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Preface 

At all stages of human existence, man  has modified and  transformed landscapes (Kareiva et 
al., 2007; Smith, 2007) to appropriate primary production for human use, for instance by 
obtaining food, fibre, timber or other ecosystem goods (DeFries et al., 2004). The acceleration 
of land use transformations, coupled with an increasing global population has manifested in 
an alteration of almost all terrestrial ecosystems (Millenium Ecosystem Assessment, 2005, 
Steffen et al., 2004) and about one-third of all terrestrial net primary production is now 
estimated to be consumed by humans (Imhoff et al., 2004). The extension of areas of 
agricultural and pastoral uses coupled with progress in the development of agro-industrial 
practices has supported unprecedented rates of population growth over decades (Ellis & 
Ramankutty, 2008). However, the underlying assumption that this positive effect compensates 
for a variety of negative effects on other ecosystem services must be contested (DeFries et al., 
2004). While effects may vary locally, globally a positive balance in terms of food production 
stands opposed to increased greenhouse gas emissions, declining biodiversity, declining 
freshwater quality or decreasing air quality (Sala et al., 2000, Foley et al., 2005, Butchart et 
al., 2010).  

Within its funding call for research on sustainable land-management BMBF focused on the 
fact that not only human well-being but also many branches of the economy depend on 
globally decreasing ecosystem functions and services (ESF/ESS). Several mechanisms 
involved in the interference of land use with ESF and ESS are still not known and quantified 
sufficiently. Against this background TFO is confronted with the challenge to study not only 
the interaction between certain land use or cultivation systems and specific ESF/ESS but also 
the spatial and temporal dimension of the provision of ecosystem services as well as 
cumulative effects and trade-offs local, landscape and catchment scales. Needed are 
functional and quantitative studies documenting how land management options affect 
ecosystem functions and services (Tallis et al., 2008), the quantification of ecosystem services 
(Kremen and Ostfeld, 2005) and material and energy flows, and the resilience of ecosystems. 
With this compilation TFO presents a series of 7 products demonstrating the project’s 
research strategy to address these challenges. TFO especially outlines its position on existing 
methodological approaches from current literature to address some of the challenges of the 
BMBF research call. TFO focuses its study assessment of ESS on the River Catchment of the 
Okavango. The catchment of the Okavango River has been the target of several studies (1 as 
its management increasingly represents a challenge for the countries sharing the Okavango 
River: Angola (source), Namibia and Botswana (delta). The river raises country-specific 
interests: potential hydroelectricity or irrigation, agriculture and irrigation, and nature and 
tourism, respectively. The catchment can be perceived as a complex socio-ecological system 
with a variety of actors, land uses and a diversity of natural resources. Its management is a 
real challenge, especially in the face of a fast changing context of population, climate change 
and political, social, cultural and economic processes of rapid transformation.  

To address these challenges an intergovernmental panel, the OKACOM (The Permanent 
Okavango River Basin Water Commission) has been created. OKACOM strives to harmonize 
the management of the catchment’s water resources under the constraint of the various 
objectives towards a sustainable use of the resources. Nevertheless, research informing 
decision-making related to land use in the catchment, notably with regard to ecological 
processes and interactions with land use is missing. The TFO research project aims at 

                                                 
1 (e.g. the Transboundary Diagnosis Analysis – TDA (King et al., 2009); The Every River has Its People project (http://www.icp-
confluence-sadc.org/projects/erp-every-river-has-its-people) 
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providing knowledge supporting decision-making in land use applicable to the catchment. Its 
conceptual and methodological approach and contribution is the object of this report.  
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1 Introduction to Concepts and Methods for the Analysis of 

Ecosystem Functions and Services and Application within 

TFO: from Assessment to Management of ESS 

Stephanie Domptail, Jürgen Böhner, Annette Eschenbach, Alexander Gröngröft, 

Manfred Finckh & Michael Pröpper 

 

1.1 Introduction  

This is an introductory paper to a series of 7 papers aiming at presenting the TFO approach as an 
example of implementation of the ecosystem services (ESS) concept for land use management. In 
order to provide knowledge supporting decision-making in land use applicable to the Okavango 
catchment, TFO has put up an interdisciplinary team and research approach capable of realizing 
an ecological, a socio-cultural and an economic assessment of ecosystem services at the local and 
catchment scales. These ecological and socio-cultural/economic points of view are complementary 
as both work with a system perspective where one explains the system’s functioning while the 
other the landusers management as parts of the system (Wam et al., 2010) with the goal of human 
wellbeing. The approach is presented in the context of a literature review of concepts and methods 
used for the assessment of ESS as well as the incorporation of the generated knowledge into 
decision making processes on land use. This introductory chapter provides a conceptual 
framework and practical example for the Future Okavango (TFO) research: the project 
implements several research methods, all articulated around the concept of ESS, land use and 
wellbeing in order to address the issue of land use management in the Okavango River catchment, 
Southern Africa, using four place-based studies.  

As a first step the guiding definitions for the assessment of ecosystem functions and services are 
discussed and the TFO position is clarified. In a second part, the framework for the ecological and 
socio-cultural assessment of ecosystem services as applied by TFO is discussed for selected 
characteristics. Beyond an inventory of ESS, the ecological assessment seeks to provide a better 
understanding of ecological relationships between ecosystem functions and the related services. 
The socio-cultural and economic assessment seeks to provide a better understanding of 
stakeholders and landuser perceptions, knowledge, regulations and management of ESS as 
strategies towards well-being embedded in a transforming setting of institutions, culture, politics 
and economy. Taken together both also address the feedback relationship of land use on 
ecological processes. In a fourth part, concepts and tools to organize knowledge generated in the 
assessments for the support of decision-making in land use management are presented.  

