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Abstract 

Undernourishment is a persistent problem in sub Saharan Africa. Climate change is expected to 
make achieving food security even more difficult in nations such as Zambia, where agriculture is 
dominated by small-scale farming and rain-fed maize production. In order to evaluate current and 
proposed policies to enhance food security, it is important to understand the dynamic decision 
making processes of small-scale farmers, a major stakeholder group and the main target group of 
government policies in the Zambian food system. This paper analyzes qualitative text data from in-
depth interviews with small-scale 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 stakeholder 
group. This causal loop diagram is then simplified and analyzed. The resulting discussion examines 
ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ŦŀǊƳŜǊǎΩ ŎǳǊǊŜƴǘ ŘȅƴŀƳƛŎ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ŀƴŘ ƛǘǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛƴ ƭƛƎƘǘ ƻŦ 
changing framework conditions. The paper concludes with a discussion of how the group mental 
ƳƻŘŜƭ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜǎƛƎƴ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜ ŦŀǊƳŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘ ǘƘŜ ƪƴƻǿƭŜŘƎŜ 
required to address current and emerging food system challenges. 
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1. Introduction 
 
Undernourishment is a persistent problem in Zambia, particularly for the rural population (FAO 
2014; Neubert et al. 2011). Data from 1990 to 2014 indicates that the dietary energy supply for 
½ŀƳōƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ƴƻǘ ŀŘŜǉǳŀǘŜΣ ŜǾŜƴ ƛŦ ŦƻƻŘ ƛǎ ŘƛǎǘǊƛōǳǘŜŘ Ŝǉǳŀƭƭȅ όC!h нлмпύΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜΣ 
which manifests itself, among other ways, in the delayed onset of the rainy season, is anticipated to 
make the achievement of food security in Zambia even more challenging, as agriculture is 
dominated by small-scale farming and rain-fed maize production (Neubert et al. 2011). 
 
Policies with the goal of poverty reduction such as fertilizer subsidies are targeting the agricultural 
productivity of small-scale farmers (Neubert et al. 2011; Chapoto 2014). Examples of studies that 
evaluate ½ŀƳōƛŀΩǎ agricultural policies include a paper by the German Development Institute 
(Neubert et al. 2011) and ongoing papers by Indaba Agricultural Policy and Research Institute 
(IAPRI).  
 
Several quantitative and model-based studies of small-scale farm households have been conducted. 
A System Dynamics model at the farm level in Zambia emphasizes biophysical and economic factors 
(Grabowski 2012). Small-scale farm households in Zambia are being surveyed for quantitative data 
by government and research institutions (Food Security Research Project 2015). System Dynamics 
models at the farm level have been generated for food systems in other African nations (Bontkes & 
van Keulen 2003; Stephens et al. 2012). At the same time, the decision making processes of small-
scale farmers are not well researched (Saldarriaga et al. 2014). 
 
Decision making and behaviour of small-scale farmers has been addressed in some studies. Kalinda 
et al. (2000), in a study of resources and household decision making among small-scale farmers in 
Zambia, analyze quantitative data from interviews with households and categorize farms while 
providing some qualitative descriptions of decisions and social structures. Chilonda and Van 
Huylenbroeck (2001) provide a conceptual framework for the analysis of factors influencing decision 
making of small-scale farmers in animal health management. Their framework includes an 
agricultural household model and a separate qualitative choice model, and they stress that more 
empirical research is needed to improve understanding of decision-making 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 and associated learning tools to contribute to the 
achievement of food security in Zambia, a study of the dynamic decision making of small-scale 
farmers was initiated by conducting and analyzing interviews with farm households (Saldarriaga et 
al. 2014). The objective of this paper is to build on the study of dynamic decision making by applying 
an explicit System Dynamics frame to the interviews.  
 
While focus groups and interviews with small-scale farmers are listed as data sources for other 
model-based studies to address food security in light of climate change in Zambia (Crawford & 
Olson 2012), no previous studies use the systematic and inductive qualitative data analysis method 
outlined in this paper to generate a mental model of the food system in Zambia (Kim & Andersen 
2012). The mental model takes the form of a rich causal map that links factors influencing small-
ǎŎŀƭŜ ŦŀǊƳŜǊǎΩ ŘŜŎƛǎƛƻƴǎ ǘƻ other causal structures in the map. 
 
Understanding the dynamic decision making of small-scale farmers is important for the evaluation 
and design of policies to enhance food security, as small-scale farmers represent a key group of 
decision-makers in the food system (Neubert et al. 2011; Saldarriaga et al. 2014). The generation 
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and analysis of the mental model or causal map presented in this paper is intended to address the 
following research questions: How do small-scale farmers view the food system? What are some of 
the drivers of decisions made by small-scale farmers? What are the dynamic implications of the 
mental model of the small-scale farmers? What are some factors to consider when designing 
policies targeting small-scale farmers? What are the benefits and drawbacks of the approach of 
representing the mental model of the farmers?  
 
The paper begins with further explanation of food security and agriculture in Zambia, as well as a 
discussion of the framework for the study. Then the method to translate interview data into a 
causal map is outlined. The resulting causal map is presented in stages and analyzed with a 
discussion of its major themes and dynamic implications. The results of additional interview data 
collected in Zambia are discussed as part of a validation process. Current and proposed policies to 
enhance food security are evaluated in the context of the causal map. The paper proceeds with a 
ŘƛǎŎǳǎǎƛƻƴ ƻŦ Ƙƻǿ ǘƘŜ ƎǊƻǳǇ ƳŜƴǘŀƭ ƳƻŘŜƭ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜǎƛƎƴ ǇƻƭƛŎƛŜǎ ǘƘŀǘ ƛƴǘŜƎǊŀǘŜ ŦŀǊƳŜǊǎΩ 
knowledge with the knowledge required to address food system challenges. Finally, further 
ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳƻŘŜƭƭƛƴƎ ƻŦ ŦŀǊƳŜǊǎΩ ŘŜŎƛǎƛƻƴ ǊǳƭŜǎ ƛǎ ǇǊƻǇƻǎŜŘ ǘƻ ōǳƛƭŘ ŎƻƴŦƛŘŜƴŎŜ 
in the quantitative testing of policies. 
 

2. Background and Theory 

2.1 Indicators of Food Security in Zambia 
 
One of the indicators of food availability, a dimension of food security, is Average Dietary Supply 
Adequacy, which expresses the supply of dietary energy in the nation as a percentage of the 
average dietary energy requirement (FAO, IFAD & WFP 2013; FAO 2014). Since the 1990sΣ ½ŀƳōƛŀΩs 
dietary energy supply adequacy has been consistently below 100%, meaning the supply is not 
enough to meet the dietary energy requirement of the population (FAO 2014). Food availability is 
the focus of this study, and the causal map in this paper addresses food production by farmers. 
 
