, they both describe the data
the same and their estimates of the coefficients are nearly identical. Table ??
shows the results of the mixed logit model. Detailed outcomes of the models
can be found in Appendix A.3.

Table 4.1: mlogit outcome for mixed logit model, accounting for correlation

Coefficients Estimate std. Error z-score Pr(>|z|) Significant
Lead time (LD) 0.067 0.141 0.48 0.6347 No
Payment Type (Type) 0.801 0.295 2.72 0.0066 Yes

Payment type

The results of the mixed logit model (Figure A.8) show that the payment
type is significant and has a estimated value of 0.80. This means that there is
a significantly higher change of a participant choosing an option, when the
payment type of that option is one lump sum payment. Participants prefer
to be payed in one sum, rather than two separate payments when receiving
a cash transfer. It is unknown why participants have a preference for one
payment.

Lead time

The lead time has not been found significant in the choice experiments and
had only a small estimated value. This means that the lead time of the
presented option did not influence the choice of the participant in any scen-
ario. There are several possibilities that could explain this. Firstly, it could
be that lead time really does not matter for people receiving cash transfers.
Secondly, participants could have misunderstood the meaning and distinc-
tion of the dates in the scenarios. Participants indicated in the questionnaire
that the choice experiments were often confusing and this could lead to dis-
torted results. Thirdly, participants could have misunderstood or neglect the
distinction between the moderate drought scenarios and the severe drought
scenarios. This again has to do with the understanding of the experiment
and this has been discussed in debriefings of the experiment.

4.3.4 Regression analysis

In addition to analysing the choice experiments, the spending in each round
has been evaluated. A regression analysis has been carried out for each
expenditure to examine what factors influence this spending. The following
factors were included for analysis: Payment Type, household size, education
level, source of income, income level, land owned. The results per type of
expenditure are described below and table 4.2, 4.3 and 4.4 show the signific-
ant results per expenditure type. The (significant) income factors have been
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omitted as these were faulty in the questionnaire. Detailed results can be
found in Appendix A.3.

Table 4.2: Regression analysis for Food Expenditures

Coefficients Estimate std. Error t value Pr(>|t|)
Education Tertiary 5.36233 1.67132 3.208 0.00140

Income labour 2.26839 0.73707 3.078 0.00217

Income other 2.28423 0.78666 2.904 0.00380

The regression analysis of food expenditures shows (Table 4.2) that a higher
education level significantly increases spending of the cash transfer on food.
Additionally, when households had income from labour or other sources,
they also spent more on food expenditures. This could be explained to the
fact that these households would not get any food from their own produc-
tion.

Table 4.3: Regression analysis for Mitigative Expenditures

Coefficients Estimate std. Error t value Pr(>|t|)
HH_size 0.13195 0.03319 3.976 7.74e-05

EducationPrimary -0.77334 0.22030 -3.510 0.000476

incomeLabour -1.68947 0.55484 -3.045 0.002414

incomeOther -1.37168 0.59217 -2.316 0.020825

incomePrivate business -1.89097 0.42824 -4.416 1.17e-05

Land_owned 0.20025 0.03199 6.260 6.72e-10

The regression analysis of mitigative expenditures shows (Table 4.3) that
there is a negative correlation between a lower education and spending
the cash on mitigative expenditures. Additionally, households with income
from labour, private business and ’other’ spent less on mitigative measures.
This is logical, as these households do not have crops that need mitigation.
Households that owned land or had a larger household size would spend
more on mitigative expenditures.

Table 4.4: Regression analysis for Household Expenditures

Coefficients Estimate std. Error t value Pr(>|t|)
HH_size 0.04499 0.01971 2.283 0.022726

EducationSecondary 0.46408 0.23617 1.965 0.049806

EducationTertiary -2.21152 0.74702 -2.960 0.003175

incomeOther 1.19825 0.35161 3.408 0.000692

incomePrivate business 1.82058 0.25428 7.160 2.04e-12

The regression analysis of household expenditures shows (Table 4.4) that
household size had a small positive correlation to household expenses. Ad-
ditionally, households with only secondary education spent more on house-
hold expenditures, while households with tertiary education would spend
significantly less. Also households with income from private business or
’other’ had would spend more of the cash on household expenditures.
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4.4 conclusion

This chapter discusses the first research question and identifies factors in-
volved in the system of household food security in Kenya. This is done by
looking at a case study of Isiolo county, the second lowest populated county
in Kenya. A household survey and choice experiments have been conduc-
ted at 186 households in Isiolo by members of the Kenya Red Cross Society
- International Centre For Humanitarian Affairs (KRCS-ICHA). The survey
identified three main food sources of respondents; own livestock produc-
tion, purchase on the market and own crop production. Many respondents
have experienced severe food insecurity in the past and a seasonal rainfall
deficit or excess of rainfall is the most prominent cause for food insecur-
ity. The choice experiments have been conducted to evaluate the preference
of households regarding cash transfers. The results show that households
prefer to have the cash transfer in one lump sum payment, rather than two
payments. There has not been found any preference in the lead time of the
transfer. The regression analysis shows that a higher education level, in-
come from labour or from ’other’ sources significantly increases spending
of the cash transfer on food. Households with only a primary education
level, income from labour, private business or ’other’ spent less on mitigat-
ive measures. Households with only secondary education spent more on
household expenditures, while households with tertiary education would
spend significantly less.



5 M O D E L C O N C E P T U A L I S AT I O N A N D
F O R M A L I S AT I O N

This chapter covers the conceptualization and formalization phase of this
study. The goal is to transfer the factors and relations found in literature,
survey results and choice experiments, into a conceptual model. The con-
ceptual model describes the specific, complex system of drought crisis in
the Isiolo district in Kenya. The chapter is divided into three distinct parts.
First, the actors involved in the system of cash transfers in Kenya will be
identified. Second, conceptualisation of the system, agents and interactions
is described. Third, an explanation is given of how factors and mechanisms
are formalised in order to implement them in the Agent-Based Model. Fi-
nally, the policy interventions and uncertainties are defined using the XLRM
Framework. The sub-question addressed in this chapter is as follows:

How can household food insecurity due to droughts in Kenya and the
intervention of direct cash transfers be conceptualized and formalized in

terms of policies, uncertainties and Key performance indicators?

5.1 actor identification

There is a large variety of actors involved in a humanitarian operation. Act-
ors are entities, persons or organisations that are able to exert influence on
a decision Enserink et al. (2010). As policy problems are rarely solved by
one actor alone, it is important to understand the interest and objectives of
other actors. This section will identify and analyse the actors that are import-
ant for this model study from the perspective of the Red Cross. The actors
in this study are divided between; humanitarian, national government and
local actors. An overview of all actors can be found in table 5.1.

25
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Table 5.1: Actor identification

Actor Objective
Humanitarian actors
510/Netherlands Red Cross Help people in need during emergencies, conflicts and disasters
Red Cross Kenya Help people in need during emergencies, conflicts and disasters

The Red Cross Climate Centre
Help the Red Cross and Red Crescent Movement and its partners reduce the
impacts of climate change and extreme-weather events on vulnerable people

World Food Programme (WFP) Delivering food assistance in emergencies

World Bank
Reducing poverty, increasing shared prosperity,
and promoting sustainable development

National government
Kenyan national government Increase livelihood of citizens in all 47 counties
National Drought Management Authority Establish mechanisms to limit the impact of drought

Local actors
Households Maximize personal livelihood, maximize food security
Local officers of the Red Cross Society Help people in need during emergencies, conflicts and disasters
District agricultural officers Coordinating agricultural projects in the district

Community development officers
Support programs aimed at reducing poverty and helping to
improve the lives of people who live in deprived areas.

5.1.1 Humanitarian actors

The International Federation of Red Cross and Red Crescent Societies (IFRC)

The International Federation of Red Cross and Red Crescent Societies (IFRC)
is a global humanitarian network that aims to help people dealing with
disaster, conflict and health and social problems. The network consists of
192 National Red Cross and Red Crescent Societies that work together to
respond natural and man-made disasters in non-conflict situations (IFRC,
2021b).

There are multiple Red Cross Societies involved in this study; 510/Neth-
erlands Red Cross, Red Cross Kenya and The Red Cross Climate Centre.
These societies have worked together in the "Forecast-based Financing for
Food security (F4S)" project, of which this study is a part of. Their aim
is to develop information that enables the triggering of early actions to re-
duce the risk of food insecurity in Ethiopia, Kenya, and Uganda. The report
focusses on "challenges inherent to decision-making based on forecasting in-
formation, with a special focus on the implementation of ex-ante cash trans-
fers"(Guimarães Nobre et al., 2021, p.5).

World Food Programme (WFP)

The World Food Programme (WFP) is the World’s largest humanitarian or-
ganization. Their aim is to save lives in emergencies and use food assist-
ance for people recovering from conflict, disasters and the impact of climate
change (World Food Programme, 2021). Even though food assistance is the
main tool of the WFP, they do see the need for early action based on early
warning. The World Food Programme is currently developing their anticip-
atory action plan in some countries such as Ethiopia and Uganda and have
identified cash transfer as a desired activity.
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World Bank

The World Bank is one of the largest sources of funding and knowledge for
developing countries in the world (World Bank, 2021). They are already in-
volved in some cash transfer programs in Kenya such as the Hunger Safety
Net. The world bank has signed a financing agreement to expand the pro-
gram to include the Isiolo district.

5.1.2 National government

The Kenyan government aims to maximize the livelihood of its citizens and
therefore minimize the food insecurity when droughts occur. However, the
government is limited by budgeting and has many other interests to handle.
Kenya has four national Cash Transfer programs under the National Safety
Nets Programs, to provide social protection for its citizens. One of these pro-
grams is the aforementioned Hunger Safety net, implemented through the
National Drought Management Authority and financed through the World
bank. "The programme’s main objective is to deliver regular and emergency
cash transfers and influence the development of an integrated social protec-
tion mechanism both at the national and county levels" (HSNP, 2021).

5.1.3 Local actors

Local actors are important for successful development of cash transfer pro-
grams. Local key stakeholders such as local branches of the Red Cross Soci-
eties, district agricultural officers and community development officers have
knowledge and experience with the situation of the community. They can
provide feedback and help with gathering information and identifying the
need of households, as was done during the F4S project. Additionally, it
will most likely be up to local actors to practically implement a cash transfer
program.

