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Executive summary

At the heart of any effort to foster sustainable development, lie scientific analysis and
the application of scientific knowledge. Providing scientifically correct and appropriate
information that respond to and anticipate the needs of policy makers and other
stakeholders is essential when addressing issues from the plight of widespread poverty,
global changes and environmental degradation.

Attainment of the Millennium Development Goals (MDG) can not be possible without
sufficient technological progress and improved policies to address the global challenges that
face the resource poor regions of the world. Coupled with efforts to increase agricultural
productivity, natural resources management (NRM) has become one of the cornerstones of
research and development within the national, sub-regional and international agricultural
research systems. The Consultative Group on International Agricultural Research (CGIAR)
has devoted significant resources into this area of research. Development investors, policy
makers and researchers alike are keen to assess and evaluate investments in NRM. In

the past, progress has been limited by the lack of scientifically valid ways to evaluate

the complex environmental outcomes associated with these interventions that need new

methods and techniques to enhance their effectiveness.

Understanding of how the interventions affect environmental and socio-economic syatems
and pathways is crucial in order to sustain the benefits of these developments and safeguard
the destiny of our future generations. Impact analysis must become more problem-focused,
and apply an interdisciplinary approach to sustainable development issues in order for

science to become more policy relevant.

This document focuses on these felt needs and synthesizes a framework for evaluating the
impacts of tsetse and trypanosomiasis interventions. The need to eradicate or eliminate the
problem of trypanosomiasis and at the same time promote sustainable utilization of land
on which millions of poor families depend, are real concerns for the future of 37 countries
of Africa that are faced with this problem. An understanding of how the interventions affect
all the other systems that contribute to attainment of the desired goals is now a matter of
urgency.

In the past numerous efforts to control Trypanosomiasis, have been made largely focusing on
reduction of the abundance and distribution of the vector. However, all gains made through
these control efforts have always been short lived due to resurgence of fly populations and
disease prevalence in the controlled areas. Based on the experience of past control failures
to sustain low tsetse populations, the African Union is now promoting the elimination of

the tsetse flies in order to eradicate the disease from the continent through the Pan African
Tsetse and Trypanosomiasis Eradication Campaign (PATTEC) with government resources and
the support from the African Development Bank and other development agencies
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Eradication has costs and benefits that need to be evaluated in order to estimate the viability
of the investment and the sustainability of the interventions. All interventions on tsetse
control and eradication have expected environmental and socio-economic implications
depending on the approach used and the place where the control is undertaken, so the
direct and indirect effects of the T&T interventions should be evaluated across the natural,
social and economic systems in order to properly estimate the costs and benefits of the
eradication campaign.

These natural, economic and social systems are dynamic and complex systems, thus
they exhibit non linear behavior and spatial and temporal lags in their response to T&T
interventions, making it difficult to estimate their direct impacts on an individual system.
In addition environmental, economic and social systems are linked and interdependent.
In consequence, interventions on the natural systems can have indirect effects on the
economic sector and human societies and in a similar way impact on the economy or
society can have indirect effects on the natural environment. Understanding of how the
natural, economic and social systems are inter-linked and inter-dependent is necessary
in order to identify the direction of the flows and the magnitude of indirect effects of T&T
interventions to estimate with higher accuracy the cost and benefit of the eradication
campaign, identify areas where further interventions are need to avoid negative feedbacks
and design strategies to mitigate adverse effects across systems.

Considering the complex nature of the involved systems, their inter-linkages and

feedbacks mechanisms, the impact assessment of T&T interventions could be a difficult
task. The challenge is to understand and quantify how the interventions directly affect

the environmental, the economic and social systems, and how the indirect effects of

an intervention implemented on one system spread through the others affecting their
processes and modifying the flow and direction of the linkages between them. Such
assessments require first a conceptual framework to help in mapping out the main cause
effect relationships and response patterns. Secondly there is a need for guidelines on how to
assess the impacts in order to target the right components or groups in the system and apply
the right methods and tools to quantify the effects and promote informed decision.