Food insecurity in Zambia is not only a problem of supply, but also a problem of access (FAO 2014). 
Undernourishment has been prevalent in over 30% of the population since the 1990s, actually 
growing to over 50% around 2010 (FAO 2014). The causal map produced in this paper contains 
causal links that show different pathways used by households to access food. 

2.2 Small-scale Farming and Maize Dominance in Agriculture 
 
Maize is the staple food and dominant crop in Zambia (Sitko et al. 2011; Ministry of Agriculture and 
Livestock 2013). Small-scale 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 Zambia (Neubert et al. 2011).  
 
Neubert et al. (2011) focus their study of agricultural development in Zambia on small-scale 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 vulnerable group of people in Zambia (Neubert 
et al. 2011). Rural poverty is 83% versus 73% for the total population (Neubert et al. 2011).  

2.3 Food Systems and Scale 
 
The framework outlined by Ericksen (2008) serves as a guide for the concept of a food system in this 
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paperΦ Lƴ 9ǊƛŎƪǎŜƴΩǎ ŦǊŀƳŜǿƻǊƪ όнллуύΣ ŦƻƻŘ ǎȅǎǘŜƳ ŀŎǘƛǾƛǘƛŜǎ όǊŀƴƎƛƴƎ ŦǊƻƳ ǇǊƻŘǳŎǘƛƻƴ ǘƻ 
consumption) are linked with environmental and socioeconomic drivers and food system outcomes 
(including food security), and feedback exists between activities, drivers and outcomes.  
 
9ǊƛŎƪǎŜƴΩǎ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ŎǊƻǎǎ-scale interactions in the food system is of interest to this study (2008). 
Cross-scale interactions drive this research, as it is a goal to better understand the effect of national 
level policies on household decision making and behaviour, which aggregates to national level data.  

2.4 Previous Research on Local Decision Making and Behaviour 
 
In 2013, Saldarriaga et al. (2014) interviewed 19 small-scale farmers in four different regions in 
Zambia. The farmers were asked questions about the last farming season and the upcoming farming 
season, including questions about: farming activities, crops grown, income sources, foods 
consumed, household food security and rainfall signs (Saldarriaga et al. 2014). The interviews also 
covered long term rainfall predictions and household coping strategies (Saldarriaga et al. 2014). 
 
Small-scale farmers represent a key stakeholder group in the Zambian food system. With agriculture 
as their livelihood, they possess a sophisticated knowledge of their environment (Saldarriaga et al. 
2014). Their daily decisions affect food production, processing, distribution and consumption, 
activities in EricksenΩs (2008) food system framework that influence food system outcomes.  
 
Saldarriaga et 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 all 
food that is required to achieve the food system outcomes in EricksenΩs framework (2008). 

2.5 Causal Mapping in Food Systems 
 
Causal maps or causal loop diagrams are tools used in the System Dynamics field to communicate 
and analyze the structure and dynamics of systems. ά{ȅǎǘŜƳ ŘȅƴŀƳƛŎǎ ƛƴǘŜƎǊŀǘŜǎ ōƻǘƘ positivistic 
ŀƴŘ ƛƴǘŜǊǇǊŜǘƛǾŜ ǇŀǊŀŘƛƎƳǎ ƛƴ ǎƻŎƛŀƭ ǎŎƛŜƴŎŜ ώΧϐΦ Lǘ ǊŜŎƻƎƴƛȊŜǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ƻōƧŜŎǘƛǾŜ ǊŜŀƭƛǘȅΣ ōǳǘ 
it also recognizes that actions intended to change the reality are generated by actors, each of whom 
owns subjective perception of the realƛǘȅ όƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƳŜƴǘŀƭ ƳƻŘŜƭǎέύέ (Kim & Andersen 
2012, p. 315; Lane 2001). A definition of a mental model of a dynamic system used in System 
Dynamics literature is: a relatively enduring and accessible, but limited, internal conceptual 
representation of an external system whose structure is analogous to the perceived structure of the 
system (Doyle & Ford 1999).  
 
The causal mapping approach in this paper reflects the integration of positivistic and interpretive 
paradigms, in that causal structures are 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 or 
relationships are not explicit in the interviews). The process of representing mental models in the 
form of a causal map also requires interpretation of data by the modeller (Kim & Andersen 2012). 
 

3. Method 
 
The approach used in this paper to generate the small-scale farmers' group mental model of the 
food system is based on a method described by Kim and Andersen (2012) as a systematic way to 
code qualitative text data to generate causal maps for system dynamics modelling. This chapter 
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describes the main characteristics and steps of this method and explains how it is applied to the 
analysis of dynamic decision making by small-scale farmers in Zambia.   

3.1 Method Characteristics 

3.1.1 Grounded Theory and Traceability 
 
YƛƳ ŀƴŘ !ƴŘŜǊǎŜƴΩǎ όнлм2) method is influenced 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 attached to segments 
of data to depict what each segment is about (Charmaz 2006). TƘŜ ŎƻŘŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭ ǿƛƭƭ 
influence the product of this analysis in any stage that requires interpretation (Kim & Andersen 
2012). Kim and Andersen explain that the influence can be minimized by making the method 
systematic, meaning that the process is defined in advance of the analysis and then followed and 
documented step by step (2012). 
 
YƛƳ ŀƴŘ !ƴŘŜǊǎŜƴΩǎ όнлмнύ ƳŜǘƘƻŘ ǊŜǉǳƛǊŜǎ ǎǇŜŎƛŦƛŎ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻŘƛƴƎ ǇǊƻŎŜǎǎ ƛƴ ƻǊŘer 
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 causal map. As one of the objectives of this 
paper is to inform policy design and evaluation, it is important to have confidence in the model 
ƎŜƴŜǊŀǘŜŘΦ YƛƳ ŀƴŘ !ƴŘŜǊǎŜƴΩǎ όнлмнύ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ǎǘŜǇǎ ƘŀǾŜ ōŜŜƴ ƳƻŘƛŦƛŜŘ ŦƻǊ ǘƘŜ ƳŜǘƘƻŘ 
used in this paper while 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 to 
define the problem, set the system boundary, and identify key variables (2012). In this paper, open 
coding is performed, but the system boundary, key variables and problem definition are in a large 
part controlled by the semi-structured interview format of the data analyzed. 

Hybrid System Dynamics and Grounded Theory Coding 
 
Kim and Andersen (2012) describe a second phase of open coding, in which data are micro-analyzed 
to identify causal structures revealed in the data. The unit of analysis is an argument made about 
ǘƘŜ ǎȅǎǘŜƳΩǎ ǎǘǊǳŎǘǳǊŜ ƻǊ ŀ ǎȅǎǘŜƳ ōŜƘŀǾƛƻǳǊ ǘƘŀǘ ƛǎ ōŜƭƛŜǾŜŘ ǘƻ ōŜ ǘǊǳŜ ōȅ ǘƘŜ ǎǇŜŀƪŜǊ όYƛƳ ϧ 
Andersen 2012). In this paper, a method is written baseŘ ƻƴ YƛƳ ŀƴŘ !ƴŘŜǊǎŜƴΩǎ όнлмнύ ŘŜǎŎǊƛǇǘƛƻƴΣ 
with some modifications, to cover this phase of open coding, which generates variables and 
relationships between them (see Appendix A).  
 