Households

Households are a key actor in this study, for the obvious reason that they
are the beneficiaries of cash transfers. In turn they provide information to
aid providers. Households are not always the same, and this study makes a
distinction between three different types; Pastorals, semi-pastorals and work-
ing households. Each different type of household and even each individual
household will have different needs and different means to combat food in-
security. When implementing a cash transfer program these different needs
should be taken into account.
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5.1.4 Visualisation

The Actors from Table 5.1 have been visually represented in Figure 5.1. It
can be seen that the three types of actors overlap in some areas.
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Figure 5.1: Visual overview of actor relations

5.1.5 Conclusion Actor analysis

The actor identification shows that there are many actors involved in the
decision making around the design of cash transfers. The authority and
mandate of these actors partially overlap in some cases and all have a com-
mon goal to reduce food insecurity. There are already institutions and pro-
grams in place that aim to reduce food insecurity caused by droughts, which
should be taken into account when designing new cash transfers. Findings
in this study can be shared with these actors, as a better understanding of
cash transfers is mutually beneficial. The Red Cross should be aware of these
other actors in order to successfully work together toward a common goal.

5.2 conceptualisation

The method of systems thinking is used to better understand difficult and
complex problems (Kirkwood, 1998). It is a tool for policy makers to deal
with wicked policy problems and help them understand the system at hand.
This can then be translated into policy action (Haynes et al., 2019).

It is important to understand how the system components and processes
are conceptualised and formalised, as this inherently influences the model
outcome. Nikolic et al. (2019) call this the concept of ’observer-dependence’
and state that, when building a complex model, the model builder "cannot
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be fully separated from the system". The model is a specific simplification
of reality. Understanding the assumptions made in the conceptualisation
and formalisation gives insight in how the synthetic world of the model
works. The system at hand will first be visualised with a Causal Loop Dia-
gram. Then the agent types and their interactions will be mapped in a
UML-Diagram.

5.2.1 Causal Loop Diagram

The factors identified in the previous sections, including the literature review,
have been used to build a conceptual model of the system of food insecurity
due to drought. Figure 5.2 shows a causal Loop Diagram (CLD) to provide
insight into the complex socio-technical system and better understand the
structures causing patterns of behaviour. The figure shows the different
components and how they can affect each other in a positive or negative
way. The CLD reveals how individual factors can change the entire system
through their direct effect and indirect effects such as feedback loops and
delays (Kirkwood, 1998).

Figure 5.2: Causal Loop Diagram of food insecurity system

The diagram in Figure 5.2 is based on previous drought models (e.g. (Ver-
voort et al., 2014), (IPCC, 2007)) including socio-economic and environmental
drivers on the household level (Stephens et al., 2018). The CLD includes a
household food system, food production and a market mechanism. It shows
that these subsystems are highly interconnected. A shock (like a drought) in
one of these systems will have a big impact on the rest of the system.

5.2.2 Agent types, properties and interactions

In order to implement the agents and processes in the Agent-Based Model,
the system is divided into several classes. The central aspect of the system
described by figure 5.2 are the households.

The environment sets the ground rules for the model. This includes the
initial set-up and external factors. All classes interact within and with the
the environment. The household class is the central aspect of the model,
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with a subdivision into three household types; Pastoral, Semi-pastoral and
working. All households have certain common characteristics such as size,
food need, available food, capital and if they are food insecure or not. Ad-
ditionally, all households can consume and buy food. Pastoral and semi-
pastoral households have additional attributes for crop production, livestock
and drought measures. Semi-pastoral and working households have an in-
come from payed labour. Households interact with each other by trading
food with the local market. The local market is a separate class within the
model. Lastly the UML includes the cash transfer and its characteristics.
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Figure 5.3: UML Diagram
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5.3 using household survey and choice experi-
ments for model formalisation

The household survey and choice experiments analysed in Chapter 4 are
used in multiple ways throughout this model study. The survey and choice
experiments have been used as a representation of a community. This means
that the model largely follows the characteristics of the participants of the
survey. The number of households, division between the types of house-
holds and sources of income are similar in the model and the survey. The
policy levers in the model, the different ways of implementing cash trans-
fers, are the same as the options given to the households in the choice exper-
iments. Additionally, the survey has been used to parameterise the model
input variables.

5.4 formalisation of systems

After identifying the system and agents, as well as their behaviours, rela-
tionships and interactions, these concepts need to be formalised next. (Dam
et al., 2013) states that formalisation is necessary because "even though the
identified concepts may seem well-defined to the stakeholders, they may be
far more context dependent or specific than the stakeholders realise and
computers are ill-equipped to deal with ambiguity and context depend-
ency"(p.82). The main concepts will be formalised in the next subsections.

5.4.1 Household formalisation

As mentioned in section 5.2.2 household agents have different attributes,
relations and processes. This section explains how these are formalised,
which assumptions were made and how the household agents make their
decisions.

Household size
The household size is based on data from the household survey. The aver-
age household size was 6.2 people and the distribution of household size
within the survey roughly followed a normal distribution. This distribution
is used to randomly draw a household size for each agent in the model. The
outcome is then transformed into a integer value.

Food need
As the available food of households is simplified to one food type (maize),
the food need of households should be formalised accordingly. The house-
hold food needs are estimated as 160 kg per adult per year, based on the
Kenya’s per capita maize consumption (Abate et al., 2015) and taking into
account no other food source. This number is used to determine the food
need of a household, based on the household size and is calculated as an
integer.
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Income
The model does not include spending other than mitigating measures and
food expenditures. This results in the fact that the income of workers and
semi-pastorals cannot be based on the normal income distribution in Isiolo,
but it has to be just the income that is allocated for food. According to
(Muhammad et al., 2010) these types of households will spend about two-
thirds of their income on food. Muhammad et al. does state that poor
households spend more on food than richer households, but this is left out
of the scope of the model. This data is used to determine the income of these
households and is drawn for each household as a uniform integer value.

Crop production
Crop production of households in the model is based on a few factors. The
first of these is the household survey, that provides insight in the com-
munity and in which households stated how much crops they produce.
Next, the differentiation between pastorals and semi-pastorals is made based
on Muhammad et al. (2010), where pastorals produce (in a normal situation)
enough for their own household and additional harvest is sold. The as-
sumption is made that pastorals provide two-thirds of the community’s food
supply and semi pastorals provide one-third. Lastly, the assumption is made
that the pastorals and semi-pastorals are able to sustain the local community
and therefore local market in a ’normal’ (without drought) situation. Crop
production is an integer variable for all households in the model, for work-
ing households this value is always zero.

Decision-making process

All agents within the model follow their own decision-making logic and base
their actions on the outcome of this process. The decision-making process
for households is shown in figure 5.4.
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Figure 5.4: Decision process Households

During each step of the model, all households will go through the decision
logic of Figure 5.4. Households will first check if they have work income,
which applies to workers and semi-pastorals. Next they will check if it is
time to harvest the crops. If so, the harvest will depend on the rainfall over
the last three weeks and what type of drought is happening. If it is not yet
time to harvest, households will check if they got a warning for a pending
drought. If there is, they could be receiving a cash transfer and they could
take measures to protect their crop against the drought. Next, all households
will check if they have food available. If they do, they will check if they have
a food surplus, this is defined as having more than a years supply of food.
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The surplus will be sold on the market and available food will be consumed.
If a household does not have food available, it will check if it is able to buy
food on the market. The process of buying food takes into account the food
price, market stock and type of drought that is happening. If households do
not have food and cannot buy food, they will be food insecure.

5.4.2 Drought formalisation

As it is impractical to almost impossible to have an universal drought defin-
ition (Lloyd-Hughes, 2014), drought needs to have a usable formalisation
within the model. Drought is defined within the model as three consecutive
weeks of low to none precipitation. The data used in the model is 2016 -
2020 weekly historical precipitation data (in mm) of the Isiolo district that
has been extracted from the open source Climate Hazards Center InfraRed
Precipitation with Station data (CHIRPS) database (Funk et al., 2015).

5.4.3 Food price formalisation

The formalisation of the food price is derived from historical (2016-2020)
data of the monthly wholesale food prices of maize in the Isiolo district.
This data is acquired from The Humanitarian Data Exchange and is gathered
by the World Food Programme (WFP - World Food Programme, 2021). The
monthly food prices have been converted in a Python script into weekly food
prices for maize in Kenyan shilling (KSh) per kg. The food price is further
determined by the availability of food on the local market, which is set by
supply and demand within the model.

5.5 xlrm framework

The XLRM framework (Lempert et al., 2003) is used to organize informa-
tion relevant to decision making challenges under conditions of uncertainty.
When using exploratory modeling, the system is conceptualized in a way
that the uncertainties can be handled as external factors (Kwakkel, 2017)
and are indicated with ’X’ within the framework. The decision-makers can-
not control these factors. The relationships of the system that have been
conceptualised and formalised in the previous sections form the ’R’ in the
framework.

5.5.1 Key performance indicators

Three KPIs (’M’) are used to evaluate the performance of the system; houshold
food insecurity, crop stock at the local market and capital of households. The
main objective of this study is to explore different cash transfer policies as a
humanitarian response to drought induced food insecurity and the influence
on household food security.
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The main KPI used to evaluate the interventions in the system is the number
of households that is food insecure, divided into the three household types.
A household is food insecure when, at any given step in time, the available
food is less than the food need and there is no option to buy food, either due
to food shortage at the market or due to a lack of money. Households that
are food insecure do not have to remain food insecure. When enough food
becomes available in the next step, either by harvesting or buying food, the
household will no longer be food insecure.

The second KPI is the stock of crops at the local market. The local mar-
ket provides a good indication of how well the local community is able to
provide for themselves. When the local market does not have any food in
stock, this is an indication that there is not enough food within the whole
community. Additionally, when there is no new stock coming into the mar-
ket it means that households do not have any surplus crops after harvest.
This means that they will probably get into trouble later in the year.

The third KPI is the capital of households. The capital of households in-
dicates if households are able to buy food when they do not have any food
available. As cash transfers directly influence households’ capital, this shows
what happens in different scenario’s. It also indicates if the food insecurity
is due to a lack of cash, or that there are other factors involved.

