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ABSTRACT

A process was designed to assess the health and sustainability of a tropical-highland, smallholder- 
dominated agroecosystem. Twelve study sites within the agroecosystem were selected in a 
multistage, purposive sampling protocol. Six of the study sites were designated “intensive” (ISS).
In these, some agroecosystem health and sustainability remedial measures were instituted. The 

other six study sites were designated “extensive” (ESS) and were used to cross-validate the 
indicators and to provide statistical power.

Communities in the ISS were included in the health and sustainability assessment Participatory 

action-research methods were used for that purpose. Human activity systems were modeled and 
analyzed using soft systems methods. Relationships among agroecosystem and sustainability 

factors were explored using loop models, graph theory and pulse process models. Conventional 
observational study methods were used to study land-use units (LUU).

Two sets of health and sustainability indicators were developed. One set — the community driven 
suite of indicators — was developed by the communities in the ISS as a list of measures that 
would help them assess their agroecosystem. These indicators were used to develop a 
community-based agroecosystem health and sustainability monitoring system. The other set of 
indicators - the research-based suite - was developed by a multi-disciplinary team of researcherSt 
Multiple correspondence analysis was used to further refine this suite o f indicators and to 

develop a basis for their interpretation.

Although the process used in this study was similar in some ways to traditional approaches in 
research and development, there was an important departure in that communities were part of 
the analytical processes. In addition, the entire process was grounded in a unifying theoretical 

background that facilitated a holistic analysis. More important, however, is that communities 
were able to use the concept o f health to discuss and model approaches to better their 
livelihoods. The approach provided a simple, yet highly specialized language — understood by the 

communities, researchers, extension agents, development agents and policy makers — for 
discussing issues o f health and sustainability of agroecosystems and for structuring the process 

through which remedial actions could be undertaken.

Research-based indicators differed in several important aspects from the community-driven 
ones. Researcher-proposed indicators focused mostly on numeric, non-value-based measures.

This suite had a dearth o f suitable social, and less so economic, indicators. In contrast, 
community-based indicators were more strongly value-based, focusing mostly on a soaal- 
economic interpretation o f the underlying biophysical phenomena. The community-based suite 
contained many indictors suitable for assessing many of the attributes in the social and economic
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domains. The suites were found to be complementary with researchers requiring some of the 

data gathered using the community indicators and vice versa. Because o f the short span of the 
project, it is difficult to assess the construct validity of the indicator suites. However, the fact that 

communities, policy makers and researchers are using information derived from these indicators 
in making decisions about Kiambu suggests that these measures are useful. In addition, several 
remedial actions taken as a result o f monitoring using these indicators seem to be a move 
towards sustainability and better agroecosystem health.

Multiple Correspondence Analysis was found to be a useful method o f summarizing and 

presenting data from indicators. Graphical techniques in conjunction with simple conceptual 
models were also found to be useful. A meaningful assessment of health and sustainability of 

Kiambu would require longitudinal studies over several years. However, time-dynamic models 
can be used to project trends in some o f the key agroecosystem health attributes under various 
possible scenarios. The use o f pulse-process models for this purpose was explored and found 
potentially useful.

Goals and objectives of farmers and communities indicate a strong affinity to farming. With an 

average per-capita farm income o f 1339.77 ± 179.43 shillings per annum (US$17.63 ±2.36), this 
affinity did not seem to be based on the economic returns, but more on socio-cultural affinity to 
farming. In contrast, the average monthly wage was 6537.11 ± 1179.47 shillings, although only^ 
an average of 16% of the adults in a household were wage earners. The key constraint to health 
appeared to be mainly related to infrastructural and policy inadequacies. With effort, 
communities were able to make changes and some of the problems were solved. At this stage, 
however, these appeared to be more of a reaction to immediate needs rather than long-term 

strategies.

Community inertia was mosdy attributed to an inability of communities to influence decision­
making and policy. Development agenda was seen as being based on considerations other than 
the needs and aspirations o f the communities. In addition, there were both soao-cultural and 
legal impediments to communities setting — and working towards — reasonable goals for their 
own agroecosystems. Examples are the regulation of coffee and tea production and marketing, 
centralized planning and management o f health services, and lack of community involvement in 
the maintenance of the road networks. Another reason could be that in most cases, community 

expectations far outstrip the outcomes for a given objective. An example is Githima village 
where construction of additional classrooms was expected to result in increased literacy levels in 
the same time span as it takes increased farm productivity to result in increased incomes. Such 
imbalances can only lead to a great deal of frustration and inertia. On the other hand, the ease 
with which communities were able to construct detailed cognitive maps and take some remedial 
actions suggests the existence of a collective understanding and capacity for consensus-building
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and collective action. Coupled with the fact that communities were highly receptive to the 

concepts of action-research, collective planning, monitoring and evaluation, this could be 
interpreted as indicative o f a great potential for improved health and sustainability for these 

communities given certain institutional and policy changes as well as expert support.

xix



Chapter 1

General introduction

1.1. Introduction

Kenya’s food security depends on the ability to increase agricultural productivity (Yudelman, 

1987) without degrading further — but rather facilitating the regeneration of - the resources on 

which agriculture depends. How can increases in productivity be achieved and sustained? 

Many technologies have been demonstrated to increase agricultural productivity. What is 

becoming increasingly clear is that many of these may not be sustainable, mostly because 

they engender a degradation of the resources that agriculture and human well-being depend 

on. The question is therefore not so much how to increase agricultural productivity but how 

optimal productivity can be achieved and sustained.

The central-highlands agroecosystem in Kenya serves as a good example of how 

conventional technology-based approaches to agricultural productivity can result in failure,^ 

re-emergence of old problems and development o f new ones. Efforts have been geared 

towards maximizing off-take per unit area (Delgado, 1989) through intensification of land- 

use (Winrock International, 1992) and increased use of external inputs and technologies. The 

result has been a proliferation of intensively farmed smallholder units - now the dominant 

land-use system in the highlands. This transformation has had limited success as well as 

important failures. In some cases, there were initial increases in productivity, but many are 

now registering declines, attributed mostly to land degradation and disintegration of the 

traditional balance between people, their habitat and economic systems (Mohamed-Saleem 

and Fitzhugh, 1995). The realization that smallholder agriculture depends on a complex of 

inter-related socio-cultural and biophysical factors has led to their being described as 

complex, diverse and risk-prone (Chambers et al., 1989).

While causes of technology failure are not always obvious, it is clear that conventional 

methods are severely limited in their ability to deal with the complexity of systems such as 

the smallholder farming in the East African highlands. Sustainable transformation of such 

systems requires an adaptive and integrated approach — one that takes a systems perspective,



incorporates holistic views o f well-being, and takes into account the multiple goals and 

multiple perspectives of the primary managers of these systems. Issues of human values (such 

as economics and aesthetics), scale and discipline (environmental, economic, social etc) are 

central and must be accentuated and solved rather than be obscured (Waltner-Toews, 1996).

In addition, technical feasibility and economic viability must not be the only criteria for 

evaluating new strategies (Woomer, 1992). Other criteria such as social and environmental 

costs, efficacy, efficiency and effectiveness must also be included. It is this view that has led 

to the articulation of a new outlook in agricultural development, embodied in concepts such 

as sustainability and agroecosystem health.

Sustainable agriculture has been defined as the successful management of resources for 

agriculture to satisfy changing human needs while maintaining or enhancing the quality of 

the environment and conserving natural resources (TAC, 1987). An agricultural system that is 

sustainable must be resource conserving, socially supportive, commercially competitive and 

environmentally sound (Ikerd, 1990). It allows the demands for food and other products to be 

met at a socially acceptable economic and environmental cost (Crosson, 1993). In a 

sustainable system, agricultural activities would have little or no adverse effects on the 

ecosystem in which they are part, and yet remain gainful (in terms of profits and other ^  

utilities) to the producers themselves and to the wider social organization to which they 

belong (Lynam, 1993).

In spite of an expanding ecological and economic literature on sustainability, the concept has 

remained largely inoperative in applied research (Izac and Swift, 1994). The main obstacle 

has been that the current definitions of sustainable agriculture, though attractively holistic, are 

too vague and ambiguous to lead to clear-cut measurements of the sustainability of specific 

agroecosystems (Izac and Swift, 1994).

It has been suggested that uncertainties inherent in holistic assessments can be reduced by 

relying on trends in a group of carefully chosen attributes (Rapport and Regier, 1980;

Rapport, 1992). Measures o f such attributes or their proxies - known as indicators - assessed 

over time and space can provide an objective assessment of sustainability. The 

agroecosystem health approach provides a framework through which indicators of 

sustainability can be selected and measured.
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Given this background, the general objective o f this study was to carry out an integrated

assessment of agroecosystem health and sustainability with special focus on smallholder

farms in Kiambu District o f  Kenya. Specifically, the study aimed at:

1. Adapting the agroecosystem health framework for use in a smallholder-dominated 

tropical highlands agroecosystem;

2. Developing a suite of health and sustainability indicators for smallholder farms in the 

Kiambu agroecosystem

3. Using the selected indicators to assess health and sustainability o f the systems;

4. Enabling farmers and communities to assess the health and sustainability of their own 

agroecosystems and

5. Assessing the potential o f various strategies in improving the health and sustainability of 

the agroecosystem.

1.2. Global context

The world's population has more than doubled over the last four decades, increasing from 2.5 

billion in 1950 to 5.3 billion in 1990 (Lynam, 1993). Because of this, most of the earth's 

resources have had to be commanded for agricultural production. Agriculture has become the 

most expansive land use system in the world. Consequently, it is a major determinant of the 

quality and quantity of other natural resources such as fresh water, forests, grasslands and 

undomesticated plant and animal life (Lynam, 1993).

As most of the world's resources became engaged, the capacity for expansion of agriculture 

diminished greatly. Attention shifted to intensification - the aim being to maximize 

productivity per unit of limiting-resource. The result was yield-maximizing technologies, 

based mainly on fossil energy and fossil-derived chemicals. The increase in productivity has 

been so tremendous that Europe, North America and several other parts of the world are now 

confronted with the problem of surplus production (Treitz and Narain, 1988). Owing to its 

high yield-potential, this “high-input-agriculture” has been rapidly and widely adopted, 

replacing many traditional agricultural practices.
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Although the world now produces more food per capita than at any other time in history 

(Waltner-Toews, 1996), agriculture has failed to satisfy the needs of a big section of the 

world's population. The reasons for these are twofold. The first is that agricultural 

productivity is highly heterogeneous, following patterns that widely differ from those of 

population density (Pimental and Hall, 1984). These differences are becoming more 

pronounced since resource-poor regions also tend to have the highest population growth rate. 

Secondly, today's agriculture requires heavy subsidies (Pimental and Hall, 1984), implying 

that resource-poor regions cannot achieve expected yields from technologies based on it.

Sub-Saharan Africa (SSA) is one region in the world where food demand is far higher than 

the current production capacity (Lai, 1987; Okigbo, 1990; Brown and Thomas, 1990; O'Neil 

et al.y 1992). This has been attributed to many factors including resource-scarcity, high 

population growth-rate and the inability to adopt fully high-input technology. Three other 

important constraints are social disruption due to wars and urbanization, climatic changes 

(Okigbo, 1990) and severe environmental degradation.

In sub-Saharan Africa, decline in agricultural productivity and land degradation appear to be 

locked in a vicious cycle driven by the spiraling population pressure. The high population 

growth-rate ensures that demand for agricultural produce remains high while more resources 

are required for purposes other than agriculture. Traditional practices - which for centuries 

have been used to ensure natural resource preservation such as crop rotation, and leaving land 

fallow - have been disrupted (Okigbo, 1990; Yudelman, 1987). Increases in agricultural 

production have been achieved through increasing the percentage of land under cultivation to 

include marginal areas, forest reserves and hill-slopes. Millions of hectares of land have been 

cleared for food production, in most cases without consideration of the ecological 

consequences. The result o f this process is frightening: land degradation, erosion, silting 

rivers (Treitz and Narain, 1988), poverty, hunger and malnutrition.

These and similar outcomes in other parts of the world point to what are now a growing cause 

of concern: (1) that most o f the resources on which today's agriculture depends are non­

renewable and (2) that agricultural practices are major contributors to environmental 

degradation. That many technological innovations - though having high yield-maximizing 

potential - have only served to exacerbate environmental degradation and carry unacceptable 

social costs is widely accepted. The most serious global concern during the twenty-second 

century will be to feed people without destroying the natural resource base (Treitz and
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Narain, 1988). Focus has to turn to agricultural practices with a potential for maintaining 

optimum productivity over time (Allen and Van Dusen, 1988). Successful management of 

agricultural and ecological systems will be seen as the ability to conserve or even enhance the 

resource-base while meeting the reasonable needs of the people dependent on them.

1.3. Sustainability

The term "sustainable development" was coined in the early 1980's and is now the major 

subject in development research all over the world (WCED, 1987). “Sustainable agriculture” 

has been used to embody the idea and goals of sustainability in agricultural production.

1.3.1. Definitions

Agricultural sustainability has been defined and characterized in vastly different ways 

(Harrington, 1992). Each o f the many definitions is devised from a different perspective and 

for a different purpose (Winograd, 1994) and little headway has been made in the search for a 

comprehensive and concise definition (Pearce et al., 1990). The various definitions can be 

categorized into one or more of three main perspectives: the agroecological concept, the 

resource concept, and the growth concept (Harrington, 1992).

Definitions with an agroecological perspective focus on sustainability in terms of system 

resilience. This is the ability of an agricultural system or ecology to maintain its productivity 

when subject to stress or perturbation (Conway, 1986). In this sense, sustainability of a 

system is enhanced through system diversity and increased efficiency in use and recycling of 

nutrients and energy (Altieri, 1987). Consequently, monitoring trends in system diversity and 

in the internal cycling o f nutrients and energy would be fundamental in an assessment of 

sustainability (Harrington, 1992).

The second category of definitions places emphasis on stewardship, or the proper care and 

protection of resources (Barker and Chapman, 1988). According to this perspective, the 

sustainability of agriculture can best be enhanced by slowing economic development, 

stabilizing human population levels, and discouraging the exploitation of natural resources 

(Barbier and McCracken, 1988; Duming, 1990). According to this view, measuring



sustainability involves an assessment of the quantity and quality of natural resources 
available now and in the future.

In the last category are definitions that focus on the need for continued growth in agricultural 

productivity while maintaining the quality and quantity of the resources devoted to 

agriculture (TAC, 1987). This requires that: renewable resources be used at a rate lower than 

that at which they can be regenerated, wastes be emitted at a rate lower than that at which 

they are absorbed by the environment, and that use of non-renewable resources be optimized 

(Barbier and McCracken, 1988).

Despite the many differing definitions, there are some notions common to all (Harrington, 

1992). One such notion is that measuring sustainability implies drawing conclusions or 

stating probabilities about future events. All such forecasts contain varying degrees of 

uncertainty. The degree to which sustainability can be measured depends on the degree of 

accuracy of predictions about the future. Another idea common to all concepts of 

sustainability is that a measure of sustainability is based on a time frame. However, different 

time frames apply to different components of sustainability (Harrington, 1992). Some 

problems such as soil nutrient depletion are best studied over the medium term. Some, such 

as erosion and salinisation, are best studied over longer time frames (Harrington, 1992). ^

Lastly, sustainability can be realized (and measured) at several different levels. In agriculture, 

such levels could include the plot, the farm, village, catchment, geo-political or geo-climatic 

zones, nations and finally global. The various levels are nested within each other forming a 

conceptual hierarchy o f concentric layers. Although the sustainability of a specific level in 

the hierarchy is directly related to the functional state of the sub-levels within it, not all the 

sub-levels need be sustainable. Some resources may be used in excess of sustainable levels in 

some units, and the overall sustainability of the system maintained by substituting among 

resources and between sub-levels over time (Graham-Tomasi, 1991).

1.3.2. Assessment and implementation

The inability to find a concise definition of sustainability has been viewed as the obstacle in 

integrating sustainability concerns in practical decision-making (Pearce et al., 1990, Izac and 

Swift, 1994; Lynam and Herdt, 1989; Graham-Tomasi, 1991). It has been argued that 

scientific research necessitates refining holistic concepts such as sustainability to a more
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specific and rigorous one (Izac and Swift, 1994; Pearce et a l, 1990). The countering 

argument is that various components and factors in such complexes as agricultural systems 

have extensive, complex and dynamic inter-relationships. Any activity or reaction therefore 

has a high degree of unpredictability both on the spatial and temporal scales (Holling, 1986, 

1992). Furthermore, the action-reaction chain flows - in most cases -  in stochastic, non- 

deterministic and often counter-intuitive fashion characteristic of soft systems. Attempts at 

assessing agricultural sustainability as if  it is an objectively verifiable state of a non- 

hierarchical hard system can therefore only result in a great deal of frustration and confusion 

(Waltner-Toews, 1996).

The use of indicators to assess sustainability is a widely accepted approach (Izac and Swift, 

1994; Winograd, 1994; van Bruschem, 1997; Aidy et al., 1998; Smit et al., 1998). There have 

been attempts to develop generic indicators of sustainability. Such processes have been 

complicated by the fact that sustainability issues are system- and scale-specific. The choice of 

indicators and their interpretation depend largely on the context in which they are used. What 

is needed to implement the broad ideas about sustainability is not so much another list of 

indicators to measure, but an integrated framework within which such indicators can be 

developed and interpreted (Waltner-Toews, 1991).

1.4. Agroecosystem health

Ecosystem health is an emerging science paralleling human and veterinary medicine with, as 

its goal, the systematic diagnosis and treatment o f stressed agroecosystems (Schaeffer, 1991). 

It extends and modifies the concept of sustainable agriculture (Waltner-Toews, 1994) to 

provide a systematic method for diagnosis, prognosis and rehabilitation of agricultural 

ecosystems (Rapport, 1995)

The term ecosystem, coined in mid 1930's, was first defined as the collection of all organisms 

and environments in a single location (Tansley, 1935). With the understanding of the 

interrelationships between the biotic and the abiotic elements in a geographic location, the 

term came to denote an organizational unit that includes one or more living entities through 

which there is a transfer and processing of energy and matter (Evans, 1956). More recently an 

ecosystem has been defined as a functional system of complementary relations between 

living organisms and their environment, delimited by arbitrarily chosen boundaries, which in
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space and time appear to maintain a steady yet dynamic equilibrium (Gliessman, 1990). An 

agricultural ecosystem (agroecosystem) is a similar conceptual construct, used to describe 

parts of the biosphere managed primarily for the purpose of agricultural production (Waltner- 
Toews, 1996).

The largest ecosystem is the biosphere - the portion of the earth that is populated by living 

things. Within it are many smaller ecosystems o f varying dimensions and with different 

structures and functions, forming a hierarchical complex of systems (Bossel and Bruenig,

1989). The biosphere is to a great extent a closed system with regard to matter but an open 

system with regard to energy. The ecosystems within it, however, rarely act as closed 

systems; there is a continuous circulation of materials and energy within and between them.

A characteristic feature o f natural ecosystems is their ability - within limits - to regulate 

themselves (Tivy and O'Hare, 1981). This results from the extensive interactions among the 

various abiotic and biotic components o f an ecosystem to form complex feedback loops. The 

feedback signals responsible for such homeostatic control are material phenomena (Clapham,

1983) such as flows of energy, nutrients and metabolic wastes.

^  /
Human beings are the ecologically dominant species in nearly all ecosystems of the world 

(Tivy and O'Hare, 1981). Through various technological advancements, they manipulate 

ecosystems in order to favor their survival above that of all other species. At the highest level 

of manipulation, natural ecosystems are completely dis-articulated and totally replaced by 

new assemblages of plant and animal species (Toledo, 1990). Agricultural ecosystems 

(agroecosystems) are an example of human-manipulated ecosystems, the aim being to favor 

agricultural production.

In an agroecosystem, only a few species are allowed to exist while other species are removed 

through expenditures of energy, herbicides, and pesticides. The abiotic environment is 

controlled through extensive use of irrigation, fertilization, and tilling. Agroecosystems 

would change their forms if  farmers were not able to generate and maintain a series of signals 

that counterbalance the natural successional forces (Clapham, 1983). In comparison with 

natural ecosystems, agroecosystems are therefore intrinsically unstable, requiring continuous 

inputs of energy, materials and technology from human sources in order to maintain their 

integrity (Toledo, 1990). They tend to be relatively simple, comprising a suite of populations 

that would not normally constitute a natural ecosystem (Clapham, 1983). This reduction in
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biological diversity implies a simplification of trophic structure, while many niches are left 
unoccupied (Gliessman, 1990).

As the interactions between the various ecosystem components are disrupted, the flow of 

many feedback signals either ceases or is greatly modified, suspending many of the 

homeostatic mechanisms (Rappaport, 1971; Pimental and Hall, 1984). In addition, new 

avenues for nutrient and energy losses - such as export of produce, leaching and erosion - 

develop (Gliessman and Amador, 1980). Socio-economic considerations become the most 

significant determinants o f the functional state o f the resulting ecosystem.

Despite the control of ecosystem processes that the farmers maintain, agroecosystems are in a 

constant state of flux as they respond to other influences such as climatic changes and 

geographic variation (Clapham, 1983). Managing agroecosystems effectively requires an 

understanding of the signals generated within an ecosystem and how these signals - in their 

totality - influence the various functions and states of the ecosystem (Clapham, 1983).

1.4.1. Systems theory
/

A system has been defined as an abstract concept of a whole (Checkland et al., 1990), 

consisting of a group of parts or components that interact according to some kind of process 

(Odum, 1983), and behave as a whole in response to stimuli applied to any of the parts 

(Spedding, 1988). To distinguish this from the common usage of the word system (real-world 

arrangement of things and/or processes), Checkland (1988; 1990) suggested the use of an 

alternate term — holon. The latter was coined by Arthur Koestler (1978), who spoke of reality 

as being Janus-faced, like the two-faced Roman god. He referred to each unit (person, 

organism etc) as a holon, and the nested hierarchy of which they are a part as a holarchy. The 

interactive combination o f parts within a holon confers new properties to the system over and 

above those of the individual components that constitute it. Properties arising from 

interactions between parts - termed emergent properties (Checkland et al., 1990) - are only 

apparent when taking an overview of the system.

An ecosystem can be described as a holon that exhibits the emergent property of having a 

capacity to regulate and organize its own internal structure and function and to mitigate 

stresses imposed from outside (Rapport et al., 1985). This property - termed integrity (Kay,

1991) - imparts to the holon a capacity to perpetuate itself over time even within a fluctuating
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environment. Sustainability would therefore be where a holon has the capacity to maintain 

both its integrity and productivity over all the foreseeable fluctuations.

A distinctive feature of ecosystems is that they can be described as occurring in nested 

hierarchies (Waltner-Toews and Wall, 1997) where entities at different scales are nested 

within each other in concentric layers. The nested hierarchies form holarchies, with each 

nested entity being considered a holon (Checkland, 1981). Several holarchies can be 

described for agroecosystems, depending on the features (e.g. ecological, cultural, social, or 

economic) used to delineate the holons within it. For example, a biophysical holarchy can be 

defined as consisting of fields nested within farms, catchments, watersheds, drainage basins, 

agroecozones and larger bioregions. A socio-economic holarchy can be conceptualized as 

individuals nested within households, villages, larger administrative or socio-political 

boundaries all the way to the global community. Each level in a holarchy has its own 

emergent properties. It contributes to the nature of, and is affected by, levels above and below 

it. Each level of the agroecosystem is therefore a subsystem of a bigger ecosystem that is in 

turn part of a wider environment (Kay, 1994).

A holon that has integrity must possess both monitoring and control structural and/or 

functional relations between its components. Monitoring is an assessment of the performance 

of the system. The monitoring sub-unit integrates signals that indicate changes either in the 

internal or external conditions. The control sub-unit provides the mechanisms through which 

the holon can adapt to the new conditions (Checkland et al., 1990). Monitoring and control 

therefore requires that there be at least one measure of performance and a definition of what 

constitutes good or bad performance (Checkland et al., 1990).

Performance can be judged based on three general criteria: efficacy, efficiency and 

effectiveness. Efficacy is when the processes involved are adequate to produce the required 

output in sufficient quantities and with the required quality. Efficiency is when the minimum 

possible of resources is utilized during the process. If the various outputs resulting from the 

activities within the holon are consistent with the purposes and state of the larger whole in 

which the holon is a part of, then the criteria o f effectiveness is satisfied.
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For centuries, scholars and practitioners in the health sciences have struggled with questions 

of physical abilities and disabilities, self-perceptions, remedies and their assessment 

(Waltner-Toews, 1996). Similar questions are being asked of agroecosystems today. 

Furthermore, the general methodologies for screening, diagnosis, risk assessment and fitness 

determination have been tested and applied in the health sciences for decades (Waltner- 

Toews, 1996).

The health metaphor proceeds from the view that health is an objectively definable state, 

which, once described, can be effectively pursued. Health in the agroecosystem context 

depends on more than biophysical integrity; it is equally dependent on healthy socio­

economic processes, healthy human communities and more importantly, on adaptive public 

policy (Rapport, 1995). Whether an agroecosystem is healthy is therefore a socio-economic 

judgment as well as a biophysical assessment This implies a degree o f consensus among the 

stakeholders as to what is a satisfactory definition of ecosystem health (Bergeron et al.,

1994).

In ecosystems, as in organisms, what constitutes health depends not only on objective 

scientific criteria, but also on subjective evaluation and value judgment (Rapport et al., 1985) 

and is partly reflective of socio-cultural phenomena (Labonte, 1991). The definition of health 

therefore varies and will continue to vary for different units of concern, over time and among 

cultures (Kark, 1979; Costanza et al., 1992). Likewise, lists of health attributes will vary with 

different conceptions of health. However, there may be attributes common to all, such as the 

notions of a harmonious balance and the notion of capacity to achieve a purpose (Last, 1987).

Productivity, stability, equitability and self-reliance are some of the health attributes that have 

been described (Conway and McCracken, 1990; Muller, 1994; Gallopin, 1994a; Gallopin, 

1994b). Health attributes are seen as emergent properties of agroecosystems. The relative 

degree to which an ecosystem shows any of these attributes contributes to the overall 

perception of its health. Indicators would be those measurable parameters that would be 

expected to change with changes in these attributes.

Productivity (Conway and McCracken, 1990) refers to the range, value, quality and quantity 

of products derived from the agroecosystem. Izac and Swift (1994) distinguish three types of 

products that communities derive from an agroecosystem. The first is harvestable yield,

1.4.2. The health concept
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which includes crops, livestock products, medicine etc that fanners deliberately grow. The 

second type includes amenities - environmental services provided by the agroecosystem such 

as drinking water, fuel and an aesthetically pleasing environment. The third type includes by­

products, those material outcomes, beneficial or detrimental to the farming-communities' 

well-being, which are the consequence of the process of production and amenity use such as 
soil erosion and water pollution.

Stability refers to the agroecosystem's response to perturbation. The term stability 

encompasses several different properties of the ecosystem (Rutledge, 1974) many of which 

have been variously described (Holling, 1973; Orians, 1975; Cairns and Dickson, 1977; 

Robinson and Valentine, 1979; Harrison, 1979; Van Voris et a l , 1980). The most 

comprehensive is the description by Orians (1975), which identifies seven properties related 

to stability. These are constancy, persistence, inertia, elasticity, amplitude, cyclical stability 

and trajectory stability. Constancy is lack of change in some parameters of the system. 

Persistence is its survival time while inertia is the ability to resist external perturbations. 

Elasticity refers to the rate at which the system returns to its former state following a 

perturbation. The magnitude of normal system oscillations is its amplitude. Cyclical stability 

is the property of a system to cycle about some central point or zone while trajectory stability 

is the property of a system to move toward some end point or zone despite differences in the 

starting points.

Equitability is defined as the evenness of distribution of agroecosystem resources and 

amenities among the stakeholders (Conway and McCracken, 1990). Its importance is based 

on the value judgment that an egalitarian distribution is preferable, and that poverty is likely 

to force some stakeholders to use unsustainable practices (Izac and Swift, 1994). A feature of 

natural environments is that when products and amenities are supplied to one group of 

individuals, they are also available to other groups that were not the intended target (Pearce et 

al., 1990). This inability to exclude some stakeholders extends to the by-products of various 

agroecosystem processes such as air and water pollution. Furthermore, exhaustion of natural 

resources such as soil nutrient depletion and erosion has major implications on 

intergenerational equity. At the farm-household level, gender equity is an important social 

factor.

Self-sufficiency is where local and regional subsistence is derived mainly from the 

agroecosystem. Self-sufficiency is related to diversification in the sense that production



systems must be diversified to satisfy the subsistence needs of all the stakeholders. More eco- 

geographical units are utilized, providing more opportunities for integration and combination 

of various production processes and the recycling o f nutrients, energy and wastes. 

Subordination of surplus-production in favor of subsistence encourages resource- 

conservation and a multi-use strategy.

The goal in a multi-use strategy is to obtain a maximum number of necessary products that 

each eco-geographical component offers and to maintain this over time. This favors two 

desirable (in a value-judgment sense) ecological characteristics: spatial heterogeneity and 

biological diversity (Toledo, 1990). Self-sufficiency is only crucial to sustainability in more 

or less closed systems. Open systems that have many avenues for the flow of energy and 

materials among them can collectively achieve sustainability through trade-offs, maximizing 

the use of renewable resources and minimizing the use of non-renewable ones within each 

system. Those products that are too costly (economically, environmentally or socially) to 

produce within one unit are obtained from another, in a process of mutual exchange.

Other health attributes include vigor, resilience, integrity and adaptability. The vigor of a 

system is simply a measure o f its activity (Costanza et al., 1998). Resilience refers to the 

system’s ability to maintain its structure and behavior in the presence of stress (Holling, 

1986). Cairns and Dickson (1977) identified four properties of ecosystems that determine 

their stress recovery characteristics: vulnerability, elasticity, inertia and resiliency. They 

defined vulnerability as inability to resist irreversible damage. Elasticity is the ability to 

recover after displacement o f structure and/or to a steady state closely approximating the 

original, while inertia is the ability to resist such displacement. Resiliency is the number of 

times a system can undergo the same disturbance and still snap back. If a system is able to 

maintain its organization in the face of changing environmental conditions, then it is said to 

have integrity (Kay, 1991). Organisation of a system refers to the number and diversity of 

interactions between its components (Costanza et al., 1998). Integrity is therefore a 

composite property, tying together other characteristics such as stability, resilience and vigor. 

Adaptability has been defined as the ability to undergo adaptive changes in response to 

change in the environment (Ho and Saunders, 1979).
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Agroecosystem health assessment and implementation is carried out in five iterative steps: (1) 

describing the system of interest, (2) identifying the owners, actors and customers, (3) setting 

and/or naming the goals and objectives of the system (4) identifying and implementing 

feasible and desirable changes (5) monitoring appropriate indicators and reassessing the 

situation (Bellamy et a l, 1996; Waltner-Toews and Nielsen, 1997). The agroecosystem 

health approach is complicated by three main conceptual dilemmas. First, agroecosystems, 

like all complex phenomena, can be viewed from a variety of perspectives, yet none of these 

can be labeled as right or wrong, or good or bad. For example, a systemic description from an 

economic perspective would not necessarily be analogous, comparable or equivalent in any 

way to that reflecting an ecological perspective o f the same agroecosystem (Waltner-toews et 

a l 2000).

The second dilemma emanates from the fact that agroecosystems are holarchical systems

(Allen and Hoekstra, 1992). Each level is a holon, that is, it is simultaneously a whole with its

own emergent properties, comprised o f smaller wholes, while itself being part of a bigger

holon. Conceivably, health and sustainability at a level, say n, of a holarchy depends on

trade-offs and balances among the holons in its penultimate layer (n-1), implying that somq^. /

holons may need to be unhealthy or unsustainable within specific spatio-temporal bounds in

order to maintain the health and sustainability o f the overall system. The third dilemma is that

agroecosystems seek to optimize multiple goals, and yet -  because of the human activity

component in them — the goals are often competing and sometimes conflicting. Thus the

goal-seeking and self-organizing behavior of agroecosystems occurs in a series of trade-offs

and balances with inherent contradictions.

An agroecosystem health assessment is undertaken in order to help people make better 

decisions with regard to managing the agroecosystems in which they live and grow food 

(Waltner-Toews et a l , 2000). It follows that the perspectives of the primary managers of 

agroecosystems are the most managerially useful descriptions of the agroecosystem.

Furthermore, these descriptions incorporate in them the value judgments, goals and 

objectives of the primary managers of the system. Recent developments in participatory 

(Chambers, 1989; 1994) and action-research (Greenwood and Levin, 1998; Stringer, 1999) 

methods provide means through which farmers and other members of the community in an 

agroecosystem can be involved in the process.

1.4.3. Assessment and implementation
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Soft Systems Methodology developed by management specialist Peter Checkland (Checkland 

and Scholes, 1990) provides a systems approach to the management o f complex situations in 

which (1) multiple perspectives exist, (2) there is no consensus on what the problem is, (3) no 

single solution can be agreed upon and (4) multiple competing or conflicting goals exist. Soft 

Systems methodology can be used — in combination with participatory and action-research 

methods — to build a community-centered process that resolves the issues of multiple- 

perspectives and multiple goals within an agroecosystem health research process.

The issue of scale and trade-offs among holons within and between levels is difficult to 

resolve. At what scale should an agroecosystem health assessment be carried out? Which 

levels and which units must be healthy and sustainable and which must be traded-oft? 

Focusing on particular scales may lead to inappropriate conclusions regarding lower or higher 

levels in the hierarchy. The choice of scale should be guided by the questions that initiated 

the concern for health and sustainability. For example, concern about the health and 

sustainability of a smallholder-dominated agroecosystem calls for attention at the farm level 

and the community and/or watershed level. The latter because this is where there is a degree 

of integration in terms of social and economic factors and the former because most decisions 

are made at this level. Izac and Swift (1994) propose that to understand sustainability at on% 

level, there is need to understand the level above and the one below.

1.4.4. Indicators

In human and animal health, the diagnostic process involves taking measurements on specific 

parameters and comparing them with ranges in a healthy individual. Ecosystem health 

proposes a similar approach where the spatio-temporal trends of health attributes or their 

proxies - known as indicators - are assessed (Rapport and Regier, 1980; Odum, 1985;

Rapport et al., 1985; Izac and Swift, 1994; Winograd, 1994; van Bruschem, 1997; Aldy et al., 

1998; Smit et al., 1998). Gallopin (1994a) describes an indicator as a variable and defines a 

variable as an operational representation of an attribute of a system. A variable has a set of 

possible outcomes, where thresholds, standards and targets are several such outcomes singled 

out because of their special relevance to the condition of the system.

Indicators must have a defined range in the healthy ecosystem (Schaeffer et al., 1988). In 

some cases these ranges - described as thresholds, standards and targets - depend on 

subjective value-judgment (Gallopin, 1994a). The health status of an ecosystem is indicated
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not just by the comparison o f indicators to such ranges, but also by the pattern exhibited by 

the indicators over time and space and in relation to each other. Relationships between 

indicators are key to understanding ecosystem function and in relating cause to effect.

While the human and animal health diagnosis involves a limited set of parameters, 

ecosystems present a list that not only varies with level in the ecological hierarchy, but also 

consisting of virtually an infinite number o f measurable parameters (Schaeffer et a l, 1988). 

Another difficulty has been that researchers from different disciplines, conditioned by 

particular perceptions of this complex situation and bound by habit to particular scales of 

research, arrive at different kinds of lists of parameters to be measured (Waltner-Toews,

1996). How can indicators be selected to ensure that the suite is at the same time 

parsimonious, covers all domains and all important attributes of the system, provides 

managerially useful information while being cost-effective and timely to measure?

Since the aim of agroecosystem health research is the management o f agroecosystems, it 

follows that the most useful suites of indicators are those that aid managers in their decision­

making processes. Indicators must therefore be related to the goals and objectives of the 

agroecosystems as well as the capacity and potential of the system and the perceived risks 

and potential stresses. Although the goals and objectives may be based - to a large extent - <5n 

value-judgment and can be highly subjective, measures of health - no matter what health is 

conceived to be - must be technical, multidisciplinary and objective (Waltner-Toews and 

Wall, 1997). Ideally, indicators should be features of the agroecosystem that change with 

alteration in the health status of the ecosystem. Because of this, indicators have been referred 

to as the vital signs of the ecosystem (Rapport et al., 1985). Indicators may also be features of 

an ecosystem that indicate the presence, absence or magnitude of stress or risk. These can be 

termed risk factors. A third category of indicators measures the potential, capabilities or the 

reserves of the ecosystem, and can be termed as health promoters.

1.4.5. Selection of indicators

Lightfoot and Noble (1992) and Izac and Swift (1994) have suggested different suites of 

indicators that can be used in the context of small-holder agroecosystems while Thompson 

and Pretty (1996) have used a number of indicators to assess the impact of a soil conservation  

program. Izac and Swift (1994) focus on the products, by-products and amenities of the 

agroecosystem at various levels of the agricultural hierarchy. Although their list includes
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some elementary measures - such as soil pH, soil exchangeable aluminum content, and 

stream turbidity and acidity - that can be objectively assessed, most - such as nutritional 

status of households and communities, ratio of aggrading to degrading land area, and 

biodiversity and complexity - are compound attributes that can only be assessed using other 
proxy variables.

Thompson and Pretty (1996) include sustained increases in productivity, decreases in 

resource degradation and increases in local resilience and decreases in vulnerability as 

indicators of soil conservation impact. They indicate that a participatory approach was used 

to elicit information, but not how this data was objectively re-organized into such compound 

attributes as resource degradation, resilience and vulnerability. Lightfoot and Noble (1992), 

based on a farming systems approach have focused on integration, efficiency and recycling. 

Their list of indicators includes the number of inter-linkages between and within systems, 

labor allocation, and the quantity of bio-resources flowing between resource systems.

It can be argued that some "non-quantifiable" indicators provide more important information 

than more objective ones (Harrington, 1992). But if the aim of a health assessment is to detect 

changes in the health status o f agroecosystems, to compare one system with another or to 

assess the potential impact o f various factors on health, indicators must be amenable to an 

objective assessment. In addition, the choice of indicators must be tempered by practicality 

and the cost of measurement in terms o f time and money. An assessment may be categorized 

as either descriptive or predictive of the system’s health status (Ruitenbeek, 1991). The 

purpose of an assessment may be to assist management and decision making, set policy 

standards, determine policy compliance, or assess progress towards a goal (Boyle, 1998). The 

level of precision required may vary based on the purpose of the assessment as well as who 

the end-user is.

1.5. The Kiambu agroecosystem

1.5.1. External environment

Only a third of Kenya is arable, and a shortage of suitable farmland is a severe constraint to 

the expansion of agricultural production. An ever-increasing human population further
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worsens this situation. In an attempt to increase per capita food production, two strategies 

have been sought (FAO, 1981; GOK, 1983). One is to intensify production on cultivated 

lands while the other is to extend cultivation to marginal areas. It is now apparent that the low 

fertility of marginal areas allows little or no surplus to be produced (Mohamed-Saleem and 

Fitzhugh, 1995). In addition, these environments are too fragile to support more intensive and 

long-term agricultural production (Mwonga and Mochoge, 1989). Intensification in the high- 

agricultural-potential zones remains the alternative with minimum environmental and social 

costs (Winrock International, 1992).

With a favorable high-altitude climate and a highly diversified agricultural system (Odingo, 

1971), the Kenyan highlands are the most productive lands in the country. Scarcity of arable 

land, the high human population and traditional practices continue to encourage subdivision 

of the farmlands into small units. Because of this and other socio-cultural factors, smallholder 

farms dominate land-use in the highlands and represent the largest farming population in the 

country (Woomer, 1992). In 1983, it was estimated that there were about 1.5 million 

smallholders in the country (Stotz, 1983).

Most of the land in smallholder farms is permanently under crops. This generally involves the 

continuous cultivation of maize (Ransom et al., 1995). Most smallholders in the highlands 

own and manage animals (Powell and Williams, 1993). Ruminants - mainly cattle, but also 

sheep and goats - are the most important and are kept on the farm all year-round (Delgado, 

1989). Hand hoeing, use o f manure, intercropping and sometimes mulching are common 

practices but crop rotations, especially with perennial vegetation, is rare and fallowing is not 

practised. Only a few farmers retain small plots o f grass for grazing purposes (Mati, 1989). 

Crop residues are used as fodder (Powell and Williams, 1995) especially for stall-fed cattle.

Traditionally, there was a low population pressure and labor was the major constraint - its 

cost being higher compared to land (Powell and Williams, 1995). Soil fertility was 

maintained through fallowing, which was preferred to manure because it required less labor 

(Stangel, 1995). The low inelastic demand for agricultural produce also ensured low demand 

for agricultural inputs. Productivity was increased — if required - by placing more land under 

cultivation. As the population increased, consumption patterns changed and the land reserves 

exhausted, the scope for these practices diminished greatly (Mohamed-Saleem and Fitzhugh, 

1995). Despite this, technology substitutes have not been widely adopted. The result has been 

a decline in productivity in the long run due to loss of soil fertility (Ransom et al., 1995) and
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its basic chemical and physical coherence (Stangel, 1995). Some smallholder farmers now 

maintain constant or slightly-increasing returns by increasing labor input (Mohamed-Saleem 

and Fitzhugh, 1995), but the continued use of traditional technologies to intensify land-use 
results in declining returns.

The mixing of crop and livestock production in smallholder farms is important for several 

reasons. For one, mixed farming is the most viable agricultural enterprise on resource-poor 

and highly fragmented farm units (Delgado, 1989; Mclntire et al.t 1992; Winrock 

International, 1992) as it facilitates both recycling of nutrients and intensification of land use. 

The complement between crops and livestock produces a synergy between the two, thus 

increasing overall productivity (Davendra, 1993). The diversification spreads out the risk and 

increases the stability and resilience of the system while allowing higher labor inputs per unit 

of land (Delgado, 1989).

Agricultural intensification of smallholder agriculture, involving improved technology and 

inputs (Mclntire et al., 1992), is inevitable (Mohamed-Saleem and Fitzhugh, 1995). In other 

developing regions, intensification has occurred gradually over many years but in Africa it 

will need to happen over a very short time due to rapid population growth (Mohamed-Saleem 

and Fitzhugh, 1995). Some countries have relied on fossil-energy based yield-increasing 

technologies but the costs of these are prohibitive to majority of smallholder farmers in 

Kenya (Mohamed-Saleem and Fitzhugh, 1995). High-input technologies have also been 

associated with environmental pollution while fossil-energy is no longer considered a 

renewable resource. The challenge in Kenya is to increase per-hectare and per-ammal yields 

by introducing yield-increasing and environmentally sound production innovations that are 

technically feasible and economically viable now and adaptable and sustainable into the 

future.

1.5.2. Internal environment

Kiambu district comprises 2,500 sq km of the Central Highlands. It is one of the most densely 

populated districts in the highlands, having an estimated density of 480 persons per square 

km (GOK, 1994). Altitudes range from 1,400 m in the southeast to 2,400 m in the north. 

Rainfall is bimodal with the two peaks in April/May and October/November. Average 

rainfall is 1,100 mm per year. The most predominant soil type is nitisols (red Gikuyu Loams). 

The combination of good soils, suitable climate, well-developed infrastructure and the
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proximity to the country s main market - Nairobi - makes the district the most-economic 

fanning region in the country. Vegetable cultivation and dairy production (zero-grazing) are 

the most feasible farming activities because of the small farm sizes and the high demand for 

produce in the city. Coffee, tea, pyrethmm, maize, beans and bananas are also grown. 

Livestock are mainly dairy cattle of exotic breeds or their crosses with indigenous breeds.

The average farm-size is 1.1 ha per household o f 4.8 people (Jaetzold and Schmidt, 1983). 

Most of the land is devoted to crop production (Stotz, 1983), the remainder being used as a 

dwelling place for humans and housing for cattle. Very few small holdings have pastures. 

Livestock are integrated with cropping activities under which crop by-products are used as 

fodder while manure is used as fertilizer. The cattle are permanently housed (zero-grazing) 

and hand-fed on fodder crops, crop residues, grass and other material collected off-farm and 

commercial feeds. In most households farming is a supplemental source of income since most 

households rely on off-farm employment for their main income.

There is a great potential to increase output per farm and per unit area of land in the mixed 

smallholder farms (Walshe et al., 1991). This can be achieved with the use of improved 

technology and inputs (Mclntire et al., 1992). Hudson (1989) suggests that to increase yields, 

the primary requirement is not research into new methods, but the increased application of 

techniques and practices that are already known. Other requirements are improved crop 

varieties and livestock breeds, more research into local conditions, more use of fertilizers, 

more capital, more mechanization and reduction o f wastage from pest and disease.

1.6. Potential indicators

From a national point of view, the goals of the Kiambu agroecosystem would include the 

stability and productivity o f rural livelihoods, supplying wholesome produce for Nairobi and 

producing cash crops (Coffee and tea) for export. While these underlie the perceived efficacy 

and effectiveness of the Kiambu agroecosystem, other health and sustainability attributes 

depend on internal, systemic perspectives of its goals and objectives and how these relate to 

key biophysical and socio-economic factors of the agroecosystem. Any list of indicators that 

does not consider this is not likely to be functional in the practical decision making processes 

of the agroecosystem. What are these goals and what are the key biophysical and socio­

economic factors? What attributes are more important in defining the health of the Kiambu
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agroecosystem? An agroecosystem assessment must first seek to address these questions 

before setting out lists of things to measure. It follows that indicators are part of the results of 
the process rather than the driver.

A distinguishing feature of Kenyan smallholder agriculture is the existence of the village as 

an important level in the agricultural hierarchy. At this level, there is a significant integration 

of ecological, economic and social factors. Furthermore, the socio-political boundaries of the 

village often roughly correspond to an ecosystem at the catchment scale. Their social 

organization forms a unit in which farmers' practices are homogeneous and economic 

activities are complementary. The village level provides information on external effects such 

as market mechanism that operate above the farm level (Izac and Swift, 1994). This implies 

that a comprehensive list o f indicators would be stratified into village-level and farm or land- 

use unit level indicators.

1.7. Justification

Is smallholder farming sustainable - and why? What are the effects of smallholder farming qp 

the health of the highlands agroecosystem? What management strategies maintain or even 

enhance the health and sustainability of these agroecosystems? These questions demand an 

answer that goes beyond economic viability and technical feasibility. They demand systemic 

approaches that weigh all the costs - socio-cultural, economic and/or biophysical. They draw 

attention to the complex inter-relationships of factors that govern agroecosystems, which in 

turn govern and sustain rural livelihoods. The significance of this is that “asking the right 

questions is the first step in finding useful answers.”

Mixed crop-livestock smallholder farms are considered to have several advantages in terms 

of the health of the agroecosystem. The most important of these is their multi-use nature. 

Crops and livestock are integrated to create a system that is considered more efficient in the 

use of natural resources, requires less external input, and is more environmentally sound. 

Despite these advantages, yields in these farms are much lower compared to those obtained in 

experimental stations within similar agro-climatic zones. Researchers (e.g. Kilungo et al., 

1994; Omore et al., 1994; Gitau et al., 1994; Kimani and McDermott, 1994) have identified 

several factors as being the most important constraints to productivity, and it is widely 

accepted that there is potential for increased productivity. How can we identify the most
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suitable of all available strategies and how can their implementation be managed and 
monitored?

Small holdings are complex systems operating within a highly variable and diverse 

environment. They are mostly subsistent in nature, with low capital outlay and heavily 

dependent on environmental conditions. Many o f them are managed as part of the traditional 

non-cash economy, while the households that depend on them rely heavily on the growing 

cash-based system. This dichotomy means that the criteria for optimizing both the technical 

and allocative efficiency is often unclear even to the managers themselves. Furthermore, 

smallholders are unable to take advantage of the opportunities and information generated by 

the cash-based system such as credit, and market data. The unwillingness or inability of 

smallholders to adopt and adapt new technologies further increases their dependency on the 

natural resource base. This means that many of them still rely on traditional methods of 

production and yet the resource base and the production environment have changed to an 

extent that many of these methods are no longer viable. Much more critical, however, is the 

lack -  among the smallholders -  o f critical information required in order to successfully 

husband the environment and resources on which their livelihoods depend. This has led to 

degenerative spirals where poor resource management results in degradation and poverty, ^  

which in turn leads to the adoption of even more untenable resource management strategies.

Understanding the impact o f different development strategies will require an adaptive, 

integrated and systemic approach with both short-term and long-term monitoring and 

evaluation strategies. Farmers and communities — who are the primary managers of the 

agroecosystem — must be involved in the process both as local experts and as users of the 

local theory generated by the adaptive process. The agroecosystem health framework, 

incorporating the concept o f sustainability and involving participatory, action research and 

Soft Systems methodologies, seems to be a suitable framework for the design and 

implementation of such a process.

Questions regarding the health and sustainability of smallholder-dominated agroccosystems 

go beyond surplus production and the viability o f farm units. They are more fundamental, 

how should communities manage agroecosystems - not only to derive their livelihoods from 

them, but also to conserve them and maintain them for posterity? These issues are broad and 

include human health and nutrition, employment, rural-urban migration, socio-cultural 

capital, regional, gender and inter-generational equity, and the environment. Tackling these

22



requires a multi-faceted approach incorporating policy, infrastructure development and 

governance. An integrated, adaptive and participatory process for assessing health and 

sustainability of an agroecosystem would therefore be a process to empower the people who 

live there, giving them command and control as the primary managers. Such an approach 

would provide them with the information and analytic capacity from which to negotiate goals 

and objectives, influence policy and demand services as well as structure their collective 

actions towards better livelihood outcomes.
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Chapter 2

Design and implementation o f an adaptive, integrated 
approach to health and sustainability in a smallholder- 
dominated agroecosystem

2.1. Introduction

How can knowledge and research be structured to help people make better decisions with 

regard to managing their agroecosystems? Increasingly, recognition is growing among 

researchers and development workers that people are part of complex systems (Fitzhugh,

2000). Through various activities, they influence the structure and function of these 

agricultural and ecological systems in order to increase the benefits they derive from them, 

serving -  in this way -  as the primary managers o f the system. The systems, however, consist 

of extensive, complex and dynamic inter-relationships, such that activity at one point of the 

system results in complex, sometimes counter-intuitive and/or unpredictable reactions at /

other spatial or temporal points (Holling, 1986, 1992). Furthermore, the reactions may be 

lagged in time, or difficult to perceive because o f the scale at which they occur. Because of 

these, the consequences o f various management strategies are not always easily recognized, 

making purposeful management of these complex systems difficult.

