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Abstract: The objective of this project is to examine adaptation strategies of smallholders in the Chingale district of Malawi to climate change impact, as well as to the implications of introducing the Integration of Aquaculture into Diversified Food production
Systems (IADFS). The central approach of this research is combining an agent-based
model (ABM) representing farmers with various types of production systems with a water
resources model (WRM). Whereas the WRM relies on historical time series data of rainfall/runoff and a set of climate change scenarios, the ABM builds upon recent household
and village–size surveys in combination with population census and GIS data. However,
knowledge that feeds into the decision rules for the model can only come from the farmers
in an interactive way. For this reason a knowledge elicitation workshop was conducted
where farmers simulated their main farming activities on a monthly basis. As the primary driver for decision making, water availability was employed. Water availability was
simulated to change on a monthly base during both a year with adequate water availability and a year with insufficient water availability. The most relevant production systems
were examined during four workshop sessions: rain-fed farms (RF), canal irrigation farms
(IR), farmers in the low-lying areas with high ground water tables and adapted cultivation
methods (Dimba) and integrated agriculture–aquaculture farms (IAA). This simulation
workshop resulted in a variety of insights such as: a diversity of individual (drought) coping strategies such as postponing sowing activities, reducing land devoted to crops, or
reducing irrigation. Furthermore, the assumption that rain-fed farms are most sensitive
to droughts was confirmed, whereas groundwater-fed farmers demonstrate the lowest
sensitivity. The resulting decision rules will be validated with farmers and experts of the
regional farm systems in a later phase of the project.
Keywords: companion modelling, decision rules, knowledge elicitation, smallholders,
integrated agriculture-aquaculture, crop calendar
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I NTRODUCTION

Previous research revealed that Sub-Saharan parts of South-East Africa are exposed to
the implications of climate change, such as erratic rainfall pattern in conjunction with
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floods and droughts [Actionaid, 2006; McSweeney et al., 2008]. As a consequence
farmers are exposed to varying water availability with sometimes substantial implications especially for subsistence farming. Most farmers are smallholders with less than
one hectare farm land, which increases their vulnerability. However, most vulnerable are
smallholders on rain-fed farms (33,6% of the farms in the Chingale study site), who entirely depend on frequent precipitation during the rain season. Hence, it is not surprising
that shortage of food or even serious supply shortfalls of rural communities are reported
in newspapers on a regular basis.
A number of aid organisations, NGO and governmental agencies, worked for years to
support farmers in their struggle with increasingly incommodious environmental conditions. However, apart from local improvements, no long-term and sustainable solutions
that apply for the entire area have been found so far. For almost two decades the research centre WorldFish has endeavoured to support smallholders in Malawi and Zambia
in the Integration of Aquaculture into Diversified Food Production Systems (IADFS) [Russell et al., 2008]. However, the implication of the increased application of these production
systems on the water balance of a wider catchment area as well as the effects on the social system remains largely unknown. For this reason the international research project
GTZChinyanja, Enhancing adaptive capacity to climate change impacts through wellmanaged water use for aquaculture integrated with small-scale irrigation in the Chinyanja
Triangle in Africa was launched. The ’triangle’ is a sub-region of the Zambezi River Basin
including Central and Southern Malawi, the Tete Province of Mozambique and the Eastern Province of Zambia. Scientists from the WorldFish Centre, the International Water
Management Institute (IMWI), the Institute of Environmental Systems Research (USF)
and Seeconsult GmbH are investigating the implications of the introduction of fish ponds
in rural communities on the water balance of sub-catchments in the region. The scientists
collaborate with agencies of the National Agricultural Research System (NARS) such as
the Department of Fisheries in Malawi and Zambia and non-governmental organisations
such as World Vision in Mozambique to improve rural food security and livelihoods in the
target areas.
The main agricultural products of the region are maize, sugarcane, (sweet) potatoes, cassava (tapioca), sorghum, pulses, groundnuts, macadamia nuts, as well as goats, poultry,
milk and eggs. Corn is staple food and the essential part of the regional diet. The
geographic conditions are heterogeneous throughout the region: whereas the Eastern
province of Zambia and Tete (Mozambique) are dominated by flat savanna landscapes,
the Central and Southern provinces of Malawi are characterised by hills and mountains.
Soils range from very sandy and heavily eroded soil types to volcanic soils in irregular
pattern all over the Chinyanja triangle. The same heterogeneity applies to the water
supply. The main water supplies are: 1) irrigation water diverted from tributaries and 2)
ground water in wide valleys near mountains. The region is part of the sub-tropical climate zone with a rainy season between November and March, with irregular precipitation
patterns and occasionally prolonged drought periods.
The central approach of this research is combining an agent-based model (ABM) representing (decision rules of) farmers applying various types of production systems with a
water resources model (WRM). Whereas the WRM relies on historical time series data
of rainfall/runoff, a measured sample data set and a set of climate change scenarios,
the ABM builds upon recent household and village-size surveys in combination with population census and GIS data as well as a rule base that is derived from a knowledge
elicitation workshop conducted with farmers representing the main production systems
of the region. The focus of this article is the description and discussion of the knowledge
elicitation workshop and its implications for the further modelling process upon the Chingale study site. The following sections provide an overview about the overall approach
of the modelling effort, the description of the workshop methodology, the interpretation
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of the workshop results and the discussion of how to integrate the workshop results with
other results and methods in the overall combined ABM-WRM.
2

