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Abstract

Undernourishment is a persistent problem in sub Saharan Africa. Climate change is expected t
make achieving food security even more difficult in nations such as Zambia, where agriculture i
dominated by smalscale farming and raifed maize poduction. In order to evaluate current and
proposed policies to enhance food security, it is important to understand the dynamic decision
making processes of smaltale farmers, a major stakeholder group and the main target group of
government policiesni the Zambian food system. This paperalyzes qualitative text data from-in
depth interviews with smalscale farmers and represents them in the form of a causal loop
diagram, which serves as a visual representation of the group mental model of this stakeholde
group. This causal loop diagnas then simplified and analyzed. The resulting discussion examines
0KS AYLXAOFGA2ya 2F TFIENNSNARAQ OdzZNNBYyd Reyl YA
changingframework conditions. The pap&oncludes with a discussion of how the group mental
Y2RStf OFly ©6S dzaSR (G2 RSaiaday LRftAOASaA GKI G
required to address current and emerging food system challenges.



1. Introduction

Undernourishment is a persistent problem in Zambia, igatarly for the rural population (FAO
2014; Neubert et al2011). Data from 1990 to 2014 indicates that the dietary energy supply for
Y%l YOAl Q& LI2LJz I GA2y Aad y20 | RSljdzr §1Sz S@Sy AT
which manifests itsdf, among other waydn the delayed onset of the rainy season, is anticipated to
make the achievement of food security in Zambia even more challenging, as agriculture i
dominated by smalscale farming and raifed maize production (Neubest al.2011).

Policies with the goal of poverty reducti@uch as fertilizer subsidiege targetingthe agricultural
productivity of smallscale farmers (Neubesrt al. 2011; Chapoto 2014Examples of studies that
evaluate 2| Y 0 Adriculiural policiesinclude a pager by the German Development Institute
(Neubert et al. 2011) and ogoing papers by Indaba Agricultural Policy and Research Institute
(IAPRI).

Several quantitative and modélsed studies of smadlcale farm households have been conducted.
A System Dynaits model at the farm level in Zam@anphasizediophysical and economic factors
(Grabowski 2012). Smatale farm households in Zambia are being surveyed for quantitative data
by government and research institutions (Food SeguResearch Project 2015ystem Dynamics
models at the farm level have been generated for food syst@mother African nationBontkes &

van Keulen 2003; Stephget al. 2012). At the same time, the decision making processes of small
scale farmers are not well researched (Saldarrestga. 2014).

Decision making and behaviour of srradhle farmers has been addressed in some studies. Kalinda
et al. (2000), in a study of resours and household decisio makingamongsmaltscale farmers in
Zambia, analyzeuantitative data from interviews with householdmd categorize farmsvhile
providing some qualitative descriptions of decisions and social structures. Chilonda and Va
Huylenboeck (2001) provide a conceptual framework for the analysis of factors influencing decisior
making of smaldkcale farmers in animal health management. Their framework includes an
agricultural household model and a separate qualitative choice model, anddtiess that more
empirical research is needed to improve understanding of decisiaking and behaviour of small
scale farmers in order to guide policy decisions (Chilonda & Van Huylenbroeck 2001).

As part of a project that uses simulation models ansoagted learning tools to contribute to the
achievement of food security in Zambia, a study of tlymaiic decision making of smaliale
farmerswas initiated by conducting and analyzing interviews viaihm householdgSaldarriagaet
al. 2014). The obijetive of this paperis to build on thestudyof dynamic decision makirtyy applying
an explicitSystem Dynaros frame to the interviews

While focus groupsnd interviews with smatcalefarmers are listed as data sources for other
modelbased studies taddress food securityn light of climate change in Zambia (Crawford &
Olson 2012), no previous studies use the systematic and inductive qualitative data analysis methc
outlined in ths paperto gererate a mental model of t food system in Zambigim & Andersen
2012).The mental model takes the form of a rich causal map that links factors influencing small
a0l S FI N¥YS odiezauRaSsOuctarasanyhé map 2

Understanding thedynamicdecisionmakingof smaltscale farmers is importarfor the evaluation

and design of policies to enhance food securdag smaiscale farmers represent a key group of

decisionmakers in the food system (Neubert et al. 2011; Saldarriaga et al. .20hé)gerration
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and analysis of thenental model orcausal magpresented in this papeis intended to ddressthe
following research questionsiow do smalkcale farmerwiew the food system?What are some of
the drivers of decisions made by smsdhle farmer8 What arethe dynamic implications of the
mental model of the smakcale farmers? Whaare some factors to consider whetesigning
policies targetingsmallscalefarmers? What are the benefits and drawbacks of #pproach of
representing the mental modef the farmer®

The paperbegins with further explanation of food security and agriculture in Zambia, as well as a
discussion of thédramework for the study. Then the method to translate interview data into a
causalmap is outlined. The resulting causenap is presented in stages and analyzed with a
discusgn of its major themes andynamic implicationsThe results of additional interview data
colleded in Zambia areliscussed as part of a validation proceSsrrent and proposed policies to
enhance 6od security are evaluated in the mi@xt of the causal mapThe papemproceeds with a
RA&AOdzaaAz2y 2F K2g¢g (GKS 3INRdzL) YSyidlt Y2RSt Of
knowledge with the knowledge required to address food system challengeslly, further
NBEaSINOK Ayad2 GKS ljdzryaAdlrdAodS Y2RSttAy3a 27
in the quantitative testing of policies.

2. Background and Theory
2.1Indicatorsof FoodSecurity in Zambia

One of the indicators of foodvailability a dimension of food securitys Average Dietary Supply
Adequacy, which expresses the supply of dietary energy in the nation as a percentage of th
average dietary energy requirement (FAO, IFAD & WFP 2013; FAOSIatd)the 19905 %2l sY 0 A
dietary energy supply adequacy has beewnsistently below 100%, meaning the supply is not
enough to meet the dietary energy requirement of thegulation (FAO 2014). Food availability is
the focus of this study, and the causaapin this paperaddresssfood productionby farmers.

Food insecurity in Zambia is not only a problem of supply, but also a problem of {E€€32014)
Undernourishment has been prevalent in over 30% of the population since the 1990s, actually
growing to over 50% around010 FAO 2014). The causal mpmduced in this papecontains
causal links thashowdifferent pathways used by households to access food.