In the qualitative text data analyzed in this paper, 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 of this hybrid System Dynamics and Grounded Theory 
coding metƘƻŘΣ ǿƘŜǊŜ ƛƴǘŜǊǾƛŜǿŜŜΩǎ ǎǘŀǘŜƳŜƴǘǎ ŀǊŜ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ ǾŀǊƛŀōƭŜǎ ǘƘŀǘ ƛƴŎǊŜŀǎŜ ƻǊ 
decrease numerically when influenced by other variables that increase or decrease numerically, 
these causal structures are uncovered. Grounded theorists have mixed opinions about imposing 
such a frame on the data, as it has the potential to produce theories that are not actually grounded 
in the text (Charmaz 2006). Regardless, it is a valuable exercise to perform this type of coding, as the 
results can be validated by the farmers with further data collection (Kim & Andersen 2012). 
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3.1.3 Axial Coding 
 
Kim and Andersen (2012) use the grounded theory concept of axial coding to merge variables and 
relationships, as the coding process in the previous stage of analysis breaks the data down into a 
ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎΦ YƛƳ ŀƴŘ !ƴŘŜǊǎŜƴ όнлмнύ ŎǊŜŀǘŜ ǎŜǇŀǊŀǘŜ άǿƻǊŘ ŀƴŘ 
ŀǊǊƻǿ ŘƛŀƎǊŀƳǎέ ŦǊƻƳ ǘƘŜ ŎƻŘŜǎ ŀƴŘ ǎǘŀǊǘ ƎǊƻǳǇƛƴƎ ŎƻŘŜǎ ōŜŦƻǊŜ ƳŜǊƎƛƴƎ ǘƘŜ ƎŜƴŜǊŀƭƛȊŜŘ άǿƻǊŘ 
ŀƴŘ ŀǊǊƻǿ ŘƛŀƎǊŀƳǎέ ƛƴ ŀ Ŏŀǳǎŀƭ ƳŀǇΦ  YƛƳ ŀƴŘ !ƴŘŜǊǎen (2012) merge their variables based on 
generalizations and idiosyncratic language usage, sometimes adding implicit and intermediate 
variables to enable the merging of structures. 
 
In this paper, the codes generated during open coding are mapped in Vensim, one by one, with 
documentation of the source, at the original level of detail before axial coding occurs. Duplicate 
variables and relationships are not created in Vensim, but the documentation section of the 
variables note that the causal structure is found in the data more than once. This approach is 
chosen because of the high level of detail and richness of the data used for causal mapping. In a 
desire to stay as close as possible to the data, the codes are preserved in detail until it is certain that 
the codes can be generalized. 
 
The main technique used in axial coding of the detailed causal map is to examine variables that 
could be grouped into one category to see if they are contained in similar causal structures. If they 
are, the structures can be merged 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, and 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 variable is too 
important to remove. Again, the abstraction process, including variable deletion, is documented. 
 
Other important techniques used in the simplification process include examining variables to see if 
they are representing the same concept with slightly different names, or if they are the inverse of 
each other. In both cases, the variables can be merged with care to preserve the original intent of 
the coding, including causal relationships with other variables. In some cases, variables do not 
represent the same concept but are (by interpretation of the coder) linked in a logical way, either by 
use language or obvious physical relationships. In these cases, arrows are drawn in red in Vensim to 
demonstrate that the coder is the one linking the variables. Finally, there are cases where a causal 
link needs to travel through intermediate variables in order to be merged with other causal 
structures, requiring a high level of interpretation and documentation by the coder. 

3.2 Data and Case Study 
 
Kim and Andersen's (2012) method is designed to analyze purposive text data, which: (1) arise from 
an honest discussion involving key stakeholders or decision-makers in the system and (2) capture a 
discussion focussed on the system and the problem under study. The modeller requires assurance 
that the mental models of the decision-makers or stakeholders are revealed in the discussion (Kim 
& Andersen 2012). The modeller also needs assurance that people with expert knowledge of the 
system are providing relevant material for the causal map. Purposive text data is not limited to 
group discussions, and can 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 
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paper is the transcription of in-depth interviews with small-scale farmers conducted by Saldarriaga 
et al. (2014) (described in Section 2.4). This data source fits the definition of purposive text data 
very well. As previously explained, the farmers are key decision-makers in the food system. The 
nature of the questions asked by the interviewers force the interview discussion to be focused on 
the problem at hand, food security (Saldarriaga et al. 2014). Interviewees were asked to discuss past 
and future activities and to explain άwhyέ, so the discussion was causally and dynamically rich. 
Finally, it is unlikely that the discussion in the interviews was dishonest. One of the interviewers has 
intimate knowledge of small-scale farming and local languages in Zambia, and some data that 
appears in the interviews could be observed visually at the farms (Saldarriaga et al. 2014).  
 
Other sources of qualitative text data are used for validation processes for this paper. Data is 
provided by group model building sessions and follow up interviews with farmers who participated 
in the sessions (Hager et al. 2015). The grounded theory concept of theoretical sampling is used to 
design group interview questions to complement the in-depth interview data analyzed by open and 
axial coding (Charmaz 2006; Appendix B). Group interview questions are also designed to perform a 
boundary test for the group mental model (Appendix B). The qualitative data sources used in 
validation processes similarly satisfy the requirements of purposive text data.   
 
All interviews and group sessions were conducted partially in the local languages and partially in 
English. The local language portions were translated to provide full transcriptions in English 
(Saldarriaga et al. 2014; Hager et al. 2015). 

3.3 Application of Method to Case Study 

3.3.1 Method Outline 
 
Table 1 contains a summary of the application of the method described in this Chapter to the case 
study of dynamic decision making of farmers in Zambia. A detailed description of the steps followed 
during open and axial coding is found in Appendix A. A detailed description of interview questions 
designed is found in Appendix B. 
 