Structuring assessments on the concept of ESS has become a paradigm for the management of 
natural resources. ESS can act as an interfacing concept in interdisciplinary research projects 
aiming at conducting natural and socio-cultural/economic assessments to generate knowledge 
supporting land use management. However, few examples can be found of how the ESS concept 
can be used for an integrated management of natural resources in its full complexity. A systematic 
and efficient method of implementation is still lacking (Seppelt et al., 2011). According to Seppelt 
et al. (2011), good ESS research for assessment and management of ecosystems or socio-
ecological systems needs to have four characteristics: biophysical credibility, assessment of trade-
offs, consideration of political, environmental, economic context and finally involvement of 
stakeholders. Throughout the chapter, we aim to show how we address these recommendations. 
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1.2 Guiding definitions given in literature and applied by TFO 

1.2.1 Ecosystem services 

Ehrlich and Mooney (1983) define the concept of ecosystem services as ‘those processes taking 

place in nature that are very difficultly replaceable or irreplaceable and on which human well-

being is dependent’. Thus, the concept aims at highlighting the relationship if not dependency of 
human societies on their natural environment and raising awareness for the need for conservation. 
The ESS concept is one component of the feedback loop between ecosystems and society (Figure 
1). It is at the root of a framework which “unites issues of the environment and development, 
enabling decision-makers to view the two in unison, extending thinking beyond how development 
affects the environment, to incorporate an understanding of how development in fact depends 
upon the environment” (Hancock 2010). 

The concept has been increasingly popular in research on land use management also because its 
discrete identification of individual services from nature (Spangenberg, 2007) makes the ESS 
concept easy to understand, as compared to more holistic and complex picture of the natural 
environment and its functioning. Yet, its implementation in research lacks consistency in the use 
of the terminology and methods of assessment (Seppelt et al., 2011).  

As experienced by Harrington and his team (2010), there has been much discussion among TFO 
participants since the beginning of the project over the precise meaning of certain terms that are 
central to the analysis. Such discussion, and the resulting consensus, is essential when trying to 
link concepts and unite their proponents who come from a range of disciplines in the TFO team. 
The conclusions from these discussions are reported on here. 

A key characteristic of ESS is their anthropocentric character. Ecosystem functions become 

ecosystem services if there are humans that benefit from them (Gomez-Baggethun and de Groot, 
2010; Fischer et al., 2009; Broeks et al., 2011). While functions exist per se, ecosystem services 
exist only if they are perceived as such by society, that is, if there is a demand (Broeks et al. 
2011). ESS may support well-being and life quality directly or indirectly (Harrignton et al. 2010). 
Initially, ecosystem services as defined by Ehrlich and Mooney (1983) rather denominated 
processes taking place in the ecosystem, and which are difficult to replace by man-made 
technology (e.g. nutrient cycling, water purification by soils etc.). The concept has evolved since 
to include goods and services from the ecosystem within the definition. Goods correspond to the 
provisioning and cultural services (such as food, timber, drinking water) as defined by the MA 
(2005), while services would rather be found under the categories ‘regulating’ and ‘supporting’. 

While this definition is conceptually helpful, in the context of ESS assessments a major issue has 
been to distinguish ESF from ESS. We identify two strategies that have been used by researchers 
in order to increase rigor both in the ecological and economic assessments. First, a key difference 
between ESS and ESF is that ESS are, by definition, distinct and not mutually dependent per 
definition, while ESFs are (Spangenberg et al. 2010). Based on this criterion, one may consider all 
services ecologically underlying others as ecosystem functions. With reference to the MA 

Figure 1 ESS as part of a feedback loop between society and its environment (Domptail et al. 2009) 



Chapter 1 TFO Conceptual framework 10 

categorization of ecosystem services into provisioning, regulatory, cultural and supporting, all 
supporting services would enter the analysis as ecosystem functions (LEGATO research project, 
2012; Wallace et al., 2007).  

Second, changes in the definition of ESS show that the concept is undergoing a commodification, 
with an increasing focus on tangible ecosystem services (Gomez-Baggethun and Ruiz-Perez, 
2011). At the end of the range toward commodification, Bateman et al., (2011) propose a 
definition of ecosystem services favoring their economic analysis: “From an economic perspective 
[…], ecosystem services are those contributions of the natural world which generate goods which 
people value”. In other words, ESS are the “flow of services (outcomes of structure and processes) 
provided by ecological assets in some assessment period” (Bateman et al., 2011). In addition, they 
put into practice the concept of final versus intermediary ecosystem service (Fisher et al., 2009), 
which is based on the idea that whether the service is considered final or intermediate depends on 
what is being valued, measured, as well as who are the beneficiaries. For example, water 
regulation is an intermediate service to the final service of clean water provision. Here, the good is 
drinking water. But if one was interested in the final service of hydropower production, then water 
provision would move from being a final service to an intermediate one. Thus, “Final ecosystem 
services are simply the last item in the chain of ecosystem functioning which inputs to the 
production of goods” (Bateman et al., 2011). Other underlying services are intermediary.  

Because these two strategies address, to a certain degree, the challenges of ecological 
interdependency among ESS and the problem of double counting and valuation, TFO adopts the 
definition of Bateman et al. (2011) to increase the workability of the assessment.  

1.2.2 Ecosystem functions 

Ecosystem functions (ESF) have been defined from a normative perspective, especially in the 
German speaking realm as being natural processes having a function in society (Gruenewald and 
Bastian, 2010). For instance, de Groot et al. (1992) propose that EFS are “The capacity of natural 

processes and components to provide goods and services that satisfy human needs, directly or 

indirectly”. However, the positive perspective on ESF has become more established: it assumes 

that ESF ensure the ecological functioning of the ecosystem and thus are ecological processes 
(MA, 2005; Fisher et al., 2009; Harrington et al., 2010). A definition combining both aspects is 
given by Heal (2000) as those processes which lead to ecosystem services that have an indirect 
contribution to well-being.  