2.2 SmaltscaleFarmingand Maize Dominanceén Agriculture

Maize is the staple foodnd dominant cropn Zambia (Sitkoteal. 2011 Ministry of Agriculture and
Livestock 2013)Smaliscale farmers cultivate between 0.1 and 5 hectares of land, while emergent
farmers cultivate between 5 and 10 hectares of land, and together these represent approximately
98% of farmers in Zand (Neubert et al. 2011).

Neubert et al. (2011) focus their study of agricultural development in Zambia on-sra&l and
emergent farmers because they represent the majority of farms and produce the majority of staple
food for the country. They also represent the most vulnerajrieup of people in Zambia (Neubert

et al.2011). Rural poverty is 83% versus 73% for the total population (Neubert et al. 2011).

2.3Food §stemsand Scale

The framework outlined by Ericksen (2008) serves as a guide for the cai@efiiod system in iis
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consumption) are linked with environmental and socioeconomic drivers and $gstém outcomes
(includingfood security), and feedback exists between activitiesjets and outcomes.

O9NR O]l aSyQa R-sca®idEattiors yh the fbod Syst@niisiof interest to this study (2008).
Crossscale interactions drive this research, as it is a goal to better understand the effect of nationa
level policies omousehold decision mking and behaviour, whichggregates to national level data.

2.4 Previous Research on Local Decision Making and Behaviour

In 2013, Saldarriagat al. (2014) interviewed 19 smadicale farmers in four differentegionsin
Zambia. The farmers were asked questions about the last farming season and the upcoming farmi
season, including questions about: farming activities, crops grown, income sources, food:
consumed, household food security and rainfall signs (Saldareagh2014). The interviews also
covered long term rainfall predictions and household coping strategies (Saldagtiaa014).

Smaliscale farmers represent a key stakeholder group in the Zambian food system. With agriculture
as their livelihood, the possess a sophisticated knowledge of their environment (Saldariagla
2014). Their daily decisions affect food production, processing, distribution and consumption,
activities in Erickse®(2008)food system frameworkhat influence food system oabmes

Saldrriagaet al. (2014) find in their study that the farmers understand the dynamic complexity of
the food system, but at the same time they are restricted by income available from purchasing al
food that is required to achieve the food systemtcomes in Erickseé® framework (2008).

2.5 Causal Mapping in Food Systems

Causal maps or causal loop diagrams are tools used in the System Dynamics field to communic:
and analyze the structure and dynamics of systein§. &€ 8 1 SY Rey |l YA (pésitivistcil S =
YR AYUSNIINBGAGS LI NFRAIYA Ay &a20AFf &AO0OASYyOS
it also recognizes that actions intended to change the reality are generated by actors, each of whor
owns subjective perception of therdali @ 62 F 1Sy NBFSNNBEKim&Andersen oY
2012, p. 315; Lane 2001A definition of a mental model of a dynamic system used in System
Dynamics literature is: a relatively enduring and accessible, but limited, internal conceptual
represenation of an external system whose structure is analogous to the perceivaectste of the
system (Doyle &ord 1999).

The causal mapping approach in tpiaperreflects the integration of positivistic and interpretive
paradigms, in that causal structugare first generated from statements in interviews with farmers,
and then categorized and linked by the modeller to form a group mental model of the food system
based on assumptions about how these variables or structures are related (when the categories
relationships ae not explicit in the interviews The process of representing mental modelsha t
form of a causal map also requiregerpretation of data by the modeller (Kim & Andersen 2012).

3. Method

The approah used in this papeio generate the smalkbcale farmers' group mental model of the
food system is based on a method described by Kim and Andersen (2012) as a systematic way
code qualitative text data to generate causal maps for system dynamics hmgdelhis chapter



descibes the main characteristics and steps of this method and explains how it is applied to the
analysis of dynamic decision making by sreedlle farmers in Zambia.

3.1 Method Characteristics

3.1.1 Grounded Theory and Traceability

YAY I yR ! yR)$KtHoS i @ffuenced by grounded theory, which is an inductive, rigorous
and flexible method used to build theory from raw qualitative data. Grounded theory involves
interpreting qualitative data through coding, the process in which labels are attaithedgments

of data to depict what each segment is about (Charmaz 2006)S O2 RSNRa Y Sy
influence the product of this analysis in any stage thequires interpretation (Kim &ndersen
2012). Kim and Andersen explain that the influence canntinimized by making the method
systematic, meaning that the process is defined in advance of the analysis and then followed an
documented step by step (2012).

YAY FTYR ! YRSNESYQa 6HnmMHO YSUGK2R NXBIj dzA NBat al
to link qualitative data to the causal structures in the model generated from interpretation of the
data, with the objective of building confidence in the salmap. As one of thebjectives of this
paperis to inform policy design and evaluation, stimportant to have confidence in the model
ISYSNIGSR® YAY YR ! YyYRSNESYQa oHnmMHUO R2O0OdzyS
used in thigpaperwhile the objective remains the same.

3.1.2 Open Coding

Kim and Andersen use the traditional grounded theory process of open coding in a formal way t
define the problem, set the system boundary, and identify key variables (2012). jpajhes open
coding is performed, buthe system boundary, key variablesdaproblem definition are in a large
part controlled by the serstructured interview formabf the data analyzed

Hybrid System Dynamics and Grounded Theory Coding

Kim and Andersen (2012) describe a second phase of open coding, in which data aranaliczed

to identify causal structures revealed in the data. The unit of analysis is an argument made abot
GKS aeadsSyQa adNMHzOGdz2NBE 2NJ F aedadsSy o0SKI @A 2d:
Andersen 2012). In thisaper, amethod is writtenbaseR 2y YAY | YR ! YyYRSNBESY
with some modifications, to cover this phase of open coding, which generates variables anc
relationships between thensge Appendix A

In the qualitative text data analyzed in thgaper, the variable names and relationships that result
from the analysis are often deeply buried in the text, meaning they would not likely be coded during
a surface level analysis. However, because ofhiiiwid System Dynamicand Grounded Theory
coding meK2 R> GKSNBE AYyiSNIBASsSSQa adaraSySyida N
decrease numerically when influenced by other variables that increase or decrease numerically
these causal structures are uncovered. Grounded theorists have mixed opglang imposing
such a frame on the data, as it has the potential to produce theories that are not actually groundec
in the text (Charmaz 2006). Regardless, it is a valuable exercise to perform this type ofa®theg,
resultscan be validated bthe famers with further data collectio(Kim & Andersen 2012).