The concept of health has been found useful in structuring the processes of managing an 

agroecosystem towards the desired or ideal state (Rapport, 1995; Waltner-Toews and 

Nielsen, 1995; Haworth et al., 1998). Agroecosystem health is a metaphor that helps to 

organize knowledge about agroecosystems, structure our evaluative judgments concerning 

their current state, and reflect them against our hopes for the future, so that they 

(agroecosystems) might be monitored and managed adequately (Haworth et al., 1998).

Agroecosystem health management consists of five steps: (1) describing the system of 

interest, (2) identifying the owners, actors and customers, (3) setting and/or naming the goals 

and objectives of the system (4) identifying and implementing feasible and desirable changes 

(5) monitoring appropriate indicators, reassessing the situation and implementing desired 

changes (Bellamy et al., 1996; Waltner-Toews and Nielsen, 1997).
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A systemic description is a model, built using conventional systems theory (Bellamy et al.,

1996), the purpose o f which is to describe the behavior of the agroecosystem.

Agroecosystems, however, can be viewed and interpreted from a variety of non-equivalent 

perspectives (Waltner-Toews et al., 2000), giving rise to multiple — conflicting or 

complementing — descriptions (Gitau et al., 1998). Since farmers and communities are the 

primary managers o f the agroecosystem, a managerially useful description is likely to be a 

synthesis of their perspectives. Co-learning tools such as action research (Stringer, 1999) 

provide means through which such a synthesis can be achieved. By incorporating the primary 

managers in a collegial participatory process (Biggs, 1989), action research methods provide 

the framework through which implementation o f desired changes and reassessment of the 

situation can be carried out.

Agroecosystem goals are a reflection o f what are considered desirable states for the 

agroecosystem (Bellamy et a l., 1996). According to Haworth et al. (1998), agroecosystem 

goals can be derived in three ways. The first is a purely subjective process where expectations 

for the agroecosystem are decided upon a priori based on what is generally regarded as the 

purpose of the agroecosystem. The second way is where the human participants of an 

agroecosystem form expectations for that agroecosystem. In this sense, system goals are the 

expected outcomes of transformations that agroecosystem users, owners and/or managers 

would undertake to modify the agroecosystem in order to optimize the benefits they derive 

from it. Another way of generating system goals is to study the way the agroecosystem 

functions, the selection o f system goals being a matter of elucidating the goals inherent in the 

system itself. The three methods represent different points of a continuum, the choice being 

dependent on the nature o f the agroecosystem under study. Whichever way is used to derive 

system goals, the account o f  agroecosystem health will consist of a list of goals, a description 

of the agroecosystem’s capacity to meet those expectations, coupled with a list of indicators 

that enable one to decide how well the system is meeting the expectations (Haworth et al., 

1998). Data gathered using these indicators then serve as a basis for refining the system 

descriptions and management goals (and therefore the indicators themselves) in an iterative,

feedback process.

The use of indicators to study complex phenomena is widely accepted (Rapport and Regier, 

1980; Odum, 1985; Rapport et a l 1985; Izac and Swift, 1994; Winograd, 1994; van 

Bruschem, 1997; Aldy et al., 1998; Smit et al., 1998). Their use is complicated by the fact 

that agroecosystem health is system- and scale-specific, making the choice of indicators and
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their interpretation similarly specific. In addition, there is a virtually infinite list of potential 

indicators. What is needed to implement the broad ideas of health and sustainability is not so 

much another list of indicators to measure, but an integrated framework within which such 

indicators can be developed and interpreted (Waltner-Toews, 1991). Without a conceptual 

model that provides a framework for selecting indicators, specifying the data collection and 

calculation methodologies and a process for synthesizing all the information into a picture of 

the system, the overall status o f the system cannot be assessed (Boyle, 1998).

This chapter describes the process used to implement an integrated and adaptive approach to 

agroecosystem health and sustainability management in a smallholder-dominated tropical 

highlands agroecosystem. Participatory and action research methods were used to generate 

system descriptions and to generate local theory (Elden and Levin, 1991) on the management 

of agroecosystem. Soft System Methodologies were used as a tool for creating mutual 

understanding and for negotiation among the stakeholders so that action-plans can be made 

and implemented. Conventional research methods were used to carry out measurements on 

selected indicators.

^  i

2.2. Research strategy and methods

Kiambu district, a geo-politically-defined region within the Kenyan highlands, was chosen as 

the study area for two reasons: (1) its proximity to the University of Nairobi (cost 

considerations) and (2) the fact that it is a high agricultural potential district with a 

preponderance of smallholder farms. The district is relatively more endowed with resources, 

while agricultural production is more intense than in many other districts. Questions of 

ecosystem sustainability and health are therefore o f greater concern in this district. There are 

relatively more management options for self-sustenance in Kiambu, therefore providing a 

suitable venue for testing methods of implementing health and sustainability.

The project involved three groups of actors: (1) communities in six study-sites distributed 

across the district, (2) resource-persons comprising extension and technical staff from 

divisional administrative offices and (3) researchers. The latter was a multidisciplinary team 

of agronomists, economists, engineers, medical personnel, sociologists and veterinarians.

Additional personnel, including district staff, and experts from governmental and non­

governmental organizations were included when need arose. All people living within each
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respective ISS were invited to participate in the village workshops. However, communities 

decided to elect a committee — referred to as the village AESH committee - to serve as the 

focal point for action-plan implementation and for communication between the community 

and other actors. There was a resource-persons’ team in each division o f the district. Each 

team served as the main link between the research team and the communities. A group of 6-8 

people were selected from a divisional team to be facilitators in participatory workshops 

organized in study-sites within their jurisdiction.

Table 2.1 shows a chronology o f the main activities carried out in the project. Initial activities 

included (1) collection and collation of background information (2) training of researchers 

and their assistants in participatory methods and (3) initial village workshops. Subsequently, 

the multidisciplinary team attempted to analyze the village systems using loop (influence or 

spaghetti) diagrams (Puccia and Levins, 1985). It was then proposed that each community 

should be requested to make similar diagrams to show how they perceived the relationships 

among factors influencing the health and sustainability of their agroecosystems. A list of 

potential indicators was then generated and used to carry out a baseline assessment. 

Concurrently, communities were facilitated to develop their own suite o f indicators and to use 

them to monitor and assess their agroecosystem in a separate process. The researcher- 

developed suite of indicators was refined using Correspondence Analysis. The initial phase of 

the research process was concluded with a wrap-up workshop in which community leaders, 

resource-persons and some members of the multidisciplinary team discussed the problems, 

advantages and disadvantages of the agroecosystem health (AESH) approach. A conceptual 

framework of the research strategy is summarized in Figure 2.1
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Table 2.1: Chronology of activities carried out in a process to assess the health of a tropical 
agroecosystem in the central highlands of Kenya

Time scale Action Outputs Actors
April 1997 Secondary data search, 

collation and analyses
Hierarchy structure of the Kiambu 
agroecosystem. Choice of scales 
and sampling strategy

Researchers

May 1997 PAR training Expertise in PAR methods, visual 
aids (researchers and assistants)

Research team

June 1997 Sampling study-sites List o f study sites, workshop 
schedules

Researchers and resource 
persons

July -  October 
1997

Initial village workshops 
in the ISS

System descriptions, problem 
analysis, community action plans

Communities, researchers 
and resource persons

September
1997

Multidisciplinary team 
meeting

System description 
Problem analysis

Researchers, 
multidisciplinary team

Oct -  Nov. 
1997

Village workshops Influence diagrams, problem 
analyses, soft system models

Communities, researchers, 
resource persons

December
1997

Multidisciplinary team 
meeting

List of potential research-based 
indicators

Researchers and resource 
persons

January -  
March 1997

Census of land-use units Typology o f  land-use units Communities, resource 
persons

April 1997 Statistical and system 
analyses

System attributes, models and 
potential indicators

Researchers

May 1998 Multidisciplinary team 
meeting

A suite of research-based indicators Researchers, 
multidisciplinary team

May 1998 Leadership training and 
inter-village workshop

Understanding o f AESH and 
Monitoring and evaluation concepts

Community leaders, 
researchers, resource 
persons

June 1998 Multidisciplinary team 
meeting

Methods for measuring research- 
based indicators

Researchers, 
multidisciplinary team

July 1998 Village workshops Community-driven indicators, 
AESH training materials

Communities, researchers 
and resource persons

August-  
October 1998

Village workshops Analyses o f  community-based 
indicators data. Overall evaluation

Communities

October 1998
-January
1999

Development o f 
measurement tools

Questionnaires, semi-structured 
interviews, participatory tools

Researchers, 
multidisciplinary team

January-  
March 1999

Research-based indicator 
measurement (land-use)

Land-use-unit-level indicator data Researchers

April -  June 
1999

Research-based indicator 
measurement (study- 
site)

Village-level research-based 
indicator data

Researchers, resource 
persons, communities

May 1999 Multidisciplinary team 
meeting

Approaches to analysis of research- 
based indicators

Researchers, 
multidisciplinary team

August 1999 -  
February 2000

Research-based indicator 
analyses

Refinement o f research-based 
indictors.

Researchers

March -  Nov. 
2000

Village workshops Monitoring and evaluation using 
both suites o f indicators

Researchers, communities

August 2000 Wrap-up workshop Overall assessment of the AESH 
process by the communities

Community leaders, 
resource persons, 
multidisciplinary team
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Kev:________________
Blue = participatory processes; Red  = Stakeholder-driven activities; Blue = Research-based activities 

Figure 2.1: Flow c h a r t  o f  th e  re se a rc h  p ro cess  u sed  to assess an d  im p lem en t health and 
sustainability of a sm a llh o ld e r-d o m in a te d , tro p ic a l-h ig h la n d s  agroecosystem .

2.2.1. Secondary data and holarchical scales

The purpose of secondary data was to construct a conceptual hierarchical structure of the 

Kiambu agroecosystem and to identify the scales (in these hierarchies) at which health and 

sustainability management would best be carried out. Secondary data was used to provide 

information on the biophysical, economic and sociopolitical characteristics of the Kiambu 

agroecosystem. Administrative and topographical maps of the district (Survey of Kenya 

topology maps 134/3, 134/4. 148/2, 149/1, 148/3 148/4) provided background data on 

administrative boundaries, topography, infrastructure and natural resource endowment. Data 

on climatic and ecological zonation were derived from the Farm Management Handbook 

(Jaetzold and Schmidt. 1983). Kiambu District Development Plans and reports from various 

government ministries were used to provide information on existing projects and 

development plans.
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Holarchies were defined from two perspectives: the biophysical and the human activity 

perspectives. The human activity holarchy followed social, cultural and political boundaries 

while the biophysical holarchy was defined mainly by geo-climatic and land use 

characteristics. The scale at which to carry out the study was decided upon based on three 

considerations. The first was that the health and sustainability of smallholder farms was of 

most concern in this study. Secondly, the integration of ecological, economic and social 

factors gives rise to emergent properties that are key to the health and sustainability of 

smallholder farms. Lastly, the principle stated by Izac and Swift (1994) that to assess 

sustainability at a given level (n) in the holarchy, both the level above (n+1) and that below 

(n-1) must also be included in the assessment.

2.2.2. Sampling study sites

Once the target hierarchical scales were identified, a sampling strategy for each scale was 

decided upon. It was assumed that comparisons among sampling units within each scale, as 

well as an assessment of how they complement and inter-link with others, would provide 

sufficient details on the main features of the agroecosystem as a whole. In this study, two 

sampling units were decided upon. The first were the study sites -  corresponding to villages 

in the human activity holarchy and catchments in the biophysical. The second sampling units 

were the land-use-units roughly corresponding to farms in the biophysical holarchy, and to 

households or homesteads in the human-activity holarchy. Land-use units were defined as 

parcels of land separated by formal boundaries shown on ordinance survey maps. Households 

were defined as people living under the same roof and/or sharing food from the same kitchen. 

Homesteads were groups o f households within the same land-use unit, with no formal 

boundaries between them.

The Kiambu agroecosystem was stratified into regions based on the holarchical scales in the 

human activity system. A stratified purposive sampling protocol was used to select study 

sites. The criteria for selection was preponderance of smallholder farmers (favored if more) 

and the number of development agencies (favored if less). This was done using a 

participatory scoring matrix by the resource persons. In total, 12 sites (two in each main 

holarchical division) were selected. Six of the study sites (one in each division) were labeled 

“intensive” (ISS; ISS) and the others “extensive” (Extensive Study Sites; ESS) using a
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random protocol. The ISS were those study sites in which health and sustainability 
interventions were instituted.

2.2.3. Systemic description and action planning

The objective was to obtain a systemic description of the agroecosystem based on the 

perspectives of the people living in the ISS. The process commenced with participatory 

workshops in each o f the 6 ISS. The local language, Gikuyu, was used as the main language 

of communication between community groups and the research team. These workshops had 

three objectives: (a) a systemic description of the agroecosystem, (b) participatory problem 

analysis and (c) community action planning. Data on (1) boundaries (2) natural resources (3) 

institutional structure (4) historical background (5) social structure (6) farming system 

characteristics (6) economic and climatic trends (7) human health (8) constraints to health 

and well-being of the residents and (9) their coping strategies was gathered, analyzed and 

presented using a variety o f participatory tools. The workshops culminated with participatory 

problem analysis and action planning. Details o f the methods used are presented in Chapter 3.

One-day workshops were held in each of the ISS 4-6 weeks later. In these, participants 

(Comprising of the village committee and at least one representative from each 

household/homestead) were asked to make similar influence diagrams based on their 

perception of these relationships. The resulting diagrams were analyzed using graph theory 

(Bang-Jensen and Gutin, 2001), qualitative methods (Puccia and Levins, 1985) and pulse 

process modeling (Perry, 1983). Details o f these analyses are presented in Chapter 4.

Descriptions and pictures o f the problematic situations identified in each of the ISS (holons) 

were developed using approaches described by Checkland and Scholes (1990). Relationships 

among various institutions and interest groups were explored and depicted in rich pictures 

(Checkland, 1979a). In addition, root definitions (Checkland, 1979b) were made for each 

intervention in the community action-plans. These definitions, descriptions, pictures and 

models were used in two ways: (1) to identify both the sources and the types of conflicting 

and/or competing perspectives, goals and action-plans, and (2) as tools for generating a 

common understanding o f a problem situation and for negotiating some degree of consensus 

on goals and plans. These are discussed in details in Chapter 5.
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To determine the types and characteristics o f the units comprising the penultimate layer of the 

study sites, a census o f all land-use units within each of the six ISS was carried out. In this 

census (Appendix 1) details on the (1) the characteristics of the owners and managers, (2) 

types and quantities o f resources available, (3) types of enterprises being carried out within 

them, (4) constraints to productivity, (5) goals and objectives and (6) productivity were 

sought. Gini coefficients and Lorenz curves as described by Casley and Lury (1982) were 

used to explore the distribution o f resources among the land-use units. Gini coefficients were 

calculated as (T1-T2)/10,000 where T1 is the sum of the cross products of cumulative 

percentage of land-use units and lagged cumulative percentage of the resource. T2 is the sum 

of the cross products of lagged cumulative percentage of land-use units and cumulative 

percentage of the resource. The Gini coefficient lies between 0 (absolute equality) and 1 

(absolute inequality). If two distributions are being compared, the one with a larger 

coefficient is more unequal, but this depends on the shape of the Lorenz curves. If the 

distribution with a smaller coefficient lies entirely within the other, then the conclusion about 

relative inequality is unequivocal. If the curves cross each other, then the inequalities differ 

only over parts of the range o f  these distributions.

2.2.4. Indicators

Two methods were used to generate two suites o f indicators. Communities, through a 

participatory process facilitated by the researchers, developed the first set suite. Researchers 

and the multidisciplinary team developed the second suite using descriptions given by the 

communities in the initial workshop and in the loop diagrams. Details of the process and 

methods used are presented in Chapter 6 section 6.2.1

2.2.4.1. Community-driven indicators

The objective was to develop a suite of indicators that the communities can use to assess the 

health and sustainability o f their agroecosystem. The indicators were developed in two stages 

First, discussions were initiated among communities during leadership training programs 

with regard to the agroecosystem health concept and the ideas of monitoring and evaluation. 

Three-day workshops were then held in each of the six villages during which the indicators 

were developed. Participatory tools such as focus group discussions, scoring matrices and 

trend analyses were used to identify, rank and then categorize indicators. Further details on 

the participatory methods used are provided in Chapter 3.
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22.4.2. Selection o f research-based indicators

The objective was to develop a suite of indicators for use by researchers and policy makers. It 

was assumed that this suite o f indicators would be complementary to the community-driven 

suite. Indicators were defined as variables that reflect (1) changes in key system attributes or 

(2) changes in the degree o f risk or potential of the system. Indicators were selected based on 

the ease of measurement and interpretation, validity, cost effectiveness and usefulness of the 

information gathered to researchers and policy makers. Further details are provided in 
Chapter 6.

2.2.5. Monitoring, evaluation and assessment

22.5.1. Community-based assessment

Participatory monitoring, evaluation and assessments were carried out in ISS only. This was 

based on the assumption that self-monitoring provides communities with information that is 

crucial to the successful management of the agroecosystem. It was also assumed that self- 

evaluation would create a sense o f ownership o f the process by the communities and that this 

would enhance their participation, thereby increasing the sustainability of the process. By 

understanding how communities evaluated information gathered using indicators, it was 

hoped that researchers would gain insight on how indicators can be analyzed to be of use in 

practical decision-making.

Monitoring was taken to mean the evaluation o f indicators on a daily or weekly basis to 

provide information on the progress of specific community activities. Such information 

would be used for short-term management and decision-making. Evaluation was defined as a 

review of goals and objectives against achievements. This would occur after completion of 

specific activities or attainment o f pre-defined milestones. Evaluation could also be done 

regularly after a defined period to evaluate progress towards overall community goals. 

Assessment was defined as an overall review o f the agroecosystem status in terms of health 

and sustainability using selected indicators.

2.2.52. Research-based assessments

Research-based assessments were carried out in all the 12 study sites in February 1998 and 

again in February 1999. Empirical data on research-based indicators was gathered using both 

conventional research methods and participatory tools. A questionnaire (Appendix 2) was

I
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developed and applied to each o f the land-use units in each of the 12 study sites. Process and 
methods used are discussed in Chapter 6.

2.2.6. Implementation of interventions

The objectives were to reinforce the communities’ capacity for collective, remedial action. 

The underlying assumption was that health and sustainability depended on the communities’ 

ability to design appropriate remedial actions and to implement them successfully. 

Community participation was seen to be the key to the sustainability o f the process. Two 

types of interventions were therefore envisaged. The first was to impart analytical, 

management and participatory skills to the communities to enhance their capacity for 

problem identification and analyses, consensus building, conflict resolution, action planning, 

monitoring, evaluation and assessment. The second type of intervention was to provide 

expertise and support, geared towards facilitating communities in the implementation their 

action-plans.

2.2.6.1. Community training

Training programs were organised in each of the six ISS and at the district level. Village 

AESH committee members, some opinion leaders and 6 to 10 people from the ISS were 

trained on participatory approaches, management methods, community mobilisation, gender 

issues, community-based leadership, action planning, monitoring and evaluation. Experts 

from the various disciplines were invited to conduct training in each of the specialised areas. 

Focus group discussions were held after each topic. The experts then addressed specific 

issues arising from these discussions. Leaders in each of the ISS were encouraged to hold 

monthly village meetings to discuss, in a participatory manner, their agroecosystem 

sustainability and health concerns.

2.2.6.2. Community-based development interventions

Leaders in each of the ISS were provided with copies of the action-plans developed in the 

participatory workshops. The research team facilitated meetings among the community 

leaders in each village and between them and other institutions, to discuss the implementation 

of action-plans and to institute measures for better management of their agroecosystem. The 

leaders were expected to initiate participatory processes to develop activity schedules, 

delegate duties, monitor progress and evaluate the progress of individual projects.
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The implementation o f the action plans was the responsibility of the communities. In 

addition, the communities were expected to supply all the resources needed to carry out the 

required interventions. The role of the research team was to identify experts, resource persons 

or institutions that the communities might need for successful implementation of a project. 

Where the resources needed for a project were more than the communities could generate 

from within, information and skills (e.g. proposal writing) for seeking support from the 

government, non-govemmental organisations and other development agencies was provided. 

However, communities were requested to show how such a project would be sustained after 

the donor support ceases.

2.3. Results

Figure 2.2 shows the relative size and location o f Kiambu district. Change in altitude (in units 

of200 meters starting from sea level) is also shown to illustrate the location and extent of the 

highlands. The geographical distribution o f the study sites within Kiambu district and the 

relative size of the Divisions is illustrated in Figure 2.3. The boundaries of the newly created 

Tigoni Division were yet to be properly documented by the time of this study.

Communities in all selected study sites agreed to participate. Community participation was 

high, with 75% to 100% o f the households and homesteads being represented in all the 

participatory workshops held in the study sites. The concept of agroecosystem health was 

well understood by the stakeholders as evidenced by use of the health language and concepts 

during the participatory workshops.

\ .
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Figure 2.2: M ap  o f K en y a  sh o w in g  the  lo ca tio n  a n d  re la tive  size o f K iam b u  d istric t and  the 
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Figure 2.3: M ap  of K ia m b u  sh o w in g  the a d m in is tra tiv e  divisions and  th e  locations o f in tensive 
and extensive study-sites.

2.3.1. Holarchical scales

The biophysical holarchy was best described in terms of five layers (Figure 2.4). The 

innermost or smallest layer — the field - was defined mostly by management characteristics. 

The layer after the field was the farm. Farms were defined mostly by land-use characteristics 

and were perceived as being nested within catchments (a term commonly used by soil 

conservation officers in the district). The latter were defined mostly by topographical (valley, 

ridge, plain etc) characteristics. Catchments corresponded - in many instances - to the villages 

defined in the human-activity holarchy. Catchments were seen as being nested within 

agroecozones as described by Jaetzold and Schmidt (1983). Agricultural-potential, 

vegetation, and geologic and climatic factors defined the boundaries ot agroecozones.

Kiambu is within the central highlands geo-climatic zone and comprises ot tour major 

agroecozones (Figure 2.4;in red)
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Figure 2.4: An illu s tra tio n  o f  th e  h o la rc h ic a l s t ru c tu re  o f the K iam bu  agroecosystem  from  both  
the biophysical and  th e  h u m a n -a c tiv ity  p e rsp e c tiv e s .

The human-activity holarchy was confluent with the administrative zoning of Kiambu 

District. The district is divided into 6 administrative zones called divisions (Limuru, Kikuyu, 

Lari, Tigoni, Githunguri and Kiambaa). Each division is further subdivided into several 

Locations that are in turn divided into Sublocations (Figure 2.4). The later is the lowest, 

formal administrative unit. According to the key informants and administrative officials, each 

Sublocation may consist o f 1 to 4 villages with informal boundaries, but consisting of groups 

of people who work together as a unit. Village boundaries are defined through different 

criteria, including topographical features. It is possible for villages to lie across administrative 

boundaries. Secondary data listing villages or describing their boundaries could not be found. 

Within homesteads and households, systems of management define several farm enterprises, 

comprising the lowest rung o f the human-activity holarchy. For a health and sustainability 

management of the Kiambu agroecosystem, the village-level and the household-level were 

selected as the most appropriate scales for agroecosystem health management.
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2.3.2. Study sites

Participatory mapping confirmed the presence of villages as a layer nested within the 

Sublocation in the human-activity holarchy. Social-cultural factors were more important in 

defining the boundaries of the villages. Communities regarded themselves as belonging to 

one of these villages, with various socio-cultural institutions being organized and functioning 
at this level.

Githima village has boundaries that are confluent with administrative ones. The village was 

described as the area under the administrative jurisdiction of the Assistant chief. Another 

identity factor was the use o f 2 coffee processing factories and 3 tea buying centers in the 

area. People settled in the village prior to 1952, clearing an indigenous wattle-tree forest.

Gitangu village derives its identity partly from its historical background (area inhabited by 

three sub-clans) and from administrative boundaries (area under an assistant chief). The area 

was an indigenous forest occupied by hunter-gatherers. Settlement by the current tribe began 

before the arrival o f Europeans. The three sub-clans {Mbari-ya-igi, Mbari-ya-Gichamu and 

Mbari-ya-Ngoru) derive from the three people who first settled in the area.

Deriving its identity from its geophysical location (a swampy valley bounded by roads and 

railway) and its socio-cultural history, Kiawamagira is inhabited by descendants of squatters 

in the Church Missionary Society Mission in Thogoto. Elders claimed that during the land 

demarcation process, those squatters who were not considered favorably by the Mission were 

allocated land in the valley.

Mahindi village lies on a ridge between two streams and is inhabited by members of the 

Kihara sub-clan. The name o f the village refers to the elephant skeletons found on the ridge. 

Settlement started in the 1950s. The boundaries of Gikabu-na-Buti village of Tigoni Division 

are socio-economic. The village adjoins another and both are sandwiched within two vast tea 

estates. The land was part o f  one of the tea estate and was sold to a cooperative of its 

laborers. Settlement began in 1972. Itungi village consists of four-acre land parcels while 

Gikabu-na-Buti village consists entirely of half-acre plots, thereby creating a socio-economic 

subdivision within what seems to be a single village. During the initial mapping exercise, 

participants indicated that they were one village. In subsequent meetings, it was revealed that 

the two are disparate with very little interactions between them. The sixth village, Thiririka, 

was described as the area under the administrative jurisdiction of an assistant chief. This was
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part of Kinale forest until 1989 when land was allocated to settle squatters from various 
forests in the district.

2.3.3. Systemic description

Gitau (1997) provides a detailed description of the information gathered during the initial 

village workshops. This includes descriptions of natural resources, historical background, 

social structure, typology o f farms, trends, human health, seasonal calendars, felt needs and 

coping strategies by communities living in the six ISS.

2.3.3.1. Demographic features

Table 2.2 gives a summary o f key demographic features of the six ISS based on a census of 

land-use units. The Githima study site had the highest number of land-use units (229) 

followed by Gitangu. Kiawamagira and Mahindi had the least (41 and 40 respectively). The 

mean acreage per land-use units was highest in Thiririka (3.5 acres) followed by Mahindi (2.7 

acres) and Githima (2.3 acres). Kiawamagira and Gikabu had the least (1.8 and 1.9 

respectively). In terms of total size, Thiririka is the largest in land-size, covering 

approximately 3 square kilometers -  having several publicly owned parcels of land. Mahindi 

and Kiawamagira are the smallest in size, covering approximately 0.5 square kilometers each. 

There were areas in Kiawamagira left as public land due to swamping.

In all villages, there were land-use units that consisted of more than one household (Table 

2.2). These were more common in Githima (23) and Gitangu (19) and least common in 

Mahindi and Kiawamagira (1 and 6 respectively). Nearly half (43.9%) of the households in 

Kiawamagira were female headed. Majority of the households in Gikabu (63.9%) and 

Kiawamagira (53.7%) were managed by females. Majority of households in Mahindi (67.5%) 

and Gikabu (57.8%) had off-farm income. The average number of people per household was 

highest in Thiririka (8 persons) followed by Mahindi and least in Githima (5.6 persons). 

Mahindi had the highest number (2.5) o f people with off-farm employment per household, 

followed by Gikabu (1.5) and Kiawamagira (1.4) while Githima had the least (0.3).
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Table 22: Summary of key demographic features based on a 1997 census of LUU in the ISS, 
Kiambu District, Kenya

G ith im a G itangu M ahindi T h iririk a K iaw am agira G ikabu
Division Githunguri Limuru Kiambaa Lari Kikuyu Tigoni
Approx, size of village (sq km) 2 2 0.5 3 0.5 1
Number of land-use units 229 224 40 188 41 83
Mean acreage per unit 2.3±0.17 2.110.12 2.710.34 3.510.14 1.810.21 1.910.19
Units with more than one 
household

23 19 1 9 6 15

Number of households 304 296 41 230 62 147
Proportion of female headed 
households

22.7% 18.8% 30.0% 17.0% 43.9% 27.7%

Proportion of female managed 
households

31.9% 46.4% 50.0% 32.4% 53.7% 63.9%

Proportion of households with 
off-farm income

14.8% 37.5% 67.5% 29.8% 36.6% 57.8%

Mean number of people per 
household

5.6±0.25 6.11022 7.810.6 8.010.35 7.311.0 7.010.36

Mean off-farm employed per 
household

0.3±0.06 0.810.10 2.510.4 0.610.09 1.41035 1.510.20

Mean number going to school per 
household

2.3±0.12 2.7+0.15 1.710.28 2.810.15 22410.31 2.51024

2.3.3.Z Geo-climatic features

According to the agroecological classification by Jaetzold and Schmidt (1983), Thiririka 

village lies in the forest reserve zone (UHO) as shown in Figure 2.5. Githima village lies in 

the coffee-tea zone (Upper midlands; UM1). Mahindi and Kiawamagira villages lie in the 

marginal coffee zone (upper midlands; UM3). The other two villages are on the lower 

highlands (LH) zones: Gitangu in the Wheat-maize-pyrethrum zone (LH2) and Gikabu in the 

Tea-dairy zone (LH1).
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Figure 2.5: M ap o f K ia m b u  sh o w in g  the  d is tr ib u tio n  o f study  sites by agroecozones as described  
by Jaetzo ld  an d  S ch m id t (1983).

Figure 2.6 shows the distribution of study sites by soil fertility. All ISS are located on soils 

classified as either high fertility or moderately high fertility except Kiawamagira that is on 

moderate fertility soils.
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Figure 2.6: M ap  o f K iam b u  sh o w in g  the d is tr ib u tio n  o f study  sites by th e  soil fertility  
classification o f M in is try  o f A g r ic u ltu re  a n d  L iv esto ck  D evelopm ent, K iam b u  D istrict, K enya

2.3.3.3. Resource use and distribution

Off-farm employment, small ruminants, and income from various farming enterprises were 

the most unevenly distributed. Gini coefficients were 0.72 for off-farm employment, 0.28 for 

population, 0.41 for farm land, 0.43 for cattle, 0.69 for sheep and goats, 0.64 for income from 

cash crops, 0.53 for income from food crops, and 0.54 for income from livestock. Population 

was evenly distributed in all the six villages, as were farmland and cattle (Table 2.3).

In Mahindi, all the 8 resources considered were equitably distributed. In Kiawamagira, only 

off-farm employment was markedly uneven while in Gikabu it was only income from food 

crops. Off-farm employment was most unevenly distributed in Githima (Figure 2.7) while 

sheep and goats were unevenly distributed by about the same magnitude in Githima, Gitangu. 

and Gikabu (Figure 2.8). Income from food crops was the most inequitable in Githima 

(Figure 2.9) in contrast to Thiririka where income from cash crops (coffee and tea) was the 

most inequitable (Figure 2.10).
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Figure 2.7: L o renz  cu rv e  sh o w in g  th e  d is tr ib u tio n  o f  off-farm  em p lo y m en t in the ISS, K ian ibu  
District, K enya, 1997.
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Figure 2.8: L orenz  cu rv e  sh o w in g  the d is tr ib u tio n  o f  sheep and  goats in all ISS, K iam bu 
District, Kenya, 1997
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Figure 2.9: L o renz  cu rv e s  o f  8 key  re so u rc e s  in G ith im a  ISS, K iam b u  D istric t, K enya, 1997
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Figure 2.10: L orenz  cu rv es o f  8 key re so u rces  in I h ir ir ik a  ISS, K iam bu  D istrict, K enya, 1997
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Table 23: Equity, measured by the Gini coefficient1, of key resources in the ISS, Kiambu 
District, 1997

Resource Githima Gitangu Mahindi Thiririka Kiawamagira Gikabu
Off-farm employment 0.72 0.61 0.43 0.68 0.53 0.35
Population 0.26 025 0.18 0.29 0.14 022
Farm land 0.44 0.35 0 2 3 0.27 028 0.40
Cattle 0.44 0.39 0 3 8 0.39 0.40 0.34
Sheep and goats 0.70 0.66 0.45 0.54 0.34 0.61
Income from cash crops 0.54 0.09 0.00 0.42 0.00 0.32
Income from food crops 0.56 0.47 0.31 0.48 0.26 0.52
Income from livestock 0.44 0.40 0.15 0.66 020 0.43

Figure 2.11 shows the proportion of land under various crops in the six ISS based on the 1997 

census of LUU. For each village, the proportion o f land under each enterprise was calculated 

as the average of the per-farm proportion. Most (36.44%) of the farmland in Githima village 

was allocated to coffee. In Kiawamagira village, most (49.70%) of the land was under food- 

crops. In Thiririka, nearly 50% of farmland was left fallow or as pasture. Gitangu village had 

the highest (17.39%) proportion of land allocation to fodder (mostly Napier) among the six 

villages (Gikabu 9.18%; Githima 6.52%; Kiawamagira 7.72%; Mahindi 12.58%; and 

Thiririka 0.52%). In addition, the land allocated to non-crop activities (other) was 

proportionately bigger because o f space used for housing livestock and for paddocks. 

Horticultural crops had the biggest proportion o f farmland in Thiririka village. 1

1 Gini coefficients were caiculated using the method described by Casley

pacCTi^^ordw«ource. T2̂  cumulative percentage of land-use units
and cumulative percentage o f the resource.
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Figure 2.11: Allocation of land resource to various crops in the 1SS, Kiambu District, 19971.

Figure 2.12 shows the location of public medical facilities in Kiambu district relative to both 

intensive and extensive study sites. Of the ISS, only Thiririka and Mahindi were close to a 

public health facility (within 1 Kilometer radius o f the village; closest facility for other 

villages was 10 Kilometers). Private health facilities were however available within Gikabu. 

Kiawamagira and Githima villages.

The distribution of water supply schemes in the district relative to the study sites and major 

urban centers is shown in Figure 2.13. Among the ISS, only Githima, Kiawamagira and 

Gitangu were located within areas covered by a water supply scheme. At the time of this 

study, Komothai water scheme (covering Githima study site) was not operational, reportedly 

because of silting of the main dam. The Ngecha water scheme, covering Gitangu village was 

also not operational following theft of the pumping equipment. In both cases, the water- 

supply infrastructure (pipes and tanks) were still present but in a state of disrepair. 1

1 For each village, the average pe r-fa rm  acreage o f  a crop was expressed as a percentage o f  the average farm  

size in that village.
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Figure 2.12: Map of Kiambu showing the distribution of medical facilities
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Figure 2.13: Map of Kiambu District showing the coverage of different water supply schemes.

2.3.3.4. Agriculture

The main agricultural products in Githima are coffee and tea, while in Gitangu, Mahindi, 

Thiririka and Kikuyu it is dairy and vegetables. In Gikabu, the main products were tea and 

dairy. Thus, only Githima, Thiririka and Gikabu have agricultural activities confluent with 

their agroecological classification. The other three villages were mainly focusing on dairy 

and horticultural vegetable production, irrespective of their agroecological classification.

Little or no pyrethrum was being produced in Gitangu village while there was no coffee 

production at all in Kiawamagira. There were a few farmers in Mahindi village that had 

coffee, but they had not had a harvest for 10 years. The reason given was that coffee was not 

profitable to produce in this village.

A comparison of the relative importance of the three main farm enterprises (Cash crop, Food 

crop and livestock), based on their contribution to the annual farm income, is shown in Figure 

2.14. Proportions were computed for each farm and then averaged for each village. Most of 

the farm income in Githima (84.88%) village came from traditional cash crops (coffee and 

tea), while that in Mahindi (62.67%) came from the sale of surplus food crops (maize, beans, 

potatoes, kale). In Thiririka, farm income was mainly (57.09%) from sale of horticultural
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produce, especially vegetables. Farm income in Gikabu was balanced between tea, dairy and 

food crops (especially kale). Livestock were the major (77.87%) contributors to farm income 

in Gitangu village, and contributed an important proportion (35.42%) of it in Kiawamagira. 

Annual farm income was highest in Githima village followed by Gitangu, while it was lowest 

in Mahindi followed by Kiawamagira (Figure 2.15). In contrast, income per acre of land was 

highest in Githima followed by Kiawamagira. It was lowest in Mahindi and Thiririka 

villages.

Figure 2.14: A comparison of the relative importance of the three main farm enterprises based 
on their contribution to annual total farm income1.

Proportions o f  annual income fro m  each enterprise was com puted per farm and then averaged by village.
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figure 2.15: Comparison of the annual farm incomes1 in the six 1SS.

Table 2.4 shows the agricultural products, inputs, and crop and animal diseases in each of the 

six villages. Githima, Thiririka and Gikabu reported herbicides as one of the major external 

input for their villages in terms of quantity and expenditure. Fertilizer was considered an 

important input in all villages but it was relied on heavily only in Githima and Thiririka 

villages. Farmers classified farm enterprises as livestock (Mahiu), food crops (irio) and non­

food (cash) crops. The livestock enterprise was further classified as commercial poultry, 

cattle and small ruminants (mburi) and local chicken. Food crops were further distinguished 

by whether they were mainly for consumption within the farm (subsistence) or for sale. Food 

crops grown for subsistence were mostly maize, beans, potatoes and peas. Food crops grown 

mainly for the market were vegetables especially Kale (horticulture). Different cash crop 

enterprises (Coffee, tea and pyrethrum) were always specified and considered separate. The 

farmers' choice of enterprises was governed mostly by the tradition in the area, experience ol 

the manager, availability o f resources, and availability ol market for the produce and the 

potential yield of the enterprise.

Total farm income was calcula ted as a ll sales fo r  1997 m inus all farm-related costs except casual and 
household labor. Income per acre was calculated as the annual farm income d iv ided by the farm size (in acres)
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Table 2.4 : The main products, inputs, crop pests and livestock diseases reported by farmers in 
farm censuses earned out in the ISS.

G ith im a M ahindi T h ir ir ik a G ikabu G itangu K iaw am agira
Food C rops 
(M ainly for 

home
consum ption)

Maize
Beans
Potatoes
Arrow roots
Yams
Bananas

Maize 
Beans 
Potatoes 
Arrow roots 
Bananas

Maize
Beans

Maize
Beans
Potatoes
Arrowroot
Peas

Maize
Beans
Potatoes
Peas
Banana

Maize 
Beans 
Potatoes 
Arrow roots 
Bananas

C ash crops Coffee
Tea

Tea Pyre thrum

H orticu ltu re Kale
Tomatoes

Kale 
Celery 
Flowers 
Sugar cane

Potatoes
Kale
Carrots
Peas
Onions
Pears

Kale
Pears
Onion
Plums

Kale
Flowers
Oranges
Carrots
Avocado
Coriander

Mangoes
Avocados

Livestock Cattle
Sheep
Goats

Cattle
Sheep
Goats
Poultry

Cattle
Sheep

Cattle
Sheep

Poultry
Cattle
Sheep
Donkey

Cattle
Sheep
Goats

F odder Napier Napier Napier
Oats
Pasture

Napier Napier 
Crop residue

Napier

External Inputs Fertiliser
Manure
Herbicides
Feed

Manure
Seeds
Fertiliser
Feed

Herbicides
Fertiliser
Seeds
Feed
Rent tractor

Herbicides
Fertiliser
Feed

Feed
Seeds
Manure

Feeds
Manure
Herbicides
Fertiliser

L abour Casual
Family

Family Casuals
Family

Permanent
Casual
Family

Permanent
Casual
Family

Family

C rop & 
livestock 

diseases and 
pests

Coffee BD 
FMD 
Milk fever 
Pneumonia

Moles
Hedge hogs
Blight
Aphids
Mastitis
Worms
ECF

Blight
Aphids
Frost
Foot rot
Mastitis
Pneumonia

Moles 
Hedge hogs 
Stock borer 
Bacterial wilt 
Mastitis 
Milk fever 
ECF

Blight 
Moles 
Hedge hogs 
Gum boro 
Ndigana

Bacterial wilt 
Blight 
Stock borer 
Weevils

O ff farm  
activities

Employment
Hawking

Business Employment
Business

Employment Business
Employment

Horticulture was considered the most important in terms of income in all villages except 

Githima. The main crop produced is kale (Sukumawiki), which has a ready market in 

Nairobi. The capital outlay is minimal and return to labour was considered high. The 

limitation was seen to be transportation and soil fertility. Yield is high during the rainy season 

but the villages are not accessible during this time and so most of the produce goes to waste. 

Disease and pests are also an important consideration in kale production. Farmers were 

conscious of the environmental and health impacts of chemical control.
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2.3.3.5. Agroecosystem health goals

Agroecosystem health goals were assessed using two approaches: (1) participatory and, (2) 
conventional observational study methods.

2.33.5.1. Participatory method

Details of problems and concerns — as identified and prioritized by participants in the village 

workshops — are given in Chapter 3. Concerns common to all ISS were availability of water 

for domestic use, poor roads, poor human health and absence health care facilities. Only one 

village (Kiawamagira) had access to piped water and even then, the water is available for one 

half-day per week. Roads are mainly loose surface, becoming impassable during the wet 

season. Due to the hilly terrain of the Kiambu agroecosystem, flooding and gully formation is 

the biggest cause o f poor road condition. Among the agriculture-related problems were lack 

of artificial insemination services, low crop yields, poor soil productivity, lack of markets for 

produce, lack of extension services, and crop and animal diseases.

According to the participants, the main limitation to crop production in these villages is land 

size, but climate and market (price) were also important. Limitation to dairy production was 

seen to be mainly capital and feed-related constraints. Food-crop production was reported as 

being limited mainly by soil fertility, which, in turn, is a consequence mainly of soil erosion 

and depletion of nutrients. Poultry production was reported as being severely limited by 

diseases especially Gum boro and Newcastle, but also by market for eggs and meat. In terms 

of livestock, dairy cattle were given a higher preference to small ruminants and poultry since 

the milk market is available and the returns were said to be higher. In all ISS, consensus on 

needs and goals was achieved. Committees comprising of local participant were selected to 

oversee the implementation o f the action plans.

2.33.52. Survey method

In the land-use unit survey, 35.3% of the respondents reported lack o f extension services as a 

constraint to productivity (Table 2.5). In contrast, 33.8% of the farmers reported soil 

infertility as a constraint, while land size was a constraint for 14.4% of the respondents. Soil 

infertility was a more common problem in Githima (23.1%) and Mahindi (22.5%) villages. 

Githima (14.8%) village had more respondents reporting lack of capital than in other villages. 

Flooding and water logging was reported only in Thiririka and Kiawamagira villages.
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Nearly all the respondents (96.3%) indicated that they would like to improve farm 

productivity be it by starting new enterprises or improving existing ones (Table 2.6). The 

majority of respondents not willing to improve farm productivity were in Gikabu (11/30) and 

Thuinka (12/30) villages. Most o f the respondents reported that they would prefer to improve 

livestock (mainly dairy) production and horticulture. In Githima village, most respondents 

reported that they preferred to enhance cash crop (Tea and/or coffee) production to all the 
other options.

Table 2.5: Constraints to productivity as reported by respondents in a survey of land-use units 
in the six ISS

S m all f a r m Soil in fertility In a d e q u a te Lack of L ack  of Flooding
size E xtension labour capital

GITHIMA 23.1 70.3(%of229 units) 48.9 3.1 14.8 0.0
MAHINDI 22.5 52.5(% of 40 units) 47.5 10.0 0.0 0.0
THIRIRIKA 7.4 27.1 31.4 1.1 3.2 14.9(%of 188 units)
GIKABU 
(%of83 units) 15.7 21.7 28.9 4.8 8.4 0.0
GITANGU 7.6 4.9 25.0 17.9 0.9 0.0[%of224 units)
KIAWAMAGIRA 24.4 24.4 34.1 2.4 0.0 7.3(%of41 units)
OVERALL 
[% of 805 units) 14.4 33.8 35.3 22 6.1 3.9

Table 2.6: Stated goals of respondents in census of all land-use units in the six ISS. Kiambu 
District, 1997

Im p ro v e  
cash  c ro p

Im prove
livestock

Im prove 
food crops

Im prove
horticu ltu re

Im prove
business

O ther
im provem ents

No
im provem ents

GITHIMA 81.2 59.0 59.8 71.6 4.8 4.4 1.3
(%of229 farms) 
MAHINDI 7.5 45.0 50 40.0 2.5 0.0 0.0
(% of 40 farms) 
miRIRIKA 6.9 50.5 35.6 34.0 12.2 2.1 6.4
[•/.of 188 farms) 
GIKABU 30.1 55.4 36.1 20.5 22.9 16.9 12.5
[%of83 farms) 
GITANGU 22.8 64.3 34.4 58.9 3.6 1.3 0.0
(%of224 farms) 
KIAWAMAGIRA 12.2 63.4 • 29.3 41.2 22.0 9.8 9.8
(%of41 farms)
OVERALL 
(%of805 farms)

35.2 57.6 42.6 50.9 8.8 4.4 3.7

u n iv e r s it y  or mirob/
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2.3.4. Health and sustainability assessment

Communities understood the concepts of health and health indicators and accepted the notion 

of using indicators to evaluate the status of their agroecosystem. They appeared to regard the 

approach not as an innovation, but as a revisiting and modernization o f traditional methods of 
agroecosystem management.

Communities in the ISS opted to carry out agroecosystem evaluations and assessments jointly 

with other ISS. The communities initiated inter-village collaboration because they felt that 

participants from other study sites provided additional useful criticism and suggestions as 

compared to those by the researchers and extension agents.

2.3.5. Implementation of interventions

At the end of the initial village workshops, all communities expressed a profound demand for 

action to ameliorate the problems identified. Formation of the village committees was seen as 

evidence of their desire to implement the action plans. Five of the six villages proceeded with 

implementation of the action-plans immediately after the workshops mostly without further 

contact or consultation with the research team. In nearly all the cases, this led to some degree 

of frustration on the part o f the communities as they were ill prepared in terms of 

organization and community-leadership to carry out many of the tasks. However, there were 

some successes, and failure and frustration did not deter most of the communities to keep 

trying. Further details are provided in Chapter 3. Details on the methods used to facilitate 

planning and implementation of action plans by the communities are provided in Chapter 4.

2.4. Discussion

2.4.1. Holarchical scale

There were two reasons why the village was selected as the target level for this study. 

Foremost of these is that at the village/catchment level, ecological, economic and social 

factors are integrated resulting in unique emergent properties. Secondly, trade-offs among 

farms within a village are essential factors in the sustainability of agriculture in the entire 

Kiambu ecosystem. The land-use level was selected because it is the basic agricultural unit,
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and forms the penultimate layer to the village/catchment in the Kiambu holarchy. Trade-offs 

and other inter-relationships among land-use units have a significant impact on the farm’s 

health and sustainability. Land-use units corresponded to two conceptually different levels in 

the human activity holarchy (homestead, household), resulting in difficulties in sampling and 

interpretation. Homesteads were an aggregation o f semi-autonomous households with no 

formal boundaries between then. These resulted from the cultural practice where sons — 

married or single — build their houses around their father’s houses. It is not clear to what 

extent the re-emergence of this phenomenon is a response to diminishing land sizes per 

household and to what extent it represents some form of intergenerational inequity.

Although the existence of the village as level of organization in the human activity holarchy 

was expected, the level o f social and cultural integration found was surprising. Many formal 

and informal associations and organizations functioned at this level. Communities were 

acutely aware of the boundaries of their village, and certain social-cultural activities were 

exclusively undertaken within these boundaries. Resources outside these boundaries were 

considered as not available to the community no matter how close.

2.4.2. Systemic description

The descriptions provided by the communities in the initial workshops and in their loop 

diagrams indicate that communities are acutely aware, in a systemic way, of the biophysical 

and social economic factors that are important in determining the health and sustainability of 

their agroecosystems and hence their livelihoods. Communities are un-encumbered by 

disciplinary training, and provide systemic descriptions that are detailed enough as to make 

them useful but not bogged down in detail.

Villages — both extensive and intensive - closer to Nairobi were smaller both in terms of area 

covered and in the number o f households (Table 2.2). The structure o f the level penultimate 

to the village also varied by distance to Nairobi, with the closer villages having fewer land- 

use units under the management of more than one household. Furthermore, these villages had 

more people with off-farm employment while a bigger proportion of the land was allocated to 

subsistence food crops. In addition agricultural production had evolved away from the 

traditional modes that these areas were considered most suitable for. The effects of distance 

from Nairobi appears to be related to urbanization, availability of off-farm employment and 

an accessible market for food crops. The difference in farm income between Kiawamagira
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and Mahindi the villages most close to Nairobi - are most likely to be because off-farm 
employment is the main source o f income in Mahindi.

Agriculture seems to be dominated by coffee, tea, dairy and Kale production. An interesting 

finding was that the average per acre income in Kiawamagira — where vegetable production is 

predominant - was similar to that o f Githima village where traditional cash crops (coffee and 

tea) are produced. In contrast, the farm income per acre in Thiririka village, in which 

vegetable production is predominant, was less than half that of Kiawamagira, with the total 

farm income being almost equal. This seems to indicate an increased intensification as land 
sizes become smaller.

The villages were densely populated. Based on the numbers presented in Table 2.2, the 

population density ranged from between 600 and 1030 persons per square kilometer. 

