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Zusammenfassung
Die Mehrheit der in Armut lebenden Weltbevölkerung ist direkt oder indirekt von der Landwirtschaft abhängig. Die kleinstrukturierte Landwirtschaft trägt zu einem grossen Teil zum
nationalen Input und Output bei und ist wichtige Versorgerin der Welt mit Nahrungsmitteln.
Allein in Südasien decken Kleinbetriebe die Nahrungsmittelnachfrage von rund 1.3 Mrd.
Menschen. Landwirtschaft, Armut und die ökonomische Entwicklung sind stark miteinander
verbunden. Die Landwirtschaft trägt vielseitig zur Armutsreduktion und der ländlichen
Entwicklung bei und ist somit ein unerlässliches Element im Entwicklungsprozess auf betrieblicher, regionaler und nationaler Ebene. Sie sieht sich einer komplexen Problemstellung
gegenüber: Millionen Menschen müssen mit Arbeit und Nahrungsmitteln versorgt werden
während gleichzeitig die natürlichen Ressourcen nachhaltig eingesetzt werden müssen. Die
Landwirtschaft ist somit einem andauernden Entwicklungsprozess ausgesetzt, um auch in
Zukunft eine nachhaltige Versorgung der stetig wachsender Weltbevölkerung sicherzustellen.
Diese Doktorarbeit leistet einen Beitrag zum besseren Verständnis der Handlungsspielräume
dieser kleinstrukturierten Unternehmen.
Das Ziel der Arbeit war, die Ressourcenallokation im Spannungsfeld der Arbeits-, Produktionsund Konsumentscheide zu beschreiben und zu deren Verständnis beizutragen. Der Fokus der
Analyse liegt auf den Konsequenzen der Handlungen in einem sich stetig verändernden Umfeld,
charakterisiert durch einen Mangel an Arbeitskräften einerseits und an Kapital andererseits.
Präferenzen der Landwirte sowie die Auswirkungen saisonaler Produktionsschwankungen
und Arbeitsspitzen werden mitberücksichtigt.
Mittels eines systemischen Ansatzes wurden die Zusammenhänge zwischen den einzelnen
Komponenten kleinstrukturierter Familienbetriebe und deren Umfeld aufgezeigt. Die Lebensbedingungen und Entscheidungsmuster wurden in einem Fallstudienansatz mittels einer
Kombination verschiedener Methoden erhoben.
In einem ersten Schritt wurden sozio-demographische Informationen von 119 bäuerlichen
Haushalten in Meegahakivula, einem Dorf im Hochland Sri Lankas, gesammelt. In einem
zweiten Schritt wurden während eines Jahres Daten zu allen Waren- und Geldflüssen innerhalb eines Betriebes und zwischen dem Betrieb und seinem Umfeld erhoben. Die relative
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Wichtigkeit verschiedener Ziele aus der Sicht der Haushalte wurde mittels eines experimentellen Interviews bestimmt. Ein letztes Interview wurde verwendet, um Wissen über die
Wahrnehmung von Bodendegradation und den Einsatz des Leguminosenbaumes Gliricidia
sepium, eines möglichen Instruments um die Bodendegradation aufzuhalten, zu erlangen.
Die Daten wurden verwendet um ein System zu erstellen, welches die Zusammenhänge
zwischen Arbeitseinsatz, Produktions- und Konsumentscheidungen der Haushalte aufzeigt.
Dieses System stellt den Ausgangspunkt der System Dynamics Modellierung dar. Die im
Modell implementierten Entscheidungsregeln, die dazu dienen die Arbeitsallokation zwischen verschiedenen Aktivitäten zu simulieren, basieren auf den Zielen der Landwirte. Das
Zielsystem der Landwirte wurde verwendet, um die verschiedenen Haushalte anhand ihrer
strategischen Ausrichtung zu gruppieren. Vier Haushaltstypen wurden dabei definiert: (i)
Haushalte mit einer auf den Markt ausgerichteten Produktion, (ii) Haushalte mit einem nicht
landwirtschaftlichen Geschäftszweig, (iii) Haushalte, die zu einem grossen Teil ausserhalb der
Landwirtschaft Lohnarbeit leisten und (iv) Haushalte mit einem Fokus auf Selbstversorgung.
Die ökonomische Leistung der Haushalte sowie die Sensitivität der verschiedenen Typen für
Veränderungen im ökonomischen Umfeld wurden analysiert. Die Handlungen der Landwirte
sind hauptsächlich durch folgende Ziele beeinflusst: (i) Reduktion der Abhängigkeit von
gekauften Nahrungsmitteln, (ii) Sicherstellung der Ausbildung der Kinder, (iii) Ausbau der
Produktion, sowohl auf dem Feld, wie auch im Garten und (iv) Anbau und Nutzung von
Gliricidia sepium, eines Leguminosenbaumes. Die Studie zeigt, dass sich aus den Zielvorstellungen unterschiedliche Gruppen bilden lassen. Die ökonomische Leistung, gemessen am
Geldbestand, hängt von der jeweils gewählten Strategie ab. Trotz gleichen ökologischen Rahmenbedingungen und einer ähnlichen Ressourcenausstattung ist das Entwicklungspotential
der verschiedenen Haushaltstypen unterschiedlich.
Die Entwicklung des modellierten Geldbestandes folgt der saisonalen Verteilung, definiert
durch zwei Regenzeiten und einer Trockenzeit. Verglichen mit Preisschwankungen für Input
oder Nahrungsmittel, wirken sich Veränderungen im Lohnniveau fr alle Haushaltstypen
stärker aus. Haushalte, die ausserhalb der Landwirtschaft Lohnarbeit leisten, reagieren am
stärksten sowohl auf Veränderungen des ökonomischen Umfeld als auch auf den Einfluss von
Entwicklungsoptionen auf Betriebsebene. Haushalte mit einem Fokus auf Selbstversorgung
reagieren verglichen mit den anderen drei Typen weniger sensitiv.
Im Vergleich zu den anderen Haushalten basiert der Erfolg der Haushalte, die ausserhalb
der Landwirtschaft Lohnarbeit leisten, über das ganze Jahr gesehen hauptsächlich auf einer
effizienten Arbeitsallokation. Diese Haushalte sind am wenigsten von Unterbeschäftigung
betroffen. Haushalte mit einem Fokus auf Selbstversorgung sind in der Armutsfalle gefan-
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gen. Die ineffiziente Nutzung der vorhandenen Arbeit basiert auf einer Bevorzugung von
landwirtschaftlicher Arbeit in der Allokationsentscheidung und führt aufgrund eines nicht
ausgenützten Potentials zu einem konstanten Niveau der Geldunterversorgung.
Der Einfluss einer gesteigerten Produktivität, basierend auf einer grösseren Landfläche oder
einem höheren Selbstversorgungsgrad, hängt von den Opportunitätskosten der Arbeit ab. Ein
Anstieg der Produktivität ist – unabhängig vom Arbeitsinput – eine unabwendbare Vorbedingung, die ökonomische Situation der Haushalte zu verbessern. Eine Produktivitätssteigerung
kann auch helfen, den Tradeoff zu verringern entweder die eigene Arbeitskraft auf dem Betrieb
einzusetzen und so die Nahrungsmittelversorgung zu sichern, oder risikobehaftete Chancen
auf dem Arbeitsmarkt wahrzunehmen.
Eine Verbesserung der Lebensbedingungen der Haushalte in Meegahakivula und anderen
Regionen mit ähnlichen Rahmenbedingungen hängt hauptsächlich von zwei Elementen ab: von
einer ökonomischen Entwicklung, induziert durch Wachstum in anderen Sektoren, zum einen,
und von einer Steigerung der landwirtschaftlichen Produktivität zum andern. Ökonomisches
Wachstum würde den Haushalten andere Arbeitsmöglichkeiten ausserhalb der Landwirtschaft
bieten. Haushalte, mit komparativen Vorteilen in der Landwirtschaft könnten von einer
solchen Entwicklung profitieren. Das durch Abwanderung von Arbeit in andere Sektoren
freigewordene Land könnte dank einer Ausnützung von economies of scale und den Einsatz
von Dünger und Maschinen produktiver genutzt werden, um so die Einkommen der in der
Landwirtschaft verbliebenen Arbeitskräfte zu steigern.

Summary
The majority of the world’s poor depends, directly or indirectly, on agriculture. Smallholder
agriculture accounts for significant shares of agricultural output and national input and is a
major source of global food production. In South Asia alone, small farms cover the needs of
1.3 billion people. Agriculture, poverty and development are strongly interrelated. The role of
agriculture in development and poverty reduction is complex. Agriculture provides food and
labor, and by using natural resources is also an engine for development that boosts economic
growth. However, the need to develop agricultural systems itself is urgent in order to assure
food production for a growing world population by sustainably using natural resources.
This thesis contributes to a better understanding of the actions and driving forces of smallholder farming systems on a micro- and mesoeconomic level.
The overall objective was to describe and understand smallholders’ decisions of labor
(on-farm and off-farm), consumption (on-farm produced vs. bought on the market) and
production allocation. The consequences of farmers’ behaviors were analyzed considering their
preferences and the seasonality of production within a changing decision-making environment,
which is characterized by scarcity of labor and financial capital.
A farming system analysis approach was applied to detect interrelationships between the
components of a farm household and the framework of farmers’ decision-making. Living
conditions and decision patterns of 119 farm households located in the Sri Lankan hill country
were analyzed using different approaches.
In a first step, socio-demographic information was collected. In a second step, flows of cash
and goods within a household, as well as between the household and its environment, were
assessed over a one-year period. Furthermore, the relative importance of different objectives
was assessed using farmers’ evaluations. A last interview was used to gain information on
farmers’ perception of soil degradation and the use of the legume tree Gliricidia sepium as a
potential measure for reversing soil degradation.
The data sources were used to define a map picturing the interdependencies of labor
allocation, production and consumption. This map was the starting point for building a
system dynamics model. The decision rule defining different activities in the model’s labor
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allocation was implemented based on farmers’ objectives. The farmers’ objective system was
used to cluster the farm households based on their strategic alignment. Four household types
were defined: (i) households pursuing market-oriented agricultural production; (ii) businessoriented households; (iii) off-farm labor-oriented households; and (iv) self-sufficiency-oriented
households.
Farmers’ actions are mainly guided by the objective of decreasing their dependency on
purchased products, ensuring their children’s education, and increasing home garden and
field production. Additionally, the legume tree Gliricidia sepium was used to improve soil
fertility in home gardens. The study showed that differences in the strategic alignment of the
farm households exist. Model simulations showed that the economic development of the farm
household depends upon farmers’ strategies. The development potential and sustainability
of the economic performance are different under the same environmental conditions and
similar resource endowments. The performance and sensitivity to changes of the different
household types were analyzed using various scenarios of macroeconomic development that
were implemented in the model in the form of changes in input or output prices or wages
and various on-farm development options such as an increase in self-sufficiency levels or land
size increases.
The modeled development of the cash stock level of the households follows seasonal patterns
defined by two rainy seasons and one dry season. All farm household types are most sensitive
for changes in the wage level, which stands for developments in the demand for off-farm labor,
and hence the overall economic environment. Households with an off-farm labor orientation
are most sensitive to changes in the economic environment that are implied by on-farm
development options. Self-sufficiency-oriented households are less sensitive compared to all
other household types. The relative success of households focusing on off-farm labor as
a source of additional income is mainly based on efficient labor allocation over the year,
resulting in a low level of underemployment. Self-sufficiency-oriented households are caught
in a poverty trap. The inefficient use of the available labor force is grounded in a positive
discrimination of agricultural labor and results in missed off-farm labor opportunities. This
leads to a constant level of debt over the long run.
The impact of increased production based on increases in land size or higher rates of selfsufficiency depends on the opportunity costs for labor. An increase in productivity is
independent of the labor input and rather based on agronomic development such as, for
example, improved varieties. Although the impact of productivity gains is less pronounced
than price or wage shifts, it is still a vital precondition for reducing the trade-off between the
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need to devote labor to agricultural production on one hand, and labor market opportunities
on the other.
Improving living conditions of farm households in Meegahakivula depends on two main
pillars: economic growth and increased on-farm productivity. Economic growth would allow
households to leave the agricultural sector. Households with comparative advantages could
profit from productivity increases using the released land resources. Larger surfaces would
allow investments to again boost agricultural production and enforce the regional division of
labor.
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1 Introduction
1.1 Background
The world faces manifold challenges related to food production. The rapidly increasing and
diversifying demand for food from a growing and richer population has to be addressed in a
sustainable manner. Further, it must be assured that the world’s poorest no longer go hungry
[Godfray et al. , 2010]. The majority of the world’s poor depend directly or indirectly on
agriculture. In 2002, three out of four people in developing countries lived in rural areas
[WorldBank, 2007], with smallholder farmers representing a majority of the global rural
population. Smallholders are both a part of and the solution for problems concerning global
food scarcity. Smallholder agriculture accounts for significant shares of agricultural output
and national input, and is a major source for global food production [Hazell et al. , 2007]. In
South Asia alone, small farms cover the needs of 1.3 billion people, and in several countries
like Bangladesh, a majority of the cultivated area is operated by farmers with a land size of
just 0.3 hectares [Narayanan & Gulati, 2002].
Agriculture is the source of livelihood for an estimated 86% of the world’s rural population,
providing jobs for 1.3 billion smallholders and landless workers [WorldBank, 2007]. A dynamic
agricultural sector is an important driving force for the global fight for food security, as well
as against rural poverty. The recent decline in the 1 dollar-a-day poverty rate in developing
countries – from 28% in 1993 to 22% in 2002 – has mainly been the result of falling rural
poverty. While urban poverty remained nearly constant at a rate of 13%, rural poverty
dropped in the same period from 37% to 29% [WorldBank, 2007]. Nevertheless, there is still
a long way to go. In South Asia and Sub-Saharan Africa, the number of rural poor has
continued to grow and is expected to exceed the number of urban poor by 2040. For these
regions the World Bank sees a high priority to mobilize agriculture for poverty reduction
[WorldBank, 2007].
The agricultural sector is of utmost importance for many non-oil exporting developing
countries [Tschirley & Benfica, 2000], and contributes to the development of a country in
many ways. Agriculture serves as an economic activity within the sectoral portfolio of a
country, as a livelihood, and as a provider of environmental services [WorldBank, 2007].
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Agricultural ecosystems depend on natural resources for production. Furthermore, agriculture directly influences – often through the misuse of those resources – environmental
outcomes. A sustainable increase in food production, foremost in smallholder systems,
is an imperative for tackling various diverging global developments. Secure, stable and
safe access to food for an increasing population in a changing environment is one of the
main global challenges in future [WorldBank, 2007, Pretty et al. , 2006]. Degradation of soil
and vegetative resources threatens agricultural productivity, biodiversity, water quality and
availability, and food security in general [WorldBank, 2007, Foley et al. , 2005, Scherr, 2000].
Agriculture simultaneously endangers and provides environmental services such as carbon
sequestration, watershed management and biodiversity preservation. Although the scientific
debate about the valuation of environmental services is vital, these services are, especially
in developing countries, unrecognized and unremunerated [Hitzhusen, 1993]. Agricultural
development must go hand-in-hand with natural resource conservation to assure access for
future generations [WorldBank, 2007].
The presented research took place in Meegahakivula, a region in the Badulla District of
Uva Province, Sri Lanka. Meegahakivula is one of the poorest areas in Sri Lanka. Steep
slopes, degraded soils and low rainfall characterize the area. Farmers are also challenged by
limited access to markets. One important particularity of the research area is the presence
of the Sustainable Agricultural development Program (SADP), a program initiated by the
Ceylon Tobacco Company, which has been active for around one year. The SADP fosters
activities to improve soil quality and enhance farmers’ self-sufficiency levels. The research
area and the SADP are described in detail in Section 5.2.

1.2 Organizational embedment
To better understand the actions and driving forces of smallholder farming systems, they
were analyzed in a holistic approach within an interdisciplinary research program called
Reversing soil degradation by tropical legume trees using GIS analysis. The overall objective
of the program was to evaluate and analyze the effects of incorporating Gliricidia sepium
(G. sepium) leaves into the soil as well as how this affects crop productivity and farmers’
livelihoods. This was achieved through an interdisciplinary approach that included agronomic,
socio-economic and geographical aspects. G. sepium is a legume tree, and incorporating its
leaves into the soil improves both soil quality and soil moisture through an increase in the
soil’s organic matter content, and also enriches it with nitrogen [Egodawatta, 2010].
The agronomic component showed that increasing inclination and continuous cropping
decreases soil fertility (e.g. organic matter and soil nitrogen contents). Productivity in
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crop fields and home gardens is most restricted by increasing inclination and by drought.
Consequently, the incorporation of G. sepium leaves enhances soil organic matter content
and crop yields, which is more pronounced on smaller slopes and in home gardens. An
increased use of home gardens, which usually have greater soil fertility than crop fields, may
contribute to more food security and a higher income (more direct marketing of vegetables)
for smallholder farms [Egodawatta, 2010]. The project’s photogrammetric component has
built the Meegahakivula Geographic Information System (GIS) in the form of a common
database incorporating agronomic, socio economic, geographic and topographic data about
the area, which permits the analysis of spatial-related datasets (environmental, agronomic
and socioeconomic variables) of the study area. The Meegahakivula GIS is a web-based
platform linking different datasets, and serves as a database of variables used in various
analyses. It also has the potential to inform applied researchers and extension specialists to
transfer the results of this project into agricultural practice.
The research program – Reversing soil degradation by tropical legume trees using GIS
analysis – has demonstrated the potential of introducing a tree species to improve both the
productivity and sustainability of crop production in smallholder hill country farming systems.
It also shows how diverse the livelihood strategies of the different farming systems - related to
labor and production allocation decisions - really are. The program is the result of a successful
coalition of competences of scientists from different disciplines and universities (Peradeniya
University, Sri Lanka; Asian Institute of Technology (AIT), Bangkok; ETH, Zurich) along
with the knowledge of farmers. This thesis is a compilation of research conducted within
the socioeconomic component of the project. In the following section, the thesis’ various
objectives are described in detail.

1.3 Research objectives
This thesis contributes to a better understanding of the actions and driving forces of smallholder farming systems on both micro- and meso-economic levels. The focus of this research
lies on farm households and, their livelihood and strategies. Farm households are complex
systems characterized by strong interrelations of agricultural and non- agricultural allocation
decisions, as well as families’ food and non-food requirements. The attempt of this research
is to contribute to a better understanding of smallholder decision-making designated by
tradeoffs between production and consumption, and hence make-or-buy decisions. The aim
is thus to describe and understand the behavior of the rural population in the Sri Lankan
hill country to derive alternative pathways out of poverty. The decisions and the associated
behavior of the studied farm households are challenged by environmental restrictions such as
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low rainfall, soil degradation and unfavorable topographic conditions. Development of the
households is limited by various causes of poverty, such as a low level of assets, poor market
access and unreliable institutions.
The overall objective of this thesis was to describe and understand smallholders’ decisions on
labor (on-farm and off-farm), consumption (on-farm produced vs. bought on the market) and
production allocation. The consequences of farmers’ behaviors were analyzed considering their
preferences and the seasonality of production within a changing decision-making environment,
which is characterized by scarcity of labor and financial capital.
To reach this rather general objective, a holistic approach was chosen, guided by three
steps of scientific analysis: describing, understanding and explaining. The analysis covered
four different aspects, each specified and operationalized by different sub-objectives. For
any of the four aspects, a respective objective was formulated. Each of the different objectives alone contributes to a better understanding of specific elements and factors of the
farm household systems. These elements and factors are at least partly interdependent and
necessary to understand the farm households analyzed. The achievement of the objectives
was conceptualized using different research questions that guided the analysis. The research
questions and the corresponding hypotheses are included in the introduction of the chapters
where the respective analyses are discussed (see Chapters 5-8), and are numbered according
to the different objectives.
Objective 1: Describing the object of investigation, the farm households in Meegahakivula, from an economic point of view
The first objective dealt with the economic situation of the smallholder farm households in a
static manner. The political and economic context and the problems faced by these farm
households are described. Therefore, characteristic factors of the research setting were defined
and explained. The tasks connected to Objective 1 led to a general systemic description of
the farm households in Meegahakivula. A conceptual model of a generalized farm household
system was defined, which helped to identify characteristics of the area and the research
setting in general. The conceptual model defined flows of both cash and goods within a farm
system and between the system and its environment. The following sub-goals were used to
concretize Objective 1:
Objective 1.1: Defining a conceptual model for the Meegahakivula household farming
system (MHFS). This model captures the relevant factors defining the farm households and
allows the inclusion of individual peculiarities.
Objective 1.2: Conducting a descriptive analysis of the flows of cash and goods using data
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collected in a one-year survey, including the influence of environmental conditions such as
weather or influences induced by the SADP on the flows of cash and goods
Objective 2: Describing and analyzing farm households’ strategic alignment and
their perspective of soil degradation and measures to mitigate it
This objective concentrates on the motivations behind the decisions and the behavior of the
studied farm households. The subjective perspectives such as households’ objectives, their
perception of soil degradation and potential measures to mitigate degradation, were analyzed.
The following sub-goals were used to concretize Objective 2:
Objective 2.1:Assessing farm households’ perception of soil degradation, as well as the
perceived effects of measures to improve soil quality in general, and by G. sepium in particular
Objective 2.2: Assessing the objectives of the farm households and their subjective perceived
probability to achieve the respective objective, and derive partial-worth utility for each of
the objectives
Objective 3: Defining household types within the sample of farm households
To understand and analyze the farm households in detail, the sample was clustered according
to the objective structure of the households. The clusters represent groups of farm households
classified according to their strategic orientation. The following sub-goal was used to specify
Objective 3:
Objective 3.1: Clustering the sample of farm households based on the strategic alignment
represented by the objective structure of the farm households
Objective 4: Comparatively analyzing the outcome of the economic activities
of the different farm household types and their sensitivity to changes in the
macroeconomic environment, as well as evaluating the potential for development
of the different farm household types
The defined household types, as well as the data described and analyzed, were incorporated
in a system dynamics model by analyzing the economic performance and the sensitivity of
different farm household types. The following sub-goals were used to concretize Objective 4:
Objective 4.1: Modeling and assessing the economic performance and the potential for
development of the different farm household types defined under Objective 3 by using a
system dynamics simulation model.
Objective 4.2: Analyzing the sensitivity of the farm households to changes in the macroeconomic environment using the simulation model.
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1.4 Research design and structure
In light of the objectives presented above, the research design is described in this section.
The conducted analysis was a case study that included 119 households in six different villages
(for details, see Chapter 5.2). The sample was composed of two sub-samples. Differences
between the two sub-samples, defined by SADP members (n=96) and non-members (n=23),
were analyzed for each research objective.
Farm households in Meegahakivula, which were the subject of the investigation, were
modeled decision-makers. Farm households’ decisions and their behavior are influenced by
environmental conditions, and are formed by the political and economic environment on
the one hand, and geographic and agronomic resources on the other. The decision-maker is
confronted with two different decision fields. The strategic decision field is characterized by
the objectives and expectations of the decision-maker, while resources, assets and monetary
limitations define the operational decision field. In other words, the two fields combine both
desirable as well as feasible options.
The thesis is divided into nine chapters. After the introduction, theoretical considerations and
state-of-the-art research is collected and presented to contextualize the topic theoretically. In
Chapter 2, common knowledge about agricultural and development issues, as well as poverty
and smallholder farming is discussed. In Chapter 3, the rules and models of decision-making
lay out current progress in smallholder farm household decision-making. The methods used
in this study are presented and discussed in Chapter 4.
In Chapters 5-7, the object of the study - the farming households in Meegahakivula are described and analyzed. The analysis was based on intense data collection of economic
activities of the farm households. Figure 1.1 explains how the farm households are described
and analyzed, and which data was used. Three different interviews were conducted to describe
each household. With a one-year survey, all relevant in- and outflows of cash and goods were
collected. This survey provided information on the monetary and physical flows and the
activities of the households, including labor allocation, as well as production and consumption
decisions, on a monthly basis. The socio-demographic interview was used to characterize
the farm households and provided information such as the size and demographic structure,
educational levels and household infrastructure. The third interview assessed the household
heads’ perception of soil degradation and soil management practices. The last source of
information was an experimental interview used to assess farmers’ utility based on their
objectives. The obtained information was used to categorize the households into groups
based on their strategic alignment.
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Organization of the data set	


119 farm households in 7 villages	
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Modeled economic performance and sensitivity of different farm types	

Figure 1.1: Describing and analyzing farm households in Meegahakivula

A System Dynamics model was built to simulate the decisions of the different defined
household types based on their strategic alignment. The model is introduced in Chapter 8.
The model analyzed the sensitivity of the different groups of farm household to changes in
the environment. Impacts of changes in the macroeconomic environment, as well as based on
on-farm development options are simulated.
The results of the different analyses are discussed in a holistic manner in the conclusion of
this study, Chapter 9, which builds a bridge to the theoretical consideration of the second
part, and discusses the result in a more general way to derive broad conclusions that may also
be valuable in similar circumstances. Furthermore, based on the results and the experiences
gained, pathways for further research are presented.

2 Agriculture, poverty and development
The objective of this chapter is to present the links that exist between agricultural systems in
developing countries and poverty and development issues. As such, the chapter defines what
poverty is and how it affects the lives of millions. Thereafter, the chapter links agriculture
with poverty and defines different development objectives to alleviate poverty, increase food
security and boost rural development.
In 2005, the World Bank published Agricultural Growth for the Poor, a book exploring
the agenda for development issues [WorldBank, 2005]; this book is used as a guideline for
defining the global framework of this study. Since a majority of the world’s poor still
depends directly or indirectly on agriculture, the World Bank stresses the importance of
agriculture as an engine for growth. During the green revolution between the 1960s and
1980s, many impoverished people benefited from investments in agricultural development
[WorldBank, 2007]. However, a sharp decline of investments in agriculture after the successes
of the green revolution was observed in the late 1980s [DFID, 2004]. Investments shifted
towards other sectors and into institutional development. Based on this shift, there is a
growing need for investments in agriculture - including the up- and downstream sectors of
developing countries.

2.1 Poverty and vulnerability
In their paper on the economic lives of the poor in 13 countries, Banerjee and Duflo [2006]
provide meaningful insight. The following description of how the poor live is based on their
analysis.
The poor live in large families or together with people they are not conjugally related to in order to spread the fixed costs of living over a larger number of people [Banerjee & Duflo, 2006].
An important distinction is whether the poor live in rural or urban areas. Poverty is predominantly still a rural phenomenon [Dercon, 2009]. Based on an increased rural exodus
and some success in poverty reduction, the amount of the "1 Dollar a day" poor in rural
areas fell by 150 million between 1993 and 2002, while it rose by 50 million in urban areas.
Nevertheless, poverty remains a primarily rural issue [Ravallion et al. , 2007]. Most of the
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rural poor do own some land as an asset, which is obviously not common for the poor
living in urban areas. The land market is an important issue for the rural poor, because
in many developing countries land records are incomplete and property rights are often
insecure. The poor generally do not complain about their wealth or about their lives in
general. Banerjee and Duflo [2006] argue that the poor certainly feel poor, whereas they do
not have particularly low levels of self-reported happiness or wealth status compared to other
groups [Banerjee & Duflo, 2006]. On average, both the poor and extreme poor in urban, as
well as in rural areas, do not generally spend more than 2% of their household budget on
education. Poor children typically attend governmental schools or others, which are free of
charge.
Poor people have a diversified portfolio of income sources, while rural poor are generally
self-employed in agriculture. Although not well-reported, temporary migration to work seems
to be widespread and ranges from a duration of a few days to a few months. In contrast,
permanent migration does not seem to be a frequently chosen option [Banerjee & Duflo, 2006].
Poor families search for economic opportunities, but they avoid a high specialization in their
activities. For rural households, agriculture is an important source of income but is not
practiced to the point where it provides a means of earning a full living (for example, by
buying, renting or sharecropping more land). On the other hand, most of the households
depend on income from outside work. The poor do not neglect agricultural activities
completely. This makes them less flexible on the job market and hinders on-the-job training
and better practices [Banerjee & Duflo, 2006]. Running a small business as a second or
third income source is common. Most of these businesses have few assets and are operating
at a scale too small for efficiency [Banerjee & Duflo, 2006]. This risk adverse behavior is
directly related to the fact that the poor tend to be more vulnerable to various income
shocks [Balisacan & Fuwa, 2007]. The level of vulnerability could exacerbate the future depth
of poverty. Considering the consequences of negative income shocks, the poor pursue an
’income smoothing’ strategy by choosing safer economic activities or investments yielding
lower returns [Balisacan & Fuwa, 2007].
The economic choices however, are also constrained by a poor market environment and a
lack of infrastructure. Access to credit, for example, is often limited and costly, especially
when the source of these credits is informal. The overwhelming source of borrowed funds
is informal, where relatives, shopkeepers, moneylenders and other villagers are the contract
partners. Credits, especially from informal sources, tend to be expensive. The high costs
are a result of the high costs of contract enforcement rather than high rates of default
[Banerjee & Duflo, 2006]. As a result of lenders intense activities to make sure that their
loans get repaid, a delay in repayment is common, while actually defaulting is rare. High

2.1 Poverty and vulnerability

11

contract enforcement costs, which potentially exceed the loan amount, make lenders reluctant
to lend to the poor [Banerjee & Duflo, 2006]. Other common forms of community based
credit institutions are informal credit clubs, where every member makes sure that the partners
maintain their savings, self-help groups lending shared money to members, or rotated savings
and credit associations, where members lend money to others on a rotating basis. Although
reporting is limited, the poor tend to have very limited access to formal insurance. Under
economic stress, the poor ’insure’ themselves by eating less, taking children out of school or
limiting medical treatments. The weakness of informal insurance systems is not a surprise; the
poor live in communities with other families living in similar conditions. However, the informal
social networks covering risk are not very diversified [Banerjee & Duflo, 2006]. Generally,
governments in these countries are not effective at providing insurance. In Sri Lanka, the
Samurdhi-scheme provides some form of income insurance through safety-net food-for-work
programs. Under such a program, beneficiaries are entitled to a certain number of days of
physical labor to obtain some remittance. The poor suffer from limited access to efficient
markets and quality infrastructure. The poor typically own too little land for the amount of
available family labor, but access to credits to increase land size is limited. Spreading risk
to reduce vulnerability is one reason for a low degree of specialization. Part time off-farm
employment reduces agricultural risk, while agricultural activities reduce dependency on the
nonagricultural job market. Limited land resources and the lack of agricultural infrastructure
such as irrigation facilities lead to both the permanent and seasonal oversupply of labor.
Financial constraints hindering capital accumulation for investments in either agricultural
infrastructure or in business activities fully occupies families, and forces them to work off-farm
[Banerjee & Duflo, 2006].

2.1.1 Transient and chronic poverty
It is not just the magnitude of poverty that differs between countries; more important is the
nature and duration of poverty [Barrett & Swallow, 2006]. Panel data shows that among
a population at any point in time, there are some who are always poor, while others are
in a temporary situation of poverty [Balisacan & Fuwa, 2007]. The measurement used to
distinguish between persistent and transient poverty is the official poverty line of a country.
The number of persistently poor seems to be relatively small compared to the observed
number of families moving in and out of poverty. The size of the different groups differs
depending on the poverty measure used. The share of transient poor is higher if household
income is used as a poverty measure. This share decreases when poverty is estimated using
consumption expenditures as the indicator [Balisacan & Fuwa, 2007].
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Transient poverty is affected by short-term luck or misfortune and shocks based on the
absence of risk-coping abilities. Persistent poverty on the other hand, seems to be determined
by factors with a long-term impact [Jalan & Ravallion, 1998]. In their study on determinants
of transient and persistent poverty in China, Jalan and Ravallion [1998] observed that greater
wealth holdings and lifecycle stages are significant determinants of both transient and chronic
poverty. Demographic characteristics, human capital, the size of cultivated land and the
return on land (measured by grain yield for example) are factors influencing solely chronic
poverty. Low asset returns and a relative inability to cope with negative shocks are aggravated
when these shocks occur repeatedly [Balisacan & Fuwa, 2007]. Estudillo et. al. [2006] found
in a study in rural areas of the Philippines that 90% of the differences related to income
growth between households from 1997-2004 was due to a change in returns to assets such
as land and human capital [Estudillo et al. , 2006]. Only 10% of the observed differences in
income growth were attributed to changes in endowments. Green Revolution technologies
are an example of an exogenous change that increases the returns to land. Investment in the
rural nonagricultural sector leads to an increase in returns on human capital compared to
those on agricultural land. Besides exogenous productivity increases, there is a huge potential
for the endogenous increase of returns through, for example, agroforestry. The incorporation
of trees improves the return of land through the addition of food and fiber products.
Poverty traps
The concept of poverty traps explains why people remain poor [Barrett & Swallow, 2006,
Azaridis & Stachurski, 2004, Barrett, 2008]. A poverty trap, into which people may fall
and have difficulties escaping, is based on a fundamental divergence of standard economic
models of growth. A poverty trap depends on the existence of multiple dynamic equilibria
[Barrett & Swallow, 2006]. The idea of multiple equilibria has been around for at least seventy
years (Young [1928], Rosenheim-Rodan [1943] and Myrdal [1957], cited in [Barrett, 2005]).
Barret [2005] explains the existence of such equilibria by using thresholds of wealth that
people have difficulties crossing from below. Above those thresholds, endogenous growth
processes carry people toward a high productivity-steady state. Below the line, people sink
toward a low productivity subsistence equilibrium [Barrett, 2005]. Threshold effects generate
bifurcated welfare dynamics. Some people stay poor while others manage to climb out of
poverty. Without such thresholds, poverty would be transitory, with everyone converging
towards a single-equilibrium income level. The idea of multiple dynamic equilibria and its
implication of threshold effects become especially salient because it gives rise to significant
potential endogenous change in return-to asset endowments. Risk avoidance behavior, for
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example, can cause an endogenous selection of low-return portfolios that have relatively
low variability in returns [Rosenzweig & Binswanger, 1993]. As another example, credit
market imperfection could constrain the feasible matching of variable input choices with
quasi-fixed factors of production, such as assets. This leads to a positive correlation between
a household’s ex ante asset stock and the rate of return on those assets.
Besides the fact that specific circumstances matter a great deal, there still exists a
knowledge gap in the economic literature regarding which institutions are particularly
important, and how they should be organized to eventually lead the poor out of the poverty
trap [Ruijs et al. , 2008].

