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1 Introduction

The purpose of this short paper is to present an ongoing project concerning the
construction of an agent-based model (ABM) of the adoption process for soil and
water conservation (SWC) measures amongst small-scale farmers (the SWAP
model). This paper has been written for the Sintelnet sourcebook, comments are
welcome, please contact the author.

The project and model are intended to serve as: 1) an exploration and analysis
of the current theory on SWC adoption; and 2) an exploration of what uses and
applications (namely, stakeholder engagement) such a model can be put to and
how this effects its design. This paper focuses on describing the model, the use
of theory/frameworks, and validation.

The model implements a framework for farmers’ individual behaviour change
developed in the literature on SWC and founded on a decision process that goes
beyond simple rationality or utility-maximisation. Interaction between farmers is
based on an understanding of farmers’ social networks, taken from the literature.
Both the individual behaviour and interaction are also exposed to SWC stake-
holder validation. By using ABM, the two elements of current understanding of
farmer’s behaviour are combined, and iterated, thus allowing for exploration of
the role of both in SWC adoption patterns.

The model is to be used to answer research questions around two key areas,
theory and stakeholder engagement:

1. Does the implementation (in an ABM) of the individual behaviour and
farmer interaction derived from the literature, with iteration, support or
undermine the current theory on SWC adoption?

2. How can the model serve as an aid to stakeholder engagement, discussion
and decision-making? How can it be developed to maximise its potential use
in this role?

The next section will provide some background and context for the research
problem. The third section will outline the use of theory/frameworks in the
model. The fourth section will outline the model itself. The fifth section outlines
the validation approach used. The final two sections present some initial results
and plans for the rest of the research project.



2 Land Degradation and Soil and Water Conservation

The United Nations Environment Programme (2007) states that land degra-
dation poses a threat to the environment and society on a par with climate
change and biodiversity loss. SWC by farmers is a key part of the fight against
land degradation and offers a way of helping deliver sustainable development to
many parts of the world. Despite awareness of the problem, and the identification
of simple SWC measures in many areas, the policy interventions designed to in-
crease conservation adoption have often been a failure. It would appear that the
extrapolation of individual household decisions to a wider community, and more
broadly, constructions of farmer behaviour, have been unsuccessful in some way.
This is potentially due to the social and complex nature of the individual adop-
tion decisions being made. Many writers have thus suggested policies are poorly
calibrated to farmers and their behaviour (e.g., Illukpitiya and Gopalakrishnan,
2004). It would appear one of the underlying issues is that land degradation is
highly contextual (Warren, 2002). As such, I believe the application of ABM
has potential to push forward our understanding of this issue. It allows our un-
derstanding of the decision framework to be applied in conjunction with social
interaction; whilst also allowing for a model that can be applied to various case
studies easily, but without undue simplification. As a discussion tool an ABM
may also allow for improved communication between stakeholders at different
levels and in different areas.

3 Theory use

3.1 Why use pre-existing theory?

There is a large literature on land degradation, soil degradation, soil and water
conservation, and more generally natural resource management by farmers. This
literature includes many studies that survey farmers on their behaviours and
collect data on their charactersitics (e.g., Shiferaw and Holden, 1998; Okoye,
1998; Cramb, 2006; Damisa and Igonoh, 2007; Binh et al., 2008; Gebremedhin
and Swinton, 2003; Somda et al., 2002; Lapar and Pandey, 1999; Malley et al.,
2006; Odendo et al., 2009; Qasim et al., 2011; Gauthier, 2000; Omamo et al.,
2002; Shiferaw and Holden, 1999; Sureshwaran et al., 1996; Yila and Thapa,
2008; Mbaga-Semgalawea and Folmer, 2000). This literature thus does a good job
of identifying the social and economic factors that correlate with degradation,
or adoption of conservation in any one study site. Taken together they also
allow us to build up an extensive list of all the factors identified as associated
with degradation, or adoption of conservation. The social and economic factors
associated with conservation adoption are similar to those of degradation as
degradation is usually a result of a lack of conservation measures.

Some studies take a qualitative approach to studying the causes of degrada-
tion or conservation (e.g., Sulieman and Buchroithner, 2009; Ashby, 1985) and
many quantitative studies also include a qualitative element in conjunction with
a household survey (e.g., Halim et al., 2007; Gauthier, 2000). The findings from



qualitative pieces of research tend to highlight the context-dependent nature of
degradation and conservation; the causes are almost always a function of the
specific biophysical, social, economic or cultural context of any one area.