G ENERAL METHODOLOGY

The modelling framework consists of three modules (figure 1):
1. WRM calculating the water balance on a sub catchment level in response to rainfall
as well as farm water demand;
2. GIS quantifying land cover, production systems, farm units, connecting WRM with
ABM;
3. ABM individual decision rules in response to water supply

Figure 1: Flowchart of the modelling approach

For the calculation of the water balance at (sub) catchment level the WRM is a combination of the Water Evaluation And Planning system (WEAP) [SEI, retrieved 2012] and the
Soil and Water Assessment tool (SWAT) [USDA, retrieved 30th of March 2012]. In order
to model the incoming water a 30 years rainfall time series for the Chinyanja Triangle is
still under development. The main parameters for the model are Evapotranspiration [ET ]
based upon land cover data as well as water uptake from water users in the sub catchments. Whereas [ET ] for non-farming land remains constant, farming activities have a
significant impact on this parameter. The crop decision rules are derived from a knowledge elicitation workshop with smallholders, and discussed in section 3. Water uptake
values are still under development. Downstream effects are represented at a sub catchment level. Activities or processes on an upper sub catchment have implications on the
water availability of the lower adjacent neighbouring sub catchment. This module is still
under development.
The GIS is the conjunctive unit of the model, and serves as a link between the water availability (WRM) and the crop decisions of farmers (ABM). More specific, the link between
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the water balance of the entire catchment and human activities can, hence, be detected
as changes in land cover on farmland and irrigation activities. Figure 1 illustrates these
linkages in form of a flow chart. The GIS has to handle a number of data from various
sources such as DEM (ASTER GDEM), GeoEye satellite images, household and village
survey data or census data.
The objective of the GIS data processing is to design a set of artificial farm units that
represent production systems including the related decision rules for the crop calendar,
crop types and share as well as farmland size. These artificial units are required to
calculate ET values including the rule-based crop calendars. Moreover, these units are
needed since the definition of farm remains rather complicated. In fact farming activities
are undertaken by households that take decisions (represented as agents with a set
of rules) upon fields that are scattered around villages. However, this is impossible to
represent in a spatially explicit way.
Preliminary findings from socio-economic surveys and GIS mapping of land cover and
land use of the Chingale study site reveal the following characteristics of agriculture in
Chingale:
• the main production systems are: (1) rain-fed farming (RF), (2) Dimba cultivation,
(3) small scale irrigation (SSI), and (4) integrated aquaculture in small-scale agriculture (IAA);
• the typical farm household of small holders has scattered patches of land that sums
up to about 0.8ha in average;
• apart from production types there is no typical farm type. Decisions are made
individually, and apart from the main staple food maize there are no typical farms;
• crop preferences after maize are: 1531 x Groundnuts, 127 x Pigeon peas, 58 x
Cassava, 57 x Sweet potato, 50 x Vegetables, 44 x Rice, 24 x Sorghum, 18 x Cow
peas, 18 x Beans, 6 x Cotton, 3 x Bananas, 1 x Soy beans;
• existing irrigation schemes are concentrated along an ’irrigation belt’ that rectangularly intersects the middle parts of the tributaries, and does not follow the main river
nor the tributaries;
The objective of the combined ABM-WRM is to design a decision support tool that enables decision makers to at least modify the contingent of production types per sub catchment. This way possible investments that support the transition of rain-fed farming to SSI
or IAA2 may be tested in terms of their impact on the water balance of the Chingale region. Simple rules that reflect farmers’ decisions are required. The knowledge elicitation
workshop was applied to identify the rules of the farmers as rule base for the ABM.
3
3.1

T HE KNOWLEDGE ELICITATION WORKSHOP
Objectives and design

The workshop had the objective to explore farmers’ decisions under changing water availability, and was held in November 2011. The knowledge elicitation workshop is embed1 Numbers

indicate hits in the household survey with a sample size of 309. Distribution of crop preferences over
sub catchments is still to be identified
2 A transition to a Dimba production type is not possible, since Dimba cultivation can only be accomplished
in the so-called Dambos, which are low-lying areas with high groundwater tables. These areas are already
developed by the farmers.
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ded in a participatory process that had already been initiated before this project started.
This enabled researchers to initiate a process that may be labelled as a social learning
process with an intense exchange of knowledge and experience.
For this workshop seven farmers of
each of the production systems were
invited to report about their most relevant activities. A whole day was
scheduled for each production system
to simulate activities over two consecutive years. Altogether four days of
workshop were conducted. The workshop process described below was
conducted in a participatory manner
to elicit responses from farmers regarding their decisions on crop choice
and farming activities during two crop
years under altering conditions of waFigure 2: Detail of the workshop pinboard ( c J. Kry- ter availability .
wkow, USF)