2.1.2 The resource-poverty nexus
Poverty and environmental degradation go hand-in-hand [Norton et al. , 2006, Scherr, 2000].
Phenomena like overgrazing, soil depletion due to the lack of fertilizer, the loss of topsoil
and landlessness, pushing the poor into indigenous forests, underline how rural poverty
and its reduction is linked to the natural resources base [Ruijs et al. , 2008]. This link is
two-sided and will intensify in coming decades [Scherr, 2000]. While the economic wellbeing of the rural poor depends directly on the quality and the availability of natural
resources, poverty endangers the local environment [Ruijs et al. , 2008]. Ruijs et al. [2008]
call this interlink the resource-poverty nexus, which is characterized by three different
aspects. First, negative externalities of agricultural production such as erosion due to
improper land management and deforestation, the contamination of drinking water through
fertilizer and pesticide use or the depletion of groundwater sources all affect the income
levels of the poor. Second, pressure from the government or donors on the rural poor to
reduce these negative externalities of production might have severe effects on their income.
Third, communal ownership and management, as well as unsecured property rights reduce
the incentive to produce sustainably [Ruijs et al. , 2008]. Different explanations of the
causes and consequences of soil degradation exist in the literature. Ruijs et al. [2008]
mention three different possible arguments of this cause and consequence relationship. The
Malthusian explanation underlines that due to increased population pressure, fallow periods
are becoming shorter. This results in a vicious cycle between land degradation and poverty,
with consequences to long-term losses in ecosystem services for a short-term increase in food
production [Ruijs et al. , 2008]. The Boserupian argument is that population pressure and
declining yields induce farmers to intensify land usage. Higher fertilizer and pesticide inputs,
high-yielding varieties and improved land management techniques are used to maintain soil
fertility, which thus replaces fallowing. These new technologies lift farmers out of their
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chronic poverty situations [Ruijs et al. , 2008]. A third argument is the strong influence
of the institutional setup on the land use-poverty nexus. Institutional factors like land
tenure, land and labor constraints, as well as uncertainty in factor, product and capital
markets all affect farmers’ land use and conservation strategies and their willingness to
adopt improved production practices [Ruijs et al. , 2008]; which of these three strategies is
valid strongly depends upon circumstances. Better-off farmers will probably try to intensify,
because they are willing and able to take higher risks using their relatively superior position
to gain access to better resources. Improved off-farm labor conditions could help break
this vicious degradation-poverty cycle [Ruijs et al. , 2008]. Incentives are another means of
reducing risk and increasing the willingness to change the land use patterns towards increased
sustainability.
Soil degradation - an example of a resource poverty nexus
Sound environmental management is generally recognized as being essential for sustainable
agricultural and economic development. Historical evidence suggests that the economic decline
of empires in Mesopotamia and the Indus Valley was, at least in part, due to widespread
salinization and the waterlogging of irrigated land. Declines in ancient Israel, Lebanon,
Greece and Rome were due to topsoil losses (Hillel [1991] cited in [Scherr, 1999]). Topsoil
is one of the world’s most important natural assets [Norton et al. , 2006]. Soil degradation,
defined as lowering and losing the current or potential capability of soils to produce plant
materials of desired quantity and quality, is a major threat to food security, ecological health
and sustainable development [Chen et al., 2002]. It is estimated that nearly 2 billion hectares
of soil resources in the world have been degraded. This accounts for around 22% of all
cropland, pasture, forest and woodland [Scherr, 1999]. The share of land with terrain or soil
constraints in rain-fed land of crop production potential, for example steep slopes, low natural
fertility, sandy or stony soils, salinity or sodicity is 67% in all developing countries (excluding
China), and 42% in South Asia [Scherr, 1999]. There exists a wide range of degradation types
that are not all easily reversible [Scherr, 1999, Chen et al. , 2002]. Generally, two main types
can be distinguished: quantitative and qualitative decreases. A reduction of soil quantity is
mainly due to an increase in urbanized areas. Soils are lost due to mining and abandoned
as wasteland. The most important reasons for a qualitative decrease are: (i) material loss
due to soil erosion and desertification; (ii) nutrient depletion, compaction and crusting or
acidification and salinization due to process disturbance, and (iii) environmental pollution
through pesticide, heavy metal or radioactive contamination [Chen et al. , 2002]. Young
[1994] distinguishes between direct and underlying causes of degradation. Regarding cropland,
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pastures and water resources, improper crop rotations, unbalanced fertilizer use and many
others, the underlying causes behind these inadequate practices are often economic in nature
[Young, 1994]. Land shortage is one major issue [Banerjee & Duflo, 2006]; in addition to a
general shortage, the unsecured property rights of land make it difficult to obtain sufficient
food and income. Incentives to maintain land in good condition, while not knowing how
long the land use is assured, are low [Young, 1994]. The economic consequences in terms
of costs are difficult to estimate. Young [1994] estimates that land degradation in South
Asia is costing the countries in the region losses of approximately 10 billion USD, which is
equivalent to 7% of their combined agricultural gross domestic product (GDP). Farmers often
invest in different measures to improve soil quality and its abundance through various soil
fertility amendments and soil conservation techniques [Rennings & Wiggering, 1997]. This is
a challenging task, as most tropical soils are low in organic matter. Microorganisms under
warm and humid tropical climatic conditions rapidly break down organic matter. Essential
plant nutrients such as phosphates and nitrates are thereby released and, due to heavy
rainfall, are leached out or removed by agriculture in the form of harvested biomass. Low
organic matter soils are easily eroded under rainfall or by wind when they are not covered by
vegetation [Upton, 1996].
Land degradation and erosion could be considered among the most urgent problems in
developing countries. Historically, economic development has been based on the exploitation
of natural resources. For a long time this was no major issue because population density
was low. With a growing population, however, land became scarce, and production shifted
to marginal areas with steep slopes and a high potential for erosion and degradation. Soil
erosion and degradation not only has an on-farm implication of decreasing productivity, but
can also result in major downstream or off-site damage, with a large impact not only to
the land manager, but also the entire society in a given area [Hitzhusen, 1993]. Hitzhusen
[1993] argues that the exploitation of natural resources, particularly in developing countries,
continues because these resources are undervalued and hence not priced at their marginal
social value [Hitzhusen, 1993]. The urge for agriculture in developing countries to increase
farm production to meet increasing food needs, induced by developments on the overall
economy, threatens the natural resource base. Inorganic fertilizers and improved varieties are
possible measures to increase yields and hence income. Fertilization supports the increase of
soil nutrient contents, while soil organic matter content is diminishing. This thesis assesses
farmers’ perception of soil degradation and measures to improve soil quality. Both monetary
and non-monetary inputs are considered. The SADP boosts the incorporation of G. sepium
and compost as main sources of both nitrogen and organic matter-improving soil structure.
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2.2 Development
The diversity of experiences and successes in the development of countries are considerable.
Some countries and regions have experienced rapid economic growth resulting in a considerable
decrease of poverty, while others have fallen behind [Szirmai, 2008]. In economic theory,
economic growth is an inevitable necessity for the development of a growing world population.
The economic growth of a country with a strong agricultural sector is in general accompanied
by a transformation from agriculture to other activities [Norton et al. , 2006]. This section
deals with the issue of agricultural development. In doing so, it inevitably broadens its
perspective to non-agricultural sectors. Agricultural development is highly dependent on an
increase in demand by wealthier consumers, and is based on structural changes and a shift of
the labor force from agriculture into other sectors.

2.2.1 Models and theories on economic development
Any theory on development examines how economic growth can be integrated into the
transformation process, thereby producing higher standards of living. This section provides
an overview on the evolution of development theory, with aspects of sustainable development
being discussed. Norton and his colleagues provide in their book – Economics of agricultural
development – a comprehensive overview about the historical development of different models
and theories on economic development [Norton et al. , 2006]. A very brief summarized
overview about the development of evidence on economic development is presented in this
section.
Classical economics
The 18th century was a period of both economic expansion and population growth. Political
leaders argued that more people would help make each country richer. Thomas Malthus
challenged this idea. For him, population is limited mainly by food and a fixed supply of
high-quality land. Ricardo agreed with Malthus, and was even more pessimistic about the
possibility of sustained growth under a situation of growing population, given the law of
diminishing returns [Norton et al. , 2006]. Classical economics, established in the mid of the
19th century, is regarded as the first modern school of economics. One important issue of
the classical period, which is viably debated, is the role of international trade. At the time,
conventional wisdom was that the wealth of an individual or a country could be measured by
the amount of possessed monetary assets. Exports were believed to be better than imports,
and this mercantilistic view led to trade restrictions in Britain and elsewhere. Adam Smith
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and later John Stuart Mill and David Ricardo challenged this idea [Norton et al. , 2006].
Free trade in both directions would produce higher standards of living, they believed. The
associated ideas of labor division based on specialization, utilizing comparative advantages
as important preconditions for viable trade, remain key concepts in modern economics
[Norton et al. , 2006].
Classical theory can simplified be described as follows. There exist two types of people:
workers, and capitalists. Workers’ only assets are their labor, while capitalists own land
and capital. In an equilibrium state, income from production is used to pay wages at a
certain level, which just covers workers’ subsistence [Norton et al. , 2006]. A new invention
or other favorable events creates a production increase. This increase allows the capitalist to
accumulate capital after paying workers their subsistence wages. This capital accumulation
increases labor demand, which in the short run tends to increase wages. The increased
wage level, over the level of subsistence, drives the population to grow, and hence food
demand increases. As the amount of high quality land is fixed, this population increase brings
lower-quality land into production to meet the growing food needs. Food prices thus rise,
as costs for production on lower-quality land is higher. The effect of a growing population
on the one hand, and higher food prices at the other, drive the real wage or the wages
paid divided by higher food prices, back to subsistence levels, which leads to a decline in
population growth [Norton et al. , 2006].
History has shown that this classical model underestimates the role and the effects of
technological progress [Norton et al., 2006]. Other factors that decrease birth rates under
economic growth tend to be underestimated. Nevertheless, aspects of the classical model,
especially its emphasis on diminishing returns and the implications for trade, significantly
influenced subsequent theories of economic development [Norton et al. , 2006].
Growth stages
By the late 19th century the world, especially Europe and North America, had observed
enough economic development to notice a clear shift in the mix of economic and especially
labor activities. Many economists focused on these patterns of change, arguing that economies
moved through sequential growth stages [Norton et al. , 2006, Rostow, 1959]. Most growth
stage theories developed e.g. by Marx and Rostow attempt to emphasize that economic
development involves structural changes of both the economic and the social environment of
a country [Norton et al. , 2006].
In the early 20th century, Alan Fisher and later Colin Clark developed a theory where
transition from agriculture to manufacturing and services occurs not because of governmental
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interventions, but based on an increase of output per worker as well as advances in science
and technology [Norton et al., 2006]. In the late 1950s, Walt W. Rostow, another stage
growth theorist, argued that changes were closely related to the growth rate of per capita
income, which would experience a take-off into sustained growth once enough capital had
been accumulated [Rostow, 1959]. The idea of growth stages fell out of favor in the 1950s.
Most economists no longer understood economic growth as a predetermined sequence of
stages, but focused on the gradual accumulation of productive resources, particularly capital
[Norton et al. , 2006].
Capital accumulation
Roy Harrod and Evsey Domar developed the first theory based on capital accumulation
[Norton et al. , 2006]. The Harrod-Domar model showed how the rate of output growth
is limited by the level of investments, and hence the national savings rate, multiplied
by the productivity of those investments [Solow, 1988]. In the 1960s, when the HarrodDomar model was first applied to low-income countries, it was recognized that besides
national savings, borrowing from abroad could add to national savings, which enables
faster growth of the stock of capital [Norton et al. , 2006]. The amount of attention on the
efficiency with which these additional funds were spent was low. In the mid 1950s, Robert
Solow worked out a model in which the additional capital experiences diminishing returns
[Solow, 1956]. The long-run growth rate of per capita income is in this case driven by the
rate of technological progress rather than savings. Solow did not explain how technological
progress is generated. New technology and hence the rate of economic growth was treated as
exogenous [Norton et al. , 2006].
Dual-economy models
The first mathematical models of growth used a single sector to describe the whole economy
by focusing on capital accumulation. Soon after, economists produced two sector models
in which growth and poverty alleviation depends crucially on labor allocation. The most
influential two-sector model was developed by W. Arthur Lewis and subsequently modified
by John Frei, Gustav Ranis, Dale Jorgenson and others [Norton et al. , 2006, Fields, 2004].
This model illustrates the potential of the use of surplus labor and technological progress in
agriculture to achieve economic growth. It is assumed that a large population engaged in
traditional agriculture exists for which the marginal product of labor is below the wage rate.
Based on this assumption, a disguised unemployment exists. Production only marginally
drops if people are removed from agriculture. In such a labor surplus economy, a transfer
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of labor input from agriculture to the industrial sector drives development. The additional
profit generated is used for further economic growth [Winters et al. , 2010]. This shift of
labor continues as long as the marginal product of labor (or in other words, the demand for
labor) remains constant.
The dual-economy models represent a very simplified view of the situation in countries
with underemployment, and have several limitations. First, evidence indicates that only few
countries have excess labor in agriculture [Fields, 2004]. Furthermore, in reality the marginal
product of labor is not zero. A second limitation of the model is the lack of international
trade possibilities. Most importantly, however, the costs of resource use, research and
education necessary to enable higher production and technology adoption are not included
[Norton et al. , 2006].
Dependency theory and protectionism
A number of theorists in the 1950s and 1960s considered international trade and investments
as a cause rather than a remedy of poverty in the developing world. They argued that trade
would make the poor more dependent and weaker [Norton et al. , 2006]. Dependency theory
covers different arguments that lead to the conclusion that governments of poor developing
countries should protect their local economies from foreign trade and investments in order to
enforce self-sufficiency and political and economic independence [Norton et al. , 2006].
Structuralists such as Raul Perbish and Hans Singer argued that market forces would limit
the degree to which poor countries are able to develop through trade. Their main argument
is that the terms of trade (ratio of prices of exports to prices of imports) would become
unfavorable for developing countries over time [UNCTAD, 2005]. These negative terms of
trade are a consequence of the fact that a country’s export goods are mainly primary products
for which prices decline relative to the manufactured goods they import. However, during
the 1970s and 1980s, evidence showed that industrialization aiming at the substitution of
imports in favor of domestic production could generate only a temporary burst of economic
growth [Norton et al. , 2006] (see also Chapter 5.1.2).
Contemporary growth theory
In the 1980s there was enough statistical information available on national income across
countries to test the basic predictions of the standard growth model, which was introduced
thirty years earlier by Robert Solow [Norton et al. , 2006, Solow, 1956]. The results of
these analyses were surprising. The Solow model predicted that poor countries could
have the potential to catch up with rich ones, based on diminishing returns to capital
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[Norton et al. , 2006]. Statistical analyses could prove such a convergence, but only among
selected countries. Countries within the highest-income group showed continuous growth
with no evidence of diminishing returns, while in the meantime poorer countries grew even
faster to catch up, and others just stayed poor. Rich countries’ growth without diminishing
returns is based on the flow of new technologies. Technological innovations are a precondition
for growth, but not all countries are able to generate or use these innovations effectively
[Norton et al. , 2006].
Besides technological innovations, structural transformation is another precondition for
development and hence a pathway out of poverty. At a macroeconomic level, this structural
transformation can be characterized by four interrelated processes: (i) a declining share of
agriculture in GDP and employment; (ii) significant urbanization through migration; (iii)
the rise of a modern and productive industrial and service economy; and (iv) demographic
transition from high to low birth and death rates [Timmer & Akkus, 2008]. A mono-causal
explanation for development, which resists in the face of empirical evidence, does not exist
[Szirmai, 2008]. The success of development depends on manifold internal and external
factors and determinants. Natural resources, geographic location, corruption, the ability of a
country to develop and accumulate financial and human capital, the protection of property
rights by a stable institutional framework and well-adapted economic policies are among
the most important factors. The potential success of development lays in the interaction of
these complementary factors and determinants, as well as the timing of these interactions
[Szirmai, 2008]. The interplay among technology, natural resources and human capital
continues to be an active area of research and scientific debate.

2.2.2 Sustainable development
Sustainability – a widely used and discussed term – has its origin in a report of the World
Commission on Environment and Development presented to the UN1 General Assembly
in 1987. The report is better known as Brundtland Report2 named after the chair of the
commission, Gro Harlem Brundtland. Development – according to the definition of the
Brundtland Report – is sustainable only if it
"...is a process of change in which the exploitation of resources, the direction
of investments, the orientation of technological development and institutional

1
2

United Nations
http://www.un-documents.net/wced-ocf.htm, 06.11.2009
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change are all in harmony and enhance both current and future potential to meet
human needs and aspirations."
Bearing the potential user conflict between different generations in mind, this leads to the
most cited summary of the definition of this report:
"Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own needs."
The scientific debate about a concretization of the sustainability concept has been vast and
intensive. The definition of sustainability as a process rather than a destination has helped
to get closer to a commonly accepted understanding. As a result of the scientific debate,
Rennings and Wiggering [1997] summarize three main management rules of resource use: (i)
harvest rates of renewable resources should not exceed regeneration rates; (ii) waste emissions
should not exceed the relevant assimilation capacities of ecosystems; and (iii) non-renewable
resources should be exploited in a quasi-sustainable manner by limiting their rate of depletion
to the rate of creation of renewable substitutes [Rennings & Wiggering, 1997].
Rennings and Wiggering [1997] identified two different strategies dealing with sustainability.
A first strategy identifies the inefficient use of natural resources due to market failures as
being the main reason for environmental problems. The economic strategy focuses on getting
prices right by estimating the costs and internalizing them. The basis for this approach is
the concept of weak sustainability, which assumes that different capitals (e.g. manufactured
and natural capital) are substitutes. Ongoing technical progress is an engine that enables
this substitution [Stiglitz, 1974]. Technical progress increases the productivity of natural
resources and thereby offsets the increasing scarcity. Hartwick [1977] proposed that society
should invest the current returns from the use of flows of exhaustible resources in reproducible
capital to achieve a constant consumption over time [Hartwick, 1977]. The concept of
weak sustainability can be seen as a co-product of growth theory including exhaustible
resources if: (i) the definition of sustainability is restricted to non-declining per capita
consumption; and (ii) the relationship between the environment and economy is limited to
the introduction of an aggregated input called natural capital into the production function.
The only limitation to this input is its exhaustibility [Gutes, 1996, van Passel, 2007]. The
traditional economic definition of capital, which includes labor, land and human-made capital,
is hence enlarged by other types of capital. The costs of environmental deterioration, such
as soil degradation, can be compensated for by benefits from manufactured capital, such
as income [Rennings & Wiggering, 1997]. Weak sustainability requires at least a balance
between these different capitals. Although the number of capital types differs, a general
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consensus is observable. While, e.g. [Perman et al. , 2003] or [Pretty, 2008] define four or
five dimensions (natural, social, human, physical and financial), Brandon and Lombardi
[2005] account for just three dimensions through regrouping:
• Built and financial capital
– Manufactured goods, equipment, buildings, roads, water supply systems, jobs,
information resources and the credit or debt of a community
• Human and social capital
– The people in a society, their skills, education and health, and their ability to
co-operate and work together
• Natural capital
– The natural environment, which includes natural resources (both renewable and
non-renewable), the services that the eco-system provides and the life-enhancing
qualities of nature
All three types of capital need to be cared for, nurtured and improved over time. As
all three types of capital require different scales to be measured, comparison is difficult
[Brandon & Lombardi, 2005]. While it is easy to assign values for material goods such as
houses or land, it seems nearly impossible to value items that appeal to the human senses or
contribute to a human’s well-being in monetary terms. For Brandon and Lombardi [2005],
the importance of the concept is the recognition that people’s quality of life also depends on
matters that are beyond one’s basic needs, such as food and shelter and the access to natural
resources. People want to assimilate, create, interact, celebrate, care and enjoy themselves.
A second, more ecologically-oriented strategy analyzes the impacts of economic activities on
ecological systems [Rennings & Wiggering, 1997]. Ecosystems have to stay intact, which can
be achieved through the protection of natural abilities like ecological stability or ecological
resilience [Rennings & Wiggering, 1997]. The ecological strategy is considered as being
strongly sustainable, as substitution between different capital types, like in weak sustainability,
is not possible. The minimum necessary condition required in strong sustainability is a
constant stock of natural capital over time [Hediger, 1999]. This implies an ecological value
principle, which indicates a total value of the heterogeneous stock of natural capital from an
ecosystem perspective. An aggregate of environmental assets or natural capital should be
kept constant over time [Hediger, 1999].
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Agricultural sustainability
Sustainability in global agricultural systems is motivated by the various roles of agriculture.
Agriculture combines technologies and practices that do not adversely affect environmental
goods and services to provide food, fiber and environmental goods. A high degree of variability,
in the way sustainability in agriculture is defined, can be observed [Binder et al. , 2010].
Sustainable agriculture is both place- and case-specific, and makes the best use of nature’s
goods and services. As such, it must be combined with locally adapted technologies and
practices that fit the given circumstances [Pretty, 2008].
A common but false assumption is that agricultural sustainability implies a net reduction of
input use, making the systems more extensive [Pretty, 2008]; sustainable agriculture actually
makes better use of the existing resources [Pretty, 2005]. Empirical evidence shows that
successful agricultural sustainability projects and initiatives do not reduce inputs. Rather,
they shift factors of agricultural production. Fertilizer input, for example, is at least partly
substituted by nitrogen-fixing legumes, while natural enemies replace pesticides, and plowing
is made up for with zero-tillage techniques. Pretty defines four key principles of sustainable
agricultural systems [Pretty, 2008, Pretty, 2005], which:
• Integrate natural processes such as nutrient cycling, nitrogen fixation, soil regeneration
and natural enemies of pests into food production processes;
• Minimize the use of non-renewable inputs that damage the environment or harm
farmers’ and consumers’ health;
• Make productive use of farmers’ knowledge and skills and improve their self-reliance by
substituting human capital for costly inputs;
• Make productive use of people’s capacities to work together to solve common agricultural
and natural resource problems, such as controlling for pests, the watershed, irrigation,
and forest and credit management.
These four principles cover the multidimensional (social, economic and ecological) and
multifunctional (e.g. food security, biodiversity and natural resource conservation) aspects of
sustainable agriculture [Binder et al. , 2010] very well and are grounded in the theoretical
considerations of weak sustainability. The minimization principle is defined rather vaguely,
however; a minimization of the use of non-renewable resources lacks a defined measure. The
minimization target could be achieved by applying Hotelling’s rule [Perman et al. , 2003].
The Hotelling rule is an inter-temporal efficiency condition that must be satisfied by any
efficient resource extraction [Perman et al. , 2003]. The growth rate of a shadow price (the
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price one is willing to pay for an extra unit of a given limited resource), or in other words,
its relative scarcity, should equal the social utility discount rate. This means the higher the
shadow price, the faster should be the rate of growth of the natural resource price. With an
increasing resource price relative to its scarcity, the key principle of minimizing the use of
non-renewable resources would be connected to a binding constraint.
A widely discussed issue is the question of how to assess the sustainability of agricultural
systems. Different approaches are widely used, and the discussion on which indicators to use
is vital (see [Pannell & Schilizzi, 1999, Lefroy et al. , 2000, Miller, 2007, van Passel, 2007,
Binder et al. , 2010]). The Sustainable Livelihood Approach is a concept that supports
analysis of the objectives, as well as the scope and priorities for development activities. As
such, it is comprised of capabilities, assets and activities for ways of making of living. A
livelihood is deemed to be sustainable when it is able to cope with stresses and shocks and
recover from them. Households’ capabilities, assets, and activities, both at present and in the
future, should be maintained or enhanced without undermining the natural resource base
[Serrat, 2008].
Although the sustainability of the farming system is not assessed in this thesis, any
development attempt should be placed within the framework of sustainable development
and follow its principles. Within the overall program – Reversing soil degradation by tropical
legume trees using GIS analysis, farm households in Meegahakivula were compared based
on considerations of livelihood capital. As a common output of the program, a web-GIS
database has been established. Indicators of livelihood capital were used to describe the farm
households in the area.

2.3 Agriculture as engine for development
This section analyzes the connections between poverty, agriculture and development. There
are interactions in different directions between agriculture and pro-poor growth. People who
live in developing countries and depend on agriculture are generally much poorer than people
working in other sectors of the economy. Rural households represent a significant share of
the total number of poor living in a country [Cervantes-Godoy & Dewbre, 2010].
There are various success stories of agriculture being an engine of growth early in the
development process, and of agriculture being a major force of poverty reduction. Agriculture
was the precursor to the acceleration of industrial growth. Agricultural revolution was a
precondition of the industrial revolution in England in the 19th century. Much later, the
green revolution in Asia between the 1960s and 1970s, as well as China’s rapid growth in
agriculture based on market liberalization, rapid technological change and the household
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responsibility system, has been largely responsible for the impressive decline in rural poverty
from 53% in 1981, to 8% in 2001 [WorldBank, 2007, Diao et al. , 2007]. Agriculture also
provides many diverse business opportunities, especially with the continuous liberalization of
markets. High-value products such as vegetables, dairy products, or specialties are demanded
internationally as well as by local consumers. In other areas, new demand brought success
back to traditional products such as feed-maize exports from Laos to China, and the sugar
cane demand for biofuels in Brazil [WorldBank, 2007].
The role of agriculture in economic development and poverty reduction has been intensively discussed and has generated an enormous amount of literature of both a theoretical and empirical nature. A majority of this literature focuses on the structural
transformation of the economies in developing countries from a dominant agricultural
sector towards the increased importance of industry and services [Norton et al. , 2006,
Cervantes-Godoy & Dewbre, 2010, Valdes & Foster, 2010]. The declining share of agriculture’s contribution to national employment and GDP is mainly based on a higher income
elasticity of the demand for nonagricultural goods and services. This is a consequence
of economic progress [Norton et al. , 2006, Byerlee et al. , 2009]. An increased consumer
income leads to a faster growth of demand for manufactured goods and services relative
to the increase in food consumption. Paradoxically, this development process is usually
followed by rising incomes and lower incidents of poverty among the rural population
[Cervantes-Godoy & Dewbre, 2010]. This paradox can be explained by considering economic
development as a process, which reallocates factors from a low productivity sector such as
agriculture towards a sector with higher productivity levels. This explanation, first presented
by Lewis in 1955 [Thompson et al. , 2007, Cervantes-Godoy & Dewbre, 2010] was used to
justify governmental efforts and policies in favor of protecting domestic industries and hence
taxed agriculture [Cervantes-Godoy & Dewbre, 2010]. Winters et al. [2010] showed in a study
on household patterns of income generation in the rural areas of 15 developing countries,
that a shrinking agricultural sector and an expanding non-agricultural sector are features
of the structural changes that occur with economic development [Winters et al. , 2010]. For
the rural poor, limited assets create a barrier to entering into more productive activities,
which keeps agriculture as a primary activity, even if the non-agricultural sector plays an
important and complementary role. Agricultural wage employment remains an important
income-generating activity even for those at a higher income level. In some countries, particularly those with higher GDP per capita, it is even associated with higher levels of income
[Davis et al. , 2010, Winters et al. , 2010]. The best possible development path is a dynamic
economy spurred by agricultural growth. Agricultural growth changes the structure of the
sector and offers better non-farm income opportunities to the families that were formerly
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small farmers [Valdes & Foster, 2010].
The relative importance of agriculture in developmental efforts depends on the relative
importance of agriculture in a country’s economy. In a report by the DFID [2004], the
authors argue that the link between agriculture and poverty reduction is composed of four
transmission mechanisms:
1. Direct impact of improved agricultural performance on rural income;
2. Impact of cheaper food for both the urban and rural poor;
3. Agriculture’s contribution to growth and the generation of economic opportunity in
the non-farm sector;
4. Agriculture’s fundamental role in stimulating and sustaining economic transition
The declining importance of agriculture as a source of rural income generation should not
be interpreted as a justification for neglecting agriculture in rural development policy. A
dynamic agricultural sector is likely to induce growth in the non-agricultural economy and
can be an important stimulus for rural development [Winters et al. , 2010]. Recent studies
focus on the quantification of the relationship between agriculture and poverty. The picture
of the link of agricultural growth to growth in the overall economy and finally to poverty
reduction is mixed [Davis et al. , 2010].
In a report presented by the International Food Policy Research Institute (IFPRI), Rosegrant
et. al. [2006] analyze direct and indirect links between the agricultural sector and the
Millennium Development Goals (MDG). In September 2000, members of the United Nations
adopted the United Nations Millennium Declaration, committing their nations to a new
global partnership to reduce extreme poverty. Eight time-bound targets - with a deadline
of 2015 - that have become known as the Millennium Development Goals1 were set out.
The veracity of the community of states on their commitment can be debated. After a new
summit in September 2010, it seems obvious, that the goals will not generally be achieved as
targeted in 2015.
There are direct and indirect links to most of the eight objectives. The strongest links,
however, exist between the objective to eradicate extreme hunger and poverty. In addition to
an increase of food production and consumption for subsistence farming households, more
diverse food production leads to higher-quality diets. On a household level, higher production
leads to higher income or increased consumption, or household assets in the case of farming

1

http://www.un.org/millenniumgoals/bkgd.shtml,06.07.2010
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households. In the case of nonagricultural households, the production increase leads to lower
prices for agricultural products, and hence to the increased consumption of foodstuff or a
lower share of income spent on food products. The income increase for households, mentioned
above, could potentially lead to increased capital investments into existing economic activities,
or to their diversification. Generally, the eradication of extreme hunger and poverty could
enhance welfare and increase the economic resiliency of millions. Increasingly profitable
agriculture potentially leads to the economic empowerment of women farmers. Health-related
objectives are mostly indirectly linked to agriculture. More diverse food production and better
nutrition, leading to increased child survival, improves health through higher quality diets.
Furthermore, a more vital agricultural sector and hence increased income allow households
to devote more resources to health-related services [Rosegrant et al. , 2006].
Agricultural practices can be both a direct cause of as well as a solution to environmental
degradation. More productive agricultural production technologies that increase yields, while
also reducing negative environmental impacts, lead to the sustainable increase of profitability
for the agricultural sector. Such an increase could potentially reduce migration to urban
areas. Furthermore, it could allow agriculture to be withdrawn from sensitive environments.
The expansion of global agricultural trade increases the need for formal trading rules and
partnerships. Comprehensive agricultural development and development assistance would
greatly benefit from a significant increase of funding. These efforts have to accompany better
governance and the provision of public goods by governments to sustain the benefits from
agriculture and increased profitability in the long term [Rosegrant et al. , 2006].

2.3.1 Development strategies
This section discusses various approaches of development strategies in a concrete agricultural
context. As seen above, the link between agriculture and development is reciprocal. Agricultural development is needed to improve the livelihoods of millions, not only those engaged
in agriculture. In the literature, there exists a wide range of concepts and approaches for
development, which generally differ by system boundaries, time frames and aggregation level.
In a World Bank publication from 2005, Agricultural Growth for the Poor: An Agenda for
Development, the authors analyzed development options and strategies for three different
so-called agricultural megasystems: (i) irrigated high potential agriculture; (ii) medium to
high-potential areas with limited market access; and (iii) marginal dry lands. Altogether,
these systems include 3.3 billion people, or 73% of the agricultural population in developing
and transitional economies, and cover about 6 billion hectares [WorldBank, 2005]. There are
five main farm household strategies to improve livelihoods within these maegasystems: (i)
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intensification of existing production patterns; (ii) diversification of production and processing;
(iii) expansion of farm and herd size; (iv) increasing off-farm income, both agricultural and
non-agricultural and; (v) exiting the agricultural sector within a particular farming system
[WorldBank, 2005]. These strategies are not, even at the individual household level, mutually
exclusive. Households often pursue mixed strategies.
Intensification increases the physical or financial productivity of existing production
patterns such as food, cash crops, livestock or other productive activities. Intensification
might arise from increased yields as a result of the greater use of external inputs, improved
varieties and breeds, utilization of unused resources, improved labor productivity or better
farm management, such as irrigation practices or improved pest control [Dixon et al. , 2001,
WorldBank, 2005].
Diversification is an adjustment of the farm enterprise in order to increase farm income or
reduce income variability. Diversification is also a search for new market opportunities or
existing market niches. An addition or expansion of enterprises not only refers to production,
but also to on-farm processing and other farm-based income-generating activities. The World
Bank [2005] defines diversification exclusively in relation to on-farm activities. In a holistic
view of farm household economics, it is often also used in combination with off-farm activities.
Some households escape poverty by expanding farm size. Beneficiaries of land reform are the
most obvious example of such a poverty reduction strategy. Increased farm size might also
arise from structural adjustments or incursion into previously non-agricultural areas, such as
forests or marginal lands [Dixon et al. , 2001, WorldBank, 2005].
Off-farm income represents an important source of livelihood for many farm households.
Seasonal migration has been a traditional household strategy for escaping poverty, and
remittances are often invested in land or livestock purchases. In locations with a viable
off-farm economy, households augment their incomes with part- or full-time off-farm employment [WorldBank, 2005, Winters et al. , 2009, Davis et al. , 2010]. Where opportunities for
improved livelihoods are perceived, a proportion of farm households will abandon their land
altogether and move either into other farming systems, or into off-farm occupations in rural
or urban locations. These households escape poverty by leaving the agricultural sector. The
model presented later simulates the effects of these livelihood strategies on the flows of cash
of the household (see Chapter 8).

3 Objectives and decision-making
This chapter provides insight about decision theory and the role of objectives in the decisionmaking process, and begins with a general framework of the decisions studied in this thesis.
Every decision of smallholder farm households is constrained and complicated by the
tradeoff between efficient and sustainable allocation and distribution. Allocation is the
relative division of the resource flow among alternative product uses [Daly, 1992]. The
question is, how much of a farm’s resources are mobilized for the creation of a specific
product? A good allocation is efficient, where efficiency means that resources are allocated
among the end-users of products in a way that conforms to individual preferences. These
preferences are weighted by the ability or willingness to pay for certain goods [Daly, 1992].
Distribution refers to the relative division of the resource flow, embodied in final goods and
services such as food or fiber, among alternative people and generations. A distribution is
fair when it is as equal as possible [Daly, 1992]. Scale represents the physical volume of the
flow of matter-energy from the environment as low-entropy raw material, and back to the
environment as high-entropy waste; scale is defined as the product of population, times per
capita resource use [Daly, 1992].
The challenge of allocation and distribution is observable at all levels of society. At the
country level, the debate is over how to induce economic growth. Here, the government has to
decide whether public investments or tax reductions are better suited to boost consumption
and private investments. At an enterprise level, management decides on the use of returns;
they are either invested or distributed as dividends to stakeholders.
A smallholder farm household decides whether food is consumed or sold, and if sold,
whether the money is used for investments (e.g. in production or education) or consumption.
A second underlying element of smallholder decision-making is a farmer’s dependency on
resources. Farmers are characterized by their needs and objectives, which induces resourcerelevant actions such as production. The actual resource use affects the state and quality of
the resource, and hence directly influences future resource use.
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3.1 Decisions and their context
In decision theory, decision-making refers to a more or less purposeful selection from an
array of alternatives [Laux, 2007]. The complexity of a decision increases with the amount
of relevant factors. The more uncertain influences and the more objectives there are that
must be considered, the more complex the situation is. With an increase in complexity, the
importance of supporting methods, which enable a systemic collection and processing of
the relevant information, is essential. Eisenführ and Weber [2004] argue that human beings
need formalized rules and procedures to form actions out of partly unconscious, unclear and
contradictory expectations [Eisenführ & Weber, 2004].

