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1 Introduction

The purpose of this extended abstract 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).

The project and model are intended to serve as: 1) an exploration and analysis
of the current theory on SWC adoption; 2) an exploration of how models can
deal with context-dependent issues; and 3) an exploration of what uses and
applications (namely, modelling policy scenarios, and stakeholder engagement)
such a model can be put to and how this effects its design.

The model implements a framework for farmers’ individual behaviour change
developed in the literature and founded on a decision process that goes beyond
simple rationality or utility-maximisation. By using ABM, social interaction and
iteration are added to this framework, thus allowing for exploration of the role
of both in SWC adoption patterns.

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

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

2. What does the model suggest are the outcomes of various feasible policy
interventions?

3. 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 focus of the presentation will be around the third area of stakeholder
engagement. Findings from a workshop held in Addis Ababa, Ethiopia, with
various SWC stakeholders, will be presented. These will focus on stakeholders
validation of the model, and their opinions with regard to its use as a stakeholder
engagement tool. The workshop is to be held in late June 2013, so findings cannot
be presented at this stage. Instead, the workshop plan is set out.

The rest of this abstract will outline background to the model, the model
itself, and some discussion of the research plan.



2 Land Degradation and Soil and Water Conservation

The UNEP (2004) states that land degradation 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 increase 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 adoption 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 understanding 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.

3 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.

3.1 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.

This decision is based on a framework developed and presented by de Graaff
et al (2008), which represents a crystallisation of much of the knowledge and the-
ory developed in the literature. The decision represents any measure or technique
that can be used; there is no specific SWC strategy or measure modelled.

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 is set by the user,
and income is a function of the 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 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).

3.2 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.

3.3 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.

3.4 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. 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.

4 Research Plan

At the time of writing the model is still in development, for both theory and
policy scenario use, and stakeholder engagement use. The presentation will focus
on the stakeholder engagement use, presenting findings from the workshop to be
held in late June 2013.

4.1 Model Development

For theory and policy scenarios The model development is on-going at the
time of writing. The model is to be put through an initial sensitivity analysis
(SA) using data from a case study area in northern Ethiopia to parameterise
variables. This has two key purposes: firstly as a continuation of the verification
and bug checking process, and secondly, as part of a model development stage
aimed at reducing the number of parameters in the model. Once this SA has been
conducted the model will be reduced in size in two ways, once to include only
the most theoretically interesting parameters - those that were most powerful
in explaining the output, and second to include only those parameters that are
amenable to policy interventions. Then we will be left with three models, the
‘comprehensive’ model, the ‘theory’ model and the ‘policy’ model.

For stakeholder engagement Whilst contributing to the theory on SWC is a
worthwhile academic pursuit, running policy scenarios is unlikely to be of much
interest to policy-makers or stakeholders. Of much more interest will be the use
of the model by policy-makers and stakeholders as a tool to engage, discuss
and make decisions with other policy-makers and stakeholders. To explore this
use of the model the ‘comprehensive’ model will presented at the workshop in
Addis Ababa, attended by SWC leaders and experts at the local and regional
level in Ethiopia. Before it is presented, it will be simplified by removing op-
tions on various thresholds and parameters that are not directly related to the
farmer/household characteristics. A model applet with an appropriately simple
user interface will be developed that participants at the workshop will be able
to interact with.

The purpose of the workshops will be to:

1. present the model to stakeholders and generate discussion to receive feedback
on its design and results.

2. Further discuss the model to understand if it is useful, or not, for stakehold-
ers, and explore how it may be useful, and the reasons for this.

The workshop is currently being organised in partnership with the Interna-
tional Livestock Research Institute (ILRI) in Ethiopia.
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