Table 1 - Summary of processes, inputs and outputs of the method used in this paper 

Process Description Input Output 

Traditional open coding  
for grounded theory  

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

In Excel: Causal structures (variables and  
causal relationships) at high level of detail;  
Coded variables with data and behaviour;  
Potential categories of variables; 

Mapping of detailed codes 
 in Vensim with  
documentation  

In Excel: Causal structures at high level of  
detail; Potential categories of variables; 

In Vensim: Raw detailed causal loop  
diagram; Venn diagram of potential  
variable categories 

Identification of  
theoretical gaps 

Raw detailed causal loop diagram Areas of the raw detailed causal loop  
diagram that are red, blue or άŜƳptyέ 
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3.3.2.1 Validation: Group Model Building Exercise 
 
In February 2015, group model building sessions with small-scale farmers were designed and 
conducted by Hager et al. (2015) based on key variables and relationships identified in a preliminary 
causal loop diagram produced for this paper. Farmers were presented with visual representations of 
ŀƎƎǊŜƎŀǘŜŘ ǾŀǊƛŀōƭŜǎ ǎǳŎƘ ŀǎ άǿŀǘŜǊέΣ άƭŀƴŘέΣ άŦƻƻŘ ǇǊƻŘǳŎŜŘέ ŀƴŘ άƭƛǾŜǎǘƻŎƪέΣ ŀƴŘ ǘƘŜȅ ŘƛǎŎǳǎǎŜŘ 
factors affecting different variables with explanations about how they are related to other variables 
in the diagram (Hager et al. 2015).  
 
Follow up interviews were conducted with a subset of individuals who participated in the group 
model building sessions (Hager et al. 2015). Interviewees were asked to identify variables, 
relationships and policy options from the group sessions among other questions (Hager et al. 2015). 
Causal relationships and policy options identified based on a surface analysis of the follow up 
interview text validate a subset of causal structures in the simplified mental model of the farmers 
and provide information about policies suggested by the farmers. 

3.3.2.2 Validation: Boundary Test 
 
Lƴ ƻǊŘŜǊ ǘƻ ōǳƛƭŘ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ŀƭƭ ƳŀƧƻǊ ǾŀǊƛŀōƭŜǎ ƛƴ ǘƘŜ ŦŀǊƳŜǊǎΩ ƳŜƴǘŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ ŦƻƻŘ 
system are included in the causal loop diagram, a group of farmers was asked 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 results (presented in Appendix C) serves as a 
boundary test in the validation process of the group mental model. 

3.3.2.3 Theoretical Sampling and Validation: Group Interviews 
 
Interviews with two groups of small-scale farmers (not previously interviewed) were designed and 
conducted by Kopainsky, Nyanga and Spicer in February 2015 to supplement the qualitative text 
data from Saldarriaga et al.Ωǎ (2014) interviews. Appendix 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 their income sources in Saldarriaga et al.Ωǎ όнлмпύ ƛƴǘŜǊǾƛŜǿǎΣ ŀƴŘ 
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 

Design of further  
interview questions 

Areas of the raw detailed causal loop 
 diagram that are red, blue or άŜƳǇǘȅέ 

Further interview questions (for theoretical 
sampling and validation) 

Data collection in Zambia  
 

Highly simplified version of causal loop  
diagram presented to farmers for group  
model building (Hager et al. 2015);  
Further interview questions; 

Transcribed follow up interviews with group 
 model building participants (Hager et al.  
2015); Transcribed group interview results; 
Confidence in axial coding; 

Axial coding  Raw detailed causal loop diagram;  
Venn diagram of potential variable 
 categories 

Intermediate causal loop diagram;  
Documentation of axial coding process; 

Simplification of causal 
 loop diagram  

Intermediate causal loop diagram Simplified causal loop diagram highlighting 
feedback loops and major variables 

Surface level hybrid  
grounded theory and 
 System Dynamics open  
coding 

Transcribed follow up interviews with  
group model building participants  
(Hager et al. 2015);  
Transcribed group interview results; 

Diagrams of causal structures identified in  
text; Validation of causal loop diagrams 
(raw, intermediate and simplified)  
ǊŜǇǊŜǎŜƴǘƛƴƎ ŦŀǊƳŜǊǎΩ ƎǊƻǳǇ ƳŜƴǘŀƭ ƳƻŘŜƭΤ 
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farmers was asked to generate a list of their expenditures throughout the year. Farmers were also 
prompted to discuss the savings process. Additionally, two groups of farmers were asked questions 
about decision making regarding land and input allocation.  
 

4. Results and Discussion 

4.1 Raw Detailed Causal Loop Diagram 

 
Figure 1 - Raw detailed causal loop diagram produced by open coding of in-depth interviews 
 
In Figure 1, raw open codes from qualitative analysis of the farmer interviews, consisting of 
variables and causal relationships between them, are represented in Vensim. This diagram contains 
1,956 variables, some of which are very similar to other variables but have not yet been merged by 
axial coding. The majority of variables are at the household level because farmers are asked about 
their own activities in the in-depth interviews, but several farmers mention regional agricultural and 
economic activities and outcomes as factors influencing household decision making and outcomes. 
Problems on the national and international scale are alluded to in several instances.  
 
Many variaōƭŜǎ ƛƴ ǘƘŜ ŘƛŀƎǊŀƳ ǊŜǇǊŜǎŜƴǘ ŎƻƴŎǊŜǘŜ ŀƴŘ ƳŜŀǎǳǊŀōƭŜ ŎƻƴŎŜǇǘǎΣ ǎǳŎƘ ŀǎ άƭƛǾŜǎǘƻŎƪέΣ 
άƳŀƛȊŜ ǇƭŀƴǘŜŘέΣ ŀƴŘ άŀǊŜŀ ǳƴŘŜǊ ǊƛǇǇƛƴƎέΦ ¢ƘŜ ŘƛŀƎǊŀƳ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ Ƴŀƴȅ ǎƻŦǘ ǾŀǊƛŀōƭŜǎΦ 9ȄŀƳǇƭŜǎ 
ƛƴŎƭǳŘŜ άǎǘǊŜƴƎǘƘ ƻŦ ǘǊŀŘƛǘƛƻƴέΣ άŦŜŀǊ ƻŦ ǿŀǎǘŜŘ ƛƴǇǳǘǎέΣ άǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ƎǊƻǳƴŘƴǳǘǎέ ŀƴŘ άŘŜǎƛǊŜ ǘƻ 
Ǉƭŀƴǘ ƳŀƛȊŜέΦ ¢ƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ ŀ ǾŀǊƛŀōƭŜ ƛƴ ŀ ŘƛŀƎǊŀƳ ŘƻŜǎ ƴƻǘ ƳŜŀƴ ǘƘŀǘ ǘƘŜ ŦŀǊƳŜǊ ǿƻǳƭŘ 
ŘŜǎŎǊƛōŜ ǘƘŜ ŎƻƴŎŜǇǘ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ƴŀƳŜΦ CƻǊ ŜȄŀƳǇƭŜ άǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǎƭŀǳƎƘǘŜǊ ƭƛǾŜǎǘƻŎƪέ ƛǎ ƴƻǘ ŀ 
phrase that appears in the interviews, but in order to translate into a System Dynamics framework, 
ǘƘŜ ŦŀǊƳŜǊǎΩ ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ǘƘŜƛǊ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ Ƴǳǎǘ ōŜ ƳƛŎǊƻ-analyzed and broken into pieces 
that positively or negatively influence other pieces. Nor does the existence of a variable imply that a 
farmer knows the measurement of a variable precisely. 
 