3.1.1 Principles of decision-making
The motivation of decision analysis is the challenge that people face in new decision situations
[Eisenführ & Weber, 2004]. What are the sources of these difficulties? Uncertainty about
the future makes decision-making difficult. In most cases, it is not possible to predict the
consequences one or another alternative implies.
In agriculture, due to many influencing factors, the outcome of production decisions depends
strongly on the changes and developments of the economic and ecological environment. Price
developments, weather extremes or pests and diseases can have strong effects on the outcome
of agricultural production, and are out of a farmers’ control. A second source of difficulties is
that the decision-maker is driven by multi-dimensional objectives. Thirdly, consequences of
different alternatives vary in more than one dimension; each alternative is characterized by
different advantages compared to others. Each alternative normally also implies potential
negative consequences. A fourth problem occurs because decision-makers either face too few
or too many alternatives. In the case of too few alternatives, the decision-maker has to deal
with the dilemma of whether it makes sense to search for further alternatives. Such a task
can be very extensive and might be in vain, or might restrict the decision-maker to the best
known, but probably less attractive alternatives. A too great amount of alternatives must be
reduced to a manageable amount for evaluation [Eisenführ & Weber, 2004].
Depending on the objectives of the research in question, decision-making theory can either
be of a descriptive or a normative character.
Descriptive decision theory
Descriptive decision theory intends to describe how decisions are taken in reality, and is an
important pillar for decision-aided theory. Here, decisions are analyzed in order to explain why
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one is preferred over another. The objective is to formulate an empirically sound hypothesis
about the behavior of individuals and groups within a decision-making process [Laux, 2007].
This research uses farmers’ objectives, a core element of any decision-making process, and
defines strategic alignments guiding farmers’ decision-making.
Normative decision theory
Normative decision theory does not intend to describe and explain decision-making processes.
Rather, it seeks to illustrate how decisions should be taken in a rational manner in order
to find the best alternative [Laux, 2007]. Within normative decision theory, the concrete
content of a particular decision situation is emphasized. Fundamental problems of choosing
between different alternatives, which occur in many decision situations, are studied. In this
context, the following decisions are of particular interest: (i) decisions with regard to multiple
and conflicting objectives (such as maximizing income on the one hand, and minimizing
labor time on the other hand); and/or (ii) decisions under a given uncertain future, an
uncertainty about exogenous factors (such as weather or climate), or the behavior of other
market participants.

3.1.2 Subjective expected utility theory
The principle of expected utility theory follows the assumption that people act rationally and
choose the option that provides the highest utility. Bernoulli used the concept of utility to
demonstrate that each individual has their own utility preferences; he defined an individual’s
expected utility function based on the assumption that with a continuous increase in property,
the utility of each additional entity is diminishing [Friedman & Savage, 1952]. Von Neumann
& Morgenstern [1944] demonstrated in their classic study Theory of Games and Economic
Behavior, that if a choice follows certain axioms, it is possible to derive utilities where real numbers represent personal values [Friedman & Savage, 1952, von Neumann & Morgenstern, 2004].
Expected utility theory assumes that the frequency of occurrence is at the same time its
probability. Such an objective probability estimate makes sense if the probability is known.
Savage [1972] therefore proposed the use of personalized, or subjective probability estimates
to evaluate risky alternatives [Savage, 1972]. In both psychology and economics, utility and
probability are viewed as subjective measures.
The subjective expected utility (SEU) model is a sophisticated mathematical model of
choice, that underlies most contemporary economics, theoretical statistics, and operations
research [Simon et al. , 1987]. Uncertainty about the future is represented by a set of states of
the world, while possible outcomes are represented by a set of consequences. The consequences
could either be amounts of money, or in a more general term, states of a person or organization
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such as health, happiness or pleasant or unpleasant experiences. An action, represented
as a decision alternative, is defined by the assignment of consequences to states of the
world. When a set of states is finite (E1 , ..., En ), an action can be written as a vector
x = (x1 , ..., xn ), where xi is a consequence received or experienced in state Ei . The beliefs of
the decision-maker concerning states of the world are represented by a subjective probability
distribution p = (p1 , ..., pn ), where pi is the probability of Ei . The values for consequences of
the decision-maker are represented by a utility function v(x). The value a decision maker
assigns to an action is its subjective expected utility:

 X
n
SEU (x) = Ep v(x) =
pi v(xi )

(3.1)

i=i

The SEU-theory defines the conditions of perfect rationality maximizing utility under certainty.
The probability distributions of all relevant variables are known by the decision-makers
[Simon et al. , 1987]. SEU-theory deals only with decision-making. It does not explain
how to frame problems, set goals, or develop new alternatives, an aspect criticized by a
growing number of scientists in the field of behavioral economics. The most fundamental
distinction between empirical research on decision-making and normative approaches based
on SEU-theory is the attention given to the limits of human rationality. The assumption of
full information and rationality in the SEU-model limits the accuracy of predicting effective
real-world behavior.
As stated above, only if certain axioms like fundamental assumptions over preferential
behavior are fulfilled, is it possible and correct to interpret and reconstruct the choices
observed. These choices can merely be considered as expressions where human beings choose
the options with the highest subjective expected value [Reina, 2005]. There exists a broad
variety of axioms, four of which are central and explained using a decision, where X, Y and
Z represent lotteries, p a probability, = indicates an indifferent relationship, while ≥ stands
for a preference relationship:
1. Comparability: for all X, Y either X ≤ Y or X ≥ Y;
2. Transitivity: if X ≥ Y and Y ≥ Z then X ≥ Z;
3. Independence: if X ≥ Y then (X,p;Z) ≥ (Y,p;Z) for every p and Z;
4. Continuity: for every X ≥ Y ≥ Z there exists a p such that Y = (X,p; Z,1-p)
Based on the axiom of comparability, a decision-maker can compare the various options.
Transitivity means that the decision-maker prefers between two lotteries one over the other.
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Furthermore, if the decision-maker prefers X to Y, and meanwhile Y to Z, X is also preferred
to Z. The axiom of independence postulates that in a case of two lotteries with identical
and equally likely outcomes, these lotteries do not matter for the decision. The choice
between two lotteries therefore depends only on those outcomes upon which the options
differ. Continuity means that in a choice offered between a lottery X with three possible
outcomes, where the best outcome can be obtained with probability p and the worst outcome
with probability 1-p, and a lottery Y, where a middle outcome is obtainable with certainty,
it is always possible to find a probability p, where the decision-maker is indifferent between
X and Y [Jungermann et al. , 2005].

3.1.3 Measuring Subjective expected utility
Based on the SEU-model a decision-maker chooses the option, which is characterized by
the highest subjective expected utility. The SEU-value of an option is calculated using the
values of different possible consequences, weighted with the probability of its occurrence
[Jungermann et al. , 2005]. The model can be used in two different ways regarding its focus.
Focus utility and uncertainty
If a choice is considered as a result of a cognitive integration of utility and uncertainty
represented by subjective probabilities of individual consequences, the focus lies on utility and
preferences. In this case it is assumed that individuals integrate both cognitively desirabilities
and probabilities of the possible consequences of the given options. It is furthermore assumed
that a decision depends on or can be derived from certain imaginations of the utility, and the
probabilities of the single consequences. Utility and uncertainty are in this case the constituent
factors and determinants of a decision. The empirical examination of the model consists of
an assessment of utility functions and probability functions under different problems and
conditions. Based on this assessment, the decision behavior for identical and similar problems
is predicted [Jungermann et al. , 2005].
Focus choices
In the case where the focus lays on choices, the assessment of utility values and/or subjective
probabilities is not necessary. Rather, the assessment is compared to the utility and uncertainty focus, of inverse nature. The decision-maker is asked to choose an option where the
consequences are predefined with given probabilities. In a second step, it is tested whether
this choice might be reconstructed based on hypothetical utility and subjective probability
functions. Therefore, the observed choice represents a decision of the option with the highest
subjective expected utility, independent of whether such utility values exist or whether the
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decision-maker is aware of these utility values. The decision-maker only needs to know which
option he or she prefers [Jungermann et al. , 2005].

3.1.4 Rational choice theory
The view of rational choice theory on decision-making is less rigid. An important precondition of rational choice theory is that actors have access to certain resources, which
are used to pursue objectives [Diekmann & Voss, 2004]. Hence, actors decide between at
least two alternatives; they employ available resources, considering their restrictions, in a
way that objectives are achieved as well as possible. This does not automatically mean
that the achievement of the objective is accomplished optimally, which allows to consider
theories of bounded rationality [Diekmann & Voss, 2004]. Achieving an objective as good
as possible can imply different things. The achievement of an objective can be motivated
by different principles such as utility maximization, maximization of subjective expected
utility, satisfaction, or another decision principle. Different assumptions and opinions exist
regarding how objectives or preferences are considered. Hence, a general rational choice
theory does not exist. Nevertheless, three general components form rational choice theory:
(i) the origin are actors, which (ii) come with resources or act under given restrictions and
which are motivated by preferences, and hence decide between at least two alternatives; and
(iii) the theory contains a decision rule, which informs decision-makers about the intended
action [Diekmann & Voss, 2004].
Resources and restrictions are, for example, income, prices, time, technologies or institutional policies. These factors define the deciding actor’s scope of action. What is considered
as resources or restrictions in the concrete case depends on the explanatory purpose; an
increase in income could be an objective. In another model, an analysis about leisure
activities, income for example, is a restriction [Diekmann & Voss, 2004]. A heuristic rule
of the rational choice theory implies that changes in behavior are preferably explained
by changes of the restrictions rather than by changes of preferences. This highlights the
importance of a clear understanding of the decision environment. The third element of
rational choice theory is the decision rule. How does a person act under given preferences and resources? In most cases, utility maximization is assumed. Examples are the
expected utility following von Neumann-Morgenstern-theory, the subjective expected utility theory, or the maximization of prospects in Kahneman and Tverskys prospect theory
[Diekmann & Voss, 2004, Kahneman & Tversky, 1979]. Other decision rules are maximin,
minimal regret, or non-maximizing principles like satisfying behavior in bounded rationality
theories. Diekmann [1996] illustrates the different alternatives of rational choice theories
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based on how rigid the assumptions are. In the concept of an actor in the shape of a
Homo Economicus, the assumptions are most rigid; they are based on self-interest, economic
preferences and on maximization of the expected utility. In the rational choice theory in
the narrower sense, the assumption of utility maximization remains valid. Diekmann [1996]
defines rational choice in the broader sense as a decision according to a decision rule. Furthermore, different axioms are criteria for theories with a sufficient degree of predictive capacity,
where transitivity of preferences serves as minimal criteria [Diekmann, 1996].

3.1.5 The influence of behavioral economics on decision-making
Psychologists have detected a number of systemic failures in the normative decision theory,
which are often applicable to all of us (see [Slovic et al. , 1977, Kahneman & Tversky, 1979,
Jungermann et al. , 2005]. These failures not only lead to unsound intuitive decisions, but also
limit the exertion of applications in decision analysis [Eisenführ & Weber, 2004]. Behavioral
economics has a strong influence on the way economists conceptualize the world; it should be
understood as an umbrella of approaches that seeks to extend the standard economics framework. Elements and concepts of sociology and psychology are incorporated, accounting for
the relevant features of human behavior and decision-making [Diamond & Vartiainen, 2007].
The main element of behavioral economics is the evidence – contrary to the standard economic
model based on the concept of a rational and well-informed acting agent – that individuals are
bounded in many dimensions, in particular in their rationality, self-control and self-interest
[Diamond & Vartiainen, 2007].
The term bounded rationality, brought into discussion by Herbert Simon in his book Models
of man in 1957, posits that individuals are incompletely informed and limited in their ability
to process information. Bounded rationality considers different aspects that complicate
decision-making. First, the world we are living in is complex. Second, the incompleteness and
inadequacy of human knowledge, combined with the inconsistencies of individual preference
and belief, makes it impossible to be fully informed. Third, the conflicts of value among
people and groups of people, and the inadequacy of the computations we can carry out,
further limit rational human decision-making [Simon et al. , 1987].
How do individuals cope with bounded rationality? Individuals decide on the basis of
heuristics and rules of thumb and therefore make biased probability judgments, and are
often overconfident [Diamond & Vartiainen, 2007]. Kahnemann & Tversky [1979] argue that
individuals in general do not maximize expected utility, as they have a limited ability to judge
and deal with information. Individuals tend to anchor themselves to seemingly irrelevant
information or the status quo, and act in a loss aversive manner [Diamond & Vartiainen, 2007].
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Incomplete self-control refers to the tendency of economic agents to make decisions in conflict
to their long-term interest. A lack of self-interest refers to the idea that preferences have a
social dimension. Individuals care – or act as if they would care – about other individuals’
well-being [Diamond & Vartiainen, 2007]. Furthermore, they want to treat others fairly if
those others are themselves behaving fairly, a phenomenon called reciprocity. In the standard
economic model, agents are unboundedly able to deal with problems and challenges and
define costless strategies for the optimal choice unboundedly, regardless of the problem’s
complexity; they are believed to think through every single problem that comes at them and
make deliberative decisions about each one [Mullainathan, 2007].
In the field of research on the diffusion of innovations, an important area in developing
countries with slow rates of adoption, the theory of behavioral economics could be a valuable
solution. Mullainathan [2007] states that the attempt of incorporating psychology into
development has a dubious history, as in some cases researchers have portrayed the poor as
being especially ’irrational’ when explaining their behavior. The focus here should rather
be to understand the context in which the poor are acting and then try to understand the
psychology behind their actions. The environment in which the poor act does not correspond
to the framework of standard economic models. Access to information is often limited and
the attitude of the poor towards risk is influenced by vulnerability considerations.
An important topic of behavioral economics in the development context is how people view
future decisions in the present. People value preferences differently across time, and tend to
exhibit short-run impatience and long-run patience. The theory of hyperbolic discounting
can be used to better understand decision-making across time [Mullainathan, 2007]; this
finding has radical consequences on the decisions of poor people, especially in risky decisions
and uncertain returns such as long-term production decisions, for example saving, education
or decisions on investments in resource quality. Formally, the theory is modeled by discount
rates that vary with different time horizons (high discount rates for short horizons, low
discount rates for long horizons). Mullainathan [2007] highlights the problem of different
choices with different time horizons as the conflict between, "What I do in future and what
I would actually do when the future becomes present". In other words, some decisions,
especially those that imply investments, are planned and eventually easily postponed for
various reasons. Mullainathan [2007] states that the majority of the work done in the field
of behavioral economics in developing countries was to apply psychological insights to the
context of development. It is unclear whether psychological features, judgmental heuristics
applied in some developing countries, or cultural differences may reflect the differences of the
behavior of the poor, and hence their economic outcomes.
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3.2 The role of objectives in decision-making
Three features characterize decision-making: a decision context, an objective and a direction
of preference [Keeney, 1996]. Keeney [1996] argues that although objectives are often not
adequately formulated for many important decisions, the achievement of these objectives is the
sole reason for being interested in any decision. Thousands of different meanings are mixed up
in the word objective. In this thesis, only the expression objective is used, underlying a vast
meaning within it. From innumerable implicit and explicit meanings, three are considered:
instrumental, temporal and fundamental objectives [Eisenführ & Weber, 2004].
Instrumental objective
Instrumental objectives are means and actions used to achieve fundamental objectives. They
are seen as options of the decision-maker; in other words, they are stages in the course of
a multilevel decision-making process. The concept of objective or aim in the psychological
theories of problem solving is consistent with the concept of instrumental aims.
Temporal objective
Temporal aims are consequences that are anticipated by the decision-maker as a result of a
choice between different options. The psychological action regulation theory is congruent
with the concept of temporal aims.
Fundamental objective
Finally, fundamental aims are those actual objectives that control the decision behavior; aims
are a function rather than a means to an end. As such, they are not only the consequences
of an action, but they mark the horizon of the action beyond which no considerations take
place. Fundamental aims are the values, needs, attitudes or ideals of the decision-maker.
Contrary to instrumental and temporal aims, they are less determined by the momentum of
the specific situation, and hence are the driving forces in the evaluation and thus the choice of
options. Fundamental aims are important for a decision-making process in two ways: (i) they
determine the scope of appraisal – in other words, they determine the amounts of attributes
that are important for the appraisal, and; (ii) they determine the desired specification of the
relevant attributes for a decision.
Objectives neither fall from heaven, nor are they just present. Eisenführ and Weber [2003]
detect five different sources for the search of objectives in a specific decision process, of which
three are relevant in this context: (i) shortcomings of the present or expected condition;
(ii) a comparison of actual alternatives; (iii) clearly defined strategic objectives that are not
directly connected to a specific decision situation.
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Eisenführ and Weber [2003] define objectives as an attribute in connection with information about the preferences of the decision-maker. Based on objectives, alternatives are
evaluated regarding the degree of target achievement and help to form preferences between
the alternatives. Objectives are characterized by their future functions. Another attribute
of objectives is their control aspect. An objective has to be – at least partially – under the
control of the deciding individual. In the design of a decision model, it is inevitable to include
objectives in order to model a rational decision. Objectives embody certain wishes or aims
[Laux, 2007]. An objective stands for the aspiration towards a future state that differs from
the original state. Laux [2007] distinguishes between four different types of objectives:
• Intention to reach a fixed value as the objective (fixation)
• Intention to reach a certain aspiration level (satisfaction)
• Maximization of the objective
• Minimization of the objective
Objectives are statements of something that one desires to achieve, and are more or less
abstract. Abstract objectives, such as ’being successful’, are denoted as principles or values
[Jungermann et al. , 2005]. Objectives can be subdivided into fundamental and means
objectives, and both are context-dependent. Whereas a fundamental objective characterizes
the essential reason for interest in the decision situation, a means objective is of interest
in the decision context. A means objective implies the degree to which a fundamental
objective can be achieved [Keeney, 1996]. In other words, means objectives are sub-goals
for the achievement of fundamental objectives. Keeney [1996] highlights the importance of
means objectives as features for developing models analyze decision problems and create
alternatives. It is, however, the fundamental objective, which essentially guides the efforts
in a decision situation, as well as in the evaluation of different alternatives [Keeney, 1996].
Jungermann et. al. [2005] use the term of abstract objectives, which can be specified into
partial objectives (’being successful’ could mean having a good income, having an interesting
job, doing something useful). Concrete objectives are mostly connected to specific actions.
Objectives that are not connected with concrete actions can be characterized as wishes.
Concrete objectives that are connected to specific actions can be denoted as intentions
[Jungermann et al. , 2005].
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3.2.1 Objectives and alternatives
Normative decision theory is only useful if the decision-maker strives for an objective.
Objectives help to evaluate the consequences of the different alternatives according to their
desirability [Laux, 2007]. The aim is to assist a decision-maker to convert its own objectives
into a harmonized and consistent objective-system. These objectives – in contrast to ethics
– are not judged in decision theory. Rather, they are assumed as exogenous without being
controlled [Laux, 2007]. A decision-problem is defined by the presence of an option only if
there are at least two alternatives present. Furthermore, at least two of these alternatives
must differ in a way that an objective can be reached to a greater or lesser extent. To
solve a decision-problem, the alternatives need to be defined in a way that they exclude
each other. Often, alternatives are assembled out of various actions [Laux, 2007]. It is
obvious that a decision-maker is only able to realize alternatives which are, under the given
circumstances, feasible. The amount of alternatives is limited by constraints and restrictions.
These constraints and restrictions result from conditions that are out the decision-maker’s
control [Laux, 2007].
Alternatives and objectives are strongly interdependent. Without a clear idea about the
objective, a reasonable selection of alternatives is not possible. Objectives narrow down
the infinite quantum of options, consequences and attributes that are taken into account
[Jungermann et al. , 2005]; they determine which alternatives are considered. Furthermore,
objectives are a necessary precondition to detect hidden, new, unknown or unconscious
alternatives [Eisenführ & Weber, 2004]. Alternatives, on the other hand, determine whether
the decision-maker has to specify the objective system in order to evaluate the alternatives.
In a concrete decision situation, the search for alternatives and the specification of the
objective system takes place in a multilevel decision process [Laux, 2007]. Decision-making
has to be understood as a process that includes prearrangements and is performed over time,
constituted by preliminary and final decisions. During the decision process, different tasks
have to be executed: (i) formulation of the problem; (ii) specification of the objective system;
(iii) exploration of the feasible alternatives, and; (iv) selection of an alternative. A decision
process is in general activated by the observation of given symptoms. The decision-maker
recognizes that a certain situation could evolve in a dissatisfactory way, and that it could or
even should be improved. The formulation of the decision-problem is mainly guided by its
expedience [Laux, 2007]. Depending on the overall decision-problem, it might be useful to
procure detailed information about the particularities of the current situation.
A decision is only rational if an objective system exists which is used to evaluate the
different alternatives. The aim is to reach a predefined certain final state. Normally, an
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approximate formulation of the objective is sufficient to initiate the decision-making process,
especially the search for alternatives [Laux, 2007]. The objective system has to be redefined
within the process in order to guide the exploration of the alternatives. The modality of
the specification of the objective systems depends on the alternatives detected and their
possible consequences [Laux, 2007]. The exploration of alternatives for action is divided
into three steps: (i) determination of restrictions for possible alternatives; (ii) search for
alternatives, and; (iii) prediction of the results for the different alternatives [Laux, 2007].
As part of the problem analysis, preconditions or restrictions to be fulfilled and considered
are defined. Restrictions arise from the available resources and the assets available for the
different alternatives. The decision-maker is hence challenged to find or invent alternatives.
The innovativeness of the detected alternatives depends on the knowledge and the creativity
of the decision-maker [Bretzke, 1980, Keeney, 1982, Laux, 2007]. The greater the experience,
the more alternatives can be detected or elaborated, and the better the conjoint consequences
can be estimated [Laux, 2007]. Knowledge from one’s own experiences should be extended
by a creative evaluation of other ideas [Laux, 2007]. Finally, the consequences or results
of the considered alternatives have to be estimated. In reality, decisions are always made
under imperfect information. It is therefore impossible to make secured predictions. The
decision-maker is at best able to deliver a judgment about the likelihood of possible outcomes.
This judgment strongly depends on the level of information a decision-maker possesses.
The aim of each decision-maker is to select the best or optimal alternative, or, considering
restrictions and the actual condition of the environment, the second best option. To evaluate
alternatives, it is necessary to represent associated consequences in the decision model. In
order to compare alternatives, only those variables are relevant as potential consequences,
which matter for the satisfaction of the decision-maker. These are the objective variables
[Laux, 2007]. The objective variables indicate which consequences of the various alternatives
are important. Consequences that do not relate to any objective variable can be neglected in
the model [Laux, 2007]. The outcome of a certain alternative also depends on factors that
are beyond the decision-makers’ control; these factors do not represent decision variables,
but influence the outcome and are identified as crucial data. Whether particular parameters
represent data or decision variables depends on the specific decision situation [Laux, 2007]. In
exceptional cases, the decision-maker is with certainty informed about the characteristics of
all the data relevant for the decision. Different constellations of this data are defined as states
of the environment. To model the decisions, the subjective expectation of the decision-maker
regarding these states is inevitable. Two major states for these subjective expectations can
be distinguished: certainty and uncertainty. In the case of certainty, the decision-maker
knows about the real state, and accordingly, he or she knows the outcome for every choice of
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a given alternative. In the literature, two cases for uncertainty are distinguished. In the case
of uncertainty in the narrower sense, the decision-maker is not capable of forming an opinion
about the probability of possible states. In the case of risk, the decision-maker is able to
allocate probabilities to all the imaginable states [Laux, 2007].

3.2.2 Farmers objectives
The heterogeneity of farmers’ objectives and preferences, in relation to the role of the farm
enterprise, are not well documented in developing countries [Berkhout et al. , 2010]. Farmers’
objectives determine to a great extent the adoption decision of individual farmers and have
direct effects on efficiency levels [Pannell, 2003, Berkhout et al. , 2010]. A single person – for
example, the household head – often makes the decisions in farm households. As in other
businesses, profit maximization is an important guide for making decisions. Based on the
linkage of household and business, profit maximization is too shortsighted. This is especially
the case in the context of developing countries, where the linkages and interdependencies
between households’ needs and production needs are even stronger than in the western
world. An increase of production of foodstuff for one’s own needs has a direct impact on the
possibility of selling products and improving the financial situation of the farm household.
Several studies on farmers’ objectives exist in the literature. Generally the objectives
are classified – although using various terminologies – into two groups: economic and noneconomic [Gasson, 1973, Costa & Rehman, 1999]. Gasson [1973], in early work, arranged the
values of British farmers into four groups: instrumental, social, expressive and intrinsic. An
instrumental orientation implies that farming is considered as a means to obtain income and
security. Farmers with a predominantly social orientation were involved in farming for the sake
of interpersonal relationships gained through work. Expressive values suggest that farming is
a means of self-expression and personal fulfillment, while an intrinsic orientation means that
farming is especially valued for its activities [Gasson, 1973]. It is difficult to tell to what degree
objectives are relevant for a farmer, while it seems clear that there is no single objective capable
of explaining the behavior followed by farmers [Sumpsi et al. , 1996]. However, it is evident
that these objectives are often specific for various households. A challenge for farmers and
researchers alike is presented by the fact that these objectives are often multi-dimensional and
to some extent conflicting (Thompson [1975], cited in [Costa & Rehman, 1999]). Objective
setting cannot explain the range of motivational phenomena, but it can be used to measure
it in a realistic way [Willock et al. , 1999].

4 Data collection and analysis
This work attempts to explain and learn from a real-world situation comparable to many
similar circumstances in the developing world. Hence, it is important to gain a solid base of
knowledge about the living conditions of the people that this study examines. Therefore,
a three-step research approach of describing, understanding, and explaining is adopted.
Collected data was the main source of information for this thesis. Data was analyzed within
the farming system framework to understand behaviors and their consequences. Data was also
used to model changes in the economic environment to explain how the farming systems were
affected by these changes. Hereafter, the empirical methods of research used in this study,
such as data collection and data processing, are presented. In a second section, farm system
research is briefly introduced. The third section deals with modeling smallholder farming
systems in general, and system dynamics modeling, the method employed in this study,
in particular. The sample was determined together with the project partners, depending
on the objective of each project partner. The sample size of 119 households is a result of
a compromise between the aim to gain statistically sound data on the one hand, and the
manageable workload on the other.

4.1 Interviews and surveys
In social sciences, a wide range of techniques exists to collect and analyze data. These
include personal, telephonic or written interviews, qualitative census, systemic observation
techniques, content analysis of texts, sampling procedures, attitude measurements and scaling,
randomized-response techniques and non-reactive techniques, as well as experimental and quasi
experimental longitudinal- and cross-sectional studies, and many others [Diekmann, 2006].
An interview, the most important method in empirical research, is used to assess facts,
opinions, attitudes or subjective evaluations; one distinguishes between oral, written or
telephone interviews [Schnell et al. , 1999]. While written interviews are generally rigidly
structured, oral interviews can be distinguished by their degree of structure. An unstructured
interview is used for discussions with single experts or in groups to explore a specific topic.
Semi-structured interviews are used in discussions or polls following a guideline. The most

43

44

4 Data collection and analysis

rigid structure is used in interviews following a clearly-defined interview guide.
Gaining information on farm households
Household surveys can provide a wealth of information on many aspects of life. The usefulness
of household survey data, however, depends heavily on the quality of the survey, in terms
of both questionnaire design and actual field implementation [Glewwe, 2005]. The design
of a household survey is defined by two fundamentals: (i) the objective, and (ii) possible
constraints. Glewwe [2005] proposes defining questions which should be answered by the
survey. These questions are elaborated having the objective of the overall project in mind in
an iterative approach. Once a set of questions has been agreed upon, the questions can be
expressed as objectives of the survey. The process of choosing these objectives must take
place while bearing constraints in mind that limit what is feasible. Survey designers face
three major constraints [Glewwe, 2005]. The first and most obvious is the financial resources
available to undertake the survey. This constraint will limit both how many households can
be surveyed and how much time interviewers can spend with any given household (which in
turn limits how many questions can be asked of a given household). The second constraint t
is the capacity of the organization that implements the survey. The more complex household
surveys are, the better trained the interviewers and translators have to be [Glewwe, 2005]. A
final constraint is the willingness and ability of the households being interviewed to provide
the desired information. The burden of responding to extremely long survey questionnaires
likely results in high rates of refusal and leads to data that is incomplete or inaccurate. Even
if respondents are cooperative, they may not be able to answer questions that are complex
or that require them to recall events that occurred many months or years before. This has
direct implications for questionnaire design [Glewwe, 2005].
Individual objectives
The assessment of people’s objectives is challenged by their multi-dimensional and to some
extent conflicting character. Another risk is that information-gathering on objectives is to
some extent believed to predefine the outcome of the study [Costa & Rehman, 1999]. At
first sight, asking open-ended questions about the objective could be considered the best
option. However, in practice farmers have proven to have difficulties in expressing responses
to questions related to objectives (Nielson [1962] cited by [Patrick & Blake, 1980]). This
fact might even be aggravated in developing countries due to a low level of education. An
alternative is to confront farmers with pre-defined aims and objectives and ask them to
evaluate the aims based on paired comparison, rating scales, ranking or magnitude estimation
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(Perkin [1992], Akatouba-Ogisi [1994] cited in [Costa & Rehman, 1999]).
Gathering information in the Meegahakivula area has been found to be rather complicated.
However, the approach chosen by our project fits with a wide range of challenges faced.
Some of the farmers are illiterate; many have problems reading long and complicated texts.
Furthermore, it seems difficult for them to explain their thoughts – especially on strategic
questions – in words. Working with a translator bears the risk of not interviewing all
the actors in the same way and losing valuable information during the translation process.
Translating whole interview guides is exhausting for the interviewer, the interviewed person
and of course the translator.
This research used a variation of interview and survey types, written and oral, as well as
structured and unstructured. In the following sections the different data collection instruments
used, such as structured interviews, a written survey and an objective assessment are briefly
discussed.

4.1.1 Socio-demographic interview
To understand farming households, it is necessary to describe their living conditions. The
socio-economic interview marked the first step of this analysis.
Objective of the interview
The objective of this interview round was to gain preliminary information on the characteristics
of the households.
Method
An interview guide was built to capture all relevant information on the characteristics of the
households. The first part was designed to create an inventory of all the people living in the
research area. The age, sex, education level and main occupation of each household member
were assessed. In the second part, information on the permanent employment of the various
household members and their access to credits, as well as the household infrastructure, was
assessed.

4.1.2 Survey of flows of cash and goods
In the one-year survey, data on economic activities (divided as on- and off-farm activities of
both male and females), earnings from off-farm activities, food consumption (both of products
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bought and produced on the farm), earnings from marketing farm products, expenditures on
inputs and household consumables, and other remittances was assessed.
Objective of the survey
The goal of the 12-month survey was to gain sound knowledge of the households. Only with
good insight on the economic activities, as well as the different structures of the households,
is it possible to understand the driving forces of the farmers’ decisions and actions. The
household survey is used to describe the different flows of cash and goods within and between
the household, as well as between the households and their environment.
Method
The household survey consists of seven different sections:
1. Activities (labor allocation (on-farm or off-farm) together with earnings on a half-day
basis for both the male and female labor force)
2. Crop harvested (crops harvested in each month are grouped into vegetables, legumes,
fruits, spices, stimulants, paddy and maize, with an indication of the amount sold)
3. Food consumed (consumed food both produced on the farm and bought on the market
on a monthly basis)
4. Income and animal purchase (different income sources as well as animal purchases on a
monthly basis)
5. Inputs (different production inputs, whether they are bought, are from stock or have
been donated on a monthly basis)
6. Sales (Farm products such as wood and animal sales on a monthly basis).
7. Utilities (list of the household expenditures per month on things such as electricity,
water, transportation, education)
Farmers received a survey guide each month (see Table 4.1) and were asked to fill these
guides based on their activities within each of the seven sections. At the beginning, they
were all personally instructed how to fill the survey. A responsible person was selected in
each household. Every household was visited at least once a month to check whether the
form was filled in correctly, and were assisted when problems occurred. If the farmers had
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filled the forms correctly, they were paid twice for their efforts. Payments were given once in
the middle of the survey period and once at the end.
Table 4.1: Time schedule of the household survey1
Month

Start date

End date

Week

December

10.12.2007

06.01.2008

33-36

January

07.01.2008

03.02.2008

37-40

February

04.02.2008

02.03.2008

41-44

March

03.03.2008

20.03.2008

45-48

April

31.03.2008

27.04.2008

49-52

May

28.04.2008

25.05.2008

53-56

June

26.05.2008

22.06.2008

57-60

July

23.06.2008

20.07.2008

61-64

August

21.07.2008

17.08.2008

65-68

September

18.08.2008

14.09.2008

69-72

October

15.09.2008

12.10.2008

73-76

OctoberA

13.10.2008

09.11.2008

77-80

November

10.11.2008

07.12.2008

81-84

Data obtained from the survey has a high degree of variability and the amount of missing
values is remarkable, complicating the provision of reliable information for a single household.
The survey was designed to capture as much information as possible. Bearing the complexity
of the issue in mind (to describe all relevant activities of a household over the course of one
year), keeping the survey as simple as possible in order to avoid overburdening the farmers
while filling it in requires compromises. Another risk is the tradeoff between keeping the
survey as general as possible, thus allowing comparisons between the different households,
and the attempt to capture the characteristic aspects of each single farm.

4.1.3 Utility assessment - objectives, capacities and development
The design chosen to assess farmers’ objectives was as participatory and self-explanatory as
possible. The idea was to avoid implicitly communicating the answers while trying to clarify
the questions. The aim was to avoid farmers being forced to formulate and explain their
objectives and motivation in their own words.