However, because the villages were selected in a purposive process, this may not be 

reflective of the density of the entire Kiambu agroecosystem. It is however likely to be the 

case in those areas where smallholders are predominant. The high proportion of female 

managed households reflects the tradition where men seek off-farm employment in the urban 

areas and rural-based industries while women remain in the home and manage the farms.

2.4.3. The AESH approach

This work demonstrates that a holistic approach to investigating agroecosystem health and 

beginning to implement sustainable processes for agroecosystem health improvement is 

feasible even in complex field situations. More important, however, is that communities were 

able to use the concept of health to discuss and model approaches to better their livelihoods. 

The approach provided a simple, yet highly specialized language — understood by the 

communities, researchers, extension agents, development agents and policy makers — for 

discussing issues relating the health and sustainability of agroecosystems and for structuring 

the process through which remedial actions can be taken.

A unique feature in this process was that community, researchers and development agents 

played complementary roles. Using Biggs’s (1989) framework, which describes relationship 

between researchers and communities in terms of the extent to which local opinion and 

practice is given recognition, this processes would fall into the category referred to as 

collegial. The community’s role was crucial in understanding the system and posing the key
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questions of interest. Through participatory problem-analysis and action planning, the 

community’s informal research and development system was actively encouraged.

Researchers and resource persons played an important role of facilitating the implementation 

of the action plans (for example! technical advice, research activities to answer key 

community questions, facilitating contacts with outside agencies, writing proposals to 

investors, and leadership training), but the leading role was left to the communities. Research 

questions of broader interest, such as social analysis of communities, indicator development 

and application, and determinants of sustainability were investigated with community input 

and collaboration both in the design and analysis. The main output from the interaction 

between the two (communities and researchers) was a synergy that augmented both the 

communities’ and the researchers’ ability to first detect and then investigate and act on 

agroecosystem health concerns.

The main difficulties in the approach relates to its time horizon, broad perspective and 

location-specificity. As the process is open-ended, only its initiation and early development 

fits into a standard project time frame. Longer-term issues, such as assessing sustainability, 

require longer-term mechanisms of support. The holistic view adopted in this process, while 

essential to establishing the crucial context for decisions, means that sometimes there is a 

lack of decision-making focus. Lastly, from a research perspective, it is not yet clear how 

generalizable the lessons learned are. In our view, the process is potentially transferable but 

this requires further study. The main limitation to this is that the process is highly dependent 

on the communities’ capacity for collective action. Conceivably, absence of collective action 

would cripple the communities’ ability to participate, plan, take action and reflect on the 

outcomes of such actions. The effectiveness o f methods such as soft systems methodology in 

rebuilding a communities’ social capital and collective action remains to be fully tested.

The agroecosystem health framework as applied in this study is remarkably similar to the 

sustainable livelihoods approach. Similarities include the holistic and systems approaches, 

focus on the communities as partners in the process, community participation and in seeking 

sustainable transformations o f human activity systems in order to improve the well-being of 

the people. Agroecosystem health is a metaphor to structure how human beings should think 

about their activities — social and economic — and their implication on the biophysical world 

not only to improve their well-being but also to conserve the natural resource base on which 

their survival depends. The sustainable livelihood approach, by contrast, seeks to develop an
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understanding of the factors that lie behind people’s choice of livelihood strategy, reinforce 

the positive aspects and mitigate the negative influences (DFID, 2000). It presupposes the 

existence of a consensus o f what is positive and negative among the outsiders and insiders, 

while its primary purpose is to enhance the outsiders understanding of the choices of the 

insider so that the outsider can design and implement better development interventions.

Agroecosystem health proposes a shift towards communities as the primary managers of 

agroecosystems, with a co-learning process where insiders are experts on the problem 

situation while outsiders are experts on the methods. Together they function to create local 

theory to be used in a collegial process to better the livelihoods of communities and improve 

the health and sustainability o f agroecosystems as a whole. The AESH framework therefore 

adds to traditional methods o f integrated community development by incorporating systems 

theory and practice, action research concepts and participatory as well as conventional 

research methods to address potentially multiple and varied community-driven concerns. This 

allows a more structured approach for addressing complex societal issues such as equity, 

gender and leadership roles.

In planning and implementation, communities are willing -  but often need - to enlist the 

advice and support o f “outsiders” for addressing priority concerns. Specific research 

questions may be posed (e.g. water quality) or technical advice requested (e.g. specifications 

for water distribution or road construction). We have also found that communities are very 

receptive to learning from the experiences of other communities, which is very useful for 

providing both practical tips and motivation. All of these are critical to the process of 

encouraging communities towards healthy and more sustainable husbandry of 

agroecosystems, and underscore the potential o f the AESH approach.

2.4.4. Health and sustainability assessment

Although the methods and strategies used in this study provided important results, it is 

difficult to assess how well they predict the health and sustainability of the Kiambu 

agroecosystems, given the short span of the project. However, the fact that communities, 

policy makers and researchers are using information resulting from these assessments to 

make decisions suggests that the approach succeeded, to some degree, in integrating health 

and sustainability concerns in the decision-making systems on Kiambu district. In addition, 

all remedial actions taken as a result o f these assessments seem to be a move towards
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sustainability and better agroecosystem health. Further monitoring will be needed before 

assessment of time and cost effectiveness o f the process can be meaningfully assessed.



Chapter 3

Community participation and the integration o f 
agroecosystem health and sustainability concerns into practical 
decision-making

3.1. Introduction

Agroecosystem health and sustainability are value-based and change-oriented concepts. Both 

require that issues concerning people, power and praxis be explicitly addressed. Active 

participation of communities in agroecosystem health and sustainability assessment and 

implementation is based on four key principles. The first is that those who experience a 

socio-economic phenomenon are the most qualified to describe and investigate it (Depoy et 

a/., 1999). The second is based on the proposition by Lewin that causal inferences about 

human-activity systems are more likely to be valid when the human beings in question 

participate in building and testing them (Argyris and Schon, 1991). The Freirian theme that 

poor people can and should be enabled to conduct an analysis of their own reality (Freire, 

1968) is another predicate for the inclusion of communities in the process.

Another reason for a participatory approach is that agroecosystem health and sustainability 

are not objectively verifiable states of a hard system, which means that actions geared 

towards some long-term plans - but based on current evaluations of health and sustainability - 

are likely to become less relevant as the system evolves over time and space. Emphasis 

should shift to iterative planning, implementation and reflection coupled with continuous 

monitoring and regular evaluation of progress towards the long-term goals. These processes 

of planning, action and reflection should be structured in such a way that they are self- 

perpetuating, confluent with the local context, and operational within the local decision 

making process. The only practical way of achieving this is by enhancing the capacity of 

communities in the agroecosystem to monitor, plan and implement their own health and 

sustainability programs.
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In the recent past, several techniques for the systematic involvement o f communities in 

research and development processes have evolved in various dimensions (Chambers, 1994 !

1> Jis&ins, 1995). Although this has been gainful in many ways, the various evolutionary 

lines have retained similar (but conceptually disparate) terminologies such as Participatory 

Research, Participatory Action Research (PAR), Participatory Appraisal, Activist 

Participatory Research and Participatory Rural Appraisal (PRA) — causing a lot of confusion. 

In addition, there are differences within each of these dimensions in the way methods are 

applied in practice. The common tenet among these approaches is the concept of community 

participation. Most practitioners apply the term “community participation” to mean some 

form of interaction between local people and outsiders in which the former play a role in 

identifying, implementing or even controlling research and/or development activities (Catley, 

1999). However, the degree and nature o f involvement differs widely among various groups 

of practitioners resulting in more variations in methods.

Among the most widely used and more homogeneous of the participatory methods are 

Participatory Rural Appraisal (PRA) and Participatory Action Research (PAR). PRA has 

been defined as an intensive, systematic but semi-structured learning experience carried out 

in a community by a multidisciplinary team that includes community members (Theis and 

Grady, 1991). It has also been described as an approach for learning about rural life and 

conditions from, with and by rural people (Chambers, 1994). PRA is intended to enable local 

people to conduct their own analysis, and often to plan and take action (Webber and Ison, 

1995) in collaboration with outsiders. In contrast, Participatory Action Research (PAR) is 

defined as a form of Action Research in which professional researchers operate as 

collaborators with members of organizations in studying and transforming those 

organizations (Greenwood et al., 1993). It incorporates the principle of iterative cycles of 

planning, analysis and action into a collaborative process between researchers and 

communities (Whyte, 1991). PAR is a way of learning how to explain a particular social 

world by working with the people who live in it to construct, test, and improve theories about 

it so they can better control it (Elden and Levin, 1991). An important distinction between the 

two approaches is that operationally, PRA is a single, initial phase of interaction between 

communities and outsiders (Webber and Ison, 1995), while PAR is a structured, ideally un­

ending process o f action and evaluation by communities in collaboration with outsiders. The 

visual representations and analysis by local people (such as mapping, scoring and ranking 

with seeds, stones or sticks; group discussions and presentations, and diagramming) are 

similar between PAR and PRA and among other participatory approaches.
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The development of PAR was fuelled mostly by industry in the 1980s where loss of 

competitiveness led managers in industry to shift emphasis towards worker participation in 

solving problems in productivity and costs (Whyte, 1991). The term “action research” was 

coined in the 1940s by Kurt Lewin - an American sociologist working on a range of 

community projects concerning integration and social justice in areas such as housing and 

employment (Webb, 1996). It refers to a collaborative inquiry by a group of people into a 

shared problem, issue or concern for which they feel responsible and accountable for, and 

which they seek to solve through teamwork (Zuber-Skerritt, 1996). It attempts to solve 

problems, issues or concerns by following a cyclical process of: (1) strategic planning, (2) 

action, (3) evaluation and (4) revising the plan (Zuber-Skerritt, 1996).

In action research, collaboration means that everyone's point of view will be taken (with 

equal weight) as a contribution to resources for understanding the situation (Winter, 1996). 

The analysis proceeds to assemble the differences between viewpoints and the contradictions 

within each one of them. In this way, many of the claims made from each viewpoint are 

translated into questions, allowing for a range o f alternatives to be suggested where - 

previously -  particular interpretations would have been taken for granted. The goal of this 

process is to generate a set o f ideas that have been interpersonally negotiated (Winter, 1996). 

A form of action research, which has been termed emancipatory action research (Carr and 

Kemmis, 1986), aims at not only resolving the primary concern of the participants, but also 

changing the system itself and those conditions that impede desired improvement. It aims at 

empowering and increasing the ability o f participants to create grounded theory (Glaser and 

Strauss, 1967) which is a theory developed on the basis of experience and practice and that is 

aimed at facilitating the solution of complex problems in different situations.

It is important in both theory and practice to distinguish between the various forms of action 

research (Whyte, 1991). Elden and Levin (1991) conceive the participatory form of action 

research as consisting of "insiders" (local participants) and "outsiders (the professional 

researchers) collaborating to co-create "local theory" that the participants test out by acting on 

it. They define local theory as the most direct, simple, and elegant context-bound explanation 

of cause-and-effect relations in a given situation that makes sense to those with the most 

local-experience. According to this definition, a local theory is situation-specific. It is 

generated by "insiders" in dialogue with "outsiders" - using general knowledge and the rules 

of scientific enquiry and expressed using everyday language and meanings.
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The initial framework of what develops into local theory is a description of how individual 

members of an organization perceive the problem situation. “Insiders” have their own ideas 

or models for attributing meaning and explanations to the world they experience. Since they 

(the insiders) spend most o f their lives in the situation of interest, they know more about it 

and have more ways of making sense of their world than would be possible for an “outsider” 

to appreciate without in some way becoming an “insider”. Thus, insiders are experts in the 

specifics of the situation. They know from personal experience how things work and how the 

elements are connected to each other and about values, attitudes, and local culture, factors 

among those that interact to create the subsisting situation.

Insiders are primarily concerned about theories o f their own particular situation -  those that 

would facilitate the solution o f practical problems and achievement o f personal and 

organizational goals. Their theories, however, are (in most cases) not systematically tested, 

and their knowledge is highly individual, tacit and un-re fleeted upon (Elden and Levin,

1991). Outsiders have what is missing: (1) training in systematic inquiry and analysis, (2) 

expertise in designing and carrying out research, and in (3) recognizing patterns and creating 

new knowledge that is less context-specific. The second framework that contributes to local 

theory comes from the application of these principles to generate data about the problem 

situation and cany out relevant analyses.

In the context of agroecosystem health and sustainability, PAR provides a means through 

which communities can be involved as collaborators. Specifically, PAR provides the 

methodological background for collaborating with the communities to: (1) generate a 

systemic description o f the agroecosystem, (2) build consensus on management goals for the 

agroecosystem, (3) plan and undertake remedial action, (4) develop suites of indicators of 

health and sustainability, and (4) monitor progress, assess health and sustainability and 

evaluate the status of the agroecosystem. This chapter describes how PAR was used to 

develop a suite of health and sustainability indicators and to implement some actions to 

address agroecosystem health and sustainability concerns in the tropical highland 

agroecosystem.
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3.2. Process and Methods

The process involved 3 groups of actors: (1) communities in six study-sites distributed across 

Kiambu District, (2) resource persons comprising extension and technical staff from 

divisional administrative offices and (3) researchers. The latter was a multidisciplinary team 

of agronomists, economists, engineers, medical personnel, sociologists and veterinarians. 

Additional personnel, including district staff, and experts from governmental and non­

governmental organizations were included when need arose.

All the people living within the study sites were invited to participate in most of the village 

PAR workshops. Communities decided to elect a contact group (committee) to serve as the 

focal point for communication between the community and other actors in the project. 

Election to the committee was stratified based on gender, age and other study-site-specific 

criteria such as clan and wealth ranking. There was a resource persons’ team in each division 

of the district, serving as the main link between the research team and the study sites in their 

divisions. From these teams, groups of 6-8 people were selected to serve as facilitators in 

PAR workshops in their division.

Based on the scheme developed by Elden and Levin (1991), the resource persons and the 

research team comprised the “outsiders” while communities in the study sites were the 

“insiders.” Similarly, the objective of the process was described as developing grounded, 

local theory on assessment and improvement o f agroecosystem health and sustainability. The 

process through which the study sites were selected is described in Chapter 2.

3.2.1. Community identities

The approach used in this study assumed that there would be identifiable communities in 

each of the study sites. A community was defined as a group of local people sharing similar 

interests (Ison, 1993; Webber and Ison, 1995) and capable of undertaking some degree of 

collective action. As described by Burkey (1993) it was expected that conflicts of interest, 

contradictions and differences in perspectives would exist among different groups within a 

community. Further, it was expected that a co-operative context within which people have 

sufficient security to speak and act publicly (Chataway, 1997) might not exist.
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The existence, identity and characteristics of communities in the study sites were determined 

through initial participatory workshops held in each of the study sites. The geophysical 

boundaries of the study sites were then altered to be as confluent as possible with those of the 

communities. To elucidate the interests, composition and structure of the various groups in 

the community, root definitions (Checkland and Scholes, 1990) were constructed for 

institutions, associations, organizations, social groups and cooperatives with membership 

from the study site. Focus groups designed along group boundaries were used to obtain group 

specific data. These were compared to data generated in presentations to account for 

instances in which participants are unable or unwilling to speak or act in the presence of 

others. Where complex and messy problem situations (such as lack o f a co-operative context, 

people unable to speak or act publicly, unbridgeable conflicts of interest, irreconcilable 

contradictions and differences in perspectives) existed, Soft Systems Methodology 

(Checkland and Scholes, 1990) was adopted. The use of Soft Systems Methodology is 

described in Chapter 4.

3.2.2. Initial contact with communities in the study sites

The initial contact with communities in the ISS was through public meetings. First, an 

awareness campaign was carried out in the selected areas through administration officials 

(Chiefs and Assistant chiefs) and in churches and markets using posters and presentations as 

well as by word o f mouth through elders, opinion leaders and agricultural extension staff. 

Suitable dates and venues for public meetings were identified through consultation with local 

elders and government officials. All people living near the selected study site were invited to 

the meeting. The agenda o f the meeting was described as a discussion on development, 

health, agricultural and environmental issues in the area. The date and venue of the public 

meeting were similarly publicized. Meetings begun with self-introductions and an 

explanation of the objectives. This was followed by an outline of the objectives and methods 

of the entire project. Participants were asked to share their fears and expectations with regard 

to the proposed processes and methods and whether they were willing to participate. Dates, 

time-commitment, venues, and other itinerary o f initial participatory workshops were 

discussed and agreed on.



3.2.3. Initial village participatory workshops

Initial participatory workshops were held in each o f  the six ISS with the objective of 

facilitating residents to describe the study sites systemically in terms of holarchical structure, 

physical boundaries, resource endowment, institutional structure, historical background, 

social structure, fanning system characteristics, pest and disease dynamics, constraints to 

human well-being and productivity, and coping-strategies. The workshops were held from 

July 7 to October 3, 1997. A workshop in each village lasted between 5 and 10 days, 

depending on the working hours chosen by participants. Facilitators in these workshops were 

a team of PAR-trained researchers and research assistants from the University of Nairobi, and 

PAR-trained agricultural extension staff and government departmental officials in the district.

After a brief introductory review of the agenda o f  the workshop, a description of the steps of 

an action-research process and of the objectives and proposed methods of the project was 

provided. Table 3.1 shows the sequencing of the participatory techniques used in the initial 

workshops. Transect routes were decided upon in a participatory process, with the social and 

resource maps as a guide. The main criteria for their selection were topography and location 

of various resources. In all villages, two orthogonal transects were selected. Farm visits and 

semi-structured interviews o f farm-owners were incorporated into the transect walks. The 

farms to be visited were purposively selected from a list of households along each transect 

stratified based on wealth, agricultural practices, natural resource endowment and ownership. 

Six to eight farms were selected for each transect route.

In the farm visits, owners or managers were requested to give a guided tour. Special note was 

taken of the way the owner or manager categorized the various farm enterprises. Farm 

sketches were made indicating use of the land resource and the types of enterprises. Copies of 

farm records - where available - were made. A listing of daily time utilization and work 

schedules of key (Farm owner, spouse and manager) members was made. The owners or 

managers were asked to explain, in detail, the nature, cause and severity of existing 

constraints or problems. For the various farm enterprises, they were asked to give the factors 

they took into consideration prior to initiating them, and what were the essential 

considerations for continuing those activities. Table 3.2 shows the list of topics covered in the 

semi-structured interviews.
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Table 3.1: Sequencing of learning tools in the initial workshops

Tool Objectives Output
1. Self-introduction & 
ice-breakers

Develop rapport
Know participants by name
- Workshop logistics (venue, meals, time)

List of participants by gender 
Workshop logistics

2. Social and resource 
mapping

Village boundaries 
Natural resource inventory 
Land use patterns 
Problem identification

Social map
Resource map
Lists of identified problems

3. Historical 
background

Major events and their impacts 
Problem identification and coping 
strategies

Historical profile
Lists of identified problems
Coping strategies

4. Time lines and 
trend analysis

Resource availability and distribution 
over time and space 
Disease and pest dynamics

Graphs of trends and time-lines

5. Seasonal calendar Yearly schedules of activities 
Yearly trends in climate, agriculture and 
pests and diseases

Graphs

6. Transect walks and 
SSI’s

Triangulate resource inventories, problem 
identification and social maps 
Farming system and land use

Graphs of transect profiles showing resource 
location and land use characteristics

7. Livelihood analysis Sources and amount o f incomes, types 
and amount o f expenditure

Lists of income and expenditure types

S. Mobility charts Sources, types and quantities of goods 
and services bought or sold

Key inputs and outputs

9. Institutional 
analysis

Relationships with institutions in the area, 
their roles and responsibilities 
Information flow

Venn (chapati) diagrams

10. Daily calendars Schedule o f  activities by age and gender 
Time usage by age and gender 
Labor distribution by gender

Charts of daily activities by gender and age

11. Health analysis Health concerns by gender and age 
Causal structure and coping strategies

Lists of health concerns, their causes and 
coping strategies

12. Access and control 
matrix

Ownership, access and control o f key 
resources by gender and age

Lists o f resources, their ownership, access 
and control

13. Problem analysis Types o f  problems (needs), their causes 
and coping strategies

Ranking matrix 
Causal structure 
Coping strategies

14. Action-planning Opportunities for remedial action 
Required inputs, desponsibilities & time 
frame

Action plans
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Table 3.2: Sequencing of topics covered in semi-structured interviews conducted in selected 
LUU in each of the ISS

Topic Timing of activity Expected outputs
1. Introduction On arrival Name of household head 

Size of household 
Occupation of household head

2. Land use Beginning of
household/farm/homestead tour

Settlement history 
Acreage
Ownership, tenure, access and control o f 
land
Apportionment to crops, livestock, dwelling 
etc

3. Crop production and 
agroforestry

Tour o f  fields Types, acreage and yields by crops and 
seasons
Soil conservation measures 
Cropping practices (rotation etc)
Tree types and uses, vegetation

4. Livestock production Tour o f  pens and sheds Production types and yields by species and 
breed
Pest and disease issues

5. Marketing End o f  tour o f fields, pens and 
sheds

Market availability for produce 
Trends and seasonality of prices

6. Farm inputs End o f  tour o f fields, pens and 
sheds

Types, amount and costs of inputs 
(chemicals, labor, seeds, vet services etc)

7. Access and control Beginning o f discussion session Availability, ownership, access and control 
of resources 
Activity profile

8. Institutions Discussion session Names and roles or responsibilities of 
institutions
Activities and benefits derived

9. Human health Discussion session Common health issues
State o f health o f household members
Trends in disease occurrence

10. Livelihood Discussion session Sources of income and their relative 
importance
Types and relative importance of 
expenditures

11. Problems and 
copping strategies

End o f  discussion session Types and relative importance of needs and 
issues
Copping strategies for each

3.2.4. Participatory techniques

The rationale for applying these techniques was to enable communities to describe their 

situation in details sufficient for the identification and description of problems, issues and 

concerns relating the health and sustainability o f their agroecosystem. The primary 

consideration while selecting techniques for use in this study was that many people in the 

communities are illiterate to semi-literate and techniques that involve reading and wnting 

would result in inability (or unwillingness) of the majority to participate in the workshops. 

The second consideration was that a significant portion of the data came from unwntten 

formats (e.g. expert or witness statements) and was mostly qualitative. Another consideration
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was the need for communities to synthesize data into visual representations that are suitable 

for viewing and discussion. The techniques used included mapping on the ground or paper; 

scoring and ranking; interviewing; calendars; Venn diagramming; free-listing and card­

sorting; linkage diagramming; and group presentations and discussions (Chambers, 1994) as 
well as structured direct observation (Kumar, 1993).

3.2.4.1. Participatory mapping

Participatory mapping was used to generate spatial representations of various characteristics 

of the study sites as perceived by the participants, and what they perceived to be the 

boundaries of their community. These provided reference points for data gathering, analyses 

and planning in processes similar to those described by Kabutha et al. (1993) and Rietbergen- 

McCracken and Narayan (1998). The maps were drawn by a group of local participants either 

on the ground (using chalk, sticks, pebbles or other available materials) or on large sheets of 

paper. Two thematic maps were drawn, the first -  the resource map - showed the village 

boundaries and location o f various natural resources, while the second -  termed social map - 

showed social factors such as location o f various households. Various symbols were used in 

the social maps to show household-level characteristics such as relative wealth, levels of 

resource use, membership in community groupings, and project activity. Discussions on the 

resource map were geared towards how participants perceive the importance, availability, 

quality and utilization of natural resources within the study site.

3.2.4.2. Institutional mapping

Institutional mapping (Theis and Grady, 1991; Kabutha et al., 1993) was used as a tool to 

learn about the activities o f groups and organizations within the community and to 

understand how the community views these institutions. Local participants generated a list of 

institutions and individuals perceived to be responsible for decision-making in the study site. 

The perceived relative importance and degree o f  interaction among the institutions were then 

depicted in Venn diagrams. First, participants cut out circles from paper to represent each 

institution or individual. The diameter o f the circle indicated perceived relative importance 

the larger the circle, the more important the person or institution. A big rectangle was drawn 

on the ground, black board or on paper (depending on the materials chosen by participants) to 

represent the community, serving as the reference point in the diagram. The rest of the circles 

were then arranged around this central point with regard to the degree of information sharing 

and collaboration among them. Separate circles indicated perceived absence of information
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sharing and collaboration. Touching circles indicated some degree of information sharing 

between the institutions represented by the circles. Overlapping circles denoted co-operation 

between institutions, the extent of overlap being indicative of the relative degree of co­

operation. Circles inside the rectangle represented those institutions that worked in 

collaboration with the community. Those outside were seen as important decision makers but 

without the involvement o f the community in their decision-making processes.

3.2.4.3. Historical background

This was used to outline a brief history and ethno-biography of the people living in the study 

site. Groups of local participants were divided into groups of 6 to 10 people, each consisting 

of at least one representative from different age categories (youth, adults, aged). The oldest 

member of the group was asked to describe his or her own understanding of where the people 

in the study site came from, and what were the most important highlights in their history. The 

other participants were asked to add details, seek clarification or provide alternative 

viewpoints as the discussion progressed. Each o f the groups made a presentation to all 

participants, and the resulting discussions were recorded.

3.2.4.4. Time lines

Time lines (Kabutha et al., 1993) provided the community's historical perspective on current 

issues. Local participants listed historically important events in their chronological order. 

Time lines were created by groups of 6 to 10 local participants that included the oldest 

persons in the study site. The facilitator asked the group to list, in chronological order, the 

most important events in the history o f the people living in the study site. These were 

followed by group presentations, with general discussions on points of agreement or 

divergence among the groups.

3.2.4.5. Trendlines

Trend lines were line plots showing the perceived changes, over time, in key attributes in the 

study site. In many cases, trend lines were combined with the time-lines, the later forming the 

horizontal axis of the plot. Groups of local participants, typically 6 to 10 were asked to show, 

in a graphical sketch, social, biophysical and economic changes that they perceived to be the 

most important in the recent history o f the area. Participants were encouraged to graph 

additional factors deemed important or necessary to explain the trends.
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3.2.4.6. Transect walks

Transect walks (Kabutha et al.9 1993; Chambers, 1994) involved walking along predefined 

routes in the study area and recording differences in soils, land uses, vegetation, crops, 

livestock, and use o f technologies. The aim was to visually appraise the status of the village 

and its resources to better identify and assess problems, solutions and opportunities. Findings 

were recorded in a representational diagram, showing a cross-section of the study site along 

the transect route and the extent o f ecological, cultural or economic sub-zones within the 

study site. Differences between zones in terms o f problems and opportunities were also 

highlighted in the diagram. Transects were carried out by a team of local (about 4) and 

external participants (usually two). In this study, they were combined semi-structured and 

unstructured interviews with residents and farmers along the route. Two to four routes were 

selected (depending on the size o f the study site and zoning pattern) based on the main 

geophysical and social factors identified in the mapping exercise.

3.2.4.7. Semi-structured interviews

The objectives of semi-structured interviews (Chambers, 1994; Rietbergen-McCracken and 

Narayan, 1998) (SSI) were (1) to learn about a particular situation or group in detail, (2) to 

discuss issues that would have been difficult to address using other methods and (3) to reveal 

personal perspectives on particular topics. SSIs, also called conversational interviews, were 

used in several contexts in this study. The first was in the description of villages, their 

problems, coping strategies and opportunities. These SSIs were carried out together with the 

transect walks. Interviewees in this case were individual community members and farmers 

selected through a stratified sampling process based on wealth ranking, household 

characteristics such as size and gender of household head, supplied by the participants in the 

mapping exercise.

In other applications, interviewees were special interest groups or key informants depending 

on the purpose of the interview. In all cases, interviewers were provided with a checklist of 

topics as a guideline. Interviewers were asked to remain conversational enough to allow 

participants to introduce and discuss issues that they deem relevant. In some cases, visual- 

aid-based methods were used as opposed to the more traditional verbal methods. Visual aids 

were used more often in group-interviews and in the application of SSM. Interviews were 

conducted by a team of 2-4 people in an informal setting that allowed mixing of questions 

and discussions while avoiding leading questions, questions with yes-no answers and value 

judgments. They were restricted to 45 minutes or less (Theis and Grady, 1991).
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3.2.4.6. Seasonal calendars

Seasonal calendars (Theis and Grady, 1991; Kabutha el al., 1993; Rietbergen-McCracken and 

Narayan, 1998) were diagrams showing perceived annual trends in various biophysical and 

socio-economic phenomena in the study sites. Seasonal calendars were often drawn on the 

ground with relative trends depicted using stones and seeds, but in some cases, pen and paper 

were used to draw simple line-graphs showing seasonal increases and decreases. Several 

variables such as pest and diseases, crop yields and labor were included in the calendar to 

enable an assessment of relative annual patterns. Seasonal calendars were drawn by local 

participants assembled in groups structured to include different ages, gender and leadership 

perspectives as described by Kabutha et al. (1993). The facilitator asked participants to mark 

out the year into seasons using their local language, and to use preferred media to mark out 

trends in selected biophysical and socio-economic variables.

3.2.4.9. Daily activity charts

Daily activity charts (Chambers, 1994; Rietbergen-McCracken and Narayan, 1998) were 

created to show daily time-use for the average individual in the community and to show the 

types of routine activities, relative amounts of time spent on them, and degrees of drudgery. 

Daily activity charts were made by focus groups categorized by gender age, employment and 

marital status. Group presentations were done to elicit inter-group perspectives. Comparisons 

of the daily activities o f different groups were made and discussed.

3.2.4.10. Focus group discussions

Focus group discussions (D'Arcy, 1990; Kumar, 1993; Cabanero-Verzosa et al., 1993; 

Rietbergen-McCracken and Narayan, 1998) were used as a means of obtaining in-depth 

information on a specific topic through a discussion. Focus group discussions were designed 

as facilitated discussions on a specific topic by a small group of people who share common 

concerns. Participants discussed ideas, issues, insights, and experiences among themselves, 

and each member was free to comment, criticize, or elaborate on the views expressed by 

others. It was not expected that participants would have only one opinion or that they will 

agree on anything, but rather that the similarity o f their orientation towards the issue at hand 

would allow free sharing o f information and deeper insight into the issue under discussion. 

The goal of the facilitator was to create a situation in which the participants were stimulated 

to talk with each other on the chosen topic. The primary role of the facilitator was to 

stimulate group discussion, keep discussions within reasonable limits of the topic at hand and
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to prevent a few participants from dominating the discussions. Focus groups were limited to 

between 8 and 12 participants. The small size o f the group was intended to facilitate the free 

flow of discussions. A session generally lasted between one and two hours. Several sessions 

with different participants were held on a specific topic.).

3.2.4.11. Presentations and analysis

In group presentations, participants in group activities such as mapping or transect walk made 

a presentation on their findings to the rest of the workshop participants. The objectives were 

to review the outputs of the group activity for accuracy and completeness, to analyze the data 

generated, and to stimulate expression o f convergence or divergence perspectives on issues 

brought out by the group activity. Group presentations were held at the end of a group 

activity. Participants were requested to review the outputs of their group, prepare visual aids 

and decide on a mode of presentation. Several members of the group were selected to present 

various topics or aspects o f  the outputs. The group presentation forum was similar to a public 

lecture, with questions and comments reserved until the end of the presentation, followed by 

a general session where comments were made by other workshop participants.

3.2.4.12. Wealth ranking

Wealth ranking (Grandin, 1988; Chambers, 1994; Rietbergen-McCracken and Narayan,

1998) was used to rank households according to their perceived well-being or wealth. The 

objective was to reveal potential socioeconomic stratifications of the population and to 

identify local people's definitions and criteria o f wealth and well-being. This technique 

involved a series of individuals or focus groups of local participants ranking the entire 

community based on pre-deflned criteria. Facilitators introduced the technique using local 

terms for wealth and poverty, - encouraging participants to first discuss how they define these 

terms. Subsequently, local participants were asked to list the criteria they would use to 

classify a household or individual as poor or rich. Where many, divergent criteria were given, 

pair-wise ranking was used to determine the most important of these. If possible (based 

mainly on time constraint), ranking was repeated serially with different people and the results 

compared, looking for any large discrepancies or differences in the classification of the 

households, especially in the proportion of households in each of the categories. The actual 

ranking was done using card sorting. First, participants constructed a list of all households to 

be ranked. The name o f each household was written on a separate card. The person or group 

doing the ranking was asked to sort the cards into three groups (poor, average and rich) based
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on her/his perception o f each household’s wealth and well-being status using the predefined 

criteria. The actual proportions o f households in each category were recorded for each 
ranking exercise, and then averaged.

3.2.4.13. Health analysis

Health analysis begun by a listing of health issues deemed to be the most important in the 

village. Local participants were assembled into age and gender specific groups for this. The 

lists were then compiled onto sorting cards and a pair-wise ranking carried out to identify the 

most important of these. Gender differences, if any, were noted and discussed in a group 

presentation forum. For each o f the most important health issues identified, the causes, 

coping strategies and opportunities were identified.

3.2.4.14. Problem identification and ranking

Problem ranking was used to assess the relative importance of problems, issues and concerns 

as perceived by the local participants. An initial list of problems, issues and concerns in the 

study site were constructed through triangulation. The latter was a process in which 

facilitators re-examined all the outputs (maps, charts and tables) from the workshops and 

listed out themes, issues and concerns that were identified as problems or constraints. The 

relative frequency o f a particular theme, issue or concern was seen as an indicator of its 

relative importance. Problems and concerns mentioned in only one o f the outputs were not 

included in the initial list. Local participants were then asked to add any other problem or 

concern that they thought should be included. After participants confirmed that the list was 

exhaustive, the problems were listed on sorting cards and a pair-wise ranking carried out. In 

the pair-wise ranking, the facilitator showed the cards two at a time, each time asking the 

participants to decide which o f the two concerns depicted was the bigger problem to the 

residents. A tally mark was made at the back o f a card whenever the concern it depicted was 

chosen. The cards were then sorted in order o f the tally marks, the lowest card having the 

least tally marks and the top-most card having the most.

3.2.4.15. Problem analysis

In this process, the perceived causes, the coping strategies and opportunities for resolution of 

stated problems or concerns were assessed. A tabular matrix was drawn on the ground using 

chalk or on a large sheet o f paper using felt pens. The first column identified the problems or 

concerns. The subsequent columns identified the analytical themes (causes, coping strategies,
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opportunities). Each problem row in the table represented a problem, ranked in the order of 

severity as identified in the pair-wise ranking. Each of the most important problems was 

analyzed from each thematic viewpoint, and the outputs recorded either pictorially or using 

descriptive statements in the tabular matrix. Problem analysis was carried out in groups of 6 

to 10 local participants. Group composition in terms of gender, age and other criteria 
depended on the nature o f problems being analyzed.

3.2.4.16. Preference ranking

Preference (Rietbergen-McCracken and Narayan, 1998) ranking involved the assessment of 

options based on predefined criteria. It was carried out using card sorting similar to that in 

problem ranking. In this case, the facilitator asks participants to identify the better of two 

options. Preference ranking was used to identify the most suitable opportunities for each of 

the problems.

3.2.4.17. Action planning

Action plans were activities — listed in order o f priority -  that were to be undertaken in order 

to meet defined goals and objectives. Also included were a list of resources needed to 

complete the tasks, sources o f funds and materials, and the actors for each activity listed.

3.2.5. Follow-up

Follow-up workshops were scheduled every three months to monitor the implementation of 

action plans and annually to carry out evaluations, re-plan research and development 

activities and carryout AESH assessments. The choice and sequencing of participatory tools 

varied depending on the objectives of the workshop.

3.2.5.1. Creating cognitive maps

Cognitive maps (also known as loop models, influence or spaghetti diagrams) are models that 

portray ideas, beliefs and attitudes and their relationship to one another in a form that is 

amenable to study and analysis (Eden et al.y 1983; Puccia and Levins, 1985; Ridgley and 

Lumpkin, 2000). Cognitive maps were developed, one for each intensive study site, in one- 

day participatory workshops. Participants were divided into groups of 6 to 10, and each group 

was requested to show how various social, economic and biophysical factors influence the 

health and sustainability o f their agroecosystem. Group activities were followed by group
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presentations where inter-group discussions were recorded. Details of the methods and 
processes used are described in Chapter 4.

32.5.2. Developing community-based Indicators

Community-driven indicators were developed through a participatory process in which 

communities in six study sites were asked to list things that they would measure in order to 

determine if their agroecosystem was becoming more or less healthy and/or sustainable. 

Details on the selection of study sites and the participatory tools used in this process are 

provided in Chapter 2 and 6 respectively.

32.5.3. Monitoring, evaluation, planning and assessments

For those indicators considered suitable, the tools, methods, resources and time frame needed 

for carrying out measurement were debated and agreed on. Four to six groups of participants 

were formed to carry out measurement o f different indicators grouped on the health attributes 

for which they provide most information.

In each of the six villages, measurements were carried out over a period of 3 to 4 weeks. 

During this period, groups charged with measurement of specific indicators within each 

village met weekly to discuss progress and results. After all groups in a village had completed 

the measurement process, a one-day workshop was then held in the villages and each of the 

groups presented their findings. Participants were encouraged to debate the state of health of 

their agroecosystem (whether poor, average, or good) and to state the reasons why. They 

were also asked to debate whether the health is improving, deteriorating or steady. 

Subsequently, communities preferred to carry-out the assessments during inter-village 

meetings.

3.3. Results

Community participation in PAR workshops was high, with 75% to 100% of the households 

and homesteads being represented in all the participatory workshops held in the study sites.

In all the communities, the concept o f participation in a research process was new, but the 

concepts underlying the research were reported to be similar to traditional practices used by 

farmers and artisans. The use o f tools that removed the need for literacy was considered to be
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very useful by the communities. Two cultural factors however influenced the quality and 

detail of data on some topics. The most affected were causes and degree of mortality and 

wealth ranking. In all the communities, the participants conceded that they were unable to 

discuss in detail issues related to mortality due to cultural values that prohibit discussions on 

mortality in public. Participants were reluctant to talk about wealth (common and individual) 

as this was tantamount to “telling God that you have had too much to eat ” The concept of 

agroecosystem health was well understood by most community members as evidenced by 

their use of health language, images and concepts throughout the participatory workshops.

3.3.1. Community identities

3.3.1.1. Participatory m apping

Based on the descriptions by participants, communities in the ISS perceived themselves as 

residents of a village with well-defined boundaries and membership. In Kiawamagira ISS, the 

village was described as the area along Nairobi-Kikuyu road, and bounded on the south and 

western sides by the Nairobi-Kisumu railway line. The village was described as consisting of 

sixty households and homesteads. For the purpose of this study, boundaries of the study site 

were changed to correspond with those described by the participants.

3.3.1.2. Institutional m apping

Table 3.3 shows the institutions considered by communities in the ISS as important in 

decision-making and the relationships among them and with the communities. All 

communities indicated that Administrative officials were important in decision-making, but 

two study sites (Githima and Gitangu) indicated lack of a collaborative relationship between 

the community and the Administration. Only one village (Gitangu) indicated that there were 

relationships between institutions at the community level. Other communities indicated that 

these institutions operate independently. All villages, except Gikabu-na-Buti, indicated a 

collaborative link between the community and schools.
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Tabic 33 : Institutions perceived  to be the most im p o rtan t in decision m aking among the ISS,
Kiambu District, Kenya, 1997.

Institution G ith im a Gitangu Kiawamagira Mahindi Gikabu Thiririka
Administration* D D C C C C
Agriculture* D ~ W ~ D D I
Churches C ~ Y ~ C C I
Coffee factories C1
Co-op______________ C1 ~ T ~ I
Culture* ~F ~ ~
Plan International ~ F ~ C
Police D
Politicians T ~
Private clinics I
Private vets I C C C
Health* D D D I C
Public works* ~ F ~ D D
Schools C 2 C2’3*4’5 C C I C
Tea centers C 1
CBOs C2 C3’4*5 D
Forestry* D I
Health foundation C
World vision D

Key: C= collaboration between the institution and village community, I = information and some degree of
interaction with the community, D = decision making only,1 ̂  ’̂ Institutions with similar superscripts 
perceived as collaborating with each other by residents of the respective village, *Govemment 
departments

3.3.1.3. H istorical background and time lines

Table 3.4 presents a summary o f the historical backgrounds and time lines given by 

participants in the six ISS. Gikabu and Thiririka were recent settlements, the former 

consisting of tea-estate workers who bought a portion of land from a tea-estate and 

subdivided it among themselves. Thiririka, the youngest of the villages, is a settlement of 

former squatters in government forests. Although the community in Gitangu village is 

divided into three different clans, they have a history of working together as a unit. In 

Gikabu, the two groups that existed did not work together at all despite presenting themselves 

to outsiders as a unit. Information was restricted and most projects were managed by each 

group separately. Gikabu and Thiririka had the shortest time lines, being the most recently 

settled. All time-lines revealed a concern with biophysical phenomena especially related to

food production.
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Table 3.4 Historical backgrounds and time lines as presented by residents in six study sites in K iam bu District, Kenya

G ITH IM A G ITA N G U M A fflN D I T H IR IR IK A K IA W A M A G IR A G IKA BU

Meaning of 
name

“A natural water spring.” There 
existed such a spring before 
settlement

No ascribed meaning.
The village derives the name 
Tom a water spring located 
in the area and the river that 
flows from it.

“Bones”
The village is littered with 
elephant bones. Reputed to 
iiave been an elephant’s 
graveyard

No ascribed meaning. Derived 
from the name of the stream 
flowing through the village

“Wamagira’s village” Village reputed 
to have been the hide-out of a cattle 
rustler named Wamagira prior to 
settlement

“basket and measuring rod” 
Residents are mostly tea- 
pickers. The basket and the 
measuring rod are the “tools of 
trade” of a tea-picker.

Settlement Prior to 1900 Prior to 1900 Early 1950s 1989 Late 1950s 1972
Origin of 
inhabitants

Surrounding villages Vlurang’a Nearby village called 
Kihara

Squatters in Kamae, Kieni and 
Kinale forests

Squatters in the Church Missionary 
Society lands in Thogoto

Tea-pickers in surrounding tea 
estates

Initial Status Wattle tree forest Forest Forest Forest Swamp Tea estate
Community
groupings

None Three clans (mbari ya Igi, 
VIbari ya Ngoru and Mbari 
ya Gichamu)

None Three groups based on the 
forest in which they were 
squatters before settlement 
(kamae, kinale, kieni)

Two (Outsiders vs insiders). Outsiders 
are those who have bought land from 
original inhabitants

Two based on farm size 
(Gikabu & itungi). Itungi has 5 
acres plots while Gikabu has 
half-acre plots

Relationship 
among groups

Excellent Poor. Many activities 
organized at group level

Moderate. Outsiders said to be 
reluctant to participate in village 
activities

Poor. These are separate 
communities

Time lines 1948 Locust invasion Clearing of 
forest

1952 Emergency State 
1954 Tea & Coffee Planting 
1961 to 1997 Floods, decreasing 

rainfall, population growth, 
improved hygiene, new 
diseases, high incidence, 
better health care

1919 Kimiri (smallpox), 
forced labor 

1941 Plague 
1943 Famine
1949 Foot &mouth disease 

Exotic trees & crops 
1952 Emergency state, 

forced into villages 
1957 Land demarcation 
1961 Floods
1964 Famine, yellow maize 
1970 New ticks species 
1973 New varieties of weed 
1984 Famine, drought, 

yellow maize, first AIDS 
case

1928 Karura church built 
Hospital built at 
Kikuyu town 

1943 Famine 
1950 Mau Mau apprising, 

accelerated clearing of 
forest

1958 Land demarcation
1959 Permitted to grow 

coffee, increasing farm 
productivity, 
decreasing farm sizes

1988 Land allocation to 
squatters

1989 Settlement into village
1990 Bumper harvest 
1992 Famine, drought,

councilor elected, nursery 
school built

1994 Primary school started 
Severe frost, most crops 
destroyed, famine 

1996 Drought, food shortage

1920 Missionaries settle at Thogoto 
People became squatters 

1936 Flooding 
1948 Railway construction 
1952 Forced relocation 
1958 Land demarcation 
1960 Population growth 
1970 Grade cattle introduced 
1973 Famine
1975 Nairobi-Kikuyu road 
1978 Gikambura road constructed 
1980 Water project started 
1984 Famine, drought, yellow maize
1989 Heavy flooding, derailment
1990 Electricity installed

1960 White settlers move out
1961 Flooding
1963 Independence
1964 Famine, yellow maize 
1970 Title deeds issued 
1972 Settlement into village 
1976 Nursery school started 
1978 Death of Jomo
1980 Nazareth-Limuru road 
1982 Bus services 
1984 Famine, drought 
1986 Tea first grown 
1989 Plan International
1996 Tigoni becomes division
1997 Famine, relief food
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3.3.2. Profiles and trends

3.3.2.1. Trend lines

Attributes included in trend lines are summarized in Table 3.5. In Githima village, rainfall 

and soil fertility were perceived as having been decreasing since 1964, resulting in declining 

crop and livestock yields. Both phenomena were seen to be related to the cutting down of the 

forest that once existed in the area. The number o f people engaged in fanning as well as the 

intensity of farming was reported to have been increasing since the early 1960s. Scarcity of 

farmland became an issue beginning from the early 1970s and this was seen as resulting from 

increasing population growth rate since the late 1950’s. The increase in human diseases, of 

which pneumonia and colds are the most common, was associated with lack of water, an 

increase in the use of agricultural chemicals, smoking and a changing lifestyle.

Table 3.5 Attributes included in trend line diagrams, Kiambu District, Kenya, 1997

A ttrib u te G ith im a G itangu K iaw am agira M ahindi G ikabu T hiririka
Availability of farmland D D D
Availability of firewood D D D
Crop diseases I I I
Crop yield D 1 D D
Education I
Emigration I
Extension services D D
Farm sizes D D D
Farming intensity I I
Flooding I I I
Food production D D D
Human diseases I I I
Human population I I I I
Land under cultivation I I I I
Livestock diseases I
Livestock numbers I
Livestock yield D I D
Number of farmers I
Rainfall D D D

Soil erosion I 1 I

Soil fertility D D D D D

Traditional crops D
Traditional livestock breeds D D
Tree cover D D D

Unemployment I

Use of agrochemicals I I

Water for domestic use D D

Water quality D

Key: D= Decrease, I = Increase, Blank — not included

In Gitangu village, the most significant trends were reported to be a decline in soil fertility, 

change in the types of crops and livestock produced, reduction in rainfall and a decline in the 

availability of firewood. Sorghum, sweet potatoes, millet, njahi (Dolichos lablab\ bananas,
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cassava, maize and beans were reported to have been the major crops in the 1930s.

Production of these crops declined from the 1940s reportedly due to changes in the dietary 

preferences. Sorghum, millet and njahi are no longer produced. Pyrethrum was introduced in 

1947 but production ceased in the early 1970s due to low prices. Sweet potato production is 

severely hampered by pests (moles and termites) as are beans (weevils) and Irish potatoes 

(blight and bacterial wilt). The introduction of hybrid maize seed was reported to be the 

major factor in the perceived increase in maize production. The declaration of a state of 

emergency in 1952 was said to be the main cause of the changes in livestock production 

because of restriction in grazing activities, thefts, heavy taxation and fines. Sheep and goat 

production dropped, and still remains at low level. In contrast, cattle and poultry production 

have been increasing. Donkeys have been re-introduced more recently for the purposes of 

transporting goods and water.

Residents of Kiawamagira village reported increase in population, increase in the land under 

cultivation and decline in water availability as the most important trends since the 1950s. The 

consequences of these have been a decline in soil fertility, declining crop yields, increasing 

human diseases, small farm sizes and lack of firewood. Rising population, increased level of 

education and decreased farm sizes were reported by Mahindi residents. Important trends in 

Gikabu were declining soil fertility, declining tree cover, increasing population, low crop 

yields, rising population, increased land under cultivation, increased soil erosion and poor 

extension services since the late 1970s. Beginning from 1990, there was reported to have 

been a decline in rainfall, accelerated clearing o f forest and woodlots, increased flooding and 

soil erosion, increase in land under cultivation, increase in human, crop and livestock diseases 

by residents of Thiririka village.

3.3.2.2. Transect walks and sem i-structured interview s

Table 3.6 shows results o f transect walks and SSIs conducted during the initial workshops. 

Maize, kale, sheep and dairy cattle production were observed in all the six study sites.

Mahindi had the least number o f reported cash earning produce (2) followed by Gikabu-na- 

Buti (4), while Githima had the most (6). Stream water was used for domestic purposes in all 

the villages. Farmers in all the villages who were visited during transect walks reported using 

commercial fertilizers (Chemical).
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The criteria used by local participants to categorize households based on their wealth and 

well-being status are shown in Table 3.7. Type o f house and size of farm were used by 

participants in all study sites. In Githima, a wealthy household was described as one in which 

members own houses, cars, shops, or shares in companies, afford education for their children, 

have high personal hygiene and a well managed farm. Participants reported that ten percent 

of the population in Githima can be said to be wealthy, 50% average and 40% poor.

A household that lives in a permanent house, with members who own vehicles or run 

businesses was described as the wealthiest in Gitangu. Only 10 households in Gitangu could 

be described as wealthy. Local participants estimated that 5% of households in Gitangu were 

poor.

Households with small farms located on marshy, hilly or stony areas, unable to purchase farm 

inputs, living in non-permanent houses with a shortage of water and where none of the 

members had off-farm employment were described as poor in Kiawamagira. Forty five 

percent of the households in Kiawamagira were described as poor while the rest were 

described as “not poor.”

In Mahindi, wealthy households have permanent houses, cars, telephone and electricity, more 

than 3 acres of farmland, educated children and a well-fed family. Wealthy households in 

Thiririka are those that own land, bicycle or television set, have at least two cows, a good 

timber house, a wife and children. Approximately 20% of the residents in Thiririka were 

described as poor, 75% as average and 5% as wealthy. Local participants in Mahindi and 

Gikabu could not give estimates of the number o f rich and poor households citing socio­

cultural reasons.