5.5.2 Policy levers

The Red Cross would like to understand more about how they can use cash
transfers as a humanitarian aid for drought response. For this purpose
policy levers (’L’) are identified leading to two different policy strategies.
The policy levers correspond to those used in the choice experiment

The first policy lever is the payment type. The type of payment of a cash
transfer could vary between one lump sum or two consecutive amounts.
The assumption is made that the two payments are split equally and the
first payment is made at the given lead time. The second payment is made
half of the lead time after the first payment.

The second policy lever is the lead time. Lead time indicates how far ahead
of a predicted drought the households will receive the cash transfer. Longer
lead times provide more security for households, while shorter lead times
deliver aid just before the moment of drought.

The policy interventions have been separated in two different policy strategies.
The first is the ’As Soon As Possible’ (ASAP) strategy. This strategy is based
on the idea that interventions can best be made as soon as forecast warnings
show that a drought is coming. This strategy is characterised by long lead
times and mainly one lump sum payments. Long lead times and one pay-
ments lead to a commitment to provide aid in an early stage and is thus less
flexible. The second policy strategy is ’Careful consideration’. This strategy
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aims to postpone the intervention with cash transfer as long as possible. This
strategy is characterised by short lead times and two time payments. Short
lead times could give more certainty about the drought forecasts and with
two time payments, the situation can still be assessed after the first payment.
This strategy is more agile and change could still be made along the way.

5.5.3 Uncertainties

It is inherent to modelling a real-world situation that there will be uncertain-
ties (’X’). These uncertainties cannot be controlled by decision makers and
could influence the model outcomes. The main uncertainty for this model
study is the drought itself. Different drought types could occur and it is
(within the scope of this study) impossible to predict how a drought will
manifest. There are also uncertainties in the price of food and the produc-
tion of crops. Both of these factors are related to the drought.

5.5.4 Visualisation of the XLRM Framework

All elements of the framework are determined and are graphically shown in
figure 5.5. The model system is represented by a box, as the inner workings
are of less importance for the exploratory modelling.

Figure 5.5: The XLRM framework



6 M O D E L I M P L E M E N TAT I O N

In this chapter the implementation of the Agent-Based Model is described
in order to answer the third sub-question of this study:

How can the household food insecurity be implemented in an
Agent-Based Model?

First, the modelling environment is described to get a better understanding
of the software infrastructure. Second, the time sequence of the Agent-Based
Model is discussed. Third, the parametrisation of the variables is explained,
after which the user interface is shown. The last section of the chapter will
present the verification of the model.

6.1 modelling environment

The modelling environment of the Agent-Based Model is created within a
software infrastructure. The model provided in this study was built with
Mesa, a Python-based open-source platform created for building, analyzing
and visualizing Agent-Based Models. Mesa is component based, meaning
its modeling, visualization and analysis components are separated with the
intent to work together. This allows model creators to use existing compon-
ents or build customisations.

Mesa is an alternative to the widely-used multi-agent programmable mod-
eling environment NetLogo (Wilenski, 1999). NetLogo is used by many stu-
dents and researchers worldwide because of its build in capabilities such as
visualisation and ’drag-and-drop’ build functionality of the user interface.
NetLogo also requires less knowledge of programming language. However,
the user interface and visualisation within the interface is of minor import-
ance for this study.

As a Python-based platform, Mesa has all available Python packages at its
disposal. This has the added benefit of using data analysis tools for input
and output data, without having to convert into a different programming
language. Additionally, Python has many data visualisation tools that can
help in displaying the model results. The complete model code and model
documentation is published on this Github:
https://github.com/JoepHoeijmakers/MasterThesis.
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6.2 time sequence

The model runs in discrete time steps in which each time step represents
one week. The decision of one week time steps is made as this better rep-
resents the situation and decision logic of households, compared to seasonal
or monthly steps. Additionally, monthly or seasonal steps account less for
fluctuations in food prices. By using weekly steps, aspects such as early
warning messages and taking mitigating measures can be modelled. Daily
steps would be too detailed for this modelling situation.

When being activated, agents execute their agent-step sequentially, not sim-
ultaneously. This means the agent will carry out the functions programmed
in the agent-step one after another in the order that they are presented. The
order of the agent step has been carefully chosen, as it can have a big impact
on model behaviour. Agents will first check if they have work income, then
they will harvest crop if available, next they will take measures if required,
afterwards they will sell surplus food and lastly they will consume available
food. Because agents interact with each other and agents depend on other
agents’ actions, the order in which agents are activated affects how agents
interact. If this order would always be the same, it could lead to imbalanced
results (Dam et al., 2013). For example, if one agent is always activated first,
it could be that they have an advantage when trying to buy food at the mar-
ket. Therefore the scheduler activating the agents activates the agents one at
a time, in random order.

A complete model run contains 108 steps or 4 years in total. This run time
should give a good indication of how the model performs in comparison
to the real-world observations. Droughts can be a seasonal phenomenon,
but the impact of drought can last for years to come. Consecutive years of
drought could even have a larger impact than one severe drought. A 4 year
time frame would provide an insight into these patterns.

6.3 parametrisation

Parametrisation is the process of finding the correct values for model vari-
ables. The values of the variables are important because the system could
be sensitive to initial parameters (Dam et al., 2013). Different sources have
been used to find correct values fore these variables.

First, the household survey and choice experiments conducted in Isiolo have
been used for a major part of the parametrisation of variables. The coopera-
tion with 510, the Netherlands Red Cross data team, provides a unique data
set as input for the Agent-Based Model which is usually not acquired in the
time frame of a master thesis.

Second, values for parametrisation have been gathered from literature re-
garding food insecurity and drought, as well as information provided by
510. This information could consist of discussions with experts, published
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papers, or internal documents. Third, data has been gathered from open
data sources to get values for the historical food price of maize in Isiolo
((WFP - World Food Programme, 2021)) and the precipitation in the area
(CHIRPS data (Funk et al., 2015)).

Last, for some variables it was not possible to find adequate data in the
aforementioned sources. These parameters have been based on assumptions
and a list of all model assumptions can be found in Appendix B. A list of all
parameters and their sources can be found in Appendix C.

6.4 user interface

A user interface has been created to visualise the model and make it interact-
ive. The user interface is meant as an intuitive approach to gather insight in
the behaviour of the model. It provides ’live’ feedback about the model KPIs
and can be adjusted for different settings. Figure 6.1 shows the interface of
the model. The grid shows all agents with a different color per agent type
and is mainly meant as a visual que for the initialisation of the model. On
the left hand there are different sliders and a button for the model settings.
Below the grid there are graphs that show the KPIs per time step.

Figure 6.1: Interface of the Agent-Based Model
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6.5 verification

Model verification is a check to verify that things are modeled correctly and
perform as intended (Dam et al., 2013). Modeling a complex system based
on real-world observations is prone to mistakes and errors, therefore there
is a need to verify the model (Nikolic et al., 2019). Verification assures that
no unintended model behaviour changes the results of the model.

Verification has been performed continuously during the model building
process to constantly assure that all parts of the model worked as expected.
The model building process has been iterative and new elements were only
added after the current model worked as expected. Different verification
steps have been conducted based on the methods defined by Dam et al.
(2013). In total, four different methods were used for verification:

• Extensive code walk-through

• Recording and tracking Agent behaviour

• Minimal model testing

After performing all verification steps it can be concluded that the model
works as expected and has no errors in the code. Explanation of these steps
can be found in the next sub-sections.

6.5.1 Extensive code walk-through

The model code was checked during multiple stages of development. This
meant checking if the model functions were correctly translated from the
conceptual model and procedures and if the code itself was correct and had
the correct outcome. The main method of verification in the code was the use
of ’printf() debugging’ (Spence, 2020). Printf() debugging is the process of
adding print statements at key points in the code in order to get more or less
carefully chosen status information as output of the model. This information
can be observed to deduce what is going wrong in the code. Figure D.1 in
Appendix D shows a snapshot of the model code with print statements for
verification purposes. In addition to verification by print statements, the
code has been checked by the modeller and externally by Johannes Knörr,
Research associate Decision Sciences Systems, Department of Informatics
Technische Universität München.

6.5.2 Recording and tracking Agent behaviour

To verify the model operation relevant output variables are be selected and
monitored. In order to do this, plots have been designed and integrated in
the model interface. Additionally, the print statements used in the code walk
through have been used to track individual agents throughout the system.
For instance, it has been recorded how much capital an individual agent
has, how much food they have available and if they will buy food when
they run out. Then it is monitored if they will become food insecure once



6.5 verification 41

they are unable to buy any more food. This same system is used to track if
agents are buying from the local or regional market. In this verification step,
agents would report their own status and action they would take in each
step. There were no malfunctions found in the behaviour of agents and all
agents functioned as expected.

6.5.3 Minimal model testing

Interaction testing in a minimal model is done by running the model with
the minimum number of agents. In this case, the model has been run with 1,
2 and 10 agents. This is done to see of the recording and tracking behaviour
from the previous section also works as intended when only a few agents
are in the model. It shows if the basic agent interactions are functioning as
laid out in the conceptualisation as well as seeing the interactions in their
most basic form. The minimal model testing showed no problems in the
behaviour of the agents. It did show that the local market had a hard time
functioning, however this is due to the fact that there is no balance in the
supply and demand of food.



7 R E S U LT S

The results from the experimentation are presented in this chapter. First,
the base model behaviour is presented; first in a no-drought situation and
later with the effect of different droughts on the base model. Secondly, the
experimental design is explained. Finally, the results of different policy in-
terventions are shown. Especially the effect of policies on the food security
levels is highlighted.

The goal of this chapter is to present the results while at the same time limit-
ing the interpretations of the results. The sub-question that will be answered
in this chapter is:

What is the effect of policy interventions on the household
food security in Isiolo County in Kenya?

7.1 base model behaviour

In this first section the behaviour of the base model will be presented. This
means that no policy interventions are made. The goal is to focus on the
KPIs in scenarios without intervention, in order to get a reference for the
experiments. The settings for this base model can be found in E.1. A batch
runner has been used for all base model analyses in order to run 1000 itera-
tions of the model. These iterations are made to account for probabilities in
the model and to provide a more robust outcome.