The common point among all definitions is that functions are underlying ecosystem services: they 
are the ecological processes making the service possible (MA, 2005, Bateman et al., 2011). In 
addition, functions aim at maintaining the ecosystem’s integrity (Fu et al., 2011; Wallace et al., 
2007). They are the key target of management activities (Harrington et al., 2010) and resilience 
studies (Bredemeier, 2008 – also see chapter 2). This is the perspective adopted by TFO.  

1.2.3 Ecosystem goods and assets 

Further building upon Bateman et al., (2011), we consider that ecosystems goods results from the 
transformation of the final ESS into something enjoyable through the addition of other inputs (e.g. 
labor, capital in food production). This has the advantage of directly integrating the impact of 
human decision and management choices in the ESF-ESS-Goods assessment. The definition 
includes both physical and non-physical (pure experiential) objects, e.g. landscape aesthetics, 
timber (Bateman et al., 2011, Mace et al., 2011).  

Also according to Bateman et al. (2011), “ecological assets are the stocks of potential services 
which the ecosystem, conditioned by structure and processes, might provide. In economic terms 
we can think of these as the ‘wealth’ of the ecosystem”.  
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1.2.4 Ecosystem Benefits 

Ecosystem benefits are less problematic since all definitions refer to benefits as reflecting the 
contribution of ecosystem services or goods to well-being (Gomez-Baggethun and de Groot, 
2010). Following Bateman et al., (2011), “Benefit is the change in human well-being generated by 
a good”.  

1.2.5 Management and land use  

In the context of TFO, land use management is the result from applying a land use option in a 
given context or under a specific scenario (TFO Braunschweig workshop 2011). Management 
indicates taking charge and control of land use (Oxford dictionary). Through land use, human 
societies affect their environment and thereby ecosystem services that arise from this environment. 
Thus, sustainable management aims at managing land use with the aim of maintaining the 
functions underlying important ecosystem services (Fu et al., 2011).  

Land use management decisions are investigated within TFO at two different spatial scales. At the 
field scale, we identified Land use Management Options (LUMOs), which are considered as 
decision vectors of a small number of dimensions or attributes. Characteristics for the description 
of LUMOs are given in annex 1. At the larger scales management is characterized by choices on 
land use patterns existing in a given context or under given scenarios. Thereby, resources 
management also addresses land use patterns and planning which TFO investigates with the help 
of a scenario exercise (chapter 6).  

1.2.6 Well-being  

There is no generally accepted definition for ‘well-being’. An interesting definition is the one 
provided by Mace et al. (2011), in the conceptual framework for the ESS assessments in the UK, 
which they based on an inclusive statement of the Defra (2007). It focuses on key aspects of well-
being, namely its economic, health and cultural dimensions.“Wellbeing is a positive physical, 

social and mental state; it is not just the absence of pain, discomfort and incapacity. It requires 

that basic needs are met, that individuals have a sense of purpose, that they feel able to achieve 

important personal goals and participate in society. It is enhanced by conditions that include 

supportive personal relationships, strong and inclusive communities, good health, financial and 

personal security, rewarding employment, and a healthy and attractive environment. 

Government’s role is to enable people to have a fair access now and in the future to the social, 

economic and environmental resources needed to achieve wellbeing. An understanding of the 

effect of policies on the way people experience their lives is important for designing and 

prioritising them”. It becomes apparent that well-being as a universal human goal (Thin 2009) and 
capacity is also a unifying concept to integrate people, land use and ESS from a human landuser 
and stakeholder perspective – an anthropocentric viewpoint. Land use and the interaction with 
ESS ultimately serve the purpose of human well-being or the avoidance of ill-being. However 
wellbeing is not being achieved through landuse and ESS alone, it is embedded into wider 
complex valuations and strategies within a historic, cultural, economic and political setting. All 
these circumstances influence landusers management and their decisions upon ESS. Hence an 
assessment of economic, health and shared cultural values is essential to TFO in order to assess 
the value of ESS for well-being. 

  

1.3 Characteristics of the framework applied by TFO 

1.3.1 TFO choices for ESS and their characteristics 

The assessment of ESS in a river catchment involves the consideration of ESSs and goods related 
to water and water resource management (Arabatzis and Manos, 2004) but also of ESSs to which 
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water supply may be an intermediary ESS, or which themselves affect water supply or its related 
ESFs. Key domains include agriculture, wetlands, rivers, and forests. Annex 2 presents a summary 
of ESSs considered in studies conducting an overall ESSs assessment in these domains and 
compares it to the choices of TFO final ecosystem services, which are adapted from Mace et al. 
(2011).  

Based on an up-to-date knowledge regarding the environmental and economic relevance of ESS 
(at present and in future) within the Okavango catchment, an adapted set of ecosystem processes, 
intermediate and final ecosystem services and goods are depicted in Table 1. The TFO team 
selected certain final ESSs and goods which are prioritized in the assessment. These selected final 
services and goods are shown in bold letters. The arrows indicate the general dependency of goods 
from ESS and ESF, however the production of goods does not necessarily depend on just one final 
ESS and one ESF.  

 

Table 1 The set of ecosystem processes, services & goods elaborated in TFO (adapted from Mace et al. 2011). 