3.3.2.3. Wealth and well-being
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Table 3.6: Results o f tran sec t w alks and sem i-structu red  interviews, K iam bu District, Kenya
100*7 * J 5

Variable Githima | Gitangu Kiawamaeira Mahindi Gikabu Thiririka
Types of crops

Tea XO XO
Coffee XO
Maize XO XO XO XO XO XO
Beans XO O XO XO XO
Potatoes XO O XO XO XO
Kales XO XO XO XO XO XO
Tomatoes XO XO XO
Bananas O O o o 0
Napier O o o 0
Arrowroots o
Sugarcane o
Flowers XO
Peas XO XO
Carrots 0

Crop pests and diseases
CBD X
Stock borer XO XO XO
Bacterial wilt XO XO XO XO
Cutworm XO XO XO XO
Blight XO XO XO
Voles XO XO
Maize streak XO
Spider mites XO

Soil conservation measures
Terraces O 0
Gabions O o
Grass strips O o 0

Cropping practices
Intercropping O O o o 0
Crop rotation XO

Tree types
Fruit trees O O o o 0
Woodlots O o 0
Agroforestry XO XO

Livestock
Cattle O O o o 0 0

Sheep O o o o 0 0

Goats o 0
Bees o
Range chicken o o 0
Com. Poultry o

Livestock pests and diseas,es ________ ______________ ___________
FMD2 X
Rinderpest X
Ndigana3 X X

DBEr XO

1 Coffee berry disease 
Foot and mouth disease

3 Often used in reference to anaplasmosis, but 
indigestion

also to other conditions presenting with constipation or
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Mastitis X X X
Ticks X
Pneumonia X X
Footrot X X
Worms X

Cash-earning produce
Coffee X
Tea X X
Milk X X X X X
Kales X X X X X
Tomato X X
Maize X X
Eggs_________ X
Poultry X
Flowers X
Carrots X
Peas X
Potatoes X

External farm inputs
Labor o X X
Fertilizer X X X X X X
Manure X xo X
Fungicides X
Pesticides X X xo
Seeds X X X
Fodder o xo xo

Sources of water for domestic use
Boreholes o o
Rainwater o o o 0 0
Shallow wells o o o 0
River o o o o 0 0
Tap o

Problems, needs, issues 01 concerns
Market* 2 X X X
Water X
Crop diseases X
Animal dis. X
AI Services X
Soil fertility X
Soil erosion O xo o xo

Key: O = observed X — reported

Infectious bursal disease o f chicken
2 Market unavailable or unstable prices for produce
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Tabfc 3.7 C riteria fo r ju dg ing  w ealth  and  well-being of households, K iam bu district, Kenya,

C r i te r i a G ith im a G ita n g u K ia w a m a g ira M a h in d i G ik a b u T h ir i r ik aType of house lived in X X X X X X
Motor vehicle ownership X X X X
Proprietor of a business X X X
Off-farm jobs X X X X
Size of farmland X X X X X X
Owns shares in companies X
Educates/d children X X X
Personal hygiene X X
Farm management X X
Quality of diet X X X
Health status o f family X
Electricity supply to home X
Telephone service at home X
Livestock numbers X
Bicycle ownership X
Television ownership X

3.3.2.4. Health analysis

Diseases and health concerns described by local participants as the most important and 

commonly occurring are shown in Table 3.8. The most important risk factors described by 

local participants are shown in Table 3.9 while the coping strategies for these problems are 

shown in Table 3.10.

Table 3.8 Diseases and health concerns perceived to be the most important and commonly 
occurring, Kiambu District, Kenya, 1997

D isease s G ith im a G ita n g u K ia w a m a g ira M a h in d i G ik a b u T h ir i r ik a

Malaria X X X X X
Dysentery X X
Pneumonia X X X X X X
Coughing X
Typhoid X X X X
Flu/common cold X X X X X X
Asthma X X X
Backache X
High blood pressure (HBP) X X X

Stomach ulcers X X

Diabetes X X X

Tuberculosis X
Joint pains/arthritis X X X X

Cancer X
AIDS X X X

Skin diseases/ring worms X X X

Epilepsy X
Diarrhea X

GIT worms X
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Table 3.9 Factors perceived as increasing the risk  o f diseases, K iam bu District, Kenya, 1997

Risk factors G ithim a Gitangu Kiawamagira Mahindi Gikabu Thiririka
Mosquitoes Malaria Malaria Malaria
Cold weather Flu

Colds/flu
Malaria
Colds/flu

Pneumonia
Colds/flu

Pneumonia

Dust and pollen Asthma Asthma
Colds/flu

Strenuous work Backache 
Arthritis 
Joint pain

Stress HBP1
Ulcers
Diabetes

HBP
Ulcers

Dietary change Ulcers
Swamps and flooding Malaria

Colds
Malaria

Genetic susceptibility Diabetes
Asthma

Poor hygiene Tuberculosis
Drinking polluted 
water

Typhoid Typhoid

Bad morals AIDS
Inadequate nutrition AH1 2 -
Agrochemicals m F ~ All*
Old age Joint pains 

Arthritis

Table 3.10 Strategies used to cope with human diseases, Kiambu District, Kenya, 1997.

Strategy Githima G itangu Kiawamagira Mahindi Gikabu Thiririka
Consulting a doctor X X X X X X
Consulting a herbalist X
Using herbs/ traditional remedies X X X X
Using over-the-counter medicine X
Avoiding drinking polluted water X
Improving hygiene X
Boiling water before drinking X
Vaccination X

Improved nutrition X

1 High blood pressure
2 Factor considered to increase susceptibility to all kinds o f diseases



3.3.3. Problem analysis and action-planning

3.3.3.1. Problem identification, ranking and analyses

A summary of problems and concern as ranked by participants in the initial village 

workshops is given in Table 3.11. Concerns common to all the villages were availability of 

water for domestic use, poor roads and poor health and health facilities. Only one village 

(Kiawamagira) has access to piped water, available for one half-day per week. Roads are 

mainly loose surface, becoming impassable during the wet season. Due to the hilly terrain of 

the AES, flooding and soil erosion are the biggest causes of poor road conditions. Among the 

agriculture-related problems were lack o f AI services associated with poor state of roads, low 

crop yields, poor soil productivity, lack o f markets, lack of extension services, and crop and 
animal diseases.

Table 3.11: Summary of problems and concerns as prioritized by participants of the initial 
village workshops in ISS, Kiambu District, Kenya, 1997

R an k Githima G itan g u K iaw am ag ira M ahindi Gikabu T hiririka
1 Water not easily 

accessible
Water not easily 
accessible

Poor roads Poor roads Water not easily 
accessible

Security
inadequate

2 Poor human health 
& healthcare

Poor roads water shortage unemployment Security
inadequate

poor human health 
& healthcare

3 Illiteracy Poor human health low farm 
productivity

water not easily 
accessible

poor health & 
health care

“grabbing” of 
public land

4 Poor roads Unemployment 
and crime

fuel shortages poor human health 
& healthcare

Unemployment poor quality seeds

5 Fuel shortages Secondary school 
& polytechnic 
needed

Security
inadequate

nursery school 
needed

crop diseases lack of unity and 
solidarity

6 Lack of AI 
services

Crop diseases, 
pests & poor seed 
quality

inadequate A. I. 
Services

lack of knowledge Outlet for tea 
produce needed

lack of extension 
services

7 Security
inadequate

Animal diseases & 
poor quality feeds

poor human health 
& health care

livestock disease lack of extension 
services

poor leadership

8 “Ignorance” Soil erosion & 
infertility

poor
communication

alcoholism and 
drug abuse

improper use of 
agrochemical

9 Lack of market & 
shopping center

lack of school fees soil erosion

10 Inadequate 
extension services

food shortages crop diseases

3.3.3.2. Preference ranking and action planning

Based on their initial agro-ecosystem health diagnosis, communities developed action plans 

and the organizational structures to carry these out. The action plans developed by the six ISS 

are summarized in Table 3.12.
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Table 3.12: Actions p lanned  by com m unities in ISS, K iam bu District, Kenya, 1997

Githima G itangu Kiawamagira Mahindi Gikabu Thiririka
Start a self help 
medical clinic

Rehabilitate 
Gitangu water 
project

Carry out road 
repairs and 
regular 
maintenance

Carry out road 
repairs and 
regular 
maintenance

Construct a 
village dam

Organise
security
meetings

Cany out road 
repairs

Carryout
regular
maintenance

Start a water 
supply project

Start income
generating
activities

Organise
security
meetings

Organise health 
training, 
rehabilitate 
health centre

Rehabilitate 
water system

Start a mobile 
medical clinic

Request for
extension
services

Start a water
supply
committee

Improve
existing
dispensary

Request for
extension
services

Add classrooms 
to secondary 
school

Organise 
community 
security groups

Promote energy 
savers & 
agroforestry

Start a village 
medical clinic

Start self help 
projects

Seek title-deeds 
for public 
utility lands

Start a village 
polytechnic

Start village 
security groups

Start a village 
nursery school

Seek extension 
services

Start a water 
supply scheme

Start village
extension
programs

Start a
community
dispensary

Form small 
marketing co­
operatives

3.3.4. Follow-up

3.3.4.1. Collective action

At the end of the initial village workshops, all communities expressed a profound demand for 

action to ameliorate the problems identified. Formation of the village committees was 

evidence of their desire to implement the action plans. Five of the six villages proceeded with 

implementation of the action-plans immediately after the workshops mostly without further 

contact or consultation with the research team. In nearly all the cases, this led to some degree 

of frustration on the part o f  the communities as they were ill-prepared in terms of 

organization and community-leadership to carry-out many of the tasks. However, there were 

some success and failure and frustration did not deter most of the communities to keep trying.

3.3.4.2. Reflection and re-planning

Table 3.13 shows the list o f revised action-plans and the progress in their implementation 

from 1997 to 2000. Githima village revised their action-plans to begin with road 

rehabilitation, electrification, water supply, expansion of school and then development of an

extension program.
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Table 3.13: Revised action-p lans and  progress in im plem entation, K iam bu District, Kenya,

Village Githima Gitangu Kiawamagira M ahindi Gikabu Thiririka
Planned activities in the 
revised action-plans

Road, 
electricity, 
water, school, 
extension

Water,
extension,
security,
medical

Conserve soil, 
road, control 
flood, 
extension, 
security

Road,
income
generate

Electricity,
Water,
security,
Income
generation,
extension

Water,
market,
extension,
road

Number of projects past 
initiation stage by October 
1998

All Security,
extension

Security, soil 
conservation

Income
generate

None Road,
extension

Number of activities 
completed by October 1998

Electricity,
water

Security,
extension

Security, soil 
conservation

None None Road

Number of projects past 
initiation stage by August 2000

Expansion of 
school

Install water 
meters

Road and flood 
control

None None None

Activities current as o f August 
2000

School
expansion

Water meters Road and flood 
control

None Electricity
supply

Water
supply

Stage of project considered 
current as of August 2000

Near
completion

Beginning Beginning Not started Planning Planning

Number of planned activities 
completed by August 2000

All All Extension, Soil 
conservation

Income
generation

Extension
workshops

Road

Recurrent activities as of 
August 2000

Road
maintenance

Extension
meetings,
M&E
meetings

Road
maintenance,
soil
conservation
meetings

Road
maintenance

Nil Nil

Frequency of participatory 
meetings

Frequent1 Very
frequent2

Rare3 Rare None Rare

Attendance to meetings High4 High Moderate5 Poor6 Poor Moderate
Linkage with other ISS Very high7 Very high Moderate8 Moderate High9 None

Funds generated (by 
community) to support 
activities (in Kenya shillings)

12  million 120,000 10,000 6,000 Nil 20,000

Gitangu village opted to leave water supply as the first priority, but extension was moved to 

the second place. Soil conservation was given first priority in Kiawamagira followed by road 

rehabilitation and control o f flooding. Mahindi retained only two items in their action plans. 

(1) rehabilitation o f the access road and (2) development of an income generating project. 

Gikabu-na-buti village revised their action plans to electrification, water supply, income 

generation and extension. Thiririka re-ordered their action-plans to begin with water supply,

1 Roughly once every two months 2 Twice a month. 3 Not regular Only when need
the households represented. 5. More than a quarter but less than a half of the households represented. No more 
than a quarter o f the households represented.7 Have initiated visits to other villages and to their own village. 
Have initiated and hosted visits to their village.9 Have participated in all inter-village meetings.
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followed by development o f  a market for farm produce, extension and then road 
rehabilitation.

3.4. Discussion

The combination of the health language and participatory methods provided a means for the 

communities to make qualitative evaluations o f their agroecosystems. There were, however, 

important constraints to this process mainly stemming from cultural practices that inhibit 

public discussion of many o f  the issues impacting negatively on the health and sustainability 
of these agroecosystems.

3.4.1. Community identities and collective action

All communities showed a strong sense o f identity, with little or no sharing of resources 

across village boundaries. Resources across the boundaries shown in their resource maps 

were described as belonging to other people. Associations, burial committees, women groups 

and other community institutions were often contained within the village boundaries. The 

existence of villages as a level o f organization in the human activity holarchy was further 

confirmed by the apparent integrated sharing o f resources and reciprocal exchange of means 

of production and information, in addition to the apparent shared sense of belonging together. 

Although the interaction between researchers and the communities in extensive villages was 

minimal, similar organizational characteristics were suspected to exist based on descriptions 

by key informants.

In spite of the existence o f  these communities, the ability to implement action plans (Table 

3.13) differed significantly among the villages, indicating that this was as a result of factors 

other than the sense of belonging. An interesting feature was that the villages with a high 

degree of cooperation (based on the level of participation in village activities - Table 3.13) 

described their relationship with the administrative arm of government as that of decision 

makers rather than collaborators (Table 3.3). Furthermore, these villages were reported as 

having more non-govemmental institutions that collaborated with each other (Table 3.3). The 

ability to implement action plans seemed to depend on several factors, three of which were 

age of settlement, levels o f household income and perceived absence of collaboration
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between the community and administration. Despite being an older settlement with residents 

being descendants of a common ancestor, Mahindi village was one of the villages with the 

lowest ability to implement most o f their planned actions. The cause o f this was not clear, but 
seemed to relate to the quality o f leadership in the village.

3.4.2. Community participation

The participation of communities in generating data on their agroecosystem, analyzing it and 

then using it to make action-plans was perceived to be a gainful exercise by the communities, 

while providing an entry point to the communities for the researchers. The most important 

exercises in this regard were the mapping exercises, historical background, and transect 

walks. However, the first meeting with the communities is critical since important decisions 

are made at this point while community perceptions of the process are formed at this point. If 

the initial meeting fails to attract representatives o f the major stakeholder groups, serious 

biases to the process may result. Because the researchers have little or no initial contact, it is 

difficult to provide descriptions and agendas that would ensure the participation of all 

stakeholders. In this research, divisional government department officials were included in 

the process to provide insights into the possible stakeholder groups and to ensure stakeholder 

participation in the initial meetings.

Another constraint to the participatory process is the tendency by communities to bias 

themselves towards the perceived interests o f the researcher. Because of this, participants 

provide what they consider ’’correct answers”, resulting in tautological biases. This can be 

minimized in several ways. The first is by providing the communities with a succinct 

description of the action-research process at the beginning. Another is by avoiding focused 

discussions on single-discipline issues during the initial stages of the process. The initial 

meetings should focus mainly on the overall process, the methods and expected outcomes. 

Problem statements and problem analyses should therefore be done after the data-gathering 

and analysis steps. The other factors that reduce tautological biases are the use of a 

multidisciplinary team o f facilitators, and the frequency of meetings with communities during 

the initial process. Frequent meetings imparted to the communities the sense that the process 

was ongoing and continuous and that the focus was on the communities’ real concerns, and 

their agenda. As the engagement between researchers and communities continued, the 

communities learned that it was their perspective -  rather than their attempts to influence
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researchers’ perceptions that was important. As a result, their responses became more 

detailed and rationally consistent with time. This controverts the perception that quality 
participatory assessments can be done rapidly.

3.4.3. Systemic descriptions

In general, human population was perceived as having increased as was land under 

cultivation, while soil fertility and farm sizes were seen as declining. Crop and human 

diseases were reported as having increased. Declining tree cover and the accompanying 

decline in firewood availability was also reported as an important trend in most of the 

villages. While these perceptions were confluent with reports from agencies and institutions 

in the area, the descriptions o f what were perceived to be the causes were sometimes 

divergent. The communities attributed population increases solely to changes in the socio­

cultural dynamics and traditions, as opposed to increased child survival and life expectancy. 

Increases in land under cultivation and declines in farm sizes were attributed solely to 

population increases, with no mention o f the inability to increase yields per land unit and the 

cultural practice of land subdivision.

Although the criteria for wealth and well-being were based mostly on material possessions; 

diet, ability to educate children, personal hygiene and health status o f family were also 

mentioned. Having an off-farm income was an important criterion in most of the villages.

The value of this is likely to be in both the availability of cash income and not being solely 

dependent on farm income, thus reducing risk. The type of houses ranged widely from grass 

thatched huts to permanent buildings, but the value of permanent houses seemed to be greater 

as a social status symbol rather than the direct utility obtained. The fact that most villages 

indicated that majority o f  the people were average in wealth and well-being is more likely a 

reflection of the socio-cultural inhibition of the communities against public discussion of 

wealth and poverty.

Surprisingly, all communities except Gikabu described malaria as one of the most important 

diseases in terms of both prevalence and severity. Kiambu district, being in the highlands is 

not considered climatically suitable for sustained transmission of malaria. Semi-structured 

interviews with clinical and medical officers in the health facilities used by these 

communities confirmed that a diagnosis of malaria was made in the majority of cases 

exhibiting fever and headache. Furthermore, three of the communities perceived a
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relationship between increases in the mosquito population and the prevalence of malaria. It 

remains to be confirmed that there were significant changes in the vector dynamics and 
infection rates in the recent years.

3.4.4. Problem analyses and action plans

Many of the concerns and problems of the community were related to the poor state of 

infrastructure. Poor human health was attributed mostly to the lack o f an accessible and 

functional health care system, while low farm productivity was linked to a run-down 

extension system. Because o f this, many of the solutions proposed were mainly development 

of infrastructure. Though the communities were aware that many o f their goals were to 

provide common goods that should be provided for through a taxation system, there was a 

concern that this system was unreliable and not sensitive to local needs.

3.4.5. Monitoring and evaluation

Communities were able to design and conduct participatory monitoring and evaluation 

programs for their agroecosystems. This supports the view that the combination of 

approaches used in this project as well as the health language were well understood by the 

communities. Details o f the methods used in developing indicators used in this process are 

described in Chapter 6. The self-organized inter-village evaluation meetings by communities 

in the six ISS are an indication of the success o f  the action-research process. It also indicates 

that com m u nities valued the process o f monitoring and evaluation, both as a source of 

inspiration and motivation as well as providing support for their decision-making processes. 

The main difficulty was the cultural inhibitions in the community against public discussion of 

certain topics. This reduced the usefulness o f the monitoring and evaluation exercise. The 

other potential difficulty is that community-driven indicators require a complementary 

assessment of the researcher-proposed indicators to provide sufficient information on which 

decisions can be based. Because communities are unable to handle the numerical methods 

required, they must therefore depend on external help. The question is how this can be 

structured in order to sustain the process.
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Chapter 4

Use o f system s theory\ directed graphs and pulse process 
models in an adaptive approach to agroecosystem health and 
sustainability

4.1. Introduction

Attempts to understand the inter-relationships between -  on the one hand - goals and 

objectives of communities living in an agroecosystem and — on the other hand — their planned 

actions, stated needs and concerns requires the understanding of a complex system. Such a 

system involves many variables interacting with each other in a dynamic process. 

Furthermore, the definition o f these variables and their relationships depend on how the 

communities perceive their world. In attempting to model such a complex system, one faces a 

tradeoff between the accuracy o f the model's predictions and the ability to obtain the detailed 

information needed to build the model (Roberts and Brown, 1975).

A system - better referred to as a holon to distinguish it from a real-world assemblage of 

structures and functions - is a representation o f a situation, and consists of an assembly of 

elements linked in such a way as to form an organized whole (Flood and Carson, 1993a). An 

element is a representation o f some phenomena by a noun or a noun-phrase. Links between 

elements represent a relationship between them. A relationship can be said to exist between 

two elements if the behavior o f one is influenced or controlled by the other (Flood and 

Carson, 1993a). Behavior refers to changes in one or more important attribute(s) of an 

element Systems-thinking involves formulating a holon, and then using it to find out about, 

or gain insight into, or engineer, a part o f the perceived world.

The difficulty in formulating a holon to study the inter-relationships among community 

values, community goals, planned actions and perceived problems arises from three 

predicaments. The first is values, goals and problems are socially constructed, based on the 

perspectives of the stakeholders, and these are sometimes divergent and/or conflicting (Ison 

et al., 1997). No one such perspective is sufficient or complete, and none can be said to be 

right or wrong. Furthermore, problems and concerns in the agroecosystem are often part of
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what has been referred to as a  mess (Ackoff, 1980). A mess is a complex of inter-related 

problems in which there is no common agreement about the nature o f the problems and/or 
potential solutions.

The second predicament stems from the fact that many of the relationships between elements 

in the model reflect human intentions (Caws, 1988) — many of which are characterized by a 

high degree of uncertainty. The third predicament is that information and knowledge needed 

to build the model depends on human experience. Methods for eliciting experience-based 

knowledge are characterized by a high degree o f subjectivity. The question of how to analyze 

and interpret community values, goals and objectives in an agroecosystem is therefore one of 

how to formulate a problem-holon as a composite of all stakeholder perspectives on the 

problem situation. Such a problem-holon must be a problem-determined system (rather than a 

system-determined problem), that is a socio-cultural construct based on the community’s 

perception of biophysical phenomena (Ison et al., 1997).

One way in which a problem-determined holon o f an agroecosystem can be derived is by 

generating a cognitive map o f the community’s assertions with regard to their collective 

values, goals and problems. A cognitive map is a representation of people’s assertions about a 

specified domain. It is derived by depicting how people think an action will achieve their 

objectives (based on how they understand the world to work) in a graphical form where 

concepts are connected to each other by lines and arrows (Ridgley and Lumpkin, 2000). The 

concepts are represented as words or phrases referring to actions, contexts, quality or 

quantities of things in the physical world. The connections reflect relationships thought to 

exist between the connected concepts. Such relationships can be cause and effect, 

precedence, or even affinity. Depending on their characteristics, the resulting depictions are 

variously referred to as cognitive maps, influence diagrams, or directed graphs (digraphs) 

(Ridgley and Lumpkin, 2000).

The usefulness of cognitive maps depends on two questions (Axelrod, 1976a). (1) do 

processes in the modeled domain occur in accordance with the laws of cognitive maps? (2) If 

they do, is it possible to measure accurately assertions and beliefs of a community in such a 

way that a model can be applied? Several techniques for eliciting people's assertions have 

been applied (Axelrod, 1976b) including questionnaire surveys and open-ended interviews.

To elicit assertions on factors influencing agroecosystem health and sustainability from 

communities, the methods should satisfy three requirements. First, the derivation should not
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require a priori specification o f the concepts a particular community may use in their 

cognitive map. Second, the options, goals, ultimate utility, and the relevant intervening 

concepts should all be included in the cognitive map for it to be useful in evaluating different 

management options (Axelrod, 1976b). Lastly, the map should be an accurate representation 

of the collective assertions (and relationships among them) of the community. Such a 

cognitive map is better perceived as a signed directed graph — simply known as a digraph 

(Axelrod, 1976a) - with points representing each of the named concepts, and arrows 

representing the relationships between concepts. The arrows are drawn from the “cause” 

variable to the “effect” variable, with either a positive sign to indicate a direct (or positive) 

relationship, or a minus sign to indicate an inverse (or negative) relationship.

Visual inspection is not a reliable way o f analyzing digraphs. A mathematical framework is 

essential to identify the underlying properties o f the digraphs and to enable comparisons 

between graphs (Sorensen, 1978). There are several mathematical approaches for analyzing 

signed digraphs based mostly on Graph Theory, matrix algebra and discrete and dynamic 

system models (Harary et al.y 1965). The approaches fall into two broad categories: 

arithmetic and geometric (Roberts, 1976b).

The aim of geometric analysis is usually to analyze the structure, shape and patterns that may 

impart important characteristics to the system. A typical geometric conclusion is that some 

variable will grow exponentially, or that some other variable will oscillate in value. The 

numerical levels reached are not considered important in such predictions (Roberts, 1976b). 

Geometric analysis of a signed digraph includes (1) tracing out the different causal paths 

(Axelrod, 1976a), (2) identification o f feedback loops (Roberts, 1976b), (3) detection of path- 

imbalance (Nozicka et al., 1976), (4) assessment of stability (Roberts, 1976a), (5) calculation 

of the strong components (6) assessment of connectedness (Roberts, 1976b), and (7) 

assessment of the effects o f different strategies (a change in the structure of the system) on 

system characteristics (Roberts, 1976a).

Arithmetic analyses proceed from the perception of the signed digraph as a dynamic system 

where an element obtains a given value with each unit change in time (or space) of another. 

The values obtained depend on previous changes in other variables. The simplest assumption 

about how changes of value are propagated through the system is the so-called pulse process 

(Roberts, 1971). By assuming that change in values in the model follow a specified change- 

of-value process (such as the pulse process), (1) stability can be assessed even for path-
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imbalanced digraphs, (2) the effect of outside events on the system can be studied and (3) 

forecasts can be made. Roberts, (1976a) cautions that results from arithmetic analyses should 

be regarded as suggestive and verified by further analysis since digraphs -  being models o f a 

complex system — are not precisely correct due to oversimplifications made in the modeling 
process.

This chapter describes the formulation o f a problem-determined holon for an agroecosystem 

and its analysis using graph theory and dynamic modeling techniques. The overall objective 

was to gain an insight into the communities’ definition of health and to identify the factors 

they consider to be the most influential in terms o f the health and sustainability of their 

agroecosystems. This analytic framework serves as a basis for selecting indicators and in 

interpreting them. Specifically, the objectives were: (1) to assess how communities in the 

agroecosystem perceive the inter-relationships between problems, goals, values and other 

factors; (2) to evaluate what the communities perceive to be the overall benefits of various 

agroecosystem management strategies; (3) to determine what would be the most relevant 

measures of change in the problem situation and (4) what would be the long-term effects of 

various strategies and management policies - assuming that the communities’ assertions are 

reasonably accurate depictions of the problem-situation.

4.2. Process and Methods

Cognitive maps (also known as loop models, influence or spaghetti diagrams) were defined 

as models that portray ideas, beliefs and attitudes and their relationship to one another in a 

form that is amenable to study and analysis (Eden et al., 1983; Puccia and Levins, 1985; 

Ridgley and Lumpkin, 2000). Cognitive maps were developed, one for each intensive study 

site, in one-day participatory workshops, using principles of participatory mapping described 

in Chapter 3. The maps were analyzed using graph theory as described by Harary et al. 

(1965), Jeffries (1974), Roberts and Brown (1975), Roberts (1976a, b), Perry (1983), Puccia 

and Levins (1985), Klee (1989), Ridgley and Lumpkin (2000), and Bang-Jensen and Gutin 

(2001).
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4.2.1. Participatory cognitive mapping

Cognitive maps, in the form o f signed directed graphs (digraphs) were constructed for each 

ISS. These mapping activities were carried out in October and November 1997, subsequent to 

the initial village workshops. Details on the selection of study sites are provided in Chapter 2. 

A one-day workshop was held in each study site. Each household in the study site was 

represented by at least one person. Although workshop participants from the ISS 

communities were not necessarily experts in any relevant technical discipline, they were 

considered as lay experts (Roberts, 1976a) due to their unique experiential knowledge of 

the agroecosystem. Local participants were taken to be “synthetic experts” (Dalkey, 1969).

To facilitate group discussions and to provide opportunities for each local participant to give 

their opinion, the local participants were divided into groups of 6 to 10. The number (ranging 

from 4 to 10) of groups depended on the number of participants and therefore the size of the 

village. A facilitator and a recorder were provided for each of the groups. Facilitators 

consisted of researchers and divisional team members as described in Chapter 2. Each group 

was asked to discuss how various problems and concerns in the study site interact with each 

other, thus precipitating changes in the health and sustainability of the agroecosystem. A 

white board, index cards and large sheets of paper were used to plot the graphs. Each group 

was shown, using an abstract example, of how they can represent their views in the form of a 

digraph using the materials provided. Participants were asked to record the concepts on index 

cards (this makes it easier to move concepts in a diagram) or directly on a white board. The 

concepts were then to be linked using the rules described for cognitive maps and signed 

digraphs. Each group presented their diagram to the rest of the workshop participants. 

Diagrams were compared and contrasted and a composite diagram developed. This composite 

diagram included only those concepts and relationships in which there was consensus about 

their existence. The rationale for this was that collective action was likely to follow only 

where consensus existed. Further, consensus was assumed to indicate a collective agreement 

that the concepts and relationships operate in the manner depicted.

Participants described relationships among concepts in terms of the direction of influence (for 

example, A influences B), the sign (positive if  positively correlated and negative if negatively 

correlated) as well as its perceived impact on the system (Positive if beneficial and negative if 

detrimental). In the cognitive map, correlations were denoted by the line form (solid if 

positive and dashed if negative). The impact was denoted by the color where red arrows 

denoted negative impact while blue lines denoted positive impact. A solid red arrow, for
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example, represented a positive correlation with a negative impact on the agroecosystem. 

Conversely, a dashed blue line represented a negative correlation with a positive impact.

In all the study sites, participants began by listing out categories of concepts needed to 

explain the relationships between, on the one hand, agroecosystem problems and concerns 

and on the other, its health and sustainability. A metaphor in the local language was used, 

equating categories o f related concepts to pots and the thought process as cooking. 

Categories, and eventually the concepts themselves, were generated using declarative 

statements of the form “you cannot cook (think about) x without (including the concept of) 

y.” Concepts belonging to the same “pot” -  those seen to be related in some ways - were 

encircled if on chalkboard, or put in one pile if  on cards. Relationships between “pots” were 

then added to the diagram, followed by relationships within.

4.2.2. Geometric analyses

A signed digraph D=(V, A) is defined as consisting of a set (V) of points (vi, V2... v„) called 

vertices, and another set (A) o f dimensions n x n called the adjacency matrix (Figure 4.1). 

The adjacency matrix o f a digraph D=(V, A) consists of elements ay, where ay = 1 if the arc 

(v j, Vj) exists and 0 if the arc ( v j ,  Vj) does not exist, with i and j = {1,2, 3...n}. The indegree 

of a vertex (Vi) is the sum of the column (i) in the adjacency matrix corresponding to that 

vertex. Conversely, the outdegree of a vertex ( v j )  is the sum of the row (i) in the adjacency 

matrix corresponding to that vertex. The sum o f the indegree and the outdegree of a vertex is 

the total degree (td) and is a measure of the cognitive centrality of the vertex (Nozicka et al.y 

1976). A vertex with an indegree of zero was described as a source, while one with an 

outdegree of zero was described as a sink.
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V,
vl v2 v3 v4 OD

vl 0 1 0 1 2
v2 0 0 1 1 2
v3 0 0 0 1 1
v4 0 0 0 0 0
ID 0 1 1 3

0 - 1 0 0
0 0 1 1

Sgn(A) 0 0 0 -1
1 0  0 0

Key
Dashed arrows negative correlation; so lid  a rro w s—positive correlation ; .  Red arrows— negative 
impact; Blue a rro w s^  p o sitive  impact; {VI,  V2, V3 and V4} = vertices; ID=In-degree; OD=Out-degree. 

Hgure 4.1: E xam ple o f a d ig ra p h  an d  its a d ja c e n c y  (A) and  signed ad jacency  (sgn(A)) m atrices.

A  path was defined as a sequence of distinct vertices (vi, V2 ...vt) that are connected by arcs 

such that lor all i = {1,2...t}, there is an arc (Vj, Vj+i). The sign (or effect) of a path is the 

product of the signs of its arcs, and the length o f a path is the number of arcs in it. The 

impact of a path from vertex Vj to another vertex Vj was calculated as the effect of the path 

multiplied by the sign of vertex vj. The sign o f a vertex was positive if all positive-effect arcs 

leading to it had a positive impact, and negative if otherwise. The sign of a source vertex was 

the sum of the impacts of all arcs leading from it. In contrast to a path, a cycle was defined as

a sequence of vertices (vj, V2 ... v,) such that for all i = {1,2_t}, there is an arc (Vj, v(j+i)), and

where Vi = v, while all other vertices are distinct. The sign, length and impact of a cycle are as 

defined for paths. The diagonal elements (an) o f the matrix A1 give the number of cycles and 

closed walks from a given vertex (v j ) .  The off-diagonal elements give the number of walks 

and paths from one vertex ( v j )  to another (Vj). A walk is similar to a path with the exception 

that the vertices forming the sequence are not distinct.

The total effect (TE) of a vertex (Vj) on another vertex (vj) is the sum of the effects of all the 

paths from v; to v,. If all such effects are positive, then the total effect is positive (+), if all are 

negative, the total effect is negative (-), if two or more paths of the same length have opposite 

effects the sum is indeterminate (#), and if all the paths with opposite effects are of different 

lengths, the sum is ambivalent (+). A digraph with at least one indeterminate oi ambivalent 

total effect is said to be path-imbalanced. One that has no indeterminate or ambivalent total 

effects is path-balanced. The signed adjacency matrix (also called the incidence matrix, direct 

effects matrix or the valency matrix) is used to compute the total effects. The impact of 

vertex Vj on another vertex Vj was calculated as the total el feet of Vj on Vj multiplied by the 

sign of vertex Vj.
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The reachability matrix (R) is a square n x n matrix whose elements (r^) are 1 if vj is 

reachable from Vj and 0 if otherwise. By definition, each element is reachable from itself, 

such that ru 1 for all i. The reachability matrix can be computed from the adjacency matrix 

using the formula R = B[(I + A)n *]. B is a Boolean function where B(x) = 0 if x = 0 and 

B(x)-1 if x > 0 .1 is the identity matrix. The digraph D=(V, A) is said to be strongly 

connected (i.e. for every pair o f vertices Vj and V j, Vj is reachable from vj and Vj is reachable 

from Vj) if and only if R = J, the matrix o f all 1 ’s. D is unilaterally connected (i.e. for every 

pair of vertices Vj and V j, v* is reachable from Vj or vj is reachable from Vj) if and only if 

B[R+R’] = J. The strong component (i.e. a sub-digraph of D where all the vertices are 

maximally connected) to which a vertex ( v j )  is a member is given by the entries of 1 in the i* 

row (or column) of the element-wise product o f  R and R \ The number of elements in each 

strong component is given by the main diagonal elements of R2.

4.2.3. Pulse-process models

A weighted digraph is one where each arc (Vj, Vj) is associated with a weight (a,j). The signed 

adjacency matrix (in this case referred to as a weighted adjacency matrix) of a weighted 

digraph therefore consists o f the signed weights (a,j) of all the arcs (v^ Vj) in the digraphs, and 

0 if the arc does not exist. Under the pulse process, an arc (Vi, Vj) was interpreted as implying 

that when the value of Vj is increased by one unit at a discrete step t in time or space, Vj would 

increase (or decrease depending on the sign o f ajj) by a*j units at step t+1. Initially, the arcs in 

each digraph were considered to be equal in weight and length. The models therefore 

assumed that a pulse in vertex Vj at time t is related in a linear fashion to the pulse in Vj at 

time t+1 if there was an arc (v;, Vj) in the digraph. The value (Vjt) of vertex Vj at time t was 

calculated as:

n

V„ = v,,,.,, + + 2> gn(v ,,v ,)/V i>
y=i

0 is a vector of external pulses or change in vertices V|,V2 ...v„at step(t-l); sgn(Vj, Vj) is 

the sign of arc (Vi, Vj); while PKt-i) is referred to as a pulse, and is the j"1 element of the pulse 

vector P at the (t-l)"1 row. Pj, is given by the difference vj, -  vyuj for t > 0, and 0 otherwise.

A pulse process of a signed digraph D was defined by a vector of the starting values at each 

vertex given by Vs = {vls, v * ... v„) and a vector of the initial pulses at each of the vertices 

given by />»=P„ = {P10, P20... Pno>. Thus, the value at vertex v, at step H> was calculated as

UiO — Uis + piQ.
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A pulse process is autonomous if  p* (t) =0 for all t > 0 i.e. no other external pulses were 

applied after the initial pulse Po at step t=0. In an autonomous pulse process in a digraph

A), Pt (Po A ). Further, a pulse process starting at vertex Vj is described as simple if 

Po has the i entry equal to 1 and all other entries equal to 0 i.e. the system receives the initial 

pulse from a single vertex. Under a simple autonomous pulse process a unit pulse is 

propagated through the system starting at the initial vertex Vj. Under this process, the value of 
vertex Vj at time t is given by:

H

v u =  v/(,-n + Z s8n(v; ’v/)/ V n
y=i

From this, it can be shown that in a simple autonomous pulse process starting at vertex Vi, the 

value at vertex vj at step t is given by Uj(t)=Uj(0) + ey, where e  ̂is the i element of a matrix 

T= (A + A + ...+  A ), where A is the weighted adjacency matrix. The effect of a vertex Vj on 

another Vj was positive if  all pulses at Vj resulting from a simple autonomous pulse at Vi was 

always positive, ambivalent if it was oscillating, and positive if it was always negative. The 

impact was calculated as described in the geometric analysis.

Based on Klee (1989), a digraph was described as stable, value (or quasi-) stable, semi-stable 

or unstable under a given pulse process. A digraph is stable under a pulse process if the 

values at each vertex converge to the origin as t —» oo. It is described as value stable if the 

values at each vertex are bounded i.e. there are numbers Bj so that |vjt| < Bj for all j and 0 < t < 

oo. A digraph is semi-stable if the values at each vertex change at a polynomial rather than an 

exponential rate. It is unstable if the converse is true. A digraph is described as pulse stable 

under a pulse process if  the pulses at each vertex are bounded for 0 < t < oo i.e. |pjt| < Bj for all 

t. Stability properties o f a digraph are related to the eigenvalues of the weighted adjacency 

matrix. A digraph is stable under all pulse processes if and only if each eigenvalue has a 

negative real part (Klee, 1989). If all non-zero eigenvalues of A are distinct and at most one 

in magnitude, then the digraph is pulse stable under all simple pulse processes (Roberts and 

Brown, 1975). A digraph is value stable under all simple pulse processes if it is pulse stable 

and one is not an eigenvalue o f D (Roberts and Brown, 1975). A digraph is semi-stable under 

all pulse processes if and only if each eigenvalue has a non-positive real part (Klee, 1989).
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4.2.4. Application of systom thoory tools in villagos

Sources in a digraph were seen as representing those factors requiring external intervention. 

Perceived impacts and expected outputs of community goals were assessed in two ways. The 

first was through geometric analysis o f the cognitive maps, which involves examination of 

the total impacts of vertices corresponding to each of the goals. The total number of positive 

impacts was used to rank community goals and this was compared to the ranking done by 

communities during the participatory workshops. Presence of indeterminate effects was 

considered a result of path imbalance. Path imbalances were seen as those relationships in 

which the outcome can be either negative or positive depending on the weight and time lags 

placed on the arcs of the various paths linking the vertices. These were considered important 

as they represented aspects where trade-offs and balances were critical to the overall outcome 

of community goals. Presence of ambivalent impacts was seen as an indication of the 

system’s increased amplitude instability.

The second method of assessing the impact o f community goals was simple autonomous 

pulse processes initiated at each of the vertices corresponding to a community goal. The 

impact was assessed based on (n-1) iterations, equivalent to the longest path in the digraph. 

The usefulness of this approach was in assessing the importance of path imbalance in the 

outcome of community goals. Digraphs in which community goals had only positive impacts 

were said to be in regenerative spirals. Those in which there was a preponderance of negative 

impacts were said to be in degenerative spirals.

Two kinds of value-stabilizing strategies were assessed. First was where the signs of arcs in 

the digraph were changed either individually or as a group. Stabilizing strategies involving 

the least number of changes were considered the simplest. The other type of stabilizing 

strategies was where the weights associated with the arcs were altered, the simplest strategies 

being those that involved the least number o f changes. The importance of assessing value- 

stability was to evaluate the key relationships on which the impacts of community goals were 

predicated. Existence o f many simple stabilizing strategies was considered an indication of 

increased system inertia. Absence o f stabilizing strategies was considered an indication of 

cognitive imbalance, but also as possible trajectory stability.
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4.3. Results

Three groups of concepts were common to cognitive maps of the six communities. These 

were problems, outputs and institutions. For ease o f analysis, the common categories were 

retained while the rest of the concepts were placed into one general category -  system-state 

(Figure 4.2). The number o f concepts depicted in the cognitive maps from the different 

communities was similar. Mahindi had the most (38) while Thiririka and Gitangu had the 

least (31) (Table 4.1). The cognitive map by the Kiawamagira community had the most (66) 

arcs, followed by that by Githima (Table 4.1). The cognitive map drawn by Thiririka 

community had the lowest average number o f relationships per concept (1.5), followed by 

Mahindi (1.6) and then Gikabu (1.7). Githima and Gitangu had the highest (1.9) number of 
relationships per concept.

Table 4.1: A comparison of the number of concepts and relationships in cognitive maps drawn 
by six communities in Kiambu District, Kenya, depicting community perceptions of factors 
influencing agroecosystem health and sustainability.

Village N um ber o f  con cepts Number o f  arcs

Total P rob lem s O utputs S ta tes Institutions Total % with negative effect

Githima 34 8 4 15 7 63 63.5

Gitangu 31 11 4 15 1 59 64.4

Kiawamagira 37 10 4 16 7 66 69.7

Mahindi 38 6 3 28 1 59 712

Gikabu 33 10 3 13 7 57 66.7

Thiririka 31 10 3 15 3 48 70.8

In all villages, relationships with negative impacts were the most preponderant, comprising 

between 60 to 70% of all the arcs in the digraphs. Mahindi and Thiririka villages had the 

highest proportion of negative-impact relationships (71.2% and 70.8% respectively). Each of 

Mahindi and Gitangu showed only one institution in their influence diagrams despite having 

mentioned several of them in the institutional analysis.
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4.3.1. Githima

I he cognitive map depicting the perceptions of the residents of Githima village is shown in 

(Figure 4.2). Vertex 3, with a total degree of 12. has cognitive centrality. Other vertices with 

high total degree are 13, 9 and 23 with total degrees of 11.6 and 6 respectively. Vertex 20 is 

the only sink (out-degree=0) while vertices 7. 15,26. 32 and 33 are sources (in-degree-O).

Dotted lines= negative effects; Solid tines- positive effects. Red lines negative impacts; black 
lines=Positive impacts; Red vertices community goals and needs; Blue vertices outputs; Green 
vertices= institutions; Yellow vertices = key system attributes.

I igure 4.2: A cognitive map depicting perception factors influencing agroecosystem health and 
sustainability in Githima ISS, kianihu district, Kenya 1997.



The impacts of Githima community’s goals, based on a geometric analysis of their cognitive 

map of factors influencing agroecosystem health and sustainability, are shown in Table 4.2. 

Roads, knowledge and illiteracy had indeterminate impacts on most vertices. These result 

from two imbalanced paths from vertex 6 (agrochemical use) to vertex 13 (income). All goals 

had negative impacts on agrochemical use. This is because it is a negative vertex but with 
positive impact on farm productivity.

All goals except roads had negative impact on vertex 30 (school committee), caused by the 

positive-impact negative-feedback loop linking it to the negative vertex 28 (ignorance). All 

goals except AI and security had indeterminate impacts on vertex 12 (soil erosion and 

infertility). The indeterminate impacts of roads, knowledge and literacy on the soil vertex are 

due to the path imbalance between vertices 6 and 13. The indeterminate impacts of health and 

healthcare on the soil vertex result from path imbalance between vertices 13 and 12 (the 

positive path passes through vertex 16 while the negative one passes through vertex 27).

When arc [6, 9] is negative or absent, the overall positive impacts of community goals 

increase to 154 with only 16 negative impacts. This results mostly from an increase in the 

positive impacts of roads and literacy. Removing the arc [8,6] increases the overall impact of 

community goals to 134 while reducing negative impacts to 8. Setting arc [13,24] to either 

negative or zero reduces positive impacts o f community goals to 45 and 73 respectively while 

increasing the negative impacts to 60 and 16 respectively. Similarly, inverting or removing 

the arc [24, 31] results in reduced positive impacts (50 and 78 respectively). Inverting the arc 

increases negative impacts to 55 but removing the arc reduces negative impacts to 10.

The digraph consists o f 25 feedback loops, only four of which are negative feedback. The 

longest of all the feedback loops are of length nine. There are two strong components. The 

first has two vertices- tea production and tea-centers — in a positive feedback loop. The other 

strong component includes all the other vertices except AI services, dairy production, roads, 

electricity committee, security, population, terrain, health care, lifestyle and birthrate.

The digraph is unstable under all simple autonomous pulse processes if all arcs are assumed 

to have equal weights and time lags, the highest eigenvalue being 2.26. Simple positive 

autonomous pulses representing community goals (except security which is a sink) lead to 

negative impacts at vertices 6 (agrochemical use), 12 (soil erosion and infertility) and 30 

(school committee) (Table 4.3). In addition to these, improved access roads produces 

ambivalent impacts at vertex 9, while increased knowledge produces ambivalent impacts at
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most of the other vertices (Figure 4.3). Ambivalent impacts also occur at vertices 18, 19 and 

21 resulting from increased literacy.

The arcs whose change in weight results in changes in the number of positive impacts of 

community goals are shown in Appendix II. O f the 193 impacts o f community goals, 165 are 

sensitive to changes in the weights o f at least one arc in the digraph (Table 4.3). The only 

indirect and non-ambivalent impacts that are not sensitive to weight changes are those of 

roads and AI on vertices 2 ,4  and 5. Impacts o f community goals were most sensitive to 

increases in the weight o f arc [3, 12] and [12, 3]. Increases in the weight of any one of these 

arcs increase the number of oscillating impacts of community goals. A weight of 10 resulted 

in oscillations of all but 9 of the impacts o f community goals. Of all the arcs, [31,21] 

produced the most changes in the impact o f community goals when the weight of each was 

reduced to values below 1 and above 0.
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Table 4.2: Impact of G ith im a com m unity’s goals based on geometric analysis.

Vertex
C om m unity  goals

A1 R o a d s H ealth Fuel S ecu rity W ater Knowledge Literacy H ealthcare
_L1AQ_________ + + . •
2 (Dairy) + + . •
3 (Productivity) + ± + + + * # +

ASM_______ • + . • .
5 (Tea centers) . + •
6 (Chemicals) - - - - .
7 (Roads) • + • .
8 (Coffee) + # + + + + + +
9 (Health) ± # + # ± # # +
10 (Co-op) + # + + + + + +
11 (Factories) + # + + + + + +
12 (Soil) ± # # # # # # #
13 (Income) + # + + + # # +
14 (Rainfall) + # + + + # # +
15 (Electricity) . . . m
16 (Fuel) + # + + + # # +
17 (Forest) + + + + # # +
18 (Land size) + # + + + # + +
19 (Inequity) + # + + + # + +
20 (Security) + # + + + + # # +
21 (Labor) + # + + + # + +
22 (Population) # . # . #
23 (Water) + # + + + # # +
24 (Schools) + # + + + # # +
25 (Hygiene) + # + + + # # +
26 (Terrain) # # • •
27 (Techniques) + # + + + + + +
28 (Ignorance) + # + + + + + +
29 (Water 
project)

+ # + + + + + +

30 (School 
com.)

- # - - - - * *

31 (Illiteracy) + # + + + # + +

32 (Healthcare) . • . +

33 (Lifestyle) 0 • • . .
34 (Birthrate) 0 • • . •

T otals
+ 122 21 5 20 19 1 19 6 10 21
• 15 2 1 2 2 0 2 2 2 2
Problem
ranking11

6 4 2 5 7 1 8 3 2

Goal status12 13 0 2 0 0 3 3 0 1 0

Key: + Positive impact
# Indeterminate

-N egative impact ± Ambivalent

12 Ranking by communities during the initial village workshops . . 0_  t
“  Goal status as ranked by communities in January 2000 (0=no change, l=sl,ght improvement, 2 -  moderate
improvement, 3= improves a lot
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Table 4.3: Im pact of G ith im a  com m unity’s goals based on a pulse process analysis.

Vertex C om m unity goals

AI R o a d s H ealth Fuel Security W ater Knowledge Literacy H ealthcare
JiA Q ___________ +• +a .
2 (Dairy) +• +* . •
3 (Productivity) + + + + + + + +
4 (Tea)__________ • + • • #
5 (Tea centers) . + “ . .
6 (Chemicals) - - - - .
7 (Roads) • + a . • .
8 (Coffee) + + + + + ± a + +
9 (Health) + ± a + + + + + +
10 (Co-op) + + + + + ± a + +
11 (Factories) + + + + + ± a + +
12 (Soil) - - - - . ± a ± -
13 (Income) + + + + + + + +
14 (Rainfall) + + + + + + + +
15 (Electricity) . . # #
16 (Fuel) + + + + + + + +
17 (Forest) + + + + + + + +
18 (Land size) + + + + + ± a ± +
19 (Inequity) + + + + + ± a ± +
20 (Security) + + + + + a + + + +
21 (Labor) + + + + + ± a ± +
22 (Population) . # # , •

23 (Water) + + + + + + + +
24 (Schools) + + + + + ± a + +
25 (Hygiene) + + + + + + + +
26 (Terrain) . . . .
27 (Techniques) + + + + + ± a + +
28 (Ignorance) + + + + + ± a + +
29 (Water project) + + + + + ± a + +

30 (School com.) * . _ - ± a - -
31 (Illiteracy) + + + + + ± a + +

32 (Healthcare) • . + a

33 (Lifestyle) . • • . .