Trypanosomiasis is a vector borne disease which affects humans, livestock and wildlife in
Africa; it is an important constraint to the socio-economic development of infested areas.
Considering the interdependence between environmental, social and economic systems,
their inherent complexity, the multidimensionality of their links and the existence of non-
market cost and benefits, the integrated impact assessment of trypanosomiasis interventions
represents both conceptual and methodological challenges. These challenges involve the
development of a logical structure of the pathways and interactions of the impacts, and

the use of different approaches and techniques to obtain valid assessments. This document
presents a framework for integrated impact assessment of trypanosomiasis interventions and
briefly summarises the methods available for evaluating the effects on the involved systems.
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INTRODUCTION

Trypanosomiasis is a vector-borne disease which affects humans, livestock and wildlife in
Africa (Welburn et al. 2001). The direct and indirect impacts of the disease are enormous in
terms of human lives, livestock losses and agricultural productivity; moreover the disease is
an important constraint to the socio-economic development of infested areas (Kristajanson
et al. 1999; Swallow 2000).

Since the end of the 19th century, there have been many efforts to understand the disease,
control the vector and to provide treatment for both human and animals (Tilley 2004). These
efforts were successful for many years, with diverse perceived economic and environmental
impacts. However, as a result of resource limitations, drug resistance and social conflicts,
the control measures that were implemented have broken down and there has been a re-
infestation of tsetse with resurgence of trypanosomiasis being reported in many areas (e.g.
Stich et al. 2003; Abel et al. 2004).

The creation of sustainable tsetse and trypanosomiasis (T&T) free areas in East and West
Africa is a joint response of African nations to this disease challenge. To achieve this
enormous task a set of different strategies for suppression, control and eradication of disease
will be selected, large investments in capacity building will be granted and sustainable

land management will be promoted. Impact assessments are needed to facilitate a clear
understanding of the extent to which this project will affect the target population and the
magnitude of the effects of the intervention on the welfare of the intended beneficiaries.

In general terms, impact assessment evaluates the outputs and outcomes of projects,
programmes and policy interventions, providing information to donors, policy makers and
development managers for planning, setting priorities, demonstrating results and monitoring
progress towards an objective (Shiferaw et al. 2005). Comprehensive and integrative impact
assessments that include effects on natural, social and economic systems are required.

The impact assessment expects to capture the inherent complexity of these systems, the
multi-dimensionality of the impacts and the existence of non-market cost and benefits.
These requirements represent both conceptual and methodological challenges involving the
development of a logical structure of the pathways and interactions of the impacts, as well

as the application of different approaches and techniques to obtain valid assessments.

In this paper we develop a framework for assessing the integrated impacts of
trypanosomiasis interventions that resembles the structure of the DPSIR conceptual
model (see EEA 2000). This framework provides a way to make evident the pressures on
the involved systems, define the target groups and levels of analysis, establish cause and

effect relationships, organise information about the state of the systems, select appropriate
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methodologies for impact assessment, identify indicators, scaling up and scaling out the
results, promote dynamic learning processes and evidence the potential responses of the

society.

The structure of this paper is as follows: We initially introduce the main concepts of impact
assessment and present an integrated vision of the interaction between environmental,
economic and social systems. Then a set of key questions to be considered in the design

of impact assessment studies is reviewed. Later, the basic elements of the impact analysis
are shown in a logical sequence to present the conceptual framework for integrated
impact assessment of trypanosomiasis interventions. Finally, we briefly summarise the
available methodologies for impact assessment on the different systems and provide some

conclusions.
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TOWARDS A FRAMEWORK FOR
IMPACT ASSESSMENT OF TSETSE AND
TRYPANOSOMIASIS INTERVENTIONS

2.1 Impact assessments concepts

Impact assessment determines the welfare changes from a given intervention on individuals,
households and institutions and whether those changes are attributable to the project,
programme or policy intervention (World Bank 2002). These assessments can be made

ex ante or ex post. The ex ante assessment evaluates the impact of current and future
interventions providing information on the likely environmental, economic, and social
impacts and how the flow of costs and benefits is distributed among the affected population.
Ex post impact assessment evaluates the impact of past interventions measuring the benefits
and costs of the interventions, evaluating the attainment of the objectives and providing

information on the pathways through which observed impacts have occurred.