1

note: due to organizational problems the survey had to be restarted after 32 weeks
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Objectives of the utility assessment
The goal of this assessment was to show that the understanding of individual objectives
helps to understand farmers’ motivations and behavior. The SADP has defined objectives to
gear the development path of the farming systems towards a more self-sufficiency-oriented
management, with increased independence from food markets. Based on the hypothesis
that the adoption of G. sepium is endured in favor of getting the benefits of the program,
rather than based on farmers’ perception of the success of that measure, it is important to
understand what kind of objectives direct a farmer’s developmental path.
• Assessing the importance of the different objectives provides valuable insights for
farmers’ motivation for participating in the SADP.
• Secondly, the objectives and their relative importance can be used to group the farming
households. It is hypothesized that farms with similar priorities and characteristics
share similar aims or rate the different aims similarly.
• Thirdly, the objectives and their relative importance, as well as farmers’ perception of
the probability of achieving the respective objective can be used to define promising
strategies for future development of the farm households.
Objectives are important preconditions in any decision-making process (see Chapter 3).
Instead of assessing farmers’ utility based on the attributes of alternatives, this approach
uses farmers’ objectives to assess the subjective expected utility (SEU), which has three main
advantages: (i) it is believed that farmers have less problems weighing the importance of
objectives, rather than weighing attributes; (ii) it is easier to compare the different farming
systems by objectives than by attributes, as the number of objectives is much lower and they
are formulated in a more general way; and (iii) objectives and associated weights are used to
define the strategic alignment of the farm households.
Method
In the introduction to the interviews, farmers were informed that their opinions and perceptions of the situation and the future development are of interest. It was important for them
to realize that there were no wrong answers. The interview guide consisted of five different
cardboard panels the size of DIN-A3. The objectives presented to the farmers were defined
based on the conceptual model, which was defined by taking theoretical knowledge, several
informal farmer discussions, results from a pilot study [Eiselen, 2006], as well as first data
assessments into account. The conceptual model map (see Chapter 6.1) includes all relevant
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processes the farming households are involved in. As such, it shows interdependencies and
is used to define the system boundaries. The systemic view allowed us to define the scope
of farmers’ actions. In other words, it helped to understand which processes and factors
are under the farmers’ influence. This understanding led to a list of 10 aims, which were
presented to the farmers to amend (see Table 4.2).
A first group of 60 farmers was randomly selected and was interviewed between JulySeptember 2008. The second group of 59 farmers was interviewed between January-February
2009. This allowed us to compare farmers’ answers relative to the situation in the field. While
the first group was interviewed during the dry season, the second group was visited during the
end of rainy season. Based on potential framing effects, it was tested whether the situation
on the ground (mainly due to different climatic conditions over the year, such as a severe dry
season) influences the relative importance of the different objectives. Following theory, which
assumes the stability of preferences, the analysis showed no significant differences between
the two samples.
First panel
To start the interview, the persons to be interviewed – in our case mostly the household head
or his wife, or both – were confronted with 10 possible objectives for the future development
of their farms/households, written into boxes on the panel. Table 4.2 illustrates these 10
objectives. Additionally, farmers could add more objectives if they perceived the list as
being incomplete. These objectives were written on cards of the same size and color as the
rectangles on the panel.
Table 4.2: Farmers objectives
Objective

Description

A

Decrease the dependency of bought products

B

Use G. sepium for the soils in the field

C

Increase field production

D

Use G. sepium for the soils in the home garden

E

Increase home garden production

F

Sell more products

G

Improve marketing activities

H

Increase land size

I

Increase the amount of off-farm labor

J

Ensure children’s education

K

Improve animal production

L

Improve business activities
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The objectives are of an instrumental character, achievable by one’s own efforts supported by
surrounding conditions. Objectives with characteristics of demands, claims or wishes were
not accepted. The time horizon of the objective is, based on the assumption that farmers are
driven in their actions by these superposed objectives, irrelevant. It was intended to collect all
relevant alternatives for the actions of each individual farmer in order to compare and group
them. It was assumed that the objectives (beforehand defined or stated by the farmers) define
farmers’ perceived scope of activities supporting the development of the farm, or in other
words, all objectives together form the strategic alignment of the individual farm household.
This strategic alignment helps to improve their situation or is a reaction to perceived changes
in the environment. The objectives presented to the household representatives were of a
different character defined in Chapter 3. Generally, all these objectives are of an instrumental
character related to an assumed utility maximization objective. The individual objectives
listed in Table 4.2 represent partial worth utilities. Nevertheless, when we analyze the
objectives individually, we can readjust the definition and re-group the objectives based on
their characteristics. Except for objectives B and D, which are means objectives, all are of an
instrumental character. The objectives are formulated generally in order to derive strategic
alignments. Based on their unspecific formulation, the objectives can be compared between
the different farm households. Instrumental objectives, formulated with a direct link to the
target state, would lead to a high degree of specification. A high level of detail would require
considering specific features of the farm households. A comparison between the different
farm households would be much more complex. Objectives B and D are of importance, as
they deal with farmers’ attitude towards G. sepium; they provide information on farmers’
intentions to incorporate G. sepium in the soil.
Second panel
In a second step of the interview, farmers were asked to state the importance of the different
objectives relative to each other. Next to the panel listing the objectives, a second one with the
same rectangles on the same position was placed. Every rectangle of the second panel referred
to the respective rectangle indicating an objective. Farmers received 100 coins and were
asked to weigh the different objectives according to their relative importance. Theoretically,
a farmer could allocate all the coins to one aim, meaning that only the particular objective
is of importance; in this case, a farmer’s actions would be guided by only one objective. It
was expected that the farmers do not tend to such extreme solutions, but do weigh different
objectives in relation to others according to one’s attitudes towards the capabilities and needs
they believe to be important.
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Third panel
The third panel was laid next to first one, covering the second. Farmers were asked to state
how probable they perceive fulfillment of the respective aim to be. The farmers were then
asked to put a coin at the position of the field on a scale between impossible and certain.
To quantify the probability judgment, an eight-range scale without numbers was applied.
Impossible means zero probability, while certain means a score of one. The scale of probability
ranges from 0 to 1 in 0.125 steps (see Figure 4.1).
Probability for successful achievement

impossible

sure

Explanations for probability judgment

no control

full control

own capabilities
money, knowledge, etc.

impossible

sure

no control

full control

own capabilities
money, knowledge, etc.

impossible

sure

no control

full control

own capabilities
money, knowledge, etc.

impossible

sure

no control

full control

own capabilities
money, knowledge, etc.

impossible

sure

no control

full control

own capabilities
money, knowledge, etc.

impossible

(a) Panel three

sure

no control

full control

most difficult

no limitation

Development since two years

most worse

Initial state

best possible

most worse

Initial state

best possible

most worse

Initial state

best possible

surrounding conditions

most difficult

no limitation

surrounding conditions

most difficult

no limitation

surrounding conditions

most difficult

no limitation

most worse

Initial state

best possible

surrounding conditions

most difficult

no limitation

most worse

Initial state

best possible

surrounding conditions

most difficult

no limitation

most worse

(b) Panel four

Initial state

best possible

(c) Panel five

Figure 4.1: Panels used for the utility assessment

Fourth panel
On the fourth panel, farmers’ perceptions of the reasons behind their probability judgments
were assessed (see Figure 4.1)); it was laid on top of panel three next to the one indicating
farmers’ objectives. In this step, reasons for the probability judgment were appraised. Two
areas of influence could play a role: (i) the capabilities of the farmers (e.g. financial constraints,
knowledge, etc.) can either boost or hinder the farmers’ probability judgment of successfully
achieving the objective; and (ii) the surrounding conditions (e.g. economic environment,
legal constraints, etc.) perceived by the farmer influence the probability judgment. Farmers
had the possibility of indicating their perceived capabilities to control the achievement of
an objective on a five-range scale from zero to one. This indicates how important their
capabilities are to fulfill the respective objective. For the surrounding conditions, a bipolar
scale from minus two to plus two indicated that a farmer believes to which degree these
conditions support the efforts to fulfill the objective, from most difficult to no limitations.

52

4 Data collection and analysis

Fifth panel
On the last panel, farmers were asked to evaluate the level of achievement for each individual
objective. This evaluation was assessed on a nine-scale range from minus one to plus one.
Farmers were asked whether the situation relevant for achieving the objective had improved
or worsened over the previous two years (see Figure 4.1). The middle of the scale represented
the current situation. Farmers were asked to state to which degree the goal had been achieved
(right side from the middle) or whether the farmers are currently even further away from
goal achievement, relative to the situation two years ago.
Calculating part-worth utility
For calculating the subjective expected utility (SEU), panels one to three were used. The
weights and probabilities for each objective were multiplied and summed up. The objectives
stand for fragments of the total utility function. Panel four was used to explain the probability
judgments that were stated on panel three; it provided insights on the reasons for respective
probabilities for each objective. Furthermore, it can be understood as a problem description.
Which objectives are well-adjusted to the capabilities (cash availability, education, knowledge,
preferences of the farmer) and which objectives are less well-adjusted to them? The same
information can be derived for the surrounding conditions in the economic and political
environment, as it provides insights on the reason for low probability and where farmers
do perceive difficulties. Panel five provides information on the influence of the SADP on
the objectives of the farmers. The closer the objectives are to achievement compared to the
situation two years prior, the better the SADP is adapted to the expectations and objectives
of the farmers. Thus, it is used to evaluate the influence of the SADP on the development of
the farms.

4.1.4 Interview on soil degradation and Gliricidia use
This Interview was conducted together with the agronomic project component.
Objective of the interview
The objective of this interview was to gain insight onto cultivation practices of the farming
households in general and the application of G. sepium leaves in particular. Furthermore, a
farmer’s perceptions of the degree of soil degradation, as well as their opinion on potential
measures to fight degradation, were assessed.
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Method
As the farmers in the area in previous interviews showed difficulties putting answers into
words, the objective was to have as many closed questions as possible. Using closed questions
facilitated data typing for a non-Sinhala speaking person. The questions where farmers had
to evaluate issues were all designed in scales. Farmers were asked to answer a majority of
question by making crosses at the respective place on the scale.
The interview guide consisted of four parts. The first part dealt with a farmer’s perception
about soil fertility and soil degradation. Parts two and three covered information on fertilizer
and land management. In the last part, information on G. sepium cultivation and application
was collected.
Farmers’ perception of soil fertility and soil degradation
The first two questions were used to assess whether soil quality and soil fertility is of concern
for the farmers. Farmers were asked to mark on a nine-point scale from –2 to +2 the position
(from intense aggravation to big improvement) where they think the quality of their soils
has developed. The next question assessed, on the same scale, farmers’ perception of soil
fertility in all three relevant categories: (i) home garden; (ii) highland fields; and (iii) low
land fields. The fourth question of this section served to assess farmers’ perception of, as
well as the knowledge on measures to improve soil fertility. As G. sepium incorporation has
been implemented in the area, we could thereby gain insight on farmers’ acceptance of this
measure. Farmers were asked to rank the different alternatives presented, starting from the
best indicated by the number 1, to the least ideal, indicated by number 5. Farmers could add
other alternatives. The next questions dealt with soil degradation, whether farmers perceive
it as a problem and how intense the problem is. Afterwards, similar to the knowledge question
about soil quality, farmers were tested on measures for fighting soil degradation. They were
asked to rank different possible measures according to their perceived effect on reversing
soil degradation. The next question was used to gain insight about farmers’ opinion on the
negative effects of soil degradation. Three alternatives were presented: (i) vegetation changes;
(ii) diminishing yields; and (iii) loss of soil fertility. Farmers were asked to choose one or
more effects and could also add others. In the last question of this section, farmers are asked
to state the causes of soil degradation. Again, they could choose from three alternatives: (i)
maladjusted crops; (ii) improper land use; and (iii) erosion, and had the opportunity to add
other causes.
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Fertilizer management
The purpose of the first question in this section was to detect changes in the fertilizer
management of the farmers since the SADP has been active in the area. For non-SADP
members, it was asked what had changed in the last 3-4 years. Afterwards, various questions
on fertilizer use and management of different plots and for various crops, as well as on the
supply channel of the fertilizers, were asked. These questions were of importance for the
agronomic project component [Egodawatta, 2010].
Land management
In part three, primarily agronomic data was assessed. This section provided information on
land management, water sources and cropping patterns. The first question of this section
assessed the extent of land under crops not used (forest) and under G. sepium. The second
question dealt with the sources of water for farming. Since the area is afflicted by severe
droughts in the dry season and hence water scarcity, it is essential for a year-round production
to have water at one’s disposal. This question was followed by questions on crop patterns on
field and home garden plots. This information was primarily important to the agronomic
project component. In the end, farmers were asked to state whether they practiced any kind
of soil conservation method or used any technology to do so. The last question in this section
was about green manure management (amount and frequency).
Gliricidia cultivation and application
The first three questions of this section were about G. sepium cultivation and application
before the SADP became active. Another question assessed the number of trees planted and
the way they were planted since the SADP had begun its activities. Thereafter, the advantages
of G. sepium cultivation and application were assessed. Of three possible alternatives (wood,
fertilizer, organic matter) with the possibility of adding some other advantages, farmers were
asked to provide scores to the alternatives, i.e., whether the alternative is very important,
just important or not important at all. The last question assessed the perceived effects of
G. sepium cultivation and application on six attributes (soil quality, fertilizer consumption,
input costs, yields of other crops, income and work load). For each attribute, farmers could
rank the effect on a nine-point scale from very negative to very positive.

4.2 Data analysis
To detect differences between the households participating in the SADP and non-members,
mean values of variables representing farm characteristics and objective-related variables were
compared. In a first step, the distribution of the variables was tested on normal distribution.

4.3 Farming System research

55

Depending on the distribution, either an analysis of variance (ANOVA) or a Mann&Whitney
u-test was performed at a 5% level of significance. To assess the perception of soil quality,
soil degradation and the importance of the effect of Gliricidia, respectively, a Mann&Whitney
u-test was conducted.
Correlations between different objective-related variables were tested using Spearman’s
rank correlation at a 1% level of significance, as normal distribution could not be assumed
for the variables. In order to derive strategic alignments from the objective structures of
the different farm households, a two-step approach was chosen. In a first step, a Principle
Component Analysis was conducted to reduce the number of objective-related variables; since
independence between the components was not required, the fact that the variables were not
normally distributed was irrelevant. In a second step, a cluster analysis was used to group
the components into respective categories using the Ward-method with a squared Euclidian
distance measure. For the statistical analysis, SPSS1 (Version PAWSStatistics 18.0) was
used.

4.3 Farming System research
Farming systems have a number of characteristics that differentiate them from other productive sectors. A farming system is mostly a private activity implemented locally, in most cases
by households. Even if it is not directly connected to global markets, global forces affect it,
and their development is regulated by public interventions. Upton [1996] highlights the usefulness of thinking of a farm as a system or a set of interrelated components. The components of
such a system are the available resources, the productive activities, including their associated
input-output relationships, household consumption, and other activities. Any system has
boundaries that separate it from a larger system making up the environment. Every farming
system is controlled by a farmer, whereas everything which is not controllable represents
the system environment [Upton, 1996, Leon-Velarde et al. , 2008]. Farm households have to
anticipate the consequences of their actions and meanwhile avoid unintended consequences
without comprehensive information about the surrounding conditions [Bosch et al. , 2007].
It is widely accepted that a high level of uncertainty typifies the decision-making context
of smallholder farm households in developing countries [Ellis, 1988]. The different types
of uncertainties are diverse. In general, uncertainty is a condition that in varying degrees
surrounds all forms of activities in a market economy [Ellis, 1988]. The exposure to risks

1
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in agriculture, mainly based on the exposure of agricultural output to climate change and
natural factors, is more pronounced than in industry. Farming system analysis is intended to
improve the understanding of interrelationships between the components and the framework
of farmers’ decision-making [Upton, 1996]. Farming systems are complex and if information is
available to assist managers’ decision-making, this information is often uncertain. Knowledge
and relevant information about the issue is often scattered throughout scientific publications,
report databases and within people’s minds [Bosch et al. , 2007]. First, farming systems
consist of many fundamentally different components such as natural resources, plants, animals,
humans, tools and infrastructure. Second, there is a wide variety of possible combinations
of the different system components with different outcomes in system performance. To
study the farming system in depth, a multi-disciplinary approach is required, including
disciplines like crop and livestock science, soil science, hydrology, engineering, economics
and sociology. Simplification is indispensable for finding the way through this complexity.
Such a simplification can be obtained either through concentrating on particular sub-systems,
or by ignoring many interrelations and concentrating on a few critical ones [Upton, 1996].
Depending on the objective of the research project, priorities have to be set bearing the
characteristics of farming systems in mind. Critical characteristics have to be incorporated in
the research design. The systemic and inter-disciplinary approach of System Thinking eases
the recognition of systems complexity, as it is perceived and addressed differently by the
various disciplines. System Thinking therefore seems to be the ideal methodic background
for this study. Ossimitz [2000] tries to define what System Thinking means [Ossimitz, 2000].
The definition seeks to consider the various system approaches discussed in the literature, and
deals with cross-functional thinking, System Thinking and Feedback thought. For Ossimitz
[2000], System Thinking includes four central dimensions: (i) cross-functional thinking, i.e.,
thinking in tickler circuits; (ii) dynamic thinking, i.e., thinking in time lapses; (iii) thinking
in models; and (iv) system-compatible action. These dimensions may not be treated independently [Ossimitz, 2000]. This study generally followed the above-mentioned four steps. The
problem definition was based on cross-functional thinking. The most important factors and
interactions on different scales were defined.

4.4 Modeling smallholder farming systems
Neoclassical economic theory, which assumes perfect markets, distinguishes between producers
such as firms or farms and consumers. Producers are assumed to maximize profits under
specific resource constraints by selling their products to consumers, who are assumed to
maximize their utility under a given budget constraint. Traditional economic approaches
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using the concept of utility are most suited for decision-making in an environment dominated
by financial transactions [Edwards-Jones, 2006]. Besides the deviances from neoclassical
theory in decision-making introduced in section 3.1, other deviances have been observed
in developing countries. Rural farm households often act simultaneously as producers
and consumers within a framework of imperfect markets for products, services and labor
[Ellis, 1988, Taylor & Adelman, 2003, Mendola, 2007]. In its dual role as producer and
consumer, the household makes production, labor and consumption decisions that depend
upon one another [Taylor & Adelman, 2003]. Edwards-Jones [2006] suggests that with a
declining dominance of the financial aspect in the decision-making process, profit-maximizing
models are less useful. To balance the effect of seasonal variation in crop production, farmers
diversify into different on- and off-farm activities that contribute to household income. This
diversification leads farmers to exhibit risk-averse behavior [Upton, 1996, Davis et al. , 2010].
Davis et al., [2010] found in a cross-country comparison that the largest share of households
has diversified sources of income. This diversification is a strategy for managing risk and
overcoming market failure. The specialization within the household is based on individual
attributes and/or comparative advantages [Davis et al. , 2010].

4.4.1 Introduction to modeling
Models represent real world structures, systems or issues and help to understand the world.
Models can be characterized in different ways. A formal model can either be verbal or
mathematical. The objective of every model is first formulated verbally. Depending on
the objective, a verbal model marks the initial starting point of every modeling process. A
maxim of modeling known as Occam’s razor states that the simplest logical model addressing
the research problem is preferred over alternative models [Grafton et al. , 2003]. Grafton
et al. [2003] emphasize that a model is judged not by whether it describes reality well or
not, but whether it helps to address the research problem for which it was constructed and
whether it does so better than alternative models or approaches. If the project is modeled
mathematically, two types are distinguished. Irrespective of whether a model is static or
dynamic, a model is either deterministic or stochastic. From an economic perspective there
is a fundamental distinction between positive and normative approaches.
• Positive models describe and explain a given situation, its interrelation and development.
These models are characterized by questions such as "What is?" or "What would be if?"
Positive models are a fundament for predictions about system behavior [Keusch, 2000,
Hartmann, 2009].
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• Normative models make prescriptions about what a situation is supposed to be like
and lead to economic or political recommendations. They identify the best way to
achieve a predefined objective and refer to "What should be?" questions [Keusch, 2000,
Hartmann, 2009].
Models contributing to the description, understanding and management of socioeconomic
systems can be broadly classified into four categories: System Dynamics, Econometrics, InputOutput and Optimization [Kopainsky, 2005]. System Dynamics models are most effective
in the use of general understanding and analysis or broad policy-making and design for
aggregate systems. Econometrics and input-output models provide decision support in the
policy design phase. Optimization models are often used to select final best decisions at an
operational and implementation level [Kopainsky, 2005].

4.4.2 Challenges and limitations of simulation models
Simulation models imitate the behavior of real systems in a descriptive way, while optimization
models are prescriptive. A simulation model analyzes what would happen given a certain
situation or scenario, and is used either for foresight or policy or management design. In the
first case, a simulation model predicts the system’s future behavior under assumed conditions.
In the second, the model is used to design new decision-making strategies or organizational
structures and evaluate their effect on the behavior of the system [Sterman, 1991].
The degree of detail required depends on the specific problem addressed. In addition to
the reflection of the physical structure, a system must portray the behavior of the actors in
it. The behavior is modeled in the form of decision-making rules. These rules are determined
by directly observing actual decision-making procedures within the system [Sterman, 1991].
Simulation models are, in contrast to other modeling procedures, neither restricted to
analytical methods nor to quantitative variables. Furthermore, it is possible to incorporate
feedback effects, dynamics and nonlinearities. Simulations are used to identify how the
system behaves given certain decisions. Validity of the model’s assumptions are checked by
comparing the output with the decisions made in the real system [Sterman, 1991].
As with any model, simulation models are as good as their assumptions. Adequately
representing the physical world generally causes little problems, as the physical world can be
portrayed with whatever detail and accuracy is needed according to the problem and purpose
of the model. Most problems occur in the description of the decision rules, the quantification
of soft variables, and the choice of the boundaries of the model [Sterman, 1991]. Defining
decision rules is challenging; they cannot be determined from aggregated statistical data,
but must be investigated first-hand through observations or reliable models that portray
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the decisions observed in the field. A modeler must discover the information available to
each actor, examine the timeliness and accuracy of this information, and deduce how this is
transferred into decisions.
The majority of data are soft variables. Most of what we know of the world is descriptive
or qualitative, and hence difficult to quantify. Nevertheless, it is of outmost importance
for understanding and modeling complex systems. The point of simulation models is thus
to include soft variables, including intangibles such as desires, expectations and optimism
[Sterman, 1991]. These soft variables are of critical importance in decision-making. Excluding
such variables from the model just because of a lack of numerical data is less ’scientific’ than
including them by making reasonable estimates of their values. Ignoring a relationship implies
that it has a value of zero – probably the only value known to be wrong [Forrester, 1980,
Sterman, 1991].
As for every model, the results, relationships and parameters, whether based on soft or
hard variables, are to some degree imprecise and uncertain. The performance of a sensitivity
analysis is therefore inevitable. Such a sensitivity analysis is used to consider to which degree
conclusions change if other plausible assumptions were made. Sensitivity analysis should
not be unrestricted to uncertainty in parameter values, but also consider the sensitivity of
conclusions to alternative structural assumptions and choices of model boundary.

4.4.3 System dynamics modeling
System dynamics models are applicable in a wide range of contexts with a focus on system
evolution; they are most useful for developing ’qualitative quantitative’ models in which the
objective is to develop relatively aggregated models to enhance initial understanding of the
past and potential future behavior, particularly when data are lacking or a participatory
consensus-building process is of interest. Agent-based models also have a broad applicability,
especially in situations with a heterogeneous pool of decision-making agents, non-optimizing
behavior and agent-agent interactions [Nicholson, 2007].
System dynamics modeling steps
This section describes the main characteristics of the system dynamics approach. Besides
a description of the different steps of system dynamic methods, the basic elements of
system dynamics such as feedback thinking, stocks and flows are introduced. The following
descriptions are, unless otherwise indicated, based on Yaman Barlas’ contribution to the
Encyclopedia of Life Support Systems (EOLSS) [Barlas, 2002]. A typical system dynamics
study generally includes the following seven standard steps. Depending on the nature of the
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problem or the style of the modeler, variants of this procedure can be found.
1. Problem identification and definition (purpose)
A system dynamics project is used to study either a theoretical or applied dynamic problem.
The selection and articulation of a meaningful dynamic feedback problem is therefore critical
for the success of the project. The problem must not only be dynamic, but also of a feedback
nature.
2. Dynamic hypothesis and model conceptualization
The objective of this step is to develop a hypothesis. It thus represents a theory explaining
the cause behind the problematic dynamics. This hypothesis is subsequently converted to a
formal simulation model and the validity of the hypothesis is tested. Dynamic hypotheses
are also called conceptual models. Such a conceptual model describes the hypothesis, in the
form of a map not yet in a formal, testable form.
3. Formal model construction
In this step the formal simulation model is constructed. It consists of different sub-steps,
such as the construction of the stock-flow diagram, the mathematical formulation, which
describes cause-effect relations for all variables, the estimation of the numerical values of
parameters and the initial values of stocks. In the end, the consistency of the model internally
and against the dynamic hypothesis is tested. This step is called verification.
4. Model credibility (validity) testing
The credibility of the model illustrates how well the real problem, with respect to the
study purpose, is represented in the model. Model credibility consists of a structural and a
behavioral aspect. It is tested whether the structure is a meaningful description of the real
relations and whether the dynamic patterns generated by the model are close enough to the
real dynamic patterns of interest.
5. Analysis of the model
The purpose of this step is to understand the important dynamic properties of the model.
This can be done only very rarely by mathematical or analytical methods. Although it is
impossible to find the solution equations of system dynamics models mathematically, it is
sometimes possible to find the constant equilibrium levels and determine their stability. More
typically, the analysis is deduced with simulation experiments. A series of logically related
simulation runs provide quite reliable (although not exact) information about the properties
of the model; these runs are called sensitivity tests. They assess to which degree the output
behavior changes as a result of changes in selected parameters like inputs, initial conditions,
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function shapes, or other structural changes.
6. Design improvements
Once the model is tested and all its properties understood, the final step is to test alternative
new policies to see to what extent they can improve the dynamics of the model. A policy is
a decision rule, a general way of making decisions. In this last step, alternative policies are
designed and tested by simulation runs.
7. Implementation
This step is only applicable in the case of applied system dynamic study. Successful implementation depends strongly on the specific project, which makes the prescription of general
rules impossible.
Modeling tools and features
In system dynamic models, two types of variables exist: stocks and flows. Stocks represent
results that accumulate over time; their values are levels of the accumulation. These variables
are also called states, as they collectively represent the state of the system at time t. The
standard symbolic shape for a stock is a rectangle. Stocks can be physical as well as
information entities; they can be managerial control variables, as well as natural or biological
variables.
Flows
Flows directly move in and out of stocks and hence change their values; they represent the
’rate of change’ of stocks. The symbol for a flow is an arrow, which represents the direction
of the flow, and a valve, representing the fact that the flow quantity is being regulated.
Stocks
Stocks play a central role in dynamic feedback management problems. Since the survival of
the system is often dependent on stocks, their control is often the primary responsibility of the
manager or modeler. The variables are not only controlled, but their values are also used as a
basis for action in managing other variables. The control of stocks is subtle and dynamically
complex, and can only be changed by their flows. Adapting a stock’s inflow and/or outflows
can only control the value of an inventory. Stocks have inertia; since they have historically
accumulated values, they cannot be easily changed. Multiple flows make control even harder;
stocks and their flows may move in opposite directions. Stocks are the source of endogenous
dynamics: they make it possible for inflows and outflows to differ. Differences between the
flows accumulate in the stock; stocks integrate the flows. Mathematically the above diagram
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Figure 4.2: Stock and flow representation of population development

states:
dP opulation
= Births − Deaths
dt

(4.1)

Or, to stress the accumulation nature of a stock:
Zt
(Births − Deaths)dt

P opulation(t) = P opulation(0) +

(4.2)

0

In order to make the model solvable, the equations for flows must be specified. The most
simple specification in the population example is: (Births = b*Population) and (Deaths =
d*Population), where b is a constant birth fraction and d is a constant death fraction. The
"effect" arrows in the diagram above show that
Births = f (P opulation, Birthf raction)

(4.3)

Deaths = f (P opulation, Deathf raction).

(4.4)

and

Positive and negative causal effects and feedback loops
In system dynamics modeling, both positive and negative effects, as well as positive and
negative feedback loops can be modeled. A causal relation x → y means the input variable
(x ) has some causal influence on the output variable (y). A positive influence means, " a
change in x, ceteris paribus, causes y to change in the same direction". Similarly, a negative
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influence means, that "a change in x, ceteris paribus, causes y to change in the opposite
direction".
A feedback loop is a succession of a cause-effect relation that starts and ends with the
same variable. As such, it constitutes a circular causality, only meaningful dynamically, over
time. The sign (or polarity) of a loop is the algebraic product of all signs around the loop. If
the resulting loop is +, the loop is called positive, compounding or reinforcing, while if the
resulting sign is negative, the loop is called negative, balancing or goal-seeking.
The Meegahakivula Farm Household Simulation Model
In a first step, a conceptual model was defined and is explained in detail in Section 6.1 after an
introduction to Sri Lanka and the research area. In a second step, the model was built using
Vensim, a system dynamics simulation software. Vensim is used for developing, analyzing,
and packaging dynamic feedback models. Models can be constructed either graphically or
in a text editor. Features of the software include dynamic functions, subscripting (arrays),
Monte Carlo sensitivity analysis, and optimization1 .
Detailed features of the model, as well as model validation, are presented in Chapter 8.

1

http://www.vensim.com/, 06.11.2010

5 Meegahakivula - a region in Sri Lanka
To understand the context of the study, this chapter examines Sri Lanka and adopts a
regional perspective. After a brief general description of the country, the Sri Lankan economy
is characterized in detail. Sri Lanka’s agricultural sector, an important backbone of the
economy, is then characterized before facts and recent efforts in development and poverty
reduction are discussed. In the end, the peculiarities of Meegahakivula, where this research
took place, are presented. This chapter is guided by the following research questions, which
are discussed in Section 5.3:
Research question1.1: What kind of peculiarities regarding the ecological, social, economic
and political environment of the research area influences the range of action (functions and
capabilities) of the farm households?
Hypothesis 1.1: The households in Meegahakivula are strongly influenced by climatic conditions, accentuated by a long-lasting dry season, and the relative isolation from functioning
markets. Poor infrastructure is hindering development.

5.1 Sri Lanka - the pearl of the Indian ocean
Sri Lanka is touted by the tourism industry as the pearl of the Indian Ocean. Despite the
fact that Sri Lanka suffered through more than 25 years of a civil war that ended in 2009,
the country fascinates tourists and researchers alike with its enormous ethnical, cultural,
geographical, climatic, political and agricultural diversity.

5.1.1 Population, geography and climate
The Democratic Socialist Republic of Sri Lanka (known as Ceylon until 1972) is a tropical
island located off the southeast shores of the Indian subcontinent in the Bengal Bay (between
5◦ 54’–9◦ 52’ Northern Latitude and 79◦ 39’–81◦ 53’ Eastern Longitude) [Wickramagamage, 1998].
In 1505, the Portuguese arrived on the island and colonial rule began. At that point, the
island consisted of several autonomous kingdoms, such as Kandy, in the central hills. The
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Dutch arrived in the 17th century. During the Portuguese and Dutch rule of coastal areas,
the interior hilly region of the island, with its capital in Kandy, remained independent.
Great Britain replaced the Dutch in 1796, and the coastal areas became a colony in 1802.
After the fall of Kandy’s kingdom in 1815, the
British unified it with the low country Kingdoms
under one rule for administrative purposes in
1818. Ceylon became independent in 1948, and
became a Republic in 1972, when its name was
changed to Sri Lanka. Tensions between the Sinhalese majority and Tamil separatists erupted
into a war in 1983. After two decades of fighting,
the government and Liberation Tigers of Tamil
Eelam (LTTE) formalized a cease-fire in February
2002, with Norway brokering the peace negotiations. Violence between LTTE and government

Meegahakivula!

forces flared in 2006, and the government regained
control of the Eastern Province in 2007. In May
2009, the government announced that the remnants of the LTTE had been defeated3 .
Figure 5.1: Map of Sri Lanka

2

The topography of Sri Lanka is characterized by
central highlands with elevations ranging from
300 to 2,525 m above sea level, surrounded by more or less flat coastal areas (see Figure 5.2).
The climate in Sri Lanka is tropical, and due to its latitudinal position, the country is under
the influence of two monsoons. The southwest monsoon lasts from May to September and
is called Yala, while the northwest monsoon lasts from December to February and is called
Maha. During the two inter-monsoon seasons, the Sri Lankan climate is of an equatorial
character [Wickramagamage, 1998]. The island can be divided into three climatic zones (see
Figure 5.2): (i) the wet zone, with an average temperature of 25◦ C and precipitation of
2,300-5,000 mm/year; (ii) the intermediate zone, with a temperature of 27◦ C and precipitation
of 1,500-2,300 mm/year and; (iii) the dry zone, with a temperature of 29◦ C and precipitation
of less than 1,500 mm/year [Nuberg & Evans, 1993].

2
3

[Narayan & Yoshida, 2005]
http://www.cia.org, 07.11.2010

67

5.1 Sri Lanka - the pearl of the Indian ocean

Figure 5.2: Elevation and rainfall map

4

5.1.2 The economy
In recent decades, despite the acceleration of the civil war in the 1990s, economic growth
has been stable at a healthy level due to good macroeconomic management and progress in
trade liberalization, privatization, and financial sector reform. Today, Sri Lanka is South
Asia’s most open economy and has a relatively well-developed capital market infrastructure
[Bell & Goonesekere, 2000]. The gross national income per capita of 4,720 USD5 (in 2009
purchasing power parity) remains the third highest in the region after Maldives and Bhutan.
Unemployment and inflation have fallen to historical lows in Sri Lanka, while the external
current account has strengthened, exports have diversified and expanded, and foreign direct
investment has risen. There is a growing realization however, that Sri Lanka’s development
has been well below its potential [Indraratna, 2009, Narayan et al. , 2007]. In the 1960s, Sri
Lanka had the same per capita income as Korea, Malaysia, and Singapore. Thirty years later,
these three countries’ gross national income per capita are each several times higher (Korea:
27,310 USD, Malaysia: 13,530 USD, Singapore: 49,850 USD)6 .
A short overview of Sri Lanka’s economic history provides some insight on this phenomenon.

4
5
6

[Narayan & Yoshida, 2005]
http://siteresources.worldbank.org/DATASTATISTICS/RESOURCES/GNIPC.pdf, 06.11.2010
http://siteresources.worldbank.org/DATASTATISTICS/RESOURCES/GNIPC.pdf, 06.11.2010
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Economic history
The information in this overview is based on a contribution by Indraratna [2009]. The first
eight years after independence was obtained from the British in 1948 were characterized by
political stability and economic prosperity. Export prices and terms of trade were on an
upward trend. During this boom phase, no serious attempt was made to improve productivity
through investments in infrastructure. There were also no attempts to diversify the export
structure or to strengthen the domestic economy. Consumption grew quickly, mainly financed
by increased deficits [Indraratna, 2009]. This promising start was not capitalized upon. In
1955, the export boom collapsed and the political climate became more confrontational.
Budget deficits increased further and consumer imports were rising fast in relation to exports.
External assets were on a steep decline. This was when import substitution strategies in
industry and agriculture were implemented. The results after 20 years of independence were
humble. Sri Lanka’s domestic agriculture was neglected without an adequate industrial base
at its place. The economy was highly dependent on plantation crops such as tea, rubber and
coconut, and the consequences were slow economic growth, high employment and inflation
rates [Indraratna, 2009]. In 1969, Sri Lanka recorded a GDP growth of around 4%, an
unemployment rate of 20%, and an inflation rate of around 7% [Indraratna, 2009].
In May 1972 a new constitution was set in place that converted Ceylon from Dominion
status to the Socialist Democratic Republic of Sri Lanka, with a non-executive Sri Lankan
President replacing the Queen of England as the Head of State. The government resumed
their inward-oriented economic policy of import substitution, and plantations were taken over
by the state under the Land Reform Law of 1972. Under governmental rule, the plantations
were overmanned and poorly managed and became politicized, resulting in a production
decline of tea by approximately one-fifth from 1972 to 1977, and coconut by one-third. In
contrast, rubber production remained relatively stable [Indraratna, 2009]. The tea sector
was affected the most, and lost its international competitiveness due to decreases in quality,
productivity and profitability. As a result, Sri Lanka’s position as the leading tea exporter was
lost to Kenya. Domestic agriculture experienced a further setback based on input shortages.
Similarly, other sectors such as manufacturing, transport and construction suffered due to the
unavailability of machinery, spare parts and building material. Growth in the fishery sector
was hindered by import restrictions of fishing gear and boats. The economic contraction was
widespread among all sectors [Indraratna, 2009]. High tariffs on imports and import licenses,
as well as export duties and levies, hindered international trade and made Sri Lanka a highly
restricted and regulated country.
In mid-1977, the center-left government was replaced by a center-right one, which adopted
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an open economic strategy and launched a trade liberalization package [Indraratna, 2009].
In a first step, import licensing and quotas were removed and tariffs reduced. Secondly, the
existing two-tier fixed exchange rate was replaced by a unified managed float, which was
linked to a basket of currencies of its main trading partners. Thirdly, restrictions on foreign
travel, remittances on profits and dividends were abolished, and the movement of capital
and labor across national frontiers were freed. Exports were promoted by different funds and
tax incentives. Import liberalization also helped to develop the export market, as imports of
intermediate and investment goods were facilitated. On the domestic front, all price controls
and subsidies were abandoned or substantially reduced [Indraratna, 2009].
Major sectors such as food and transport were at
least partially privatized.