Colour coding of arrows and variable names corresponds to how explicitly the causal relationships 

Income available 

Food security 

Maize planted 

Rain onset delay 

Circle of maize 
production 
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are represented in the farmer interviews. Black is for explicit variables and relationships, blue is for 
implicit variables and relationships, and red is for assumptions made by the coder. The arrows are 
almost always assigned a + or - sign to indicate whether an increase (or decrease) in one variable 
causes an increase (or decrease) in the other variable [+, causal positive relationship], or whether an 
increase (or decrease) in one variable causes a decrease (or increase) in the other variable [-, causal 
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 
ƛǎ ƴƻǘ ŘŜǎŎǊƛōŜŘ ŜȄǇƭƛŎƛǘƭȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǇƘǊŀǎŜ άǿŜ ōǳȅ ƳŜŀǘ ǿƘŜƴ ǿŜ ƘŀǾŜ ƳƻƴŜȅέ ǇǊƻǾƛŘŜǎ 
ŀƴ ŜȄǇƭƛŎƛǘ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέ ŀƴŘ άƳŜŀǘ ǇǳǊŎƘŀǎŜŘέΣ ōǳǘ ƛǘ ŘƻŜǎ ƴƻǘ 
ǇǊƻǾƛŘŜ ŀƴ ŜȄǇƭƛŎƛǘ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ άƳŜŀǘ ǇǳǊŎƘŀǎŜŘέ ŀƴŘ άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέΣ ǿƘƛƭŜ ǘƘŜ 
ǳǎŜ ƻŦ ǘƘŜ ǿƻǊŘ άōǳȅέ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜ ƳƻƴŜȅ ƛǎ ǳǎŜŘ ǿƛǘƘ ǘƘŜ ǇǳǊŎƘŀǎŜΣ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜǎ άƛƴŎƻƳŜ 
ŀǾŀƛƭŀōƭŜέΦ ¢ƘŜ ŘƛŀƎǊŀƳ ǊŜǇǊŜǎents all relationships between variables and does not differentiate 
between causal and correlational relationships identified or implied by the farmers. The existence of 
a relationship between variables does not imply that precise calculations are made by the farmer of 
ƻƴŜ ǾŀǊƛŀōƭŜΩǎ ƛƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ ƻǘƘŜǊ ŀǘ ŀƴȅ ǎǇŜŎƛŦƛŎ ǘƛƳŜΦ Farmers may only use specific portions of 
the mental model when making a given decision at a given time. 
 

 
Figure 2 - Example of a goal-gap structure created from causal arguments in the in-depth interviews 

 

Partial or full goal-gap structures emerge when farmers describe the reasons why they do certain 
activities. For example, with respect to the relationship between weeds, herbicide and maize yield, 
a goal-gap structure emerges from the interview text and is simplified in Figure 2 for communication 
purposes. The interviewees provide a reason for why herbicide is applied to maize (which is to 
increase maize yield by eliminating weeds). The effect of the 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 in Figure 3, axial coding of the raw detailed causal loop 
diagram (from Figure 1) has occurred, and many variables and relationships have been merged 
together. All causal structures involving variables belonging to a category are merged together to 
create a general causal structure for the category, and the links between one category and other 
parts of the system become more evident when the variables are grouped together. 
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Figure 3 - Intermediate causal loop diagram produced by axial coding of raw detailed CLD 
 
Major Categories of Variables include: 
Livestock: chicken, goats, cattle/cows, puppies, doves, pigs 
Food Crops: grown for consumption and possible sale, including sweet potatoes, cowpeas, soya 
beans, okra, beans, sunflower, sugar cane (not including maize and garden vegetables) 
Garden Vegetables: cabbage, rape, tomato, onions 
Fruits: bananas, water melons, mangoes 
Cash Crops: crops grown for sale, not consumption, including tobacco and cotton 
Inputs: herbicides, fertilizer, lime, pesticide, but not seed in this analysis 
Farm Equipment: plow, spare parts, tractor, ripper, cultivator, hoe, ox-cart 
Off-farm Labour Products: includes river sand ferrying, block making, grass cutting, firewood selling 
Re-selling BusinessΥ ƛƴŎƭǳŘŜǎ ƎǊƻǳǇ ōǳǎƛƴŜǎǎΣ ǿƛŦŜΩǎ ǊŜǎŜƭƭƛƴƎ ǎǘŀƴŘ, vegetables resold 
Wild Food: includes wild okra, wild roots, wild spinach 
 
While the intermediate diagram in Figure 3 is still too complicated to read, input and output trees 
can be created by Vensim to examine the causes and uses of each variable in the system. To assist 
with axial coding and identification of categories and themes, colour coding is used. 
 
The axial coding process results in a reduction in 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 that small-scale farmers are operating 

Livestock 

Food crops 

Food reserved & 
available 

Maize planted 
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from a position of scarcity. The desire to do advance purchase of inputs is mentioned as a result of 
fear of running out of money later. Keeping money in the bank is viewed as a way to reduce your 
savings. Strategies to sell assets (including maize reserve and livestock) for cash are in place, and 
food insecure farmers offer their labour to receive food in kind or cash. Those who are more food 
secure have strategies in place to reserve extra maize to give to extended family and visitors who 
are food insecure. Required 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. At 
the same time, failure to repay loans has reduced individual access to loans, and the interest paid 
ƻƴ ƭƻŀƴǎ ǊŜŘǳŎŜǎ ŀ ŦŀǊƳŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ŜƴǘŜǊ ŀ ƭƻŀƴ ŀƎǊŜŜƳŜƴǘΦ 
 
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 delay 
is evident, for fear of wasting their resources on weather conditions that will not yield. Influences on 
the effectiveness of inputs (including the need to replant seed) are described in different interviews, 
implying that farmers take wasting their inputs on bad conditions seriously. Herbicide is mentioned 
in one interview as a financially risky item, and in many interviews its effectiveness and danger are 
evaluated.  
 
A large number of codes and complex causal structures influence the planting date of crops and 
seed variety selected, especially for maize. Farmers spend time waiting for the rains to start and 
evaluate the probability that it will rain soon based 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 becomes 
very important. 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 early 
maturity seed when rain onset delay is evident. Farmers have access to their local 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 grow for sale. For cash crops and 
maize, the farmers list the perceived number of buyers for a crop as a reason to grow the crop. 
Cotton price and groundnut price fluctuations are mentioned as disturbances of plans. One farmer 
even describes an obvious shift in loans and market structure from cotton to maize, leading him to 
stop growing cotton. 
 
(C) Strength of Tradition 
Traditional values, including the village structure with the headman in charge, have a strong 
influence on the system. Strength of tradition is explicitly 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 of maize for funerals and occasions. 
 