2.2 Integrated vision of the interactions between
systems

There is an emerging consensus regarding the need to look for broader approaches to deal
with complex systems problems. Natural, social and economic systems are complex in
themselves and many of their problems involve the additional complexity of interactions
between these systems. Economic and social systems are inextricably embedded in larger
natural systems and exchange flows of materials and energy within them; these interchanges
of material and energy might also define social structures and processes (Berkes et al. 2003).
Considering the relationship between ecological and social systems, it is clear that impacts
on the natural systems could affect the societies dependent on the goods and services
provided by the ecosystem, thus affecting the welfare of people. Similarly, impacts on the
economic or social systems could have positive or negative effects on the environment

(e.g. Adger 2000). Hence, impact assessment must consider environmental, socio-

political and economic aspects in multiple scale analysis of interventions, and incorporate
transdisciplinary and participatory approaches using a broad range of available tools for
analysis and communication (Campbell et al. 2001).

The overall objective of tsetse suppression and eradication is to contribute to reducing

poverty and improving food security by ensuring the reclaimed areas will be equitably,
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sustainably and economically exploited. This therefore presents a complicated situation
since disease control creates economic incentives for land accumulation by large
stakeholders. Furthermore, the relocation of people generates potential changes in social
organisation, local institutional arrangements and cultural values, all of which affect the
traditional strategies of resource management. This disturbs the dynamics of biophysical
processes that determine the sustainability of different land use under distinct ecological
conditions.

2.3. Key questions for developing impact analysis of
trypanosomiasis interventions

Impact of what: An initial issue is defining in general terms ‘what is being analysed'.

There are many potential trypanosomiasis interventions in response to a broad set of
environmental and socio-economic factors that trigger the need for control and eradication
activities. Different interventions might have distinct objectives and scopes, and differ in
the methods used. Many of these interventions can go beyond disease related issues and be
concerned with issues as diverse as poverty reduction, food security, equity or sustainability
(e.g. AFDB 2004).

Impact on what: As was previously mentioned, both economic and social systems are
linked and dependent on natural systems. Animal disease can generate a set of direct

and indirect impacts on different systems with different magnitudes. Infection with
trypanosomiasis negatively affects the number and productivity of animals and their
capacity for traction. This may have implications on the agro-ecosystems, by reducing the
amount of cultivated land, manure availability and the quality of land preparation. These

in turn have a negative effect on crop diversity, crop yields and farmer’s income. However,
the creation of trypanosomiasis free areas can increase the demand for cropland, generating
rapid changes in land use and land cover with potential social impact as a consequence of
the high immigration rate into these sites (e.g. Muriuki et al. 2005). Hence it is necessary
to define impact based on what is being evaluated. Is the impact on the ecosystems, on the

social or economic system or is it an integrative impact assessment considering all of them?

Impact on whom: Trypanosomiasis interventions can have impact on various groups.
Depending on the project, affected or beneficiary groups can be defined in terms of
livelihood, age, gender, income level, geographic area, ethnicity or other criteria (World
Bank 2003). A precision of who are the target groups of the project is useful to define
interventions, develop policies and understand potential impacts on other stakeholders.
Defining the target groups helps to demarcate the level at which the impacts will be
analysed. There are several potential nested hierarchies for both socio-economic and
environmental levels of analysis ranging from local to continental scales. Different
approaches, methods and indicators can be appropriate and effective for a given level of

analysis while others are less so or completely inappropriate (see Kamuanga 2003).
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Impact how: Once the adequate environmental, social and economic levels of analysis
have been defined and the target of T&T interventions have been identified, the next
question is how the impacts of the intervention on the economic, social and natural systems
occur. Figure 1 gives a diagrammatic representation on how impacts may result from

interventions.