ESS and goods in bold: selected for in-depth investigation, normal: estimated) 

Ecosystem processes 

/ intermediate 

services 

 

Final ecosystem services 

 

Goods 

 
Well-being 

value 

Land/Atmosphere 

interaction 

 
Crops 

 
Food (cereals) 

 

Value of 

goods 

(economic –  

shared 

social)  

Rainfall/runoff 

relation 

 
Vegetables 

 
Food (vegetables) 

 

Water cycling  Livestock  Food (meat & fish)  

Nutrient uptake  Wildlife  Timber, Grass (building)  

Nutrient leaching  Fish  Energy (fire wood)  

Carbon cycling  Trees  Drinking water  

Microbial 

decomposition 

 Grass  
Natural Medicine 

 

Weathering  Water supply  Recreation/Tourism  

Soil - plant 

interactions 

 
Climate regulation 

 
Disease/Pest control 

 

Primary production  Disease & pest regulation  Equable Climate  

Habitat/biodiversity 

relation 

 
Purification 

 
Flood control 

 

***  Pollination  Erosion control  

  Hazard regulation  Aesthetic/ Inspiration  

  Wild species diversity  Spiritual /Religious  

  Environmental settings    

 

Other ESS and goods will also be taken into account, based on rough estimates to balance ESS 
and compare future development opportunities. Due to explicit recommendations by the BMBF 
evaluation team,  goods as  “fish” or “aquatic biodiversity” are not part of a detailed evaluation, 
nor are baseline regulatory ESS as pollination, purification etc.  
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The assessment of the ESF is based on the analysis of biophysical processes and ecological 
characteristics of distinct parts of the ecosystem which interact in different ways due to 
endogenous and exogenous drivers. For every final ESS a cascade of interrelations, feedbacks and 
functional processes is taken into account.  

TFO choices highlight the focus on provisioning services such as production of food and 
availability of wild and raw material for consumption and construction. This is inherent to the 
choice of focusing on final services, as non-provisioning ESSs often support the provisioning 
services and are thus intermediary services. In addition, these final services contribute directly to 
well-being and livelihoods, one of the focuses of TFO. The choice is also in line with the local 
perception of ecosystem services as assessed during previous anthropological studies in the 
Kavango (Pröpper, 2009) as well as in our baseline survey in two cores sites (Mashare and 
Seronga) (Domptail et al. unpublished data, 2011). People relate their environment with fields, 
plants and animals, rather than with processes.  

The second focus is logically on water supply, both as a direct final service but also as an 
underlying service for the provisioning ESSs. Third, corresponding to the uniqueness of the 
catchment and its delta with regard to landscapes, sense of place and biodiversity, the ESS wild 
species diversity and environmental setting are key to understanding important societal and 
ecological functions of the catchment.  

Alternative classification systems to the MA (2005) have been proposed in order to structure 
analysis which do not only have an assessment aim but are also aiming at formulating information 
for land use management with a focus on ESS (Costanza 2008, Fisher et al. 2009, Hein et al., 
2006; Wallace, 2009). These classification systems have in common that they highlight especially 
the importance of assessing the scales and spatial characteristics of the ecosystem functions and 
services. These include local and proximal vs. global and non-proximal, directional flows and in 

situ properties. While spatial characteristics are easy to observe, the scales, at which processes 
underlying ESS occur, are not. Often, they are only assumed but not investigated and therefore, 
research effort needs be to conducted towards this knowledge gap (Kremen and Ostfeld, 2005). 
Two other important characteristics are linked to the access to and impact on ESS by the socio-
economic subsystem. These are first the economic nature of the ecosystem service (excludability 
and rivalry; Costanza, 2008; Fisher et al., 2009). Finally, stakeholders benefiting from the ESS 
(‘benificiary’) or having an impact on the provision of the ESS through their land use management 
(‘provider’) should also be identified (Hein et al., 2006, Martin-Lopez et al. 2011; Fisher et al. 
2009). First assumptions concerning the TFO final ecosystem services are indicated in table 2. 
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Table 2 Characteristics of final ESS analysed in TFO (draft) 

TFO Final 

ESS 

Scale of 

underlying 

ESF 

Beneficiary or scale of 

benefit of ESS 

Provider of 

ESS  

Economic 

nature 

Crop growth Field Farmer, close urban population Individual Farmer Excludable and rival 

Vegetable growth Field; Garden Farmer, close urban population Individual Farmer Excludable and rival 

Livestock growth Community; 
farming 
households 

Farmer, close urban population Individual Farmer Excludable and rival 

Wildlife growth Landscape Local population, tourists, world 
(existence value) 

Community Common and rival 

Tree groth Forest patch; 
Landscape  

Local population, Rundu 
population, importer countries 
and wood companies 

Community/ 
Ministry of 
Forestry 

Common and rival 

Thatching grass 

growth 

Patch Community members Community Common and rival 

Water supply Catchment  Farmers in all three countries, 
Tourists in Botswana, Namibia 

Catchment scale: 
Angola farmers 

Non-excludable and 
rival 

Climate regulation Global  All inhabitants 

Global scale 

 Non-excludable and 
non-rival 

Hazard regulation Catchment & 
local 

All inhabitants and all people 
dependent on catchment 
agricultural production 

 Non-excludable and 
non-rival 

Wild species 

diversity 

Local Tourists,                                      
Local population ,                        
World (existence value) 

Land owners Non-excludable and 
non-rival?  

Environmental 

Settings 

Local   Non-excludable and 
non-rival 

 

1.3.2 ESS as interface concept: from assessment to information for management 

The concept of ESS has been used as an interfacing concept in several ecological-economic 
assessments of ecosystems ranging from local (land use decision for a mountain area), river 
catchment (in Australia: de Groot et al., 2008; in Mexico: Maas et al., 2005); biome (Succulent 
Karoo in South Africa: O’Farrell et al., 2011) to national (UK: Mace et al., 2011) and global (MA, 
2005) scale. Several frameworks to mainstream and establish a generally recognized methodology 
for the assessment and the inclusion of such assessment results into decision-making have been 
proposed. For instance, according to Cowling et al. (2008), an Ecosystem Service Assessment „is 

a structured process that provides knowledge useful for policies, strategies, and management but 

does not prescribe these.“ It seeks to answer questions inspired by the beneficiaries and managers 
of ecosystem services. As another example, Tallis et al. (2008) as well as Martin-Lopez et al. 
(2011) show how the ESS concept can be used to study trade-offs between conservation and 
economic development. We will show in chapter 4 as well as in chapter 5 how TFO will 
implement its trade-off analysis.  