Extended family traditionally can help with farming activities such as manure application. Strength 
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of tradition also leads to resistance to change farming methods. One interviewee explicitly states 
that he was resistant to 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 rich description 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 not 
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 in 
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 knowledge of coping 
strategies influences the adoption of coping strategies. Considerable amount of household 
resources are dedicated to paying school fees so that children can attend school. Education level is 
linked to employment and income, as well as ability to provide resources or knowledge for coping 
strategies and success of development activities. 
 
(E) Hearing, Experience, Observation and Satisfaction 
Frequently when it comes to knowledge of the benefits of a method or seed variety, the 
interviewee mentions the desire 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. In 
addition, satisfaction 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 diagram in Figure 3 is further simplified by examining the structure for 
feedback loops and major variables or themes to produce the causal loop diagram in Figure 4. The 
purpose of presenting the simplified diagram in Figure 4 is to illuminate key causal loops to facilitate 
an analysis of the dynamic implications of the mental model of the food system. What is 
represented in Figure 4 is embedded in a rich context represented by the more detailed causal loop 
diagrams. A large number of connections between variables have been eliminated in Figure 4.  
 
While the interviewees may not think of the system in loops or variable names as they are 
represented in this diagram, evidence can be found in the interviews for each causal relationship 
presented in Figure 4. The raw codes, assumed to originate from the mental model of the farmers at 
a given time, can be analyzed, categorized and represented in many different ways by the coder to 
produce different simplified causal maps, which is consistent with grounded theory (Charmaz 2006). 
 
Colour Scheme for Links in Figure 4 and Figure 5 
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 a business" 
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Figure 4 - Simplified causal loop diagram highlighting loops and influencing variables in the 
intermediate CLD 
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Blue: links from natural factors (such as rainfall, soil, pests, spoilage, weeds) 
Brown: links involving livestock 
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 Variables in Figure 4: 
άLƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέ ƛǎ ŀ ŎŜƴǘǊŀƭ ǾŀǊƛŀōƭŜΦ Lǘ ƛƴŦƭǳŜƴŎŜǎ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ άŎǊƻǇǎ ǇǊƻŘǳŎŜŘέ ǘƻ άŀǾŀƛƭŀōƭŜ 
ŦƻƻŘέ ǘƻ ŜŘǳŎŀǘƛƻƴ ǘƻ ŀŘƻǇǘƛƻƴ ƻŦ ƛƴŎƻƳŜ ƎŜƴŜǊŀǘƛƴƎ ǎǘǊŀǘŜƎƛŜǎΦ Lǘ ƛǎ ǎƛƳƛƭŀǊƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅ άŎǊƻǇǎ 
ǇǊƻŘǳŎŜŘέΣ άŀǾŀƛƭŀōƭŜ ŦƻƻŘέΣ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ŀŘƻǇǘƛƻƴ ƻŦ ƛƴŎƻƳŜ ƎŜƴŜǊŀǘƛƴƎ ǎǘǊŀǘŜƎƛŜǎΦ  
 
ά[ƛǾŜǎǘƻŎƪέ ƛǎ ŀƭǎƻ ŀ ŎŜƴǘǊŀƭ ǾŀǊƛŀōƭŜΦ ά[ƛǾŜǎǘƻŎƪέ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ άŀǾŀƛƭŀōƭŜ ŦƻƻŘέ ŀƴŘ άŎǊƻǇǎ 
ǇǊƻŘǳŎŜŘέΣ ŀƴŘ ƛǘ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ǘƻ ǎŜƭƭ ŀǎ ŀƴ ƛƴŎƻƳŜ generating strategy. When income is 
available, livestock is purchased as an investment strategy. Oxen, a type of livestock, influence the 
άŜǉǳƛǇƳŜƴǘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜέ ǾŀǊƛŀōƭŜΣ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜǎ άŎǊƻǇǎ ǇǊƻŘǳŎŜŘέΦ 
 
ά/ǊƻǇǎ ǇǊƻŘǳŎŜŘέ ƛǎ ŀƴƻǘƘŜǊ ŎŜƴǘǊŀƭ ǾŀǊƛŀōƭŜ ōŜŎŀǳǎŜ ƛǘ ƛƴŦƭǳŜƴŎŜǎ άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέ ŀƴŘ άŦƻƻŘ 
ŀǾŀƛƭŀōƭŜέ ŀƴŘ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ Ƴŀƴȅ ƴŀǘǳǊŀƭ ŦŀŎǘƻǊǎ ŀƴŘ ƘǳƳŀƴ ŘŜŎƛǎƛƻƴ-making factors. 
 
άCŀǾƻǳǊŀōƛƭƛǘȅ ƻŦ ǊŀƛƴŦŀƭƭέ ƛǎ ŀƴ ŜȄƻƎŜƴƻǳǎ ǾŀǊƛŀōƭŜ ƛƴ ǘƘƛǎ ŘƛŀƎǊŀƳΣ ōǳǘ ƛǘ ƛƴŦƭǳŜƴŎŜǎ Ƴŀƴȅ ŀǎǇŜŎǘǎ ƻŦ 
the mentaƭ ƳƻŘŜƭΦ ά!Ǿŀƛƭŀōƛƭƛǘȅ ƻŦ ƛǊǊƛƎŀǘƛƻƴέ ǊŜƭƛŜǾŜǎ ǎƻƳŜ ƻŦ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ǘƘƛǎ ǾŀǊƛŀōƭŜ Ƙŀǎ ƻƴ ǘƘŜ 
system. 
 
Key Loops in Figure 4:  
One of the more promineƴǘ ƭƻƻǇǎ ƛǎ ǘƘŜ άƛƴǇǳǘǎ κ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴ ƭƻƻǇέ όάƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέ Ą  
άǇǳǊŎƘŀǎŜŘ ǎŜŜŘ ŀƴŘ ŦŜǊǘƛƭƛȊŜǊ ŀǾŀƛƭŀōƭŜέ Ą άŎǊƻǇǎ ǇǊƻŘǳŎŜŘέ Ą άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέύΦ ! ǎƛƳƛƭŀǊ ƭƻƻǇ 
ƛǎ ǘƘŜ άŎŀǇƛǘŀƭ κ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴ ƭƻƻǇέ όάƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέ Ą άŜǉǳƛǇƳŜƴǘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜέ Ą 
άŎƻƳǇƭŜǘƛƻƴ ƻŦ ŦŀǊƳƛƴƎ ŀŎǘƛǾƛǘƛŜǎέ Ą άŎǊƻǇ ǇǊƻŘǳŎŜŘέ Ą άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέύΦ  
 