34 (Birthrate) • . .

Totals
+ 154 24 20 20 1 20 9 17 21

- 20 3 3 3 3 0 3 0 2 3
Key: + Positive impact -Negative impact ± Ambivalent

. No impact * Impacts that are not sensitive to weight changes
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Figure 43: Oscillating impacts of knowledge at vertices 6 (agrochemical use) and 7 (coffee 
production) in a pulse process analysis of Githima digraph.
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4.3.2. Gitangu

Figure 4.4 is a cognitive map depicting Gitangu community's perception of factors 

influencing agroecosystem health and sustainability. Vertices 6 and 11 had cognitive 

centrality, each with a total-degree of 10, followed by vertices 4, 3, and 1, which had total- 

degrees of 9, 8 and 7 respectively. The digraph has no sinks, but six of the vertices (5, 10, 17, 

18,20 and 21) are sources.

Dotted lines= negative effects; So lid  lines= po sitive  effects; Red lines negative impacts; black 
lines=Positive impacts; R ed vertices= com m unity goals and needs; B lue vertices outputs; Green 
vertices= institutions; Yellow vertices= key system  atti ibutes.

Figure 4.4: A cognitive map depicting perception of factors inilnencng agroecosystem health 
and sustainability in Gitangu ISS, Kiambu district, 1997.
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The impacts of community goals -  based on a geometric analysis - are shown in Table 4.4.

All goals except health, security and secondary schools had indeterminate impacts on vertices 

11,14,15 and 16. This results from the presence of three equal-length (3 arcs in each) paths 

from vertex 6 to vertex 11, two of which are positive in effect while one is negative. 

Ambivalent impacts occur at vertices 13, 16 and 27 indicating presence of counter-acting 

paths. The total number o f positive impacts o f community goals increases to 147 if arc [12, 

27] is inverted, and to 137 if  it is removed. In both cases the negative impacts reduce to zero. 

Positive impacts also increase if arc [27, 11] is removed (136) or inverted (128) but the 

negative impacts remain 10. Removing arc [6, 12] increases positive impacts (to 113) but 

negative impacts are reduced to 1. The number o f positive impacts of community goals 

reduce to 70 or less if any one of arcs [13,4], [2, 3], [3, 8] and [3, 7] are inverted.

The digraph is unstable under all simple autonomous pulse processes if all arcs are taken as 

having unit weight and time lag. The largest eigenvalue is 2.29. The impact of community 

goals under a simple autonomous pulse process is shown in Table 4.5. All impacts are 

positive or ambivalent except at vertex 27 where 8 of the goals have negative impact. Most 

(165/193) of the impacts o f community goals are sensitive to increase in the weight of at least 

one arc in the digraph (Table 4.5). O f the 28 impacts that are not sensitive to increases in the 

weight of arcs, only 8 are indirect and non-ambivalent. The ambivalent impacts of soil 

fertility on vertices 12, 27 and 31 stabilize as a result of increases in the weights of some of 

the arcs in the digraph.

The digraph consists o f  two main (with more than 2 vertices) strong components. The first 

strong component comprises of vertices 3, 4, 7, 8 and 13 linked by two positive and one 

negative feedback loops. The second consists of vertices 6, 11, 12, 14, 15, 16,27,28 and 31 

joined into fifteen feedback loops three o f which are negative. The first strong component, is 

pulse stable. Inverting any one of arcs [3, 7], [4, 3] and [7, 13] makes this strong component 

value stable under all simple autonomous pulse processes. The second strong component is 

unstable. Among the simplest strategies that produce value stability are: (1) removal of arc 

111,16] accompanied by inversion of arc [15,11] and (2) removal of arc [14,11] 

accompanied by inversion of arc [15,11].
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Table 4.4: Impact of G itan g u  com m unity’s goals based on geometric analysis.

Vertices

Community goals
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1 (Diseases) + . . . + +
2 (Poultry) + + • + +
3 (Dairy) + + + + + +
4 (Food crops) + + + + + +
5 (Feed quality) . + •
6 (Productivity) + + + # + + + + + + +
7 (Manure) + + + + + +
8 (Coo-op) + + + + + +
9 (Credit) + + + + + +
10 (Roads) • • + # 9
11 (Income) # # # # ft # + + # ft +
12 (Employment) + + + + + + + + + + +
13 (Soil) ± + + + # # # ±
14 (Water) # # # ft ft + + + # ft +
15 (Health) # # # # ft # + + # ft +
16 (Security) # # # ± ft # + + # ft +
17 (Seed quality) . .
18 (Climate) . •
19 (Chemicals) + •
20 (Market) + •
21 (Extension) +
22 (Techniques) +
23 (Terrain) .
24 (organization) .
25 (School) . +

26 (Enterprises) . +

27 (Labor) _ . - - - - - - - - ±

28 (Nutrition) + + + ft + + + + + + +

29 (Farmland) # • . . •
30 (Inequity) m # • . . . • •
31 (drug abuse) + + + + + + + + + + +

Totals
+ 103 l i 12 11 2 10 5 8 8 13 13 10

10 l 1 1 1 1 1 1 1 1 1 0

Problem ranking 6 7 2 4 8 1 3 4 9 10 |~5
Goal status 0 1 0 0 1 1 0 3 0 3 0

Key: + Positive impact -Negative impact ± Ambivalent
. No impact f t Indeterminate
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Table 4&  Impact of G itan g u  com m unity ’s goals based on pulse processes analysis.

Community goals

Vertex
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1 (Diseases) +“ . . # + “ + “
2 (Poultry) + “ +* • # + “ +•
3 (Dairy) + + + + + +
4 (Food crops) ±* + + ± “ ± “ ± “
5 (Feed quality) . + “ • 9
6 (Productivity) + + + + + + + + + + +
7 (Manure) + + + + + +
8 (Coo-op) + + + + + +
9 (Credit) + + + + + +
10 (Roads) • • +  “ #
11 (Income) + + + + + + + + + + +
12 (Employment) + + + ± “ ± + + + + + +
13 (Soil) ±* + + . ±* # ±* ± “
14 (Water) + + + + + + + + + + +
15 (Health) + + + + + + + + + + +
16 (Security) + + ± + + + + + + +
17 (Seed quality) # # .
18 (Climate) . .
19 (Chemicals) + “ •
20 (Market) + “ ♦
21 (Extension) + •

22 (Techniques) + •

23 (Terrain) .
24 (organization) .
25 (School) . + “

26 (Enterprises) . +*

27 (Labor) - ± m ± - - - - - ±*

28 (Nutrition) + + + + + + + + + + +

29 (Farmland) # # . • . . . .
30 (Inequity) • . . . .
31 (drug abuse) + + + ± m ± + + + + + +

Totals
+ 126 14 16 15 5 10 8 8 8 16 16 10

- 8 1 1 1 0 0 1 1 1 1 1 0

Key: + Positive impact -Negative impact ± Ambivalent
. No impact “Impacts that are not sensitive to weight-changes
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4.3.3. Kiawamagira

Figure 4.5 is a cognitive map depicting relationships among factors influencing health and 

sustainability, as perceived by residents of Kiawamagira village. Vertex 2 has cognitive 

centrality, with a total degree ot 15, followed by vertices 1,17 and 24 each with a total- 

degree of 7. None of the vertices is a sink, but 9 o f them (3, 8, 15, 16, 20, 33, 34, 35, 37) are 

sources. Vertex 35 was ambivalent, being a source and having both positive (providing 

employment and manure) and negative (contributing to the pollution of the stream) impacts.

7 Inadequate A1
services

X No extension 
f services

9. Low fodder 
production

I----- 6. Private vets ^ 17 Poor access road

Kiawamagira

26. Off-farm 
Employment

\ 10 Soil erosion &  

land degradation

13. Run-off

15. Public works 
(roads)

)6 Manure

35 Dagoretti market & 
slaughter houses

34. University 
campus

Figure 4.5: A cognitive m a p  d e p ic tin g  p e rc e p tio n s  o f fac to rs  in fluencing  health  and  
sustainability in K ia w a m a g ira  ISS , K ia m b u  V illage , K enya,
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The digraph is balanced with reference to community goals, producing no indeterminate or 

ambivalent impacts (Table 4.1). The impacts o f  community goals increase to 107 if the arc 

[31,30] is inverted. This also reduces the negative impacts to 0. Removing arcs [2,29], [24, 

2] and [28,2] reduces the positive impacts o f community goals to 79, 81 and 83 respectively 

while reducing the negative impacts to 1, 8 and 8 respectively. Inverting the arcs [24,2], [1, 

2], [2,5] and [12,2] reduces the positive impacts o f community goals to 75,79, 81 and 82 

respectively, while increasing the negative impacts to 23, 21, 19 and 16 respectively. It is 

unstable under all simple pulse processes if all arcs are given unit weight and time lag. The 

largest eigenvalue under this process is 2.58. Simple autonomous pulses, with equal weights 

and time lags on each arc, results in impacts similar to those determined through geometric 

analysis since the digraph is balanced. Because of this, no impacts are sensitive to changes in 

the weight.

There are two main strong components. The first consists of vertices 1 ,2 ,5 ,25,27,28,29,

30 and 31 interlinked into seven two-arc and two three-arc positive feedback loops. The 

second component comprises of vertices 6, 7 and 24. Among the simplest stabilizing 

strategies for the first strong component is inverting any three 2-arc cycles linked to vertex 2. 

The second strong component is pulse stable under all simple autonomous pulse processes. 

This component becomes value stable if arc [6,24] or arc [24, 6] is removed.
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Table 4.6: Impact of Kiawamagira community’s goals based on geometric analysis.

Vertex

Community coals
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1 (Health) + + + + + + + + + +
2 (Income) + + + + + + + + + +
3 (Schools) + • #
4 (Streams) • •

5 (Water) + + + + + + + + + +
6 (Vets) + + +

i m ___________ + + +
8 (Extension)
9 (Fodder)
10 (Soil)
11 (Crops) +
12 (Kale) + +
13 (Runoff)
14 (Swamping)
15 (Public works)
16 (Railway)
17 (Roads) +
18 (Land)
19 (Crop rotation)
20 (Population)
21 (Land sale)
22 (Participation)
23 (Subdivisions)
24 (Dairy) + + +
25 (Rentals) + + + + + + 4- + + +
26 (Off-farm) # + # • • . .

27 (Enterprises) + + + + + + + + + +
28 (Security) + + + + + + + + + +

29 (Fuel) + + + + + + + + + +

30 (Forest) • - - - - - - - -

31 (Deforestations) + + + + + + + + + +

32 (Electricity) •

33 (Telephones) +

34 (University) •

35 (Abattoirs) •

36 (Manure) •

37 (Healthcare) • +
Totals

+ 97 9 8 11 10 14 11 8 8 9 9

10 1 1 1 1 1 1 1 1 1 1
Problem rankine ?I4 2 6 3?15 ” 1 3 ? 5 4 8 7

Goal status 0 0 0 1 1 1 2
A  U I .

0 0 1

M Not ranked/identified in the initial workshop 
5 Problem stated as low farm productivity during initial workshop
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4.3.4. Mahindi

The cognitive map depicting perceptions of Mahindi community is shown in Figure 4.6. With 

a total degree of 12, vertex 4 has cognitive centrality. Other vertices with high total-degrees 

are 33,19 and 26 with total-degrees of 7, 6 and 6 respectively. There are 12 sources (1,3,13, 

15,16,17,22,23,27, 32, 35 and 36) and four sinks (5, 30 and 37). Of the six key community 

goals, employment, water availability and nursery schools show no impact on other vertices 

in the digraph (Table 4.7).

27. High birth 
rate

28. Increasing 
population

24. Small tami

I. Lack of 
5. Unemployment Licenses

N >

30 Loss of contact 
between relatives Mahindi

31. Labour / 
export j

32. Poor access road

3. Expert advice

A. _ , \  2. Income generating .. Lew employment'  ◄
opportunities

18. Leasing

20. Private vets

23. Livestock 
diseases

/  36. Lack of public
land within

26. Irrigat ing/culti vat ing 37 0f nursery 
along river banks school

8 Buying 
food

\ \
6. Inadequate \  V  ^  Use o f coffee

7. Malnutrition
12. Water not 

potable

21. Poor
management

17. Storage 
tanks

15. Distant & expensive 
health services

13. Lack, of treating 
chemicals

Figure 4.6: A cognitive map depicting perceptions of factors influencing the health and 
sustainability in Mahindi ISS, Kiambu District, enya,



Water quality, healthcare and roads have ambivalent impacts on vertices 7 and 8 owing to the 

perceived negative impacts o f the arc [6, 7] and path imbalance between vertices 4 and 8. 

Inverting or removing arc [6, 8] increases the positive impacts of community goals to 40. 

Similar results are obtained with removal o f arc [8, 7]. Removing arcs [9,4], [18,33] and [4, 

18] reduces the positive impacts of community goals to 21, 26 and 26 respectively. Inverting 

arcs [9,4], [18, 33], [4, 18] and [32, 19] reduces the positive impacts to 21,22,22 and 26 

respectively while increasing negative impacts to 17, 16, 16 and 4.

Assuming unit weight and time lags on each arc, the digraph is unstable under all simple 

autonomous pulse processes, the highest eigenvalue being 1.25. The impacts of community 

goals based on this processes are shown in Table 4.8. Employment, water availability and 

nursery schools have no impacts other than on their corresponding vertices. The impacts of 

the rest of the goals are predominantly ambivalent, with roads having negative impacts on 

vertices 29 and 30 and positive impacts on vertices 5, 19, 20, 31 and 32. Of the 48 impacts of 

community goals, 21 are not sensitive to increases in weights, but only seven of them are 

non-ambivalent and indirect (Table 4.8). The impacts are most sensitive to increases in the 

weights of any of the arcs in the 2-arc cycles linking vertex 4, to vertices 11 and 9.

The digraph consists o f two main strong components. The first has 12 vertices (4,6, 7, 8, 9, 

10,11,12,18,20, 33 and 34) in six negative and eight positive feedback loops. The second 

has two (19 and 20) vertices in a positive feedback loop. The first strong component is pulse 

stable. Among the simple value stabilizing strategies for this component include removing 

arcs [18,33] and then either the arc [20, 33] or [34,33]. The second component is pulse 

stable as well and can be value stabilized by inverting any one of the two arcs.
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Table 4.7:Impact of M ah ind i com m unity’s goals based on geom etric.

Vertex

------------------------Community V coals

E m ploym ent W ater
q uality

W ater
availability H ealthcare Roads Nursery

school
1 (Licenses) •
2 (Activities) •
3 (Experts) •
4 (Income) + + +
5 (Employment) + . +
6 (Food) + + +
7 (Nutrition) ± ± ±
8 (Buying food) ± ± ±
9 (Diseases) + + ±
10 (Husks) + + +
11 (Fuel) + + +
12 (Water quality) + + +
13 (Chemicals)
14 (Water) +
15 (Healthcare) +
16 (Season)
17 (Tanks)
18 (Leasing) + + +
19 (Dairy) +
20 (Vets) +
21 (Management)
22 (Knowledge) #
23 (Livestock diseases) #
24 (Farm size) •
25 (Cultivation) •
26 (River banks) + + +
27 (Birthrate) •
28 (Population) •
29 (Migration) -
30 (Contact) -
31 (Labor) +
32 (Roads) +

33(Crops) + + +

34 (Soil) + + +

35 (Jobs) • .
36 (Public land) • •
37 (School) . • +

38 (Flowers'! # . + •
Total _________________ -__________ ________
+ 36 1 9 1 10 14 1
. 2 0 0 0 0 2 0

Problem ranking 2 ? 3 4 1 5

Goal status 0 0 0 0 1 0

Key: + Positive impact -Negative impact ± Ambivalent
. No impact ^ Indeterminate
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Tabic 4.8:Impact of M ah in d i com m unity ’s goals based on pulse analysis.

Community/ goals
Vertex E m p loym en t W ater

q uality
W ater

availability H ealthcare Roads N ursery
school1 (Licenses)

2 (Activities)
3 (Experts) .

4 (Income) ± ± ±
5 (Employment) +• + "
6 (Food) ± ± ±
7 (Nutrition) ±" ±" ±"
8 (Buying food) ±" ±" ±"
9 (Diseases) ± ± ±
10 (Husks) ± ± ±
11 (Fuel) ± ± ±
12 (Water quality) ± ± ±
13 (Chemicals)
14 (Water) +"
15 (Healthcare) +"
16 (Season)
17 (Tanks)
18 (Leasing) ±" ±" ±*
19 (Dairy) +"
20 (Vets) +"
21 (Management)
22 (Knowledge) .

23 (Livestock diseases) .

24 (Farm size) •

25 (Cultivation) •

26 (River banks) ± ± ±
27 (Birthrate) •

28 (Population) •

29 (Migration)
a

30 (Contact)
_a

31 (Labor) +•

32 (Roads) +•

33 (Crops) ± ± ±

34 (Soil) ± ± ±

35 (Jobs) . .

36 (Public land) . .
37 (School) . • +"

38 (Flowers) . +• •
Totals
+ 10 1 0 1 1 6 1

- 2 0 0 0 0 2 0

Key: + Positive impact -Negative impact ± Ambivalent
. No impact "Impacts not sensitive to change in weights
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4.3.5. Gikabu

The cognitive map produced by participants from Gikabu is shown in Figure 4.7. Vertex 9 

has cognitive centrality, with a total-degree o f  14, followed by vertices 26, 29 and 18 with 

total-degrees of 7, 7 and 6 respectively. Nine o f the vertices (1,10, 16, 19,20,21,12, 32) are 

sources but there are no sinks. Table 4.9 shows the impacts of community goals in 

Kiawamagira village based on a geometric analysis of the digraph. Tea markets had 

indeterminate effects on most other vertices due to the presence o f two three-arc paths from 

vertex 3 to 9. It had negative impacts on vertex 5 and 6. Inverting or removing arc [6, 7] 

increases the positive impacts of community goals to 130, while removing arc [7,9] increases 

the impacts to 129. Inverting any one o f the arcs [15,9], [9,26], [26,29] and [13,14] 

reduces the positive impacts o f community goals to 59,69, 72 and 75 respectively, while 

increasing the negative impacts to 24, 41, 33 and 11. Removing any one of the arcs [9,26], 

[26,29], [12, 13], [31, 9] and [15, 9] reduces the positive impacts of community goals to 79, 

87,94,97 and 96 respectively.

The digraph is unstable under pulse processes if unit weight and time lag are assumed for 

each of the arcs, the largest eigenvalue being 2.67. Under the pulse process, the impacts of all 

community goals except tea markets remain as shown in Table 4.9. Tea market produces 

oscillating impacts at most vertices that are indeterminate through the geometric analysis 

except vertices 15 and 31 where it has positive impacts. The only impacts that are sensitive to 

changes in the weight o f the arcs are those o f  tea market on vertices 9,13, 14, 15,18 and 26 

through to 31.

The digraph consists o f three main strong components. The first is pulse stable and consists 

of 4 vertices (2 ,3 ,4  and 5) in two negative feedback loops. The second, consisting of twelve 

vertices (7,9, 13,14, 15, 18,26,27, 28,29, 30 and 31) in 15 positive feedback loops is 

unstable. The third component comprises o f vertices 23,24 and 25 in two positive feedback 

loops and is pulse stable. The first strong component can be value-stabilized by removing any 

one of its arcs except [4, 5]. Among the simple ways of value-stabilizing the second 

component removal o f arcs [9,26] and [9, 18], inversion of arc [9, 13] followed by inversion 

of any one of the arcs [27,28], [26, 29], [28, 29] and [29,28]. The third component can be 

value-stabilized by inverting any one of its arcs.
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Figure 4.7: A cognitive map depicting perceptions of factors influencing health and 
sustainability in Gikabu ISS, Kiambu District, Kenya, 1997.
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T.ble 4.9:Impact of G ik ab u  com m unity ’s goals based on geometric.

Vertex

Community goals
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1 (KTDA) . #
2 (Tea market) +
3 (Tea) +
4 (Tea estates) +
5 (Vermin) - #
6 (Labor shortage) - • #
7 (Productivity) # + + + + + + + + +
8 (Farm labor) + • # .
9 (Income) # + + + + + + + + +
10 (Extension) • + #
11 (Crop diseases) . + + # .
12 (Crops) • + + # # # #
13(Food) # + + + + + + + + +
14 (Nutrition) # + + + + + + + + +
15 (Health) # + + + + + + + + +
16 (Organization)
17 (Healthcare) +
18 (Water) # + + + + + + + + +
19 (Rivers)
20 (Wells)
21 (Foundation)
22 (Hospital)
23 (Vets)
24 (Dairy)
25 (Co-op)
26 (Fees) # + + + + + + + + +

27 (Income use) # + + + + + + + + +

28 (Drug abuse) # + + + + + + + + +

29 (Ignorance) # + + + + + + + + +

30 (Unemployment) # + + + + + + + + +

31 (Security) # + + + + + + + + +

32 (Plan) # • • . • • •

33 (Discipline) . • . • • •
Totals

+ 118 4 15 14 12 12 13 12 12 12 12

2 2 0 0 0 0 0 0 0 0 0

Problem rankin E 6 7 5 9 3 3 1 8 4 2

Goal status 2 2 1 1 0 0 0 0 0 3
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4.3.6. Thiririka

In the cognitive map depicting perceptions ot Thiririka community on factors influencing 

health and sustainability (Figure 4.8), vertex 7 has cognitive centrality with a total-degree of 

10. Other vertices with high total-degrees are 26, 3 and 4 with total-degrees of 8, 7 and 7 

respectively. Nine of the vertices (1, 8, 12, 20, 21, 22, 29, 30, and 31) are sources and none 

are sinks.

Figure 4.8: A cogn itive  m a p  d e p ic tin g  p e rc e p t io n , o f fac to rs  in flu en c in g  the health  an d  
sustainability in T h ir i r ik a  ISS, K ia m b u  D is tr ic t , K enya,
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The impacts of community goals based on a geometric analysis are shown in Table 4.10. 

Reduction in agrochemical usage results in negative impacts on vertices 7 and 11, ambivalent 

impacts on vertices 3, 4, 5 and 6, and indeterminate impacts on vertex 9. The ambivalent and 

indeterminate impacts o f  agrochemical-use result from path imbalance from vertex 10 to 

vertex 9. The positive impacts o f community goals increase to 107 when the sign of arc [10,

11] is inverted and to 104 if  it is removed. Positive impacts also increase (to 102) if arc [11,

7] is removed. In all three cases, the negative impacts are eliminated. Inversion of any one of 

the arcs [7,15], [15, 3] and [7, 9] reduces the positive impacts of community goals to 58, 64 

and 64 respectively while the negative impacts are unaffected except for arc [7,15] where the 

negative impacts increase to 9.

The digraph is unstable under all simple autonomous pulse processes assuming unit weight 

and time lags on all arcs o f the digraph. The largest eigenvalue based on unit arc weights and 

time lags is 1.62. Based on this pulse process, agrochemical use and crop diseases have 

oscillating impacts vertices 7, 9, 10, and 11. Crop diseases have, in addition, oscillating 

impacts on vertex 15. Impacts of community goals on other vertices remain as in shown in 

Table 4.10. Most (97/107) o f the impacts are not sensitive to increases in weights. The 10 that 

are weight-dependent are the impacts of agrochemical use and crop diseases on vertices 3,4, 

5,6 and 8. Impacts are most sensitive to increases in the weights of arcs [11, 10] and [10, 11].

The digraph consists o f  five strong components, two of which have two-arc feedback loops 

involving vertices 10 and 11 in one (negative), and 14 and 19 in the other (positive). The 

largest strong component, comprising of vertices 3,4, 5, 6 and 9 in two 2-arc and on 3-arc 

positive feedback loops, is unstable. One o f the simplest strategies for value-stabilizing this 

component is inverting any one o f the arcs in any of the 2-arc feedback loops. The next 

largest component comprises of vertices 23, 24,25 and 26 in 2 positive feedback loops and is 

pulse-stable. This component can be value-stabilized by inverting any one of the arcs [1,2], 

[2,4] and [3,1]. The fourth component is value-stable and comprises of vertices 16, 17 and

18 in two 2-arc negative feedback loops.

, ty
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Table 4.10:Impacts o f T h lr ir ik a  com m unity’s goals based on geom etric analysis.

Vertex

Community goals
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1 (Water logging) . . . .
2 (Water quality) • . • • . -
3 (Income) + + ± + + + + + + + +
4 (Health) + + dk + + + + + + + +
5 (Poverty) + + ± + + + + + + + +
6 (Security) + + db + + + + + + + +
7 (Horticulture) - + + + + + + +
8 (Water) . .
9 (Productivity) + + # + + + + + + + +
10 (Chemicals) + + # #
11 (Crop diseases) - + # # # #
12 (Healthcare) + m # 0 #
13 (Fodder) # # # #
14 (Dairy) + + + +
15 (Employment) - + + + + + + +
16 (Firewood)
17 (Forest) # . .
18 (Logging) . • •
19 (Co-op) + + + +
20 (Seed) + . . • •
21 (Soil) + • • . .
22 (Frost) • • . .
23 (Unity) + + + +
24 (Leadership) + + + +

25 (Grabbing) + + + +

26 (Knowledge) + + + +

27 (Relationships) • . . •
28 (Market) + + + +

29 (History) . . • •
30 (Extension) . . • +

31 (Go-downs) . . • •
Totals

+ 99 5 5 1 9 6 8 8 14 14 14 15
* 3 0 0 3 0 0 0 0 0 0 0 0

Problem rank! ne 2 1 8 10 2 4 9 5 7 3 6

Goal status 1 3 1 1 0 0 1 1 1 2 2

Key: + Positive impact -Negative impact
. No impact # Indeterminate
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4.4. Discussion

4.4.1. Construction of cognitive maps

The idea of cognitive maps was easily understood and utilized by communities. This may be 

a reflection of the fact that the maps are a much easier way of depicting their perceptions, 

which in turn indicates that communities are aware of the high degree of interrelationships 

among factors that influence the health and sustainability of their agroecosystems. The use of 

a metaphor as a guide in the selection of concepts to be included in the map was very 
successful in all the communities.

Dividing the participants into smaller groups during construction of the cognitive maps 

allowed for the expression o f different perspectives, and the active involvement of most 

participants. The visual nature of the cognitive maps makes it easy to engender debate, thus, 

providing a basis for debate and consensus building among the participants, and the creation 

of a synthesis cognitive map. However, the end-product is a compromise between the various 

views and does not necessarily capture all the divergent perspectives. In this study, 

relationships and concepts that were not unanimously agreed upon by all participants were 

left out of the final cognitive map. Ideally, cognitive maps representing the most divergent of 

perspectives should also be analyzed and the conclusions compared and offered for debate by 

communities.

Cognitive maps were largely in agreement with the findings of the initial village workshops. 

This was remarkable given that the cognitive maps were drawn several months after the 

initial workshops. Important discrepancies, however, were present in some cognitive maps, 

especially with regard to the role o f some institutions and in the number and descriptions of 

some of the problems. In Mahindi village, water quality was added as a problem in the 

cognitive maps. In Kiawamagira, distance to schools was added, while crop and dairy 

productivity were mentioned as separate issues. These changes were most likely due to a re- 

evaluation of the problem situation, rather than an inaccuracy in the findings of the village 

workshops.

130



4.4.2. Use of signed digraphs

The analysis of the communities’ cognitive maps using graph theory was constrained by two 

key limitations. The first was that it was difficult to assign weights to relationships between 

many of the concepts used in the cognitive maps. Even where this was possible, communities 

found it difficult to apply mathematical ideas to concepts and relationships that they 

perceived mostly in qualitative terms. The other constraint was that it was difficult to state 

concepts and relationships in such a way that all the arcs in the digraph reflect equal time 

lags. In this study, participants were made aware of the need to state relationships in a way 

that makes the arcs have more or less equal time lags, but many participants were unable or 

unwilling to put this constraint in their maps. The digraphs are therefore most useful for short 

to medium term analysis that can be updated iteratively. Using geometric analytical 

techniques as well as sensitivity analysis, useful insights can still be obtained from the less 

detailed digraphs derived from these cognitive maps. However, the conclusions from these 

analyses are less detailed than would be with complete and detailed digraphs. In an action- 

research process, cognitive maps can be re-evaluated and updated in each action-research 

cycle as the local theory develops. In this way, more details -  both structural and numerical - 

can be added to enable much detailed analyses.

In this study, an additional quality — impact - o f the relationships between vertices was 

included. The rationale for this was that the purpose of community goals and objectives was 

to minimize the negative impact o f problem-situations. Because of the inter-relationships 

among factors, minimizing negative impact involves trade-offs, because some of the 

solutions may — in turn — generate negative impacts. The goal seeking behavior of the system 

can therefore be seen as maximizing positive impact of community goals through changes in 

structure and the application of pulses to the system. In addition, the digraph assumes that the 

system dynamics are linear. Although this is not the case for most o f the relationships, the 

linear model is likely to be a suitable generalization of the processes over the short term.

4.4.3. Geometric Analyses

Income, farm productivity and human health were consistently among the factors that had 

high cognitive centrality. This would be expected for agricultural communities in a largely 

subsistence-farming system. The inclusion o f  labor as an important system output and its 

export as a coping strategy, however, may be an indication that subsistence was heavily
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constrained. This conclusion was further augmented by the existence of several sources in all 

the digraphs, many o f which related to infrastructure and other cash-economy dependent 

components. While some o f these may be due to cognitive imbalances, they also indicate-  

largely - a perceived dependency on external intervention. A good example was in Mahindi 

village where use of water tanks was seen as ameliorating water shortage. An agent external 

to the community had donated these tanks to some households. No connection was made 

between income and availability o f tanks. Surprisingly, though many of the sources were 

recognized as public goods that should be provided for through a taxation system, 

participants in all communities were unanimous that those connections do not exist in reality.

In nearly all communities, the rank of community goals based on their total impact was very 

different from the ranking during the initial workshops, suggesting that either the geometric 

process was not confluent with the community’s cognitive processes or that the impact of 

goals was not the predominant criteria for ranking. Unexpectedly, the ranking of community 

goals based on their total degrees was remarkably confluent with that in the initial village 

workshops, suggesting that the complexity o f  interrelationships may have been an important 

ranking criterion. It is therefore not surprising that all communities re-considered their 

ranking after drawing the cognitive maps. It would have been useful to provide the 

communities with the results of the geometric analysis during this re-evaluation. 

Unfortunately, this was not possible in this study.

Geometric analysis was additionally useful in analyzing the predicates on which the 

community goals were based. An arc whose removal or inversion results in increase in the 

number of positive impacts of community goals can be interpreted as representing either a 

constraint or a coping strategy. For example, the arc [6, 9] in the cognitive digraph from 

Githima represents negative consequences o f the use of agrochemicals on human health, 

which constrain their use as a means to increase farm productivity. In contrast the arc [12,27] 

in the Gitangu digraph represents the trend for younger people to seek formal employment 

outside the village as a result o f reduced availability of farmland, and therefore represents a 

coping strategy. Arcs whose removal results in the reduction of the positive impacts of 

community goals can be interpreted as representing the relationships on which the 

community goals are based. An example is Kiawamagira village where removal o f arcs [2,

29] -  which is analogous to the assertion that improving dairy productivity would have no 

l effects on incomes -  severely reduces the positive impacts of community goals. These 

findings therefore provide an objective and reproducible approach to assessing
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agroecosystem health and sustainability goals and objectives, and the relationships between 
them.

4.4.4. Pulse process models

Analyzing the impact o f  community goals using geometric analyses is limited by the 

existence of indeterminacies resulting from some kinds of path-imbalances. The pulse 

process provides some indication o f what the impacts would be under certain conditions. In 

this study the usefulness o f this approach was constrained by the inability to obtain 

reasonably accurate weights for the arcs in the digraphs. In addition, the complexity of the 

digraphs makes it difficult to assess sensitivity to all possible weight structures. However, the 

assumption of unit weights and time lags for the arcs may still provide some useful insights. 

In addition, understanding the sensitivity o f  the impact o f community goals to the changes in 

weights of a particular arc provides a means o f generating hypotheses as to which 

relationships are likely to be relatively more important with regard to the systems health and 

sustainability. In the Mahindi cognitive map, for example, increases in the weights of any of 

the 2-arc cycles linking vertex 4 to vertices 11 and 9 stabilizes many of the oscillating 

impacts of community goals, the direction o f stability depending on the sign and weight 

structure of the arcs.

An interesting feature was that the re-ranking o f community goals that was earned out 

following the cognitive map exercise was confluent with the summary of impacts based on 

the pulse-process model. This probably indicates that the communities perceived the 

relationships to be more or less linear and the arcs as bearing unit weight and time lags. It 

would be gainful to provide the results o f  the current analysis to the communities for 

discussion, and to give them opportunity to modify the structure of the cognitive maps or the 

ranking of their goals based on these findings.

4.4.5. Assessment of value-stability

Stability was interpreted based on the assumption that there are always some limits to growth 

in most real world situations (Perry, 1983). This limit manifests itself- in most cases - as 

value stability. Absence of value stability (which implies pulse stability) or at the very least 

quasi-stability can therefore be interpreted as a reflection of cognitive imbalance (failure to
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consider the opposite effects of a relationship), and hence an inaccuracy in the cognitive map 

as representation of the domain being modeled. Cognitive maps dealing with goals and 

objectives are likely to have cognitive imbalances due to the tendency to perceive 

regenerative or degenerative spirals related to goals or problems. A regenerative spiral is 

where no limits to goals and objectives are foreseen while a degenerative spiral is where no 

limits to deterioration o f  the problem-situation can be foreseen.

Understanding the ways in which stability can be imparted to the digraph may provide 

insights on the relationships on which these imbalances are predicated. As an example, the 

Gikabu digraph becomes value stable if arcs [2, 3], [9,26], and [9, 18] are removed while 

arcs [25,24], [9, 13] and [26,29] are inverted. This indicates that the regenerative spiral in 

this digraph is predicated on the perception that improvements in the markets would produce 

unbounded and direct increases in tea production, and the same for increased efficiency of the 

dairy co-op on dairy production among others. The different stabilizing strategies represent 

the possible scenarios in which the perceived spirals do not exist. The impact of community 

goals based on the digraph resulting from these stabilizing strategies can be used to assess 

community goals in the absence o f cognitive imbalances.
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Chapter 5

Soft System  M ethodology in  the management o f 
agroecosystem health and sustainability concerns of a tropical 
highlands agro ecosystem

5.1. Introduction

} lard system methods (also known as first order cybernetics) are concerned with problem 

situations in which there is correspondence between the holon and things or phenomena in 

the real world. Soft system methods (second order cybernetics), on the other hand, deal with 

situations in which such correspondence may not exist - the holons being articulated solely 

for the purpose of understanding and as shorthand for the mental framework of an individual 

with a unique experiential or cognitive history on the relevant real-world situation (Ison et al., 
1997).

The objectives of a soft-system analysis in agroecosystem health and sustainability 

assessment are threefold. The first is to reveal the different, and sometimes-conflicting 

perspectives of stakeholders and the rationale behind each perception of a problem situation. 

This prepares the ground for mutual understanding and negotiation among the stakeholders -  

a prerequisite to any sustainable improvements. The second objective is to serve as the basis 

for evaluating potential management options. As the agroecosystem evolves over time, new 

aspects of the messy problem situation emerge, requiring new analysis and synthesis, as well 

as rethinking the management options. The third objective is the evaluation of agroecosystem 

performance. This can be done by comparing and contrasting holon characteristics over time 

and space.

Several soft-system approaches have been proposed (Flood and Carson, 1993) but the best 

documented is Soft System Methodology (SSM). The latter is a set of organized principles - 

based on systems thinking - that guide action in trying to manage messy problem situations. 

SSM follows two interacting modes o f enquiry which together lead to the implementation of 

changes to improve the situation. One o f these - the cultural stream - consists of three 

examinations of the problem situation (Checkland and Scholes, 1990). The first examines the
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intervention itself. The second examines the situation as a social system, the third as a 

political system. The basic step in the second (logic-based) mode of inquiry is to formulate 

models, which - it is hoped - will be relevant to the real-world situation (Checkland and 

Scholes, 1990). The models are then compared with various perceptions of the real world, 

thus initiating debates and a process of negotiations and trade-offs that lead to purposeful 

actions aimed at improving the problem situation under scrutiny.

SSM uses particular kinds o f holons - referred to as human activity systems — to model the 

problem situation. A human activity system is a set of named activities connected so as to 

make a purposeful whole (Checkland and Scholes, 1990). The holons are conceived as 

holistic ideal types o f certain aspects of the problem situation rather than as accounts of it - it 

is taken for granted that no objective and complete account o f a messy problem situation can 

be given (Bulow, 1989). Two kinds o f human activity systems can be made: the primary-task 

system and the issue-based system (Checkland and Wilson, 1980). Primary task systems are 

ones in which the elements and relationships map on to real world institutionalized 

arrangements. Issue-based systems, on the other hand, are relevant to mental processes that 

are not embodied in formalized real-world arrangements. The distinction between primary 

task and issue-based system is not absolute but rather more of opposite ends of a spectrum. 

The choice of a human activity system to represent a problem situation is always subjective 

(Checkland and Scholes, 1990) the final choice depending on which model is deemed most 

relevant to the situation after the logical implications of all the choices have been evaluated.

A human activity system is built based on its root definition. A root definition expresses the 

core purpose of an activity system. That core purpose is always expressed as a transformation 

process in which some entity, the “input”, is changed, or transformed, into some new form of 

that same entity, the “output.” The transformation occurs because a purposeful action (or 

actions), A, is (or are) taken on that entity. Such an action, being purposeful, will be an 

expression of the intention of some person or persons B. Since A is a human action there will 

be someone, C, who takes the action. The action will have an impact on some person or 

group, D, and it will be taking place in an environment, E, which may place constraints upon 

it Since human autonomy is rarely total, there may be a person or group F who could stop the 

action being taken. In real life, the same person or persons could be one or more of the 

elements in B, C, D and/or F since these represent roles, and not individuals or groups 

Playing them. The transformation and the actions taken are meaningful and rational given a 

particular perspective or worldview. A complete root definition of a human activity system
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therefore identifies the customer (D), the actor (C), the transformation, the worldview, the 

owner (B) and the environment o f a particular activity system.

Several human activity systems can be built to represent different perspectives of a given 

world situation. In addition, activity systems can be built for intended purposeful actions — 

several such systems representing the different perspectives that may exist among all the 

stakeholders. These models then serve as the basis for negotiation and consensus building as 

well as a guide to action, monitoring and evaluation. This chapter describes how SSM was 

used to manage the analysis, design and implementation of purposeful actions to ameliorate 

agroecosystem health and sustainability concerns in the ISS.

5.2. Process and Methods

5.2.1. Examination o f the problem situations

Problems and concerns in the agroecosystem were identified and described during 

participatory workshops in each o f the six study sites. The participatory process is described 

in Chapter 3 while the process o f selecting the study sites is described in Chapter 2. Problem, 

concerns and issues were termed as messy situations if there were disagreements on the 

nature of the problem, its causes, historical background or potential solutions.

Semi-structured interviews were held with groups and individuals in the community having a 

different perspective on the issue. Table 5.1 shows a checklist o f the topics covered in the 

interviews. Any institution, group, or individual mentioned by interviewees (in relation to the 

problem situation) were also included in the list of those to be interviewed. The perspectives 

of each group were captured in rich pictures with different colored lines showing agreement 

or disagreement among various groups or individuals.
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Tabic 5.1: List of topics covered in sem i-s tru c tn red  interviews on a problem situation

Sequence Topic Subtopic1. Beginning Historical
background

- How the problem arose
- Who is/are the most knowledgeable person(s) on the issue
- What are some of the consequences that have been observed

Nature o f 
problem

- Causes
- Effects

2. Mid Opportunities - How can the problem be addressed
- What resources are needed
- What are the coping strategies

3. End Stakeholders - Who are/should be die actors in solving the problem
- Who are/should be the beneficiaries
- Who are the/should be the owners of the process
- What is the relationship between owners, actors and 
beneficiaries
- Who is to blame or are involved in causing the issue
- What has been the role of (named) stakeholder in the situation

5.2.2. Root definitions and soft-system modeling

For each problem situation, primary-task and issue based human activity systems were 

identified based on the coping strategies and the opportunities mentioned by the individuals 

or groups interviewed. Root definitions o f  these systems were then derived and models built 

to satisfy the basic properties o f a system as described by Checkland and Scholes (1990). A 

root definition was derived for each stakeholder with a different perspective on the problem 

situation. Different metaphors, based on the roles, norms and values ascribed to various 

stakeholders were used to represent each different perspective on the issue. For each model 

representing a purposeful action, the monitoring and control unit was identified. Measures of 

performance, based on what the effects and the causes of the problem were perceived to be, 

were listed out together with their targets and thresholds.

5.2.3. Building consensus, compromise and collective action

The rich pictures and models were presented to the different groups or individuals first 

separately and then together. Participants were asked to comment on the accuracy of the 

opinions depicted and what the implications appeared to be. Participants were informed that 

there was opportunity to change any aspect of the models or depictions that represented then- 

own ideas. Changes in the models or depictions were effected, with the participants being 

required to state whether the changes they requested were a change in their opinion (or view 

or perspective), a compromise or simply correcting an error in the depiction of their views. 

Where all participants were present, models were presented as the views and opinions of the
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facilitator on the problem situation. Criticism of the models and depictions by the community 

and other stakeholders were therefore directed to the facilitator and not to the group whose 

ideas were depicted. The identity o f  the groups or individuals whose views were depicted in a 
model was not revealed to other stakeholders bearing a different view.

5.3. Results

5.3.1. Problem situations

5.3.1.1. Drainage and access road problem s in  Kiawamagira

During the rainy season and every time it rained for a few hours, most of the land in 

Kiawamagira became flooded. Furthermore, the run-off was too much and had created big 

gullies in various places in the village and along the only access road to the village. The 

consequences were that the village was inaccessible at such times, crops were destroyed and 

soil productivity was declining. Plate 5.1 is a photograph taken in October 1997 (shortly after 

the village workshop) showing one of the gullies caused by runoff in Kiawamagira village. 

Plate 5.2 shows the state o f the access road during this time. Plate 5.3 shows one o f the 

outlets passing under the railway line that directs runoff to Kiawamagira village.

Figure 5.1 is a rich picture depicting the various perspectives o f different groups within the 

community and of other stakeholders. There were three main competing perspectives on the 

causes of flooding, gully formation and destruction of the access road. The first was that the 

redirected runoff from the railway and road was the main cause. The course of action, 

according to this perspective, was to take the institutions involved in the redirecting of runoff 

to court with a view to compelling them to act. Figure 5.2 shows the root definition and an 

activity system based on this perspective. The second perspective was that it is the farmers 

who had redirect the runoff from the farms to the access road resulting in damage and gully 

formation along the waterways. Based on this, the course of action was to co-operate as a 

village and find ways and means of redirecting the run-off away from the village. The root 

definition based on this perspective is shown in Figure 5.3. The third was that the area was a 

swamp before settlement, and therefore prone to flooding. The proposed action was therefore 

to find means of preparing community to better cope with flooding and damage (Figure 5.4)
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Key
Red arrows = disagreem ent; Blue arrows = agreement 

Figure 5.1: A rich  p ic tu r e  d e p ic tin g  d if fe r in g  p e rsp ec tiv es  on th e  d ra in ag e  an d  access road
problems in K ia w a m a g ira  v illage.
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Plate 5.1: P h o to g rap h  sh o w in g  one o f  th e  g u llie s  in K iaw am ag ira  ISS, K iam bu D istric t, Kenya, 
October 1997.

Plate 5.2: Photograph showing damaged access road to Kiawamagira n a , ^.an.uu s t r i c t ,  
Kenya, October 1997.
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Plate 5.3: A Picture showing one of the outlets (white arrow) passing under the railway line and 
directing runoff into Kiawamagira ISS, Kiambu District, Kenya, October 1997.
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A system, owned by Kiawamagira community, together with the MoPW 
and KR to rehabilitate the drainage system in and around Kiawamagira 
village in order to reduce flooding, gully formation and access road 
damage, using resources from the MoPW, KR and Kiawamagira 
community.

C l  Kiawamagira community 

A*. MoPW, KR

T: Runoff directed Runoff directed
into village V away from village

W : It is the runoff from the roads and railway that 
overloads the drainage system o f  the village

O: Kiawamagira community, MoPW , KR

E: Goodwill from MoPW and KR, Resources form MoPW and KR, 
Community organisation and unity

Figure 5.2: A root definition and an activity system based on the perspective of farmers to 
ameliorate flooding and damage to the access road m Kiawamagira ISS.
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A system, organised by the Ministry o f  Agriculture (MoA) together with 
fanners in Kiawamagira village to design, implement and maintain proper 
drainage o f farms using resources provided by the ministry and residents 
of Kiawamagira village.

Cl Kiawamagira community 

A :  MoA, Kiawamagira community

Runoff directed Runoff directed away
to access road w from access road

W : Farmers direct runoff from their farms to the access road 
causing damage and flooding in other areas of the village

O: Kiawamagira community

E :  Expertise from MoA, Resources from Kiawamagira community, 
Community organisation and unity, goodwill from farmers

MoA Village committee
Monitor to decide if: 
-runoff to road is reduced 
-Road in good condition

design drainage 
system

Organise and 
obtain resources

Farmers ____________ ^ Tmnlf»ment

fake action

Repair road

Figure 5.3: A root definition and an activity system based on the perspective of a group of 
business people and those with off-farm employment in Kiawamagira IbS.
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A system, organised by the residents o f  Kiawamagira village to reduce the 
negative impacts o f flooding and damage to access road during the rainy 
season using resources available to each of the households in the village.

C l  Kiawamagira community 

A: Kiawamagira community

W : Lack o f  adequate preparation during the rainy season increases 
suffering when the floods come and the access road is damaged 
The village is predisposed to flooding and nothing can be done 
about that

O :  K ia w a m a g ira  c o m m u n ity

E :  Resources available to households, community organisation

Figure 5.4: A root definition and an activity based on 
members collectively referred to as the fatalists.

the perspective of a group of community
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5.3.12. Gitangu water project

According to the participants in the initial village workshop, Gitangu water project was 

initiated as a sell-help project by the community in Ngecha Sublocation, Limuru Division in 

Kiambu district in 1962. The project drew water from Gitangu springs located within Gitangu 

village and pumped it, using an electric pump, to two water reservoirs in the Sublocation -  

one o f  which was in Gitangu village. The project was taken over by the Ministry of Water 

Developm ent in 1965. The latter were the main managers until 1980 when the pump and 

other accessories were vandalized, leading to the collapse of the project. The project was 

then handed back to the community, and a committee, including members from the entire 

Sublocation was selected to revive it. To the time of this study, this had not been successful. 

Figure 5.5 depicts the differing perspectives of various stakeholders on the Gitangu water 

project. The three main perspectives with regard to the course of action were (a) do nothing, 

(b) rehabilitate the project (c) start a new project (to sink a borehole).

DONORS AGENCIES, NGOs 
are not poor-of-the-poor... 

is not our mandate.. do not fund 
community solicited projects

CHANGE
... forget about the project . 
Sink a community borehole.

l THE BLAME
. . the ministry of w ater people are 
to blame. . .they were the ones 
responsible...

TIRED
... we have been cheated countless 
Times ... we are just tired of contributing 
and never seeing results. . .all we get are 
promises.

FATALIST 
... politicians are selfish ... the 
administration ignores us ... those 
who can help us don't care ... we 
are poor... we should not expect 
any better...

POLITICIANS 
difficult people ... expect 

manna from heaven...

ADMINISTRATION
they mismanaged, they are 

ignorant ... do not know how to run a
project...

▼
OPTIMIST

most of the structures still there 
...we can revive the project

LESSON LEARNED
we know better... we are the 

ones responsible .our well 
being in our own hands ....

IGNORANCE 
... we did not know what was 
required of us . that we were 
the ones responsible

MINISTRY OF WATER 
. was working when we pulled out 
. was essentially a community project 

we only provided expertise

.1
r , , . , .  ( t if fo r in u  n e r s o e c t iv e s  on  Gitangu W a ter  project in G itan gufigure 5.5: A rich picture depicting differing p e r s p e c t iv e s  *

village.
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5 3.1.3. Inadequate extension sen/ices in Kiambu District

According to participants in the initial workshops, Government extension agents visited most 

;he villages in Kiambu District and demonstrated modern farming techniques. This became 

less and less beginning from the late eighties and was almost non-existent in the late nineties.

I here were three main perspectives on the causes of this. The first was that the Ministry of 

Vgriculture could no longer afford to finance such activities. The second was that farmers in 

many of the villages are too resistant to the extension agents resulting in disillusionment. The 

third perspective was that the extension system was inefficient, with the extension agents 

spending time doing other things, or providing the services to those villages and communities 

that they favored (Figure 5.6).

IRRELEVANCE -4— 
.. Many of the things they 
teach us are irrelevant or 
not applicable to our 
situation

THE AGE CARD 
. . .some of these people 
are too young to be 
teaching us

RESISTANCE 
many of these farmers 

are too resistant... they 
trivialise many good ideas

OTHER BUSSINESS 
.. extension agents are too 
busy with other things ... 
never make farm visits....

FEEDBACK 
...they do not listen to 
what we have to say ... 
they think they know 
everything

TIRED 
... no transport ... not even 
a bicycle ... too tired to 
achieve much

DEPENDENCY 
... farmers hate it when we 
do not have items to 
distribute for free

DEMONSTRATE 
need to demonstrate. . 

Practical application...

VALUE
... someone told us that 
one day we will pay to 
have these services

THE FRONT LINE 
...we have a resident 
extension agent for each 
location 4

RESOURCE CARD 
.. .we have severe 
budgetary constraints... 
the training and visits are 
expensive

Figure 5.6: A rich picture depicting the perspectives of various stakeholders on the causes of 
inadequate extension services in the District.