Thus, creating any general model of conservation adoption is tricky in the
sense that the drivers in each area are very specific to that area. This is particu-
larly true of the biophysical context. The social, economic and cultural context is
less specific to each individual area, but is more likely to follow broader patterns
at regional, or national level.

It would have been possible to use participatory methods with farmers in one
area to develop behaviour, decision, and interaction rules for adoption of conser-
vation. However, this would have meant that the model would have been only ap-
plicable to that one area. In addition, this participatory process would have had
to be reasonably time consuming and expensive to be considered rigourous. Fur-
thermore, the information gathered would have reproduced much of the knowl-
edge already developed by others; others with considerably more experience of
this type of research. As a result, it was decided that the use of frameworks
already developed in the literature was more desirable than generating a new
framework from scratch.

3.2 Background and frameworks

To generate a solid background understanding, and begin to look for potential
lists of factors, and frameworks associated with conservation adoption, a system-
atic review of the literature was carried out, aimed at answering the question,
‘what anthropogenic factors are associated with land degradation in developing
countries?’. The systematic review identified an exhaustive list of factors asso-
ciated with degradation and conservation adoption. These factors were likely to
be of importance in the decision making process of the agents in the the model.

Individual behaviour The key element required to base the model on was
a framework(s) for farmers’ decision process. An appropriate framework would
be one that requires little adaptation for implementation into an ABM. Some
implementation decisions are inevitable when using a framework not originally
developed for an ABM, but a clear framework, rather than simply a list of factors,
reduces the decisions to be made by the modeller significantly.

The following framework from De Graaff et al. (2008) was settled on for use
in the model. Figure 1 shows the first of three stages in the framework, the
acceptance stage. Once the SWC in accepted, a farmer then has to decide how
much to adopt on their farm, and finally, once adopted, must decide whether to
continue using SWC. The decision represents any measure or technique that can
be used; there is no specific SWC strategy or measure modelled.

Interaction types The second element required to model the adoption process
was a framework(s) to base farmers’ interactions on. It was not possible to find
a framework as clear as that for the individual decision process, reflecting a lack



Fig. 1. Individual decision framework from De Graaff et al. (2008)

of, or at least less, research in this area. An intuitive set of interaction types were
developed based on a general understanding drawn from the systematic review
and other background reading.

Three key types of farmer interaction are used in the model (Figure 2):

1. Farmer groups:

Farmer groups are networks of farmers in which multiple farmers interact
as peers, influencing each other equally. Examples of these types of group
include, church groups, savings associations, funeral associations, and gov-
ernment organised farmer groups.



Fig. 2. Interaction frameworks

2. Influential individuals:

Influential individuals denotes a type of group where one individual has a
strong influence over the behaviour and attitudes of the others in the group.
Real world examples of this type may be communities with a high status in-
dividual, a leader or elder, communities with a particularly innovative farmer
whom attracts respect, or more more formal arrangements, such as the 1:5
model farmer arrangement seen in Ethiopia, whereby farmers are chosen as
‘model farmers’ by government, and used to demonstrate conservation and
educate other farmers.

3. Extension Agents:

Extension agents represent a interaction between a farmer and an out-
sider, typically a government agent or non-governmental organisation (NGO)
worker, whom is encouraging adoption of conservation (amongst other ac-
tivities).

4 The Model

The Soil and Water conservation AdoPtion (SWAP) model is an ABM of the
SWC adoption process of small-scale farmers. It is implemented in NetLogo. The
current version of the model can be found at http://modelingcommons.org/
browse/one model /3724

4.1 Farmers

The agents in the model represent farming units (i.e., households). These agents
have various characteristics (e.g., age, land tenure, knowledge of technology,



membership of social groups or extension projects etc) that vary from agent to
agent in-line with real world data. These characteristics affect the process of their
decision to adopt SWC measures. This decision represents the basic behaviour
of the agents - swapping one management strategy for another. Farm agents all
make the same three decisions as to: 1) whether to accept the need for SWC; 2)
how much SWC to adopt on their land; and 3) whether or not to continue SWC
measures once they have adopted.