More precise attempts to provide concepts guiding ESS assessments are given e.g. by de Groot et 
al. (2010), especially with their contribution on sustainability indicators and Bateman et at. (2011), 
who focus on monetary valuation of ecosystem services. Several steps are necessary for the 
assessment of ESS. They can be conceptualized as a chain starting from the investigation of 
ecosystem processes, ESF and ESS, their benefits to society, the dynamics of land use decisions 



Chapter 1 TFO Conceptual framework 15 

and their impact on the initial processes (Bateman et al., 2011; Kremen and Ostfeld, 2005). The 
application of a large array of research methods is necessary to cover all steps of analysis. 

Cowling et al. (2008) highlight the perspective of the ecological, socio-economic and valuation 
assessments feeding into decision supporting tools such as DSS, trade-off analysis or scenario 
exercises. Accordingly, the following sections present methods used in TFO for each step of 
analysis (Figure 2).  

 
Figure 2 Overview of project methods along the chain from ESF-ESS assessment to land use management 

(based on Bateman et al., 2011 and Cowling et al., 2008) 

 

1.3.3 Relation between ESF and ESS 

Understanding the flow of services from the ecosystem needs the analysis of patterns and 
processes within the system. One example for biophysical interactions is the small scale variation 
of vegetation patterns and soil properties and soil functions such as nutrient cycling, water 
availability, carbon cycling, microbial activity and decomposition. In figure 3 the relation between 
the ecological system on the left side and the socio-culture and economic subsystem on the right 
side on the ESS ‘crop growth are exemplified. A declination of these relationships is available in 
the ESF-ESS matrices provided together with this report. 

In this example, the ecological subsystem can be quantified by the analysis of the climate, the soil 
quality and the biological interactions whereas the social subsystem is defined by the management 
which is influenced by capital, labor as well as the societal settings. In this example, the change in 
soil quality can be regarded as an appropriate indicator for the analysis of sustainability.  
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Figure 3: Relations between key elements of the TFO conceptual framework (ESF, ESS, Goods, values and 

Management) using the example of the ESS crop growth.  

 

 

1.3.4 Cascade of research steps 

The basic approach of the research is a harmonized sequence of TFO-research steps, shown in 
figure 4, starting with the mapping of the basin and ending with the implementation of decision 
support systems. For the purpose of simplicity, this figure omits the broad involvement of 
stakeholders into individual research steps (trans-disciplinary approach), as well as various up-
stream and down-stream loops, and the need to generate spatial information from modeled data. 

To analyse how ESF and ESS depend on (and change with) climate change and land management 
we start evaluating current ESS and ESF at four selected TFO research core sites, which represent 
the gradients of climatic conditions, the full range of biophysical properties and functions, the 
predominant land management types as well as social properties with their spatial differentiation 
presently occurring at the catchment scale. 

The detailed analysis of ESF, including the underlying environmental site characteristics, 
biophysical interactions and processes and their relevance for the amount and quality of goods 
extracted by humans at core site scale is therefore a basic research step. This step includes 
feedbacks and trade-offs of land use types and the valuation of final ESS. 
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Figure 4 Logical Cascade of TFO project activities from mapping to implementation (dashed arrows: up-

scaling possible however not planned)  

 

1.3.5 Social, cultural and economic assessment of ESS, land use and well-being 

Following Cowling et al. (2008), the purpose of this assessment is to identify the landscape of 
stakeholders in interaction with ESSs and describe how this interaction works. The human 
interaction with ESS can be understood as situated cascades of decisions towards well-being. 
Especially the interaction of landusers requires a specific assessment of land use systems, the role 
and involvement of ESS in broader socio-cultural and economic decision making processes. An 
understanding of the impact of socio-cultural, economic and political backgrounds and 
formal/informal institutions and gender issues is also required. These assessments also identify the 
scales which are relevant for decision making.  

Within the socio-economic assessment of TFO several groups work together towards 
understanding 1.) socio-economic baseline parameters of various regions within the catchment, 2.) 
the composition and interactions of the stakeholder landscape, 3.) the legal and institutional 
background and impact on decision-making on several scales, 4.) different aspects of valuation of 
landuse and ESS (e.g. knowledge, perceptions, and 5.) the contribution of Landuse/ESS to well-
being against a background of a highly transforming setting of global and regional socio-economic 
and political influences.  

1.3.6 Valuation assessment 

The valuation assessment is informed by the biophysical and socio-economic information 
gathered in the other assessments (Cowling et al., 2008).   

The study of both the nature-related values (beliefs) that people hold, and of the values people 
assign (in monetary or ranking terms) to nature is contentious (Cowling et al., 2008). According to 
the Oxford dictionary (2012), to value is (1) “To estimate or appraise as being worth a specified 
sum or amount; (2) To estimate or regard as having a certain value or worth; (3) To consider of 
worth or importance; to rate highly; to esteem; to set store”. Thus, valuing is as much concerned 
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with the monetary worth of something as with personal judgment of worth. In practice, different 
forms for valuation illustrate this range in the meaning of valuation. While economic valuation 
provides help to understand societal preferences, cultural valuation provides a link between the 
maintenance of an ESS and identity of stakeholder groups. Finally, ecological valuation gives an 
indication on the state of nature, e.g. indice of nature integrity, or energy analysis (de Groot et al., 
2010).  