7.1.1 Base model without drought

This section will look at the behaviour of the base model in a situation
without a drought. This situation is not the best reference for a ’normal
situation’ in Isiolo, as drought is a frequently occurring phenomenon. How-
ever, the results can be a good indication of model behaviour without any
shocks.

42
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Figure 7.1 shows the trajectory of the food insecurity over time when no
drought occurs. Without drought, there are hardly any households that be-
come food insecure. Figure 7.1a shows the total number of food insecure
households, Figure 7.1b shows the percentage of food insecure households
per household type. The graphs show that in a normal situation less than 15

of 280 households will ever become food insecure and the ’peaks’ get smal-
ler over time.

(a) Food insecurity trajectory base model (b) Food insecurity per agent type base model

Figure 7.1: Food insecurity base model

Figure 7.2a shows the trajectory of the average capital over time when no
drought occurs. Without any drought, the average capital of the community
increases over time. Figure 7.2b shows the total average capital and Fig-
ure 7.2b shows the average capital per household type. Figure 7.2b shows
that the working households have the highest capital at the end of the run,
followed by pastorals and semi-pastorals. There is a clear oscillation for
pastoral capital, due to seasonal harvest and crop sales. Semi-pastorals and
working households have a more steady growth.

(a) Average capital trajectory base model (b) Average capital per agent type base model

Figure 7.2: Average capital base model
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The trajectory of the market crop stock is shown in Figure 7.3. The graph
shows that, without any drought, the local market will not run out of stock.
This is in line with the assumption made the conceptualisation phase. There
is an oscillation based on seasonal harvest and crop sales. The stock at the
end of each harvest is enough to sustain the local community until the next
harvest.

Figure 7.3: Market stock base model

7.1.2 Effect of drought on base model

This section will look at the effect of drought on the base model. This ana-
lysis is done for both a moderate and severe drought. The section is divided
into three parts; the effect of droughts on food insecurity, the effect on cap-
ital and the effect on the market.

Food insecurity

Figure 7.4 shows the effect of both drought types on the total food insecurity,
as well as the no drought scenario. Both drought scenarios show three dis-
tinct peaks in the total food insecurity and the peaks are slightly higher each
time. These peaks occur every year just before the harvest season. In the
moderate drought scenario about 50% of households become food insecure
each year. Following the harvest there is a period of around 25 weeks with
little to no food insecurity. After this period the number of food insecure
households rises again. The severe drought scenario presents much more
food insecure households. The peaks reach to 100% of households being
food insecure. Following the harvest season this number drops to 20%, but
it quickly rises again.

Figure 7.4: Food insecurity in different drought scenarios base model



7.1 base model behaviour 45

In Figure 7.5 the household food insecurity is divided into the food insec-
urity per household type for the two drought scenarios. Figure 7.5a shows
that in a moderate drought scenario pastoral and semi-pastoral households
are more food insecure than working households. Only the poor working
households become food insecure when the food price rises in the drought
period. Richer working households are still able to get food at secondary
markets. This indicates that households that are highly dependent on their
own crops are more vulnerable to a moderate drought. In a severe drought
(Figure 7.5b) working households are the first to become food insecure and
they are not able to get out of this situation. This is due to the fact that, in a
severe drought, it is not possible to get food at a secondary market. Pastor-
als and semi-pastorals become food secure just after harvest. However, this
lasts only for a short time as the harvest is diminished.

(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.5: Food insecurity per agent type in different drought scenarios base
model

Average capital

Figure 7.6 shows the effect of both drought types on the total average, as
well as the no drought scenario. For the average capital graphs the trend
over time is more important than the exact values. In a moderate drought
scenario, the capital roughly remains the same over time. A severe drought
causes the average capital to take a linear incline.

Figure 7.6: Average capital in different drought scenarios base model
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(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.7: Average capital per agent type in different drought scenarios base
model

When looking at the average capital per household type (Figure 7.7) the
trend lines of Figure 7.6 can be explained. In a moderate drought scenario
7.7a the average capital of working households drops due to high food prices
when a drought occurs. The average capital of semi-pastorals fluctuates
based on higher food prices and their availability of own grown crops. The
average capital of pastorals goes down, as they have no way of generating
income. When a severe drought hits, there is different behaviour in the
average capital. In a severe drought scenario, there is no option to obtain
food from a secondary market, when the local market cannot provide food.
This means that working and semi-pastoral households still generate capital
from work income, but they have no means of spending it once the local
market runs out. The result is a linear increase of capital.

Local market stock

Figure 7.8 presents the effect of both drought types on the crop stock in the
local market, as well as the no drought scenario. The figure shows that in
both drought scenarios the market stock quickly runs out. No new stock is
added to the market during the model runs. New market stock is only gen-
erated from the surplus of household production. No surplus in household
production means no produce enter the local market.

Figure 7.8: Market stock in different drought scenarios base model
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7.2 experimentation

Experiments are performed to gain insight in the effect of the policy levers
on the KPIs in comparison to the base model. Additionally, it is used to un-
derstand the effect of the different policy strategies on the base model. The
base model cannot be viewed as a perfect reference to a ’normal’ situation of
drought in Isiolo, without the cash transfer. This is because in a normal situ-
ation of drought, there would be other humanitarian aid such as food aid
when many households are starving. However, the base case does provide a
benchmark to measure the effects of policy interventions.

7.2.1 Open exploration

The EMA Workbench has been used to analyse the effect of the policy inter-
ventions on the results. As pointed out in Chapter 3 the EMA Workbench
has been developed by J.H. Kwakkel 2017 as an open source tool for open
exploration. The workbench can account for uncertainty by performing each
simulation run under a large sample size of scenarios, after which built-in
analysis tools can be used to analyse the results. Table in Appendix E.1
shows the different simulation runs that have been performed and which
policy parameters have been used. When choosing the design of experi-
ments, there has been a careful consideration not to go for a full factorial
design. This is in view of the prediction that cash transfers will have less
impact in drought type 3, due to assumptions in the model. Each simulation
run has been performed with a sample size of 1000.

7.3 effect policy interventions

In this section the effects of the policy levers on the KPIs will be shown. First,
the effect of the type of payment will be presented. Next comes the effect
of the lead time and lastly there will be results of the two different policy
strategies.

7.3.1 Payment type

The payment type determines if households will receive the cash transfer in
one or two times. In order to see the influence of this policy leaver, simu-
lations runs are chosen with a fixed lead time of 4 weeks. This section will
first present the effect of payment type on the total food insecurity, then on
the average capital and lastly on the market stock.
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Food insecurity

Figure 7.9: Effect Payment type leaver on Total weeks food insecurity - Moderate
drought scenario (Lower is better)

Figure 7.9 shows the total number of food insecure weeks for households
in a simulation run for each of the policy options. These simulation runs
were done with a moderate drought scenario. The boxplots show that there
is a slight increase in food insecure weeks when choosing for two payments
compared to one payment. However, this increase is less than 6%. When
comparing both policy options to the base model 7.10, it becomes apparent
that both payment types lead to a huge reduction of food insecure weeks.
Roughly 3175 food insecure weeks in a one payment situation and 3375

weeks in a two payment situation would be around 11.4 and 12.0 weeks of
food insecurity per household respectively over a four year period. When
looking at a severe drought scenario, the payment types have no influence
on household food insecurity. The cash transfer does not seem to have any
effect. More details can be found in Appendix E.2.
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Figure 7.10: Total weeks food insecurity - Base model and payment type levers -
Moderate drought scenario (lead time 4 weeks)

Average capital

Figure 7.11 shows the average capital of households in a simulation run
for each of the policy options. Figure 7.11b shows the average capital in
a moderate drought scenario and 7.11 for a severe drought scenario. In
both scenarios the cash transfers lead to a higher average capital, with little
difference between the type of payment. In the severe scenario the amount
of capital is much higher than in the moderate scenario. This is in line with
observations of the base model.

(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.11: Total average capital - Base model, One payment, Two Payments
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Market stock

(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.12: Average Market stock - Base model, One payment, Two Payments
(Higher is better)

Figure 7.12 shows the average market stock in a simulation run for each
of the policy options. Figure 7.12a shows the average market stock in a
moderate drought scenario and 7.12b for a severe drought scenario. In both
scenarios there is no effect of the payment on the market stock, regardless of
what payment type is used.
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7.3.2 Lead time

The lead time determines how far ahead households will receive the cash
transfer, when a drought is forecast. In order to see the influence of this
policy leaver, simulations runs are chosen with both one and two payments,
short and long lead times. This section will first present the effect of lead
time on the total food insecurity, then on the average capital and lastly on
the market stock.

Food insecurity

Figure 7.13: Effect Lead Time on Total weeks food insecurity - Moderate drought

Figure 7.13 shows the total number of food insecure weeks for households in
a simulation run for each of the policy options. These simulation runs were
done with a moderate drought scenario. The boxplot clearly shows that
longer lead times lead to less total food insecure weeks. When comparing
a 1 week lead time (1 payment) and 12 weeks lead time (1 payment), the 12

week lead time causes a 45% decrease of total food insecure weeks. When
comparing different lead times to the base model 7.10, it becomes apparent
that even a one week lead time generates a huge reduction in the number of
food insecure weeks. The payment type in both 1 week and 12 weeks lead
time (7.13) does not seem to have an effect other than previously observed.
When looking at a severe drought scenario, the lead time has no influence
on household food insecurity. Again, the cash transfer does not seem to have
any effect at all. More details can be found in Appendix E.2.
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Figure 7.14: Effect Lead Time on Total weeks food insecurity - with base - Moderate
drought

Average capital

Figure 7.15 shows the average capital of households in a simulation run
for each of the policy options. Figure 7.15a shows the average capital in
a moderate drought scenario and 7.15b for a severe drought scenario. In
both scenarios the cash transfers lead to a higher average capital. However,
there is little to no difference between the effect of the different lead times.
In the severe scenario the amount of capital is much higher than in the
moderate scenario, however lead time has no effect on this. This is in line
with observations of the base model.

(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.15: Effect Lead Time on average capital - Base model, One payment, Two
Payments
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Market stock

(a) Moderate drought scenario (b) Severe drought scenario

Figure 7.16: Effect Lead Time on average Market stock - Base model, One payment,
Two Payments

Figure 7.16a shows the average market stock in a simulation run for each
of the policy options. Figure 7.16b shows the average market stock in a
moderate drought scenario and 7.16 for a severe drought scenario. In both
scenarios there is no effect of the payment on the market stock, regardless of
what lead time is used.