This understanding gives information on where to target assessment of impacts. Researchers
must select a set of appropriate methods that will measure changes in the right areas of

the system where they occur, taking into account available human and financial capital,
prevailing ecological and institutional circumstances and the objectives of the intervention.
Choosing a method of analysis often involves a compromise between a method that is
sufficiently detailed to capture the impacts on the system(s), and one that produces results
that the policy makers will understand and be able to use. In addition, the method of
analysis used will determine the data requirements. It is important to know the availability
of data for each system and the availability of resources to collect additional data if they
are missing or inadequate (see Rushton et al. 1999). Distinct methodologies can be used to
answer different questions; different approaches have distinct limitations, provide different
information and have distinct data requirements. They also differ in the time needed to
complete the study and the required level of skill of the researchers to develop or apply the
methodologies (World Bank 2004).

Impact if: To make informed decisions, public and private decision makers need

accurate information about the economic, social and environmental consequences of the
interventions. Based on the complexity of the involved systems, the links between them and
the possibly competing objectives, there is a set of potential tradeoffs within and among
systems. For example trypanosomiasis interventions that indirectly generate a positive
impact on agricultural production, could have a negative impact on environmental quality.
Identifying what are the tradeoffs of different interventions between the different systems,
and how they can be measured or evaluated is essential when designing programmes and
monitoring impacts (Crissman et al. 1998). In this context, the translation of impacts in a
common currency (e.g. monetary valuation of environmental impacts vs. the monetary
value of the agricultural production) makes the tradeoffs more evident and facilitates the
identification of data requirements.

2.4 Elements of the impact analysis

Since different interventions are focused on different problems and generate distinct
impacts, the approaches for the impact assessment of trypanosomiasis interventions will
therefore be different for the various case studies. However, it is possible to identify a set

of key issues to be considered at the design, implementation and monitoring stages of the
studies, enhancing the quality of the research. Below, we present these issues in a logical
sequence and briefly discuss them in the context of the framework for impact assessment of
trypanosomiasis interventions.

11
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Identify the pressures to justify the need for T&T interventions: Based on data from the
natural, economic and social systems, it is possible to estimate the relationships between the
potential costs and benefits of the interventions per unit of area and the human population
density at the research site to detect if the interventions are justified (e.g. Shaw 2003).

Define the specific T& T interventions: Based on the objectives of the interventions, existing
scientific knowledge, technical capability, prevailing ecological conditions, availability of
resources and political decisions, a specific set of control or eradication methods will be

selected for the intervention (see Allsopp 2001).

Define impact on what: Delimit impact on what is being evaluated. Is the impact on the
ecosystem, on the social or economic system or is it an integrative impact assessment

considering all of them?

Define impact on whom: Trypanosomiasis interventions can have impact on various groups

at different levels of analysis.

Define target groups: It is necessary to identify and analyse those who are affected by

the trypanosomiasis interventions and those who can potentially affect the success of the
interventions. Different groups can have distinct susceptibility to the disease based on
labour division and distinct behaviour, and specific economic groups can exhibit distinct
willingness to be involved in control activities and promote or encourage the interventions

based on their own evaluation of their costs and benefits (e.g. Pepin et al. 2002).

Define the level of analysis: Different impacts can be evident at different spatial and
temporal dimensions. The choice of an appropriate scale is very circumstantial and depends
on many factors such as the type and size of project or plan, the availability of resources,
the social and ecological processes being studied, and how heterogeneous or homogeneous
the spatial setting is (see Gibson et al. 2000).