3.1.3 Axial Coding

Kim and Andersen (2012) use the grounded theory concept of axial coding to merge variables ar
relationships, as the coding process in the previous stage of analysis breakstahdosvn into a

fF NHS ydzYoSNI 2F O NAIo6fSa yR NBfIFUGAZ2YaKALMA
FNNRg RAFIANIYaEAE FNRY (GKS O2RSa |yR adl NI 3N
YR FNNRg RAIFINI Yatég Ay én (20120ndetgé thel vakidbles baséd \on |
generalizations and idiosyncratic language usage, sometimes adding implicit and intermediat:
variables to enable the merging of structures.

In this paper, the codes generated during open coding are mapped in Versma by one, with
documentation of the source, at the original level of detaefore axial coding occurfuplicate
variables and relationships are not created in Vensim, but the documentation section of the
variables note that the causal structure isufa in the data more than onceélhis approach is
chosen because of the high level of detail and richness of the datafoserhusal mappingln a
desire to stay as close as possilddhe datg the codes are preserdan detailuntil it is certain tha

the codes can be generalized.

The main technique uskin axial codingf the detailed causal majs to examine variables that
could be grouped into one category to see if they are contained in similar causal structures. If the
are, the structures can be enged together with notes in the documentation section of the merged
causal structure and notes in a text file to document the process.

Some variables (usually those that do not influence other causal structures) are deleted in the
abstraction process,ra the documentation section of each deleted variable is examined to ensure
that it is not a variable identified by the majority of the interviewees. If it is, then the variabde is
important to remove. Aain, the abstraction process, includingiahle deletion, is documented

Other important techniques used in the simplification process include examining variables to see |
they are representing the same concept with slightly different names, or if they are the inverse of
each other. In both cases, @hvariables can be merged with care to preserve the original intent of
the coding, including causal relationships with other variables. In some cases, variables do nt
represent the sameoncept but are (by interpretatioof the coder) linked in a logicaelay, either by

use language or obvious physical relationships. In these cases, arrows are drawn in red in Vensim
demonstrate that the coder is the one linking the variables. Finally, there are cases where a caus
link needs to travel through intermedi variables in order to be merged with othemausal
structures, requiring a high level of interpretatiand documentation by the coder.

3.2 Data and Case Study

Kim and Andersen's (2012) method is designed to analyze purposive text data, which: (ftparise
an honest discussion involving key stakeholders or decisiakers in the system and (2) capture a
discussion focussed on the system and the problem under study. The modeller requires assuran
that the mental models of the decisiemakers or stakehders are revealed in the discussion (Kim
& Andersen 2012). The modeller also needs assurance that people with expert knowledge of th
system are providing relevant material for the causal map. Purposive text data is not limited ta
group discussions, andue include individual interviews with stakeholders (Kim & Andersen 2012).

The qualitative text data source used to produce the group mental model or causal map in this



paperis the transcription ofin-depth interviews with smalécale farmers conducteby Saldarriaga

et al. (2014) (described ivection2.4). This data source fits the definition of purposive text data
very well. As previously explained, the farmers are key decmiakers in the food system. The
nature of the questions asked by the interviewers force the interview discussion to be focused or
the problem at hand, food security (Saldarriagaal. 2014). Interviewees were asked to discuss past
and future activities and to explaiGwhye, so the discussion was causally and dynamically rich.
Finally, it is unlikely that the discussion in the intews was dishonest. One of the interviewers has
intimate knowledge of smaBcale farming and local languages in Zambia, and some data that
appears in the interviews cbd be observed visually at tHarms (Saldarriagat al.2014).

Other sources ofjualitative text data areused for validation processes fdhis paper. Data is
provided by group model building sessions and follow up interviews farthers who participated

in the sessions (Haget al. 2015). The grounded theory concept of theoretisampling is used to
design group interview questions to complement thedepth interview data analyzed by open and
axial coding (Charmaz 2008ppendix B)Group interview questions are also designed to perform a
boundary test for thegroup mental model(Appendix B). The qualitative data sources used in
validation processes similarly satisfy the requirenseot purposive text data

All interviews and group sessions were conducted partially in the local languages and patrtially i
English. The local langge portions were translated to provide full transcriptions in English
(Saldarriag®t al.2014; Hageet al.2015).

3.3 Application of Method to Case Study

3.3.1 Method Outline

Tablel contains a summary of the application of the method described in this Chapter to the case
study of dynamic decision making of farmers in ZamAidetailed description of the steps followed
during open and axiatoding is found in Appendix A. A detailed description of interview questions
designed is found in Appendix B.

Tablel - Summary of processes, inputs and outputs of the method used in gaiper

Proces®escription

Input

Output

Traditional open coding
for grounded theory

In-depth individual interviews with
farmers (Saldarriaget al.2014)

Grounded theory codes; Assessment of
problem definition, system boundary,
key variables

Hybrid grounded theory
and System Dynamics
open coding

In-depth individual interviews
with farmers (Saldarriaget al.2014)

In ExcelCausal structures (variables and
causarelationships) at high level of detai
Codedvariables with data and behaviour;
Potential categdesof variables

Mapping of detailed code
in Vensim with
documentation

In ExcelCausal structures at high level
detail; Potential categoriesf variables

In Vensim Raw detailed causal loop
diagram; Venn diagram of potential
variablecategories

Identification of
theoretical gaps

Raw detailed causal loop diagram

Areas of the raw detailed causal loop
diagramthat are redblue ora Sptyé




Design of further Areas of the raw detailed caudaop
interview questions diagram that are redplue ora S Y LJ{i

Further interview question§or theoretical
sampling and validation)

Data collection in ZambiiHighlysimplified version otausal loop
diagram presented to farmers for group
model building (Hagest al.2015);
Further interview questions;

Transcibed follow up interviews with grou
model building participants (Haget al.
2015); Transdpied group interview results
Cafidence in axial coding