7.4 conclusion

This chapter has presented the results of the base model and the effect of
the policy levers. The base model shows that, without any drought, there
are hardly any households that become food insecure. When drought occurs
there is a peak in household food insecurity every year just before the harvest
season. In the moderate drought scenario about 50% of households become
food insecure each year, while this is close to 100% in the severe scenario.
In a moderate drought scenario the average capital of working households
drops when a drought occurs, while in a severe scenario the average capital
increases. Without any drought, the local market will be balanced and will
not run out of stock. When a drought happens, the market stock quickly
runs out in both drought scenarios.

The only policy leaver that has a significant impact on household food insec-
urity is the lead time. A longer lead time leads to less total food insecure
weeks. When comparing a 1 week lead time and 12 weeks lead time, the
12 week lead time causes a 45% decrease of total food insecure weeks. The
policy levers do not seem to affect the average capital or market stock in a
significant way.



8 A N A LY S I S

After presenting the results in the previous chapter, in this chapter the res-
ults will be interpreted. First, the results of the model will be validated.
Next, the results of the different policy levers will be interpreted and dis-
cussed. Afterwards, the policy strategies will be analysed. Finally, the real
world implementation of these results will be examined.

The goal of this chapter is to interpret and discuss the results. The sub-
question that will be answered is:

How can the outcomes of this study be generalized to other
drought crises?

8.1 model validation

Model validation is needed to check if the model behaviour is realistic com-
pared to the real world. It also checks if the model is adequate for the goal
set at the start of this study: exploring different cash transfer policies as
a humanitarian response to drought induced food insecurity and the influ-
ence on household food security. Where the verification step was used to
check that things are modeled correctly and perform as intended, validation
is used to ensure that there is confidence in the model results (Sargent, 2010).
A complete validation is out the scope of this research, as the goal is not to
predict future events.

Validating a complex behavioral model is difficult due to a lack of empirical
data and unique feedbacks (Claessens et al., 2012; Brown et al., 2017). There-
fore it is especially useful that a household survey has been conducted and
analysed as part of this study. Another validation challenge is provided by
the high level of abstraction of the Agent-Based Model as implemented in
this thesis. Dam et al. (2013) describe four types of validation of which two
are implemented for this study. These types of validation are:

1. Face validation through expert consultation

2. Literature validation

8.1.1 Face validation through expert consultation

Expert consultation can provide a unique understanding of the real world
situation. Experts can judge whether the observed behaviour and outcomes
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are in line with practical knowledge and experience. Modelling decisions
and scoping choices have been discussed with experts in the humanitarian
domain throughout this research. This started with the household survey
and choice experiments used as input parameters for the model. Expert con-
sultation for these came through a debriefing session on the 27th of January
2021 which was attended by members of 510, members of the Kenyan Red
Cross and researchers from the VU Amsterdam. During this debrief the
results of the survey and choice experiments have been discussed and com-
pared to practical knowledge and experience. Additionally there was input
on how; local knowledge on food security can be converted into a quantitat-
ive model input; the results of the choice experiment could be used to shape
the design of future cash programs. This debrief was in the early stage of the
model building process and the information gathered has been used while
constructing the model.

The main expert consultation has been conducted in biweekly meetings with
Dr. M. van den Homberg (510, Netherlands Red Cross) and M. Wens (PhD
researcher, VU Amsterdam). These meetings have contributed to the con-
tinuous validation of the model and its input. One example of this is the
validation that there is a trend in households becoming food insecure just
before the new harvest.

8.1.2 Literature validation

A directly comparable study has not been found in the literature. The model
studies presented in the literature review have different behaviour, time
frame and intended outcome which makes exact quantification of factors
impossible. However, Cirillo and Gallegati (2012) describe recommendations
on how to establish the model to gain valid results, a method also used by
Wens et al. (2020). These recommendations have been followed throughout
this study. for example, (1) reanalysis climate data from CHIRPS (Funk et al.,
2015) and food price data from the WFP (WFP - World Food Programme,
2021) have been used; (2) the model has been based on the existing frame-
work by (Dobbie et al., 2018); and (3) a survey has been conducted (n = 186)
in the region to gather empirical socioeconomic parameters to initialize the
model.

Furthermore, the results of the base scenarios with drought can be compared
to results shown in previous studies. The range of people in food insecurity
simulated in both scenarios fitted the observed ranges over time. Ifejika Sper-
anza et al. (2008) reported that during the (severe) 1999-2000 drought 91% of
rural households experienced food insecurity. This is similar to the modeled
peaks that arise during the simulation of the severe drought scenario. Ad-
ditionally, The modeled outcomes for a moderate drought year (over 50%
of households food insecure) correlate to the empirical findings of Gallup
(2019). This data also shows that two years of consecutive moderate drought
lead to an increased percentage of food insecure households.
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8.2 discussion policy levers

The policy interventions aim to reduce the amount of food insecure house-
holds and provide aid in times of drought. In this section, the policy levers
are discussed with a focus on how they are implemented in the model.

8.2.1 Payment type

This policy lever indicates if households would get one or two cash pay-
ments. The idea is that one payment provides the household with a larger
cash boost that they can use for preemptive measures. A two payment sys-
tem is more focused on providing cash to spend on food. This is also shown
by the outcome of the household survey, in which respondents indicated
that they would spend their one sum payment on preemptive measures and
household costs and save the rest for food.

In the model, the payment type system has been implemented in the most
basic way. A one sum payment would be handed out to everyone when
forecasts predict a drought is coming. This forecast was always perfect and
is predicted given a certain lead time. For two payments the cash amount
were split in two exact amounts that were given at the lead time and half
lead time. There was no strategy in to whom the cash was given, the total
amount of cash or the amount per payment. Additionally, there was no ’cost’
of getting the payments to the households. In a real life situation, getting
cash to households requires some kind of logistic operation. This means that
more moments of payment could lead to more costs for households, which
in turn could lead to more benefit in a one payment situation.

The type of payment only showed a small impact on the KPIs in this model.
One payment policies had a slightly lower amount of food insecure weeks
compared to two payments. This is because both payment types satisfy the
cash need in order to prepare farmers for droughts. Additionally, the time
between two payments is too small for households to run out of money
between the payments. Adding more complexity in how the payments are
performed or having strategical choices in the distribution of these payments
could lead to a different outcome.

8.2.2 Lead time

The policy lever lead time indicates how far ahead of a predicted drought the
households will receive the cash transfer. Longer lead times provide more
security for households, while shorter lead times deliver aid just before the
moment of drought.

In the model, the lead time is equivalent to the forecast capabilities. Mean-
ing, a longer lead time will lead to forecasts made further ahead. This is
because no probability has been taken into account for the forecasts. The
model can look at a perfect prediction of the future and see if drought is
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coming. In a real world situation, forecasts are made with probabilities and
the closer time gets to the actual event, the better a forecast will be. This will
be further discussed when talking about the real world implications (8.4)
and model limitations.

The lead time showed to have a significant impact on the KPIs in this model.
This effect could mainly be observed in the total number of food insecure
weeks of households. The longer the lead time, the fewer households would
become food insecure. This can be explained by the fact that households run
out of food and money just before the harvest season. Households are able
to use their harvest for a long time throughout the year, but there comes a
point at which they run out of food and need to cut into their cash reserves.
This is confirmed by observations in both food insecurity and average cap-
ital. A longer lead time will prevent many households from running out of
money before the new harvest can be used. Longer lead times are a way to
’flatten the curve’ when it comes to the peaks in household food insecurity.

The longest lead time used in simulation runs is 12 weeks. It would be inter-
esting to see if the progression of fewer food insecure households proceeds
with even longer lead times. Additionally it would be interesting to see what
happens if cash transfers were made when or after the drought has occurred.
Both of these things are out of the scope of this study.

8.2.3 Interventions in severe drought

The model has also been used to evaluate policies in a severe drought scen-
ario. This scenario had some additional assumptions in the model compared
to the moderate drought scenario. The most untactful of these assumptions
is the fact that, in a severe drought, households were not able to get food at
a secondary market. This assumption was made to see the impact of a non-
functional market system. Market failure was mentioned by households in
the survey as one of the important causes of food insecurity.

By restricting the access of households to other markets apart from the local
market, this drought scenario showed many extreme results. Almost all
households became food insecure and stayed in that state during the entirety
of the simulation run. The average capital of households with work income
would only increase over time. No cash transfer policy had any influence on
the household food insecurity. This seems obvious, as the choice was made
and modelled to restrict access to food, but it shows a fundamental concept.
When households have no access to food, the situation does not become
a cash problem but a food problem. This implies that, when markets are
unable to get food at the right place, cash transfers should not be considered
as an option. Food aid remains the only option in these situations.
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8.3 analysing policy strategies

After analysing the effects of the policy levers on the KPIs in Chapter 7.3,
this section will focus on the policy strategies that have been formulated in
Chapter 5.5.2. The focus will be on the effect on household food insecurity,
as this is the most important KPI and the analysis of the policy levers shows
that this is most impacted by different policies. The strategies will be ana-
lysed by taking the mean of all simulation runs belonging to the strategy.
This means that the ASAP strategy consists of 6 simulation runs, each per-
formed with 1000 scenario iterations.

To recap the two different policy strategies; First there is the ’As Soon As
Possible’ (ASAP) strategy, characterised by long lead times and mainly one
lump sum payments. This is based on the idea that interventions can best
be made as soon as forecast warnings show that a drought is coming. The
second policy strategy is ’Careful consideration’, characterised by short lead
times and two time payments. This strategy aims to postpone the interven-
tion with cash transfer as long as possible.