Understanding transmission channels and expected size and direction of the impacts:
Considering the complexity of the interactions between environmental and socio-economic
systems, the use of models is required to deal with cross-cutting issues and effects. Simple
conceptual models describing the pathways through which an intervention is expected to
affect the systems and the likely magnitude of the impacts are useful for ex ante assessments
to calculate costs and benefits of the interventions and prioritise actions. However, only

ex post assessment provides information on the pathways through which observed impacts
have occurred, facilitating the understanding of the effects on different systems. These
impact pathways should include both direct and indirect impacts. Direct impacts are effects
caused by the proposed action, occurring at the same time and place while indirect impacts
are effects caused by a given action, occurring later in time or farther removed in distance
but which are reasonably foreseeable. Alternative pathways represent distinct impact
scenarios and different social groups can develop distinct impact pathways based on their
own perceptions and knowledge (de Lacroix et al. 2003)
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Impact how: Once a level and target group have been identified, the next question is how

to asses the impacts of the intervention on the economic, social and natural systems.

State of the systems: It is necessary to understand the state of the system for the specific
level of analysis in terms of the changes in the links and interdependence between the
natural, social and economic systems, evaluating the modification of the flows of matter
and energy, and the changes in the supply or demand for goods and services. For example
the creation of areas free of disease can trigger immigration to these sites, generating an
increase in the demand for cropland within the former tsetse belts, increasing the supply
of crop products but reducing the forest area and eventually diminishing the capacity of
natural systems to provide goods and services of local and global relevance (e.g. Reid et al.
2000)

Gathering data and information: Integrated impact assessment can be extremely data-
intensive and specific data requirements will depend on the nature of the analysed
impacts. These requirements should involve gathering qualitative and quantitative data
both from primary and secondary sources. Primary sources refer to original data that have
not been interpreted, discussed or analysed, e.g. first-person accounts of events, surveys,
interviews, data obtained through original research while secondary data sources refer to
commentaries, explanations, analysis, interpretation, discussions or compilations done by
other authors based on primary data. Different data collection instruments, data type and
data analysis can exhibit advantages and disadvantages depending on the impact to be
assessed (see Baker 2000). When adequate data are not available, several strategies can be
used to obtain valid assessments: the first strategy is adapt the analytical approach to data
currently available; the second option is to collect additional information; and the third
one is to rethink the intervention or postpone it until adequate data can be collected and
appropriate analysis be conducted (World Bank 2003).

Analysing impacts: In general, four factors are used to select the method for analysing

the impacts of trypanosomiasis interventions: availability of data, monetary constraints,
availability of time and human skills. The various methods used to assess economic, social
and environmental impact assessment of trypanosomiasis interventions are summarised in

Section 3.

Impact if: Considering the inherent complexity of the environmental, social and economic
systems and the links between them and the existence of competing objectives, there is a set
of potential tradeoffs within and among systems. Different impacts are evident at different
spatial and temporal scales, so it is important to define basic spatial and temporal units to
analyse the tradeoffs (see Stoorvogel et al. 2004).

Indicators: Based on the results of the impact assessment, a set of key variables or indicators
which characterise the state of the system can be developed. The main goal for developing
such indicators is to measure, monitor and report progress towards a goal. The use of
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indicators allows us to better organise, synthesise and use information (von Meyer 2000),
thus they represent basic tools to facilitate public choices, support policy implementation
and provide a solid basis for decision making at all levels (Capello and Nijkamp 2002).

It has been considered that since the ecological, social and economic aspects are

interdependent, different indicators might be constructed based on different world views.

Scenario analysis: Based on the results of the impact assessment, it is possible to develop
scenario analyses to obtain forward projections which allow us to progress from the current
settings to a series of alternative future situations, identify sensitive variables that can be
used as indicators, and to scale up and scale out the results. Alternatively, the scenario
analysis can provide information on the steps required to progress from a current situation
to a desired future one. The results of scenario analysis provide information to enhance the
understanding of the different impact pathways in a continuous learning process involving
different stakeholders thus encouraging further examination and experimentation (e.g.
Purnomo et al. 2004).

Response: The responses refer to actions taken on behalf of the society by decision makers,
policy analysts and resource managers. These responses are based on the results of the
impact assessment, the changes in the set of defined indicators and the outputs of decision
support tools, e.g. scenario analyses, and are subject to a set of different constraints existing
in the system (e.g. money, time and human skills). The responses can be as diverse as
developing mitigation and monitoring plans for undesired impacts, providing adequate
policies, improving management strategies and spreading the results among target groups
(e.g. Morrison-Saunders and Bailey 2003).
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ANALYZING IMPACTS

This section provides an overview of several broad classes of methods for estimating impacts

of trypanosomiasis interventions.