Acceptance Stage The acceptance stage is represented in Table 1. Once the
farm agent meets each step, they move to the next. To meet a step, a farm agent
must have an acceptable combination of the required characteristics; true/false
variables (denoted T/F) must be met, whereas continuous variables are added
together into a total score for that stage, which must be higher than a threshold
set using sensitivity analysis. The direction of each variable is indicated with an
arrow (i.e., ↓ indicates a variable being lower increases chance of adoption, and
↑ indicates a variable being higher increases chance of adoption). The following
Netlogo code gives an example of one step:

to degradation-symptoms-recognised

let deg-symp-recog ((100 - soil-quality) + knowledge-of-land)

if (deg-symp-recog > 100) and (decision-maker-does-labouring = true)

[set acceptance-decision-score 1]

end

Table 1. Steps and factors in the acceptance stage.

Step Factors influencing acceptance

1. Degradation symptoms recog-
nised?

Soil quality ↓, Knowledge of land ↑, Decision-
maker works on farm(T/F).

2. Degradation effects recognised? Age ↓, Knowledge of land ↑, Education ↑, Cultural
inertia ↓, Extension worker contact(T/F).

3. Degradation taken serious? Extension worker contact(T/F), Own their
land(T/F).

4. Aware of conservation methods? Knowledge of Technology ↑, Extension worker
contact(T/F).

5. Able to undertake measures? Age ↓, Access to labour(market or within house-
hold)(T/F), Extension worker contact(T/F), Ac-
cess to capital(credit or savings)(T/F), Own their
land(T/F).

6. Willing to undertake measures? Discount rate ↓, Cultural inertia ↓, Institutional
attitude ↑, Age ↓, Has a successor(T/F), Decision-
maker works on farm(T/F).

7. Ready to undertake measures? Risk aversion ↓, savings ↑, income ↑.



Adoption Stage Once a farm agent has reached acceptance of the need for
SWC they must decide on how much of their farm they want to adopt SWC.
The amount of land they adopt conservation on is determined by their contact
with extension workers (contact is required for any adoption), and their risk
aversion score (less risk averse agents will adopt a higher level).

Continued-use Stage Finally, if farm agents have already adopted SWC mea-
sures, they must decide whether to increase or decrease adoption. If their in-
come is higher than their consumption requirement they will increase adoption
by 20%. If their income is lower than their consumption requirement they will
reduce their adoption by 20% (Note: the presence of adoption will increase soil
quality, which in turn will increase income). Consumption rate per individual is
set by the user and multiplied by the number of people in the household, and
income is a function of the farm size, soil quality and farmer knowledge.

Interaction Farm agents interact with their environment by using it to inform
their decisions (e.g., poor soil will lead to higher chance of adoption), and by
altering soil quality through their decisions (e.g., adoption of SWC will generally
increase soil quality). Agents interact with each other in line with the three inter-
action types set out above by affecting each others characteristics (i.e., farmers
in social groups will become more similar, farmers with high influence will affect
others, farmers with high adherence to norms will copy others, and when farmers
meet extension agents they will become more likely to adopt).

4.2 The Land

The environment represents the land farm agents farm on, and includes a variable
to represent soil quality. The soil quality varies with some noise, and depends
on the management it is under. There are also stochastically modelled shock
weather events which can reduce soil quality significantly. The environment also
diffuses soil quality in a simple way (i.e., an area’s soil quality will tend to reduce
if it is surrounded by lower soil quality). Each farm agent owns a set of fields,
making up their farm. The environment in the model is intended to represent a
non-specific region; the number of agents can be altered to represent larger or
smaller areas.

4.3 Outputs

The main outputs of the model are the percentage of farmers that adopt SWC,
and the amount of land on which SWC is adopted. The spatial patterns of
adoption can also be viewed and recorded. The time frame of the model is
non-specific, though assuming these decisions take a certain time to make and
implement, run times of 5, 10 or 25 years are suggested. In essence the model is
running various scenarios, set by the user, for comparison.



4.4 Data

Real world data on farmer/household characteristics (e.g., age, education, access
to credit, etc), and patterns in SWC adoption are used to parameterise and
validate the model respectively (see section 5) . Farmer/household level data is
available on small samples from the many research projects that are carried out in
areas with small-scale farming. These studies also often identify broad qualitative
patterns in adoption. Larger sample data on farmer/household characteristics are
available from censuses where these are available, and up-to-date. It is unlikely
that all variables will have data available, in these cases best estimates will be
used when it based on reasonably robust knowledge, where this is not possible a
default mean of 50 (out of 100) with a normal distribution around it will be used.
Care will be taken in sensitivity analysis to ensure that there are no variables
that have a strong effect on the model, that are not parameterised with real
data.