Valuation exercises can have several purposes and approaches to valuation should be chosen 
accordingly. Monetary valuation of ESS or of ecosystems can be assessed simply in order to raise 
awareness about the worth of ecosystem services for decision makers. It is also used, in cases, to 
choose between land use projects (Cowling et al., 2008, Spash, 2008; Pritchard et al., 2000). 
Monetary valuation aims at calculating the Total Economic Value (TEV), which consists of the 
sum of the direct use values, options values and non-use values of the object to be valued (Pearce 
and Warford, 1993). A range of methods is available and their description goes beyond the scope 
of this chapter. In TFO, we use monetary valuation mostly for the purpose of raising awareness on 
the value of soil quality and water supply and providing input data for the design of a payment for 
ecosystem services scheme. More details are available in chapter 5 & 6.  

While monetary valuation has proven helpful for the allocation of given land uses in the UK, as 
shown by Bateman and his colleagues (2011), its inherent limitations can render it a method less 
helpful in a context where large uncertainties occur, populations are less integrated in a monetary 
economy, and groups with strong differences in power and cultural background have different 
stakes with regard to land use (Cowling et al., 2008; Spangenberg and Settele 2010). 
Nonmonetary, intangible and e.g. spiritual values – often too easily subsumed under “cultural 
values” and hidden as a sub-aspect in ESS frameworks - play an enormously important role in 
valuing land uses and the importance of ESS for livelihoods and strategies towards well-being. 
Actually well-being is as well highly dependent on shared, cultural and rapidly transforming 
values – which cannot always be assessed in monetary terms.  

Multi-Criteria-Approaches are valuation tools have the advantage that they can address explicitly 
where trade-offs occurs and who are winners and losers in given scenarios of land use. They are 
also a transparency tool showing potential changes in the studied system through appropriate units 
respective to each criteria used for the description of the system (Stagl, 2004). This valuation 
method will be used in TFO, also as a synthesis tool to communicate research results to 
stakeholders (see also chapter 5).  

Beyond this TFO is applying a range of methods to understand the different aspects of non-
monetary valuation. Refer to chapter 5 and 6 and the next section.   

1.3.7 Contribution of ESS to well-being 

In the Okavango basin a majority of inhabitants are striving for well-being through intensive 
subsistence based land use incorporating a wide range of ESS. In this sense ESS contribute 
strongly to well-being. However, it is unclear to what dimension and how this contribution is 
going to develop under circumstances of rapid transformation. Furthermore, the values of people 
attributed to ESS in delivering well-being are unclear. We need to understand what about landuse 
and ESS is being valued and what is being replaced with other strtategies if available to come to 
an idea of how the system is going to transform. Consequently TFO aims to understand landusers 
knowledge and aspirations about their current landuse strategies among other well-being related 
strategies. We are aiming to find out what constitutes well-being for landusers and how people 
value the role of ESS in generating well-being. Operating with such complex and 
multidimensional concepts requires an integrated approach and largely qualitative methodology 
that we apply in several contexts.  
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1.3.8 Trans-discipinary involvement of stakeholders  

The TFO project has no mandate to implement actual changes in the research region. In contrast to 
projects of technical or financial assistance TFO is not authorised by an official government 
negotiation. Still, it is the objective of TFO to provide impulses for change. Therefore, our 
research is successful if it enables decision-makers and researchers to understand how and why 
changes may or may not take place. It combines the resources and views of both scientists and 
stakeholders (Neef & Heidhues 2005). Through the participative process, research priorities are 
identified that are intersections of the interests of the scientific and non-scientific participants of 
the project (Neef & Heidhues 2005). In this way the application of research results amongst policy 
and decision makers is enhanced and the probability increased that TFO research results 
eventually contribute to better informed decisions by stakeholders who hold the mandate to 
actually change eco-system management and governance. The TFO project is well placed to 
contribute to possible technical and institutional change through its strong focus on conducting 
research in line with stakeholders’ requirements and interests and its close cooperation with 
implementing agencies such as government and development organisations. Of particular 
importance is the close link to the current process of protecting the ecological, social and 
economic integrity of the Okavango basin coordinated by the Permanent Okavango River Basin 
Water Commission (OKACOM). 

1.3.9 The scenario exercise 

A core team of TFO scientists and facilitators and a panel of stakeholders will be involved in this 
exercise. An important feature in TFO is that the scenario exercise will be conducted at two 
scales: catchment and core site. It is challenging but important for land use choices in a catchment 
were ESS of one scale affect ESS provision at other scale (Biggs et al., 2007; Zurek & Henrichs, 
2007). Up to now, upscaling of scenario results in a multi-scale scenario exercise was conducted 
in few projects, to our knowledge especially in the SCENES project in Europe (Kok et al. 2011). 
Yet, scenarios are very useful to take external factors (political and environmental change) and 
their related uncertainties into account. It also addresses the plurality of values which can be given 
to certain ESS by different groups of stakeholders or persons. Thus it addresses important 
requirements raised by Seppelt et al. (2011).  

1.3.10 Trade-offs and synergies 

Trade-offs and synergies are interactions which may occur among different ESS or between 
different objectives of land use such as i.e. conservation vs. economic development and social 
justice. Rare are studies considering the whole array of ecosystem services, as well as 
investigating relationships between ESS (trade-offs and synergies), which are however crucial 
when the aim is to manage complex systems (Seppelt et al., 2011). A notable exception is the MA 
(2005).  

An additional dimension when studying trade-offs is their value among stakeholders: here we 
adopt a second perspective on trade-offs, in which tade-offs are at the essence of decision making 
processes when multiple goals are formulated.  