5.3.1.4. C o m m u n ity  in e r t ia  in  K ia m b u  D is t r ic t

Participants in the workshop were asked why, given that they were aware of the problems 

facing their village, they had not taken any action. There were two main perspeettves. The 

firs, was that the government was responsible, and that i, deals with issues at „s own
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com enience. The second main perspective was that community leaders were ineffective for 

various reasons, meaning that people tried to resolve problems as individuals (Figure 5.7).

5.3.2. Building consensus and root defin itions

Figure 5.8 shows the change in perspectives of the various stakeholders on the flooding and 

access road problem in Kiawamagira village after viewing the completed rich picture of the 

problem situation. Similar changes in perspectives occurred in all other problem situations in 

which the approach was used. Table 5.2 shows the activities, measures of performance and 

targets negotiated to resolve four o f the problem situations faced by communities in the 6 

ISS. In the situations, communities began the implementation process immediately after the 

first rich pictures were drawn, proceeding based on their action plans. In the case of 

Kiawamagira village, the activities undertaken to repair the access road were followed by 

severe drainage and gully formation, resulting in an even worse road condition. Plate 5.4 

shows the condition o f the road in November 1997, one month after the initial workshops. 

Stones from the nearby quarry were put to fill the gullies, but the runoff was still directed 

towards the village and its access road.

after the initial attempts by the community to repair
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DEPENDENCY
if government has no 

money it can apply to
donors...

IN THEIR HANDS 
... the government will 
do things when it deems 
it fit to do so...

RESPONSIBILITY 
... government 
responsible...

INDIVIDUAL 
... every person should 
carry his own cross...

POVERTY
... too poor to have any 
impact...

COLLECTIVE ACTION 
^  ... a Gikuyu saying...

ength...

IGNORED 
... no one listens to the 
poor. . the poor have no <  
voice

DIFFICULT 
... people are difficult... even 
Moses found it difficult to 
lead the Israelites. . .never 
satisfied

BUSY-BODIES 
^  ... they call us busy-

bodies... fools ...

SWINDLED 
. we contribute money 

towards a cause... 
misappropriated

COLLECTIVE INERTIA 
a Gikuyu saying... only a 

fool will exhaust himself on 
account of public good

IGNORANCE 
. . we do not know much . 
these things are difficult to 
understand...

ACCOUNTABILITY 
... leaders do not like to 
be questioned .. or 
provide information

KNOWLEDGE 
how to conduct our 

affairs... effective 
leadership... management

Figure 5.7: A rich picture depicting perspectives of community leaders in the ISS on the 
inability to act on problems affecting their agroecosystems
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FARMER
"... neeed to be shown 
techniques*

i
conservation

BUSSINESS PEOPLE
■... contribute towards road rehabilitate 
and maintanance"

VILLAGE LEGAL-EAGLE 
... withdraw threatening letter"

VILLAGE ACTIVIST-ENTHUSIAST 
" ... co operate... work together.... 
we can solve the problem ourselves"

RAILWAY ADMINISTRATION 
" ... engineers can provide technkal 
advke on drainage"

ADMINISTRATION
" ... we will facilitate community where 
we are able"

VILLAGE FATALIST F
"land was swampy before we settled 

there is nothing we can do"

SOIL CONSERVATION AGENTS
"...organise soil conservation exercises 
in the village"

PUBLIC WORKS
'... provide equipment.... experts 
.. review the road drakiage patterns"

RAILWAY ENGINEER
"... there are several 
alternatives..."

MZEE NJOROGE _
* ... need to understand the drainage system 
of the area .... the road, railway and neighboring 
village are involved.

SURVEYOR 
" ... stop passing the buck"

Figure 5.8: A rich picture showing changing perspectives of various stakeholders on the 
flooding and access road problem in Kiawamagira village
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T a b le  5 .2  A c t iv i t i e s ,  m e a s u r e s  o f  p e r f o r m a n c e  a n d  t a r g e t s  n e g o t i a t e d  a n d  a g r e e d  u p o n  to  r e s o lv e  f o u r  p r o b l e m  s i t u a t i o n s  f a c e d  b y  c o m m u n i t i e s  in  t h e  6  
e x te n s iv e  v i l la g e s  o f  K i a m b u  D i s t r i c t ,  K e n y a

P ro b le m
s itu a t io n

F lo o d in g  a n d  a c cess  ro a d  
d a m a g e  in  K ia w a m a g ira

G ita n g u  W a te r  P r o je c t I n a d e q u a te  A g r ic u l tu r a l  
e x te n s io n  s e rv ic e

C o m m u n ity  in e r t i a  in  K ia m b u  
D is t r ic t

Transformation Reduce soil erosion, flooding and 
access road damage

Provide clean, potable water to 
households in Gitangu village

Make extension services 
accessible and gainful to the 
communities

Empower communities to solve 
their problems

Process Create a drainage system Rehabilitate Gitangu Water 
Project

Create a cost sharing and feedback 
system

Increase the communities’ 
capacity for collection action

Owners and 
actors

Kiawamagira community 
Railway 
Public Works 
Ministry of Agriculture

Gitangu community Communities
Government extension staff

Communities 
AESH project

Activities Elect a committee 
Study drainage pattern 
Design methods to reduce 
flooding 
Look for funds 
Build drainage system 
Put gravel on road 
Maintain the drainage system

Elect a committee 
Obtain water permit and title for 
the Gitangu springs 
Look for funds 
Purchase pump and reconnect 
electricity supply 
Rehabilitate the piping system 
Build water Kiosks

Make schedules of topics to be 
covered
Discuss with Extension staff on
the calendar schedule and
materials required
Decide on a cost-sharing scheme
Have workshops
Provide feedback at end of
workshop

Elect committees 
Have leadership training 
workshops
Hold regular participatory 
meetings
Continuous monitoring and 
evaluation of projects 
Feedback by leaders to 
communities
Feedback by community to leaders

Measures of 
performance and 
their ranges

Gully formation [none, Many new 
ones]
Gully progression [reversed, 
increasing depth and head] 
Frequency of flooding [l/5years, 
twice/year]
Status of road [Very good, 
Impassable]

Average distance to water source 
[<200M, > 1 km]
Average expenditure on 
water/day/household [<20 sh, 
>200 sh]

Number of extension workshops 
held/year [none, >12]

Number of meetings/year [none, 
>12]
Attendance (% of households) [10, 
>90)

Targets No new gullies
Reverse progression of new ones 
Flooding less than 1 every 5 years 
Road passable through-out the 
year

Water source less than 200m for 
each household in village 
Average expenditure on water per 
day/household < 20 sh

Extension workshop once every 
month

Participatory meeting once every 
month
Minimum attendance by 80% of 
households
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5.3.3. Implementation, monitoring and evaluation

In Kiawamagira village, negotiations were carried out with the Kenya Railway and with the 

Ministry of Public Works in Kiambu. Both pledged material support as well as expertise as 

requested. The community was to raise the initial funds to start the work. The AESH project 

provided an engineer who designed a drainage system. Ministry of Agriculture provided staff 

and support in the management o f soil erosion and gullies. The implementation of the 

drainage system has not yet been implemented. This was attributed to inability to raise the 

required funds, the death o f two o f the key committee members and the emigration of the 

committee chairman. Attempts to raise funds and implement the project are still going on. 

Plate 5.5 shows the success of the soil conservation measures on one of the gullies in the 
village.

In Gitangu village, the community raised 800,000 Kenya shillings and purchased a new 

pump. They obtained further financial support from Plan International to purchase a booster 

pump, build a bigger tank and rehabilitate the piping system. Water kiosks are being built at 

strategic points in the village, while plans are under way to purchase water meters and to 

provide piped water to most homesteads. Plate 5.6 shows community members preparing the 

site for the new water tank. In the background is the old water tank that was to be 

rehabilitated and used as the treatment unit for the new water supply system. Plate 5.7 shows 

work being carried out to rehabilitate the piping system.

Communities in all the six villages organized meetings with extension agents to discuss 

various topics. In most o f the cases, the meetings were organized and funded by the 

communities but in some cases, the initiative came from the extension agents following the 

presentation of community action plans to the divisional extension staff. In all cases, topics to 

be covered were selected in consultation with the communities. Plate 5.8 shows an extension 

agent demonstrating the use o f various energy saving devices in Kiawamagira village.

Plate 5.9 shows a group of leaders from the six ISS at the end of a 6-day residential training 

workshop on leadership and community mobilization together with some members of the 

AESH multidisciplinary team. At this workshop, leaders developed the inter-village 

monitoring and evaluation program. Plate 5.10 shows an inter-village evaluation meeting in 

Githima village. Included in this meeting were officials of the International Institute for Rural

Reconstruction (IIRK) as observers.
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Plate 5.5: A picture showing a healing gully in Kiawamagira ISS after community intervention 
with assistance from the Ministry of Agriculture, Kiambu District, Kenya, January 1999.

Plate 5.6: A picture showing the old water tank and the preparation of the site for the new water 
tank in Gitangu ISS, Kiambu District, Kenya, June 2000.
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Plate 5.7: A picture showing work being carried out to rehabilitate the piping system of Gitangu 
Water Project, Kiambu District, Kenya, June 2000.

Plate 5.8: An extension agent from Kikuyu Division demounting the use of various energy 
saving devices during a workshop in Kiawamagira ISS, Kiambu Distnct, Kenya, June 1998.
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Plate 5.9: Community leaders from ISS and some Research team members at the end of a six- 
day residential training workshop on community leadership and mobilization together, 
Waruhiu Farmers Training Institute, Kiambu District, Kenya, May 1998.

te 5.10: Members of the AESH village committees .run. a.. .... ■'— "■■■a
inter-village evaluation meeting together with officials of the nternat.onal Institute of Rural
instruction (IIRR), Githima ISS, Kiambu District, Kenya, May 2000.
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5.4. Discussion

5.4.1. Soft-system models

I he rich pictures were instrumental in helping communities to see the different perspectives 

that existed on a problem situation. In many cases, they elicited laughter, and a softening of 

stance by the various protagonists. By creating root definitions based on the various 

perspectives, researchers were able to make communities focus on the strength and weakness 

of each perspective, thereby generating an opportunity for synthesis, negotiation and 
compromise.

The main difficulty with the process is that it took time to build the rich pictures and root 

definitions, while the communities preferred to start with the implementation process almost 

immediately after the initial village workshops. Many of these attempts resulted in failure and 

frustration on their part. How the process can be incorporated into the initial process is worth 

considering, in order to guide communities towards activities that are more likely to succeed. 

In the context of action-research, initial failures can be viewed as learning experiences 

resulting in creation o f local theory on project implementation. However, where resources are 

limited and the communities capacity for collective action is weak, it is likely that initial 

failure may result in further degeneration into community inertia. In Kiawamagira village, 

initial rehabilitation was followed by massive gullies along the access road, but the 

communities were not deterred from trying. They recognized that they had not assessed the 

situation adequately and hence the failure. In Thiririka, attempts were made to develop a 

water project from a natural spring in the village. It was found that this spring could only 

have an output o f not more than 80 litres o f water in a day. This dis-heartened the community 

to the point that only nominal attempts have been made to implement most other activities in 

their action plans.

5.4.2. Collective action, action-research and SSM

While the soft systems approach was instrumental in generating syntheses and/or negotiated 

goals and objectives, there is need for further evaluation on whether these lead to more 

sustainable project implementation, and enhanced collective action. Initial indication is that
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this is the case. It may also be that public debate about various viewpoints generates a need to 

present a consensus while the actual positions are largely unchanged. These would arise later 

in the form of leadership wrangles or lack o f participation by some groups in the community. 

When linked with action-research, the approach provides opportunities for review and 

remediation.

By listing out the activities, the expected transformation, the measures of performance and 

the targets, this approach provides a means for evaluating progress. Iterative steps of 

implementation, monitoring and reflection allow for short-term planning towards medium 

term and long-term goals. Activities can be reviewed in the face of changing circumstances 

such as new opportunities, new knowledge or lack of resources.
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Chapter 6

Developm ent o f health and sustainability indicators fo r a 
tropical-highlands agroecosystem

6.1. Introduction

I Ascribing agroecosystems, assessing their sustainability and health, and assessing progress 

towards community goals and objectives has become of great interest to researchers, 

development agents and communities. The agroecosystem health approach proposes that 

these descriptions and assessments can be achieved using a group of carefully chosen 

indicators (Rapport and Regier, 1980; Gosselin et al., 1991; Lightfoot and Noble, 1992; 

Rapport, 1992; National Research council, 1993; Cairns et al., 1993; Izac and Swift, 1994; 

Winograd, 1994, Dumanski, 1994; Rapport et al., 1985; Ayres, 1996; Smit et al., 1998;). 

There are numerous definitions o f what constitutes an indicator (Boyle, 1998). Gallopin 

(1994a) and Smit et al. (1998) describe indicators as measurements that can be taken for a 

given complex phenomenon to document how it changes over time, how it varies across 

space, and how it responds to external factors. In terms of an agroecosystem, an indicator has 

been defined as a measurable feature that singly - or in combination with others - provides 

managerially or scientifically useful evidence o f ecosystem status (CCME, 1996) relative to a 

predefined set of goals.

Selection of indicators is complicated by two main difficulties. First, the list of potential 

indicators varies from one agroecosystem to another as well as among levels in an 

agroecological hierarchy. The second difficulty is that there are virtually an infinite number 

of measurable parameters at each hierarchical level of an agroecosystem (Schaeffer et al., 

1988). There are, however, some important guidelines in the selection of agroecosystem 

indicators. A systems approach should be taken in order to select a comprehensive set of 

measures. In addition, the choice of indicators must be explicitly guided by societal issues 

and values (Kay, 1993) that give meaning to the description or assessment process. This 

ensures that selected indicators are practically useful in terms of decision-making, setting 

policy guidelines or scientific research. It can be argued that some non-quantifiable 

indicators provide more important information than more objective ones (Harrington, 1992).



But if the objectives are to assess the direction and/or magnitude o f change in the status of 

agroecosystems, to compare one system with another or to assess the potential impact of 

l anous strategies and management options, then indicators must be amenable to an objective 

assessment. Selection o f  indicators must also be tempered by practicality and the cost of 
measurement in terms o f  time and money.

The Canadian Council o f  Ministers o f Environment (CCME, 1996) proposes a framework 

through which a suite o f health and sustainability indicators can be developed. First, a 

systemic description o f  the ecosystem under review is developed using a variety of methods 

including participatory approaches. Essential components of a systemic description of an 

agroecosystem are goals and objectives o f  the human communities living in them, and a 

definition of what constitutes health for that agroecosystem. Indicators are then selected 

based on identified health attributes, community goals, objectives and values and guided by a 
list of desired qualities for an indicator.

Under this scheme, categories o f measures that reflect the goals and values of the system are 

generated. Within each category, measures for which data can be practically obtained are 

identified as potential indicators. The choice o f a measure into an initial list of indicators 

depends on its desired qualities as an indicator. Such qualities include: validity — which is the 

degree to which an indicator reflects changes in the system (Dumanski, 1994); cost- 

effectiveness, timeliness, sensitivity, and ease of measurement (CCME, 1996; Smit et al., 

1998). Casley and Lury (1982) listed five considerations when selecting indicators. (1) Can it 

be unambiguously defined in the conditions prevailing? (2) Can it be accurately measured in 

the conditions prevailing and at an acceptable cost? (3) When measured, does it indicate the 

state of the agroecosystem in a specific and precise manner? (4) Is it an unbiased measure of 

the value of interest? (5) When viewed as one of a set of indicators to be measured, does it 

contribute uniquely to explaining the variation in health and sustainability?

Initially, a large number of variables meeting these criteria may be included in the list of 

indicators. However, many o f the variables initially selected are unlikely to provide important 

additional information relative to other variables in the group. Thus, statistical and 

mathematical methods to develop useful subsets of indicators can be very helpful in 

developing suites o f  indicators that optimize parsimony and information provided. Such 

methods include principle components analysis and multiple correspondence analysis 

(MCA). This chapter describes how a group of indicators o f agroecosystem health and
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sustainability was developed for use in a tropical-highlands agroecosystem, and an evaluation 
of their practicality and application.

6.2. Process and methods

The objective was to develop a suite of indicators suitable for use by researchers, policy­

makers and communities to assess the health and sustainability of the Kiambu 

agroecosystem. Two broad approaches were used. The first involved a participatory process 

involving communities in the agroecosystem. Indicators developed in this process were 

referred to as community-driven indicators. The second approach derived lists of potential 

indicators from the stated agroecosystem problems, needs, objectives and goals, and from 

suggestions - by a multidisciplinary team o f experts - of variables that they felt were 

important. These were referred to as researcher-proposed indicators. Figure 6.1 is a 

conceptual framework o f the process used in this study to develop suites of agroecosystem 

health and sustainability indicators.

6.2.1. Development of community-driven indicators

The rationale for developing community-driven indicators was that communities must assess 

their own agroecosystems for the process to be sustainable. However, indicators selected by 

researchers may not be practical for use by the communities. Communities in the six 

intensive study sites were facilitated to develop a suite of indicators that they would use to 

monitor the health and sustainability o f their agroecosystems. These indicators were 

developed in three-day workshops held in each of the six intensive villages in July to August 

1998. Gender- and age-specific focus- group discussions were used in conjunction with pair­

wise ranking and trend-analysis to identify health attributes of most concern to the residents, 

list potential indicators and then refine the list to a parsimonious suite. The sequence of 

participatory tools used in these workshops and their objectives and expected outputs is 

shown in Table 6.1. Details o f the specific tools used are provided in Chapter 2.
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P a r t i c i p a to r y  w o r k s h o p s  |

Key
Blue = C om m unity-driven processes; B lack  = Predominantly researcher-driven processes; Red = 
Participatory p rocesses

Figure 6.1: Flow  c h a r t  sho w in g  th e  a p p ro a c h e s  in w hich  in d ic a to rs  of agroecosystem  health and 
sustainability w ere  d ev e lo p ed

After explaining the objectives o f the workshop and seeking the communities consent, the 

concepts of indicators, monitoring and evaluation were introduced through focus group 

discussions. To introduce the concept ol indicators, participants were asked to reflect on their 

stated agroecosystem goals as well as their concerns and/oi problems and to find things that 

they would measure to find out if  there was an improvement or not. I Iealth was equated to the 

GTkfiyu term "ugima" which is used interchangeably to mean unity, maturity, and wholeness. 

It is also used with reference to a human being to mean either a mature, well-rounded person 

or a healthy (broadly defined) person.
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Participants were asked to describe their vision o f a hea.thy vil.age. They were then asked to 

iist the likely negative consequences of current activities, processes and/or states in the 

village that threaten this vision. Discussion on what could be done to increase the chances of 

realizing the vision o f  a healthy village followed, with the facilitators introducing an 

individual's health as an analogy. Once the participants agreed on the value of self- 

assessment, focus group discussions were initiated to discuss (a) what indicators (“ithimi”) 

are, (b) why indicators are useful, (c) which ones would be most relevant for the particular 

village, (e) how empirical measurements (“guthima”) would be carried out and (f) how this 
information would be used.

Table 6.1: Sequencing of learning tools used to generate community-driven health and 
sustainability indicators.

Tool Objectives Output
1. Introduction & ice­
breakers

Develop rapport
Explain workshop objectives

Workshop logistics (venue, meals, 
schedule)

List of participants by gender 
Workshop logistics

2. Focus groups.
Topic: “monitoring and 
evaluation”

Introduce concepts (monitoring, evaluation and 
indicators)

Definitions of “monitoring” and 
“evaluation”
Understanding of indicators

3. Focus groups.
Topic: “ecosystem health”

Introduce concept (ecosystem health) 
Describe a hypothetical healthy ecosystem 
Define agroecosystem health

Understanding of ecosystem 
health
Identification of some health 
attributes

4. Group presentations Identify disparities among groups on the 
definition and conceptualization o f ecosystem 
health

Understanding of ecosystem 
health

5. Listing ecosystem 
health attributes

Identify ecosystem health attributes Lists of attributes

6. Pair-wise scoring matrix Rank attributes based on their role in 
determining ecosystem health

Rank matrix of attributes

7. Focus groups. 
Topic: “indicators of 
ecosystem health

Identify potential indicators for selected health 
attributes

Lists of potential indicators

8. Group presentations and 
scoring matrices

Assess selected indicators in terms o f validity, 
ease o f measurement and usefulness

Refined lists of health indicators

9. Planning for ecosystem 
health monitoring

Identify resources and people to cany out 
ecosystem health monitoring using selected 
indicators

Itinerary of an ecosystem health 
monitoring activity

Each group presented their conclusions to a joint forum and further discussion was 

encouraged. Disparities and points of agreement among groups were noted. Participants were 

then asked to list those attributes that they felt were the most essential elements of 

agroecosystem health. Pair-wise scoring was used to rank attributes in term of importance. 

Focus groups were then reconstituted and each asked to list potential indicators for the 10 

most important health attributes identified. Communities were encouraged to consider both 

the practicality o f measuring a given indicator and its validity.
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6.2 .2 . Development o f researcher-proposed Indicators

The researcher-proposed indicators were based on the descriptions provided by the 

communities through the participatory process, their stated goals and objectives, and the 

attributes they considered to be most influential to agroecosystem health and sustainability 

and depicted in cognitive maps. The initial list o f potential research-proposed indicators was 

arrived at using two different methods. The first method was where lists of potential 

indicators were generated from the cognitive maps and community goals. A potential 

indicator was a measure that would reflect an important change in the potential of the system 

to meet a stated goal, or one that reflects an important change in a problem-situation. An 

initial list of potential indicators was generated combining all the goals and concerns from the 
six study sites.

The second method o f  generating potential indicators was through suggestions by experts 

from various disciplines. In this process, the descriptions provided by the communities 

through the participatory process as well as the initial list of potential indicators derived from 

agroecosystem problems and goals was provided to a team of experts consisting of social 

scientists, veterinarians, agriculturalists, engineers and medical professionals among others. 

The experts then proposed additional indicators which, they felt, would provide important 

additional information to that provided by variables in the initial list.

Indicators were selected from the list o f potential indicators based on: (1) validity, (2) 

feasibility, (3) parsimony, (4) time-scales in which changes are reflected, (5) holarchical 

scales at which measurements can be taken, and (6) ease of interpretation. Validity was 

defined as how well a variable reflects changes of the attribute it is intended to measure. 

Feasibility was defined as the practicality of measurement (technical feasibility) and the cost 

(in terms of time and other resources) o f  measuring a given variable (economic feasibility). 

The principle of parsimony was included as a criterion because some variables provided 

information on more than one attribute. Parsimony was where some variables were excluded 

for the suite without any significant loss in amount and quality of information supplied by the 

indicators. Those variables that were not feasible to measure at the targeted holarchical scales 

were not included. In addition, indicators were categorized based on the scale at which they 

can be measured and/or interpreted.

In the initial suite o f indicators, validity, feasibility and parsimony were assessed 

qualitatively. The time- and holarchical- scales were based on the target time-scales and
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holarchical-levels on the entire health and sustainability assessment. Ease of interpretation 

was assessed by listing all the likely outeomes for a particular variable (if discrete) or a range 

nf continuous) and stating what the conclusions would be for each likely outcome or extreme

in a range. If the conclusions were equivocal, then an indicator was considered unsatisfactory 
in terms of interpretation.

6.2.3. Indicator m easurem ents

6.2.3.1. Com m unity-driven ind ica tors

Measurement of community-driven indicators was community-based, and in the form of a 

participatory monitoring and evaluation. This was based on the assumption that such an 

assessment provides stakeholders with information that is crucial to the successful 

management of the agroecosystem. In each of the six intensive villages, indicators were 

divided into 8 to 10 sets (each with 4 to 6 indicators). Groups of 8 to 10 community members 

were then formed and each was assigned a set of indicators to measure (guthima). The village 

agroecosystem health committee was assigned the coordinating role. Regular (twice a weeek) 

group meetings were scheduled for a period of one month for this purpose. A village 

participatory workshop was held at the end of this period where analyses of the information 

gathered were conducted.

6.2.3.2. Researcher-proposed indicators

An initial empirical assessment was made using the initial suite of indicators. Indicators were 

categorized based on the methods (questionnaire, laboratory tests on samples, participatory 

methods) to be used for its measurement and the scale at which it would be measured (village 

or land-use units). For indicators to be measured using a questionnaire, a relational database 

was created using a Microsoft Access. Indicators to be measured using a questionnaire were 

entered in a table which was linked to a set of tables that contained the questions, their 

choices (if structured) and the data categorized by level. The questionnaire was generated 

from the tables using filters and sorting procedures to prevent duplication of questions and 

information, and to provide a logical flow. Three teams of two people each (from the research 

team) were trained on the questionnaire and its objectives to enable them to administer the 

questionnaire. The questionnaire was pre-tested on a random sample of farms (4 in each 

village) and changes made based on the recommendations o f the teams and the interviewees.
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For measurement at the land-use level, twenty land-use units were selected from each of the 

six study sites. The units were selected at random from a list o f all the land-use units in the 

village. Owners were contacted and requested for permission to participate in the study.

Dates and times for the interviews were set based on the availability of the interviewees. The 

allocation of interviewees to each o f the 3 teams of interviewers was randomized. For land- 

use level indicators that required laboratory testing, samples (water and soil) were obtained 

from the same units in which the questionnaire was applied. Participatory methods used to 

measure some of the indicators at village level are similar to those described in Chapter 3.

6.2.4. Refining researcher proposed indicators

MCA was carried out using the PROC CORRESP of SAS statistical software (SAS Institute 

Inc., SAS Campus Drive, Cary, NC 27513). A dimension with a significant chi-square value 

was interpreted as an attribute o f farms/homesteads, which - if  measured - would explain a 

significant amount o f  variation among them. Clusters of factor-levels on either extreme of a 

dimension were examined to enable researchers to ascribe a physical-world term to the 

attribute represented by a dimension (“reification”). Only variables whose factor levels 

contributed a significant amount o f variation were included in the refined list of indicators. 

The refined set o f indicators was used — in conjunction with the community-driven set — in 

subsequent assessments of the agroecosystem.

6.3. Results

6.3.1. Community-driven indicators

The concepts of health and indicators as applied to agroecosystem were understood and 

adopted by the communities. Communities accepted the notion of using indicators to assess 

their agroecosystem. Descriptions given during the indicators-workshops indicate a common 

vision of a healthy community across the six villages. A retired teacher, whose only source of 

livelihood now is a small-scale farm in Gitangu village, aptly captures this vis.on:
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" r ?  T f t  '‘“I ”1  r i * * ?  ™ nagemen, * *  ̂  run ourfarm s mould uso
nmplo technologies to reduce the drudgery inform ing and d a ijB fe. Although farm  dyes mar

/’that'yields would ̂ b fm u ch fh igh erth ^ th fcu n ^ T Y ri faCnin8 ^  rush■ s a J , ;  . g  We curnnL Yet the negative impacts on the soil common
in our farms today would he minimal.

People's dependence on government's support mould he minimal. W e mould have enough knom- 
hom and resources to obtain services either as a group or privately. We mould have enough 
management sk ills to run our own community projects effectively.

Poverty is the greatest enemy in one's life (his translation) and the only way to deal with 
it is through knowledge and hard work. ... B ut an individual!s prosperity is meaningful only if  
the people around him are also prospering. While one p>erson seeks to provide me with enough, 
clean water, I  in  turn would seek to provide others with a wholesome food-crop and a t a  fa ir  
price. The other fterson provides us with transport and so forth so that each ones' needs are met 
in the best way possible.

... Our children would excel in a ll th ty do because th y  would be well fed and healthy. They 
would realise their fu ll potential in a ll th y  do because th y  would have a secure livelihood to 
retire to in their old age. "

Communities gave varied answers to the question: "How would one tell if this village is 

getting healthier?” Reduction in poverty, increasing wealth and increasing human health were 

some of the criteria given by some of the participants in some villages. In five o f the six 

villages no consensus was obtained on this issue. The workshop in Gitangu village, the first 

indicators-workshop to be held, was the only one to reach an autonomous consensus. The 

debate was as follows:

Participant l i l n n t y  group, we agreed on how we could tell i f  our village is becoming healthier. 
We agreed that i f  we have plans as a  community, and those plans are being implemented 

properly, then our village is headed towards a more healthy status.

Participant 2: B ut even thieves and conspirators have plans and th y  succeed.... sometimes 

more often than not.

Participants 1. B ut their actions are harmful. Everybody can see that!

xtiapant 3. I t  is not easy to detect negative effects o f some of our actions When you  art 
'rivaling i t  is  a  good tiring because yo u  get a harvest. But qu it, impercepttbh,your sod keeps 
'eriorating. Some of i t  is  slowly carried away by runoff. You m il not know unit! many years 
er. In any case, people are likely to complain even mhen agood dung ,s A  gpod
ample is  when a  doctor prescribes an injection fo r  you r ch id  You the h id
dyou know it  is  a.good thing. B u t th a t does not stop the ch id  from complmnmg. D oes,!?

Participants. O f course not! The child will cry.
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‘hink hd"g aW<m 0f the con«q«'nao f our plans and actions and bring ready 
to deal with them is  a  very important component o f the health process.

Participants- T hat is veiy true.

This description was offered to participants in all the workshops and a supplemental question: 

"how can we determine the consequences o f plans and actions" was asked. Participants used 

the terms kuona mbere , Guikia maitho kabere" and "Guthima" to describe the processes. 

The first two terms translate roughly to projection into the future or prediction, (direct 

translation: "seeing into the future" and "throwing eyes ahead"). The third term translates to 

measuring or monitoring" and is also used to refer to the procedures that are carried out 

before a doctor makes a diagnosis. The following excerpts from the village workshops 

illustrate the context in which these terms were used and the communities' understanding of 
indicators.

"We need to know  - and prepare fo r  - the consequences o f our actions by projecting into the 
future [Guikia maitho Kabere]. F or example, i f  we were to continue with our current rate of 
land subdivision we better start learning how to make storied buildings...."

" ...in  the history o f this village [Gitangu] [there isp7 record o f what we are talking about. 
During the 1956  land demarcation, our forefathers had seen into th cfu tm  [Kuona mbere]. 
O f their own consideration, th y  decided to spare some land fo r a cemeteiy in the village. There 
were no daily cattle then and no one in the village had the need fo r  a dip, but th y  spared some 
land fo r a  dip. T h y  had no teachers and only a few  of them sent children to school. But th y  
spared some land fo r  a school None o f them were buried in the cemetey and the cattle dip was 
never built u n til 15 years ago. Today, there is no one in this villa# who has not benefited 
directly or indirectly from  theirforesight. We wish to do the same fo r  our future and the future of 
generations to come. We need to am i [guthima] the effects o f our actions today to make better

decisions fo r  the fu ture."

The process o f indicator measurement was therefore referred to as "guthima” and indicators 

’ithimi". The value that an indicator takes correctly fitted the term "gTthimo". These terms are 

used in similar contexts in reference to human health and were therefore assumed to be 
readily understandable by most people in the villages. Participants were then asked to make 

lists of indicators that they would use to assess specified agroecosystem attributes. These 

attributes were (a) soil fertility and farm productivity; (b) pests and diseases; (c)
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environmental quality; (d) incomes, savings, investments and employment; (e) lifestyle; (f) 

leadership and community-action; (g) knowledge, information and education; (h) markets and 

marketing (i) equity. Table 6.2 gives a summary of indicators selected for each village.
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T a b le  6.2: V illage-level c o m m u n ity -b a se d  a g ro e co sy stem  h e a lth  in d ic a to rs , K ia m b u  d is tr ic t ,  K e n y a , J u n e  1998.

Attribute Vlahindi Kiawamagira Gitangu
Lifestyle 1) Number of people with proper personal hygiene

2) Types of diets (3) Dress habits
(1) Farming techniques - new vs old (2) Types of 
houses

(1) Personal hygiene (2) Types of crops and livestock 
(3) Time usage

Social ] 
organization !

dumber of completed community projects 
dumber of people attending meetings

Frequency of meetings
Number of community plans executed
Number of people gainfully employed

Number and severity of needs in the community 
Number of needs met over the past one year

Equity Distribution of work by age and gender Meeting attendance by age and gender 
Distribution of chores, household incomes 
Unfair cultural practices

Distribution of leadership positions by gender and age

quality of 
environment

Distance to water 
Coloration of water 
Smell of water

Frequency of water-borne diseases 
Air quality (bad odors)
Personal and homestead hygiene 
Garbage dumps in public places (road, river)

Types of chemicals used on farm 
Storage of chemicals in homestead 
Disposal o f containers

Soil fertility Colour of soil 
Types of weeds

Quantity of harvest 
Soil color and texture 
Types of weeds

Soil erosion measures by farms 
Number of livestock per farm 
Quantity o f harvest taken to market

Farm productivity Number of homesteads with granaries 
Expected yields of crops

Types and quantity of foods bought from market Quantity of produce sold sold vs purchases

Pests and diseases Number of hospital visits 
Number of livestock deaths

Human mortality 
Human morbidity

Human morbidity

Markets Location of nearest market
Quantity of farm produce going to market

Variety of goods available in the shopping center Variety of goods in the market

Savings /wealth Types of houses
Number of livestock per homestead

Number of cattle per homestead Increasing or decreasing needs in homesteads

Knowledge Types of skills Farming techniques 
Behavior of youth and children

Knowledge of current affairs 
Frequency of extension visits

Infrastructure Distance to primary schools 
Status of access road

Status of schools, medical facilities and roads
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T ab le  6.2 co n tin u ed

Attribute Gikabu-na-buti Thiririka Githima
Lifestyle types of crops planted 

/ariety of items in the market 
rypes of buildings
dumber of people working outside village

Types of houses
Types of crops and livestock
Food habits

Food habits 
Types of crops 
Types of employment 
Types o f houses

Social
organization

dumber of community projects in the village 
ittendance to meetings 
frequency of conflicts in the village 
fequency of social contacts between households

Number of community projects completed 
Frequency of meetings and attendance 
Frequency of interactions between households

Frequency o f meetings in the village 
Number o f projects completed

Equity Proportion of female leaders 
Distribution of farming labor by gender 
Distribution of farming resources by age

Proportion of female leaders 
Youth unemployment

Ownership of resources by gender and age 
Attendance of meetings by gender and age 
Distribution of chores by gender and age

quality of 
environment

Water quality 
Presence of fish in river

Disposal of agrochemical & related materials 
Location and use of toilets 
location of wells

Frequency of diseases associated with poor 
environment

Soil fertility Crop yields 
Number of livestock 
Number of trees (tree cover)

Remnant of plant materials in the soil 
Crop Yields

Types of weeds growing 
Gully formation 
Yellowing of crops

Farm productivity Quantities of produce taken to market 
Types and quantities of purchases

Milk yield 
Kale yields per acre

Yield per acre
Causes of low productivity

Pests and diseases Livestock mortality and morbidity 
Human morbidity and mortality

Human morbidity and mortality 
livestock morbidity and mortality 
Number of school days missed due to illness 
Frequency of diseases affecting kale

Types and frequency of human diseases 
Causes of human morbidity

Markets Number and location of outlets for produce Number and location of outlets for produce Demand versus supply of produce (price) 
Access to markets

Savings /wealth Permanent houses 
Number of tea bushes

Number of children not going to school due to lack of 
school fees

Tea bushes 
Coffee bushes

Knowledge Farming techniques
number of schools and attendance
attendance to hospitals

Frequency of extension meetings Farming techniques
dumber of people with technical skills

Infrastructure Types of buildings Quality of access road 
Type of buildings
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6.3.2. Researcher-proposed indicators

The measured attribute, the categories and the number of researcher-proposed indicators in 

each of the three domains are shown in Table 6.3. Most of the categories in the social domain 

had no indicators mainly due lack o f conceptually valid measures of the attributes as well as 

difficulties in measurement. For the biophysical and economic attributes with no indicators, 

the main reason was the cost and difficulty o f measuring them. Researcher proposed 

indicators were divided into two sets based on the level of the agroecosystem holarchy at 

which they were to be applied. The first set consisted of measures to be applied at the land- 

use unit level (LUU) while the other was to be applied at the study-site level (SSL).
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Table 6J: Attributes, categories and number of researcher 
sustainability of the Kiambu agroecosystem. -proposed indicators of health and

Attribute C a te g o ry LUU16 SS17

B
io

ph
ys

ic
al

Biophysical
efficiency

Allocative 10 10
Technical 5 5

Environmental
quality

Chemical pollution 1 2
Rainfall nil 1
Tree cover nil 1

Pests, diseases 
& health

Animal 1 1
Crops 1 1
Demographics nil 2
Health & nutrition 5 1
Human 3 3

Soil fertility Chemical 1 nil
Physical nil 1

Water Availability 2 2
Quality 1 1

E
co

no
m

ic

Capital Credit nil 1
Investments 8 7

Farm
efficiency

Inputs 3 nil
Outputs 3 3
Profitability 1 1

Income
Amount 2 2
Non-farm 1 1
Savings 1 1

Infrastructure Accessibility 1 nil
Condition nil nil

A ttr ib u te Category LUU SS
Aspirations Achievements nil nil

General goals nil nil
Satisfaction 1 nil
Education 2 nil
Health nil nil

Attitudes Professions nil nil
Wealth nil nil
Work nil nil
Control 1 nil

Equity Ownership 1 nil
Roles nil nil
Social values nil nil
Formal 1 1

Knowledge Informal 1 1
and Innovativeness nil nil
information Sources 2 3

Technology nil nil
Contacts 1 1

Linkages Familial ties 2 2
Out-migration nil nil
Family structure nil nil
Leadership nil nil

Organization Organizations 1 1
Reciprocity 1 nil
Social control nil nil
Farm enterprises 2 nil

Preferences
Food 1 nil
Leisure nil nil
Occupations 1 1
Behavioral nil nil

Values Wealth related nil nil
Well-being nil nil

15 Number of Land-use-unit-level indicators
17 Number of study-site-level indicators
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Table 6.4: Researcher-proposed LUU-leve. indicator* of health and sustainability

Classificat ion Indicator
!• Off-farm employment rate18

Acronym
OffFarm

2. Head o f  cattle/available labor CattleLabor

Allocative
3. Available labor per acre AcreLabor

Biophysical 4. Heads o f cattle per acre CattleAcre
efficiency 5. Proportion o f land under indicator crops19 Land

6. Proportion of farmland rented PropRent
7. Napier production Napier

Technical 8. Per acre yield of indicator crops2 Yield
9. Milk yield /cow/day MilkYield

i
Environmental
quality Chemical 10. Expenditure on agrochemicals AgChemExp

V
MCA Animal 11. Morbidity in cattle CattleMorbidity
£ Crops 12. Occurrence of plant diseases PlantDcz
Oh0 13. Recorded CHC20 visits per child HealthVisits
MCQ Health and 

nutrition

14. Prop children with health cards HealthCards
Pests, diseases & 15. Recorded vaccination events/child Vaccinations
health 16. Annual expenditure on health HealthExp

17. Weight-age ratio o f children WeightAge
18. Hospital visits/person/ month Hosp Visits

Human 19. Hospital izations/person/year Hospitalized
20. Sick days/person/month SickDays

Soil fertility Chemical 21. Soil fertility score Soil

Availability 22. Distance to water source WaterDist
Water 23. Monthly expenditure on water WtrExpend

Quality 24. Coliform counts Coliforms
25. Coffee production Coffee
26. Tea production Tea
27. Proportion of farmland owned21 PropOwn

Capital Investments 28. Heads o f cattle Cattle
29. Number of Sheep and goats Shoats
31. Total acreage o f farmland22 AreaAgric

u
so

32. Proportion of indicator resources owned Resources
33. Income/inputs for nonfood crops CBRCashCrop

zr\ Inputs 34. Income/inputs for food crops CBRFoodCrop
uw Farm efficiency

35. Income/inputs for livestock CBRLivst

Outputs
36. Income per acre of nonfood crop IncPACC

37. Income per acre of food crop IncPAFC

Profitability 38. Profitability23 24 Profitability

Income 39 Per capita farm income2'’ PerCapt
Amount 40 Average wage per employed person Wage

Non-farm 30 Proportion of income that is non-farm NonFarm

"Number of adults with off-farm employment over total number of persons in land-use unit (LUU)
19 Maize, Beans, Potatoes, Kale

21 Aereagefor wh ich a title deed exists over total acreag e  used by members of the LUU
22 Total acreage used by LUU members for farming and dwelling
23 Total cash income minus total cash expenditure on farm ent^ P ^ ^  i y y
24 Total cash income from farm enterprises over the total number o f persons m LUU
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S
O

C
IA

L

Classification
Savings 41. Ownership of a bank account

Indicator
BankAccount

Acronym

Infrastructure
Aspirations

Accessibility
Satisfaction

42. Infrastructure within walking distance Access
43. Farm productivity score pro d S co re

Attitudes Education
Education

44. School-dropout rate2
45. Annual expenditure on education

DropOuts
EdnExpend

Equity Control 46. Female control of indicator resources25 26 GenderCtrl
Ownership 47. Female ownership of indicator resources27

48. Prop adults with post-primary education
J.Q P>rA nnrm /'\/ /»lon m o o f in o c

G en d erO w n

Knowledge and 
information

Formal Education
Informal 49. Frequency of clan meetings ClanMeet
Sources 50. Extension contact E xtension

Contacts
Linkages

51. Frequency of visits to friends VisitsF

Organization

Familial ties 52. Frequency of visits to relatives VisitsR
53. Proportion of family28 29 30 living outside village OutRel

Organizations 54. Membership to CBOs Membership
Reciprocity 55. Frequency of exchanges Reciprocity

Preferences
Farm
enterprises

56. Prop of common foods produced in LUU FoodPdcC
57. Prop of traditional foods produced in LUU FoodPdcT

Food 58. Proportion of traditional foods eaten FoodEatT

. . w ,o vears of age over total number of persons in LUU
25 Number o f  non-school-go ing  persons females
26 Proportion of indicator resources controHed byfe
27 Proportion of indicator resources owned by males
28 Nuclear family members only
29 Community-based organisations LUU
30 Exchange of material and service gifts (rtega) am g 174



A list of researcher-proposed LUU-level indicators is shown in Table 6.4. For profitability 

and cost scores, indicator crops were coffee, tea, maize, kale, beans and potatoes. For the 

preference scores, indicator common foods were maize, beans, peas, kale, carrots, and Irish 

potatoes. Indicator traditional foods were arrowroots, sweet potatoes, cassava, millet and 

sorghum. Indicator resources for equity assessment were land, vehicles, livestock, cash crops, 

food crops, household goods, children, non-farm income, and cash savings. Indicator 

infrastructure included market, public transportation, schools, healthcare facility and 

administrative offices (Appendix 2). Adults were defined as non-school-going persons over 

18 years of age. For the purpose o f child health clinic (CHC) records, children were defined 

as those LUU members 5 years o f  age or less. Available labor was defined as the total 

number of adults in the LUU with no off-farm employment. Nonfood crops included 

traditional cash crops such as coffee, tea and pyrethrum. Food crops included vegetables, 

maize, beans etc even when grown primarily for sale. For contacts and familial ties, only 

visits outside the district were considered.

Table 6.5 is a list o f  researcher-proposed SSL indicators of health and sustainability for the 

Kiambu Agroecosystem. Most o f these indicators were aggregates of measurements taken at 

the LUU-level. Indicator crops, foods and resources were as described for the LUU-level 

indicators. The indicator on rainfall was based on data to be obtained from the 

Meteorological department based on weather stations closest to each of the study sites. The 

indicator on physical fertility o f soils was based on data to be obtained from the Ministry of 

Agriculture and Kenya Agricultural Research Institute’s soil classification databases.

6.3.3. Indicator measurement and refinement

6.3.3.1. Community driven

The groups assigned the duty o f carrying out empirical measurements of community-driven 

indicators met three to four times in a span of 1 month between August and September 1998 

to discuss their methods and findings. A  final report of the findings was presented in a vtllage 

workshop with the research team present in October 1998. Table 6.6 shows a summary of the

reports by village.
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In some cases, participants did not give a measurement. The initial statement was either 

vague or too circumspect. Further probing by facilitators failed to yield any clarification. The 

following illustrates a common trend during the sessions:

Group leader. Indicators fo r  m arket availability were distance to nearest market and quantity of 
produce going to the market. W e found th a t these were good indicators.

Facilitator. "Couldyou scry whether the m arkets are near or fa r  and whether the produce taken 
to the market is a  lot or ju st a little?

Group leader. "I cannot answer that question"

176



T,ble 6.5: Researcher-proposed stody-site-level indicators of health and sustainability for the 
Kiambu Agroecosystem. Kenya, 1998 y

Cla-jsification Indicator
Name

i
aW3

ift.
0
CO

biophysical
efficiency

A llocative

1.Proportion o f  L U U 31 with napier Napier
l .  Proportion land under indicator crops/LUU
3. C attle per available labor CattleLabor
4. P roportion o f  LUU renting land Landrent
5. Cattle per acre CattleAcre
6. A vailable lab o r per acre AcreLabor
7. Leasing o u t land LandLease

Technical 8. Y ield/acre o f  indicator crops
10. M ilk y ield  per cow/day MilkYield

Environmental
degradation

C hem ical
pollution

13. A verage expenditure on agrochemicals AgChemExp
14. Proportion L U U  using agrochemicals PropAgChem

R ainfall M ean  m onthly  rainfall Rainfall
T ree  cover 15. P roportion o f  LUU with woodlots Woodlots

Pests, diseases & 
health

A nim al 16. P roportion L U U  with animal diseases AnimDcz
C rops 17. P roportion L U U  with crop pests and disease PlantDcz

D em ographics
Persons per L U U LUUSize
LU U  per square  Km Density

H um an health 18. P roportion o f  LU U  with health cards HealthCards

H um an diseases
19. P roportion LU U  with hospital visits HospVisits
20. Proportion  LU U  with hospitalizations Hospitalized
21. Sick days/person/m onth Sickdays

Soil fertility Physical Soil c la ss if ic a tio n Soil

Water
A vailability

22. Proportion LU U  far from water source WaterDist

23. A verage expenditure on water WtrExpend

Q uality 24. Coliform  counts/LUU Colifonns

E
co

no
m

ic

Capital

C redit 25. P roportion LU U  that took credit Credit

Investm ents

26. Heads o f  cattle  per LUU Cattle

27. Sheep an d  goats per LUU Shoals

29. A creage o f  farmland/LUU AreaAgric

30. Proportion  LU U  with coffee production Coffee

31 Proportion LUU with tea production Tea

32. Indicator-resource ownership/LUU Resources

Farm efficiency
O utputs 33. Incom e from  cash crop IncPACC

Profitability 34. A verage profitability ----------------------------- -— Profitability

Income
A m ount

35. Em ploym ent rate ____________________ Employ

36. Incom e p e r person ________________ ___________ PeiCapt

N on-farm 28. P roportion LU U  with non-farm i n c o m e ____________________ NonFarm

Savings 37 P roportion  o f  LUU with bank accounts BankAccount
Education

So
ci

al

Knowledge and 
information

38 Post-prim ary education per LUU -------------------------- ------
39  G randparents living with g r a n d c h i l d r e n ----------------------- Grandchild

Sources

40 Pronortion LUU with extension c o n t a c t s -------------------- extension

41 P roportion  LUU with frequent visits to friends--------------------------- VisitsF

42. D istance to  N a i r o b i _______________________________
NbiDist
OutRel

Linkages

Organization

Fam ilial ties 

O rganizations

43. N uclear fam ily outside village-------------------------------------------------
44 Proportion LUU with frequent visits to relatives-------------------------
45 A verage m em bership to CBUs______________ _________________

VisitsR
Membership

31 Land-use unit
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Inmost cases where no statements were given for an indicator, there were indications that a 

discussion had taken place during the group meeting and a consensus reached on how to 

make the report. These were most likely situations in which a consensus on what to report 

was not reached, where participants were unable to carry out the measurements or where 

cultural factors inhibited public debate. There were difficulties in recording actual morbidity 

and mortality data (with respect to both human and livestock). Where information on the 

number of deaths was given, the target population and the time period covered was not 

supplied. Most communities preferred not to quantify morbidity and mortality. There were 

indications that participants in all villages had difficulty dealing with quantities and 

numerical measurements. Participants preferred, and were able to analyze, nominal data (e.g. 

very high, high, low and very low).

For a number of attributes, participants dropped some of the indicators and selected new 

ones. The reasons given were that some indicators were difficult to measure, the information 

gathered was not easy to interpret or not useful at all. It was difficult to elucidate the 

processes followed since the research team was not present during the group discussions.
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T a b le  6 .6 : S u m m a ry  o f  in d ic a to r-e v a lu a tio n s  c a r r ie d  o u t b y  c o m m u n itie s  in  th e  IS S , K ia m b u  D is tr ic t , K e n y a  ,A u g u s t-S e p te m b e r  1998

A ttrib u te M ahlnd i K law am ag lra G itangu
Lifestyle to s ta tem en t given**'** Some people do not farm. No novel farm ing techniques. 

Christian values have modified culture. N o female 
circumcision. Christian weddings/ m arriages predom inant 
Traditional food types and cooking methods are 
disappearing. Most houses made o f  tim ber and/or iron 
sheets.

No c lea r  a ssessm en t.1

Social organisation î ack o f  unity caused failure o f  most plans. Planning was 
nadequate.

Very good. Meetings held regularly. Considerable progress 
m CAP implementation. Num ber o f  groups few indicating 
ack o f  unity.

Persistence o f  water problem indicates ineffective 
leadership.

Equity to sta tem ent given
.

Meetings balanced in terms o f  gender and age. "W omen do 
most o f  the farm work and household chores while men 
ceep most o f  the farm income”

Gender relations fair. W omen share in leadership positions. 
Income from farm is owned by both.