5 Validation and theory development

The SWAP model has two main forms of validation. Firstly, the rules behind
the model are validated in one sense by being based on frameworks developed in
the literature, but are also validated by being exposed to stakeholder assessment.
Secondly, the model is setup with a data from specific case studies and the results
are compared with patterns observed in the real world, using a pattern-oriented
approach as outlined by Railsback and Grimm (2012). This second element also
forms the main part of experiments to explore the frameworks used in the model.

5.1 Stakeholder validation

On Thursday 20th June 2013 a stakeholder workshop was held at the Interna-
tional Livestock Research Institute (ILRI) campus in Addis Ababa, Ethiopia.
Nine participants attended the workshop; six of the participants were from their
regional Bureau of Agriculture, two from Oromia, and four from Amhara. Three
were from NGOs working closely with government. All nine were working on ei-
ther SWC or natural resource management and had experience of working with
farmers and other local groups.

The two frameworks behind the model (individual decision and interaction)
were presented, and discussed in detail during the workshop, approximately 30%
of the day was spent on this part of the workshop . Participants were asked to
discuss which elements of the frameworks they recognised and agreed with, and
which they felt were less important or did not recognise. The participants had
an extended discussion around the frameworks; whilst they broadly accepted
both, they were clear on the elements they thought were most relevant in the
areas they worked in. Given the contextual nature of SWC decisions, this was
to be expected. The fact that no participant rejected, or disliked the framework
completely was encouraging, and though analysis is ongoing, appears to show a
basic validation of the model by the stakeholders.



5.2 Desk-based validation and theory development

At the time of writing the desk-based validation of the model has not been carried
out. The model has been setup with data from the Tigray region, and output pat-
terns have been validated against broad qualitative patterns for Tigray. Getting
the model to reproduce real world patterns for one area alone is not particularly
rigourous in terms of validation, therefore the process will be repeated for several
more case study areas. The choice of case studies will be made based on avail-
ability of data and comparisons in output types (i.e., areas with significantly
different adoption patterns). Data will be gathered on household characteris-
tics to parameterise the model, and then outputs will be compared to adoption
patterns in that area. The model will not be calibrated for each of these case
studies, meaning that should the model reproduce the real world patterns, it will
be validated reasonably rigourously.

Furthermore, the results of this process will shed light on the ‘performance’ of
the two frameworks, and thus allow us to reflect on the value of the frameworks,
and attempt to answer the first research question above. Key questions here will
revolve around the ability of general frameworks to capture contextual elements
of the adoption process for each case study.

6 Initial findings

At the time of writing the model is still in development for the theory develop-
ment element of the research.

6.1 Stakeholder engagment

The second purpose of the stakeholder workshop was to discuss the model and
understand if it may be useful, or not, for stakeholders. Prior to the workshop the
researcher believed the model had two uses that could be of value to stakeholders;
one as a forecasting tool, and second as a stakeholder discussion tool. Both of
these uses were presented at the stakeholder workshop and a discussion was held
around the models potential use in these ways.

It was quite quickly apparent that the participants were interested in having
another forecasting tool, but were concerned that the model did not have suffi-
cient inputs to make it trustworthy on this front. Specifically they felt a lack of
data on interaction types for any one area, and a lack of detail on the biophysical
element in the model may undermine trust in the model. These are fair positions
to hold; the researcher agrees with them.

However, the second potential use of the model, as a discussion tool, a ‘teaser’
to bring out discussion between different stakeholders was seen as viable by the
the stakeholders. They could see the use of the model in this way, and believed
it would add structure to stakeholders’ thinking. They also suggested that the
model could help generate knowledge between stakeholders by identifying what
factors needed attention in an area. The stakeholders also suggested that the



model may be useful for discussion involving farmers themselves as it focusses
on their behaviour, and so may provide a framework for discussions between
farmers and other stakeholders ‘above’ them.

The main problem with this use of the model was incorporating it into stake-
holders current work. They already have guidelines handed to them on how they
should go about their work, and it is not part of their role to innovate new
methods or tools. Thus, the participants suggested that the researcher should
look to get the model included as a discussion tool with their superiors.

7 Research plans

This doctoral research project has approximately nine more months left at the
time of writing. In this time the model will be validated as above and findings
will be presented both on the exploration of the two frameworks using ABM,
and on the outcomes of the stakeholder workshop.
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