Figure 8.1: Effect two policy strategies on Total food insecurity weeks - Moderate
drought scenario

Figure 8.1 shows the effect of the two policy strategies on the total number
of food insecure weeks. It is clearly visible that the ASAP strategy results in
less food insecure weeks. The careful consideration strategy leads to an in-
crease of 15 % in food insecure weeks compared to the ASAP strategy. This
percentage could be even higher if simulation runs with the severe drought
scenario would be left out of consideration, as cash transfers have no effect
in these simulation runs. The boxplot shows that early action leads to house-
holds saved from food insecurity.
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When comparing both strategies to the base model (Figure 8.2) in a moder-
ate drought scenario it becomes apparent that both strategies are a large im-
provement in terms of food insecure weeks. This is evident as any aid would
always be better than no aid at all. Nonetheless, still it can be noted that the
impact (reduction in total weeks of household food insecurity by 129%) of
(both of) the cash transfers is immense. Comparing the two strategies to the
base model puts into perspective the relative effectiveness between the two
strategies, which seems less relevant in this case. However, it is important to
note that the complete absence of intervention is not representative for a real
world situation. Therefore the relative difference between the two strategies
does matter.

Figure 8.2: Effect two policy strategies on Total food insecurity weeks compared to
base model - Moderate drought scenario

8.4 real-world use and implementation

After discussing the policy results in the previous sections, this section will
focus on generalising the results and discuss how they could be implemen-
ted in real-world situations. As mentioned in the validation of the model,
the model cannot be used to predict future events. It is possible to discuss
how the results can be used in policy decisions.

To begin with, both empirical choice experiments and a behavioural model
have been used in this study. Each of these provide their own insight in
cash transfers, but they are both meant for finding the best policy. In the
choice experiments, participants indicated a strong preference for one lump
sum payments. The absence of significance in the lead time could be alloc-
ated to misunderstanding of the experiment. It seems that households will
prefer more security when it comes to receiving aid. With two payments
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there is the risk of not receiving the second payment. The model shows no
significant difference in terms of food insecurity between the payment types.
If the flexibility of two payments is valued for humanitarian organisations,
this could be a good option in terms of outcome. However, the preference
of households should not be disregarded. This preference could stem from
factors or desires outside the scope of this research, such as having extra
money for education. This means it is important to assess the context of the
community.

Secondly, the model shows that in a real-world situation the quality of fore-
casts is important. This is due to the fact that lead times are the key factor
in providing aid. Longer lead times, as proven to be better in the model,
can only be realised with good forecasts. Bad forecasts could lead to aid
being given too late, causing more food insecure households. However, the
opposite can happen as well. When policy is made that provides aid based
on a long lead time, a bad forecast could lead to aid being provided unne-
cessary. Yet, some argue that aid given this way is a ’no regret’ situation.
Cash transfers made to households in poor regions will always improve the
situation of a community, even when there is no drought. It could lead to
improvements in agriculture, education, or overall livelihood that could be
beneficial in future drought situations as well. Therefore, policies for cash
transfers can best be made with a longer lead time in mind. When no early
action has been taken and a community is suffering due to drought induced
food insecurity, other aid alternatives could be more suited for the situation.

8.5 conclusion

This chapter forms the final part of the modelling cycle and answers the fi-
nal sub-question of this research. Where the previous chapters have been
focused on the case study of the Isiolo district in Kenya does this chapter
revolves around generalising the findings to other drought situations.

Based on the validation and analysis, three statements are made that form
the answer to the fifth sub-question. Firstly, if one were to generalise the
effects of cash transfer policies one should know that all forms of cash trans-
fer have a meaning full impact on household food insecurity, when used
in the correct context. Secondly, one should be aware of the fact that cash
transfers are not the correct humanitarian aid tool in every situation . There
should always first be a market assessment to check if providing cash will
really prevent households from becoming food insecure. Thirdly, one should
know the importance of timing when considering cash transfers. Cash trans-
fers have more impact if they are made well in advance of a drought disaster.
When no early action has been taken and a community is suffering due to
drought induced food insecurity, other aid alternatives could be more suited
for the situation.
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The outcomes of the modelling study presented in the previous chapters
are reflected upon in this chapter by evaluating the limitations of this study.
The aim of this chapter is to provide a critical perspective on the outcomes of
this study. First, the limitations of this study are discussed. This involves re-
flecting on the critical assumptions that were made and discussing what the
model is able and not able to do. Afterwards, the chosen research approach
will be evaluated. This is done by looking at the strengths and weaknesses
of the survey, choice experiment and Agent-Based Model.

9.1 limitation of the study

This study has been conducted with the upmost care and effort, given the
time at hand. However, it is natural that there are several limitations due
to the chosen research approach and simplifications that have been made.
Thus, before coming to a conclusion and considering the implications for
policy makers, the main limitations of this study are discussed in this section.
First, the critical assumptions of this study will be discussed. This includes
the main limitations of the Agent-Based Model and household survey.

9.1.1 Critical assumptions

Assumptions made during conceptualization, formalization, and implement-
ation of the model are highly influential for the outcomes of this study. This
section will reflect on some of the critical assumptions and how they affect
the model outcomes.

Drought

First of all, assumptions made regarding drought are critical when examin-
ing humanitarian aid policies for drought response. Drought is not a uni-
versally defined phenomenon and it comes in many shapes and sizes. For
the purpose of this model study drought has been defined in two types; a
moderate drought and a severe drought. This assumption does not account
for dry spells, an on and off drought or any other form of drought. The
assumption that only these two types of drought occur limits the complexity
of the model study and its results. Additionally, the influence of drought
on crop harvest is simplified for this study. Drought during the sowing
or growing of crops has no influence on the harvest. Modeling drought in
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more complexity and the influence on household food security is left for
future research.

Market system

Secondly, the assumption is made that the modelled community has a func-
tional market system in a no drought and moderate drought scenario. Spe-
cifically this means that the pastoral and semi-pastoral households are able
to sustain the local community and therefore local market in these scenarios.
Evidently this means that the severe drought scenario does not have a func-
tional market. This assumption is based on discussions with experts but has
not been fully studied for this research.

9.1.2 Model limitations

Strategic behaviour of agents

Firstly, household agents in the model base their decisions on parameters
in their decision logic. However, their actions cannot be described as being
strategic. Agents have no strategic behaviour with the goal of not becoming
food insecure. For example, household agents with crops will always take
measures when given an early warning for drought and if they have the
money. They do not consider how much of their capital is spend on these
measures and if they will be able to buy food until the next harvest. It could
happen that agents spend almost all their food on taking measures and be-
come food insecure two steps later.

Additionally, agents have no strategy in buying food, based on the food
price. Cash transfers are often given at in a stage where the food price has
not increased yet, especially when there is a long lead time. Agents could
use this transfer to buy and store food at a lower cost. Including these agent
strategies could lead to interesting results and is left for future research.

Base model

Secondly, the base models used as reference scenarios are based on the as-
sumption that no humanitarian aid will be provided. As mentioned before,
this is not representative for a real world situation. In a real world situation,
there would always be some form of aid when a drought disaster strikes.
Therefore, comparing policy strategies to this base model does not provide
a good overview of cash transfers in and on itself. The model developed for
this study is more suitable for comparing the different kinds of cash trans-
fers amongst each other. Using a base model that includes food aid would
be useful to compare cash transfers to current situations. Additionally, a
study could be done to compare cash transfers to other kinds of aid.

Cost effectiveness of cash transfer

The model and in broader sense this study does not take into account the
cost effectiveness of cash transfers. As this study mainly aims to compare
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different cash transfer designs, the costs effectiveness is outside of the scope
of this study. Especially the comparison between the costs of cash transfers
and traditional food aid is not included in this study.

Forecast probability

Thirdly, the model does not take into account the probability of forecasts.
Forecast are not always accurate and therefore early warnings are not al-
ways perfect. Forecasts are made with a certain probability and decision-
makers are left making a choice based on the forecast and probability. This
adds an extra layer of complexity to the choice of giving cash transfers to a
community. Forecasts are less probable the further in the future you try to
predict. Therefore, waiting with providing aid will lead to more certainty
about the extend and severity of the drought disaster.

The model does not take into account the probability and always provides a
forecast with a 100% certainty. Adding an extra layer of complexity, where
cash transfers would sometimes be given and no drought would occur, would
provide extra insight for decision makers. This is especially useful when
looking at the cost effectiveness of cash transfers, but that is outside the
scope of this study.

Nutritional needs of households

Lastly, the model does not take into account nutritional needs, but only
incorporates one type of food. The simplification of the dietary needs of
households is not representative for a real situation. Multiple types of food
would provide more insight in choices of households and fluctuations in
market prices. Not all crops are affected by drought in the same way and
fluctuations in prices could lead to households adapting their diet. It could
also be that, even if households get enough food in terms of calories, they
could be undernourished because they don’t have access to the nutrients
they need. More nutrient food is often more expensive and during a crisis
households could opt for cheaper options, leading to malnutrition.

Additionally, households in the model cannot starve if their food needs are
not met, nor are new babies born that require food. Households can be food
insecure for the entire simulation run. This limits the outcome of the model,
as it denies the dynamics of a fluctuating population.

9.2 reflection on the used approach

The approach taken in this research is unique for a master thesis. It com-
bines empirical data from a household survey and choice experiment with
an Agent-Based Model. One critique often given to Agent-Based Model stud-
ies is the lack of empirical data for parametrisation of assumptions McKen-
zie Alexander (2007). Especially in the field of humanitarian aid, it is not
easy to gather empirical data and it often takes too much time for a master
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thesis. The opportunity to join the data collection in the Forecast-based Fin-
ancing for Food Security (F4S) project through 510 has made this possible.

Even so, using an Agent-Based Model does have its drawbacks. It has been
criticized for insufficient comparability and reproducability of results and
the lack of transparency in those results Lysenko and D’Souza (2008). Ad-
ditionally, there is critique for the lack of validation possibilities Zhang and
Vorobeychik (2019). When reflecting on the use of Agent-Based Modelling
in this study, it could be said that the agent based modelling was not used
to its full potential. Agent-based modelling is most interesting to explore
interactions of agents and how their decisions influence each other. The
main interaction of agents in this study is through the market. More inter-
actions, like peer effects on decision making, and strategic behaviour could
have been used.



10 C O N C L U S I O N S A N D
R E C O M M E N DAT I O N S

This research started by illustrating the complexities in dealing with drought
response, especially in areas predominantly dependent upon agriculture.
The objective of this study was to gain insight into the complex structure
of the food system when affected by a drought and, using a modelling ap-
proach, explore the effects of different cash transfer policies on the food
insecurity of households under various scenarios. Agent-Based Modelling
has been combined with exploratory modelling techniques to achieve this
objective.