In this context, the identification of trade-offs and synergies is especially important for 
management (or decision processes in land use) since they explain that a policy designed to foster 
the provision of one ESS may affect positively or negatively another one (Lautenbach et al., 
2011). In addition, the relative value of ESS among different stakeholder groups may differ and 
thus affect the level of trade-off or synergy perceived by stakeholders. This leads to different 
perceptions of losses and gains and eventually conflicts.  

Relationships among ESS and between conservation and development which are studied within 
TFO are presented in chapter 5.  
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1.5 Annexes 

 

Annex 1: Table of management characteristics used by TFO  

Variable Treatments 

Labour Manually vs. oxen vs. tractor 
Inputs (1) use of manure;  

(2) use of fertilisers  
(3) use of phytosanitary products 

Geographical location (landscape unit): (1) old floodplain;  
(2) Kalahari sands 

Seeds (1) improved short germination time  
(2) traditional long germination time 

Type of culture (1) monoculture vs.  

(2) broadcasting a mix 

Crop (1) maize 

(2) mahangu 

(3) all crops on field (measured in Kcal) 

Water use (1) Irrigated: low levels, medium, high levels 

of irrigation 

(2) Rainfed 

Agricultural enterprise (1) Peasant  

(2) Agro-industrial 

Tenure (1) Private 

(2) Statal 

(3) Communal 
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Annex 2: Ecosystem services of importance in different ecosystems relevant to the TFO study sites and TFO Final Ecosystem Services 

Lorenz et al. (2001) Arabatzis et Manos (2004) 

Zhao et al. (2005); 

Gustavson & Kennedy 

(2010) 

Dale and Polasky (2007); Zhang 

et al. (2007) Maass & al. (2005) 

River basin 

management 

Water resources (ground and 

surface water) 
Wetlands Agriculture 

Dry forest & catchment (Slash 

and burn system) TFO Final ESS  

food provisioning Agricultural and pastoral goods food production food for human consumption 

Agricultural and pastoral 

goods 

Crop growth, vegetable 

growth, livestock growth 

raw materials for cons-

truction and energy Other resources from the wild raw material 

materials for human 

consumption Other resources from the wild 

Thatching grass growth, 

wildlife growth, tree growth 

  drinking water provision     Freshwater   

water provision 

Water provision for further 

processes (agriculture, food 

processing, electricity)  water supply 

water quality and quantity, 

water provision    Water supply 

  water purification   water purification     

water regulation   Water regulation       

  clean air   air quality     

flood regulation flood control, hazard regulation Disturbance regulation protection from disturbances Flood control Hazard regulation (esp. Flood) 

  climate regulation Climate regulation Climate regulation Climate regulation Climate regulation 

    Carbon sequestration Carbon Sequestration   (Tree growth) 

waste regulation waste regulation and treatment waste treatement       

nutrient cycling   nutrient cycling 

soil quality, Soil fertility and 

formation, nutrient cycling 

Soil fertility  (here mainly 

nutrients) (Soil quality) 

  erosion control Erosion control Soil retention     

    biological control pest mitigation, pest control Bio-regulation   

    pollination pollination     

      seed dispersal     

biodiversity and 

habitats Off site Biodiversity habitat/refuge biodiversity (habitat) Biodiversity Wild species diversity 

      Genetic diversity     

recreation Scenic beauty, recreation recreation   Scenic beauty Environmental settings 

    cultural       

  Science and education Science and Education       

transport           
 



Chapter 2 Conceptual framework 24 

2 Determining Resilience in TFO - Conceptual remarks 

Alexander Gröngröft, Ernst-August Nuppenau, Stephanie Domptail & 

Manfred Finckh 

 

2.1 Definitions and background 

To achieve a concept that enables sustainable land use resilience is an important research 
issue. Firstly defined as a descriptive property of ecological systems (Holling, 1973) the term 
has evolved to a key criterion and is now used by various scientific disciplines under a variety 
of meanings. However, due to the broad application of the term, the ‘conceptual clarity and 

practical relevance are critically in danger’, as (Brand and Jax, 2007) stated. For reasons of 
application these authors give a synthesis of different meanings, which they summarized to 3 
categories, 10 classes and correspondingly 10 definitions (see below).  

The original paper of (Holling, 1973) defines resilience as “a measure of the persistence of 

systems and of their ability to absorb change and disturbance and still maintain the same 

relationship between populations or state variables.” Following an intensive discussion on 
the adaptive mechanisms of multi-scaled ecological systems, an extended ecological 

definition is given by Gunderson & Holling (2004, cited by (Brand and Jax, 2007). They 
state: “the magnitude of disturbance that can be absorbed before the system changes its 

structure by changing the variables and processes that control behavior” and by (Walker et 

al., 2002) “the capacity of a system to experience shocks while retaining essentially the same 

function, structure, feedbacks and therefore identity”. These extended definitions are 
interpreted by some authors through additional characteristics of the systems, namely the 
capacities i) to absorb disturbances, ii) for self-organizing and iii) for learning and adaptation 
(Walker et al., 2002). However, many definitions are based on a more theoretical view on 
system dynamics and authors, who want to make the concept operational, ask for resilience of 

what to what? (Carpenter et al., 2001).  

The concept of resilience has been also applied in social science, leading to a sociological 

definition as “the ability of groups or communities to cope with external stresses and 

disturbances as a result of social, political, and environmental change” (Adger, 2000). In the 
study of socio-ecological systems (SES), the above  mentioned characteristics (given by 
(Carpenter et al., 2001)) are named and resilience is viewed “as the ability of the system to 

maintain its identity in the face of internal change and external perturbations.”(Cumming et 

al., 2005). Authors who apply the concept to SES argue that the nature – society interaction is 
important and splits are artificial as humans in all systems on earth play a significant role in 
interacting and controlling system dynamics. By asking for the identity of SES being of 
concern, (Cumming, 2011b) names a number of structural elements and grouped the elements 
to three axis: the structural axis, the spatial axis and the temporal axis.  