Axial coding Raw detailed causal loop diagram;
Venn diagram opotential variable
categories

Intermediate causal loop diagram;
Documentation of axial coding process;

Simplification of causal |Intermediate causal loop diagram
loop diagram

Simplified causal loop diagram highlightil
feedback loops and majmariables

Surface level hybrid Transcribedollow up interviews with
grounded theory and  [group model building participants
System Dynamics open|(Hagr et al.2015);

Diagrams of causal structures identified i
text; Validation of causal loop diagrams
(raw, intermediate and simplified)

coding Transcribedyroup interview results;

NBLINS&ASYGAy3 FI N¥YS

3.3.2.1 Validation: Group Model Building Exercise

In February 2015, group model building sessions with sscale farmers were designed and
conducted by Hagest al.(2015) based on key variables and relationships identified in a preliminary
causal loop diagram produced for thgaper. Farmers were presged with visual representations of

' 3aINBIFGSR OI NAIFofSa &adzOK Fa agl GSNES aGfl yRE
factors affecting different variables with explanations about how they are related to other variables
in the diagram (Hageet al.2015).

Follow up interviews were conducted with a subset of individuals who participated in the group
model building sessions (Haget al. 2015). Interviewees were asked to identify variables,
relationships and policy options from the group siess among other questions (Hagaral. 2015).
Causal relationships and policy options identified based on a surface analysis of the follow u
interview text validate a subset of causal structures in the simplified mental model of the farmers
and provideinformation aboutpoliciessuggested by the farmers

3.3.2.2 Validation: Boundary Test

LY 2NRSNJ (2 o0dAfR O2yFARSYOS GKIG Ittt Ylea2!
system are included in the causal loop diagram, a group of farmeraskasl in February 2015 to
generate a list of positive and negative contributors to food security and to describe how each
factor contributes Appendix B The analysis of the resulfpresented inAppendix ¢serves as a
boundary test in the validation poess of the group mental model.

3.3.2.3 Theoretical Sampling and Validation: Group Interviews

Interviews with two groups of smaticale farmers (not previously interviewed) were designed and
conductedby Kopainsky, Nyanga and Spigcerf~ebruary 2015 tsupplement the qualitative text
data from Saldarriaga et.&l @014) interviewsAppendix B contains a complete description of the
interview questions, while results of the interviews are presented in Appendix C.

Farmers were asked for a list of theicome sources in Saldarriaga et o HAMN O A Y {
they frequently mentioned having goals to purchase items, often for the household and for farming.
In order to find out more about what kind of expenditures affect income available, a group of
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farmers was asked to generate a list of their expenditures throughout the year. Farmers were als
prompted to discuss the savings proceadditionally two groups of farmers were asked questions
about decision making regarding land angut allocation

4. Resultsand Discussion

4.1 Raw Detailed Causal Loop Diagram

Figurel - Raw detailed causal loop diagram produced by open codingd#pth interviews

In Figurel, raw open codes from qualitative analysis of the farmer interviews, consisting of
variables and causal relationships between them, are represented in Venhkigstliagram contains
1,956 variables, some of which are very similar to other variables but have not yet been merged b
axialcoding.The majority of variables are at the household level because farmers are asked abou
their own activities in the idepth interviews, but several farmers mention regional agricultural and
economic activities and outcomes as factors influencing household decision making and outcome
Problems on the national and international scale are alluded to in several instances.

Many vari@f Sa Ay GKS RAFAINIY NBLINBaSyid O2yONBGS
GYFATS LXIFYGSRES YR GFNBF dzy RSNI NALILAY3IE D ¢
AyOf dzZRS GaidNBy3IdK 2F (GNIRAGAZNIE INBEGESRWHzZZFE oI
LX Fyd YFEAT Séd ¢KS SEAAGSYOS 2F | GFENAlFofS .

RSAaONAOGS GKS O02yOSLIi 6AGK GKS alyYyS ylFYSo cCc2N
phrase that appears in the interviewsut in order to translate into a System Dynamics framework,
GKS FFINXYSNAREQ RSAONRLIIAZ2Yya 2-8najrédIndNrokersitid pgieke? v
that positively or negatively influence other pieces. Nor does the existence of a variablehiapdy
farmer knows the measement of a variable precisely.

Colour coding of arrows and variable names corresponds to how explicitly the causal relationships



are represented in the farmer interviews. Black is for explicit variables and relationshipss tiu
implicit variables and relationships, and red is for assumptions made by the coder. The arrows are
almost always assigned a +-@ign to indicate whether an increase (or decrease) in one variable
causes an increase (or decrease) in the othelabde [+, causal positive relationship], or whether an
increase (or decrease) in one variable causes a decrease (or increase) in the other vadabga(
negative relationship]. Many blue or implicit arrows exist because the language used by the
interviewee implies that this relationship is known to the interviewee even though the relationship
Ad y20 RSAONAOSR SELX AOAiGf&d C2NJ SEIF YL S5 F
'y SELX AOAG Ol dzalt NBfI A2y aAKALILIGZSOKISEFRAR v
LINE GARS |y SELX AOAG OldAlf NBfFIA2YEAKALI 0Si6
dzaS 2F GUKS ¢g2NR Godzeé AYLIASE GKFEG GKS Y2ySe
I @1 AfFof S&d ¢etS all RelatioAsNips Hetwedh LiiBbies and does not differentiate
between causal and correlational relationships identified or implied by the farmers. The existence o
a relationship between variables does not imply that precise calculations are matie larmer of
2yS OFNRARIFofSQa Ay Tt dzSy OSFagngrs mak &ly Bsé &p&chid portionsiof/ &
the mental model when making a given decision at a given time.

desired maize yield

N

desire to eliminate
T

weeds + herbicide
+ applied

weed pressure

N

" maize vield
Figure2 - Example of a goabap structure create from causal arguments the in-depthinterviews

Partial orfull goatgap structures emergethen farmers describe the reasons why they do certain
activities. For example, with respect to the relationship between weeds, herbicide and maize yield
a goalgap structure emerges from the interview text and is simplifieBigure2 for communication
purposes. The interviewees provide a reason for why herbicide is applied to maize (which is t
increase maize yield by eliminating weeds). The effectthe herbicide application is also
represented with a causal explanation from one of the interviews.

