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Introduction

What is food security?

«“when all people, at all times have
physical and economic access to
sufficient, safe and nutritious food to
meet their dietary needs and food

preferences for an active and healthy
life” FAO — 1996

«The four pillars of food security
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My Research

Motivation

e Understanding how food
security can be realised in
rural Malawa.

« Complex social, ecological &
political factors propel food

insecurity currently.
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The use Of Agent-b ase d MO delhng Systems Simulation

« Agents interact within an
environment through predisposed
rules. e
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 Patterns at the macro-level emerge
as a result of interactions at the
local-level.

 Can be abstract, experimental,
historical or empirical.

 Offers potential for greater
understanding of food security.



Managing Complexity
« How empirical is empirical?
 Stakeholder expectations

« Common criticisms:

— Your model is too complex
— Your model is too simple

— Your assumptions &
parameters are arbitrary

— Your model is a black box
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@ Abstract
Whan taking 1o folow modaliers about tho feedback we get on our simulation models the conversation quickly shifts 1o
ancodotes of reject Many of us y get only fow remarks, and espacially only ittio helpful
constructive feedback on ek simulation models. In this forum paper, we give an overviow and reflections on e most
common criicims exparienced by AEM modeliers. Our goal is 1o start and
partiouarly rejective scopticm, I @ way that makes & models
acceptance and impact of our work. We prooeed by identfying common criicism on agent- based modeling and sockl
simubation methods and show whore & shifs to rejoction. In the part, wo refect for
agent-based approach, which we mainky lcoate In @ lack of and academic on
the other hand. Finaly, oM modelors of how to doal wih both forms of rejoctve
mmmmm
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@ Introduction

2.1 Wnen taking to folow scosiml T modeliors about the foacdback we get from non-modeling peers the conversation quickly
shits of Typlcally, the seems to be absert, not fiting, inoorrect or defintoly

actualy
for acknowledgamant of method-axdstence s reflected in the quote of Squazzond (2010, p. 219): “Aftar 15 yoars of acthe
exploration, even $ho most enthusiastic supporiar could nat argue that ASM has yet dramatically changed the current
lancsoape of 500kl solences.” Why & ABM 53 not accapted in the common tookax of sockl sclence researchers?

22 Wowar hav npact 0 Howaver, colleagues from the sockl sclences remain
and resuts, Ouw goal s to modelars by focusing on

what n s dfferent and to respond ‘We regard
crticsm, as any foodback, as usefid since t embockes the capacty 1o Improve e qually of our work. Howaver, al input
neods ako t usedd on owver
2.3 Inow understanding feedback, criicksm, and sceptcsmi< are neutral notiors of nat

In 9. loaded v
dtinguish constructive criicism In the form of heiph feecback on cur wark from rgfectve criicism In the form of dsmissive
or ay han helpfil The art of receiving feedback s % be abio 1o
cpar the cther, With s paper, wo
want 1o start of how Sitering and might bo achioved.

2.4 How dowe proceed? First, wa identlly common agent. methods In genaral
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« How can the challenges of representing reality, technical
constraints and meeting the expectations of stakeholders be
overcome?
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Using Participatory Methods?

« Can Participatory Rural Appraisals
(PRA) be used to parameterise ABM?

« PRA techniques include:
- Matrix scoring

Seasonal calendars

- Mapping

- Wellbeing ranking
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Defining Agent Types

 Using ASSETS wellbeing Perceived Wellbeing
exercises, 4 agent types were Poor & Very Poor Medium & Rich
identified: « <1.0haof e« > 1.0 ha of
cultivated land cultivated land

— Type 1: Male Heads of
Household (HH) of medium or

«  Own poultry « Own livestock

: . only including goats
rich wellbeing and poultry
« Inadequate » Adequate food

— Type 2: Male HH of poor or

Gender of Household Head
Female/Male

Very poor w ellbein g food availability availability for
for the year the year
— Type 3: Female HH of medium . Access to - Access to both
or rich wellbeing public private and
healthcare only public healthcare

— Type 4: Female HH of poor or
very poor wellbeing
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Inferring Behavioural Rules

Participant selection based
upon agent types.

PRA exercise designed to
investigate farmer decisions

Each month a total of 60
counters are split between 15
activities.

Exercise repeated for a
drought year

Interview style questions
explore the impact of input

subsidies upon food security.

Months :

Jan |Feb |Mar

Season :

Rainy Season

Activity

Maize

Sweet
Potato

Rice

Pigeon
Pea

) ﬁ“
(ASSAVA faen
(,HINf‘ NEWA

Tobacco

Cassava

Fishing

Hunting

Livestock

wild
Foods

Wood fuel

Ganyy

Sell at
market

Buy at
market

Other




Building a Model

e Results from the PRA exercises used
to construct behavioural rules for
agent types.

- Log-normal distributions calculated
for each activity.

« Impact of input subsidies taken into
account by set-exo-onset () & set-
exo-impact ().

e Model parameterisation also aided
by literature.
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ABM structure

define-landscape ()

define-agents ()

LOOP
set-month ()
set-drought ()
set-agent-type-options ()
set- exo-onset ()
set- exo-impact ()
set-agent-type-decisions ()
calculate-agent-wealth ()
calculate-agent-food
adequacy ()

END LOOP




Define-agents ()

o Each of the 15, 808 households
to be given an agent type.

« Requires existing household
survey data as PRA participants
targeted in an un-stratified
manner.

« K-means cluster analysis
identifies four clusters within the
survey data corresponding to
four agent types.

- Monte Carlo techniques
employed to generate the entire
agent population.
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K-means
cluster
analysis
INTEGRATED HOUSEHOLD SURVEY
2010-2011
Gender
Male Female
Cluster 1 2 3 4
Area of land (ha) 0.65 0.22
0.06 0.74

No. of livestock 4 0 4 0
No. of poultry 15 0 15 0
Health care 2 2 2 2
Food adequacy 2 2 2 1
Proportion of sample
population (%) 28.0 48.9 4.4 1.8




Monte Carlo Techniques

An empirical cumulative distribution
function (CDF) created to determine
agent type.

A random integer between 0 and 100
drawn for each agent and the agent type
read from the y-axis.

Conducted for all 15,808 agents to
recreate the empirical distribution.

Repeated to allocate resource
endowments: land area, numbers of
livestock, number of poultry & food-
adequacy value.
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Model Implementation

« Baseline scenario:

— 30 % chance of drought, input subsidies available from September
to December and accessed by 47 % of the population. Model run for
120 time-steps (10 yrs).

« Drought scenario:
— Probability of drought varied between 0 to 100 % in 20% intervals.
« Input subsidy scenario:

— Timing of input subsidies varied to be early, typical and late.
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Model Results

Proportion of Time

Wet — Type 1

n Type 2
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Cold H Type 1
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Model Results
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Model Results
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Critique

Strengths

PRA exercise brought greater
understanding of the
smallholder system and
uncovered surprising
behaviour.

A simple yet effective method
to parameterise empirical
ABM.

Participatory approach.
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Weaknesses

Data limitations — poor
availability and reliability.

Issue of aggregation — inter-
village differences not
accounted for.

The need for
Validation -
preliminary
results

are speculative.
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Summary

« The primary objective:

— Can PRA techniques be employed in
the parameterisation of empirical
agent-based models?

« In this case — yes!

— Model implementation allowed
complex social, ecological and
economic factors to be explored.

o Future work:

— Overcoming data limitations

— Model validation and verification
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