Simultaneously, the gov-

ernment invested massive amounts into infrastructure,
such as the Mahaweli, a hydroelectric power plant
with massive dams, the one million-housing-project,
as well as various rural and urban development projects
[Indraratna, 2009]. The consequences of this policy
change were impressive.

Sri Lanka’s growth rate

more than doubled and the unemployment rate halved
compared to before liberalization, as all sectors expanded. Due to the absence of adequate macroeconomic policies leading to high budget deficits, inflation
began to increase quickly, peaking at 26.0% in 1980
[Indraratna, 2009]. As a consequence, interest rates
were rising, which crowded out private investments, and
the real exchange rate had a negative influence on export
competitiveness. Imports were rising faster than exports,
which led to a huge current account deficit averaging
13.0% of GDP. These pressures made the economy slow
down until it reached an unprecedentedly low growth
level of 1.5% in 1987 [Indraratna, 2009]. Nevertheless,
between 1975 and 2005, manufacturing rose from 6% of
national export to 60% [WorldBank, 2010]. At present,
growth rates are volatile and fluctuating between 2.7%

7

[WorldBank, 2010]

Figure 5.3: Economic performance of Colombo in comparison to other South Asian cities7
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and 6.9% around an average growth rate of 4.5%, compared to an average growth rate of
6.2% between 1978-82. Sri Lanka was therefore not able to reduce unemployment or poverty
rates below a pre-liberalization level [Indraratna, 2009].
At the same time and in spite of these obstacles, the Sri Lankan economy expanded
by 45% in terms of per capita GDP, and 30.0% in terms of per capita consumption over
the past decade. However, economic growth has not translated into poverty reduction,
primarily because it has been concentrated around Colombo and the neighboring districts,
which has resulted in widening inequality across regions and sectors [Narayan et al. , 2007].
Unemployment does not appear to be correlated with poverty in Sri Lanka. While the
extremely poor must work, however low the wages are, a large proportion of better-off young,
relatively well-educated persons can afford to wait for superior employment opportunities
[Rama, 1999].
The economic landscape in Sri Lanka is becoming increasingly uneven. By concentrating
production in the Western Province, this area has productivity and wage levels that are twice
those of other provinces. Figure 5.3 shows the uneven distribution of economic density in
Sri Lanka. Economic density is calculated as GDP per square kilometer [WorldBank, 2009].
The relative importance of Colombo for the Sri Lankan economy, with its economic density
of 15 million USD per square kilometer, is obvious. In a regional perspective, however, the
whole island must catch-up (see Figure 5.3). Cities such as Ho Chi Minh city, Bangkok or
Singapore, with economic densities of 73 million USD, 88 million USD and 269 million USD
per square kilometer, respectively, are much more productive [WorldBank, 2010]. Between
1991 and 2001, the per capita GDP in Sri Lanka grew at an average annual rate of 3.0%,
which is stable, but is a much lower rate than other South Asian countries in the same period
[Narayan et al. , 2007].

5.1.3 Poverty and Development in Sri Lanka
The Department of Census and Statistics (DCS) has published the Household Income and
Expenditure Survey (HIES), which is the main source for poverty calculations in Sri Lanka,
approximately every five years since 1980/81 [DCS, 2008]. The DCS [2008] defines poverty
as a situation, where
"persons fall short of reasonably defined minimum levels of wellbeing such as
access to certain consumption or income levels, housing, health and education
facilities and certain rights recognized according to standards of human needs
and socio economic conditions of the society."
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In June 2004, Sri Lanka introduced an Official Poverty Line (OPL) based on HIES 2002 data.
Earlier, Sri Lanka used several poverty lines based on different surveyed data. The OPL for
2006/07 (the time when data for this study was collected) was LKR 2,233, measured in real
total expenditures per person per month [DCS, 2008]. Around 15.2% of all Sri Lankans, or
2.8 Million people, are living below the poverty line (see Table 5.1).
Table 5.1: Poverty measures 2006/07
Poverty measure

8

Sri Lanka overall

Urban

Rural

Estate

Uva

Badulla

Mean real monthly total expenditures per capita (LKR)

5,435

7,555

5,200

3,080

3,880

4,170

Poverty head count (%)

15.2

6.7

15,7

32.0

27.0

23.7

No of poor people (thousands)

2,805

184

2,303

318

346

197

Contribution to total poverty (%)

100.0

6.6

82.1

11.3

12.3

7.0

Sri Lankan efforts for poverty reduction show a
mixed picture of success. While there are impressive gains in providing access to basic social services, which has resulted in significant human development, reductions in poverty have been modest
and uneven. Success in reducing poverty is limited to Colombo and neighboring Districts [Narayan
Yoshida, 2005]. Based on national statistics, the
poverty headcount ratio remains high at 22.7% for
a country with a 900 USD per capita GDP in 2002
[Vishwanath & Yoshida, 2007].
Poverty seems to be concentrated in rural areas,
with a higher percentage rate of poor than in urban areas. The World Bank’s poverty map exercise
showed that poverty incidences are correlated to
Figure 5.4: Geographic distribution of poverty density 9

spatial and geographic attributes such as geographical isolation, measured by distance, to the nearest

market or city [Vishwanath & Yoshida, 2007]. The trend towards a wider regional disparity
in incomes is also visible in the regional GDP shares, where the ratio of national GDP of the
Western Province increased from 40% in 1990 to 48% in 2002. In the same period, the share
8
9

[DCS, 2008]
[WorldBank, 2010]
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of all provinces (except the Southern Province) declined by 1-4% [Narayan & Yoshida, 2005].
Besides a regional difference of GDP growth, the GDP of the agricultural sector declined
compared to that of services and industry. Agriculture’s contribution to the national GDP
decreased, but agricultural output per capita remained roughly unchanged between 1990 and
2002 [Narayan & Yoshida, 2005]. Growth in the Sri Lankan economy excluded the agricultural sector, resulting in a declining importance in terms of national income and agricultural
employment. Nevertheless, a large part of the population still relies on agriculture for their
livelihood. Narayan Yoshida [2005] argue that stagnation in agriculture seems to be an
important contributing factor to the persistence of poverty in rural and estate areas; these
authors tried to offer explanations for poverty patterns and inequality. The following factors
appear to be correlated with poverty: (i) indicators of geographical isolation such as distance
to the nearest market or nearest city; (ii) the share of the rural and state sector in the
economy of a region; and (iii) the educational attainment of household heads.
Uva Province has the highest incidence of poverty
in the country, measured at 27% in 2007 [DCS, 2009].
The incidence of poverty has dropped since its
1991 rate of 38%. In contrast, poverty incidences
dropped in the richest province in the country, Western Province, from 20% in 1991 to 8% in 2007
[WorldBank, 2010]. Based on a relatively low population, 12.3% of the nation’s poor live in Uva
Province, which is 40 poor per square kilometer,
a much lower rate than in more densely populated
areas of Western, Central, or Southern Province,
which have rates of 100 to 121 poor per square
kilometer (see Figure 5.4) [WorldBank, 2010].
The lack of growth outside the Western
Province (Colombo and surroundings) is mainly
due to stagnation in the agricultural sector

Figure 5.5: Accessibility map

10

[Narayan et al. , 2007]. The rural areas are home to
88% of the poor in the country, while 58% of the rural population depends, at least partially,
on agricultural activities for their livelihoods. Agricultural productivity grew at an average
rate of 0.5% between 1990 and 2000, which is much lower than in other South Asian countries

10 [Narayan & Yoshida, 2005]
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[Narayan & Yoshida, 2005]. Available evidence indicates that low productivity and growth
in agriculture is one of the important reasons why rural incomes have lagged far behind
urban incomes. Poverty is especially strongly associated with employment as agricultural
wage labor, which accounts for a significant share of employment in the poorer provinces
[Narayan & Yoshida, 2005].
Poverty is also strongly associated with access to markets and connectivity with urban
centers. The poorest areas of the country tend to be the most under-served in terms of
such infrastructure [Narayan & Yoshida, 2005]. Geographical isolation measured by the
distance to nearest market/city seems to be highly correlated with poverty. To examine this
relationship in detail, Figure 5.5 shows accessibility indices for each Divisional Secretary
(DS). The accessibility index is calculated as the sum of total population of surrounding
cities and towns, inversely weighted by the road network travel time to each town. The
map shows the mean of the access values for all points that fall into a given DS unit. The
southeastern coastal areas near Colombo and the areas between Colombo and Kandy are
characterized by high accessibility, while most of Uva Province is geographically isolated.
Accessibility is in general lessened the further one is from the area surrounding Colombo
[Narayan & Yoshida, 2005].
Although access to primary education does not appear to have any correlation with poverty,
it is quite likely that attaining a solid education is linked with better opportunities in the
labor market and greater diversification across occupations [Narayan & Yoshida, 2005]. While
unemployment may not have direct links with poverty, an important question is to what extent
a rigid regulated labor market hampers growth prospects and affects the potential expansion
of the modern sector to areas beyond the Western Province [Narayan & Yoshida, 2005].
Education level and social capital
Sri Lanka had the advantage of starting early in providing education on a widespread scale.
Access to free education in the colloquial languages of Sinhala and Tamil has been available
since ancient times. The importance of universal access to primary and secondary education
as a means of achieving equitable and broad-based economic development remained a policy
priority after independence. In 1950, primary education enrollment was approximately
60%, while higher education enrollment was very small, with only about 1,000 students
attending university. Today, there is a high degree of economic, gender and geographic
equity in enrollments among children of the primary school age range of 6-10 years. The
net enrollment rates range between 95% at the lowest consumption quintile and 97% at
the highest consumption quintile [Aturupane, 2009]. Adult literacy rose from 65% to 93%
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between 1950 and 2006; the student-teacher ratio also improved from 1:35 to 1:19 during
this time [Aturupane, 2009]. Although Sri Lanka remains an outlier among developing
countries on many human development indicators, its image as a model of development and
democracy has been tarnished [Bandaralage, 2009]. Economic growth does not match human
development indicators. After the Second World War, successive governments in Sri Lanka
gave priority to the universal provision of education, health care and securing a minimum
level of consumption for all citizens, which led to remarkable progress. In the 1960s, Sri Lanka
was a shining exception among developing countries, with human development indicators
not far behind those of developed countries. At that time, Sri Lankans could count on a
deep-rooted parliamentary democracy [Bandaralage, 2009].
The Samurdhi Program
Sri Lanka has a long history of social programs and in particular food subsidies [Glinskaya, 2000].
The most recent poverty alleviation program, Samurdhi (meaning "prosperity"), was introduced in 1995 [Glinskaya, 2000, Himaz, 2008]. The overall aims of Samurdhi are to integrate
youth, women, and disadvantaged groups into economic and social-development activities
to promote social stability and alleviate poverty [Himaz, 2008]. With its holistic approach,
Samurdhi differs from most of the previous welfare policies implemented between 192989, which included rice rations, food subsidy programs, and the provision of food stamps
[Himaz, 2008]. Samurdhi does not simply transfer money. It is comprised of one element of
’protecting the poor’ and one of ’promoting them out of poverty’. The element of protection
consists of two fundaments: (i) a monthly income transfer aiming to raise the nutritional
status and well-being of the recipient households; and (ii) a ’social-insurance scheme’ covering
contingencies such as death, birth, illness, and marriage by offering a one-off payment. The
element, which aims to promote the poor out of poverty, strives to create the institutional
support necessary to push people out of poverty through group savings and credit schemes,
as well as village-level rural infrastructure development projects [Himaz, 2008].
Samurdhi offers beneficiaries amounts between LKR 1,000 and LKR 100, depending on the
number of household members and income levels [Glinskaya, 2000, Himaz, 2008]. Households
receive coupons, which can be exchanged for goods from the local co-operative store. In 2002
the average grant received was LKR 365.10, roughly 25% of the monthly per capita household
income of a grant-receiving household. It is also roughly a quarter of the poverty line of LKR
1,423 as measured by the Department of Census and Statistics [Himaz, 2008]. The program
created around 40,000 new jobs from the division-level to the village-level. The monthly
income transfer is the most significant aspect of Samurdhi for two reasons: (i) it consumes
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around 80% of the overall budget; and (ii) it serves as an incentive to remain with in the
program and participate in its various ’promotional’ activities. A household receiving LKR
500, for example, is expected to contribute four to five man-days of labor to a community
development project, such as road construction [Himaz, 2008].

5.1.4 The agricultural sector in Sri Lanka
The Sri Lankan agricultural sector can be categorized into two major groups: the importcompeting food crop sector dominated by rice and other ’subsidiary’ food crops on one hand,
and the export-oriented agricultural sector on the other [Bandara & Jayasuriya, 2009]. The
second group consists of tea, coconut and rubber, as well as some other minor export crops
such as spices. Fruit and vegetables, as well as livestock products are mainly import-competing
and generally protected [Bandara & Jayasuriya, 2009].
Table 5.2: GDP fraction of different agricultural sectors (1950-2005)11
Shares of GDP

50-51

60-61

70-71

80-81

90-91

00-02

05

Agriculture

44.5

34.6

35.1

33.7

26.3

21.9

18.9

Plantation

26.3

17.8

15.8

13.9

8.1

5.2

4.4

Tea

7.7

6.5

3.2

2.6

2.4

1.4

1.2

Table 5.2 shows that the relative importance of agriculture declined dramatically over the last
sixty years. The share of total agriculture was around 78.5% of the country’s GDP in 1950.
In 2006 however, the agriculture sector, including plantations, contributed approximately
16.8% to Sri Lanka’s GDP and employed about 32% of the labor force. Agricultural exports
accounted for more than 70% of total exports before 1970 [Jayasinghe-Mudalige, 2008]. Rice
paddy has been the most important crop. During the last three decades, the paddy output
increased by 265%. Nonetheless, it has lost its preeminent position to other food crops such as
export agricultural crops and up- and low-country vegetables and fruits, which at present account for around 57% of the country’s total agricultural output [Jayasinghe-Mudalige, 2008].
Between 1996 and 2006, agriculture grew at a rate of 2% per annum, which is considerably
lower than the industry and service sectors. The agriculture sector’s relative contribution
to the national economy is gradually reducing, and its basic structure is slowly changing
from a subsistence nature to a commercial nature [Herath, 2007, Jayasinghe-Mudalige, 2008].
As the structure of the economy has changed, the share that rural households derive from
agriculture has also declined. Still, eight out of 10 Sri Lankans continue to live in rural areas.
11 [Bandara & Jayasuriya, 2009]
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Their income from crop cultivation, livestock activities and casual agricultural wage labor
accounted for only 23% of the total rural household income. Still, a large percentage of rural
households – higher among the poor – heavily depends on income from agricultural activities
[WorldBank, 2003]. In 2000, income from agriculture as a share of total income was critical
in some provinces, particularly in the North Eastern (67%), Sambaragamuwa (60%) and
Uva (59%) [WorldBank, 2003]. The slow performance of agriculture is mainly attributable
to low crop- and stagnating labor-productivity, resulting in a depressed wage structure and
consequent labor shortages in rural areas, a lack of rural infrastructure, poor access to basic
services, and the degradation of natural resources [Herath, 2007, Narayan & Yoshida, 2005].
Nevertheless, the development of the sector is important due to its high potential to contribute
to poverty-reduction. Agriculture has a strategic role to play in (i) enhancing equitable
development; (ii) reducing the country’s dependency on food imports; (iii) absorbing rural
labor force; and (iv) supporting households to meet their food needs [Herath, 2007]. Although
more than two-thirds of households involved in crop production believe that production
diversification could increase their income, constraints such as (i) access to credit, (ii) water,
(iii) appropriate inputs, and (iv) inadequate infrastructure, such as roads and technical
assistance hinder farmers in their attempts to diversify [WorldBank, 2003]. A lack of working
capital limits a household’s ability to obtain purchased inputs or to invest in technical
infrastructure and advice. Farmers in the Uva province reported the most multiple constraints,
including access to credit, water, technical assistance, markets and roads, compared to other
provinces [WorldBank, 2003].
Agricultural policies
Before economic liberalization in 1977, the agriculture sector was protected by food import
substitution policies. The government of Sri Lanka, in line with the overall economic strategy,
provided: (i) subsidized inputs; (ii) investment in irrigation and land-settlement; (iii) research,
extension and crop insurance services; (iv) marketing and agrarian services; and (v) banned
imports of many food items. It was evident that protectionist policies did support the
growth of staple food crops, but subsistence agriculture systems continued, and paddy
was given disproportionate advantages [Herath, 2007]. Even after liberalization in 1977,
protection continued with policies related to food self-sufficiency. The major policy areas
from 1990-2006 included: (i) liberalization of tariff policies with frequent changes in the tariff
structure; (ii) subsidies on fertilizer, irrigation, extension and perennial crops cultivation; (iii)
facilitation of rural financing through concessionary credit arrangements; (iv) development
of private sector operations in domestic agriculture, in addition to the privatization of the
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plantation sector; and (v) minimizing state interventions in agricultural product and input
marketing [Herath, 2007]. The new policy statement of 2006 shared many salient features
with previous policies. The main changes included the encouragement of an increased
participation of the private sector in agriculture, as well as conservation of natural resources
[Herath, 2007]. The absence of an explicit long-term strategy for agriculture, consistent with
rural development goals, contributed to the multiplicity and relatively weak performance of
the various governmental programs [WorldBank, 2003].

5.2 Meegahakivula - the research area
The seven villages where this research was conducted are situated near Meegahakivula, a
Divisional Secretary within the Badulla District of Uva Province. The resource endowment
for agricultural production in the Badulla District is characterized by ecologically and economically marginal land, which is common throughout the tropics. The uneven and unreliable
seasonal distribution of rainfall hinders production. The terrain is hilly to mountainous,
steeply dissected, and contains many long slopes of moderately erodible soil. Degraded soils
are evidence of the long history of human agency in the transformation of the Uva landscape
[Nuberg et al. , 1994].
The farm households analyzed were located in close proximity, at 7◦ 07.485’ Northern
Latitude and 81◦ 02.740’ Eastern Longitude, and at elevations between 270–400 meters above
sea level; the area covers a total of 25 square kilometers. Although the farm households were
confined to a relatively small land area, physical land characteristics were very heterogeneous.
The lands of the region, of which over 70% were steep, with gradients ranging from 30-70%,
were observed to be unproductive due to erosion, and were characterized by diminishing soil
depths and vegetation patterns along the inclination [Egodawatta, 2010].
Meegahakivula is characterized by a rainfall pattern with two rainfall peaks per year. A few
months of dry weather separate the two rainy seasons. The two rainfall peaks are generated
by the two monsoons. Mean annual rainfall in the region is approximately 1,300 mm, of
which some 60% is received from the North-East monsoon; the balance (40%) comes from
the South-West monsoon and inter-monsoonal rains (Punyawardena et al. [2003], cited in
[Egodawatta, 2010]). Generally, the rainfall is minimal from June to September and in some
years this period resembles a drought. Agriculture activities within this region are primarily
determined by these precipitation patterns.
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5.2.1 The Sustainable Agricultural Development Program
A Non Governmental Organization (NGO) founded by the Ceylon Tobacco Company (CTC)
launched the Sustainable Agricultural Development Program (SADP) in 2004. CTC has
owned a lot of facilities, including agronomic knowledge and transport facilities, and planned
to help and uplift the poorest in the rural areas of Sri Lanka. The motivation of the CTC is
to use as many resources that are available, such as the fertile soils and the rich vegetation in
the rural areas. CTC believes that the villagers do not know how to use them appropriately.
The SADP is one of many different public relation instruments being used to improve the
company’s image. The SADP started in 2004/05 with Meegahakivula being one of the first
areas. At the end of 2005, 100 farm families were signed with the SADP. The overall success
of the program is impressive. It was planned to implement the program amongst 12,000 rural
families all over the country by 2010.
The vision of the program is to reach out to rural communities living below the poverty line
in poverty-stricken districts of Sri Lanka and guide them towards achieving self-sustenance
through agriculture. It is intended to create a paradigm shift in thinking and by imparting
knowledge and resources. The aim is to make rural farmers self-sufficient in their day-to-day
requirements and enhance their income levels while enabling them to provide themselves a
balanced diet. The main objectives of the program are: (i) enhancing the living standards of
the rural community; and (ii) to popularize planting G. sepium to support the generation
of dendrothermal power; and through this (iii) to support government efforts aimed at
developing the rural sector. The SADP seeks to foster home garden production allowing
farmers to produce vegetables for their own requirements. The SADP aims to improve
the nutritional intake of these farmers from 1,429 cal to 2,030 cal per day [Scheurer, 2007].
The knowledge of agricultural practices is enhanced through on-farm extension. Surplus
vegetables and wood from G. sepium trees provide additional income. The SADP seeks to
reinforce farmers’ self-esteem and make them less dependent on governmental aid, as well as
boost village development.
Implementing the program in the villages follows a simple and always identical schedule.
After voluntary recruitment, they are trained and educated by the CTC. The main issues of
this training are the optimal utilization of available resources in the village based on low-cost
material inputs. To start, planting material and animals are provided depending on the
farmer’s work progress. Farmers need to show commitment and must install a compost pit,
establish a home garden, and plant G. sepium trees on their landholdings. Development
depends on individual commitment, interest, and the efficiency of their own inputs. The
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CTC provides the basis for continuous improvement of opportunities, and hence the ability to
generate a consistent income. Within the program, farmers have to go through four different
stages [Scheurer, 2007]:
• Stage 1: The farmers are trained in planting G. sepium sticks in plots, as well as along
fences. Inside the plot, pepper plantations can be established. The farmers have to
build a compost pit to proceed to stage 2.
• Stage 2: The CTC provides vegetable seeds and seedlings for the home gardens, as well
as goats, poultry and bee boxes. The compost pit can be used for the manure. If stage
2 is completed (it need not be followed exactly, because some farmers may not accept
all the animals due to Buddhist beliefs), the best farmers can proceed to stage 3.
• Stage 3: The CTC provides one good cow to the best farmers. Thereafter, the farmers
should be able to drive bullock carts, or they can even manage to buy a tractor with
their increasing incomes.
• Stage 4: This stage can be completed parallel to the other three stages. The CTC
advises farmers on how to cultivate medicinal plants, mushrooms, fruit plants, valuable
timber species and many other issues.
The CTC has been working with farmers for many years. The farmers trust and accept
the CTC, which therefore has a powerful placement. Besides an increased self-supply of
agricultural products such as fruits, vegetables and wood, the SADP estimates the monetary
benefit of participating and producing following the recommendations at LKR are 6,000 per
month and household, assuming that the household owns a cow. If the additional income
from milk production is deduced, as so far only one household has received a cow, the benefit
per month would be approximately 4,600 LKR per month, per household [Scheurer, 2007].

5.2.2 The importance of home gardens for smallholder farming systems
A major objective of the SADP is to promote home gardening, which contribute to the
livelihoods of the rural population in many ways, including improved nutrition and additional
income. Potential environmental benefits may be important not only for the landowner,
but for the broader society as well [Mitchell & Hanstad, 2004, Marsh, 1998]. Gardening
provides a diversity of fresh food of high nutritional value. Households cultivating home
gardens typically obtain approximately 50% of their vegetables and fruits from them, as
well as medicinal plants and herbs [Marsh, 1998]. The positive cultural aspects of the
traditional forest garden are universally accepted in Sri Lanka. The forest garden, along
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with the temple, rice paddy and traditional irrigation structures, are icons of Sinhala culture
[Nuberg & Evans, 1993].
Due to the high diversity of species combining crops, trees and animals of different uses, home
gardens are considered an essential component of sustainable agriculture. This higher diversity
often leads to higher returns on land and labor than from field production [Mubarik, 2007];
gardens provide fodder for household animals and supply for other household needs such as
fuel wood, as well as fruits and vegetables. Furthermore, home gardens reduce exposure to
risk for two reasons: (i) permanent ground cover and shade is buffered against short-term
water and wind stress; and (ii) diversified systems are potentially more resilient to losses due
to pests and disease, or at least against the loss of income due to the loss of a single crop
[Nuberg & Evans, 1993]. Making home garden production attractive for rural households
is the low barrier to entry, as investment is mostly based on labor. Sales of home garden
products are often the only source of independent income for women [Marsh, 1998].
In Sri Lanka, home gardening is of great importance. The Kandyan gardens are located
in the District of Kandy and combine intensely managed mixtures of agriculture, forestry,
and livestock. They are usually small, following the rule: ’The smaller the farm, the more
intense its cultivation,’ (Ranasinghe [1995], cited in [Senanayake, 2009]). Home gardens
are perceived as storehouses of genetic diversity, with several species only partly domesticated [Soemarwoto & Conway, 1992]. Perera Rajapaksa [1991] report that the high species
diversity in Kandyan gardens is based on even rainfall patterns throughout the year and
the favorable influence of temperature. The species distribution of home gardens in the
Uva uplands is influenced by an uneven distribution of rainfall and a significant drought
period [Nuberg et al. , 1994]. Some other physical characteristics influencing species diversity
are soil conditions and land terrain characters. Soils in Kandyan home gardens are rich
in organic matter and nutrients [Perera & Rajapakse, 1991]. However, in the Uva uplands,
due to steeper land terrain, the upper horizon of red yellow latesolic soil is highly eroded
[Senanayake, 2009]. These home gardens are managed under marginal conditions, which
negatively affect species diversity [Nuberg et al. , 1994].

5.3 Conclusions - Chapter 5
Economic development in Sri Lanka is, compared to other South Asian countries, below its
potential and geographically unbalanced. Poverty incidents are correlated with factors of
geographic isolation. Meegahakivula is situated in one of the poorest areas in the country,
where the level of infrastructure is low and access to major markets limited. Low productivity

5.3 Conclusions - Chapter 5

81

and low growth rates in agriculture are major reasons for low income and high poverty
incidences in rural areas. The range of action of the farm households is influenced by a
long-lasting dry season and the fact that Meegahakivula is cut off from major sources of
water.
Home gardening is traditionally an important pillar of food security for Sri Lankan families.
The SADP aims to improve the families’ living standard in Meegahakivula by promoting
home garden production. Experts and farmers alike perceive this as a great opportunity.

6 Model-relevant characteristics of
Meegahakivula Farming Systems
This chapter commences by defining the analytical framework; the conceptual model presented is used as a guideline in all further analyses. Later in this chapter, farm households
are described based on four different aspects: (i) the flows of cash and goods over the course
of a year; (ii) the development potential of the farm households, based on a SWOT-analysis
conducted in the pilot phase [Eiselen, 2006]; (iii) considerations about value chains that the
farm households are active in; and (iv) farmers’ perception of soil degradation and G. sepium
cultivation. The concluding discussion on the following research questions can be found in
Section 6.4:
Research question 1.2: What are the characteristic aspects (from a socioeconomic point
of view) of smallholders’ farm households in the Meegahakivula region?
Hypothesis 1.2: Besides a strong interconnection between production and consumption
units, which are characteristic of smallholder farms in general, the long dry season and the
influence of the SADP are particularly determining factors.
Research question 1.3: What are the important flows of cash and goods into and out of
the household farming systems, as well as within these systems?
Hypothesis 1.3: Off-farm activities play an important role in cash generation. However,
agriculture cannot be neglected as a source of cash income and moreover, as a source of food
for household consumption.
Research question 1.4: Are these smallholder households really independent and selfsufficient units, as is desired by the SADP?
Hypothesis 1.4: The degree of self-sufficiency is comparable to values found in literature.
However, it significantly differs between farm households that do participate in the SADP,
and those that do not.
Research question 2.1: What is the perception of the farm household representatives
about the level of degradation of their soils and the effect of G. sepium in fighting soil
degradation?
Hypothesis 2.1: There is no consistent cognition of soil degradation by the farmers.
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Research question 2.2: What factors influence the perception of farm household representatives about the level of soil degradation and the role of G. sepium?
Hypothesis 2.2: Households participating in the SADP recognize soil degradation and
the effect of G. sepium differently than households that are not SADP members. No other
factors or household characteristics influence their position.

6.1 Conceptual model
Farm households combine production resources with needs and preferences for consumption.
These allocation decisions are made based on challenges and opportunities in the economic
environment. This section provides an understandable and interpretable systemic description
of a farm household; such a systemic view is helpful for setting priorities and defining
clear boundaries, while also highlighting the relevant factors. The conceptual model defines
characteristic aspects of the farm households in Meegahakivula and is the first step within
the model-building process of the Meegahakivula farm household model (MFHM).
The system presented in Figure 6.1 shows all relevant variables and factors. The design
of the conceptual model depends on the specific focus of the analysis and is hence contextand site-specific. Nevertheless, it could easily be used for other research areas with similar
conditions. Although not all variables will be used in the course of this analysis, they all
influence the behavior of the system; they play an indirect role in the course of this report.
The conceptual model consists of six major elements: production potential of the farmland;
SADP; household financial surplus; household expenses for food, health and education; labor
potential; and the subjectively perceived quality of life. Some are general characteristics,
which could be used in modeling any smallholder-farming household, while others are sitespecific and unique for the circumstances in Meegahakivula, such as the SADP. The different
major elements of the system are explained below.

Figure 6.1: Conceptual model - Meegahakivula Farming System

6.1 Conceptual model
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6.1.1 Production potential of farmland
The initial endowment includes all agricultural production resources, such as the amount and
quality of land and water resources. Furthermore, production potential depends on the labor
potential and the actual amount of off-farm labor, which reduces the production potential
of the farmland. Fertilization, based either on organic or mineral fertilizer, combined with
good seed quality, increases production potential. In contrast, soil degradation has negative
consequences on the farmland’s production potential.

6.1.2 Sustainable Agricultural Development Program (SADP)
The SADP influences different variables. First, awareness of environmental aspects in
the agricultural production process increases through formation. The program introduced
sustainable production practices by incorporating G. sepium and composting, which led to
an increased amount of organic matter in the soils. The G. sepium trees have two other
positive aspects: leaves are a source of livestock feed, while its wood can be sold or used as
fuel.

6.1.3 Household financial surplus
Besides wood from G. sepium, the households sell other types of wood. Depending on the
market integration of the household, the size of market income from maize, rice, vegetable
and livestock products varies. Income from off-farm labor and other value-adding activities
increases a household’s financial surplus. Food requirements from the market, together with
other household expenses for consumables, health and education reduce the possibility of
saving money. A cash surplus increases the perceived quality of life and satisfaction of the
household; it can be used for investments, like plant material, animals or equipment. Current
expenses for farm production, like seeds and mineral fertilizer, reduce the financial surplus;
however, it increases future production potential.

6.1.4 Household expenses for food, health and education
The amount of food bought on the market depends on the amount of food consumed by the
household and the amount of food produced by the household. The food requirement of the
family is regulated by household size. The level of self-sufficiency for the different products
regulates the quantities consumed and sold. The amount of maize, rice and vegetables sold
is the difference between total crop production, regulated by the production potential of
farmland, and the household’s food consumption.
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6.1.5 Labor potential
The labor potential of these farm households consists of various aspects, including education
and formation, which influence both the productivity and the quality of farming practices.
Depending on the education level and the size of the active labor force, other labor activities
could be of interest for the household. Labor can be allocated to off-farm or other valueadding activities. The amount of off-farm labor available depends on the exogenous off-farm
work opportunities. The success of value-adding activities depends on the formation and the
labor potential of the household. An important income source for some households is brick
production, though it is constrained by the availability of good soil, which is burnt to bricks.
The system does not incorporate the loss of topsoil through brick production, although it
is an important negative effect. For other activities, such as the production of sweets or
mushrooms, the availability of special resources is not necessary.

6.1.6 Subjectively perceived quality of life and satisfaction of the households
The quality of life perceived by the household depends on the levels of food, health and
education. Financial surplus also regulates the perceived quality of life, as it allows investments
into natural or human capital, thereby boosting the development of the farm households.
In order to facilitate the analysis and the model building process, the conceptual model is
divided into five modules: (i) Labor; (ii) Production; (iii) Consumption; (iv) Flows and stock
of cash; and (v) SADP (see Figure 6.2). Considerations about the perceived quality of life
are not included in this analysis.
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Figure 6.2: Modules of the MFHM
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6.2 The households over the course of a year
After a short description of the farm households in the sample, the descriptive results of the
one-year household survey are presented in this section. The results provide an overview about
the activities of the 119 farming households over one year, reflecting seasonal characteristics.
This section ends with considerations on the development potential and the value chains that
the households are active in. Although sizable variation of the data complicates the analysis
and reduces its explanatory power, this section nevertheless provides an enlightening overview
about labor allocation, consumption and production patterns, as well as on income of the
households in Meegahakivula. The section is structured following the five main elements of
the conceptual model considered in this study (see Section 6.1).

6.2.1 The farm households in Meegahakivula
Table 6.1 describes the households. On average, a farm household consists of 4 members, and
allocates 50% of their labor force to permanent off-farm employment. The average age of the
household head was 47 years in 2008. 64% of the household heads studied until the secondary
level, while 1.7% finished schooling with a degree. Eleven households are headed by a woman.
Generally, 66% of the total labor force of 2.29 (adult equivalent) is allocated to on-farm
activities. The average total land surface per household is 1.62 acres (=0.66 hectares), which
equals 0.71 acres per capita. On average during 2008, the household vegetable and rice
consumption was at a ratio of 45.6% for vegetables and 33.4% for rice, which was produced
on the farm. Over the year, around one-fifth of the total consumption of vegetables, rice and
maize was sold. Monthly income from both full-time and occasional off-farm labor activities
is, on average, LKR 4,895 (1 US$ = 108.29 LKR; average for 2008)1 for males and LKR
1,625 for females, while a household’s average monthly income is LKR 6,525. 56.3% of the
households have credit agreements.

1

http://www.imf.org/external/np/fin/data/param_rms_mth.aspx, 06.11.2010

1

119
119
118
119
119
119
119
119
119
117
116
116
118
118
118

Age of HH head

Active labor force

On-farm labor allocation

Full-time off-farm employment*

Surface highland (acre)*

Surface lowland (acre)

Land sufficiency

TLU/acre*1

Vegetable self-sufficiency (12 month av.)*

Rice self-sufficiency (12 month av.)

Rate of sales (12 month av.)*

Relative on-farm income (12 mo. av.)*

Male earnings (12 mo. av.)

Female earnings (12 mo. av.)

Total earnings (12 mo. av.)

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.03

0.00

0.50

0

19.18

1

23

1

Min

22,025

7,975

15,387

96.05

93.67

100.00

100.00

4.73

4.23

3.00

4.00

4

100.00

4
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Max

6,524

1,627

4,894

11.24

19.23

33.46

45.63

0.41

0.71

0.46

1.16

0.52

66.11

2.29

46.90

4.08

Mean

6,393

1,562

4,827

12.46

21.56

36.03

47.90

0.42

0.76

0.44

1.26

0.44

66.26

2.28

46.77

4.05

Mean SADP

7,096

1,910

5,186

6.04

8.69

22.95

36.13

0.35

0.53

0.52

0.74

0.87

65.47

2.36

47.43

4.17

Mean non-SADP

Tropical Livestock Unit (see: http://www.fao.org/ag/againfo/programmes/en/lead/toolbox/Mixed1/TLU.htm)

For variables marked with a *, significant differences between the SADP and non-SADP sample was observed at a 0.05-level

119

Cases

Household size

Variables
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5,075

1,986

4,217

17.16

22.23

33.81

24.36

0.87

0.54

0.55

0.90

0.79

20.46

0.56

13.02

1.24

Std. dev.
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Significant differences between households participating in the SADP and non-members
were observed for six variables presented in Table 6.1. Off-farm employment is significantly
higher in the non-SADP sample. SADP members cultivate larger highland fields and have
more animals. SADP members produce approximately 48% of their total vegetables for
consumption, while the self-sufficiency rate for non-members is 36%. The difference in
the rate of sales between the two groups is large. SADP members sell 21.6% measured at
total consumption, while non-members sell only 8.7%. As a consequence, the relative farm
income compared to the total income amounts to 12.5% for SADP members and 6.0% for
non-members.