4.2 Intermediate Causal Loop Diagram

In the intermediate causal loop diagram kigure 3, axial coding of the raw detailed causal loop
diagram (fromFigurel) has occurred, and many variables amdationships have been merged
together. All causal structures involving variables belonging to a category are merged together t
create a general causal structure for the category, and the links between one category and othe
parts of the system become m®evident when the variables are grouped together.



Livestock

pu

Figure3 - Intermediate causal loop diagram produced by axial coding of raw detalléd

Major Categories of Variables include:

Livestockchicken, goats, cattle/cows, puppies, doves, pigs

Food Cropsgrown for consumption and possible sale, including sweet potatoes, cowpeas, soya
beans, okra, beans, sunflower, sugar cane (not including maize atelngeegetables)

Garden Vegetablegabbage, rape, tomato, onions

Fruits bananas, water melons, mangoes

Cash Cropgrops grown for sale, not consumption, including tobacco and cotton

Inputs herbicides, fertilizer, lime, pesticide, but not seed in Hnslysis

Farm Equipmentplow, spare parts, tractor, ripper, cultivator, hoe -cart

Off-farm Labour Productsncludes river sand ferrying, block makingass cutting, firewood selling
Reselling Busined Ay Of dzZRS& 3INER dzLJ 0 dzavegetdkied ®sold A TSQa NI
Wild Food includes wild okra, wild roots, wild spinach

While the intermediate diagram iRigure3 is still too complicated to red input and output trees
can be created by Vensim to examine the causeswmad of each variable in the system. To assist
with axial coding and identification of categories and thenoedour codings used.

The axial coding process results in a redarctin the number of variables in the causal map and
identification of themes in the data. Themes identified in this analysis include:

(A)  Scarcity
Several variables and structures coded in the analysis indicate thatstaddl farmers are operating
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from a position of scarcity. The desire to do advance purchase of inputs is mentioned as a result «
fear of running out of money later. Keeping money in the bank is viewed as a way to reduce you
savings. Strategies to sell assets (including maize reservévastbck) for cash are in place, and
food insecure farmers offer their labour to receive food in kind or cash. Those who are more fooc
secure have strategies in place to reserve extra maize to give to extended family and visitors wh
are food insecure. Rpiired household purchases and school fees use household resources. The
implications are that the income available variable is never very high.

Access to loans, inputs, equipment and irrigation are mentioned as major challenges for farmers. £
the same tme, failure to repay loans has reduced individual access to loans, and the interest paic
2y f2Fya NBRdzOSa I FIFENNYSNEQ gAffAy3adySaa a2 S

One interviewee mentions the ability of one seed variety to yield without fertilizer applied and
other interviewees mention the fertilizer requirements of a seed as a reason not to use it, which
further builds the case for scarcity.

(B) Waste and Risk Aversion

Several variables convey the idea that farmers will become unwilling to plant when rain onset dela:
is evident, for fear of wasting their resources on weather conditions that will not yield. Influences on
the effectiveness of inputs (including the needréplant seed) are described in different interviews,
implying that farmers take wasting their inputs on bad conditions seriously. Herbicide is mentionec
in one interview as a financially risky item, and in many interviews its effectiveness and danger ar
evaluated.

A large number of codes and complex causal structures influence the planting date of crops an
seed variety selected, especially for maize. Farmers spend time waiting for the rains to start an
evaluate the probability that it will rain soon sad on signs, historical dates and forecasts. Rain
onset delay causes a great deal of worrying about the planting date, for fear that crops will not be
able to mature if the rainy season is too short. Choosing the appropriate variety of seed become
very mportant. Early maturity seed is treated as a way to increase food security, but other
interviewees mention that late maturity seed has a higher yield. Farmers exchange late for earl
maturity seed when rain onset delay is evident. Farmers have accebgitddcal seed variety no
matter what their financial position, and since they prefer the food from the local variety seed, they
tend to plant at least a small portion of local maize.

Another area where farmers avoid risk is in choosing crops to growdier For cash crops and
maize, the farmers list the perceived number of buyers for a crop as a reason to grow the crog
Cotton price and groundnut price fluctuations are mentioned as disturbances of plans. One farme
even describes an obvious shift irafs and market structure from cotton to maize, l&agl him to

stop growing cotton.

(O  Strength of Tradition

Traditional values, including the village structure with the headman in charge, have a strong
influence on the system. Strength of tradition igp&gitly listed as a reason to increase family size by
adopting orphans from extended family (thus reducing the number of street kids). Tradition also
dictates that you give food to those who are food insecure (especially extended family) and give
bags ofmaize for funerals and occasions.

Extended family traditionally can help with farming activities such as manure application. Strengtt
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of tradition also leads to resistance to change farming methods. One interviewee explicitly states
that he was resistanto change because he believed in following the traditional ways. This same
interviewee also mentions that a new farming method increases yield.

The traditional village structure dictates how land is used within the village. One interviewee
provides a ricldescription of the allocation of land by the headman to farmers, based on his desire
to increase his prestige by increasing production in his village. One farmer states that he does n
garden because he has not been granted permission by the headman.

(D) Knowledge and Learning (education level, training, new methods)
Knowledge and learning is a major theme in the interviews. Knowledge appears in many places
the diagram, and frequently where it comes to influences on adoption of certain farming methods
Knowledge of preservation methods for food and how to prepare certain foods for consumption
influences how much of that food is prepared or grown for consumption.

A desire for knowledge drives farmers to attending training sessions, and knowledgein§ co
strategies influences the adoption of coping strategies. Considerable amount of householc
resources are dedicated to paying school fees so that children can attend school. Education level
linked to employment and income, as well as ability to pteviesources or knowledge for coping
strategies and success of development activities.

(B Hearing, Experience, Observation and Satisfaction

Frequently when it comes to knowledge of the benefits of a method or seed variety, the
interviewee mentions thalesire to try the method and observe the benefits firsthand (when the
benefits come second hand from radio, training sessions or neighbours).

When the farmer has tried something, he or she can experience satisfaction with the benefits. Ir
addition, satishction with current activities drives a willingness to try a new method. If the farmer is
satisfied with current results, he or she has no reason to change methods or try something new.