The three income generating strategies in green (άƛƴǾŜǎǘƳŜƴǘ ƛƴ ōǳǎƛƴŜǎǎέΣ άǇƛŜŎŜǿƻǊƪέΣ ŀƴŘ 
άƭƛǾŜǎǘƻŎƪ ǎŀƭŜǎέ) represent loops that could produce unanticipated consequences. Depending on 
Ƙƻǿ άƭŀōƻǳǊ ŀƭƭƻŎŀǘŜŘ ǘƻ ǇƛŜŎŜǿƻǊƪέ ŀŦŦŜŎǘǎ άŎƻƳǇƭŜǘƛƻƴ ƻŦ ŦŀǊƳƛƴƎ ŀŎǘƛǾƛǘƛŜǎέΣ ǘƘŜ άǇƛŜŎŜǿƻǊƪέ 
ƭƻƻǇ ŎƻǳƭŘ ƘŀǾŜ ƴŜǘ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ άƛƴŎƻƳŜ ŀǾŀƛƭŀōƭŜέΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ƭƻŎŀl economic 
ŀŎǘƛǾƛǘȅΣ ǘƘŜ άƛƴǾŜǎǘƳŜƴǘ ƛƴ ōǳǎƛƴŜǎǎέ ƭƻƻǇ ŎƻǳƭŘ ƘŀǾŜ ƴŜǘ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ άƛƴŎƻƳŜ 
ŀǾŀƛƭŀōƭŜέΦ !ƴŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ƭƻǿŜǊ άƭƛǾŜǎǘƻŎƪέ ƻƴ άŀǾŀƛƭŀōƭŜ ŦƻƻŘέ ŀƴŘ άƳŀƴǳǊŜ 
ŀǾŀƛƭŀōƭŜέ ŦƻǊ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴΣ άƭƛǾŜǎǘƻŎƪ ǎŀƭŜǎέ ŎƻǳƭŘ ŀƭǎƻ ƘŀǾŜ ŀ ƴŜǘ ƴŜƎŀǘƛǾŜ ŜŦŦŜŎǘ ƻƴ άƛƴŎƻƳŜ 
ŀǾŀƛƭŀōƭŜέΦ 
 
¢ƘŜ άŘŜǎƛǊŜ ǘƻ ǎǳǇǇƭŜƳŜƴǘ ƛƴŎƻƳŜ Ą desired seed and fertilizer purchases Ą income Ą desire to 
ǎǳǇǇƭŜƳŜƴǘ ƛƴŎƻƳŜέ ƭƻƻǇ Ŏŀƴ ŀŎǘǳŀƭƭȅ ŜǊƻŘŜ ƛƴŎƻƳŜ ƛŦ ǘƘŜǊŜ ƛǎ ƴƻ ǊŜǘǳǊƴ ƻƴ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ǘƘŜ ŦƻǊƳ 
of crops produced due to natural or human factors. 
 
Figure 5 is the result of removing some variables from Figure 4 and reorganizing the remaining loops 
in a clockwise direction. Below is a listing of some of the interesting reinforcing (R) and balancing (B) 
loops in Figure 4 and Figure 5. Other loops consist of combinations of these labelled loops.  
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R1: inputs 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 as 
revenue exceeds expenses (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 
R7-8: purchased equipment and livestock lead to increased area cultivated, which increases crop 
production and sales; similarly, purchased equipment and livestock lead to increased labour 
productivity and seed planted, which increases crop production and sales; equipment 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 send 
to their parents 
R10: livestock provide manure 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: hard work in the fields requires food to continue 
B1: when food stocks are lower, and the harvest is not here yet, families restrict their food 
consumption to allow the food stock to reach the next harvest 
B2: after a long period of crop production on an area of land, 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, weeding, 
harvesting, etc., and when they are busy 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 other 
farmers as piecework in exchange for cash or food (in kind food payments are not a direct link here) 
B5: as weeds grow, weeding activity is not complete, which prompts the allocation of labour to 
weeding, which reduces weed pressure 
B6: as people pay interest on the loans they receive, they become less willing to 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 no longer planted there 
B15: when labour is allocated to piecework, it reduces the amount of labour available for other 
activities (which can affect their own farming depending on the time that farming labour is required) 
B16: application of purchased fertilizer increases 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 refer 
to Appendix C. 
 

4.5 Assessment of Appropriateness of a Group Mental Model for Individual Farmers 
 
The in-depth interviews collected by Saldarriaga et al. (2014) are classified by gender, income level 
and region, among other factors. Based on analysis of the in-depth interviews in this paper, a 
hypothesis is generated that the largest differences between the behaviour of individual farmers 
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Figure 5 - A simplified version of Figure 4 to highlight and label loops for discussion 
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lies not between regions or genders but income level. One causal map represents the group mental 
model of the food system, but different farmers may use different substructures in the causal map. 
Low income farmer interviews appear to generate fewer causal structures, as their asset profiles 
and options are limited. Some interviewees have trouble generating ideas for coping strategies 
when the idea of having 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 categories 
provide support for this hypothesis. 

4.6 Dynamic Implications of the Mental Model 
 
The causal loop diagram in Figure 4 representing the group mental model of small-scale farmers in 
Zambia consists of many stock concepts with relationships to each other, as well as some external 
limitations and physical factors. There is a large number of reinforcing loops that are tempered by 
balancing loops. For example, livestock multiplies, but the stock is reduced by sales, disease and 
consumption. There are several reinforcing loops that travel through the variable crop production, 
but these loops are limited by factors such as soil, rain, labour, 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 a 
shortage in food 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. In 
cases of cash shortage, livestock can also be sold. Livestock is an important contributor 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 set 
aside livestock or food to sell at 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 stocks, 
following the path of downward reinforcement. The expected behaviour for a major increase in one 
stock is that it creates a cascade of increases among other stocks, following the path of upward 
reinforcement. The exception would be in case of an unexpected reduction in one of the stocks. 
 
Although there are a large number of 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 behaviour 
of the variable crop production never increases past a certain level. The loops in the diagram, often 
as a result of unpredictable drivers from outside the loops, act at different times. Some balancing 
loops operate on a longer time scale, where the effects are not noticed right away, but after many 
years, for example soil quality. Available capital, labour and land appear to be limiting factors, with 
rainfall as a major factor in productivity of the food system. Assets are eroded by natural factors 
such as 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 (Stephens et al. 2012), and the results of this 
paper demonstrate that the farmers 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 challenge 
for small-scale farmers. Cultural preferences and balancing loops such as the debt repayment loop 
and soil quality loop likely affect the ability to enter the positively reinforcing productivity loop. 
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Figure 6 - Maize production in Zambia from 1995 to 2010, area cultivated and average yields 
(Chapoto 2010) 

 

Figure 6 shows that although the area under maize cultivation has increased between 1995 and 
2010, agricultural productivity for maize has hovered around the same level, with and without input 
subsidies (Chapoto 2010). Bumper crops often result from favourable rainy seasons (Chapoto 2010), 
which helps to explain the large swings in agricultural productivity. Figure 6 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 this paper provides some insight into 
why this is occurring. 
 