Quality o f 
snvironment

Air quality good. Streams are clean. There is need to 
increase use o f  latrines, improve garbage disposal and boil 
drinking water

Water-borne diseases (diarrhoea) very common. Smell and 
effluent from slaughterhouses pollute. "Jiggers, indicating 
insufficient water for domestic use, afflict many children"

Lack o f  water lowers the hygiene standards. Many varieties 
o f chemicals used. There is need for proper disposal o f  these 
materials.

Soil fertility Only 3 farms have fertile soil. Fertility improved by use o f 
manure.

Weeds32 33 34 35 that'indicate soil fertility not found. Signs o f  
erosion in every farm.

Average soil fertility. Nearly all farms use manure. Erosion 
evident in some farms.

Farm productivity The yields are too low. No granaries at all. More dairy cattle than four years ago. Maize beans and 
cabbages purchased.

Productivity low because o f  poor management and lack o f  
water. Most produce consumed on farm.

Pests and diseases no sta tem ent given Death15 rate high. Morbidity high3. Malaria, typhoid and 
alcoholism main causes.

Morbidity high3. Causes o f  were coughing, common cold, 
Tuberculosis, and malaria.

Markets no sta tem ent given Market is well supplied with goods. Sufficient variety o f  goods in m arket
Savings no sta tem ent given Currently purchasing most food items. Most farms have livestock cattle.
Knowledge no sta tem ent given No new farming techniques. Knowledge o f  current affairs is high. Extension meetings 

■egular. A number o f  farms currently using novel farming 
echniques.

Infrastructure Access road in very poor condition Access road in very poor condition. School, access road in fair condition

32 S ta tem ents w ere  no t c lear and d id  n o t re fe r to  p rev iously  se lected  indicators.
33 P artic ipan ts did n o t g ive  findings fo r th is indicator. Fo llow -up  questions resu lted  non-com m ittal answ ers o r  decline  to  answ er.
34 B ecause  these  w eeds w ere  absent, researchers w ere  unab le  to  estab lish  their identity .
35 Partic ipan ts d id  no t w an t to  p rov ide num bers
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T a b l e  6 .6  c o n t in u e d

Attribute Gikabu-na-buti Thiririka Githima
Lifestyle rimber and/or iron sheet houses majority. Few 

>ermanent buildings (school, offices).
"We used to eat cold and tasteless meals. Now we 
tiave hot meals and even meat."

Diets have less maize and beans.

Social
organisation

Nursery school and church projects implemented. 
Other statements circumspect

Primary and nursery school projects. Meetings 
frequent. Good attendance.

Community participation high. Projects implemented: 
primary and secondary schools, water, cattle dip,

Equity tatement circumspect Very few women attend meetings. Respect between 
age groups eroded. Young people have no land. 
Dressing code different.

quality of 
environment

statement circumspect Pit latrines and cowsheds too close to wells in most 
homesteads. Disposal o f agrochemical. Wells near 
vegetable plots.

Too much dust Latrines poorly constructed in most 
homesteads. Some homesteads still using river water 
river water.

Soil fertility statement circumspect Poor soils in three-quarters of farms. Poor: crops less green (more yellowish)
Farm productivity Many people take produce to market. Few food items 

purchased.
Milk yield averages at 2 kg/cow/day. Kale yields at 
100 kg/fortnight.

Low yields due to poor farming techniques

Pests and diseases Very high morbidity. Causes: malaria, fever, 
pneumonia and diarrhoea. High livestock mortality 
last year. Last potato crop affected by bacterial wilt.

Morbidity high during the cold weather. Twelve 
people have died1. Causes are Asthma, tuberculosis 
and flu. Livestock diseases: Ndigana2 and konji3.

Morbidity high. Mostly due to Malaria, coughing, 
tuberculosis and malnutrition. Need to increase 
vegetables in our diet.

Markets Outlets for vegetables, milk, tea potatoes adequate. Most produce rots in the farm. Poor access to markets. No control o f prices. Spoilage 
of produce (milk, tea)

Savings /wealth One section of village has good houses and a lot of tea 
crop.

no statement given Coffee or tea crops in many homesteads. Few or no 
ivestock in many homesteads.

Knowledge no statement given IFew people with technical skills.
Infrastructure Roads and buildings in fair condition Roads condition fair. School condition poor. fhe access road is in poor condition

2 No indication Qf the period considered. Participants did not wish to provide details.
3 Refers to constipation out also to.neamvater. _ , . . . . .

A skin disease in sneep. Exact etiology being confirmed. Most likely sheep keds.
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6.3.3.2. Researcher proposed

Table 6.9 shows the means and standard errors o f the quantitative, researcher-proposed LUU- 

level indicators. In 7.1% (.6/225) o f the LUU, alt the adults (non-sehoo.-going persons. 8 

years and above) were involved in off-farm activities. However, the average number of 

people dependent -  for employment - on one acre o f crop fields was 22.69 ±1.55 persons 

ivith an average monthly per-capita income o f 1339.77 ± 179.43 shillings. In contrast the 
average monthly wage was 6537.11 ± 1179.47 shillings.

LUU with no cattle comprised 27.1% (61/225) of the total. There was an average of 1.36 ±

0.11 cattle per acre. The average acreage o f  land used for agriculture per LUU was 2.86±

0.39 comprising 104.0% o f the total land owned. An average o f 13.0% of the area used for 

farming in a LUU was rented. Among the indicator crops, the proportion of land under maize 

was the largest (0.32 ± 0.02), followed by land under beans (0.21 ± 0.02). Although acreage 

under Kale was small relative to other indicator crops, their yield in kilograms per acre was 

the highest, followed by that o f potatoes. The average milk yield was 2.92 ± 0.24 Kg per cow 

per day.

The average number o f sick-days per person per month was 1.92 ±0.21, with only 0.07 ±

0.01 hospital visits per person per year and 0.03 ± 0.00 hospitalizations per person per 

annum, on average. However, the average annual expenditure on health per LUU was 

13276.03 ± 3659.65 shillings. One hundred and forty of the LUU (62%) did not have children 

less than 5 years o f age. O f the 85 that had, 32.9% (28/85) did not have child-health-clinic 

cards for any of the children 5 years and below.

Most (64%) of the LUU did not experience morbidity in livestock, but most (78%) reported 

experiencing crop pest and diseases (Table 6.8). The soil fertility score was low for most 

(91%) of the LUU. Most (92%) o f the LUU obtained their water from a source less than 1 km 

away. Most (74%) owned bank accounts but only a few had coffee (8%) and/or tea (16%) 

production. Most (69%) had at least one contact with an extension worker in a year. Most 

(60%) reported that farm productivity was satisfactory

Seventy percent o f the variability in the land-use-level, researcher-proposed indicators was 

accounted for by the first 34 dimensions o f the Multiple Correspondence Analys.s (Table 

6.9). The first dimension accounted for 6.1% of the total variation in the data, the second 

5.5%, the third 4.0%, fire fourth 3.6% and the fifth and six 3.1% and 3.0% respectively, -
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totaling to 25.2%. Each o f the dimensions 7 to 34 accounted for between 2.7 and 1.1% of the 

total variation, amounting to 45.4% in total. The principle inertias ranged from 0.15 for 

dimension 1 to 0.038 for dimension 34 indicating that the dimensions accounted for 

significant variability (correlations between the indicators and the scores of these dimensions) 

in the data (P<0.05).
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Table 6.7: Sum m ary statistics fo r q u an tita tiv e  LUU-level researcher
measured in 225 LU U  in 12 villages of K iam b u  d istric t, Kenya

proposed indicators

Attribute C ategory Description sem39

B
io

ph
ys

ic
al

Biophysical
efficiency

Allocative Available labor per acre 22.69 1.55 0
zero

o
Head o f cattle/available labor 1.17 0.12 16 56
Heads of cattle per acre 1.36 0.11 0 61
Off-farm employment rate 0.16 0.01 0 107
Proportion o f  farmland rented 0.13 0.02 0 169
Proportion o f  land under beans 0.21 0.02 0 92
Proportion o f  land under Kale 0.08 0.01 0 115
Proportion o f  land under maize 0.32 0.02 0 45
Proportion o f  land under potatoes 0.14 0.01 0 85

Technical Bean yield per acre 77.19 14.97 0 160
Kales yield per acre 9390.44 3015.86 0 164
Maize yield per acre 765.77 267.72 0 128
Milk yield /cow/day 2.92 0.24 0 ~ 107
Potatoes yield per acre 1541.02 364.00 0 136

Envtal quality Chemical pollution Expenditure on agrochemicals 6111.11 1553.58 24 11
Pests, diseases 
& health

Health and nutrition Annual expenditure on health 13276.03 3659.65 24 32
Average weight-age ratio 1.13 0.13 173 0
Proportion children with health cards 0.62 0.05 140 28
Recorded CHC visits per child 6.46 0.44 171 0
Recorded vaccination events/child 7.07 0.34 171 0

Human diseases Hospital visits/person/month 0.07 0.01 0 146
Hospital izations/person/year 0.03 0.00 0 182
Sick days/person/month 1.92 0.21 0 105

Water Availability Monthly expenditure on water 162.37 29.55 48 124
Quality Coliform counts 272.21 101.18 71 0

Ec
on

om
ic

Capital Investments Heads o f cattle 221 0.16 0 61
Number o f  Sheep and goats 1.70 0.22 0 137
Proportion o f  farmland owned 1.04 0.07 0 32
Proportion indicator resources owned 0.66 0.01 0 0

Total acreage o f  farmland 2.86 0.39 0 0

Farm efficiency Inputs Income/inputs for food crops 2.91 0.83 124 0

Income/inputs for livestock 2.38 0.91 146 0

Income/inputs for nonfood crops 1.53 0.56 179 0

Outputs Income per acre o f food crop 13638.96 2711.02 125 0

Income per acre o f nonfood crop 59490.72 11476.52 190 0

Profitability Profitability 11875.43 3960.63 56 0

Income Amount A veraee wape 6537.11 1179.47 150 0

Per capita farm income 1339.77 179.43 18 0

Non-farm Proportion o f  income that is non-farm_______ 0.34 0.03 73 69

Infrastructure within walking distance 0.58 0.02 0 0

3
'oo
sa

Annual expenditure on education ------------ 24908.80 0 81

Equity Female control o f  indicator resources________ 0.51 0.02 0 24

Female ownership o f resources ------------ 0.33 0.02 0 48

Knowledge
Linkages
Organization
Preferences

Formal 
Familial ties 
Organizations 
Farm enterprises 
Farm enterprises 
Food

Proportion with post-primary education---------
Proportion family outside village-----------------
Membership to C B O s -----------------------
Proportion common foods produced-------------
Proportion o f  traditional foods produced-------
Proportion o f  traditional foods eaten-------------

0.35
0.32
1.63
0.69
0.44
0.78

0.03
0.02
0.06
0.01
0.02
0.01

0
0
45
0
0
0

103
72
0
0
26
0

39 Standard error o f the mean
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Table 6.8: S um m ary  s ta tis tic s  fo r  q u a lita tiv e  LUU-level researcher-proposed indicators of
agroecosystem h ea lth  m easu red  in  22S L U U  in 12 villages of K iam bu district, Kenya

Attribute Category Description Categories
-
s
n>>
A

O
S

Biophysical efficiency Allocative Napier production A=0.86 P=0.14
Pests, diseases & health Animal Morbidity in cattle A=0.64 P=0.36

Crops Occurrence o f plant diseases A=0.22 P=0.78
Soil fertility Chemical fertility Soil fertility score H=0.09 L=0.91
Water Availability Distance to water source H=0.08 L=0.92

60
a0u
W

Capital Investments Coffee production A=0.92 P=0.08
Investments Tea production A=0.84 P=0.16

Income Savings Ownership o f a bank account A=0.26 P=0.74

S
o

ci
a

l

Aspirations Satisfaction Farm productivity score 1-1=0.12 L=0.28 S=0.60
Attitudes Education School-dropout rate A=0.65 E=0.29 P=0.06
Knowledge and information Informal Frequency o f clan meetings H=0.22 L=0.31 N=0.47

Sources Extension contact A=0.31 P=0.69
Linkages Contacts Frequency o f visits to friends H=0.15 L=0.51 N=0.35

Familial ties Frequency o f visits to relatives H=0.15 L=0.56 N=0.28
Organization Reciprocity Frequency o f exchanges H=0.12 L=0.48 N=0.40

Key: A=absent, P=present, H=high, L=low, N=none, E=non-response, S=satisfactory

Indicators most correlated with the scores o f the 34 dimensions are shown in Table 6.9. The 

scores of first and fourth dimensions were most correlated with Heads of Cattle per (r2—0.53). 

In dimension 1, the factor loadings (coordinates) decreased with increasing numbers of cattle 

per LUU (H=-0.93; L=-0.15 and N=-l .07). Dimension 4 was a contrast between land-use- 

units with few cattle (L=-0.44) and those with none (N=0.88). In this dimension, LUU with 

more cattle had the least inertia (H =-0.08). Dimension 2 was a contrast of LUU in which 

non-farm income was reported against those that did not respond. The third dimension was a 

contrast between LUU that produced beans and those that did not.

All categories of the 66 indicators were fairly well represented by the 34 dimensions, except 

the Number of Sheep and goats=L with a quality of 0.46. Categories with the lowest mass 

included Expenditure on Agrochemicals=None, School Drop-outs=Presen«, Head of Cattle 

Per Available labor=Missing, Income Per Acre of Cash Crop-High, Hospitalizations Per 

Person Per Year=High, Income Per Acre o f Cash Crop=Lo w, Recorded Vaccination 

Events/Child=High, Per Capita Income=Missing, Coffee Production f>rese''t> D,st“"

Water Source=Far, Soil Fertility Score=High in order of increasing mass, ose 
highest mass included Proportion o f indicator common foods ea«en=Low, Distance Wa 

Source=Close, Coffee Production=Absent, Soil Fertility Score=Low, Napier 

Production=Absent, Tea Production—Absent.
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The first dimension has a score that is correlated with measures of allocative efficiency of 

cattle production (Heads O f Cattle (0.65), Head Of Cattle/Available Labor (0.56) and Heads 

Of Cattle Per Acre (0.54)). The score o f  the second dimension is most correlated with the 

proportion of LUU income that is non-farm (r2=0.30) and with the school drop-out rate 

(^=0.29). The highest correlations with the score of the third dimension are with measures of 

allocative efficiency o f food-crop production (Bean yield per acre (0.36), Proportion of land 

under beans (0.35), Maize yield per acre (0.33), Proportion o f land under maize (0.32), 

Potatoes yield per acre (0.25), Proportion o f land under potatoes (0.22)).

Table 6.10 shows the principle inertia o f the six dimensions accounting for 75.9% of the 

variation in researcher-proposed, study-site-level (village-level) indicators of health and 

sustainability, the indicators most correlated with the score o f each dimension and the 

coordinates for their categories along these dimensions. The first and second dimensions 

accounted for over 16% o f the variation each, while each dimension from the third to the 

sixth accounted for between 12 and 8 %. The principle inertias ranged from 0.19 for 

dimension 1 to 0.08 for dimension 6. Only the first three dimensions represented significant 

average correlations between the indicators and the scores (P < 0.1).

Five categories had a quality less than 0.6 (Distance to Nairobi—L (0.40), all categories of 

Nuclear family outside village (0.46), and all categories of Occurrence of animal diseases 

(0.50)). The category with the lowest mass was Soil classification^ (0.003). The ones with 

the highest (0.014) mass were Coffee production=A, Nuclear family outside village-L, 

Proportion of farms using agrochemicals=L, Proportion of LUU with bank accounts L.
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Table 6.9: Dimensions accounting for 70% o f th<» __
Multiple Correspondence Analysis of researcher-proposed h r ite lt ^  ,fand"use'units based on 
and sustainability - Kiambu, Kenya, 1999. ProPosed indicators of agroecosystem health

DIM Inertia40 (%41) Indicator42 (r2) 43
1 0.101 (6.05) Heads o f  cattle (0.53) H (-0.93) L(-0 1S3 N d r m
2 0.092(11.56) Prop income that is non-farm (0 303 E (-0.71) H (026) L (0.763 N (0 193
3 0.069(15.60) Bean yield per acre (0.363 E (-0.46) H (-0.49) L (-0 S83 N (n 713
4 0.061 (19.15) Heads o f  cattle (0.31) H (-0.08) L (-0.44) N (0.88)
5 0.054 (22.25) Kales yield per acre (0.343 E (0.37) H (-0.46) L (-1.15) N (0  37)
6 0.052 (2524) Heads o f cattle per acre (0.183 H (-0.53) L(0.47) N(0.03)
7 0.046 (27.89) Female ownership o f resources (0.233 H (0.58) L(-0.11) N (-0.71)
8 0.043 (30.34) Frequency o f visits to relatives (0.153 H (-0.91) L (0.22) N (0.05)
9 0.041 (32.70) Annual expenditure on health (0.353 E (0.39) H (0.60) L (-029) N(-1.07)
10 0.040(34.98) Bean yield per acre (0.18) E (-0.44) H (-0.11) L (0.89) N(0.01)
11 0.038 (37.10) Proportion o f farmland rented (0.20) H (0.74) L (-0.97) N (0.09)
12 0.037 (39.18) Frequency o f  visits to friends (021) H  (1.07) L (-0.29) N (-0.03)
13 0.036(41.17) Head o f  cattle/available labor (0.15) E (-1.17) H (-020) L (0.32) N(0.11)
14 0.035(43.11) Farm productivity score (0.17) H (-0.34) L (-0.57) S (0.33)
15 0.033 (44.95) Frequency o f  clan meetings (0.14) H (-0.61) L (0.45) N (-0.01)
16 0.032 (46.70) Female ownership o f resources (0.18) H (-0.07) L (0.40) N (-0.71)
17 0.031 (48.41) Kales yield per acre (0.38) E (-1.12) H (-0.37) L (024) N(0.46)
18 0.030 (50.07) Coliform counts (0.11) E (0.30) H (0.18) L (-0.44)
19 0.030 (51.70) Coliform counts (0.15) E (029) H (-0.54) L (0.25)
20 0.029 (5326) Hospitalizations/person/year (0.20) H (-0.80) L (1.13) N (-0.09)

21 0.027 (54.74) Off-farm employment rate (0.13) H (-0.58) L (0.42) N(-0.01)

22 0.027 (56.19) Female ownership o f resources (0.11) H (-028) L (-0.08) N (0.61)___________

23 0.026 (57.62) Maize yield per acre (0.14) E (-0.41) H (0.05) L (0.58) N(0.02)

24 0.026 (59.02) Distance to water source (0.13) C(0.11) F (-120)

75 0 024 (60 32) Frequency o f  visits to friends (024) H (0.50) L(0.31) N (-0.67)

26 0 023 (61 563 Monthly expenditure on water (0.14) E (-0.33) H (-0.64) L(0.73) N(0.10)

77 0.023 (62.79) Milk yield /cow/day (0.12) H (-0.51) L (0.45) N(-0.02)__________

78 0.022 (63.98) Heads o f cattle (0.10)____________ ____ H (0.44) L (-0.30) N (0.15)

29 0.022 (65.15) Prop adults with post-primary education 
(0 113

H (-0.17) L (0.53) N (-0.23)

30 0.021 (66.28) Recorded vaccination events/child 
(0 113

E (0.04) H (-1-03) L (0.34)

31
3?

0.021 (67.39) 
0 020 (68 473

F.(-0.79) H(-0.01) L (0.08) £1(1.13)
Expenditure on agrocnemic<u:> —  
Monthly expenditure on water (0.10)—

F. (-0.24) H (0.02) L (-0.71) N (0 2 4 )_

33
34

0.020 (69.53) 
0.020 (70.58)

Sick davs/person/month (0.16)-----------
Prop income that is non-farm -----

H (0.39) L (-0.63) N(0.15j----------------
F. (-029) H (0.39) L (-025) N (0.24)_

rincipal inertias (also the average squared ^ ^ d b n e n s ^ s ^ b a s e d  on adjusted principal inertias
W la t iv e  percentage o f total inertia accounted for by the dune
eenacre, 1993) derived from optimal scale values
be indicator most highly corre la ted  w ith  th e  s
E la tio n  coefficient , . p= Present, C=Close, F=Far
^Missing, N=None, L=Low, H=High, A=Absent, P - ^ s e n t ,
dso the optimal scale values for th e  ca tego ries 186



Table 6.10: Dimensions accounting for over 75% of the variation 
based on a Multiple Correspondence Analysis of study-site-level 
indicators of agroecosystem health and sustainability.

among 12 study sites (villages), 
researcher-proposed

DIM Inertia46 (%47) | Indicator** (i-2) 4* * Categories5* (coordinates51)
1 0.188(18.03) Indicator-resource ownership/LUU (0 72) H (1.00) L (-0.72)
2 0.175 (34.76) Distance to Nairobi (0.721 H (-1.41) L (0.14) M (0.73)
3 0.146(48.58) Coffee production (0.58) A (-0.44) P (1.32)
4 0.115(59.32) Sheep and goats per LUU (0.481 H (0.82) L (-0.59)
5 0.095 (68.13) Coliform counts/LUU (0.48) H (-0.82) L (0.59)
6 0.084 (75.85) Kales yield/acre (0.51) H (-0.85) L (0.60)

6.3.4. Comparison o f indicator suites

Six of the attribute classifications were common to both suites o f indicators: (1) equity (2) 

environmental quality, (3) soil fertility, (4) pest and disease dynamics, (5) infrastructure and 

(6) knowledge. However, the focus was on different categories of indicators within each of 

the attribute class, resulting in differences in the indicators chosen. For example, 

communities focused mostly on productivity and physical characteristics in the soil fertility 

attribute, while the researcher-proposed suite focuses on chemical fertility and physical 

classification of the soils. The choice o f indicators within the same category of an attribute 

differed between the two suites. Among the indicators common to both suites were distance 

to water source, frequency o f hospital visits, number o f livestock, availability of extension 

services, accessibility o f infrastructure, morbidity and mortality, quantities of yields and 

presence or absence o f  various farm enterprises. The use of livestock numbers and cash-crops 

as indicators or capital, wealth or savings was common to both suites. An important 

difference between the two suites was the presence o f value-based measures such as “proper 

hygiene”, “good behavior” , “good variety” and “good habits” in the community-based suite. 

In addition, many o f the indicators in this suite were mostly in ordinal scale. Researcher 

proposed indicators were mostly numeric, non-value-based measures mostly on the

continuous scale.

* Principal inertias (also the average squared “ gelations; * ^ based on adjusted principal inertias
Cummulative percentage of total inertia accounted for by the dun

(Greenacre, 1993) _  . -v~i frorn optimal scale values
* The indicator most highly correlated with the scor
^ _i_.-____ •____ * P=FarCorrelation coefficient ., . p=Present. C=Close, F Far

E-Missing. N=None, L=Low, H=High, A=Absent, p-Present,
Also the optimal scale values for the categories 187



6.4. Discussion

6.4.1. Comparison o f indicator suites

With the researcher-proposed indicators focusing mostly on numeric, non-value-based 

measures, it was difficult to find suitable measures in the social, and less so in the economic, 

domain. In contrast, community-based indicators were more strongly value-based, focusing ’ 

mostly on a social-economic interpretation o f the underlying biophysical phenomena. The 

community-based suite contained many indictors that would be suitable for many of the 

attributes in the social domains o f  the researcher-proposed suite. The two suites therefore 

provided complementary information on the health and sustainability of the agroecosystem. 

That this was the case is further supported by the fact that communities requested to be 

provided with a report o f the findings from the researcher-proposed indicator measurement. 

These reports were followed by intense community discussions.

That the two suites measure very similar agroecosystem attributes is probably a reflection of 

the fact that the researcher-proposed-suite was based on community goals and felt needs. This 

supports the view that indicators based on community goals and felt needs are likely to be 

more managerially useful, considering that communities are the primary managers of 

agroecosystem. Because communities often lack the capacity to develop and measure non­

value-based indicators, while researchers and policy makers lack the knowledge and mandate 

to make value-based judgments, it seems that decision-support systems for such integrated 

and adaptive approaches as sustainability and agroecosystem health should include both 

components to provide a balanced assessment.

6.4.2. Indicator measurement and refinement

A major constraint to the community-based indicator measurement was the cultural 

inhibitions to discuss certain issues in public. Though selected as indicators of health and 

diseases by most communities, human morbidity and mortality for example , were 

discussed in public and data was not supplied. This diminishes the value of the indicators and 

the overall assessment as a decision support tool. A more positive aspect was that the data for 

most of the indicators was on an ordinal scale, making interpretation and overall assessment 

easier. In some instances, however, the data gathered was mostly anecdotal, and therefore of
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limited value. More reliable and useful assessments were obtained when 
each other and made comparative assessments.

communities visited

The main difficulty w ith the researcher-based suite was that the initial list -  especially the 

LUU-level - consisted o f  long lists o f indicators resulting in even longer questionnaires that 

were difficult to administer. The refined LUU-level consists o f 34 indicators, which is still 

too long a list for follow-up empirical measurements, given that most indicators were 

designed to be measured using questionnaires and participatory tools. Since the process is 

adaptive, the lists can be further refined as more understanding of the system is gained. In 

addition, the larger datasets serve as reference points to help interpret results from the mote 
refined suites.

The use of correspondence analysis had three main advantages. First, the relationships 

between various indicators were complex, and did not often fit the multivariate-normal 

distnbutional requirements of most analytical approaches for continuous data. More crucial 

though was the presence o f non-responses and zero-values that carried special meaning, but 

which would be discarded in most analytical methods for continuous data. Finally, 

interpretation of the indicators would only be meaningful relative to a set of cut-off or 

threshold values, necessitating a transformation of continuous variables to an ordinal scale. 

Correspondence analysis provided a means for summarizing and graphically presenting the 

data in a way that enabled identification o f important trends and for reducing the dimensions 

of the indicator suite.

6.4.3. Practicality and application

The process used in this research project is predicated on two main assumptions. The first is 

that there exists a community with a set o f common goals and values within the targeted 

study sites. The second is that there exists sufficient capacity for collective action to enable 

negotiation and compromise where the goals and values are competing or conflicting and for 

the development o f a community-based monitoring system.

The combination o f participatory methods and soft system methodology provides a means 

through which goals and values can be stated and negotiated. The use of the health language 

is crucial in helping the communities to build a conceptual framework of the mdreator 

selection process and the measurement and assessment processes. Presenting
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agroecosystem as an individual whose health status is unknown; indicators are defined as 

those measures that need to be taken in order to make a statement on the health status on such 
an individual.

The results of this process demonstrate that agroecosystem health and sustainability can be 

used as part of a communities decision-support system. Communities created action plans, 

and revised and implemented them based on the information derived from indicators. The 

process of indicator selection and measurement in itself appeared to enhance collective 

action, while sensitizing communities to the underlying biophysical and socio-economic 

processes that impacted on the health and sustainability of their agroecosystem. Some 

practical improvements to the process include the use of GIS to enhance the quality and cost- 

effectiveness of indicator measurement, development of self-reporting systems and 

automation of some reporting and feedback process that would increase the cost-effectiveness

of the overall process.
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Chapter 7

A.n assessment o f health and sustainability o f a smallholder- 
dominated tropical highlands ecosystem

7.1. Introduction

In an agroecosystem health and sustainability assessment, indicators should be analyzed in 

two ways: (1) as measures o f overall health at a point in time and (2) as predictors o f its long­

term sustainability (Costanza e t a l ., 1998) and health. Assessing the health status o f an 

agroecosystem involves comparing and contrasting a series o f  indicator measurements 

against a set o f cut-off and threshold values (CCME, 1996) based on the goals and objectives 

of the agroecosystem.

A suite of indicators w ould in most cases contain several dozens of variables. A method of 

summarizing and presenting such data m ust preserve its holistic and multi-dimensional nature 

while providing meaningful, quantitative and easily understood criteria for evaluating 

agroecosystem health. One approach is to  combine indicators into indices such as total factor 

productivity (Ehui and Spencer, 1993), Ecosystem Health Index (Costanza, 1992) and 

Agricultural Sustainability Index (Nam biar e t a l ,  2001). A fatal disadvantage o f this 

approach is that indices place weights on  different indicators without providing a rational 

basis for their (the weights) choice. A nother disadvantage is that these indices would 

eventually require some form o f  decom position to provide managerial^ useful information -  

a decomposition that more often involves a re-assessment o f  the initial suite of indicators 

usedtocompute the in d e x -a n d  back to  the initial problem o fh o w .o  summanze information 

from indicators. Less unencumbered by the latter, but still crippled by the w e s t in g  Prob em, 

are approaches such as Ecological Footprint (W a c k e ^ g e l and1 Rees, 1997)^ , ndices

proposed by Afgan e t a l. ,  (2000) based on  Decision Suppo y 

Method.

A systems approach to evaluating indicator data requires an undcrs^dm g  of how
„ ro relate to each other and to the various social, 

agroecosystem goals and values are ^  Understandi„g die
biophysical and economic phenomena th

191



phenomena that data from indicators portray, however, requires a systemic approach for two 

reasons. Fust, indicators are representations of comp.ex phenomena within a self-organizing 

goal-seeking complex system. While these phenomena are controlled by feedback 

mechanisms, they present mainly as stochastic processes with a high level o f unpredictability 

and further complicated by differential effects across scales and time spans. Secondly, 

agioecosystems often have multiple, sometimes competing goals, and the objective of the 

system is goal-optimization rather than maximization. Furthermore, the process o f goal- 

optimization involves a series o f  trade-offs and balances within the system, and between the

system and the external environment. To obtain managerially useful information from 

indicators, there needs to be a systemically generated conceptual framework that delineates 

the expectations from system goals both in terms of their impact as well as the inputs required

to achieve them. The health status of the system can then be obtained by assessing the 

implication of various indicator-values (outcomes) with regard to generic health attributes 

such as integrity, adaptability, resilience, efficiency, efficacy, effectiveness, vigor and 

productivity.

Predictions on the long-term sustainability and health of the systems rely on an analysis of 

spatial and temporal trends o f the indicators (Rapport and Regier, 1980; Odum, 1985;

Rapport et al., 1985). Interpretations o f  these trends require a systems approach as well. A 

potentially useful approach is to use dynamic models such as pulse processes to assess 

generic system attributes of the system given the trends portrayed by the indicator data. Using 

contrasts between point measurements and targets or thresholds, scenarios at different spatial 

and time spans can be recreated and evaluated relative to a set of goals. Trends in indicators 

can be modeled as trends in pulses within such models. Graphical techniques especially 

plots in multidimensional Euclidean space - provide intuitive tools for summanzmg and 

presenting data in forms that aid identification of such trends. Simple (SCA) and Multiple 

Cotrespondence Analysis (MCA) are especially attractive tools for explonng trends in 

indicators (Gitau et al., 2000) by enabling the categorization o f data based on predefined cut­

offs and thresholds, while not requiring any distributional assumptions.

This chapter describes how community participation, cognitive maps and Correspondence 

Analysis were used to evaluate indicator data. The objective was to generate manager* y 

useful information that can be used to guide practical human activity m the K.am u

agroecosystem.



7.2. Process and methods

7.2.1. Spatial and tem poral trends in the indicators

The objective was to determine, based on indicator measurements, what were the most 

significant differences among the villages, and in each village along the time-line o f t o  

project. In addition, the response o f  the holons to the project as an external “stress” was 

compared across the six ISS, and along the project time line. The extensive study sites were 

included in some o f the analyses as controls, to increase statistical power and in the 
calculation of cut-offs, ranges and thresholds for indicators.

Researcher proposed indicators were used in a Multiple Correspondence Analysis to generate 

visual and descriptive summaries o f the trends in the indicator data. Two empirical 

measurements were carried out on the same study-sites and the same LUU within each study 

site: first in January -  March 1999 and then in January -  March 2000. The methods used for 

measuring the indicators are described in Chapter 6. Data were managed using a relational 

database (Microsoft Access) and analysed using SAS (SAS Institute Inc., SAS Campus 

Drive, Cary, NC 27513).

Simple Correspondence Analysis (PROC CORESP) was used to explore the spatial trends in 

the indicators data. The analysis was based on a cross-tabulation of the study-sites by each of 

the researcher-proposed LUU-level indicator. The analysis and interpretation was based on 

the methods described by Greenacre (1993) and Greenacre and Blasius (1994). Study site 

points that were close together were considered as representing similarities along the 

respective dimensions while those that were further apart were considered as indicating 

differences along the plotted dimensions.

For the temporal analysis, indicator measurements for the second round of measurements 

were offered as supplementary points in a Multiple Correspondence Analysis (Benzecn,

1992) of the 1999 data. The correlation between the coordinates of the main points and the 

supplementary points was used to determine the presence o f  significant deviation of inertia 

between the two measurements. Dimensions with the smaller Pearson’s coefficients were 

considered to have important temporal trends. The statistical significance of these trends was 

assessed by testing the null hypothesis (l-r)=0, where r is the correlation coefficient. Points 

t o  were turther away from t o  main diagonal o f a plot o f t o  main coordinates against the
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in the second round o f measurements.

7.2.2. Evaluation of goals, expectations and achievements

The objective was to explain, in a systemic way, the values, patterns and trends in indicators 

based on the perceived progress in community goals. Were the goals reasonable given the 

available resources? Were the expected benefits reasonable given the underlying social, 

economic and biophysical processes? Given the changes implemented, what would be the 

reasonable expectations over the short, medium and long-term time spans?

Progress towards community goals was evaluated using participatory methods. Participants 

were asked to rank progress as either negative, stagnant, slight, moderate or a lot. The 

ranking tools used are as described in Chapter 2. Evaluation o f progress was carried-out in 

one-day participatory workshops in January 1999 and in January 2000. The changes in the 

system perceived to be driving this progression were also recorded.

Community expectations for each of these goals were assessed based on pulse process 

models of their cognitive maps. The expected primary outputs were those changes in system 

attributes that would be expected to be the direct result o f implementing the action plans and 

strategies. Expected secondary outputs were those changes in the system attributes resulting 

from the cascading effects o f the implemented action-plans. Changes and patterns in 

indicators were evaluated based on these expectations to decide whether these were met, to 

evaluate the suitability o f the indicators, the validity of some community assertions and the 

impact of community goals on the agroecosystem.

The implications o f  the spatial and temporal trends in the indicators in terms of g 

system health attributes such as productivity, stability, integrity, adaptability, resilience, 

efficiency, efficacy, effectiveness, vigor and equability  were assessed based on the 

communities cognitive maps. Discrete dynamic models based on the cogmttve maps were 

used in this assessment. Details to the models are provided in Chapter 4.
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7.3. Results

7.3.1. Spatial trends in the researcher-proposed indicators

Figure 7.1 is a scatter p.ot o f  the first two dimension of a Simple Correspondence Analysis of 

village against researcher-proposed LUU-level indicators measured in 1999. Together, they 

accounted for 36.5% o f  the total inertia. M ost o f the villages were clustered together in the 

upper nght quadrant, except Kameria, which was in the lower left and Kihenjo, Githima and 

Gitwe all of which were in the lower right. Dimension 1 has high negative weights on 

income/acre of cash crops and income/inputs for cash crops and higher positive weights on 

kale yield and production o f traditional foods. Factor levels with high absolute loads along 

dimension 2 were water expenditure, distance to water source and coliform counts. Figure 7.2 

shows a similar scatter plot using the January 2000 indicator data. The distribution pattern of 

column points was similar to that from the 1999 data. The characteristics o f the first two 

dimensions - accounting for 39.8% of the total inertia - changed only slightly, with the first 

dimension relating strongly to production characteristics of the LUU and the second relating 

to water availability and quality.

7.3.2. Evaluation o f temporal trends in the researcher-proposed indicators

The dimensions with the lowest correlation coefficient were 15 (r=0.72), 19 (r=0.74), 23 

(r=0.74) and 3 (r=0.75). Figure 7.3 shows the change in inertia of categories along dimension 

15 between the Jan 1999 (DIM13R1) and the Jan 2000 (DIM13R2) indicator measurements. 

Categories 39 (inputs/income for livestock=H), 40 (inputs/income for livestock^), 58 (Prop 

traditional foods= H), 81 (Hospitalizations=L), 83 (Hospital visits=H), 101 (Maize yield-H), 

122 (Per capita income=E), 130 (Potatoes Yield=H), 170 (Average wage=H), and 171 

(Wage=L) showed the most change along this dimension.

Categories 16 (Beans yield=H), 80 (H ospitalizations^), 84 (Hospital visits= L), 95 (Kale 

y ie ld s , 122 (Per capita in co m e^), 130 (Potatoes Yield=H), .33 (Production score=H) and 

136 (Profitability=E) showed the most change in inertia along dimension 
Among those that showed the most change along dimension 23 - r e  categories 6 ^eans

yieId=H), 17 (Beans yie.d=H), 8 , (Hospitalizations=L), 96 < * * * - * £  
yield=L) and 130 (Potatoes Yield=H) (Figure 7.5). Along dimension 3, the most g
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inertia was by categories 3 (Available labor/acre=m .r
- i ), 35 (cost/inputs o f food crops=E) 35

(cost/inputs o f  food crops=L ), 80 (H ospitalizations=fn fto n  ,
H)> ®9 (Income/acre o f food crops=E), 89 

(Income/acre o f food crops=L), 96 (Kale vield=I.t n>» •, .
v e y>el<» L), 122 (Per capita income=E) and 136(Profitability=E).

F.gure 7.7 shows the location o f  categories along dimensions 15 and 19 based on an MCA of 

the 1999 measurements with the January 2000 measurements as supplemental points.

Among categories w ith a shift towards the center o f gravity were 1 (inputs/income for 

livestock=H), 2 (inputs/income for liv esto ck ^ ), 3 (Prop traditional foods= H), 4 

(Hospitalizations=L), 6 (Maize yield=H), 8 (Potatoes Yield=H), 9 (Productivity score), 12 

(Beans yield=H), 13 (Hospitalizations=H), 95 (Kale yield=H), 133 (Production score=H) and 

136 (Profitability=E). Among those with a  shifted away from the center were 5 (Hospital 

visits=H), 7 (Per capita income=E) and 11 (Wage=L). Category 10 (Average wage=H) had a 
sign inversion.

The distribution o f categories along dimensions 3 and 23 is shown in Figure 7.8. Among the 

categories that moved towards the center were 3 (Hospitalizations=L), 4 (Kale yield=L), 5 

(Maize yield=L), 8 (cost/inputs o f  food crops=E), 9 (cost/inputs of food crops=L), 12 

(Income/acre of food crops=L), 13 (Per capita income=E) and 14 (Profitability=E). Category 

6 (Potatoes Yield=H) moved away from the center while categories 1 (Beans yield=H) and 2 

(Beans yield=L) had sign inversion.

Table 7.1 is a summary o f  the test o f significance of the trends in proportions of LUU having 

characteristics identified through MCA as showing important temporal trends based on the 

two indicator measurements. Trends in income/inputs for food crops, income/acre of food 

crops, profitability, average wage and per capita farm income were related to improvements 

in the response rate. Changes in the technical biophysical efficiency were a significant 

(PO.OOl for each) decrease in the number o f LUU classified as having high yields of 

indicator crops (beans, maize, kales and potatoes). In terms o f economic farm efficiency, 

there was a significant increase in the number o f LUU with high income/inputs for livestock. 

Changes in pest, disease and health dynamics were marked by a significant increase 

number of hospital visits/person/month (P<0.001) and the number of hospitalizations per 

person per year (P<0.001). Significantly more LUU reported an increase in the p po 

indicator traditional foods eaten (P<0.001).
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Red points= villages (column): 2 —K iaw am agira; 3 —Githima; 4 —Gitangu; 5—M ahindi; 6 Thiririka; 
7=Gikabu; 8= R edh ill Central; 9= M uongo iya; 10=Gakinduri; ll= K ihen jo ; 12=Gitwe; 13=Kameria;

Numbered black p o in ts= facto r levels w ith  high inertia: 42 (Tea production=P), 60 (Kale yield=L), 90 
(Distance to w ater so u rc e —H), 93 (E xpenditure  on w ater—H), 96 (C ’oliforms—E), 119 (Income/inputs fo r  
cash crops=L), 127 (Incom e/acre o f  cash crop= H ), 128 (Incom e/acre o f  cash crop=L), 187 (Prop 
traditional fo o d  produced= N )

Figure 7.1: Scatter plot of dimension 1 against dimension 2 in a Simple Correspondence 
Analysis of village against researcher-proposed LUU-level indicators measure in
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Red points= Villages (column points).
Black n u m b e re d p o in ts -F a c to r  levels w ith  high inertia: 20 (Acreage/available labor—H), 43 (Tea 
production=P), 47  (co ffeeproduction= P ), 51 (M aizeyie ld—H ), 57 (Beansyield=H), 79 (Health 
visits=H), 92 (D istance to w a ter source= H ), 95 (Expenditure on water=H), 109 (Prop land rented 
out=H), 119 (Incom e/inputs f o r  cash crops=L), 127 (Income/acre o f  cash crop=H), 128 (Income/acre o f  
cash crop -L ), 176 (M em bership CBO s=N), 186 (Prop traditional fo o d  produced=N).

Figure 7.2: S c a tte r  p lo t o f  d im e n s io n  1 a g a in s t  d im ension  2 in  a Sim ple C o rresp o n d en ce  
Analysis o f village a g a in s t  r e s e a rc h e r -p ro p o s e d  L U U -level in d ic a to rs  m easu red  in J a n u a ry  
2000*
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Numbered p o in ts—Categories with m ost change in inertia: 39 (inputs/income fo r  livestock~H), 40 
Cinputs/income f o r  livestock=L). 58 (Prop traditional foods= H), 81 (Hospitalizations=L), 83 (Hospital 
vis its =H), 101 (M aize yield=H ), 122 (P er capita income=E), 130 (Potatoes Yield-H), 134 (Productivity
score), 170 (Average wage=H), and  171 (Wage=L) . _

Figure 7.3: Change in inertia of LUU-level indicator-categories along MCA dimension 15 
between the January 1999 (DIM15R1) to the January 2000 (DIM15R2).
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Numbered p o in ts ^  Categories w ith  m ost inertia  change: 16 (Beans yield=H), 80 (Hospitalizations=H), 
84 (Hospital visits =  L), 95 (Kale yield= H ), 122 (Per capita income=E), 130 (Potatoes Yield=H), 133 
(Production score= H ) and  136 (Prqfitability=E)

Figure 7.4: Change in inertia of categories along MCA dimension 19 between the January 1999 
(DIM19R1) to the January 2000 (DIM 19R2) measurements of researcher-proposed LUU-level
indicators.
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0
Dim23R2

Key
Numbered points=Categories w ith  highest change in inertia: 16 (Beans y ield^H ), 17 (Beans yield=H), 
81 (Hospitalizations =L), 96 (K ale yield=L), 102 (M aize yield=L) and 130 (Potatoes Yield=H)

Figure 7.5: Change in inertia o f categories along MCA dimension 23 between the January 1999 
(DIM23R1) to the January 2000 (DIM23R2) measurements of researcher-proposed LUU-level 
indicators.
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Numberedpoints=Categories w ith highest inertia change: 3 (Available labor/acre-H), 35 (cost/inputs o f  
food crops=E), 35 (cost/inputs o ffoodcrops= L ), 80 (Hospitalizations =H), 89 (Income/acre o f  food  
crops=E), 89 (Income/acre o f  fo o d  crops=L), 96 (Kale yield=L), 122 (Per capita income=E) and 136 
(Profitability=E)

Figure 7.6: Change in inertia of categories of the researcher-proposed LUU-Ievel indicators 
along MCA dimension 3 between the January 1999 (DIM3R1) and January 2000 (DIM3R2).
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Numbered p o in ts-ca teg o ries  w ith  highest change in inertia
Red points (b) =January 2000 m easurem ents; Blue p o in ts  (a) = January 1999 measurements; 1 
(inputs/income fo r  livestock= H ), 2 (inputs/incom e fo r  livestock=L), 3 (Prop traditional foods= H), 4 
(Hospitalizations =L), 5 (H ospita l visits=H), 6 (M aize yield=H ), 7 (Per capita income=E), 8 (Potatoes 
Yield=H), 9 (Productivity score), 10 (Average wage=H), 11 (Wage=L), 12 (Beans yield=H), 13 
(Hospitalizations=H), 95 (K ale yield= H ), 133 (Production score=H) and 136 (ProJitability=E)

Figure 7.7: Scatter Plot of dimension 15 against dimension 19 showing change in inertia of 
categories between January 1999 and January 2000
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Dim23
Key

1 (Beans yield=H), 2 (Beans y ie ld= L ), 3 (H ospitalizations= L), 4 (K aleyield=L), 5 (Maizeyield=L), 6 
(Potatoes Yield=H), 7 (A vailable labor/acre=H), 8 (cost/inputs o ffo o d  c r o p s E ) ,  9 (cost/inputs o f  fo o d  
crops=L), 10 (H ospitalizations=H ), 11 (Incom e/acre o f fo o d  crops=E), 12 (Income/acre o f  food  
crops=L), 13 (Per capita  incom e= E ) and 14 (Profitability=E).

.Figure 7.8: Scatter Plot of dimension 3 against dimension 23 showing change in inertia of 
categories between January 1999 and January 2000.
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Table 7.1: LUU-indicators identified through MCA 
between January 1999 and January 2000. as showing important temporal trends

Attribute Category Indicator Level 1999 (%) 2000 (%) P52
Bean yield per acre H 32 (14.22) 5 (222) <0.001

L 33 (14.67) 55 (24.44) =0.01

Biophysical efficiency Technical Kales yield per acre H 30 (13.33) 0 (0.00) <0.001
L 31 (13.78) 120 (53.33) <0.001

Maize yield per acre H 47 (20.89) 6 (2.67) <0.001
L 50 (22.22) 75 (33.33) =0.01

Potatoes yield per acre H 43 (19.11) 2 (0.89) <0.001

Income/inputs for food crops E 124 (55.11) 0 (0.00) <0.001

Inputs L 51 (22.67) 93 (41.33) <0.001

Farm efficiency Income/inputs for livestock H 39 (17.33) 101 (44.89) <0.001
L 40 (17.78) 79 (35.11) <0.001

Outputs E 125 (55.56) 0 (0.00) <0.001
L 51 (22.67) 169 (75.11) <0.001

Profitability Profitability E 56 (24.89) 0 (0.00) <0.001

Average wage H 33 (14.67) 99 (44.00) <0.001
income Amount L 42 (18.67) 46 (20.44) =0.63

Per capita farm income E 18 (8.00) 0 (0.00) <0.001
Hospital visits/person/month H 33 (14.67) 151 (67.11) <0.001

Pests, diseases & health Human diseases
Hospital izations/person/year H 17 (7.56) 75 (33.33) <0.001

L 26 (11.56) 7 (3.11) <0.001
Preferences Food Prop traditional foods eaten H 37 (16.44) 145 (64.44) <0.001

7.3.3. Evaluation of goals, expectations and achievements

Table 7.2 shows progress towards community goals in the six ISS as of January 1999 and 

January 2000. All villages had improved contact with extension staff to which was attributed 

the improvement of many o f the agriculture-related goals such as crop productivity and 

reduction in crop pest and diseases. Similarly, there was reported to be an improvement in 

security with reduction in crime rates in nearly all villages where this was considered a 

problem. In Mahindi and Kiawamagira, there were initial attempts by the communities to 

improve the access roads that resulted in only slight improvements. In Githima, addition of 

classrooms in the existing school was reported to result in only slight improvements in 

literacy and school attendance. An initial attempt to obtain water from a pipeline passing near

52 Probability for Ho: Proportion o f LUU in 1999 = Proportion of LUU in 2000 against Ha: 

Proportion of LUU in 1999 *= Proportion o f LUU in 200
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wasthe village had only slight to moderate success as only a small section o f the village 

receiving water by January 1999. By January 2000, the situation had improved markedly. In 

addition, the access roads in Githima were graded and this was reported as moderate 
improvement.

T,ble 7-2: P™gress in community goal achievements in the ISS as assessed in January 1999 and 
January 2000.

Goals .g

3 3)
03

.§ ir*
o

£

Agrochemical use
Crop diseases
Distance to schools
Food shortage
Fuel shortage
Grabbing of public land
Ignorance
Illiteracy
Inadequate extension
Inadequate security
Lack of AI

Key:

Lack of market & shopping center
Lack of market for tea
Lack of nursery schools
Lack of organization and unity
Lack of secondary school &  polytechnic
Low crop productivity
Low dairy productivity
Low quality seeds
No telephones
Pests and diseases
Poor access road(s)
Poor healthcare system
Poor human health
Poor leadership
Poor quality feeds
Soil infertility and erosion
Substance abuse
Unemployment
Water not accessible
Water not potable

0=No progress 
2=Moderate progress

1= Slight progress 
3=Much progress
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Table 7.3: Expected primary and secondary outnuts ™
from interventions in the ISS as o f January 1999! ’ d P“ SC process model’ resulting
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Improved healthcare in Kiawamagira was reported to be due to improved access to a 

privately owned health facility near the area. Communities reported that the activities 

resulting in increased contact w ith extension staff and the improved security can be 

maintained. Similarly, supply o f  water to most households in Githima village can be 

sustained over the long-term as was the road maintenance. Communities in Mahindi and 

Kiawamagira carry out routine maintenance o f access roads, but the condition of the road was 

ranked as only a slight improvement. Table 7.3 shows the changes in system attributes 

resulting from these activities, and the expected primary and secondary outputs based on a 

pulse process model o f the communities’ cognitive maps.

In Githima village the expected outputs included improvements in coffee, tea and dairy 

production resulting in increased farm productivity and household incomes as well as an 

improvement in knowledge, literacy and employment opportunities resulting in reduction in 

the number of people dependent on farmland for their livelihoods (Table 7.3). The 

community foresees deterioration in soil productivity as a possible outcome of this process.