4.3 Simplified Causal Loop Diagram

The intermediate causal loop diagn inFigure3is further simplified by examining the structure for
feedback loops and major variables or themes to produce the causal loop diagfagume4. The
purpose of presenting the simplified diagramFigure4 is to illuminate key causal loops to facilitate
an analysis of the dynamic implications of the mental model of the food syswhmat is
represented inFigure4 is embedded in a rich context represented by the more detailed causal loop
diagrams A large number of connections between variables have baemnrelted inFigure4.

While the interviewees may not think of the system in loops or variable names as they are
represented in this diagram, evidem@an be found in the interviews for each causal relationship
presented inFigure4. The raw codesassumed to originate from the mental model of the farmats

a given time can be analyzed, categorized and represented in many different ways by the coder tc
produce different simplified causal maps, which is consistent with grounded tt{€grmaz 2006)

Colour Scheme for Links Figure4 and Figure5

Green links involved in three categories of income generating coping strategies (livestock sales
investment in business, and piecework) which are driven by the need to purchase food

Red links involved in investment in farming and "farming as sitess"
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Blue links from natural factors (such as rainfall, soil, pests, spoilage, weeds)

Brown links involvindivestock

Orange links involving food and food consumption

Purple links involving current or proposed policies (government support for inputs (FISP), irrigation
new farming methods)

Grey regional and community links

Black all other links

Critical Varablesin Figure4:

%

GLYO2YS IO Aflo0fSé Aa | OSYyidNIt GIFINARIoOofSd Li
F22Ré (G2 SRdOFGA2Y G2 ITR2LIA2Y 2F AQORYSEe I&EG
LINE RdzOSR¢Z al @At ofS F22RéX SRdAzOFGA2Y YR |

G[ A@Sai201¢ Aa ltaz | OSy (NI f G NRAFofSd af
LIN2E RdzOSR¢3> YR AG Aa I &@enelatiig dirateégp. When inGomedis f
available, livestock is purchased as an investment strategy. Oxen, a type afdk/@sfluencehe

GSIHdZA LIYSY G | @ AfFoftS F2N) dzaSé GFNAIo6fSE gKAO

G/ NPLJA LINPRdAzZOSR¢ ABS I §EOKEANS OBY NV T 2EWDESD
I @1 Af+FoftSéE€ YR A& AyFfdzZSyYyOSR omakinglfagiérs. y I G dzNJ f

GCH@2dzNI o AfAGE 2F NIAYTFIEtE A& |y SE23Sy2dza
thementd Y2RSt® a! GFEAfFOoATAGE 2F ANNRIIFGAZ2YE NI
system.

Key Loopsn Figure4:

One of the more promingi f 221LJa A& GKS daAylLdzia k ONRBLI L
G LJdZNOKIF aSR aSSR IARONB NA A LANR BWKDERE Alf @ IoA (SIEo f S
Ad (KS daOFLAGEE k ONERLI LIN® ®R84DdzA RIY S \f (B 2dz3%, &0 G IA
GO2YLX SGA2Y 2FTATIONEALY BINBRGADBREA 5% At 6t S€ 0@

The three incomegenerating strategies in greerda @ Y S a i YSyd Ay o0dzAAyYyS.
Gt A@Sa h)2epiesent lodpsSthaé could produce unanticipated consequences. Depending on
K2g Gflo2dzNJ ff20FGSR (2 LIASOSg2N] ¢ | FFSO0a

f221L) 02dzZ R KIFI @S ySi yS3aFiAdS 02yaS| diseoidia F
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I @ Aflof Sé¢o

¢tKS GRSAANB (2 Axdiidkdiséed Sy fértilizery/pOrehesBsincomeA desire to
adzLJLJX SYSyid AyO02YS¢e f221L) Oy | Otdzatte SNRRS A
of crops poduced due to natural or human factors.

Figure5is the result of removingomevariables fronfFigure4 and reorganizing the remaining loops

in a clockwise directiorBelow isa listing of some of the interestinginforcing (R) and balancing (B)
loops inFigure4 and Figure5. Other loopsonsist of combinations of these labelled loops.
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R1: nputs purchased lead to increased crop production, crop sales and income

R2: livestock births increase the number of livestock (multiplication)

R3: investment in business gives revenue which then allows for investment in business, as long
revenue exceeslexpenses (B8)

R4: crops produced provide seed (recycled) that can be planted to produce more crops

R5: purchased equipment or capital can be hired out to others for income

R6: purchased livestock provides income from hiring or sale of animal products

R78: purchased equipment and livestock lead to increased area cultivated, which increases crc
production and sales; similarly, purchased equipment and livestock lead to increased labot
productivity and seed planted, which increases crop production and; saipment and livestock
increase labour productivity and reduce weed pressure, increasing crop production and sales

R9: payment of school fees to educate children gives them employment income which they can se
to their parents

R10: livestock provideanure which increases crop production and sales, which allows for purchase
of more livestock and stimulates other reinforcing loops involving crop production

R11: available food is preserved to reduce spoilage so that the food stock lasts longer

R12: hardvork in the fields requires food to continue

B1l: when food stocks are lower, and the harvest is not here yet, families restrict their fooc
consumption to allow the food stock to reach the next harvest

B2: after a long period of crop production on an arédaad, farmers notice the soil becomes less
productive (maize and weeds grow less), which reduces crop production

B3: people spend their time clearing fields, cultivating the fields, planting, applying inputs, weedinc
harvesting, etc and when they aréusy in the fields, there is no time available for other activities
(fatigue, stress, not enough hours in the day)

B4: when one does not have or expect to have enough income, one offers their labour to oth
farmers as piecework in exchange for cash odftio kind food payments are not a direct link here)

B5: as weeds grow, weeding activity is not complete, which prompts the allocation of labour tc
weeding, which reduces weed pressure

B6: as people pay interest on the loans they receive, they becomvélleggsto take a loan out

B7: a need for cash prompts the sale of livestock which increases income

B11: when food is short, food is purchased to restore the amount of food available

B14: when the soil is perceived to be no longer suitable, seed is o agted there

B15: when labour is allocated to piecework, it reduces the amount of labour available for othe
activities (which can affect their own farming depending on the time that farming labour is required)
B16: application of purchased fertilizeicreases weed pressure which reduces crop yield and crop
sales, reducing income

4.4 Results of Theoretical Sampling and Validation Processes

For a full discussion of the results of the theoretical sampling and validation processes, please refi
to Apperdix C.