This chapter is the conclusion of this study by first revisiting the sub-research
questions. Next, the answer to the main research question will be provided.
subsequently, recommendations will be made for decision makers at 510

specifically and possibly other humanitarian aid organisations. Lastly, there
will be suggestions for further research.

10.1 answering research sub-questions

This section will revisit the sub-questions posed in Chapter 3.2. Each sub-
question is answered in accordance to the findings in this study.

Sub-question 1: What factors influence the food insecurity of households in
Kenya during a drought?

The first sub-question was answered by looking at a case study of Isiolo
county, the second lowest populated county in Kenya. A household survey
and choice experiments was conducted at 186 households in Isiolo by mem-
bers of the Kenya Red Cross Society - International Centre For Humanitarian
Affairs (KRCS-ICHA). The survey identified three main food sources of re-
spondents; own livestock production, purchase on the market and own crop
production. Many respondents have experienced severe food insecurity in
the past and a seasonal rainfall deficit or excess of rainfall is the most prom-
inent cause for food insecurity.

Choice experiments were conducted to evaluate the preference of house-
holds regarding cash transfers. The results show that households prefer to
have the cash transfer in one lump sum payment, rather than two payments.
There has not been found any preference in the lead time of the transfer, but
this could be due to to misunderstanding of the experiment.
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The regression analysis shows that a higher education level, income from
labour or from ’other’ sources significantly increases spending of the cash
transfer on food. Households with only a primary education level, income
from labour, private business or ’other’ spent less on mitigative measures.
Households with only secondary education spent more on household ex-
penditures, while households with tertiary education would spend signific-
antly less.

Sub-question 2: How can household food insecurity due to droughts in Kenya
and the intervention of direct cash transfers be conceptualized and formalized
in terms of policies, uncertainties and Key performance indicators?

The second sub-question was answered in the literature review and concep-
tualisation presented in Chapters 2 and 5. The aim of this sub-question was
twofold. Firstly, it was to transfer the factors and relations found in literature,
survey results and choice experiments, into a conceptual model. Secondly,
it aimed to formalize policies, uncertainties and Key performance indicators
for this study.

The identified factors were used to build a conceptual model of the system
of food insecurity due to drought. A causal Loop Diagram (CLD) was cre-
ated to provide insight into the complex socio-technical system and better
understand the structures causing patterns of behaviour. The agent types
and their interactions were mapped in a UML-Diagram. After identifying
the system and agents, as well as their behaviours, relationships and interac-
tions, these concepts were formalised. Next the decision making process of
households was presented.

Next, the XLRM framework was used to organize information relevant to de-
cision making challenges under conditions of uncertainty. This defined the
KPIs and policy levers used in this research. Three KPIs used to evaluate the
performance of the system are; household food insecurity, crop stock at the
local market and capital of households. The main policy levers are payment
type and lead time. The policy interventions have been separated in two
different policy strategies; (1) ’As Soon As Possible’ (ASAP), characterised
by long lead times and mainly one lump sum payments; and (2) ’Careful
consideration’, characterised by short lead times and two time payments.

Sub-question 3: How can the household food insecurity be implemented in an
Agent-Based Model?

The model provided in this study was built with Mesa, a Python-based open-
source platform created for building, analyzing and visualizing Agent-Based
Models. As a Python-based platform, Mesa has the added benefit of using
data analysis tools for input and output data, without having to convert into
a different programming language.

The model runs in discrete time steps in which each time step represents
one week. When being activated, agents execute their agent-step sequen-
tially, not simultaneously. This means the agent will carry out the functions
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programmed in the agent-step one after another in the order that they are
presented. A complete model run contains 108 steps or 4 years in total.

Different sources have been used to for parametrisation of model variables.
This included; the household survey and choice experiments conducted in
Isiolo; literature regarding food insecurity and drought, as well as inform-
ation provided by 510; and data gathered from open data sources to get
values for the historical food price of maize in Isiolo ((WFP - World Food
Programme, 2021)) and the precipitation in the area (CHIRPS data (Funk
et al., 2015)). Assumptions filled the gaps in these sources. A user interface
was created to visualise the model and make it interactive. The user inter-
face is meant as an intuitive approach to gather insight in the behaviour of
the model. Verification has been performed continuously during the model
building process to constantly assure that all parts of the model worked as
expected.

Sub-question 4: What is the effect of policy interventions on the household
food security in Isiolo County in Kenya?

For this sub-question experiments were performed to gain insight in the ef-
fect of the policy levers on the KPIs in comparison to the base model. The
EMA Workbench was used to analyse the effect of the policy interventions.

The base model shows that, without any drought, there are hardly any
households that become food insecure. When drought occurs there is a peak
in household food insecurity every year just before the harvest season. In the
moderate drought scenario about 50% of households become food insecure
each year, while this is close to 100% in the severe scenario. In a moder-
ate drought scenario the average capital of working households drops when
a drought occurs, while in a severe scenario the average capital increases.
Without any drought, the local market will be balanced and will not run out
of stock. When a drought happens, the market stock quickly runs out in
both drought scenarios.
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Food insecurity

Figure 10.1: Effect Lead Time on Total weeks food insecurity - Moderate drought

The only policy leaver that has a significant impact on household food insec-
urity is the lead time. A longer lead time leads to less total food insecure
weeks, as can be seen in 10.1. When comparing a 1 week lead time and 12

weeks lead time, the 12 week lead time causes a 45% decrease of total food
insecure weeks. The policy levers do not seem to affect the average capital
or market stock in a significant way.

Sub-question 5: How can the outcomes of this study be generalized to other
drought crises?

Model validation was done to check if the model behaviour is realistic com-
pared to the real world and if the model is adequate for the goal set at the
start of this study. Modelling decisions and scoping choices have been dis-
cussed with experts in the humanitarian domain throughout this research
to validate the model. Additionally, the results of the base scenarios with
drought were compared to results shown in previous studies. This compar-
ison showed that modeled outcomes for both drought scenarios correlate to
empirical findings.

Based on the validation and analysis, three statements are made that form
the answer to the fifth sub-question. Firstly, if one were to generalise the
effects of cash transfer policies one should know that all forms of cash trans-
fer have a meaning full impact on household food insecurity, when used
in the correct context. Secondly, one should be aware of the fact that cash
transfers are not the correct humanitarian aid tool in every situation . There
should always first be a market assessment to check if providing cash will
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really prevent households from becoming food insecure. Thirdly, one should
know the importance of timing when considering cash transfers. Cash trans-
fers have more impact if they are made well in advance of a drought disaster.
When no early action has been taken and a community is suffering due to
drought induced food insecurity, other aid alternatives could be more suited
for the situation.

10.2 answering main research question

Answering the sub-questions of this research, has provided a way to answer
the main research question. The main research question posed at the start
of this research was:

"How can an Agent-Based Model be used to analyse the effect of different
ex-ante cash transfer policies on the household food security in Kenya, as
humanitarian anticipatory action to drought?"

Analysis of food insecurity factors in Isiolo and consulting literature and ex-
perts in the humanitarian field led to the construction of an agent-based on
household food insecurity due to drought. This study combines empirical
data from a household survey and choice experiment with an Agent-Based
Model. Exploratory modelling was used to generate results over a large
sample size of scenarios and analyse the results.

The results of the model study show that the only policy leaver having a
significant impact on household food insecurity is the lead time of the cash
transfer. A 12 week lead time causes a 45% decrease of total food insecure
weeks compared to a 1 week lead time. When looking at the two different
policy strategies, the results show that all cash transfer strategies lead to a
large improvement. Taking any action will lead to a reduction in total weeks
of household food insecurity by 129%. When choosing the careful consider-
ation strategy, it would lead to an increase of 15 % in food insecure weeks
compared to the As Soon As Possible strategy.

This study has shown that the system of household food insecurity is highly
dependent on agent behaviour and interactions between agents. As men-
tioned before, Agent-Based Models can best be used for situations where
you have a bottom-up approach in which interactions at the local level lead
to the emergence of patterns at the macro-level. The model in this study
has shown that ABM works to model households and the environment and
analyse their decision-making behaviour. The method has shown to be well
suited for integrating data from different sources and dealing with both qual-
itative and quantitative data.

The Agent-Based Model in this study has been used to model the behaviour
of agents at a household level with a time step of one week. This level of
detail made it possible to include household choices and the interaction of
households in the market. Additionally, the fluctuating (weekly) behaviour
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of rainfall created realistic drought scenarios and provided the possibility
to model the cash transfers as real life situations. The fact that the model
is based on empirical data from the Isiolo survey and choice experiments
makes the parametrisation more valid. Even though the model does not
take into account the strategic behaviour of households, it has shown to be
a useful tool in comparing the different types of cash transfers for the Isiolo
region. This tool could be used in more case studies, when provided with
different data for parametrisation.

10.3 societal contribution and recommendations
for red cross

In light of the global climate change, droughts are predicted to occur more
frequently and more severe. This will inevitably lead to more people, espe-
cially in rural development areas such as Isiolo, to suffer from food insec-
urity. Traditional food aid is a reactive tool and does not deal with the full
complexity of food insecurity, but mainly serves as a last resort against fam-
ine. This study shows that early action can indeed reduce the risk of food
insecurity. This is in line with the current humanitarian movement of going
from reactive aid to a more anticipatory response.

As mentioned in Chapter 5.1, there are many actors involved in the decision
making, when it comes to providing humanitarian aid in a drought disaster
situation. First of all, there are many different humanitarian organisations.
Each of these ultimately has the same goal, providing aid to people in need.
However, they differ in their means and perspective on how to provide this
aid. Not all actors have experience with cash transfers, and some might still
have doubts on how to design these programs. Findings in this study and
the F4S study can be used to convince these actors to invest in a cash transfer
program. Sharing information is key in creating broad support for the idea
of cash transfers. Second, the analysis showed that the Kenyan government
already has existing cash transfer programs in place. These programs should
be taken into account when considering cash transfers as humanitarian aid
when early warning signs predict a drought. To do this, the Red Cross
should collaborate with national and regional government when implement-
ing a program. Third, it is important to understand that collaboration with
local actors is key in creating a successful cash transfer program. These local
actors have important information about the community and are the ones
best capable of accessing their needs.
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Based on the results of this study, four recommendations are made for Neth-
erlands Red Cross - 510 and any other humanitarian aid organisations inter-
ested in these results.