In Gitangu village, the expected outputs were an improvement in the farming techniques, 

resulting in improved poultry, dairy and crop production resulting in improved income and 

human health. In Kiawamagira, the primary expectations were an improvement in human 

health due to improved healthcare and increasing non-farm employment through small-scale 

enterprises, building o f rental houses and access to jobs outside the village. Improved access 

road was expected to result in enhanced dairy and flower production and increased access to 

off-farm jobs in Mahindi. In Gikabu, the expected outputs were an improvement in the 

production of tea and other crops due to improved farming techniques eventually leading to 

improved nutrition and incomes. Farm labor shortage and increasing vermin population were 

seen as potential negative outcomes. In Thiririka, the expected outputs were an improvement 

in human health and in incomes. However, increase in crop diseases were foreseen and these 

eventually leading to negative impacts in terms o f agrochemical use.

7.4. Discussion

neriod it is difficult to assess the 
With only two rounds o f measurements over a y l*2

. J • inrlirators Further measurements would be required
agroecosystem based on the trends in the indica • . . .

euctainability. However, the methods used
lo provide a more valid assessment of health an
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inthis study demonstrate an approach that may be useful in summarizing and presenting 

indicator data. The advantages o f  correspondence analysis are twofold: (l) th e  incorporation 

of targets and thresholds in the process o f categorizing the indicators, thus providing an 

intuitive interpretation and (2) projection of data from the initial and subsequent 

measurements into a multidimensional space, the distribution o f points being easily 
interpretable in terms o f  the chi-square distribution.

7.4.1. Spatial and temporal trends in the indicators

Simple correspondence analysis grouped villages based on two main criteria: (1) the crop 

production characteristic and water availability patterns. This is in agreement with the data 

from the participatory process in which water was identified as an important constraint and 

cash crop production as an important source of household income and a determinant of land- 

use in the district.

Spatial trends were confounded by the changes in response rates for many indicators and 

possible interviewer bias. The response rate was increased for many of the indicators between 

the first and the second measurements. This is more likely due to the feedback provided to 

the communities subsequent to the first measurement and the recognition by them that this 

was useful information. Because o f this, many o f the farmers who had not been able to 

provide estimates on yields o f  various indicator crops were able to do so in the subsequent 

round of measurements, while those who had been unwilling to provide income related 

information were willing to do. With further measurements, it would be possible to assess the 

impact of these on the accuracy o f the measurements. In addition, other methods of collecting 

data on the indicators should be explored to minimize the cost and the interviewer biases 

inherent in the methods used in this study.

The possibility of an overall reduction in the technical biophysical efficiency of most LUU 

between the first and the second measurement is indicated by the significant decline in the 

number of the LUU classified as having high yield per acre o f indicator cash crops. It is 

more likely that improved reporting by farmers (reduction in recall bias) would result in an 

increase in the estimated yields rather than a decrease. Further support for this 

significant increase in the number o f LUU reported as consuming a high proport.on of 

indicator traditional foods many o f which are utilized during periods o f reduced 

availability.
209



7.4.2. Evaluation of goals, ©xpoctations and achiovomonts

While there was progress in some o f the goals, it is clear that that communities did not follow 

the priority ranking that they had made in their revised action plans. The reason for this does 

not appear to be a change in priorities but probably a reflection of the difficulty in 

implementing some o f the plans. In all but two of the villages, the activities undertaken were 

those requiring the least investment in terms of money and time and/labor. The formation of 

vigilante groups and organization o f extension workshops are a good example of this. In all 

villages, there were attempts to implement the first item in the action plans, with varying 

degrees of success among them. It is difficult to compare the villages based on this because 

each problem situation was unique requiring unique approaches and resources to fulfill. It is 

however remarkable that the communities that had most success in implementing their action 

plans (based on the number and success o f the projects) were those which were older 

settlements. The exception to this was Mahindi village. The latter was unique in the sense 

that all the leaders in the village were young people (mostly below 25 years of age). The 

reason for this seems to be that most of the adults in this village are either very old or very 

young. The middle-aged people live away from the village (mostly in Nairobi) where they 

have formal employment.

Many of the goals seemed to be confluent with the communities expectation of ecosystem 

health and sustainability, except in Githima and Thirinka where use o f agrochemicals had 

both positive and negative impacts and therefore requiring optimization. Based on the 

cognitive maps, however, some community expectations were far beyond what could be 

achieved. An example is the expectation, in Githima village, that building classrooms would 

result in increased literacy levels in the same time span as it takes improved soil fertility to 

result in increased household incomes.
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Chapter 8

General discussion

The general objective o f  this study was to cany out an integrated assessment of 

agroecosystem health and sustainability with special focus on smallholder farms in the central 

highlands of Kenya (Chapter 1). The agroecosystem health framework was successfully 

adapted for use in a smallholder-dominated agroecosystem (Chapter 2). Participatory 

methods (Chapter 3), systems analyses (Chapter 4), Soft Systems methods (Chapter 5) and 

conventional research approaches were combined in an open-ended, adaptive research and 

development process. Two suites o f health and sustainability indicators were developed. The 

first suite, which was community-dnven, enabled farmers and communities to assess the 

health and sustainability o f their own agroecosystem. The second suite was research-based 

and complemented the community-driven suite. This was used to assess the potential impact 

of community goals on health and sustainability o f the Kiambu agroecosystem. Pulse process 

models (Chapter 4) were used in these assessments. Correspondence analysis was used to 

refine (Chapter 6) the research-based suite o f indicators as well as to analyze (Chapter 7) data 

obtained using indicators

8.1. Sustainability

Communities’ cognitive maps (Chapter 4) and descriptions of their vision of a healthy and 

sustainable future (Chapter 6) seem to indicate that they perceive sustainability as resulting 

from accelerated economic development. They do not perceive resource-stocks as 

consumable piles but rather as consisting o f renewable and non-renewable portions, with 

capacity for regeneration if  the system is properly utilized. Their descriptions seem to 

indicate that they perceive it possible to gainfully and sustainably increase the utilization of 

their agro-ecosystems, presumably through the use o f technology to re align the y 

resources are utilized and to support the agro-ecosystem status and function. The growth 

concept of sustainability seems to be the most congruent with community perceptions.

The growth concept o f sustainability emphasizes a balance between people, their habitat and 

economic systems. It assumes that there exists an optimal level o f productive for the
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agroecosystem, and that successful management involves attaining and sustaining this 

optimum. This optimum depends on the rate at which resources are regenerated, the rate at 

which the environment is able to absorb wastes and bye-products and the existence of 

appropriate technology to facilitate both the exchange o f non-renewable resources for the 

renewable ones, and to support the integrity o f  the agroecosystem. That communities 

perceive this to be the case is illustrated by their recognition of the need to enhance both 

productivity and soil quality through use of manure. Another example is where they attempt 

to optimize the use of agrochemicals to increase productivity, but minimize their perceived 
negative health impacts on the community.

Communities showed great concern for sustainability issues and had a clear-cut idea of what 

it meant in (Chapter 6) their own agroecosystem despite its vague and ambiguous definition. 

This underscores the global appeal o f the sustainability concept and its power in stimulating 

debate on natural resource husbandry. Like the concept of health, sustainability — it seems - is 

capable of being operationalised without the need for further refinement o f its definition. It is 

probable that refinement, which implies dilution o f its holistic connotation, may result in the 

loss of its global appeal and therefore its potential to evoke and guide the need for change in 

natural resource management.

Although communities have a strong sense o f what is good and what is bad in terms of the 

health and sustainability o f their agroecosystems (evidenced in their problem analysis; 

Chapter 3), they did not seem to appreciate the need for — or lacked a capacity for - debating, 

negotiating, planning and implementing remedial actions (Chapter 5). Based on their

approach in selecting indicators (Chapter 6), sustainable development, to them, implied 

stating long-term goals for the agroecosystem and then building and evaluating short-term 

and long-term goals based on these. From their perspective, a sustainability assessment 

involves an evaluation o f the probabilities that the desired long-term goals will be attained 

given the current management practices and agroecosystem conditions. In system terms, this 

implies that the agroecosystem together with its socio-economic subsystems must form a 

Won with integrity i.e. the emergent property o f a holon to regulate and organize its own 

internal structure and function and to mitigate stresses imposed from the outside so that it 

can perpetuate itself over all foreseeable external fluctuations. A key requirement for 

integrity is the existence o f monitoring and control subunits within the holon, which in turn 

implies the existence o f at least one measure o f performance, a criteria o f what constitutes 

good or bad performance, and the remedial action to be taken for each of the poss. e
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outcome, The inability o f  communities to pursue col.ective goals, when contrasted with the 

communities’ demand for action subsequent to the initial village workshops gives validity to 
this analysts. The request by communities to form village AESH committees can be 

interpreted as an attempt to build monitoring and control structures.

8.2. Agroecosystem health

While the concept of sustainability evokes the notions o f natural resource husbandry, the 

agroecosystem health paradigm provides a compelling framework for the successful 

management of agricultural and ecological systems. Community members, extension agents 

and policy makers in this project used concepts derived from the health disciplines to assess 

and set goals for their agroecosystem; to debate, negotiate and plan remedial measures; and 

then to monitor and evaluate progress. In this regard, sustainability was seen to be analogous 

to health in the sense that they are both objectively definable states of dynamic systems 

which, once described, can be effectively pursued.

Based on the type of indicators selected by communities, it seems that communities perceived 

agroecosystem health from a fitness-assessment rather than a diagnostic perspective. In the 

latter perspective, the objective o f  the process is to discover and characterize pathological 

processes and the risk factors associated with them. The former focuses on the capabilities of 

the system and what enhances it. Based on this perspective, the key health attributes are 

productivity, vigor, resilience, equitability, stability and integrity. The objective of an 

agroecosystem health assessment is to understand how the system can achieve and sustain 

desired community outcomes. In contrast, the objectives based on a diagnostic perspective 

would be to discover potential risk factors to the attainment of community goals. Important 

attributes in this case would include equitability, elasticity, inertia and vulnerability. While 

the fitness-assessment perspective was used by the communities to help them set reasonab 

goals for their system, ignoring the diagnostic perspective resulted in cases where community 

action-plans failed after a significant amount o f resources had been expended, resulting in a 

lot of frustration and decline in the communities capacity for collectiv

Communities were able to develop a reasonably parsimonious suite of indicators. ™ s  is at 

odds with the assertion that ecosystems present an almost infinite list o f potential indicators. 

This assertion stems from models of agroecosystems as dynamic states o f a hard system, n
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"  COmmUn' t,eS and rCSearCherS in * ■  project modeled agroecosystems as problem- 
based soft systems. Indeed, questions o f sustainability and health would have little relevance 

in systems that do not mclude some components o f human influence. The question of 

sustainability implies a human activity system and an existence o f a complex problem 

situation. Building problem-based models o f agroecosystems limits the choice of indicators to 

those related to the subsystems in which the problems occur and are manifest. Building 

problem-based models requires experiential knowledge o f the system, emphasizing the 
importance o f community knowledge o f their agroecosystem.

8.3. Kiambu agroecosystem

Scarcity of farmland is an important determinant o f the nature of smallholder agriculture in 

Kiambu. This is evidenced by the differences in agricultural practices and productivity 

among the six villages (Chapter 2). The availability o f markets and demand for produce is 

another important issue as evidenced by the abandonment o f recommended farm enterprises 

(based on agroecological suitability) - such as coffee and tea production in Mahindi and 

Kiawamgira and sheep production in Thiririka - for those that are largely market driven such 

as dairy and vegetable production. While these trends indicate adaptability in a general 

sense, they could also be reflective o f some kind o f instability in the system given the 

relatively short time-span over which they are occurring. More importantly, these 

communities seem to have a high degree o f adaptability with regard to the kind of farm 

enterprises they are willing to engage in, and their farming decisions appear to be linked to 

market availability, indicating a high degree o f effectiveness.

Although - on average - income for a household was low, many o f the households had 

diverse sources of income including off-farm employment. It was difficult to assess the 

relative stability of these incomes, but it can be assumed that the diversification observed is 

an attempt to minimize risk. On the other-hand, there was an oversupply of labor in most of
the households, and the diversification may be simply as a consequence o f this. Intere g y

com m unities perceived labor as one o f the products they export. T h is  was not seen as 

competing with demands for agricultural production except in Gikabu village where demand 

for casual labor in the neighboring tea-estates was seen to be in direct conflict with the needs 

for smallholder tea production. Another interesting aspect was that although communities
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saw a direct relationship between education/knowledge/skills and access to off-farm 

employment, they did not appreciate the value o f off-farm^mployment as resulting in 

increasing the community’s contact with the outside world and as a source o f knowledge and 

information. It is likely that this is the mechanism through which the villages obtain the 

critical information that has facilitated their adaptation to changing circumstances.

8.4. Health and sustainability assessment

In general, the agro-ecosystem approach has many attractions from both the research and 

development perspectives. The health paradigm used is easily understood and conceptually 

facilitates the diagnosis, treatment, follow-up monitoring and evaluation o f agroecosystems. 

Because health assessments are value-laden, their establishment requires community- 

participation if they are to achieve meaningful and lasting results. In addition, analyses at 

different holarchical scales are helpful for communities since development requires 

cooperation across households and villages and larger levels of organization such as 

government and other agencies. A key feature o f the process is that community organization 

-manifest as a capacity for collective action — is both a prerequisite and an outcome of the 

process. While communities with lesser capacity for action will realize minimal impacts in 

the short-term, the long-term effects will be increased organization - setting the stage for 

better outcomes in the future.

There are a number o f practical implications that were noted during the project. The first was 

that this research paradigm allows for the development of an effective forum for community- 

research collaboration. The second was that integrating participatory and standard research 

approaches to address community concerns can achieve tangible results. The research input 

helped communities to better understand the choices to be made in developing and modifying 

community action plans. For researchers, there were real benefits from communities 

generating research questions based on the real needs o f the community. Research results, in 

this context, are more likely to be adopted and sustained. Furthermore, the various processes 

and steps of the framework increase community awareness, self-knowledge and analytical 

skills. This, together with the enhanced capacity for action increases their ability to adapt an

hence improve their health.
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The main d,fficult.es m the agro^cosys.em approach are related to its time horizon and 

location-specificity. As the process is open^nded, only its initiation and early development 

fits into a standard project time-frame. Longer-term issues, such as clear-cut assessments of 

sustainability, require longer-term monitoring mechanisms. It is difficult to judge how 

lessons learned in one set o f communities can be generalized to other communities and 

agroecosystems. In our view, the process is transferable with fairly moderate adaptive 

changes. Some of the lessons may be instructive in the management and assessment of 

similar agroecosystems but this will become clear as more studies of these nature are 
undertaken, compared and contrasted.

The holistic approach adopted in this process, while essential to establish the crucial context 

for decisions and priorities means that researchers and development agents with narrowly 

defined terms of reference will not be able or willing to use this approach especially if their 

priorities are not strongly linked with those o f the target communities. Agroecosystem health 

assessments can be initiated under the umbrella of agencies (such as NARS) that have 

broader terms of reference, while those with narrower focus are best integrated in a secondary 

process based on the outcomes o f  the initial assessments and analyses.

The key lesson for communities is that the health approach to community description, 

problem analysis and action planning only works if the community is committed to and leads 

the process. All communities had some success with this approach — mainly related to their 

organizational ability and commitment. The participatory techniques for analyzing, planning 

and monitoring action plans were effective and contributed to community mobilization and 

action. Communities also discovered that they could learn effectively from the experiences of 

other communities. Thus, strategies to foster inter-village collaboration need to be an 

important feature of such efforts. Researchers from all disciplines involved in this project 

appreciated the ability o f communities to formulate research questions and analy 

constraints. This approach provides an important pathway for developing relevant research 

questions. Additionally, the perspective and ability o f  communities to analyze their problems 

was impressive and can be an important tool for researchers trying to assess comp 

using soft systems and more traditional multivariate approaches
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8.5. Summary

The increasing realization that human activities have complex impacts on the health and 

sustainability of agricultural and ecological systems has led to the increasing interest in 

holistic and adaptive approaches in the management o f human activity systems. The results 

presented in this study strongly illustrate that such holistic approaches are feasible, and 

demonstrate the potential o f the agroecosystem health paradigm as a framework for 

incorporating these concerns into the decision-making processes of agricultural communities 

in a tropical highlands agroecosystem.
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g e n e r a l  c o n c l u s io n s

1. This work demonstrates that a holistic annm ^K ^  .
nollstlc aPProach to investigating agroecosystem health

and beginning to implement sustainable processes for agroecosystem health 

improvement is feasible even with complex field situations.

2. Communities were able to  use the concept o f health to discuss and model approaches 

to better their livelihoods. The approach provides a simple, yet highly specialized 

language -  understood by the communities, researchers, extension agents, 

development agents and policy makers — for discussing issues relating to 

agroecosystem health and sustainability.

3. Although remarkably similar to traditional methods of integrated community 

development, the AESH framework is based on the principles of systems theory and 

practice, participatory and action-research methods as well as conventional research 

methods combined into a trans-disciplinary framework. The AESH framework, as 

applied in this study is a metaphor to structure how people think about their actions — 

social or economic -  and their implication on the biophysical world in order to 

improve their own well-being and to conserve the natural resource base on which 

their survival depends.

4. A unique feature in this process was that communities, researchers and development 

agents played complementary roles. While the communities role was crucial to 

understanding the system and in defining the criteria for health, the role of the 

researchers as experts in methods and that o f the development and extension agent as 

subject experts was critical to the overall success of the project.

5. Cognitive maps, graph theory and pulse process models were useful in analyzing 

community perceptions on factors that influence agroecosystem health an 

sustainability. That communities easily understood and applied cognitive maps to 

depict their perceptions combined with the fact that the cognitive maps are largely m 

agreement with findings from the participatory workshops indicate the potent,al of 

this method. In an action-research process, cognitive maps can be re-evaluated and 

updated in each action-research cycle as the local theory develops. In thts way, they

w i
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can serve both as a  record o f  the develnninodeveloping local theory, an analytical tool as well as
a means for assessing new goals and objectives.

6. Rich pictures were useful in helping communities to analyze the different peispectives

that existed on a problem situation, and in guiding consensus building, negotiation 
and compromise.

7. Communities used the information derived using indicators to re-evaluate their action 

plans and objectives and goals. This demonstrates the success o f the AESH approach 

in operationalizing the concepts of agroecosystem health and sustainability, and in 

incorporating them into the decision-making processes o f the communities.

8. Technical improvements, such as GIS and remote sensing, self-reporting systems and 

automated and integrated computer-based data gathering techniques would be needed 

to make indicator data more reliable and cost effective in the long-term.

9. Using both community-driven and researcher-based indicators was useful because the 

two suites provided complementary but fundamentally different information. Because 

communities often lack the capacity to develop and measure quantitive indicators, 

while researchers and policy makers lack the knowledge and mandate to make value- 

based judgments, it seems that decision-support systems for such integrated and 

adaptive approaches as sustainability and agroecosystem health should include both 

components to provide a balanced assessment.

10. MCA was found useful in summarizing and presenting indicator data for two reasons: 

(1) the incorporation o f targets and thresholds in the process of categonzing the 

indicators thus providing an intuitive interpretation and (2) projection of data from the 

initial and subsequent measurements into a multidimensional sp
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APPENDICES

1.1. Questionnaire used to carry out a census of all the land-use units in the village

t . Village:___________

3. Name ofcoumentor_

2sls5t
4. Nat4. Name of peoco n m i l  quotient _

5. Relatiociilup to the owner of fan:
0 owner l, friend X icn/deugl**r 3 Huaband

5SSSR5 —

& Ac*: 0. Adult (morn than 22 yean old)

4.wde 5. employ** 6. Other. Specify__________

1. Youth (between 15 md 22 yaata old) 2  child (laaa tlwn 15yeen)

Detail t oftha farwi-ownar and hotuabold

7. Full name of owner.

8. Owner a: 0 Male l.Fatnala

9 Full addreae

10. Ooapatioc of owner. 0. fanar 1. btaaineee man 2  amployaa

11. Asa o f  owner. 0. Between 30 and 60 yaati 1. Laaa than 30 yean 2  Mora than nay

12 Number of people in the htxaabcid 
0. Chicken (law than 15 m ) l . Youth (16 to 24)

• ■ 1

2  Adult (23 to 60) 1  Aged (more than 60)
-  i IW orkottfaw  XBufaeeea*

14. liat tha nama* of oo-opantzraa, poupa or ooavnONi That fh» owner a  •  member oC 
Puooaa

2  Nam* P w m , .................. . ......... Ifmoraipeoa*
S.Nwne PurpoM naadad

Patella of the f n iH w im r

15. Hanaofpanoo«tiomindithada]Mo-day aotivitiaaoftha km(manaaaO.

16. Manager ie: a  Mala I.Famala

17. Agaofmanayr 0. Between 30 and 60 yearn 1. Laaa than 30 year*

hia/har mlationahip to the oamar oftha fan?
4. employe*

18. WhatiahiaAwr (alationahip to thaoaanar oftha fans?
0. owner I. acn/daughtar 2  huaband 3. wife

19. How many yaanhaa than t wortod oo tha Corot _

»Wb*tnfaW**lof*duo«tk»cfth*m*n*»*r? Q.Ncne 1, Primary 2 Secondary 3. College d.OthaavSpaoiflr.

23. Where do you get water far domeetio uaa? 0 Tap l.Rjrar XWell 3,Barwhol* 4. Rainwater 3. Other*. Spaoiiy_

24. What crept an plartad in tha fa n  (ourrw* aaaaon)?I yatiV̂mn̂/ptt4mf namm<Vmrn *
5. Kaka/oabbagea 

25. What irtba total aba oftha fan?

2  ooffaa 

6. Othan. 3paoiy_

acrea \ T e t  t ana

26a. Lat tha manbor of cattle on the fan  and thar bned 
0. Nona l . Zebu:__  XFneiaa___ 3. Jaraay.t. . . . *.fi
7.1M iwi*k _

• --------- ------
„ ______acraa

4. Arahyie:___ 5. Ouaraaayt___ 6. Qua***

*

26bi Whan do you talc* yourmdk far omfcntmg? Oi Nooowiabaav Bathed l. Co-opantin. Nana _
2  Middleman. 3. Sail to other people.

27. Mio*i* tha number of aheap on the fan: Mala______

28. bdutl*iuifaarofgo*t>cn0iefann: Mala______

29* bcSoata type and unbar ofQuokan on the fan: l.Layarc, 2  Etote*:

29h, Whan do you eelleggr and meat? Cl No chicken an hymg 
2  Locally to other people

1.Order
1 Other*. 3pao«iy_

3. Othare.

rana prodacOrtty

30*. Hoar would you nt* the produKiriry of your fan? 3. Varygood 2  Satafaory 1 poor aVaqrpoor

30b. If prodkjotrrity b poor, what a tha moat haponaot eauaa?
0 Unknown 1.anallfanaaa 2  JowaoilfaJily 3-lackcfekile 

4. labour ccaartnana 3. othan. Spaaiftr

31. What it your inooma from tha fallowing fa n  artarpraac 
1. Caah crop* (tea, ooffaa, pyirathrum) _
1  Food orope (nwhoa beam, potato**) _
XUn*took(milk.*nt.aal*ofatook)___________ par____________

32 Which of you farming aothity would you lice to improra if naoumaa wan anradabi*7 
0. Nona l.Chah-erope 2. defy 3. foodoropa t. Hortimitur*
S.Nawantarpna*. Soaoifr 6. Other* Specify

26b. If none, why ?_

33. Briefly axplair how you would make tha inpnwamant _

34. Whatraaotaoa* would youraqtar* ton----------- ------------- ----------------

35. What an the Ucatyaouroa* oftha** nacuooaa?_____________________



1.2. Q uestionna ire  used fo r ind ica to r m easurem ent at the land-use unit level

THE AGROECOSYSTEM HEALTH PROJECT
UNIVERSITY OF NAIROBI

SUBHOLON LEVEL ASSESSMENTS

HOUSEHOLD DETAILS 

To be completed for each household 

The respondent b  the household head (mwene mud!) or the spouse

’

Interviewer’s Code: 

Full name of HHH:. 

Village:________

SECTION I
(F tiLln th is section im m ediately before the interview)1 * . ‘ '

____  Date:

_________________  Code:_____

SECTION 3
(FlU-bt this section Im mediately asking to talk to the HHH (Mwene m uctev) 

(circle th e  answer that corresponds to  response given)

1. HHH is:
L M alt 
it. Female

2. I f  respondent is not HHH, indicate name o f respondent

3. Available respondent Is 
i. household head  
i t  Spouse q f H ousehold head 
ULOther. Specify___________

4. I f  respondent Is not HHH, give reasons why _

SECTION 3
(Inform  the respondent that you w ill ask some lengthy questions a id  that they c a t stop you a t 

any time ( f theyfeel that they need rest Select a comfortable place fo r  the interview)

______________________J--------------------------------

- :
*1

5. Por th. houMhukJfaid, tif cch« ^kumand tta r cfipnng. deuiUof(hdr igw, oocvpttiav eductionlevel andmerit.) etetue

{

■

• : \m~ml

mim

Mi
.12L_

Tssisy-

■siin 11 s in....

MM U
: J
ISi

•• ■ .

■,/ :y ,■
• • .v v * > - . vv' \'.Y. -V-1 V-iV-̂ Y ' A'-'' \\.\-y‘v v'A-.y.\\- . vV

........ ........................................... . . ................................. —



6. L»tthsnuonoro(ti«peopt«n(ita>inbcnadafco«««ho1n<wiil«tinlb»baiB4>otil anlgr*<b'ail»orihar<e«^ occupation, Klaoatknlmi 
mi marital Matts.

MM*I>w — a i t p M i lanaf mx am  i
M M

•mat Star la in a t i iiHUa U tk a  .
at*  ̂ ^ 

IMS .

HarSat
Sam

w>«
■vrta(>

m i fig e a r n r-a)1 1

!01 # y  i-

20}

204

tOJ

206

207

tos

209

QIC1

7. If anyone in this household has been g] ,gf initirwlvattlin &V!  from today,
please indicate the type of izqary or illness, how serious it was and what action was taken.

Code
number

- - •- •- ' •

Description of illness or 
injury

How many, 
days did 
illness last

How serious 
(1-vcry,
2- moderate,
3 - notvery)

—  
Action taken
1 -  nono
2 -  hospital
3- shop medicine
4 -  other (specify)

gig

8. If anyone in this household has been ^drafted tg hwpfol in ifoiMi.S>)9RdWjra pk«« 
indicate the reasons for admission, the duration of hospitalisation and the outcome

Code
number

Reason for admission 
1” Severs Alness
2- Surgical operation
3- accident/mjurics
4- other (spocify)

How many 
days was
the person 
hospitalised

Name of 
Hospital

Outoome
1- recovered
2- still in hoepital
3- home but ill
4 -  other (specify)

- • ■ ’ . . .

9. Give an estimate of the amount of money you spent in the last calendar year for medical
services.______________ Ksh

10. If any of your family members has a permanent disability (Oonje wa mOthemba), please
give details_________________________________ .. __________________

11. If there is a household members) who has died in the last calendar month, please indicate
tlwgM?g(tlQf.dttth ______________________________

12. If there is a household members) who has died in the last calendar month, please indicate
the aao at time of death ________________________________________





19. List all the buldings in this homestead, indicating the area they cover, what they are made 
of and their use.

-z
\ 1 O Jse of 

juilding
Vrei Construction materials Distance 

from main 
House'1

buildings revered by 
the building Roof Walls *loor

jg§? 'V.O\ Âv«.*vi-vV;
- •

■
0: \  ' y

2The structure in which the household head sleeps

20. For each of the Mowing resources indicate their availability in the homestead, and 
indicate who should be consulted before they are sold, used or lent out

Resource

’eraon consulted 
lefortUSE 
* notavailablo 
.-no consultation 
i" Husband/fether 
t-wifb/mothor 
5“ others (specify)

lenon consulted 
>efore LENDING 
« not available 
I-Dooonmltstioo 
5* Husband/fother 
t-wife/roother 
5- others (specify)

Person consulted 
x  fore SALE 
-not available

2- no consultation
3- Hus band/father
4- wifbfaiother
5- others (specify)

l.Land/plots
2. Car
). Livestock
t. Cash crops
5. Food crops
&. Household goods
7. Children

f  ̂ ^

8. Bicycle
). Non-form income
10. Bank account

22. For the following amenities indicate the location and the distance from the homestead

Amenities Name Within Walking 
Distance? Y/N

Distance/11 
me taken

1.Dispensary ■
2. Hospital
3. Primary school
4. Police 'y . : $ . |  : -j,.'.- S ’*' .
5. Shopping center
6. Market ttlP
7. Chief-s office a&* $ > ’ v - ‘‘:

23. How much did you spend on water in the last calendar month?________Ksh.

24. What is the oost per litre?_____________________ Ksh

25. What is the distance to the nearest rivcr/naturml spring_______Kms.

21. What is the distance from your house to the nearest road that has transport Km

26. Did you use water from a natural spring or a river for domestic purposes in the last 
calendar year?
L Yea
iL No (G o  to  question  29)

27. If you used water from a natural spring or a river for domestic purposes, indicate 
month(s) when used _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

28. In the last oalendar year, did you use water from a river or a natural spring for agricultural 
purposes?
L No
it. Yes. for livestock
iii. Yes. for crops

29. Do you have rainwater-harvesting facilities?
L Yes
iL No (go to question 31)

30. If you have rainwater-harvesting facilities, bow long doe* the harvested water last after
the rainy season?______ weeks.

31. If you have access to piped water, indicate bow often the taps have water
i. no piped water
fi. once a week
iiL aome days in the week. Specify______________________
iv. some day in the month. Specify______________________
v . O thers . Specify  ................................................................................

1 v *v 11\̂  | ^ A
3 2 . I f  y o u  have  access to  p iped  w ater, h o w  m u ch  d id  y ou  p a y  las t m onth  fo r th e  w ater?  

_____________________ K sh

; . % j v j ' .  , , ,  ' . „ '5?*.' ■& \ S C\' '  V Vl ''V\V' <■ m



33. Do you use water &om a shallow well (irirrW g«-»thima) for 
i. Yes
u. No

—

:«'Vv :■
I * W mmm mm Wm P  P •
' • ■• • :/.v . ;s. ->» -1. '• •*• '

34. If you have ■ shallow well in your homestead, what materials have you used to cover the 
well?
i. Nowell 
it. no cover
iii. wooden cover
iv. Metal cover
V. concrete cover
vi. other Specify___________________________________________

............ •,,. »......<. ■ -- r-A «■ > J > '  - -r1 S's1*) *S \

NRHPHPRi^^^ "l1
36. How many people share water from the tank?.

37. If VWhurt.«Ito rw  talk, what is it made of? 
i. iron sheets
iu concrete
iii. plastic or fibre glass
iv. others. Specify

— — —. ' ' ' '
W;i- ' ' ' ■ '

?& ZS4. W fc ' ’«—* * X  *  ' '  '***■;

38. Do you have different uses for water from the different sources
i. Yes. Explain______________________________________________
ii. No

39. List the different kinds of fuels used in your household in the last calendar year. Also 
indicate the main source, frequency of use and the cost per month

Tvoeoffbel

Use
1-  lighting
2- cooking
3- others (specify)

Frequency of use

Cost per month 
(Ksh)

y W i ■, M & 0 $  ' v

y

___________

UfUst the groups, associations, organizations, clubs or societies of which you are a member. 
For each, indicate die objective or purpose.

I ' :

40. If firewood was used as fuel in your household in the last calendar year, where did you 
obtain it from? 
i. Woodlot on my farm
1L
iii. Purchased

Name of group
.. . . • ; ■ ■

i i...........• • . V

■

________________________
—

P̂ pô orpbjectfvaofgoup
wmBk'
i -. \ Sgi ;

—

__________
, V

■
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mmmmmm m. §■ mmm mmammmm _____________________ ___ • - 1_____

4 4 . A pert from  w hat y o u  g et  from  th e  firm  and  the aupport from  m em ber* o f  th is household , 
is  there another regular source  o f  support, incom e or reaouroe* for th is household? P lease  
sp ec ify  form  o f  support

ill.
iv .
v .
vi.
v ii.  
v i i l

N o n e  at all
From  husband w orking aw ay from  hom e.
From so n (s)  living aw ay  from  hom e
From d a u g h te r s )  living aw ay from  hom e
Bursaries
D onors
Friend(s)
O ther. S p e c ify ___________________________

Form o f  support

4 5 . H o w  often  d o  y o u  v isit ftiends/Relatrve w h o  live ou tside  th e  district?  
Friends R elatives
i. V ery  o ften  L V ery often
ii. O ften ii. O ften
iii. R arely iiL R arely
iv . N o t a t a l l  iv. n o ta ta l l
v . "No friends to  visit v . N o  relatives t o  visit

4 6 . H o w  m any tim es d id  you  participate (receive or g ive) an Itega outside th is v illage in the  
last calendar year?
L O nce
ii. T w ice
iii. M eetings are issue driven
iv . O ther, Specify_________________________________________________________________

4 7 . H o w  often  w ere clan m eetings (mTcemanio w a n yf m ba) held in the last calendar year?
i. W e  do not bold clan m eetings
ii. I d o  n ot belong to  a  clan
iiL O nce a  year
iv . T w ioe a year
v. O nce a  m onth
vL W hen need ariaet

O ther, Specify_____________________________________________________________ ___

.

vu.

B riefly , explain h o w  y o u  w o u ld  g o  a b o u t d iscontinuing m ateria] support for your daughter

4 9 . Briefly, explain h o w  you  w ou ld  g o  about discontinuing material support for your son

(parent) sto p  allocating  duties to  y ou r offspring?  

iroumctskra
m ds on  s e x  o f  individual. Explain _______________________

5 0 . W h en  d o  y o u  (parent) sto p  a llocating  duties to  you r

i t  after circum cision
iiL  it depends o n  s e x  o f  ind iv idual Explain
iv . after fin ish in g /d ro p p in g  out o f  school
v. after h e  or sh e  g e ts  married

vL after h e  o r  sh e  g e ts  a  jo b
v ii. A t  a  specific  age . Explain

v i i l  Others. Specify and e x p la in .

4 8 . In your opinion, w hen should parents stop supporting their offspring materially? 
(kO  □rO gam O rO ra/kw D ikaris)
L never
ii. after circum cision
iiL it depends on  sex  o f  individual. Explaii
iv. after finishing /  dropping out o f  school
v . after he or she gets married
v i. after he or sh e  g ets a job
vii. A t  a  specific age. Explain

51 . W ho deals with issues o f  discipline in the house for the following categories?
i. Children under 12 years o f  age_______________________________________
ii. G irls 12 years o f  age or o ld er________________________________________
iiL B o y s 12  years o f  age or o ld e r _________________________________________

52. W hat form  d o es th is discipline take?
L C an nin g /beating
ii. Refusal o f  food
iii. It depends on  th e  person being disciplined. Expl»in_
iv. Other. Specify

5 3 . H ow  m uch m oney did you spend last year on  education (fees, transport, books) for 
children in the follow ing categories
i. Nursery school K sh ._________________
iL Primary school K sh ._________________
i l l  Secondary school K sh ._________________
N . C ollege /U n iversity  K sh ._________________
v. Others. S p ec ify _________________  K sh .______________

54. List the children below  19 y e a n  o f  age in this household w ho ere not attending school. 
Indicate reasons, last class attended and the age w hen ho'sbe stopped sch oo l

code last c lass a ttended age w hen  (s)h e  
sto p p ed  school

rea so n s  fo r s topp ing

■ •. . V . .

r . . . . j .

V ' |j||i§j|: • :• .v0K-. . . .  ' . . . . .  '• . . :

f  Ji'-

:■ ' , . "  -A- $  -A- \ .  .. 'i ' , '' $Sfi $ I § n 'V v 'u13



55. List, in the order o f  priority, the  occupations y ou  w ou ld  have preferred m o st for your  
children

Female children ... *■ ----- ... .
...

fvjlflla :;-v-. V'v:

Pleas* Indicate the degree to  which you agree o r disagree with the fo llow ing fo u r  statem ents

5 7 . A ll on e  needs is  to  b e  able to  read and write
i. A gree  v ery  o u c h
ii. A gree
UL D isagree
iv. D isagree very  m uch

.... \vv \ ."..’A'yt:f:

SECTION 4
(In  the  space provided below  m ake any com m ents on  questions asked and any observations

S  that yo u  think affected the  responses

. . * ■ : p ; |  |i§ § §  .

-• -

mmm W
----------------------------------_. . —

not
i. A gree v e r y  m uch
iL A gree
UL D isagree
iv . D isagree very  m uch

L A gree very m uch
iL Agree
UL Disagree
hr. D isagree very o u c h

L A gree very m uch
iL Agree
iii. D isagree
iv. Disagree very m uch

■



F A R M  D E T A IL S

T o be com pleted  for each  farm
T he respondent should  b e  the person w h o  d ecid es o n  the  day-to-day operations o f  the farm

,
N a m e /C o d e  o f  h o u seh o ld  h e a d _  

In ter v ie w e r s’ C o d e_____________

1. R espondent i s :

i.  M anager
ii. O w ner/household head

iii.  Spou se
iv . O ther /  sp e c ify :________

* . jjjra
............ "

2 .  G ive reason (s) w h y  m anager is  not th e  resp ondent.

3 . W hat is the total area o f  land that you  use for agricultural production?,

4 .  H ow  m uch o f  th is land belongs to  yoo?1____________________ acres

acres

3. H o w  m uch o f  th is is  rented from som ebody e lse?

6 . H ow  m uch o f  vour land have y o u  leased out?

7 . N am e o f  m anager_______________________

8 . M anager's relation to  household bead

i. owdot

ii. son/daughter
iii. husband  
hr. w ife
v . em ployee

v i. Other. S p e c ify .

. ■ ' .. ’’AWV&JiW-Vif*•**.*• *f.y. *A‘*>•/•*... V- *

9 . S ex  o f  m anager

i. M ale
ii.  Fem ale

10. W hat is  the age o f  the m anager: . _years

11. For how  m any years has the manager been involved in farming activities? _ .  years

' » ' J&l "w ' '-i , i
'& f - sfc* -  - "*, £ -,; * * 1 x* \ sr =v \  -' N'f '*•» ' $ « J:-,pWW*§Z

1 ownership of land means that the person has a title deed.
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12. Did the m anager get advice on farm ing from  sources outside  the household  during the last 

calendar year? (circle appropriate responses):

M
L No (go t
ii. Y es. R e

iii. Y e a .O th e r !
eighbour

ill. i os. v u w r  uuiners
iv . Y es. Agricultural extension  agents
v . Y es. L ivestock  extension  agents

v i. Y es. A nim al health assistant /  Vcterinari
v ii. Y e s . C om pany sales rep (crops)

I  v i ii ,  Y ea. C om pany sa les tap  (li' 
ix . Yea, D airy C o-op  rep

v ii. Y e s . Con

j& fc i.T m ,

S ix . Y es. D airy  
x . Y es. C offee  

x i. Yes. Farmers training centres 
xH. Y es. R esearch stations 

x iii .  Yea. O ther (sp ecify ) _

13. Are the extension m essages ea sy  to understand?

i. Y es
ii. No

14. I f  v ou  received inform ation from outside, h o w  m uch m oney  did y ou  spend to  obtain i t  in  the last 

calendar year? Kahs.

15. H ow  useful w as the inform ation otxained?

1. N ot useful 
i t  V ery useful

iii. U seful

16. D o  you  em ploy non-fam ily m em bers on  you r farm? I f  so, how  m any?

L N o  non-fam ily em ployees
ii. Yea. Num ber o f  ncm-family em p lo y e e s__________________________

17. For what periods o f  the year do you em ploy non-fam ily workers?

L all year round 
i t  harvest tim e

iii. according to the need/work load
iv. other. Specify:_______________________________________



'

18. List the crops grow n  in  th is  farm  over th e  last calendar y ear  (Jan to  D e e  1998V  Indicate the acreage, 
quantity planted and quantity harvested during each  cropping season

5 I f  harvest is all year round, indicate annual totals
3 K g  o f  seeds. For ooffee, tea indicate num ber o f  plants harvested from
4 Includes s ll  produce harvested for sale and for hom e consum ption

Si

19. For each  o f  the M o w in g  pair o f  crops indicate w h ich  w a s  th e  m o st profitable ( in term s o f  inoom e  
generated) in th e  last calendar year?

co d e /n a m e 01 0 2 0 3 0 4 0 5 06 0 7 0 8 0 9

1 0 >/£"' C>' ’

0 9
0 8

0 7
0 6
05
0 4

0 3

0 2

2 0 . For each o f  the follow ing pair o f  crops indicate w h ich  w a s the m ost costly  to  produce in term s o f  
tim e, m oney and labour?

cod e/n am e 01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9

10
0 9
0 8
0 7

0 6
05
0 4
0 3
02

21 . List the crops that are currently being grow n on your farm

Crop (nam e) A creage
(acres)

Q uantity planted 
(lea or ft o f  plants)

Expected  
Yields (K a)

• v< \ **..*;. v<v;Cy
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2 8 . For each  o f  th e  c o w s  being m ilked, indicate the  date (m onth  a n d  y ear) w h en  it g ave  
birth and the am ount o f  m ilk it produced yesterday

C ow s ID  (n am e or description ) D ate  o f  last calving M ilk produced yesterday

(leg)

y •/. )( , . • )
:

- -

2 9 . For each  o f  the  M o w in g  categories o f  livestock  indicate the num ber currently on  the 
farm , and th e  num ber that has been new ly  introduced

Category G oats
(M buzi)

Sheep
(K ood oo)

Cattle Pigs

A dults Fem ales currently on the farm
A dult m ales currently on  the farm

N um ber o f  live  births m  the last 
calendar year
N um ber o f  stillbirths and abortions 
in the last calendar year
Total num ber o f  anim als sold or 
given ou t in last calendar year
T otal num ber o f  anim als dead  
(exclude stillbirths and abortions)
Total num ber o f  anim als brough t into  
hum  {purchases, gifts or exchanges)

3 0 . F or each  o f  the fo llow ing anim als indicate the  d iseases* that w ere  the m ost com m on in 
th e  last calendar year, their cause, and  the  action  taken

T y p e  o f  
L iv esto ck

D isea a ea ty m p to m s* C a u se s A c tio n  taken

Cattle 1

2

3

Pig* 1 H t t § ® I t l i l l i t t ;

2 , >vv U -v .. . jg

3

Sheep 1 V . $$$

2

3

Chicken 1

2

3

G oats 1

2

3

Mm
mm

wmmm
WM

"  *

3 1 . H ow  do  your anim als get access to  forage (m alisho)?  
i. grazing/pasture

ii. cut or purchased and transported to anim als (zero  grazing)
iii. com bination o f  the above.

Explain:________________________________________________

3 2 . Ifvou r animals graze or are on pasture, how  far from  the night hounng'sheller do  they  
travel?
i. < 0 .5  km  

i l  0 J  - 1  km
iii. > 1 - 2  km
iv. > 2 - 4  km
v. > 4 - 6  km

vi. > 6  km

33 . Ifvou r animals A R E grazing or are on pasture, h o w  much area do they  have access toT

______ (»»••)
3 4 . Ifv o u r  animals graze or are on  pasture, are they ever c lose  to  areas where "wild 

animals" are seen? I f  so, w h ich w ild  animals?
” | I g g g | | j $11 1 vw IW: m

* Record the descriptions a s  given by the farmer

V a-v-v' ' 
\y. Y'-:-



L n o  wold anim als in  are*
ii. buffalo (m b ogo)

iii .  bush  buckTantelopea* (T hw ariga)
iv . other. Sneoifv:

ii. Y es. D escribe:

3 6 . I f  vour anim als D O  N O T  G R A Z E, h o w  m uch  fodder d o  y o u  provide per day?

___ Kg.
3 7 . I f  vou r anim als D O  N O T  G R A ZE, com pere th e  sources o f  fodder in each o f  the  

fo llow ing pairs and indicate which one y ou  obtained the h ighest am ount o f  fodder  

from m the last calendar veer .

S o u rce 1
O ther
sources.
Specify

2
purchased  
grass /hay

3
grass from
public
land

4
Purchased
crop
residues

3
crop  
residues 
from  form

6
Purchased
napier

7
N apier grow n  
on-farm

£&&&V- :v'vjW*\*i' )■£ #$$0$

6
Purchased
napicr

% \ ; /••V ' |  1
• Y -Tt-V / .  .

5
C rop residues 
from  farm

' ' "

4
Purchased  
crop residues
3
G rsss/hay  
from  public  
lands

2
purchased  
Brass/hay •

3  8 . W hat d o  y o u  d o  w ith the manure from  th e housing area /petu /com l?  
L used  a s  fertilizer on  cropa

ii. sold
iii. used a s  fuel
iv . stored but not used
v. other. Specify:

3 9 . T o  w h ich  anim als d o  y o u  provide com m ercial feed s (d a iry  m eal, bran, pollard, m aize  
germ  etc )?

A n im a l A m o u n t (k g )  p e r  d a y
C o w s -  im m ediately  after giv ing  birth :
C ow s that are being m ilked
non-m Iking c o w s
adult bulls

A d u lt sheep  and  goats
W $ ;

kids (le ss  than ly r  old)

lam bs (le ss  than 1 y r o ld )

YounR pigs ( le ss  than 1 yr)
A dult pigs

non-laying chicken
Laying chicken

i-' , ■

4 0 . W hich o f  the follow ing m aterials d o  yo u  offer to  your livestock?

M aterial C ost per unit unit
B rew ers m ash (M achicha)
Pyrethnun husks (beniku)
Fish m eal
blood or bone meal
m ollaases (Cukari w a nguru)

C hicken m anure
others, specify

... . •• - 
-

m m
. . . . «.*,?> v* .'* * *5

Anim al Material Am ount (kg) per 
day

C ow s - im m ediately after giving birth
C ow s that are being milked
non-m ilking cow s
adult buils
calves (less than ly r )
A dult sheen and goats
kids (le ss  than ly r  old)
lam bs (le ss  than 1 yr o ld )

Y oung n ig s  {le ss  than 1 yr)
Adult pigs

non-laying chicken
Laying chicken

*v\* • •* ;J£: .•* •' ^  v̂\1 i?
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4 1  D o  y ou  u m  any  o f  th e  fo llow ing a s  supplem ents? I f  so  w h at type? (circle a ll 
appropriate responses)

i . n o  other supplem ents
ii. sa lt lic k

iii. salt and m ineral m ix
iv . vitam ins
v . antib iotics

v i .  other. Specify;

4 3 . I f  v o u  feed supplem ents, to  w h ich  anim als d o  y o u  offer w h ich  supplem ent?

A nim al Supplem ent
1) C ow s -  im m ediately after giving birth ..........................
2 )  C ow s that are being m ilked
3 )  non-m il kina co w s
4 )  w eaned  heifers .....................•• " .....................
5 )  w eaned bulls
6 )  ca lves < 2  yr  o f  age

7 )  kids
8 )  lam bs
9 )  A dult sheep  &  goats

•L' -«? ' s. :

fM

3 3 . H o w  w ou ld  y o u  rate the  productivity o f  you r farm ?
i. V ery  poor
ii. poor
iii. Satisfactory
iv . V ery  good

34 . I f  productivity is  poor, w h at is the m ost im portant cause?
L U n know n
i i .  sm all farm  size
iii. lo w  so il fertility
iv . lack  o f  skills
v. labour constraints
v i. lack  o f  capital
v ii. poor infrastructure
v iii .  lack  o f  m arket
ix. others. S p e c ify -----------

3 3 . H o w  m uch m on ey  did y ou  nH o w  m uch m on ey  did y ou  spend last calendar year  on  th e  follow ing farm enterprises 
(interview er to  assist th e  fanners to  m ake an estim ate. Include fertilisers, chem icals, 
transport and labour)
i. C ash crops (tea, coflee , pyrethrum )_______________ p e r __________________

T ransport_________ Fertiliser____________
Pesticides_________ L ab our______________
S e e d s _____________ Other. S p o c ify .

4 4 . W hat is  the total number o f  broilers ch ick s that y ou  bought in the  year?

4 5 . W hat i t  th e  total num ber o f  broilers that y o u  aold in the y e a r ? .

4 6 . W hat w a s  the average price per kg  o f  broiler that you  ao ld?__

ii. Food crops (m aize  beans, potatoes e tc )______
T ransport_________ F ertiliser,
Pesticides  Labour _
S e e d s_____________

p e r .

Other. S p e c ify .
i i i  L ivestock (m ilk, eggs, ta le  o f  s to c k )_______________ p e r .

T ransport_________ F e e d _______________
Pesticides_________ S to c k ______________

4 7 . W hat is  th e  total num ber o f  Layer ch ick s that you  bought in th e  y ea r? .

4 8 . W hat is  the total number o f  L ayers that y ou  so ld  in  the yea r? _________

4 9 . W hat w a s tho average price per k g  o f  layers that y o u  aold?___________

Other. S p ec ify .

56. H ow  m uch m oney did y o u  earn in the last calendar year from  the follow ing farm 
enterprises (interviewer to  assist the farmer to m ake an estim ate, include only  direct 
sales)
L Cash crops (tea, coffee, pyrethrum )_______________ p e r __________________

50. In the last calendar year, h ow  m any tim es did you
a ) obtain veterinary services ? ______________tim es
b ) purchase any kind o f  rem edy for your livestock? .

ii. Food crops (m aize beam , potatoes e tc ) .
iii. Livestock (m ilk, eggs, sale o f  s to c k )__ .per.

31 . I f  yo u  obtained any seterinary service* in the last calendar year, how  m uch did it cost 
yo u  in to ta l? ___________________Ksh

52 . I f  y ou  purchased any kind o f  rem edies for your livestock  in the last calendar year, 
h o w  m uch m oney  did you spend In total Ksh

37. W hich farming activities would you like to increase or start i f  resources were 
available?
». N o n e  (G o  t o  6 2 )
ii. coffee
iii. tea
tv. dairy fanning
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