The following list displays the most relevant characteristics of this workshop:
• The workshop started with an introduction to familiarise the farmers with the rules
and principles as well as the purpose of this approach;
• Each farmer had a personal translator Chichewa/English;
• Activities were recorded on a monthly time step for two years, starting from October;
• All farmers acted contemporaneously to omit biased behaviour;
• Water availability was based on available time series of rainfall, and represented
(see figure 2):
1. with symbols for precipitation: sun → no rainfall, white cloud → moderate
rainfall and black cloud → heavy rainfall;
2. with symbols for irrigation water availability: full bucket → sufficient water, half
full bucket → limited water, empty bucket → no irrigation water;
for every month;
• the simplified time series represented both a typical wet year and a typical dry
year. Conditions of water availability were announced, month by month during the
procedure. Thus, farmers did not know about water availability in advance;
• A simple code was developed for reporting farming activities, and posting it to the
common pinboard (see figure 2) (e.g. ’C Harv maize’ means harvest maize ’C’ represents all cropping activities; C Pest cassava’ means apply pesticides to cassava);
• A debriefing and discussion with farmers followed each simulated year to ensure
consistency for the indicated activities (e.g. sowing signifies harvesting);
• Results from the pinboard were immediately transcribed to a spreadsheet and verified later with the collected post-its and photographs;
• Results can be easily read and compared in form of crop calendars (similar to Gantt
charts, see figure 3);
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• the ’simulation day’ with each production type was closed with a general debriefing with the farmers including more in depth discussion about both the general
methodology, and ’real-world’ issues related to farming activities.
3.2

Results and discussion

Similar attempts of simulating farming activities have been endeavoured in previous
projects such as reported by Warong [2009]. This simulation workshop resulted in a
variety of insights such as: a diversity of individual (drought) coping strategies such as
postponing sowing activities, reducing land devoted to crops in case of drought, or reducing irrigation. Furthermore, the assumption that rain-fed farms are most sensitive
to droughts was conrmed, whereas Dimba farmers and IAA (integrated agriculture and
aquaculture) farmers demonstrate the lowest sensitivity. Figure 3 displays the results for

Figure 3: Crop calendar for maize upon altering reflecting farmers decisions in response to altering
water availability. Notes about codes: Session-Year-Farmer code: ’S1, S2 ...’= session number;
’Y1,Y2’= year one and two of simulation; ’F1, F2 ...’ = farmer number. Production system: RF =
rain-fed, IR = irrigated production systems

maize cropping calendars of the RF (rain-fed) and IAA sessions. Blue3 bars represent the
year with adequate water availability; yellow4 bars the year with insufficient water avail3 Dark
4 Light

grey in b/w print.
grey in b/w print.
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ability. Types of fields are indicated as (RF for rain-fed), (IR for irrigated) and (Dimba) in
each row. The most salient rule that emerged from the session is: if there is not enough
water in October/November, than sow in December. This rule was confirmed in the debriefing sessions, and demonstrates clearly the vulnerability of the RF farmers or the
RF fields of IR or IAA farms. Diversion irrigation brings significantly more flexibility to the
farmers, and enables them to have two harvests per year. Dimba production is even more
resilient with up to three harvests per year, since subsurface water availability diminishes
with a significantly higher lag time than surface water. Farmers consistently confirmed
that according to their experience Dimbas virtually never dry out. Reported calendars
for other crops show similar results especially for RF fields. As aforementioned, farmers
show a variety of individual decisions, and choice of crop. Although with only a limited
representativeness of seven farmers for each main production system of the Chingale
study site, the workshop results show common trends in water management by farmer
groups. These trends will be presented in a ’farm-level’ ABM to simulate monthly farming activities and validated with farmers. While the knowledge elicitation workshop could
only operate on monthly time steps, because of limited time for a session, the validation workshop can experiment with finer resolutions to examine the sensitivity of farmers.
Furthermore, rules for irrigation can be scrutinised.
4

C ONCLUSIONS AND OUTLOOK

The methodology of the knowledge elicitation workshop emerged from the field experience and model requirements on the one hand, but experiences from previous projects
have been studied and applied. In a situation of limited data availability elicitation with
farmers provides the necessary and relevant information for modelling. Strictly spoken
this model is not a result of co-modelling, since farmers do not participate in the design
process of the model. However, knowledge and experience of farmers play a central role.
During the workshop farmers repeatedly asked about the purpose of the model, and developed a good understanding of the approach. Scientific concepts such as production
systems or crop calendar could be tested upon their robustness with the experience of
farmers, since farmers do not think in these categories. In many respects the workshop
was a learning experience for both farmers and scientists. Researchers are now enabled
to formalise a set of rules for the cropping season in respond to weather conditions and
water availability. On the other hand the workshop resulted an awareness raising about
the adaptive crop calendar of the farmers. Furthermore, issues of improved marketing
were raised apart from irrigation problems. When reviewing the overall model approach
the workshop delivers a rule base for the ABM part of the integrated model. Once the
rules are validated they can be implemented in the combined ABM-WRM.
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