6.2.2 Production potential of the farmland
Project partners from the Institute of Agricultural Sciences at the ETH Zurich analyzed
the production potential of the farmland. Besides on-farm trials of maize and mung bean
production, different soil analyses were conducted. The effect of G. sepium was analyzed
with different soil trials using various fertilizer regimes (see [Egodawatta, 2010]).

6.2.3 Labor Potential
The amount of labor allocated to either on-farm or off-farm activities was indicated in
the survey on a half-day basis. Off-farm labor includes all labor activities that are not
devoted to one’s own household and cannot be further distinguished between agricultural or
non-agricultural labor. Figure 6.3 shows that the male labor force is more or less equally
devoted to the farm household and off-farm. During the wet season, more of the labor force
is allocated on-farm. The total workload per month (in Figure 6.3 represented by the orange
line) is higher during the wet season and decreases in the dry season; it fluctuates between
22 days in May and 28 in November.
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Figure 6.3: Male and female on- and off-farm labor allocation

As home garden production is primarily a female task, females are mainly involved in farming
activities (see Figure 6.3). At the time of harvest after the Maha season, the proportion
between on-farm and off-farm labor allocation is around 2.2:1 to 2.8:1 in favor of on-farm,
while at the end of the year during cultivation in the Maha season, this proportion increases
to 3.2 to 3.5. The total workload for female household members is around 24 days a month
and their workload fluctuates much less than the male workload. On average, females are
involved 5 days per month in off-farm activities.
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6.2.4 Flows of cash
Household expenditures are divided into two main components: expenditures for food and for
utilities. Utilities comprise a large group ranging from equipment and material for production,
to education and consumables such as non-food consumables and expenditures for electricity,
fuel and others. Figure 6.4 shows that the total expenditures per month fluctuate between

Figure 6.4: Household expenditures (food and utilities)

LKR 10,000 and 12,000 per household. In general, expenditures for food are slightly higher
than for utilities. On average, more than 50% of the household budget is devoted to food
consumption. The differences between the two groups are less pronounced during wet seasons.
While expenditures for food are stable over the year, with only a slight increase during dry
seasons, expenditures for utilities are reduced and much more pronounced during dry seasons.
This might have two explanations. During the dry season, only water-saving agricultural
production in pots and plastic bags in home gardens is possible. Secondly, due to the decrease
in production, income from agriculture is reduced, which forces the family to save on non-food
items.
On the income side, two different income sources are distinguished (see Figure 6.5). Labor
income increases over the year. Other income, including income from agricultural activities,
remittances from governmental and private organizations, as well as money transfers from
family members is stable, with a slight decrease during the dry season. Total income increases
over the year due to an increase of income from off-farm labor. The off-farm labor income,
based on its relative importance, will be discussed in detail in Section 6.2.4. As a result, the
blue line in Figure 6.5 shows that the total income of the households increases on average
from around LKR 8,000 to over LKR 12,000.
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Figure 6.5: Income by income types (labor and agricultural income)

Figure 6.6 shows the households’ total cash inflows and outflows by merging Figures 6.4
and 6.5. The red line indicates that the expenditures from January until August are higher.
From September onwards, cash inflows exceed outflows. This pattern seems to be unlikely,
as the period of expenditure surplus seems to be too long. One reason for this might be
data limitations. Although the survey allowed us to add other income sources, they were not
explicitly indicated. Presumably, farmers only declared income types that were explicitly
stated. While the fluctuation in expenditures seems to be adequate, income, especially in
the three first months of the year, seems to be underestimated. Especially in February and

Figure 6.6: Flows of cash (inflow and outflow)

March, higher income from agricultural production is expected, as this is the harvesting
time of the major season. Another reason might be that remittances from family members
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play an important role for the households in Meegahakivula. It was difficult to capture
these payments in the survey. Only a few households indicated remittances from household
members living elsewhere, or transfers from Samurdhi, for example. A cash deficit is therefore
expected to be less pronounced in reality. Nevertheless, liquidity problems are obvious and
some households depend on all sorts of remittances to ensure a minimum level of well being.
Income from agriculture and wood sales
The relative importance of income from sales from agriculture and wood products is shown in
Figure 6.7. Income from farm activities contributes on average to approximately 10% of the
total income. This proportion decreases slightly over the year, indicating that agricultural
activities are less important than other income sources. Again, as seen above, missing income
from the major harvesting season might lead to the underestimation of this proportion. The
light columns in Figure 6.7 show the ratio of wood income in proportion to total agricultural
income; it fluctuates between 48% and 10% of total agricultural income. The highest values
of wood sales are in October and December. In October, the majority of the G. sepium leaves
are incorporated into the soils during land preparation. In December, leaves are incorporated
as an additional nitrogen source.
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Figure 6.7: Relative importance of agriculture for income generation

Income from off-farm labor
Figure 6.8 shows the development of the total from off-farm labor earnings on average per
household. The blue line represents the increase in male off-farm earnings. In the first
three months of the year, total earnings are more or less stable before the earnings increase

95

6.2 The households over the course of a year

significantly. The average earnings per household and month for male off-farm labor increase
by more than two-thirds over the year. Total female earnings increase in the first five months
before stabilizing. In the last two months, the female off-farm labor earnings decline. The
increase in total earnings is partly due to an increase in off-farm labor allocation, while a
second reason is an increase in wages. The wage levels for both males and females on a
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Figure 6.8: Total earnings from off-farm labor

half-day basis are shown in Figure 6.9. Wages per half day for male labor increases over
the year from LKR 400 to approximately LKR 550. Female wages increase less markedly.
The average female wage per half-day increased during the study period from approximately
LKR 300 to LKR 360. Figure 6.9 shows the difference in wage levels between male and
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Figure 6.9: Male and female wages on half day basis
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female labor; there is a slight increase in disparity between male and female wages. This
might be due to two reasons: First, females work more often as agricultural laborers on
other farms than males do. The wage level for agricultural laborers is lower than in other
sectors. Secondly, there exists a general income disparity between male and female income.
This disparity seems to increase over the year. A possible reason is that the wage level in
agriculture reacts slower to the economy’s growth compared to other sectors.

6.2.5 Household consumption of food
An important objective of the survey was to show how important agricultural production
is in providing food for the household. One important aim of the SADP is to increase
the nutritional status of the families in Meegahakivula. Farmers are motivated to increase
food production for self-sufficiency, thereby achieving greater independence from market
fluctuations. Figure 6.10 shows the self-sufficiency rates for vegetable and rice, the two most
important food staples for a Sri Lankan household. The blue area in the graph stands for
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Figure 6.10: Rate of self-sufficiency for vegetable and rice

the self-sufficiency rate of vegetables, while the red represents the level of self-sufficiency for
rice. The self-sufficiency level of vegetables is, on average, around 40% to 50%. In February
and March this rate increases to over 60%, while in September/October the rate drops under
40%. After the rain starts in October, the rate increases again. The storability of rice marks
a big difference between these two items and explains why the rate of self-sufficiency is
more balanced. An increase of self-sufficiency in rice during the dry season has two possible,
interrelated reasons. First, rice is harvested in the first quarter of the year, thus replenishing
stores. Second, during dry season the monetary situation is tense and hence there is more
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rice taken from the stock than bought from the market compared to the period between
November and April.
An interesting consumption pattern can be detected when observing food consumption in
more detail. Figure 6.11 shows the value of vegetable and rice purchased over the year. The
red line in the graph shows rice purchases on a weekly basis. At the beginning of each month,
the amount purchased is higher than in the three weeks afterwards. Households seem to buy
the most food for the household once per month. Figure 6.11 shows that the amount spent
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Figure 6.11: Vegetable and rice purchase from market

on rice is decreasing, while the amount spent on vegetable remains stable. On average, the
households spend LKR 400 to 500 per week on rice. Vegetable expenditures were, on average,
around LKR 200 per household and week. As vegetables are not storable, the consumption
pattern is more balanced between the weeks. To gain a deeper insight of the patterns of rice
and vegetable consumption, price development over the year has been considered. The year
2008 was characterized by high fluctuations of prices on the food markets. Figure 6.12 shows
price development on the Badulla market for rice (red line) and vegetables (blue line). The
columns represent the average amount of rice and vegetables bought by the households; it is
calculated by a division of rice or vegetable expenditures, indicated by the farmers, divided
by the Badulla market price. Information on prices was obtained from the Department
of Census and Statistics. The price of rice was calculated using average prices for all the
different rice varieties for each month of the survey. The price of vegetables was calculated
similarly, using an average value of a vegetable basket containing different vegetable sorts
available on the market in Badulla. The market prices and the amounts of rice and vegetables
bought by the households in reality might not be estimated accurately; the relative amounts
between the different months, however, allow comparisons of consumption patterns. In 2008,
the average rice price started at a level of LKR 55, and rose to LKR 70 before it dropped
back to around LKR 30. The amount of rice purchased dropped in the first half of the year
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from over 8 kilograms (kg) per month to less than 6 kg in July and increased to 10 kg in
September; it dropped slightly in October before reaching around 13 kg in December 2008.
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Figure 6.12: Average vegetable and rice prices (LKR/kg) and amount consumed

Vegetable consumption shows a similar pattern. During the first quarter of the year, the price
of vegetables was stable at around LKR 50 per kg before peaking in June at more than LKR
85 per kg. Prices dropped again and reached a level of LKR 50 per kg between August and
the beginning of October. At the end of the year, another increase to a level of LKR 70 per
kg was observed. Although some trends in the graph show that households in Meegahakivula
do react to price shifts, the survey data does not provide conclusive evidence. The increased
purchase of rice at the end of the year might be based on decreasing or even ending rice
stocks, rather than a reaction to the price drop. As the total value of vegetables purchased
over the year is more stable (see Figure 6.11), the amount consumed is reciprocal to the price
development. Nevertheless, it has to be considered that the observed consumption pattern of
vegetables is also influenced by the seasonality of production. In the first 4 to 5 and the last
2 to 3 months of the year, households do produce more vegetables. Figure 6.13 shows the
value of meat and milk consumption. Meat consumption is not very common in Sri Lanka.
Based on their Buddhist beliefs, many families are vegetarian. Milk consumption is also not
comparable with other food items. Although tea is very popular and normally served with
milk, only families with small children consume milk in considerable amounts. The average
consumption level is therefore low and stable. As seen for rice, households purchase most of
their meat and milk requirements once a month. The average expenditure for meat follows
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Figure 6.13: Milk and Meat purchase from market

a seasonal trend, observed earlier. During the wet season, more money is spend on meat.
Such a trend is not observable for milk. As for rice and vegetables, the consumption pattern
for meat and milk, in relation to the price development over the year, is analyzed. Figure
6.14 shows that the average meat price increased over the year from LKR 250 per kg to
approximately LKR 380 per kg, while the price for milk remained stable at a level of around
LKR 250 per 400 gram. A household consumes an average of approximately 125 grams of
milk per month. In contrast, meat consumption varies over the year. In the first month of
the year, average consumption per household per month is approximately 200 to 225 grams,
before dropping in May and the ensuing months to a level of around 150 grams. The lowest
level of 75 grams is reached in September. Consumption increases again to the same level as
one year earlier. For both milk and meat consumption no evidence of price sensitivity was
detected, as was observed for rice and vegetables.

6.2.6 Development potential of the farm households
In a pilot study of this research project, farmers and experts were interviewed regarding
the development potential of the farm households in Meegahakivula [Eiselen, 2006]. Eiselen
[2006] used the information obtained in a SWOT-analysis. The most important strengths and
weaknesses of the different farm households, as well as opportunities and threats perceived in
the economic and ecologic environment are briefly highlighted.
Strengths
Home gardening was considered an important strength; it provides households with food and
increases self-sufficiency. The SADP has influenced farmers’ awareness on issues relating to
the ecology and ecosystems. Water for household consumption has improved and at present,
nearly all households have access to safe drinking water.
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Figure 6.14: Average meat and milk prices and amount consumed

Weaknesses
Although access to safe drinking water is assured, there is a lack of water for agricultural
production. Due to the remoteness of the area, not all households have access to electricity.
The road network is poor and the travel time to the market in Badulla is long. Small plots,
a result of land fragmentation over generations, low productivity and poor seed quality,
are the main challenges for agricultural production and result, combined with a lack of
knowledge on agronomic practices and farm management, in low incomes from farming. The
situation is exacerbated due to limited access to non-distorted markets. Farmers are forced
into short-term thinking, as they do not accurately plan their activities. Neither are they
able to invest. All this lead leads to liquidity problems, hindering development of the farm
households.
Opportunities
Farmers and experts alike perceive the SADP as a unique opportunity; it provides free seeds
and seedlings and promotes home garden production through extension. It also motivates
farmers to act based on its performance-oriented character. Allocating products of high value
such as special fruits or vegetables to markets in Badulla and Meegahakivula are considered
as an opportunity.
Threats
Contrary to the opportunities, both experts and farmers perceive many threats in the ecologic
and economic environment of the farm household. Besides less rain during Yala season, the
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risk of drought and wild animals such as elephants are major ecological factors threatening
agricultural production. As a result of the complex and inefficient organization of the
governmental extension service, information on improved production practices only slowly
diffuses to the farm households. Political uncertainty hinders the abolishment of market
distortions, resulting in low output prices, while input prices rise due to global market rules.
At the time of research, the unresolved civil war was threatening political stability. High
inflation and unemployment rates threaten economic development and growth.

6.2.7 Value chains of smallholder farm households
Limited market access, a lack of storage capabilities and the perishable character of many
agricultural products increases farmers’ dependence on middle-men collecting rice, maize,
vegetables and fruit directly from the fields. The obtained prices for these products are low,
as middlemen set them. During the dry period from June to October, agricultural production
is limited to home garden production. Therefore, many farmers seek job opportunities or they
try to gain income from agricultural or non-agricultural on-farm activities [Scheurer, 2007].
An analysis of three different value chains shows that they are generally governed at a low
level. Business relations between farmers on one side and traders and consumers on the other
side are weak. Scheurer [2007] analyzed the value chain of brick and mushroom production,
as well as of wood collection. All three different value chains provide additional income for
the farm households, either as a salary-earner or from being self-employed. Brick production
is the most profitable, but is also, especially in the long run, the most unsustainable activity.
The returns are high, but farm households erode their production potential, as they produce
the bricks out of their soil resources mainly in home gardens. Wood is often collected from
protected forests [Scheurer, 2007]. An augmented cultivation of G. sepium, however, increases
the supply of wood. Mushroom production seems to be a good alternative income source for
the households, as long as production risks such as pests or diseases are controlled. However,
the market potential of mushrooms in Meegahakivula is small, and transportation of this
perishable good is a problem. Other self-employed activities such as the production of honey
or medicinal plants could be promising.

6.3 Farmers’ perception of Gliricidia as soil management practice
In this section, farm households’ perception of soil degradation and of G. sepium cultivation
and its application and effects is presented. This section is divided into four sub-sections:
(i) farmers’ perception of soil quality and degradation; (ii) their perception of different

102

6 Model-relevant characteristics of Meegahakivula Farming Systems

measures to improve soil quality and reverse soil degradation; (iii) the importance of different
co-products of G. sepium cultivation and application; (iv) the effects of G. sepium cultivation
and application on different factors.

6.3.1 Farmers perception on soil quality and degradation
Table 6.2 shows farmers’ perception of soil quality change and soil degradation levels. The
households in Meegahakivula perceive no changes in soil quality, compared to five to ten
years ago. Soil degradation, however, is perceived as a problem (assessed on a scale from 0,
indicating no problem, to 8, indicating a large problem).
Table 6.2: Farmers’ perception on soil degradation
Cases

Median

Range

25-Percentile

75-Percentile

Change in soil quality

Variables

115

0

6

-1

2

Problematic of soil degradation

115

6

8

4

8

Soil degradation level in home garden

114

2

8

2

4

Soil degradation level in highland fields

85

3

6

2

4

Soil degradation level in lowland fields

60

3

8

2

4

Farmers’ perception of soil degradation levels (from very severely degraded=8, to not degraded=0) has been assessed for home gardens and highland and lowland fields separately.
Home gardens are perceived as being less severely degraded compared to both highland and
lowland fields.
Comparing SADP members with non-members, soil degradation in home gardens and in
highland fields are both perceived as being more degraded by the non-members.

6.3.2 Evaluation of different measures to reverse soil degradation
Fertilization and the incorporation of organic matter are perceived as being the most effective
measures for reversing soil degradation. The perceived effectiveness was assessed on a scale
from 0=not effective to 8=very effective. In general, all measures were perceived to have a
positive effect on the reversion of soil degradation.
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Table 6.3: Farmers’ evaluation of measures to reverse soil degradation
Type of measure

Cases

Median

Range

25-Percentile

75-Percentile

Soil conservation

110

7

8

6

8

Fallowing

114

6

8

4

7

Incorporation of organic matter

115

8

7

7

8

Crop rotation

115

6

8

5

7

Intercropping

115

5

8

4

6

Fertilization

115

8

8

8

8

Significant differences between the two sub-samples were observed for the perceived effectiveness of soil conservation measures such as terraces, soil covering, etc., the perceived
effectiveness of intercropping and fertilization. For all three measures, SADP members were
more positive regarding their effectiveness.

6.3.3 Importance of different Glircidia usages
The importance of different G. sepium usages from farmers’ perspective was assessed, again
using a scale from 0=not important to 8=very important. Using G. sepium as a source of
organic matter and green manure is very important for the farmers, whereas the role of G.
sepium in providing shade for other crops is not important. The ability to sell wood and
support other crops in the home garden is also important.
Table 6.4: Importance of different Glircidia usages (n=115)
Usage

Median

Range

25-Percentile

75-Percentile

Wood sales

6

8

3

7

Source of green manure

7

7

7

8

Animal forage

4

8

0

6

Shadow

0

8

0

2

Crop support

6

8

5

7

Source of organic matter

8

7

7

8

Four usages are perceived differently regarding their importance in the two sub-samples.
Non-members perceive the importance of G. sepium as a source of organic matter and green
manure, as animal forage and for supporting other crops as being less important.
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6.3.4 Effects of Gliricidia
In a last question, farmers were asked about the effect of G. sepium on different attributes;
they had to indicate whether the effect is very negative=-4 or very positive=+4. As Table
6.5 shows, G. sepium is perceived as having a very positive effect on soil quality. The effect
of G. sepium on fertilizer consumption is negative, indicating that through an application
of G. sepium leaves, fertilizer use is reduced. The workload is perceived to increase with G.
sepium cultivation and application. These two effects combined are nevertheless perceived as
increasing income. Farmers do not perceive the application of G. sepium as having any effect
on crop yields.
Table 6.5: Effects of Gliricidia cultivation and incorporation (n=115)
Effect of Gliricidia on

Median

Range

25-Percentile

75-Percentile

Soil quality

4

6

2

4

Fertilizer consumption

-2

8

-3

0

Yields of other crops

0

8

0

1

Income

2

6

0

2

Work load

2

8

0

3

Two significant differences between SADP members and non-members were observed. Members perceive both the effect of G. sepium on soil quality and on income as more positive
than non-members.

6.4 Conclusions - Chapter 6
Households in Meegahakivula cultivate on small plots and depend on income from off-farm
activities. The harvested land surface per agricultural laborer is, at 0.37 ha, below the average
of South Asia (0.6 ha) [Schmidhuber et al. , 2009]. Households’ expenditures per head and
month are, at LKR 2,850, below the average of Badulla District (LKR 4,172), but are close to
the official poverty line of Sri Lanka for 2006/07 of LKR 2,233 in real total expenditures per
person and month [DCS, 2008]. Data on self-sufficiency rates on smallholder farms in Asia
are not widely available, as this is a site-specific figure. Self-sufficiency figures for Thailand,
however, indicate a range of between 33-68% [Johnson et al. , 2008]. The self-sufficiency
rates of households in Meegahakivula (vegetables (45.63%) and rice (33.46%)) fall within
this range.
The households’ economic activities are strongly influenced by seasonal patterns. The
dry period between May/June and September/October influences both labor activities and
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consumption patterns. Women are mainly engaged in agricultural activities, especially home
gardening. The contribution of agricultural income (10%) to total income is comparatively low,
as figures for South Asia estimate an average value of 70% [Haggblade et al. , 2002]. There
may be two reasons for this. First, the income of agricultural activities is underestimated in
the survey, and second, the land surface of households in Meegahakivula is below the Asian
average.
If the question on farmers’ perception of soil degradation is formulated vaguely, households
tend to overestimate this level compared to an assessment connected to their soils. Soil
degradation in general is perceived as a problem, while the levels of degradations are perceived
as being between low and medium. G. sepium is perceived as being an effective measure to
reverse soil degradation. The effects of G. sepium on attributes such as soil quality, income
and a reduction in fertilizer use are perceived as being positive. Egodawatta [2010] showed
that the intensive incorporation of green manure and other organic constituents leads to
sustained soil quality and high productivity in Meegahakivula. The influence of green manure,
however, is of a short-term nature.
Two main issues arise in the comparison of SADP members with households not participating
in the program. First, agricultural production seems to be of lower importance for nonmembers compared to their counterparts; they have smaller highland fields, they are more
involved in off-farm employment, they have lower self-sufficiency rates for vegetables and sell
less agricultural products, and hence their share of agricultural income compared to total
income is lower. Second, although their involvement in agriculture is lower, they perceive soil
degradation levels as being more problematic. The perception of G. sepium is in general less
positive than for households participating in the SADP.

7 Objectives and strategic alignments of
Meegahakivula Farming Systems
This section presents results obtained from assessing the farmers’ objectives. The objectives
presented to the farm households were defined within the framework of the conceptual model.
Information from informal discussions with various farm household members, preliminary
analysis of the household survey (see Section 6.2) and of a pilot study for this research project
conducted in 2006 were used to compile the list of objectives. The analysis is guided by the
research questions mentioned below, which are discussed in Section 7.3:
Research question 2.3: What are the most important objectives that guide farmers’
behavior?
Hypothesis 2.3: Based on framing effects, the activities prioritized by the SADP, such as
increased self-sufficiency and use of G. sepium in field and home garden soils are of high
importance for the farm households participating in the SADP.
Research question 2.4: Are there measurable differences in the importance of the different
objectives between SADP participants and non-participants?
Hypothesis 2.4: Objectives prioritized by the SADP are of lower importance to nonparticipants.
Research question 3.1: Is it possible to derive strategic alignments from the stated importance of the specific set of objectives evaluated by the farm household?
Hypothesis 3.1: Categorization of the farm households using the set of objectives assessed
leads to a clustering based on the strategic alignment of the households.
Research question 3.2: Is there a correlation between the defined strategic alignment and
the characteristics of the farm households?
Hypothesis 3.2: The correlation between strategic alignment and operational indicators
shows a mixed picture, as the relative importance of defined household activities is either
motivated by actual success, or farmers’ expectations of the activity’s performance.
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7.1 Relative importance of farmers objectives
7.1.1 Relative importance of farmers objectives
Farmers were presented with a set of 10 objectives. To capture the complete range of the
objectives, households were free to add up two additional objectives. Table 7.1 lists all the
objectives presented (Objective A - Objective J) and those stated by the farmers themselves
(Objective K and Objective L). To assess the importance of the different objectives, 100 coins
were distributed to the farmers. These 100 coins had to be allocated to the different objectives
regarding their importance. An overview of all objective-related variables is provided in
Table 7.2 at the end of this section.
A: Decrease the dependency of purchased products
On average, a decrease in the dependency on purchased products is important and desirable.
This objective is weighted above average, with 15.13 coins. For only 2 out of 114 farm
households was it not important. The maximum weight for this objective is 35.
Table 7.1: Ranking and average weight of the objectives (n=114)
Aim

Description

Rank

Mean weight

Number of HH

A

Decrease the dependency of purchased products

1

15.13

112

B

Use Gliricidia for the soils in the field

4

9.54

101

C

Increase field production

6

8.40

94

D

Use Gliricidia for the soils in the home garden

5

8.95

98

E

Increase home garden production

3

11.82

109

F

Sell more products

8

7.28

89

G

Improve marketing activities

7

7.50

90

H

Increase land size

9

6.69

79

I

Increase the amount of off-farm labor

11

3.83

51

J

Ensure children’s education

2

14.30

92

K

Improve animal production

12

1.09

12

L

Improve business activities

10

5.18

32

B: Use Gliricidia for the soils in the field
Farmers not participating in the SADP allocated 7% of their coins to this objective. SADP
members, however, perceived this objective as being significantly more important and
allocated, on average, 10% to it. For 11.4% of all households, this objective was not
important at all. The weight of this objective is, besides being influenced by the SADP goals,
possibly strongly biased by the research project itself. The agronomic project component
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conducted intensive field trials on land from all the farm households interviewed. Furthermore,
as seen in Section 6.3, SADP members are more aware of the potential effects of G. sepium
leaves being incorporated into the soils.
C: Increased field production
An increase of field production is, with a score of 8.40, of average importance. This unexpectedly low importance can be for various reasons. Either farmers are satisfied with the current
productivity levels or, more probably, the difficulties faced in increasing yields, through
productivity gains or increasing field size, are translated into the scores. For 17.5% of the
total sample, this objective is not important.
D: Use Gliricidia for the soils in the home garden
In contrast to objective B (Use G. sepium for the soils in the field), the average values are
not significantly different, for the two sub-samples. This might be due to the fact, that G.
sepium application in the home gardens is easier manageable. The score for this objective is
8.95, and hence slightly above average.
E: Increased home garden production
An average score of 11.82 shows that an increase in home garden production is of aboveaverage importance. Similar scores for both sub-samples indicate that a newly-introduced
management practice has the potential to diffuse beyond the intended beneficiaries. 96% of
all households have at least allocated 4 coins to this objective.
F: Sell more products and G: Improve marketing activities
22% of the households do not want to sell more products, and 21% do not want to improve
their marketing activities. On average, both objectives are of low importance, with a score of
7.28 for objective F and 7.50 for objective G.
H: Increase land size
One-third of the households do not perceive an increase in land size as being important. The
maximum coins allocated are 25. On average, 6.69 coins were allocated to this objective.
I: Increase the amount of off-farm labor
Only 44.7% of the households allocated any coins to this objective. On average, 3.83 coins
were allocated, which makes this objective the second-lowest in importance.
J: Ensure children’s education
For 80% of the households education is important. While the average importance for SADP
members is 12.86, the non-member sample allocated 20.32% of all coins to this objective.
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This difference, however, is not significant. The high average value of the non-member sample
is based on the low sample size for non-members (23), and on the fact that one household
allocated all 100 coins to this objective. The household head justified his behavior by stating
that everything they do is to assure that their children receive a good education; he works as
a teacher.
K: Improve animal production
As livestock production was not considered in detail in the whole study, this objective was
not presented to the farmers. Nevertheless, 12 households perceive this as important for
them. No household from the non-member sample mentioned it, and on average, although
the maximum score is 17 coins, SADP members allocated only 1.35 coins.
L: Improve business activities
Improving business activities is important for 32 households. On average, 5.18 coins were
allocated to this objective. Regardless of its low relative importance, it shows the second
highest individual score. One household allocated 42 coins to this objective.
Correlation of the weights for different objectives
For all consequent results on correlations between the different variables, only correlations of
mediocre (rho≥0.3) and strong effect (rho≥0.5) at a 0.01 level of significance are considered.
Some of the objectives are motivated by similar intentions, and hence correlations between
the weights are expected. Objective J (Ensure children’s education) is negatively correlated
with the importance of objectives F (Sell more products) (rho=-0.324), G (Improve marketing
activities) (rho=-0.380) and H (Increase land size) (rho=-0.314). The importance of decreasing
dependence on purchased products is positively correlated (rho=0.374) with objective E
(Increase home garden production), but negatively correlated (rho=-0.309) with objective I
(Increase the amount of off-farm labor). Those farmers who perceive the use of G. sepium for
soils in the fields as important do so for the use of G. sepium in home gardens (rho=0.439).
A strong effect (rho=0.647) is only observable between objective F (Sell more products) and
G (Improve marketing activities).

7.1.2 Probability of goal achievement
This section deals with the perception of the farm households regarding the probability of
achieving the objectives relevant for them. The probability estimate is based on a valuation
of the farmer for each objective. For all probability estimates, no significant differences
between SADP participants and non-participants were observed. Objectives A (Decrease the
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dependence on purchased products) to E (Increase home garden production), as well as J
(Ensure children’s education), are perceived as being achievable, with a probability estimate
higher than 0.5 (on a scale where 0=impossible and 1=certain). The highest probability
estimates are for objective A (Decrease the dependence on purchased products) and B (Use
G. sepium for soils in the field) with 0.76 and 0.71, respectively. The probability of achieving
objectives K (Improve animal production), L (Improve business activities) and I (Increase the
amount of off-farm labor) are estimated under 0.3. The households evaluate the probability
of achieving one of the two marketing objectives (F and G), as well as objective H (Increase
land size), as being approximately 50%. Except for objective K (Improve animal production)
and L (Improve business activities), where no household perceives the achievement as being
certain, for all other objectives at least one household assesses achievement as certain.
Correlation between the probabilities for different objectives
The probability of achieving objective A (Decrease dependence on purchased products)
correlates with the probability of five other objectives: B (Use G. sepium for the soils in
the fields) (rho=0.354), C (Increase field production) (rho=0.337), E (Increase home garden
production)(rho=0.530), G (Improve marketing activities) (rho=0.315), and J (Ensure
children’s education) (rho=0.313). The probability that farmers use G. sepium for soils in
the field is correlated with the probability of achieving objective D (G. sepium for the soils in
the home garden) (rho=0.492). The probability of achieving an increase in field production
is correlated with the probability of increasing home garden production (rho=0.502), the
probability of the two marketing related objectives F and G (Sell more products (rho=0.381)
and improving marketing activities (rho=0.387)) and the probability of objective H (Increase
land size) (rho=0.393). Similarly, if farmers perceive an increase in home garden production
as being probable, they are also confident that they might sell more products (rho=0.439),
improve their marketing activities (rho=0.432), increase their land size (rho=0.417) and
ensure the education of their children (rho=0.341). Therefore, it is not surprising that
the probability of selling more products also correlates with an improvement of marketing
activities (rho=0.746) and an increase in land size (rho=0.417), and in turn, marketing
activities with the increase of land size (rho=0.407).
Correlation between probabilities and weights for different objectives
Based on theory, the importance of an objective should not correlate with the perceived
probability of the respective objective. Data shows, however, that only for objective A
(Decrease dependence on purchased products), B (Use G. sepium for the soils in the fields)
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and E (Increase home garden production) no significant correlation exists. This could be
explained by the fact that the interviewed person evaluates the importance of an objective
in relation to one’s perceived probability to achieve it. An objective that is perceived
as improbable implicitly loses its importance. The lowest correlation coefficient between
probability and weights is 0.387 for objective D (Use G. sepium for the soils in the home
garden). The highest correlations, with coefficients above 0.9, are measured between the
probability estimate and the weight of objective I (Increase the amount of off-farm labor), K
(Improve animal production) and L (Improve business activities). The perceived probability
of some objectives also correlates with the weights of others. The probability of objective C
(Increase field production) is positively correlated with the relative importance of objective F
(Sell more products) (rho=0.341). The probability of achieving objective E (Increase home
garden production) is correlated with the importance of objective F (Sell more products)
(0.683). Furthermore, the probabilities of the two thematically similar objectives F and
G, which concern marketing activities, correlate with the relative importance of the other
objective (rho=0.576) and (rho=0.401). The probability of objective G (Improve marketing
activities) correlates positively with the weighted importance of objectives H (Increase land
size) (rho=0.335) and negatively with the importance of objective J (Ensure children’s
education) (rho=-0.300). Finally, the probability of objective H (Increase land size) correlates
with the perceived importance of selling more products (rho=0.373).

7.1.3 Farmers’ utility
Farmers’ utility was calculated based on the assumption of the subjective expected utility
model. The weights of each objective were multiplied with the subjectively perceived
probability of achieving the respective objective. The SEU-value for each objective represents
a subjectively evaluated value of the partial worth utility. In general, objectives with high
weights are perceived as being more probable.
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(b) SEU-values
Figure 7.1: Comparison of Weights and SEU-values for different objectives

Figure 7.1 compares the weights with the SEU-values for all objectives for SADP members and
non-members. The same objectives characterized by high weights also have high SEU-scores.
For the SADP sample, objectives A (Decrease dependence on purchased products) (17.53%),
J (Ensure children’s education) (14.28%), E (Increase home garden production) (12.23%), B
(Use G. sepium for the soils in the field) (11.67%), D (Use G. sepium for soils in the home
garden) (10.52%) and C (Increase field production) (8.94%) are those, which have scores that
are above average. For SDAP members, it is of high importance to increase the production
of both fields and home gardens using G. sepium and increase self-sufficiency, while ensuring
children’s education. In the sample of households which are not members in the SADP, the
set of objectives whose SEU-value is above average, is smaller with objectives J (22.70%),
A (14.64%), D (10.56%) and E (10.43%). In contrast to the SADP sample, non-member
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households do not prioritize field production, nor is the incorporation of G. sepium in fields
desirable. For both sub-samples, an only marginal difference of the fraction for a single
objective between weights and SEU-value exists. As for the weights, only the SEU-value for
objective B (Use G. sepium for the soils in the field) significantly differs between the SADP
members and non-members.
Correlation between the SEU-values for different objectives
The strongest correlation, with a correlation coefficient of 0.734, exists between the SEU-values
of objectives F and G, the two marketing related objectives. The SEU-value of objective B
(Use G. sepium for soils in the field) correlates with the SEU-value of objective D (Use G.
sepium for soils in the home garden) with a coefficient of 0.388 and is negatively correlated
with the SEU-value of objective J (Improve business activities) (rho=-0.301). Besides the
correlation between the SEU-values for objectives F and G, F (Sell more products) correlates
with the SEU-value of objective H (Increase and size) (rho=0.386), and objective H is
correlated with the SEU-value of objective G (Improve marketing activities) (rho=0.354).
Correlation between the SEU-values and the probability for different objectives
For all objectives, the probability estimates correlate strongly with the SEU-values. For
objective A (Decrease dependence on purchased products), the correlation is the weakest
(rho=0.517), while for objective K (Improve animal production), the correlation is nearly one
(rho=0.999).
SEU-values also correlate with probability estimates for other objectives. The SEU-value of
the objective to use G. sepium for soils in the field correlates negatively with the probability
estimate of objective L (Improve business activities). This means that a household that
perceives an improvement in business activities as probable perceives incorporating G. sepium
as being less important.
The SEU-value of objective C (Increase field production) correlates with the probability
of objective E (Increase home garden production) (rho=0.329). However, the correlation
between the SEU-value of objective E and the probability level of objective C is weak. The
SEU-value of objective D (G. sepium for soils in the home garden) correlates with the
probability for objective B (Use G. sepium for the soils in the field) (rho=0.321). The
SEU-value of objective F (Sell more products) correlates with the probability estimates for
objective C (Increase field production) (rho=0.341), E (Increase home garden production)
(rho=0.402) and the two marketing related objectives G (rho=0.943) and H (rho=0.407). For
both objectives G (Improve marketing activities) and H (Increase land size), correlations with
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the probability levels of objectives C (rho=0.325/rho=0.342) E (rho=0.396 / rho=0.373) and
F (Sell more products) (rho=0.689/rho=0.363) are observable. Furthermore, the SEU-value
of F correlates with the probability estimate of objective G (rho=0.353) and vice-versa
(rho=0.388).