5. Policy and Implementation 

5.1 Current Agricultural Policies Targeting Small-scale Farmers 
 
According to Neubert et al. (2011), agricultural policies in Zambia have failed with respect to 
addressing the needs of small-scale farmers and improving their outcomes. A National Agricultural 
Policy has a stated goal of growth in the agricultural sector, and it focuses on small-scale farmers 
but falls short in the area of implementation (Neubert et al. 2011).  
 
The government programs mentioned by the small-scale farmers are the Farmer Input Support 
Program (FISP) and the Food Reserve Agency (FRA). The FRA buys maize and was originally intended 
as a buyer of last resort for small-scale farmers (Neubert et al. 2011). Some farmers list the 
guaranteed market provided by the FRA as a reason to plant maize (Appendix C). While FISP is 
designed to increase agricultural production by subsidizing inputs, it is mentioned as a source of 
frustration by the farmers because of delivery delay of inputs (Hager et al. 2015; Figure 4). IAPRI has 
released policy recommendations to amend FISP because it only benefits high income small-scale 
farmers, is expensive to run and has failed to increase yields (Chapoto 2014). 
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Figure 7 - Assumed target loop of agricultural policies (FRA and FISP) in Zambia 
 
Based on the causal loop diagram in Figure 7, the policy interventions made by the government in 
Zambia to increase food production and availability have targeted the system in direct and effective 
ways. The model in Figure 7 is embedded in a much more complex model. The policies face practical 
implementation challenges such as delays (light purple arrows represent delivery of the inputs and 
cash, described by farmers in both in-depth 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 effect of policy on variables that may influence system behaviour in 
unintended ways). Finally, income available and crops produced are affected by other parts of the 
system not visible in this diagram. Stakeholders understand the relationships in the reinforcing loop 
R1, but they are not able to control, or sometimes not aware of, all effects that the system has on 
the variables in the loop. 
 
As indicated in the discussion of the themes emerging from the intermediate causal loop diagram, 
the small-scale farmeǊǎΩ ŦƻƻŘ ǎȅǎǘŜƳ ƛƴ ½ŀƳōƛŀ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǎŎŀǊŎƛǘȅ ŀƴŘ Ǌƛǎƪ ŀǾŜǊǎƛƻƴΦ  !ƴ 
input subsidy intervenes in one stage of the reinforcing loop R1 in Figure 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 inputs 
available to a small-scale 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 predicted 
to be favourable in the growing season). The delay in application may result in a lower than 
anticipated effect on yield. Late delivery of inputs would have a similar effect. Farmers waiting for 
inputs to arrive may have to come up with alternative strategies for the farming season. Even with 
delays, the provision of inputs for maize 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 adverse 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 easily 
limit agricultural yield even when inputs are applied.  
 
The critique that the input subsidy only benefits the well-off farmers (Chapoto 2014) is consistent 
with an analysis of the dynamics of the system. The strength of the reinforcing loop is increased 
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with more cash and inputs available, while the farmers in the lowest income category can hardly 
ŀŦŦƻǊŘ ǘƻ άŜƴǘŜǊέ ǘƘŜ ǊŜƛƴŦƻǊŎƛƴƎ ƭƻƻǇ όwмύΦ 

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 that 
reproduces the dynamics, one of the goals of this study is to make visible the context in which 
model structure and dynamics are embedded. Simplified diagrams are valuable communication 
tools, and simulation of behaviour provides valuable insights. However, there may be hidden 
variables in the system that do not change over the simulation period, but do have an effect on the 
system once a policy intervention is introduced. The preferences, goals and cultural traditions of 
decision-makers in the system can be represented as causal structures that change overall system 
structure and thus have the potential to affect system behaviour.  
 
The intermediate causal loop diagram representing the group mental model of the small-scale 
farmers (Figure 3) 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 of the intermediate causal loop diagram, several factors appear to be 
important to consider when designing and implementing policies, including: strength of tradition, 
risk aversion, satisfaction with current results, cash scarcity, livestock (critical factor; savings in form 
of livestock can be wasted by disease), soil suitability, easing labour requirements of farming, 
timing, knowledge, and encouragement of diversification (lowering risk, allowing crop rotation). In 
addition, policy design should take into account the most limiting factor 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 water and 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 reduces the risk 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. Since 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 supply, 
food price, etc.), it appears that irrigation is a high leverage point for the system. Irrigation 
unfortunately requires capital, labour and expertise, and to distribute the infrastructure nation-wide 
may be a challenge for the government. If individuals are providing their own irrigation systems, 
then they face similar challenges 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 short-term pressure on cash in order to stimulate a reinforcing 
loop). Failure 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 explicitly 
lowers willingness to enter a loan agreement in the future in the group mental model. One 
interviewee clearly states that capital is required to access loans, which are desired to access capital 
such as equipment. A policy to increase access to credit is not likely to succeed, based on this  



 
 

21 
 
 

 
Figure 8 - Simplified diagram produced from the intermediate causal loop diagram in Figure 3 with 
causal structures related to loans, irrigation, cash and equipment. 
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analysis, without changing farmer perceptions and implementation strategies. 
 
While context is evidently important, the intermediate causal loop diagram representing the mental 
model of small-scale farmers is too complex to be readable. Fortunately, the intermediate diagram 
provides a starting point to produce more simplified diagrams highlighting important loops, sectors, 
pathways or leverage points. For example, loops were extracted and presented in Figure 4 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.  
 
Figure 8 has been extracted from the intermediate causal loop diagram in Figure 3 to provide 
support for the policy discussion regarding credit and irrigation. Figure 8 also presents causal 
structures and variables from the coding analysis that support themes identified in Section 4.2 and 
structures in the simplified causal loop diagram in Figure 4. In the next section, the livestock sector 
will be presented and discussed as a case study of how the intermediate causal loop diagram can be 
used for policy discussion. 

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 in 
the food system is provided by the livestock sector, which includes chicken, cattle, pigs and goats.  
 

 
Figure 9 - Livestock sector extracted from the simplified causal loop diagram in Figure 4 
 
When the livestock sector is extracted (and presented in Figure 9) from the simplified causal loop 
diagram in Figure 4 that is designed to illustrate the dynamics of livestock and the effect of livestock 
on other important sectors, it appears to be a straightforward policy recommendation to provide 
medicines to reduce livestock disease. However, upon closer examination of the livestock sector 
extracted (and presented in Figure 10) from the intermediate causal loop diagram in Figure 3, there 
are policy implementation challenges to consider. Knowledge of when and how to apply the 
medicines is required by the farmers. A larger stock of animals requires more labour, capital and 
medicine.  A farmer mentions explicitly that he trims his pig stock when it becomes too large 
because of maintenance costs. Another mentions that rearing a large number of chickens requires  
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Figure 10 - Livestock sector extracted from the intermediate causal loop diagram in Figure 3 