4.5 Assessment of Appropriateness of a Group Mental Model for Individual Farmers
The indepth interviews collected by Saldarriaghal. (2014) are classified by gender, income level

and region, among other factors. Based on analysis of th#epth interviews in thispaper, a
hypothesidgs generated that the largest differences between the behaviour of individual farmers
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lies not between regions or genders but income level. One causal map represents the group ment
model of the food system, but different farmers gnase different substructures in the causal map.
Low income farmer interviews appear to generate fewer causal structures, as their asset profile:
and options are limited. Some interviewees have trouble generating ideas for coping strategie:
when the idea bhaving no water is proposed, as they have no money with which to make plans.
Informal unscheduled interviews with Zambian farmers in 2015 spanning the income categorie:
provide support for this hypothesis.

4.6 Dynamic Implications of the Mental Model

The causal loop diagram Figure4 representing the group mental model of smadlale farmers in
Zambia consists of many stock concepts with relationships to each other, as well as some extern
limitations and physical factors. There is a large number of reinforcing loops that are tenipered
balancing loops. For example, livestock multiplies, but the stock is reduced by sales, disease a
consumption. There are several reinforcing loops that travel through the variable crop production,
but these loops are limited by factors such as saih,rlabour, land, inputs and equipment.

The most interaction occurs between the food, income, livestock and crop production variables
When there is a shortage in one area, farmers try to adjust in other areas. For example, if there is
shortage in fod and there is not enough income to purchase food, the farmer can do piecework to
obtain food, which may have the future consequence of reduced crop yield and food available. Ir
cases of cash shortage, livestock can also be sold. Livestock is an impomnénbutor to the
system, so a reduction in this asset will likely result in reduction of income, crop production and
food in the future. If the farmer is anticipating purchases in the future, he or she can purchase or se
aside livestock or food to sedt a later time, or participate in business to earn a profit to buy the
desired items.

The expected behaviour from a reduction in one stock is a cascade of reduction among other stock
following the path of downward reinforcement. The expected behavioua major increase in one
stock is that it creates a cascade of increases among other stocks, following the path of upwar
reinforcement. The exception would be in case of an unexpected reduction in one of the stocks.

Although there are a large numbef connections between different variables in the diagram, it
appears that most of the dynamics in the system come from the reinforcing crop production and
assets loops, with factors that reduce the variables in the reinforcing loop such that the behavioul
of the variable crop production never increases past a certain |l&hel.loops inhie diagram, often

as a result oinpredictable drivers from outside the loops, act at different times. Some balancing
loops operate on a longer time scale, where the @lemre not noticed right away, but after many
years, for example soil quality. Available capital, labour and land appear to be limiting factors, witt
rainfall as a major factor in productivity of the food system. Assets are eroded by natural factors
such & pests and disease, while labour requirements of farming under the traditional methods in
this system are very high.

Poverty traps are mentioned in agricultural literature (Stephenal.2012), and the results of this
paperdemonstrate that the farmes understand the links in the reinforcing loops that are analogous
to poverty traps. The lack of access to resources is mentioned in several interviews as a challen
for smaltscale farmers. Cultural preferences and balancing loops such as the debt egapap

and soil quality loop likely affect the ability to enter the positively reioing productivity loop
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Figure6 - Maize production in Zambia from 1995 to 2010, area cultivated and average yields
(Chapoto 2010)

Figure6 shows that although the area under maize cultivation has increased between 1995 anc
2010, agricultural productivity for maize has hovered around the same level, with and without input
subsides (Chapoto 2010). Bumper crops often result from favourable rainy seasons (Chapoto 201C
which helps to explain the large swings in agricultural productifityure6 illustrates the difficulty

in stimulating the reinforcing loop of crop production in Zambia. Balancing loops and limiting factors
that reduce the strength of the reinforcing loop must be acting to limit growth in agricultural
productivity, and the mental model of the farmers produced in théperprovides some insight into
why this is occurring.

5. Policy andmplementation
5.1 Current Agricultural Policies Targeting Srrsthle Farmers

According to Neuberet al. (2011), agriculturapolicies in Zambia have failed with respect to
addressing the needs of smaltale farmers and improving their outcomes. A National Agricultural
Policy has a stated goal of growth in the agricultural sector, and it focuses onssalallfarmers
but fallsshort in the area of implementation (Neubeat al.2011).

The government programs mentioned by the snsa@ihle farmers are the Farmer Input Support
Program (FISP) and the Food Reserve Agency (FRA). The FRA buys maize and was originally inte
as a bugr of last resort for smaicale farmers (Neuberet al. 2011). Some farmers list the
guaranteed market provided by the FRA as a reason to plant njameendix ¢ While FISP is
designed to increase agricultural production by subsidizing inputs, it igiomed as a source of
frustration by the farmers because of delivery delay of inputs (Hagal.2015;Figure4). IAPRI has
released policy recommendations to amend FISP because it only benefits high incomscateall
farmers, is expensive to run and has failed toréase yield¢éChapoto 2014).

18



food reserve
farmer input support agency

program income

+
available
+
price of a+ccess to crop
inputs +
- (uh PR

- inputs purchased crops sold

/
+
A

crops
produced

Figure 7 - Assumedadrget loop of agricultural policies (FRA and FISP) in Zambia

Based on the causal loop diagramFgure 7, the policy interventions madby the government in
Zambia to increase food production and availability have targeted the systemreitt dnd effective
ways. The modeh Fgure7 is embedded in a mah more complex modelThe policies face practical
implementation challenges such as delays (light purple arrows represdivery of the inputs and
cash, described by farmers in bothdepth and group interviews) and unintended consequences in
other parts of the system that ultimately affect income available and crops produced (dark purple
arrows represent the intended edtt of policy on variables that may influence system behaviour in
unintended ways). Finally, income available and crops produced are affected by other parts of th
system not visible in this diagram. Stakeholders understand the relationships in the ceégférop

R1, but they are not able to control, or sometimes not aware of, all effects that the system has or
the variables in the loop.