7.1.4 Capabilities
The evaluation of the households’ capabilities was used, together with the evaluation of the
surrounding conditions, to explain probability estimates of the farm households. Farmers
were asked to evaluate how well their capabilities fit to the control of the achievement of
each of the listed objectives. The scale evaluation ranged from 0 (no control) to 1 (full
control). Congruent to the probability estimates, farmers perceive their capabilities to achieve
objectives A to E and J the highest. The highest capability estimate is perceived for objective
A (Decrease dependence on purchased products), (0.697), while objective K (Improve animal
production) (0.055) has the lowest capability estimate. Only for objective C (Increase field
production), was a significant difference of the average capability estimate for SDAP members
and non-members observed.
Correlation between capability estimates for different objectives
Farmers’ capability to use G. sepium for soils in the field correlates both with objective C
(Increase field production) (rho=0.309) and the capability to use G. sepium for soils in the
home garden (rho=0.505). The capability of increasing field production also correlates with
the capabilities of using G. sepium for the soils in the home garden (rho=0.357), improving
marketing activities (rho=0.360) and increasing land size (rho=0.301). The capability
estimates perceived for objective E (Increase home garden production) correlates with the
capabilities of objective F (Sell more products) (rho=0.416). As for the probability estimates,
the perceived capability of selling more products correlates with the capabilities of improving
marketing activities (rho=0.644) and increasing land size (rho=0.332). Finally, the perceived
capability of improving marketing activities correlates with the capability of increasing land
size with a coefficient of 0.457.
Correlation between the capability and the probability for different objectives
Capability estimates correlate with the respective probability level for all objectives. The
highest correlation coefficient (rho=0.982) exists between the capability and probability of
objective L (Improve business activities). The lowest value, with a correlation coefficient of
0.331, exists for objective E (Increase home garden production).
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Furthermore, correlations exist between capability estimates and perceived probability
levels of different objectives. Some of the correlations are, as for the other variables observed,
thematically logical, while others are not obvious at first sight. The capability of increasing
field production correlates with the probability of improving marketing activities (rho=0348).
The capabilities of objective D (Use G. sepium for the soils in the home garden), correlates
with the probability of using G. sepium in the home garden (0.417). Farmers feeling capable
of selling more products perceive an increase in home garden production (rho=0.366) and
the improvement of marketing activities (rho=0.555) as being probable.
The capability of increasing land size correlates with the probability for an increase in field
production (rho=0.389), the use of G. sepium for the soils in the home garden (rho=0.410), as
well as with the probability estimates of the two marketing related objectives F (rho=0.419)
and G (rho=0.454).

7.1.5 Surrounding conditions
Farmers’ perceptions of the influence wrought by the environment, which either support or
hinder the achievement of an objective, were assessed on a scale from - 2 (most difficult)
to +2 (no limitation). It is assumed that this value estimates the perceived constraints in
achieving the objective, which are out of farmers’ control. The surrounding conditions for
objective D (Use G. sepium for soils in the home garden) (1.08), B (Use G. sepium for soils
in the field) (0.85) and J (Ensure children’s education) (0.31) are perceived as being most
favorable. Objective A (Decrease the dependence on purchased products) (-0.39) and G
(Improve marketing activities) (-0.38) are perceived as most limiting.
For objective L (Improve business activities), SADP members (-0.09) perceive the surrounding conditions as more limiting than their counterparts (0.27).
Correlation between perceived surrounding conditions for different objectives
The surrounding conditions perceived for objective A (Decrease the dependence on purchased
products) correlate with those of objective C (Increase field production) (rho=0.381), whereas
those of objective B correlate with those of objective D (Use G. sepium for soils in the
home garden) (rho=0.606). The surrounding conditions of objective C correlate with the
perceived surrounding conditions of objective E (Increase field and home garden production)
(rho=0.359) and with those of objective F (Sell more products) (rho=0.322). The perceived
surrounding conditions for objective E (Increase production in home garden) correlate with
those of objective F (Sell more products) (rho=0.382) and G (Improve marketing activities)
(rho=0.414), while those of objective G correlate with the conditions of objective F (Sell
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more products) (0.639).
Correlation between the surrounding conditions and the probability for different objectives
Correlations between the perception of the surrounding conditions and the probability
estimates of the same objective were observed only for objective D (Use G. sepium for soils in
the home garden) (rho=0.476). Furthermore, it also correlates with the thematically similar
objective B on G. sepium use in the home garden (rho=0.319).

7.1.6 Development
Farmers were asked to indicate on a scale of –2 to +2 how they perceive the development
over the previous two years for the different objectives. A value of zero indicates that farmers
perceive no changes, while –2 indicates the worst and +2 the best possible development,
compared to two years beforehand.
Development was perceived positive for all objectives. Objectives A (Decrease the dependence on purchased products) (1.099), B (Use G. sepium for soils in the field) (1.050), D (Use
G. sepium for soils in the home garden) (1.120) and E (Increase home garden production)
(1.016) are those objectives where the situation has improved the most and the value is above
1. The objectives with the lowest score are objectives I (Increase the amount of off-farm labor)
(0.019), K (Improve animal production) (0.035) and L (Improve business activities) (0.165),
where, on average, nearly no improvement was perceived. Significant differences between the
average values of the two sub-samples exist for the two G. sepium-related objectives B and
D, as well as for objective C. The perceived development is higher for all three objectives for
the SADP sample.
Correlation between perceived surrounding conditions for different objectives
The development evaluation scores for objectives A to G nearly all correlate with each
other, with a correlation coefficient of around 0.4. The weakest correlation exists between the
perceived development of objective E (Increase home garden production) and the development
of objective F (Sell more products) (rho=0.33), while the highest correlation is measured
between the perceived developments of the two marketing related objectives (F and G)
(rho=0.639).
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0.05

0.17

A

B

C

D

E

F

G

H

I

J

K

L

SADP

0.16

0.07

0.54

0.23

0.38

0.44

0.49

0.66

0.68

0.56

0.71*

0.71

Cap.

4.89

1.35

12.86

3.58

6.97

7.67

7.42

11.92

9.02

8.55

10.04*

15.40

Weight SADP

non-SADP

0.20

0.00

0.61

0.33

0.29

0.37

0.41

0.55

0.56

0.38

0.58*

0.63

Cap.

6.41

0.00

20.32

4.91

5.55

6.77

6.68

11.41

8.64

7.77

7.45*

14.00

Weight non-SADP

-0.02

0.04

0.31

-0.08

-0.13

-0.38

-0.24

-0.26

1.02

-0.61

0.85

-0.39

S. Cond.

3.51

0.86

11.03

2.49

4.54

4.47

4.66

8.24

7.30

5.89

7.63

11.77

Total

SEU Total

SADP

-0.09*

0.04

0.32

-0.06

-0.10

-0.35

-0.21

-0.25

1.08

-0.58

0.88

-0.47

S. Cond.

3.30

1.06

9.90

2.37

4.70

4.60

4.76

8.48

7.29

6.20

8.09*

12.16

SEU SADP

non-SADP

0.27*

0.00

0.29

-0.20

-0.28

-0.49

-0.38

-0.28

0.76

-0.70

0.73

-0.07

S. Cond.

4.39

0.00

15.74

2.97

3.85

3.92

4.22

7.23

7.32

4.58

5.72*

10.15

SEU non-SADP
Total

Total

0.17

0.04

0.75

0.02

0.25

0.33

0.47

1.02

1.12

0.76

1.05

1.10

Dev.

0.20

0.08

0.61

0.27

0.44

0.46

0.47

0.68

0.70

0.58

0.71

0.76

Prob.
SADP

SADP

0.18

0.04

0.75

-0.02

0.28

0.36

0.50

1.10

1.22*

0.89*

1.14*

1.16

Dev.

0.18

0.10

0.61

0.26

0.46

0.48

0.48

0.71

0.71

0.61

0.73

0.78

Prob.

For variables marked with a *, significant differences between the SADP and non-SADP sample was observed at a 0.05-level

Total

8.40

C

Cap.

9.54

B

Aim

15.13

Weight Total

A

Aim

Table 7.2: Mean values for objective related variables
non-SADP

non-SADP

0.11

0.00

0.79

0.18

0.12

0.23

0.35

0.65

0.70*

0.19*

0.66*

0.83

Dev.

0.25

0.00

0.62

0.30

0.38

0.37

0.43

0.58

0.64

0.49

0.66

0.67

Prob.
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7.2 Objective system and strategic alignment
In this section, the results of a cluster analysis of farm households, using farmers’ objectives,
are presented. The goal was to define different types of strategic alignments. In a first step,
farmers’ self-evaluation of their objectives was used to define an objective system, thereby
reducing the objective-related variables. In a second step, this condensed objective system
was used to derive different strategic alignments.
The following objective-related variables were used: (i) SEU-values; (ii) farmers’ perceived
capabilities; and (iii) farmers’ perceived development for each objective. A Principle Component Analysis (PCA) was performed to reduce the set of 36 variables. This reduced set of
components defines the objective system of the households.
Table 7.3: Different components of farmers’ objectives
Component

Denotation

C1

Motivation to increase marketing

C2

Intention to use Gliricidia

C3

Intention to invest in business activities

C4

Need to produce for self-sufficiency

C5

Intention to invest in children’s education

C6

Motivation to increase self-sufficiency

C7

Intention to increase in land size

C8

Motivation to increase off-farm labor

C9

Motivation to increase field production

C10

Motivation to invest in animal production

C11

Need to improve market orientation

C12

Need to increase animal production

Table 7.3 shows the 12 different components extracted; three types can be distinguished. If
the component consists of SEU-values, perceived capabilities and perceived development,
the component stands for an intention to act. If the component consists of SEU-values and
perceived capabilities, the component stands for a motivation to act. A component consisting
of the perceived development only stands for a need to act.

7.2.1 Strategic alignment
The defined components were further reduced and grouped in a cluster analysis (using a
Ward-method with a squared Euclidian distance measure). The cluster analysis defined six
different clusters representing six strategic alignments of the farm households (see Table 7.4).
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Cluster 1 – Market-oriented agricultural production (MA) (n=38 - 31 SADP, 7 non-SADP)
The second-largest group of households is mainly defined by five components: the motivation
to increase marketing and field production, the intention to use G. sepium and to increase
land size, as well as the need to improve marketing activities.
Cluster 2 – Business oriented households (BO) (n=13 - 8 SADP, 5 non-SADP)
Thirteen households are characterized by a business orientation. The intention to invest in
business activities and children’s education, as well as the motivation to increase self-sufficiency
and increase off-farm labor, are, together with the need to improve market orientation, of
significant importance.
Cluster 3 – Diversified animal production (DA) (n=7 - 7 SADP)
The motivation to invest in animal production and the need to increase animal production
are of primary importance for these households. The need to improve market orientation
and the intention to use G. sepium, as well as the motivation to increase self-sufficiency and
field production, are other driving forces.
Table 7.4: Mean values of factor scores of components for different strategies
Component

MA

BO

DA

AA

OF

SS

Motivation to increase marketing

0.51

- 0.10

-0.14

0.76

-0.48

-0.13

Intention to use Gliricidia

0.34

-0.43

0.36

-0.49

0.19

-1.16

Intention to invest in business activities

-0.15

1.92

-0.08

-0.02

-0.30

-0.54

Need to produce for self-sufficiency

-0.05

-0.09

0.05

0.13

0.28

-0.68

Intention to invest in children’s education

-0.01

0.10

-0.25

0.24

0.25

-0.76

Motivation to increase self-sufficiency

-0.19

0.64

0.16

-0.25

-0.37

1.00

Intention to increase in land size

0.23

-0.43

0.06

-0.24

-0.24

0.51

Motivation to increase off-farm labor

-0.54

0.14

0.18

-0.16

0.35

0.34

Motivation to increase field production

0.50

-0.19

0.19

0.01

-0.28

-0.54

Motivation to invest in animal production

-0.28

-0.17

2.53

3.10

-0.33

-0.32

Need to improve market orientation

0.32

0.42

0.38

-0.76

-0.28

-0.48

Need to increase animal production

-0.11

-0.23

2.44

-2.12

-0.05

0.03

Cluster 4 – Market-oriented animal production (AA) (n=4 - 4 SADP)
As for the DA-cluster, the motivation to invest in animal production and the need to
increase animal production are the most important driving forces. The motivation to increase
marketing, the need to produce for self-sufficiency and the intention to invest in children’s
education are other components that are above average.
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Cluster 5 – Off-farm labor oriented households (OF) (n=39 - 32 SADP - 7 non-SADP)
Most households in the sample are off-farm labor oriented, and the motivation to increase
their off-farm labor is of primary import. Off-farm labor oriented households are also driven
by the intention to invest in their children’s education and to use G. sepium, as well as the
need to produce for self-sufficiency.
Cluster 6 – Self-sufficiency oriented households (SS) (n=13 - 10 SADP, 3 non-SADP)
Self-sufficiency oriented households are driven by the intention to increase self-sufficiency
and to increase land. Furthermore, the households are motivated to increase off-farm labor.
Four of the 12 components do not show significant differences at a 0.05 level for the defined
clusters. The need to produce for self-sufficiency, the intention to invest in children’s education,
the motivation to increase self-sufficiency and the intention to increase land size are of similar
importance for all farm types.

7.2.2 Differences between the clusters regarding household characteristics
For the household characteristics presented in Table 6.1, tests were conducted to determine
whether significant differences exist between the clusters. Significant differences were measured
for only two variables (Age of the household head and TLU/acre) at a 0.05 level. Household
heads pursuing a diversified animal production strategy are the oldest (on average 53 years).
Household heads characterized by a market-oriented animal production strategy are the
youngest (37 years). The heads of business-oriented households are on average 39 years
old and significantly younger than their colleagues pursuing a market-oriented agricultural
production (48 years), or those who are self-sufficiency-oriented (49 years). Off-farm labororiented household heads are, on average, 45 years old.
The two household types with a focus on animal production have significantly more animals
than the other groups. These two samples are not further considered in this analysis, as
animal production was not a focus of the research program.

7.3 Conclusions - Chapter 7
Farmers’ actions are mainly guided by the objectives to (i) decrease dependence on purchased
products, (ii) ensure children’s education, (iii) increase one’s home garden and (iv) field
production, and to (v) use G. sepium for soils in the home garden. These five objectives
show high scores for all objective-related variables and they are perceived as being the most
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probable. Farmers’ perceived capabilities are most suitable to facilitate the achievement of
these five objectives and the development perceived over the last 5-10 years, is, for these
objectives, the most positive.
For objective B (Use G. sepium for the soils in the field), there exist significant differences
in the perceived importance, the utility and the perceived capabilities between the SADP
members and non-members. SADP members perceive the use of G. sepium for the soils in
the field to be more positive.
The two means objectives (B and D) about the use of G. sepium are not rated differently
compared to the other, instrumental objectives. The surrounding conditions, however, are
perceived as being most positive for the two means objectives B and D. An assessment on
the influence of surrounding conditions on instrumental objectives without a defined target
state is more difficult. A direct link between the instrumental objective and the conditions of
the influencing environment does not exist.
The perceived probability of achieving an objective depends on farmers’ evaluation of the
qualification of their capabilities to foster such an achievement. Surrounding conditions are not
correlated with the probability estimates. However, the perceived development of an objective
correlates with the probability of achieving an objective. Farmers’ partial-worth utility for
the different objectives depends on the relative importance, the probability estimates, the
evaluated capabilities and the perceived development for the respective objective.
Objective-related variables between objectives similar in content are strongly correlated.
For the perceived surrounding conditions, the relation between similar objectives is less
pronounced. Although named differently, the strategic alignments defined in this thesis are
congruent with four livelihood strategies described in the Word Development Report 2008.
The World Bank [2007] defines, based on the assumption that rural households are engaged
in different activities such as farming, labor and migration, five different types of livelihood
strategies: (i) market-oriented smallholders derive most of their income from actively engaging
in agricultural markets; (ii) the livelihoods of subsistence-oriented farm households depend
primarily on farming, but the majority of their produce is used for home consumption; (iii)
labor-oriented households earn the larger part of their income wage work in agriculture or the
rural non-farm economy, or from non-agricultural self-employment; (iv) migration-oriented
households might decide to leave the rural sector entirely, or they depend on transfers and
remittances from household members who have migrated; (v) diversified households combine
income from agriculture with off-farm labor and remittances from migration.
The authors of the Word Development Report 2008 argue that the choices of livelihood
strategies depends on various factors such as asset endowment, constraints imposed by market
and institutional failures, social constraints and the exposure to uninsured risks from the
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influencing environment [WorldBank, 2007]. In this analysis, the strategic alignment of a
farm household could be linked to the age of the household head and the amount of animals
kept by a household. However, no difference regarding strategic alignment was observed
between the SADP and non-SADP samples. The influence of the economic and ecologic
environment could not be tested in just one small area.
The analysis on the strategic alignments of the households is in line with observations
indicating that within similar influencing environments, especially in small and distinctlydefined areas, a considerable heterogeneity in households’ activities and their relative
importance for income generation can be observed [WorldBank, 2007, Davis et al. , 2010,
Berkhout et al. , 2010].

8 The Meegahakivula farm household
simulation model
A system dynamics simulation model was used to analyze the economic performance and the
sensitivity to changes in the macroeconomic environment of different farm household types
in Meegahakivula. This chapter describes the objectives, structure and data used for the
Meegahakivula farm household simulation model (MFHSiM). After a description of the model
validation, results are presented.
Model behavior for four different farm types defined in Section 7.2.1 (households with
market-oriented agricultural production (MA), business-oriented households (BO), off-farm
labor-oriented (OF) and self-sufficiency-oriented households (SS)) is presented using a baseline
scenario. Thereafter, results for eight different scenarios of macroeconomic development and
various on-farm development options are discussed. The different scenarios were defined
based on assumptions of macroeconomic development and market forces. The development
options defined are variants of different crop productivity levels, changes in land size, and
self-sufficiency levels for vegetable and rice. This chapter concludes with results on the effect
of a synchronous simulation of two selected macroeconomic scenarios and three development
options. The following research questions are formulated to guide the achievement of Objective 4 and are discussed in 8.9
Research question 4.1: Are differences in economic performance of the four household
types observable? What are the main reasons for the differences?
Hypothesis 4.1: The economic performance of farm households depends strongly on their
strategic alignment. Non-agricultural income is the main determinant for differences between
household types. The lower availability of food is compensated by income gains and a general
increase in households’ welfare.
Research question 4.2: How sensitive are farm households to changes in the macroeconomic environment?
Hypothesis 4.2: The sensitivity of the various farm households depends on their strategic
orientation and hence their level of market integration. The higher the capitalization of
the farm households, the more significant is the impact of changes in the macroeconomic

125

126

8 The Meegahakivula farm household simulation model

environment.
Research question 4.3: What is the effect of different on-farm development options such
as an increase in productivity changes in self-sufficiency rates or land size?
Hypothesis 4.3: The effect of different on-farm development options depends on the feature
of the option and is different for the four modeled household types.
Research question 4.4: How sustainable are the different household strategies regarding
the ability to cope with changing environments, as well as regarding their financial development?
Hypothesis 4.4: Although increased capitalization leads to increased economic performance,
such an increase bears the risk of increased dependency on the performance of the overall
economic sector.
Research question 4.5: Is increased self-sufficiency, as proposed by the SADP, eligible and
realistic?
Hypothesis 4.5: Increased self-sufficiency leads to a poverty trap that excludes the households from adequate financial resources to invest in education, productivity increases or
alternative economic activities.

8.1 Model objectives
The objectives of the (MFHSiM) are twofold. First, the economic performance of different farm
household types, defined by their strategic alignment (see Chapter 7.2.1), is analyzed. The
analysis focuses on relative differences between the four household types. Second, sensitivity
to changes in the macroeconomic environment is analyzed. Macroeconomic changes are
simulated using scenarios for changes in input and consumable prices, as well as changes
in wages. Furthermore, the development potential of the different farm household types is
assessed by modeling different options. The following development options were assumed: (i)
an increase in crop productivity; (ii) changes in self-sufficiency rates for vegetables and rice;
and (iii) changes in land size for home gardens, highland and lowland fields.
The model represents all relevant flows of cash and goods between the households and their
environment and within the households in particular. As such, it simulates interdependencies
of labor, production and consumption allocation decisions depending on farmers’ preferences
for field, home garden, off-farm or business labor input. The model also incorporates labor
shortage problems and hence the trade-off between make or buy.
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8.2 Model structure
The starting point for model building was the conceptual model (see Chapter 6.1). The four
model types differ in 15 key variables. These variables determine: (i) the total labor force
available in a household; (ii) the size of land holdings for home gardens, highland and lowland
fields; (iii) the rates of self-sufficiency; (iv) the number of Gliricidia trees; and (v) the priority
to allocate household labor to different activities. Hence, the structure of the different farm
types does not differ. The model includes a production, labor, consumption, cash and SADP
module, and analyzes the system based on interdependencies between the different model
components. The main decision rules are captured in the model’s labor allocation module.

8.2.1 Labor allocation module
The decision rules for a farm household’s labor allocation are modeled based on farmer preferences.
The available household labor force (calculated
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The rest of the available labor amount (Labor
pool 1), is allocated based on farmer preferences.

Figure 8.1: Modules of the MFHM

Labor decision 1 defines which activity is executed as first priority; four different activities are possible. Labor can be allocated either
to the home garden, field, off-farm or to business activities. This decision depends on
the SEU-values for the respective activities. If the average value of SEU for home garden
production and the SEU for self-sufficiency is higher than the SEU-value for field production,
off-farm labor or business activities for example, labor is allocated to home garden production.
The amount of labor days needed for an activity depends on its labor requirements. For the
home garden, for example, the size of the home garden defines the amount of working days
needed. The amount of labor needed for field production activities depends on the season
and the required labor activities defined in the production module.
Labor decision 2 is similar to Labor decision 1. The activity with the second highest SEUvalue is supplied with labor from Labor pool 2 (Labor pool 1 minus the amount allocated at
Labor decision 1). Similarly, Labor decision 3 allocates the residual amount of labor to the
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activity of third priority.
Off-farm labor possibilities are implemented by an assumed exogenous demand for labor
from other sectors. The labor demand fluctuates randomly around an average level. Similarly,
the labor possibility for business activities is simulated by implementing a higher risk of not
being employed.

8.2.2 Production module
Agricultural production is implemented by three agricultural activities: vegetable production
in the home garden, maize production on highland fields and rice production on lowland
fields. The production potential of the farmland is described in the production module. Maize
production is modeled using data from the agronomic project component. The production
potential of maize depends on labor and fertilizer input. If the fertilizer recommendations of
the Ministry of Agriculture of Sri Lanka (also used as a basis in the field trials) are met, the
production potential is fully reached. Maize production is a function of production potential
and field size. Rice production is modeled using data from literature and the field size.
Both production potentials for maize and rice assume a certain amount of labor required
(recommended labor-input). The available labor input on the household is modeled in the
labor module. If the recommended labor input is not met, production will be decreased
by 25%. However, households have the opportunity to employ external agricultural labor
to avoid a reduction in production. The model allows external labor input if the cash
stock level exceeds external labor costs. For vegetable production, no agronomic production
potential exists. To incorporate on-farm vegetable production, the model uses sample data.
An aggregated variable, vegetable production is calculated based on the labor and land
productivity of an average basket of different vegetable types, also used in Chapter 6.2.4.
The amount produced depends on the available labor. Vegetables can either be consumed by
the household or sold to the market. Vegetable prices are implemented using data from the
official statistics for years one and two. In subsequent years, the prices are extrapolated.

8.2.3 Consumption module
Data on household consumption (produced on-farm, as well as bought on the market)
is available. This information, however, is difficult to implement in the model. Like in
the production decision module, it depends on individual preferences. Regardless of the
preferences and specific characteristics of the different households, a general consumption
pattern was established. The model assumes that if a critical limit is reached, the needs of the
households are met. Non-food consumption, or consumption that exceeds the critical limit,
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is implemented in the model using data from the survey. The critical limit, or basic need is
defined using data from official statistics of the Sri Lankan Department of Statistics. This
value was translated into a set of food components consumed. It is assumed that the household
can meet these needs with a complete vegetarian diet. Household minimum requirements can
either be produced on-farm (depending on available labor and land resources) or bought on
the market. Agricultural output is either consumed by the household or sold. This decision
is modeled using a self-sufficiency variable that indicates the share of family consumption of
the entire production, which differs for the modeled household types, and was assessed using
survey data.

8.2.4 Cash module
Household Cash stock (an indicator of wealth and liquidity) is influenced by inflow and
outflow. Inflow cash unifies all monetary variables entering the system, while Outflow cash
joins those variables indicating flows of cash leaving the system. Cash stock also serves as a
decision variable. A decision sub-system evaluates the financial possibilities of the households.
Based on the level of Cash stock and the knowledge of the effective costs for maize or rice
production, it determines whether the household is able to finance external inputs (such
as fertilizer or labor). Access to credit is not implemented; a negative level of cash stock
however, represents situations where external financial inflows, for example in the form of
credits, would be needed.

8.2.5 Influences of the SADP
Beside the conviction of farmers to increase self-sufficiency levels and incorporate Gliricidia
in their soils, the SADP mainly finances seed and seedlings for home garden production.
Originally, the attempt was to establish a Gliricidia wood value chain in the area. It was
planned that a regional officer of the SADP would collect Gliricidia sticks to be supplied
to a dendrothermal power plant for producing electricity. Unfortunately this value chain
has never been established. During the period of data collection, sales from Gliricidia wood
did not play a significant role in household income. Currently a new value chain is being
established. Holcim, a cement producer, started collecting Gliricidia wood from the region.
SADP influence is implemented in the vegetable production module. Seeds and seedlings
are not considered as an input. Hence, vegetable production does not require any monetary
investment, but rather depends on a household’s labor input. Sales from Glircididia are
incorporated as an additional income as well, but play a marginal role and are not further
considered.
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8.3 Data
The MFHSiM incorporates assessed empirical data presented earlier in this thesis. The
simulation runs over 5 years. In the first year, survey data is used. For years 2-4, the data is
extrapolated. The implemented prices are calculated for years 1 and 2 based on data from
the Department of Census and Statistics11 in Sri Lanka. For subsequent years, an increase
is estimated according to Sri Lankan GDP growth, estimated at around 4% annually from
2007-2011. The price for vegetables sold is 75% of the market price, whereas the margin for
rice is assumed to be 20%.
Data on production, such as fertilizer recommendations or labor needs for the different production activities, is based on literature and expert knowledge [Egodawatta, 2010,
Mubarik, 2007, Ranaweera et al. , 2005, Roy & Misra, 2003, Dhanapala, 2000].

8.4 Validation
Model validation tests the credibility of the model, which indicates how well the real problem,
with respect to the study purpose, is represented. Of interest is whether model behavior
adequately represents the patterns observed in reality. Model validity was tested in two ways.
First, the model was tested against the seasonality pattern observed in reality. Second, model
data was compared to data obtained in the survey.
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8.4 Validation

Figure 8.2 shows the development of cash stock (green line), as well as all cash inflows
(income from agriculture and off-farm activities) and all cash outflows (agricultural input and
a household’s food and non-food expenditures). The development of cash stocks over five
years shows fluctuations based on the seasonal agricultural production pattern. During the
dry seasons, cash inflows, mainly based on income from off-farm activities, exceed outflows.
From October to December, cash inflows are significantly reduced, as the household labor
force is allocated to agriculture. In the meantime, outflows are increasing, as inputs and
additional labor, used for production, are needed. The amplitudes of seasonal fluctuations of
cash stock are reduced based on a decrease in productivity after year two. Production of rice
and maize are reduced, as the cash stock level does not allow investing in fertilizer and/or
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Figure 8.3: Comparison of flows of cash for model and survey generated data

The validation of the model is also tested by comparing the inflows and outflows of cash
assessed in the survey against those assessed with the model. In the survey (see Chapter
6.2.4), all different inflows were represented by total income, while all outflows were merged
into total expenditures (see Figure 8.3). The behavior of the model seems not to reflect the
real situation assessed by the household survey. Especially at harvesting time after the main
rainy season, cash inflow is overestimated in the model (see the green highlighted area in
Figure 8.4). The model sells the maize and rice harvests, minus the amount consumed by
the household, directly after harvest. In reality, sales of the products are probably more
balanced over time. Furthermore, the significant difference between model and survey data
is based on the fact that the survey did not capture the income from sales of agricultural
products after the main rainy season (see Chapter 6.2.4). The model also overestimates cash
inflows in the dry season (see blue highlighted area in Figure 8.4). Labor demand outside
agriculture is used more efficiently in the model. Difficulties to find adequate employment
are probably overestimated in the model. In the second year, the effect is less pronounced,
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as the modeled demand for off-farm labor is lower.
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Figure 8.4: Differences between modeled and assessed data (Cash)

Differences between cash outflows are less distinct. During the dry season (blue highlighted
area in Figure 8.4), differences between the two data sources are marginal. The peak at
harvesting time (green highlighted area in Figure 8.4) is due to input from the external
labor force. At the beginning of the major season (orange highlighted area in Figure 8.4),
cash outflow is again overestimated. As with harvesting time, external labor input for land
preparation and sowing was not indicated in the survey. Additionally, the assessed fertilizer
costs do not correspond with reality. Fertilizer costs assessed in the survey were biased by
the agronomic research component. The agronomic project component allocated fertilizer
for the plots sampled. The agronomic field experiments and the survey assessed data at the
same time. Hence, costs for external inputs were underestimated.
Another reason for an overestimation of cash inflows could be the prices implemented in the
model. The prices based on official statistical data on market prices in Badulla are probably
higher than the real output prices in Meegahakivula. Based on limited market access, farmers
often sell to middlemen at lower prices, resulting in a reduction of agricultural income. Prices
for consumables paid by the farmers seem to be more congruent to the statistical data, as
the differences in cash outflow are less distinct.
As the model does represent seasonal patterns in a satisfying way, and as the differences
between the data assessed and modeled are comprehensible, the MFHSiM can be considered
as an adequate representation of the real situation in Meegahakivula. Secondly, as relative
differences between farm types are mainly focused upon, it is less important whether the
model does overestimate certain variables, as long as the model does not deviate from the
seasonal patterns observed.
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8.5 Modeling different farm types
To picture the economic activities of the farm households in Meegahakivula as accurately
as possible, the different household types defined in Chapter 7.2.1 are used and modeled in
different variants. The model variants differ in 14 variables (see Table 8.1). Of these variables,
13 are deduced from the survey, while the size of the home garden is an assumption made in
the modeling process.
Table 8.1: Variables differing between the model variants
Variables

Unit

MA

BO

OF

SS

Household size

number

4.00

4.00

4.00

4.00

Active labor force

number

2.30

2.20

2.30

2.40

Full-time off-farm employment

number

0.79

0.80

0.64

0.44

Home garden size

acre

0.50

0.50

0.50

0.75

Field size highland

acre

0.68

0.71

0.66

0.62

Field size lowland

acre

0.47

0.39

0.56

0.42

Vegetable self-sufficiency

%

46.08

36.13

48.82

42.67

Maize self-sufficiency

%

10.00

10.00

10.00

10.00

Rice self-sufficiency

%

35.31

14.46

35.60

39.80

number

410.00

325.00

182.00

213.00

SEU self-sufficiency

–

10.87

15.49

9.19

19.29

SEU field production

–

8.22

3.71

4.84

4.25

SEU home garden production

–

8.79

10.24

6.19

10.54

SEU off-farm labor

–

0.38

2.39

4.30

2.78

SEU business activities

–

1.81

15.84

2.09

1.35

Number of Gliricidia trees

8.5.1 Labor allocation of the variants
Business-oriented households (BO) have the smallest labor pool (36.78), followed by households with market-oriented agricultural production (MA) (39.48). Off-farm labor-oriented
(OF) households allocate an equivalent of 42.46 days per month. Self-sufficiency-oriented (SS)
households have, with 48.82 days per month, the largest labor pool available. SS-households
have the highest active labor force (2.4 adult equivalent), and the amount of labor devoted
to permanent off-farm activities is, with 0.439 adult equivalent, the lowest (see Table 8.1).
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Figure 8.5: Labor allocation to different activities (in percent) for the four household types

The allocation of the labor pool (total amount of labor available, minus the amount devoted
to permanent off-farm labor activities) is presented in Figure 8.5. Labor allocation over the
years changes only marginally. Labor that is not used for an activity is defined as leisure or
underemployment. The available labor pool is calculated by incorporating one day off per
week. SS and MA households are more susceptible for seasonal underemployment. Over the
whole period, SS households are not employed during ten days a month, with a maximum of
32 days in July of the fourth year. The average underemployment accounts for 20.6% of the
total labor force. MA households are underemployed an average of 7.5 days a month, a rate
of 19.2% of the variable labor available. OF and BO households are much more employed;
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their leisure time accounts for 11.6% and 9.9%, respectively.
Only market-oriented and business-oriented households are engaged in business activities.
While MA households pursue business activities mainly in the dry season, business activities
for BO households are more balanced over the year. Examples of seasonal businesses
activities practiced by MA households are brick and mushroom production or wood selling.
BO households are involved in activities that require attendance over the whole year, such as
operating a roadside stall or shop, or a rice mill. The average amount of labor allocated to
business activities is 13.4% for MA households, while BO households allocate an average of
30.9% over the entire period. In year 4 there is less labor allocated to business activities.
OF and SS households do not pursue any business activities. Regarding occasional off-farm
labor input, the picture is less clear-cut. All households do allocate labor for off-farm activities
(this includes all non-self-employed off-farm activities). The lowest percentage of the labor
pool devoted to off-farm activities is 12.5% for BO households.
OF household allocate 50.8% of their labor to off-farm activities; MA households allocate
18.4%, while around one-third of the total labor force in self-sufficiency households is devoted.
As for business activities, although less pronounced, in year four there is less labor devoted
to occasional off-farm activities. This is due to an exogenous decrease in the demand for
off-farm labor in other sectors.
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Figure 8.6: External labor input of different household types per year

through family labor. The amount differs
between MA, BO and OF on the one hand,
and the SS household on the other. SS households have a larger home garden size. The
percentage of labor devoted to home gardens

differs based on the size and total available labor force. The percentage allocated to home
garden production ranges from 22.1% for OF households up to 28.8% for SS households. The
labor requirements for field production increase at the beginning of the rainy season. All
household types depend on external labor forces during these months. MA and SS households
do intensively allocate labor to field production between November and May. On average,
24.5% (MA) and 21.6% (SS) of the total labor force is allocated to field production. BO and
OF households allocate, on average, approximately 15% of their labor to field production
and therefore need higher amounts of external labor.
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The amount of external agricultural labor used, differs between the household types (see
Figure 8.6). MA and SS households do allocate less external labor for agricultural production.
While MA households make use of external labor forces over the whole period modeled, SS
households can afford external labor only in the first two years and the last one. In year
three and four, cash stocks are too low to finance additional labor. This leads to lower yields.
MA, BO and OF households are, with an average value of 7.7 (MA), 10.4 (BO) and 10.7
(OF) days per month, dependent on external labor force for agricultural production during
peak season. On average, SS households allocate 1.6 days per month of external labor to
agricultural production. The demand for external labor is stable for OF households, while
the demand decreases for MA and BO households in the fourth and fifth years, respectively.