3.1  Methods for economic impact assessment

In general, the quantification of the economic impacts of trypanosomiasis interventions was
initially biased towards the estimation of the costs of disease. The methods used to estimate
the cost of trypanosomiasis have been categorised based on the direct or indirect effects

of the disease (Tables 1 and 2). The direct effects involve the changes in productivity and
the impact of disease on animal traction, while the indirect effects refer to the additional
costs and the revenue foregone as consequence of disease. There are several methods that
can be used for the economic impact assessment of trypanosomiasis interventions. We
have categorised them considering three different levels of analysis and summarised them
considering their different objectives, the data requirements, the outputs of the analysis
and the advantages and limitations of each methodology. The methods for economic
impact assessment of trypanosomiasis interventions are described at the herd level (Table
3), the farm/household level (Table 4) and the sector, national and international levels
(Table 5). Several related tools that can be useful while assessing the economic impact of

trypanosomiasis are presented in Table 6.

3.2 Methods for social impact assessment

Social impact assessment evaluates the change in human population, communities

and social relationships resulting from a development project or policy change. These
assessments are generally focused on modifications of the characteristics of the target
population including individual and family changes, the evolution of the community

and its institutional structures, and the changes in the available natural, political and

social resources. The set of methods that are useful to evaluate the social impact of
trypanosomiasis interventions range from methods focused on the impacts on specific target
groups (e.g. beneficiary assessment), to more general methods (e.g. social impact analysis),
which can be used to evaluate the impact of interventions on larger and more diffuse groups
(Table 7).
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3.3 Methods for environmental impact assessment

Several methods can be used to assess the impact of trypanosomiasis interventions on the
environment. Based on a literature survey we categorised the methods considering three
different levels of analysis based on the hierarchical levels of ecological organisation:
methods at the individual/population level (Table 8), methods at the community/ecosystem
level (Table 9), and methods at the landscape/level (Table 10). All these methods have been
summarised considering their different objectives, the data requirements, the outputs of the
analysis and the advantages and limitations of each methodology.

3.4 Methods for the economic valuation of the
environmental impacts

There are two important stages for the economic valuation of the impact of trypanosomiasis
interventions on the environment. The first one is meant to understand and predict the
changes in the flow of ecosystem services attributable to the intervention, and the second is
to develop acceptable methods for valuing these changes. The economic approaches to the
valuation of environmental impacts are based on the contribution of the goods and services
provided by the natural systems to human welfare. However, it is not uncommon that a
large share of the contribution of environmental goods and services to the well-being of
people is not recognised and most cost-benefit analyses do not include these benefits or the
external costs result of the interventions. Several methods can be used to value the impacts
of trypanosomiasis interventions on the environment (see Table 11).
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CONCLUSIONS

Integrated impact assessments serve to provide decision makers with better information on
the extent to which different trypanosomiasis interventions affect the target population and
the magnitude of the effect of the interventions on the welfare of the intended beneficiaries.
It is currently recognised that environmental, economic and social systems interchange
flows of material and energy and the links and processes among these systems are evident
at different temporal and spatial scales. It is expected, therefore, that the direct or indirect
effects of the trypanosomiasis interventions on a given system might affect the quality or
quantity of the flows of matter and energy to the other systems, finally having an impact on

human well-being.

These impacts can be evaluated following a series of logical stages described in this
framework and applying a set of different methodologies which have been summarised

in this document. The results of the integrated impact assessment can be used to prioritise
actions, justify interventions, evaluate the attainment of the objectives of the programme
and provide information of the pathways through which observed impacts have occurred.
The results can also be used to develop mitigation and monitoring plans for undesired
impacts, provide adequate policies, improve management strategies and spread the results
among target groups.
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