1. Firstly, the results show that cash transfers can be a valuable tool to use
in combating food insecurity caused by drought. However, timing is
important when considering cash transfers. Cash transfers have more
impact if they are made well in advance of a drought disaster. If there
is a will to implement cash transfers more often, a procedure should
be constructed with well defined lead times and forecast probabilities.
Longer lead times do however come with more uncertainty. It will be
harder to convince other actors of acting when the forecast probability
is still low.

2. Secondly, not all household types have the same needs in different
drought scenarios. The results of this study show that in a severe
drought scenario working households become completely food insec-
ure and need food aid, while the other types still have some degree
of self sufficiency. In a moderate drought scenario the working house-
holds are least affected and almost none are in need of cash, while the
pastoral and semi-pastoral households become dependent on a cash
transfer. This is due to the fact that these households have limited
income when their crops die out. These difference show that a cash
transfer program should take into account the varying needs of the
households types in different scenarios.

3. Thirdly, the future of food aid is not lost. Cash transfers may replace
food aid as the dominant humanitarian response in the future, but will
not completely replace it. The model simulations of a severe drought
in this study have shown that cash transfers are not applicable in all
situations. It is important to always perform an assessment of the local
markets before considering providing cash transfers.

4. Last, it is important to recognise the multi-actor setting of cash trans-
fers. Findings in this study and the F4S study can be used to convince
other actors to invest time and resources in a cash transfer program.
When doing this, the current cash transfer programs already in place
by the Kenyan government should be taken into account. Additionally,
it is important to understand that collaboration with local actors is key
in creating a successful cash transfer program.

10.4 scientific contribution

This thesis addresses the existing academic knowledge gap regarding a lack
of literature and insight in; (a) the behaviour of people in Kenya when
provided with either ex-ante cash transfers as aid for drought. (b) Agent-
Based Models that can analyse drought and take into account different di-
mensions of household food security. (c) Agent-Based Models that takes into
account cash transfers and the effect on household food security.
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The first part of this scientific knowledge gap (a) has been addressed by con-
ducting a household survey and choice experiments. The survey and choice
experiments have been analysed and the results provide insight in the pref-
erences of households concerning the design of ex-ante cash transfers and
how households would spend this money.

The second (b) and third (c) part of this scientific knowledge gap have been
addressed by developing an Agent-Based Model. This model has been based
on; the household survey and choice experiments conducted in Isiolo, literat-
ure regarding food insecurity and drought, as well as information provided
by 510, and data gathered from open data sources to get values for the histor-
ical food price of maize in Isiolo and the precipitation in the area (CHIRPS
data). The model provides insight in household food insecurity, crop stock
at the local market and the capital of households and it has the ability to
model different cash transfer designs.

Apart from these knowledge gaps, this research is unique due to the fact
that it combines empirical field data on households perspectives with an
Agent-Based Model. The empirical data has been used in the design of
the conceptual and computational model, as well as in the parametrisation
phase. This is a big contribution to the current scientific knowledge, as many
studies do not use empirical data and solely have to rely on assumptions to
create the model.

10.5 recommendations for future research

Based on insights gained from the model, critical assumptions or model lim-
itations, several recommendations for future research will be made.

The first recommendation stems from the model limitation in the behaviour
of household agents. Agents have no strategic behaviour with the goal of
not becoming food insecure. This strategic behaviour could be modeled in
timing the buying or selling of food based on favourable market prices. Cash
transfers are often given at in a stage where the food price has not increased
yet. Especially when there is a long lead time this could have a significant
impact.

Second, future work is suggested to find a optimisation between cash trans-
fer lead times and forecast probability. This suggestion addresses both the
model limitation of not implementing forecast probabilities and the import-
ance of lead times noted in this study. It is understandable that organisations
providing aid for drought disasters want their money well spend. It would
be interesting to study if there is a optimal lead time given certain forecast
probability, where both the chance of aid being provided unnecessary and
additional food insecure households are taken into account.
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Third, further research is advised to compare cash transfers to other kinds of
aid. This would satisfy the limitation of this research of not including food
aid as a policy option for the base scenario.

Lastly, A model study is advised to refine the interventions modelled in this
research. This could be done by adding a variable amount of cash for the
cash transfer, using a combination of cash and food aid or to refine the early
warning given to households. Especially the combination of different forms
of aid could provide meaningful insight for humanitarian aid organisations.
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A H O U S E H O L D S U R V E Y A N A LY S I S

a.1 data cleaning

The process of cleaning up the household data will be explained in this sec-
tion. Most of this process was done in Python, some of it later in R. The
Jupiter Notebook and R code can be found in the GitHub repository. These
operations were done to clean up the data:

• The total data set contained 186 rows (one row for each respondent)
and 610 columns. This dataframe was first converted into a long
format, with each round of the choice experiment on a new line.

• All records where the entered value for the round did not match the
corresponding round were removed. This choice has been made, as it
is unclear what went wrong in these instances.

• All records where the entered type of payment did not correspond to
the type of payment on the scenario card were removed. In these cases
many things could have gone wrong i.a.; the wrong round or block
color was entered, the payment type was misread from the card, the
wrong cards were used or the wrong scenario was entered. As it is
impossible to determine, all false records were removed.

• The expenditures in the choice experiment where in many cases not
carried out correctly, the values did not add up to 10. For all these
entries the values are taken into account as weights, taking the propor-
tions instead of the total sum.

• Columns/questions not in the scope of this study were removed.

• Values have been converted for the choice experiments. String values
for ’Education’, ’Source_income’ have been grouped and dummy vari-
ables were created.

• Columns were added for the choice model.
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a.2 plots

This section shows additional plots of the household survey.

Figure A.1: Main food source

Figure A.2: Past years of food insecurity

Figure A.3: Main food source
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Figure A.4: How cash aid has been spend

Figure A.5: Months with less food than needed in a ’normal year’

Figure A.6: Months with less food than needed in extreme year
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Figure A.7: Reliability of forecasts

a.3 choice experiment

This section shows the ’raw’ data on the outcomes of the choice experiments.
First it shows the outcomes of the mixed logit model, that accounts for cor-
relation. This is the model used in this study. Additionally, the outcomes
for the basic mixed logit model are shown. This model has not been used,
as the model that accounts for correlation was a better fit. However, the
results only vary slightly. The main results and explanation can be found in
Chapter 4.3.3.

Figure A.8: mlogit outcome for mixed logit model, accounting for correlation.
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Figure A.9: mlogit outcome for basic mixed logit model.

Figure A.10: Choice distribution

a.3.1 Regression analysis

This section shows the ’raw’ data on the outcomes of the regression analysis.
First, the regression analysis of the food expenditures are shown. Second,
the mitigative expenditure regression analysis is given and third the analysis
of the household expenses. These results show both the significant and
non-significant factors. The main results and explanation can be found in
Chapter 4.3.4.
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Figure A.11: Regression analysis for Food Expenditures

Figure A.12: Regression analysis for Mitigative Expenditures
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Figure A.13: Regression analysis for Household Expenditures.



B A S S U M P T I O N S

A List of assumptions made throughout the modelling.

1. Households will buy food when they need it. When they buy food,
they will buy exactly the amount they need.

2. Pastorals and semi-pastorals are able to sustain the local community
and therefore local market in a ’normal’ (without drought) situation.

3. One harvest per year.

4. Only one type of food is available.

5. Poor households spend same on food as rich households.

6. No food at secondary market in severe drought.

7. Households will always take measures if they are warned and they
have the cash available.

8. Households do not starve by being food insecure for a long time. this
is outside of the scope of the research.
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C PA R A M E T R I S AT I O N

Table C.1: Parameters for model

Type Variable Value/Range

Model num_agents 280

early_waring True
warning_time 4

cost_measures 3

drought_type 1

warned False
def_drought 8

Agent agent_type 1 - 3

hh_size np.random.normal(6,1)
food_need 3*hh_size

Pasto available_food 530-600

capital 4500 - 4600

crop_production 1320-1610

income 0

time_till_harvest 22-32

Semi available_food 430 - 530

capital 500-1000

crop_production 1030 - 1260

income 125 - 300

time_till_harvest 22-32

Work available_food 70 - 140

capital 600 - 800

crop_production 0

income 900 - 1500

time_till_harvest -
Market init_crop_stock 21840

Policy payment_type 0

lead_time 4

cash_amount 8000
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D V E R I F I C AT I O N

Both during and after the construction of the model, various tests have been
executed to verify the model. The complete verification process is made up
of four steps. First, an extensive code walk-through is conducted to check for
code errors. Second, agent behaviour is tracked and recorded to see check
model behaviour. Third, a minimal model is tested and in the last step the
model is tested for extreme values. Below is a screenshot that shows the
code for the extensive code walk-through.

Figure D.1: Verification by code walk-through and agent tracking
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E R E S U LT S

Table E.1 shows the model parameters as used for the base model run.

Table E.1: Parameters for base model

Type Variable Setting Meaning

Model num_agents 280 Number of agents
early_waring True Will there be warning
warning_time 4 Time warning before drought
cost_measures 3 Cost of measures
drought_type 1 Type of drought occuring
warned False Agents warned at start
def_drought 8 Definition of drought

Market init_crop_stock 21840 Initial stock in market
Policy payment_type 0 No cash transfer

lead_time 4 Lead time cash transfer
cash_amount 8000 Cash amount
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e.1 experimentation

Table E.2: Parameters for experimentation

Policy label Code Drought type Payment type Lead time

p0 1 0 0

Reference p02 2 0 0

p03 3 0 0

p2c2 2 1 6

p2d2 2 1 12

As soon as
Possible

p2c22 2 2 6

p2d22 2 2 12

p2c3 3 1 6

p2d3 3 1 12

p2a2 2 1 1

p2b2 2 1 4

p2a22 2 2 1

Careful
Consideration

p2b22 2 2 4

p1b3 3 2 4

p2a3 3 1 1

p2b3 3 1 4

e.2 model results

(a) Policy comparison payment type (b) Payment type

Figure E.1: Total weeks food insecurity with different payment types - Severe
drought scenario
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(a) Policy comparison payment type (b) Payment type

Figure E.2: Effect Lead Time on Total weeks food insecurity - Severe drought scen-
ario
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