8.5.2 Agricultural production
Figure 8.7 shows the production output of the different household types. Vegetable production is
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leading to a heterogeneous yield level over the years. The model simulates variability due to
weather conditions. In year 5, unfavorable growing conditions led to a decline in production
in the entire area.

8.5.3 Agricultural and non-agricultural income
The ratio of agricultural to non-agricultural income differs between the four household types
(see Figure 8.8). For SS households, agricultural income contributes up to 70% of total income.
Agricultural income plays a minor role for BO and OF households, with values between 25%
and 40% of total income. In year 5, a decrease in the share of agricultural income is observed
for all household types. This reduction is a result of a simultaneous decrease in rice yields
and an increase in off-farm labor demand (see Figure 8.7 and 8.5). The ratio of agricultural
income, measured by food expenditures, is around 50% for all household types. This ratio is
reduced for all households in year five. SS households experience a more drastic decrease; the
decline in yields for SS households is, besides unfavorable weather conditions, a consequence
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Figure 8.8: Ratio of agricultural income to total income and food consumption expenditures

8.5.4 Economic performance of different household types
The development of the cash stocks for the different household types is determined by the
labor allocation decision (see Chapter 8.5.1), the land surface for home garden, highland and
lowland fields, the rate of self-sufficiency for vegetables, maize and rice (see Table 8.1) and
finally, the availability of cash for production inputs. Figure 8.9 illustrates the development
of cash stocks (green line) and those of the cash inflows (blue columns) and outflows (red
columns).
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The economic performance for each household type is briefly described.
Households with market oriented agricultural production (MA)
Cash stock development for MA households diminishes over the years. However, it must be
mentioned that the baseline scenario includes both recession, characterized by low off-farm
labor demand in year 4, as well as unfavorable growing conditions in year 5. MA households
seem to be vulnerable to such kind of shocks. At the beginning of years 4 and 5, the cash
stock is negative; the household is in debt. The trend of the cash stock curve implies that it
will in future seasonally fluctuate around zero, with diminishing amplitudes (compare Graph
d) for SS households in Figure 8.9).
Business-oriented households (BO)
Years 3 and 4 were characterized by lower off-farm income based on a decreased demand for
off-farm labor and low business activities. This leads to a decrease in cash stock, hindering
BO households to fully employ hired labor for field production. Nevertheless, cash stock
development in years 1 and 2 shows that a business-oriented strategy, under favorable
conditions, leads to a positive cash stock development. This strategy bears two sorts of
risks: agricultural production risks, and, due to a high dependency on a prospering economic
environment, a risk of recession, leading to a decrease in demand. The cash stock is negative
for the first time in year 5, and the trend implies a similar development as supposed for MA
households and observed for SS households (see Figure 8.9).
Off-farm labor-oriented households (OF)
As long as the demand for labor exists, an off-farm labor-oriented strategy can be considered
as the best and most sustainable alternative. Even with low demand for off-farm labor and
unfavorable growing conditions (in years 4 and 5), the cash stock seasonally fluctuates around
a steady state. The amplitudes of the seasonal fluctuations are more or less stable, indicating
that the cash stock is not diminishing, and the implemented rise in prices does not affect its
development.
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(a) Market oriented agricultural production
200000	
  

60000	
  
100000	
  
40000	
  
0	
  
20000	
  

0	
  

Cash	
  stock	
  level	
  (LKR)	
  

Cash	
  in-‐	
  and	
  ou7lows	
  (LKR)	
  

80000	
  

-‐100000	
  
1	
  

7	
  

13	
  

19	
  

25	
  

31	
  

37	
  

43	
  

49	
  

55	
  

Months	
  
Inﬂow	
  Cash	
  

Ou8low	
  Cash	
  

Cash	
  stock	
  

(b) Business oriented
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Figure 8.9: Comparison of flows of cash for the four household types
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Self sufficient-oriented households (SS)
SS households seem to be caught in a vicious cycle. The low capitalization does not allow
them to maintain the production potential of the land. After year two, the cash stock
decreases below zero. The decreasing seasonal fluctuation leads to a constant level of debt.
A self-sufficiency strategy, with low non-agricultural income, is not sustainable. In reality,
households cannot afford to maintain the cash stock level below zero. Hence, those households
depend on remittances from household members (children or spouses) living outside the area.

8.6 Effects of macroeconomic development
The sensitivity of the different farm household types to changes in the macroeconomic
environment was analyzed. This section presents the results of various scenarios.
Table 8.2 lists eight scenarios representing changes in the macroeconomic environment. These
changes are implemented by shifting input prices such as fertilizers, and prices of consumables
like food products or wages, representing a scarcity of labor due to a higher demand in other
sectors. Shifts on the development of cash inflows, cash outflows and cash stocks for the
different farm types were analyzed for each scenario.
Table 8.2: Scenarios of changes in the macroeconomic environment
Scenario

Input prices

Prices consumables

Wages

Description

1

+20%

+20%

+20%

Rise in prices and wage level

2

-20%

-20%

-20%

Price and wage recession

3

+20%

+/-0%

+/-0%

Rice of input prices

4

+/-0%

+20%

+/-0%

Rice of consumer prices

5

+20%

+20%

+/-0%

Rice of input and consumer prices

6

+/-0%

-20%

+/-0%

Decrease of consumer prices

7

+/-0%

+/-0%

+20%

Rice of wage level

8

+/-0%

+20%

+20%

Rice of consumer prices and wage level

Figure 8.10 provides an overview of the differences in cash stock levels for each scenario
compared to the baseline scenario presented in Chapter 8.5. For all household types, there
are four scenarios that influence cash stock development positively, while four of them have a
negative impact on cash stock development. The influence of the macroeconomic development
on self-sufficiency-oriented households is lower compared to the other types.
Households that are more integrated in the market, like OF households, are most sensitive
to changes. For BO and, although less pronounced, MA households, the impact of scenarios
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reducing cash stock levels is less strong compared to scenarios with a positive impact. A
reason for this pattern could be that the time point until external labor can be afforded shifts
to a later year.
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Figure 8.10: Cash stock development for the different scenarios over five years

8.6.1 Scenarios with a positive impact on cash stock
A rise of 20% in prices for inputs, consumables, and wages has a positive impact for all the
households (see Figure 8.11). The cash stock of off-farm labor-oriented households increases
from year-to-year more. Market- and business-oriented households show similar development.
The increase in cash stock reaches a maximum level at year 3. Thereafter, the difference in
cash stock compared to the baseline scenario remains stable. The difference between the
baseline scenario and scenario 1 is, for self-sufficiency-oriented households, small. In years 3
and 4, no difference between the two scenarios is observable. Scenario 6 assumes a decrease
of 20% in prices for consumables. Such as decrease has a positive effect on cash stock levels
for all the households. The effect is most intense for MA households; both BO and OF
households are less affected. Again, as SS households are less integrated in the market, these
households are less sensitive. For SS and OF households, the positive effect of a decrease in
consumable prices is less pronounced compared to the negative effect of an increase. For MA
and BO households, in contrast, an impact of a decrease in consumable prices is stronger
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compared to an increase. Scenario 7 represents an increase in wages by 20%. It has the
strongest positive impact for all household types. MA, BO and OF households, based on
their relatively high share of off-farm labor, are most sensitive to changes in wage levels. If
an increase in wages is combined with an increase of consumable prices (Scenario 8), cash
stock levels of MA, BO and SS households are reduced more than OF households.
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Figure 8.11: Changes in cash stock for the different macroeconomic scenarios

8.6.2 Scenarios with a negative impact on cash stock
Scenarios 2-5 show a negative impact for all the household types. Scenario 2, the complement
of Scenario 1 with a decrease for all three indicators of 20%, shows the most negative effect
on OF households, while both MA and BO households are less sensitive. An increase of
prices for production inputs (Scenario 3) has a lower impact on cash stock development
compared to an increase in consumable prices (Scenario 4). A simultaneous increase of input
and consumable prices (Scenario 5) leads to an additive effect for OF and SS households.
MA and BO households are again less sensitive. An increase of consumable prices leads on
the one hand to an increase in agricultural income. On the other hand, as all household
types depend on food from markets, food expenditures increase. The cumulative effect of a
rise in consumable prices has negative effects for all the households.
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8.7 Effects of development options on farm household level
Development options on farm household level are modeled using three different options: (i)
increased productivity for all three crops simultaneously; (ii) changes in self sufficiency levels
for vegetable and rice; and (iii) changes in land size for home gardens, highland and lowland
fields.
Changes in crop productivity
Changes in productivity levels show a homogenous impact for all four household types (see
Figure 8.12). OF households are most sensitive to an increase in productivity. MA, BO
and OF households show a gradual increase in the difference of cash stock levels compared
to the baseline scenario. If productivity increases by 5%, SS households do not show the
same pattern. Cash stock increases, compared to the baseline scenario in years 1 and 2. The
additional income obtained is used for additional external labor. This investment results
in a decrease of the cash stock level in year 3. This pattern is not observable if crop yields
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Figure 8.12: Changes in cash stock for productivity increase or changes in self-sufficiency
levels

Changes in self-sufficiency levels
A change in cash stock was modeled assuming both an increase as well as a decrease of 50%
for the self-sufficiency rate of vegetables and rice. Generally, changes in self-sufficiency levels
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have a low impact on cash stock development (see Figure 8.12). An increase in self-sufficiency
level has, for households engaged more in agriculture, a positive effect. However, the picture
is mixed. The pattern of OF-households shows that the outcome depends on the price of
rice at the time point where the rice stock is zero and the household has to buy rice on
the market. In general, a higher level of self-sufficiency in rice leads to higher cash stock
levels. Households in general are not sensitive to changes in the vegetable self-sufficiency rate.
This fact, together with the observation that an increase in self-sufficiency levels leads to a
decrease in cash stock levels, implies that there are enough vegetables available in the home
gardens.
Changes in land size
Figure 8.13 provides an overview of the differences between the cash stock level of the baseline
scenario and the cash stock levels for different scenarios on land size changes. A change
in home garden size has only marginal effects on the cash stock development for all four
household types. This is in line with the results on the increase of vegetable self-sufficiency.
In contrast to changes in self-sufficiency rates, an increase in land has consequences on
household labor allocation. Contrary to an increase in self-sufficiency levels, cash stock is
reduced significantly for households engaged in off-farm activities (BO and OF). Opportunity
costs for labor are, based on relative scarcity, higher for BO and OF households. The labor
force is detracted from more productive activities such as off-farm labor or business. In the
case of SS households, however, an increase of home gardens leads to a better utilization
of the labor force. Home garden size should be increased as long as labor is not scarce to
improve upon the utilization of the available labor.
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Figure 8.13: Changes in cash stock for changes in land size
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An increase in highland fields generally leads to a decrease of cash inflow and vice-versa.
The production of maize is too expensive based on low returns and high costs for external
labor. The positive effects shown for MA, BO and OF households in year five, assuming a
50% increase in highland field size, is due to a breakdown in demand for external labor.
Yields decrease; however, as the costs for labor are omitted, the difference compared to
the baseline scenario is positive. An increase in lowland fields leads in general to an increase
of the cash stock. In years where labor is scarce and yields are low (year 5) however, the
impact of an increase in lowland fields is negative.

8.8 Development potential in a changing macroeconomic
environment
In the last section, both macroeconomic environment and selected on-farm development
options are simulated simultaneously to detect the cumulative effects of scenarios and onfarm development. The two extreme scenarios for macroeconomic development, Scenario 7
(increase in wages by 20%) and Scenario 5 (20% increase in input and consumable prices),
are combined with an increase in productivity of 5%, an increase in self-sufficiency of rice of
50% and an increase of lowland fields by 50%.

8.8.1 Scenario 7 (increase in wages by 20%)
Figure 8.14 shows the differences of cash stock levels between the three on-farm development
options and the baseline scenario. The differences are compared at the end of each year. An
increase in the size of lowland fields has the most positive effect on cash stock development for
all household types. The difference between the baseline scenario and the three development
options in Scenario 7 is similar for MA, BO and OF households. The curve indicates that the
differences diminish over time. The difference between a productivity increase of 5% and an
increase of the self-sufficiency level of rice by 50% is marginal. For MA and OF households,
the effects of the two options converge.
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Figure 8.14: Differences of cash stock for on-farm development options (Scenario 7)

Figure 8.15 shows that the differences observed between increases in productivity by 5%
and an increase of self-sufficiency of rice by 50% are a result of higher cash stock levels for
the productivity increase option during the dry season. In Figure 8.15, a combination of all
three development options is also plotted. A simultaneous increase in productivity, levels
of rice self-sufficiency and lowland field size does not lead to an accumulation of the single
effects.
For all household types, a combination of development options shows a similar effect on
the cash stock level solely as an increase in lowland field size. For the MA, BO and OF
households, all three development options lead to an increase in cash stock over time. As for
the baseline scenario, OF households generally perform the best.
SS households show different patterns. Whereas the effect of an increase in lowland field
size compared to the baseline scenario increases during the entire period, this is not the case
for the two development options. An increase in rice self-sufficiency leads to larger differences
in years 3 and 5 compared to year 4 (see Figure 8.14). Hence, the difference between the
baseline scenario and Scenario 7 does not grow over the whole period.
For an increase in lowland field size and the combination of all options, cash stock levels
remain positive over the whole period. This is not the case for the two other options. Although
the level of cash stock improved compared to the baseline scenario, the cash stock level is
negative at the beginning of years 4 and 5. Hence, in Scenario 7, SS households are free from
debts one year longer compared to the baseline scenario.
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Figure 8.15: Cash stock development in Scenario 7 depending on on-farm development
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8.8.2 Scenario 5 (increase in input and consumable prices by 20%)
The effect of the development options introduced above was also tested in Scenario 5, which
showed the most negative impact on cash stock development. Figure 8.16 shows that,
assuming an increase in prices for inputs and consumables, the same development options
have completely different outcomes. An increased lowland field size leads to an improved
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Figure 8.16: Differences of cash stock for on-farm development options (Scenario 5)

For OF households the difference between the cash stock level modeled and the baseline
scenario increases each year. MA and BO households show a slow increase until year 4, when
differences to the baseline scenario diminish. SS households show the same pattern observed
for Scenario 7. After a reduction of the difference in year 4, the difference increases again in
year 5.
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Figure 8.17: Cash stock development in Scenario 5 depending on on-farm development
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Despite development options, BO households show a similar pattern for the cash stock
development compared to the baseline scenario without additional development options
(see Figure 8.11). After a relative decrease until year 3, the differences compared to the
baseline scenario diminish. Contrary to Scenario 5 without additional development options,
the differences in year 5 are again marginal. MA households showed a similar pattern in
the scenario modeling BO households. In spite of the development options, for both cases
differences to the baseline scenario remain constant for years 4 and 5.
For OF and SS households, Scenario 5 follows a similar trend with or without increasing
productivity or the self-sufficiency level of rice. The negative trend of growing differences can
be temporarily stopped for SS households between years 2 and 3. For OF households, a slight
smoothening of the negative trend is only observable when rice self-sufficiency is increased.
Figure 8.17 shows negative trends for the cash stock development over the five years for all
households and all development options. As an exception, cash stock development is positive
for OF households increasing their lowland field size or combining all three development
options. The differences between the development options are smaller in this scenario and the
seasonal fluctuations are reduced. For MA and BO households, cash stock is only positive
over the whole period when lowland field sizes are increased or all options are executed.
Cash stock development of SS households is never sustainable. The best option only helps to
extend the duration of positive cash stock by a year.

8.9 Conclusions - Chapter 8
Households characterized by an off-farm labor orientation perform best in all scenarios. These
farms’ liquidity is assured over the whole period. The financial assets of self-sufficient-oriented
households are endangered after a short period in all scenarios. These households depend
on remittances and aid from off-farm. The economic performance is mixed for households
pursuing a market-oriented agricultural production strategy, as well as business-oriented
households. The evaluation of these two systems regarding their financial assets is unclear
and inconsistent, and in both cases based on uncertainty. The causes of this uncertainty,
however, are different. Households with market-oriented agricultural production strategies
are exposed to agricultural production risks. Business-oriented households are confronted
with risks from the economic environment such as changes in customer relationships or in
surrounding economic conditions turning unfavorable. Both household types share in common
a general judgment on the sustainability of the strategies. Under favorable conditions, both
strategies are promising, while under unfavorable conditions, liquidity is endangered.
Efficient labor allocation is the main determinant of economic performance. Off-farm labor
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employment is the most promising source of income. Dependency on off-farm income bears
risks connected to the performance of the overall economy. The risk of not being employed,
however, is lower compared to business-oriented households. The model captures the risk of
being employed off-farm by a random distribution of the amount of labor available. However,
as stated by Davis et al. [2010] diversified income sources are a strategy for managing risk
and overcoming market failure. Labor allocation in the model is determined by the strategic
alignment of the farm households. As differences in performance are observable between the
household types, it is shown that the economic performance of a farm household is determined
by its strategic alignment. This finding confirms analysis showing that specialization within
the household is based on individual attributes and/or comparative advantages [Davis et al.,
2010]. Other studies in the Netherlands and Nigeria confirm the observed link between the
strategic alignment and economic performance, showing that farmer objectives and attitudes
determine strategic and entrepreneurial behavior [Bergevoet et al., 2004, Berkhout et al.,
2010].
In general, the impact of changes in the macroeconomic environment is larger compared to
the impact of on-farm development options. The sensitivity of the households, for positive
and negative impacts alike, is higher the more they are integrated in markets. Households
need to be integrated to a certain extent in order to profit from a positive macroeconomic
development. Self-sufficiency-oriented households are therefore less sensitive for changes. The
sensitivity of self-sufficiency-oriented households to negative effects is stronger compared to
positive effects. In contrast, the three other household types are more sensitive to positive
changes. An increase in wages has the most significant impact on the liquidity of all farm
households.
A rise in prices for inputs affects the households less than a rise in consumable prices. A
combined increase of prices for inputs and outputs has, for business-oriented household types,
a less negative effect than the increase in consumable prices only. The combined negative
effect is lower than the effects of the sum of the two isolated impacts.
Regarding the assumed on-farm development options, the strongest effect on the cash
stock was observed for an increase in lowland field size, followed by increases in production.
The effects on changes in self-sufficiency levels and land size increases for home gardens and
highland fields are marginal for all household types. Although the effect of an increase in
lowland field size of 20% or 50% is twice as large as an increase in productivity of 5% or 10%
respectively, this result should be interpreted with care. Due to a virtually non-existent land
market, insufficient assets, and limited access to credits in the area, the feasibility of this
option is questionable. An increase of land is difficult to implement.
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The efficiency of increasing self-sufficiency levels depends on the relative prices of products,
the production costs determined by inputs and foremost upon external labor, as well as on
the opportunity costs of household labor. An increase in self-sufficiency based on an increase
of home garden size is efficient as long as household labor is not scarce. Reallocated labor
from off-farm activities towards agriculture, without a significant increase in productivity,
leads to a decrease in cash stock.

9 General conclusions
The considerable heterogeneity of surveyed farm households does not permit the following
conclusion to be drawn: the type of activities that households pursue determines their success
in moving out of poverty [WorldBank, 2007]. This statement underlines the importance of
detailed case studies that deliver site-specific findings on determinants for development and
poverty reduction.

9.1 Farm households in Meegahakivula - an economic perspective
This study was guided by four different objectives that build upon each other. First, the
farm households in Meegahakivula were described. Secondly, the strategic alignment of the
households was described and analyzed by assessing both farmers’ objectives and their perception of soil degradation. Thirdly, based on farmers’ strategic alignment deduced from the
farmers’ individual set of objectives, different farm types were defined. The fourth objective
was to comparatively analyze the outcome of different economic activities undertaken by
four different farm types using a simulation model. In addition to simulating the economic
outcome of the households, the sensitivity to changes in the macroeconomic environment of
four defined household types was analyzed.
Meegahakivula, the research area, is situated in one of the poorest areas in Sri Lanka.
Surveyed farmers cultivate on land surfaces below the South Asian average, and household expenditures per head and month are below the Sri Lankan average. A low level in
infrastructure and limited access to markets, as well as low productivity and growth in
agriculture, are the main reasons for low income and the high level of poverty in rural areas
such as Meegahakivula. Self-sufficiency levels for vegetables and rice of around 46% and 34%,
respectively, makes the households in the area vulnerable to economic downturns or food
price increases. Although agriculture contributes an average of approximately 10% of the
total cash income, it still dominates the economic activities of the households, which are
hence strongly influenced by seasonal patterns controlled by the alternation of wet and dry
seasons.
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The study showed that differences in the strategic alignment of the farm households exist.
However, farmers’ actions are mainly guided by objectives relating to decreasing the dependency of purchased products, leading to a reduction of money spent for food, to ensure
children’s education in order to provide the next generation with better qualifications to
increase their chances on the job market, to increase home garden and field production, and
to use G. sepium for the soils in the home garden. G. sepium is, in general, perceived by the
farmers as an effective measure to improve soil quality and to increase income by obtaining
better yields while reducing fertilizer usage.
The economic development of the farm household depends upon farmers’ strategies. The
development potential and the sustainability of the economic performance are, under the same
environmental conditions and similar resource endowments, different. The analysis uncovered
a notable heterogeneity within the sample of 119 households. A main challenge facing the
households in Meegahakivula, one that is common for many areas in developing countries, is
the low land share, which inhibits specialization in agricultural activities. Depending on the
strategy of a household, the impact of limited land resources varies. In general, land shares
are too small to make a decent living through exclusively agricultural activities. An increase
in land size, however, is often impeded by legal and/or financial constraints. The level of
mechanization and the amount of fertilizer applied is low. Land and labor productivity is
hence below its potential.
Besides restrictions pertaining to specialization in agriculture, the unfavorable conditions
of the economic environment hinder specialization in rural non-farm business or employment
activities. People in Meegahakivula hardly find good employment opportunities in the area.
Indeed, the households are challenged to find market niches and alternative employment and
income opportunities. This leads to a diversified production and labor allocation portfolio.
Some households concentrate on agricultural production, while others seek employment
outside the agricultural sector, meanwhile reducing their agricultural activities to subsistence
levels mainly achieved by women. Other households try to improve their income through direct
marketing activities. These findings are in line with descriptions in the literature on the feature
and consequence of poverty [Upton, 1996, Banerjee & Duflo, 2006, Ruijs et al. , 2008].
Livelihood strategies in agriculture are characterized by three dualisms. The first dualism
exists between market-oriented smallholder entrepreneurs and smallholders largely engaged
in subsistence farming. A second dualism exists in the labor market between high-skill and
low-skill jobs, and thirdly, between migration with high and low returns [WorldBank, 2007].
Farmers’ strategic alignments assessed in Meegahakivula are in line with the two first
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mentioned dualisms.
The simulation model used showed that a focus on off-farm labor as a source of additional
income is the most sustainable strategy analyzed. The simulated relative success of this
strategy has two main reasons. First, the allocation of labor is more efficient compared to
other strategies. Outliers of both labor surplus and scarcity based on seasonal patterns are
less pronounced compared to the other household types. Second, the households can afford
to employ external labor forces in periods where labor requirements exceed the labor force
available in the household. They are hence able to maintain the production potential of the
farmland. Under favorable economic conditions, the risk of being exposed to fluctuations in the
economic environment is lower compared to the risk of agricultural production characterized
by constraints of small land holdings and unfavorable environmental conditions. Findings
from Berkhout [2009] (cited in [Berkhout et al. , 2010]) show that risk-aversion levels in a
household mainly depend on the location of the household, whereby it appears that risk
aversion increases for decreasing levels of rainfall. This could lead to lower risk aversion for
non-farm activities in the Meegahakivula area.
Households with an off-farm labor or business orientation have the potential to abandon
agriculture if economic growth leads to an increase in labor demand, which would lead to a
structural transformation. Structural transformation in Meegahakivula does not occur as
long as households engaged in off-farm activities finance external agricultural labor input by
the difference between the agricultural wages paid and the sum of non-agricultural wages
earned, plus the income from sales of agricultural products.
The initial cash endowment used in the simulation model was the same for all households
in order to avoid potential threshold effects. Results of the model show that all types of
households under specific circumstances determined by macroeconomic development are
caught in a poverty trap. Below a certain level of wealth, represented in the model as cash
stock level, households sink towards a low-productivity subsistence equilibrium, as shown by
[Barrett, 2005]. Above a certain threshold, households are carried towards a high-productivity
steady state. In general, self-sufficiency-oriented households are caught in such a poverty trap.
The simulation showed that the fluctuation of the cash stock level decreases with decreasing
cash stock levels. Low cash stock levels reduce the capability of the household to invest in
production inputs such as fertilizer and labor. This leads to a reduction in agricultural output
and a further decrease of cash inflows. This signifies a split-off from market forces, reaching
a subsistence equilibrium. Off-farm labor-oriented households are mostly able to avoid these
traps, while the picture for households with market-oriented agricultural production and
business-oriented households are mixed, due to higher exposure to production risks.
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The following phenomenon exemplifies the area of conflict in which households caught in a
poverty trap act. Farmers stated that a decrease in their dependency on purchased products
is of high importance. The model showed however, that an increase in self-sufficiency has
only marginal effects on cash stock development. A distinct priority on agriculture limits the
flexibility on the job market, leading to underemployment in times of labor surplus during
the dry season, for example. Farm households abandon income opportunities in favor of
reducing the risk of being exposed to market fluctuations. Another reason for the mismatch
between the relative importance stated by the farmers and economic outcome could be based
on perceived external restraints. The stated high importance of improving the self-sufficiency
level is probably based on a lack of requested skills, thus hindering integration in the labor
market. As self-sufficiency-oriented households are those with the highest average age of the
household head, the expressed importance of increasing self-sufficiency could be motivated
by a need, rather than by a wish to do so.
The relative importance of education implies that farmers perceive the high benefit of
education. Implicitly, the household wants to make sure that their children are well prepared
for a future boost in the economy in search of skilled labor.
An increase in home garden production has a negative effect on the financial situation of the
household if it is realized by an increase in size or additional labor input. This is particularly
the case for households that are largely involved in off-farm activities. The opportunity costs
for labor are high if labor becomes scarce. An increase in productivity, independent of the
labor input, for example based on improved varieties, is hence a vital precondition to reduce
the trade-off between the need to devote labor to agricultural production on the one hand,
and opportunities on the labor market on the other.

9.2 Implications for development
Economic growth is a precondition for sustainable development of the farming systems in
Meegahakivula. Growth potentially leads to better employment opportunities and induces a
structural shift. If economic development is strong enough, it allows households with off-farm
or business orientations to abandon agricultural activities completely. Other households
then have the opportunity, based on increased land sizes, to invest in mechanization in
order to intensify agricultural activities. However, this would require functioning credit
markets or the establishment of cooperatives and producer groups to finance machinery. As
economic growth is mainly concentrated in Colombo and its surroundings, the implications
of growth will only diffuse slowly. In the meantime, on-farm development options such as
increased productivity, land size increases and the more efficient use of production resources,
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as well as the creation of high value chains, should be pursued. As labor allocation is the
main determinant of economic performance, labor and labor allocation issues in particular
require increased attention. The development of a smallholder system should concentrate
on improved labor productivity and, in the presence of underemployment, labor allocation
efficiency.
Strategies to increase self-sufficiency are only promising if they are pursued to increase
labor efficiency. If self-sufficiency levels are increased as a result of the substitution of labor
by either external labor inputs or by reducing the amount of off-farm labor, the allocation is
not efficient, leading to a reduction in assets.
An increase in land and labor productivity in agriculture could be realized through an
intensification of high-value products, mainly within home gardens. Experiences in Asia
showed that an increase in vegetable production, for markets and supermarkets in the form
of contract farming or within producer groups, has the potential to increase incomes from
agriculture. The relative remoteness of the area, however, implies relatively high transaction
costs [Mubarik, 2007, Humphrey, 2007, Shepherd, 2005]. Thus far, supermarkets are only
located in large towns and areas surrounding Colombo.

9.3 Evaluation of the effects of SADP
A goal of this research was to assess the effects of SADP on both the livelihood and soil
degradation level of the household landholdings. Based on the short timeframe of this study,
a comparison of the performance and characteristics of selected indicators at different times
between the two sub-groups (members of the SADP vs. non-members) was not possible.
Therefore, the degree to which the SADP contributes to the economic result cannot be
conclusively assessed. To gain some insight on the effects of SADP, the study included
comparisons for some of the analyses.
The strategy of the SADP seems to be well-designed to deal with the challenges faced by the
households in Meegahakivula. The high degree of self-commitment forces the farm household
to take an active initiative. The effects of the program can be divided into short-term
financial, and long-term economic and ecological driving forces. Farmers’ participation is,
at the beginning, mainly motivated by various incentives. A positive attitude based on the
incentives is used to persuade farmers about the long-term effect of G. sepium incorporation,
both through knowledge transfer and by showing the impacts on the field. Farmers are
obliged to produce according to the requirements if they want to continuously profit from
the provided incentives. This design bears the risk that after the program draws to a close,
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the farmers will not continue to incorporate G. sepium leaves into the soils.
As the intended value chain for G. sepium wood sales to a dendrothermal power plant was
not established, the monetary effect of G. sepium cultivation are marginal. Nevertheless, the
incorporation of the leaves and other activities such as increased home garden production
associated to SADP have a strong impact on the sustainability and viability of the farm
households. The SADP induces a decrease of the cash flow, while the flows of goods (especially
within the production and consumption unit of a household) increase. Households, due to
the interventions of SADP, depend less on external food supplies since they have a higher
degree of self-sufficiency. As seen above, this can be considered as positive, as long as the
opportunity costs of household labor are low.
Farmers that are not members of the SADP are in general less involved in agricultural
activities, and they cultivate smaller highland fields. The vegetable self-sufficiency rate
is lower and they sell less agricultural products, indicating the lower intensity of home
garden production. The SADP has raised farmers’ awareness of soil degradation and
conservation measures; SADP members perceive the impact of G. sepium, in terms of soil
quality improvement and income, more positively.

9.4 Methodological issues
Both the assessment of strategic alignments by using an experimental questionnaire and
the system dynamics model are specific methods designed for this study. Objectives have
rarely been studied in agriculture and, as far as is known, were never incorporated in an
analysis on strategies in the development context. System dynamics models are used in the
agricultural context mainly to simulate the production dynamics of crops or livestock. An
application using objectives as decision rules was not found in the literature. Based on these
particularities, a comparison of specific objectives and the specific behavior of the model with
literature are hence not meaningful. Furthermore, a comparison with assessments of farmers’
objectives in developed countries would be misleading, based as they are on completely
different decision environments. Nevertheless, some general issues of the two methods used
need to be mentioned.
The analysis on farmers’ objectives showed that objectives could be used to understand farmers’ driving forces. The correlation analysis on all objective-related variables revealed that
farmer’s evaluated the objectives regarding the importance, the probability of achievement,
their capabilities and their perception on development with a high degree of inner clarity.
There are three main reasons for this. All objectives were of an instrumental character, which
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facilitated the evaluation of their relative importance and probability level. The objectives
were formulated comprehensively with regard to content. Finally, farmers could evaluate all
objective-related variables without the need of expressing their thoughts.
During the analyses, two weaknesses of the method were revealed. First, the defined strategic
alignment of a particular household does not provide any information on the reason why
the household pursues a particular strategy. A second critical aspect is that a high degree
of relative stated importance can occur for diverging reasons. Farm households either rate
an objective as high founded on good experiences or based on a notably high mismatch
for the specific objective between the actual state perceived and the target state. In the
operationalization of this information, that is, using strategic alignments, the reason for the
high values is irrelevant. The motivation of pursuing an objective was not further analyzed.
The performance of the households pursuing similar objectives, however, might be different
based on different motives. This problem can be exemplified by comparing the scores allocated
to the two G. sepium-related objectives. Although an application of G. sepium in the home
garden is more easily managed, this objective is rated lower than the objective concerning
application in the fields. On the other hand, non-members show an inverse picture. Based
on the knowledge gained, SADP participants are more familiar with G. sepium cultivation;
they practice the application of G. sepium leaves in the home gardens. A lower score could
indicate one of two things. First, the farmers may all be incorporating G. sepium in the
home garden and hence a further increase is not needed. Based on good experiences, some
might want to start applying leaves in the field, a pattern resulting in higher scores for home
gardens. The second possibility is that farmers perceive G. sepium application into the soils
of the fields as being more important than into home garden soil.
Although the results obtained with the simulation model presented in this study are characterized by a high degree of plausibility, one weakness is that the model has not yet been
used in another setting. As the model cannot be evaluated within another agronomic and
economic environment, further generalizing the results of this case study is not possible.
Furthermore, as for any model, a higher degree of detail has the potential to improve the
accuracy and validity of the MFHSiM.
The following suggestions for improvement are among the most critical ones:
• As no livestock module is implemented, the model does not represent a large share of
typical smallholder farming systems.
• While labor allocation based on farmers’ preferences is a particular feature of the model,
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crop production is implemented with a low degree of detail. There exists a wide range
of crop simulation models, which could be adapted to the particular conditions in
Meegahakivula. Such an improvement, however, would require detailed knowledge and
data. As the focus of this model rests on the interactions between farmer preferences
and labor allocation, it is doubtful whether such sophisticated crop models would lead
to a significant improvement of the model.
• A study on the consumption patterns and nutritional status of farm households, for
example in Meegahakivula, could be used to implement a more detailed consumption
module. Such a module could have the potential to provide deeper insight, not only
on the monetary performance of the farm households, but also on other development
indicators. Furthermore, the impact of an increase in self-sufficiency on the nutritional
status of the household could be analyzed.

9.5 Further research
The results produced by the model are feasible and represent reality to a satisfying degree.
A next step in the modeling process would now be to test and validate the model in other
circumstances. Such a test could either be based on the same objectives assessed, or use
different objectives. Different objectives would lead to other priorities in labor allocation.
The implemented labor module, however, is flexible in its use and could be easily adapted to
picture different situations without changing the structure of the model.
In addition to a model validation using different surrounding conditions, the model could
assess different problems; it has the potential to provide further insight in smallholder labor
allocation and to simulate farm household’s behavior around threshold levels, thus marking
the boundaries of poverty traps.
As for the model, the methodology used to assess farmers’ strategic alignment presented in
this thesis requires validation. The interview guide could easily be applied in other locations.
To validate the methodology, a two-step approach is suggested. First, the interview guide
should be tested in a similar region in the Sri Lankan highlands using the same objectives.
Second, the interview guide has to be tested for its robustness under different surrounding
conditions using different objectives.
This study has showed that the efficiency of labor allocation has a big influence on the
economic performance of smallholder farming systems. Besides more detailed knowledge
on the interdependencies between production and consumption patterns, insight on labor
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allocation decisions could provide a better understanding of farmers’ decision-making. Further
research could provide insight on the mismatch between the stated importance and economic
performance of smallholder activities detected in this study.
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