As indicated in the discussion of the themes emerging from the intermediate causal loop diagram
the smaliscale farm&lA Q@ F22 R &aeadSyY Ay %l YoAl A& OKIF NI
input subsidy intervenes in one stage of the reinforcing loop REgure 7, but the loop cannot act

to reinforce an upward trend in crop production if other structures in the system cause a reduction
in other variables in the loop. For example, if cash is chronically scarce, then the amount of input
available to a smalicde farmer every season is similarly limited, and fear of wasting these inputs
may cause a delay in application (to be sure the rainy season has started and everything is predict
to be favourable in the growing season). The delay in application may nesaltlower than
anticipated effect on yield. Late delivery of inputs would have a similar effect. Farmers waiting fol
inputs to arrive may have to come up with alternative strategies for the farming season. Even witl
delays, the provision of inputs for nz@ and guaranteed access to the maize market (in addition to
perception of maize as the staple food and currency in the food system) appears to have
perpetuated maize dominance in the food system which may reduce the practice of crop rotation
and have aderse effects on soil suitability. Crop production is influenced by many other variables in
the food system, including land, soil suitability, labour and weather, and these factors can easil
limit agricultural yield even when inputs are applied.

The critque that the input subsidy only benefits the welif farmers (Chapoto 2014) is consistent
with an analysis of the dynamics of the system. The strength of the reinforcing loop is increase
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with more cash and inputs available, while the farmers in the kivwecome category can hardly
FFF2NR (2 GSYGSNE (GKS NBAYF2NOAYy3I 221 0wmMUL @

5.2 The Importance of Context to System Dynamics and Policy Interventions

While the goal of System Dynamics modelling is sometimes to produce the simplest model tha
reproduces thedynamics, one of the goals of this study is to make vidiidecontext in which
model structure and dynamics are embedded. Simplified diagrams are valuable communicatior
tools, and simulation of behaviour provides valuable insights. However, there mayidden
variables in the system that do not change over the simulation period, but do have an effect on the
system once a policy tervention is introduced. Thereferences, goals and cultural tradition$
decisionmakers in the systerman be represente@s causal structures that changeerall system
structure and thus have the potential to affect system behaviour.

The intermediate causal loop diagram representing the group mental modeheofsmaHscale
farmers Figure3) provides a great deal of contextual information. It can be used as an illustration of
the complexity of the food system and the number of factors and causal pathways that influence
decisions and outcomes

Based on the analysis @he intermediate caudaloop diagram several factors appear to be
important to consider when designing and implementing policies, including: strength of tradition,
risk aversionsatisfaction with current resultssash scarcitylivestock (critical factor; savings in form

of livestock can be wasted by disease), soil suitability, easing labour requirements of farming
timing, knowledge and encouragement afiiversification (lowering risk, allowing crop rotatiot).
addition, policy design should take into account the most lingitfactor in the desired outcome in

the food system. Dependence on the policy intervention, or ineffectiveness of the policy
intervention, may result if the most limiting factors are not addressed. Two major limiting factors in
the food system are waterral cash.

Several interviewees report irrigation as a solution to many difficulties farmers face. One
interviewee says that access to irrigation allows one to be a proper farmer. Irrigation allows for
crops to be harvested throughout the year and redudes ttisk involved in growing crops that take
longer to mature than the rainy season allows. Irrigation would reduce the amount of panic at the
onset of rains to plant in time. It would reduce the need and risk involved in planting before the
rains start. Sice rainfall and rain onset delay are such critical variables for all sectors of the food
system (crops produced, livestock, regional income, regional labour demand, regional food supph
food price, etc.), it appears that irrigation is a high leverggent for the system Irrigation
unfortunately requires capital, labour and expertise, and to distribute the infrastructure natide

may be a challenge for the government. If individuals are providing their own irrigation systems
then they face similar @llenges in cash, labour and expertise.

Causal structures in the group mental model provide information about the effectiveness of policies
to provide access to credit (to relieve shoerm pressure on cash in order to stimulate a reinforcing
loop). Fallire to repay loans in the past has reduced government provision of loans, and farmers
express aversion to debt. Credit is described as exploitative. The interest paid on loans explicit
lowers willingness to enter a loan agreement in the future in theugronental model. One
interviewee clearly states that capital is required to access loans, which are desired to access capi
such as equipment. policy to increase access to credit is not likely to succbaded on this
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analysiswithout changing farmer perceptions and implementation strategies.

While context is evidently important, the intermediate causal loop diagram representing the mental
model of smaliscale farmers is too complex to be readable. Fortalya the intermediate diagram
provides a starting point to produce more simplified diagrams highlighting important loops, sectors,
pathways or leverage poist For example, loopgere extracted and presented iRigure4 for
analysis of the dynamic implications of the mental model, while themes emerging from the
variables were discussed to provide context for the loops and expected behaviour.

Figure8 has been extracted from the intermediate causal loop diagranfigure 3 to provide
support for the policy discussion regarding credit and irrigatibigure 8 also presents causal
structures and variables from the coding analysis that support themes identified in Séiand
structures in the simplified causal loop diagranfigure4. In the next section, the livestock sector
will be presented and discussed as a case study of how the intermediate causal loop diagram can
used for policy cussion.

5.2.1 Livestock Sector: How the Causal Map Can Be Used for Policy Discussion

An example of the richness of data provided by the interviews regarding dynamic decision making |
the food system is provided by the livestock sector, which inclgtieken, cattle, pigs and goats.

livestock
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Figure9 - Livestock sector extracted from the simplified causal loop diagrdamgured

When the livestock sector is extted (and presented ifrigure9) from the simplifiel causaloop
diagram inFigure4 that is designed to illustrate the dynamics of livestock and the effect of livestock
on other important sectors, iappears to be a straightforward policy recommendation to provide
medicines to reduce livestock disease. However, upon closer examination of the livestock secic
extracted (and presented ifigurel0) from the intermediate causal loop diagramFfigure3, there

are policy implementationchallenges toconsider Knowledge of when and how to apply the
medicines is required by the farmers. A larger stock of animals requires more labour, capital an
medicine. A farmer mentions explicitly that he trims his pig stock when it becomes too large
because of maitenance costs. Another mentions that rearing a large number of chickens requires
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FigurelO- Livestock sector extracted from the intermediate causal loop diagr&ngure3
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