Towards a further implementation of resilience in SES analysis (Mäler, 2008) and (Mäler et 

al., 2009) reported an up-dated meaning of resilience within the economic analysis of 

ecosystem services. In their opinion resilience is considered as the ability of an ecosystem to 
withstand stresses and shocks and so continue to provide services. Services are in the interest 
of humans and interests shape the ESS provision structure. By treating ecological ‘resilience’ 
as a stock with a distinct asset character resilience values can be calculated. Systems and 
values can be degraded or enhanced over time. However, examples for this approach, as given 
by (Bateman et al., 2011): reduction of resilience value by agriculture in South-East Australia 
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due to increased salinization) indicate that dynamics are important. By the application of such 
concepts, for instance that soil quality is an ecosystem function which enhances ESS and 
assets, a quantification of values is possible without stressing the question of resilience too 
much.   

Also problems emerge. A major problem for system analysis is to distinguish resilience from 
vulnerability (Dearing, 2008); (Armitage and Johnson, 2006)); notably, in regards to social 
criteria vulnerability is preferred. Whereas vulnerability is a more social science concept, 
resilience puts the emphasis on eco-system impacts. “Vulnerability is the state of 

susceptibility to harm from exposure to stresses associated with environmental and social 

change and from the absence of capacity to adapt.” (Adger, 2006). The term vulnerability is 
used under a variety of meanings in theory and practice (Miller et al., 2010), common 
elements of most approaches are: “the threat; a place or sector; a socioeconomic group; and 

the consequences or outcomes of vulnerability.” TFO recognizes this and in scenarios 
vulnerability is a dimension linked to resilience.  

Another term is robustness. It designates a value to change in the structure of the socio-
economic system to maintain its function (Leach et al., 2010). Research on robustness for 
river basin resilience like in TFO implies to look at criteria which reveal resistance to drivers 
which change structures like deforestation, building dams, etc.. 

Furthermore resilience has to be seen in connotation with other terms. A term with a more 
open meaning is degradation of ecosystems (Bridges and Oldeman, 1999) (Rapport et al., 
1998). This term addresses the decline in different ecosystem properties or functions due to 
direct or indirect human impact, however neither asking for a thresholds of the system nor the 
potential to return to the primary state. A conceptual model is given by (Rapport et al., 1998). 
Indicating how the change and degradation of ecosystems are integrated in the support of ESS 
for human health risk, degradation has the advantage that it is related to management.  

 
Figure 3 Linkages between pressures from human activity, ecosystem change and degradation of 

ecosystem and human health (from (Rapport et al., 1998)) 

Trying to compare the resilience of large river basins (Cumming, 2011a) stated that 
“achieving a working system description, with a focus on the most important dynamics, is the 

first step towards assessing system resilience.” Based on this definition of resilience he 
resumes that river basins without bridging organizations…may be less capable of responding 

effectively to environmental change, and hence less resilient. Hence organizations, 

governance of resources and economic behavior are part of a resilience analysis in river 

basins.  

2.2 Adoption of concepts of resilience for TFO 

Within the broad band of already discussed meanings of resilience in socio-ecological 
research TFO will follow the above suggested enhanced ecological meaning of resilience and 
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thus using resilience primarily as a descriptive ecological concept. It means, with regard to 
our overarching aims we specify the question of “resilience to what ?” at the core. Then we 
see “resilience of the different ecosystems within the Okavango catchment to direct or indirect 
influences of human land-use” as tasks to be implemented in management of ESF and ESS. 
This includes the direct disturbance of habitats, the fragmentation and the indirect 
disturbances e.g. through flooding, drought, salinization as well as possible multiplicative 
effects (Vinebrooke et al., 2004). 

Although taking the interaction between ecosystems and society into account, within our 
concept of resilience neither the resilience of the SES (as a whole) nor the resilience of 
economic systems (as a part) is included. By this setting we follow the critical remarks of 
(Miller et al., 2010), who recognized a “continued lack of integration of resilience and 

vulnerability assessment methods and insights into major national and international policy 

and planning initiatives, beyond isolated cases in ecosystem management, disaster 

management, and climate change adaptation. Theoretical approaches and practical 

applications proposed by either community often do not refer to work of the other community, 

and there are few documented examples of operational tools that may induce positive moves 

toward collaboration between the communities and the articulation of their ideas.” It implies 

that ecological criteria dominate our research approach on resilience and economy and 

society should thrive to find management options which result in maintaining the resilience of 

the existing ecosystems.  

However, based on the aim of an improved knowledge about the sustainable use of ecosystem 
goods within the whole catchment of the Okavango and thus a continuous contribution of 
goods and services from nature to the well-being of the human society, the question has to be 
answered, which of the existing ecosystems should be taken into account when analysing their 
resilience which means their thresholds to withstand shocks. We see a task in woodlands. E.g. 
the transformation of primary Miombo woodlands to croplands by a slash-and-burn 
management as applied in Angola leads after some years of cultivation to secondary 
woodland which may develop back to the primary state only after years. Also the use of the 
Miombo woodlands for charcoal production may have the same development. For these 
examples an analysis of the thresholds of the Miombo woodlands to transformation processes 
is a prerequisite for the analysis of future sustainable use of goods and services coming from 
the ecosystem like wildlife, timber and bio-energy. On the other hand, for example the 
transformation of existing rain-fed fields to intensive irrigated agricultural areas brings up the 
question of the sustainability of the use of ESS as well as the trade-offs between the ESS of 
different areas. They have to be analysed; however, the question “do the irrigated fields have 
the potential to redevelop to actual states of rain-fed agriculture” is of  less importance 
because these transformations have to be seen under the global development of increasing and 
thus uni-directional transformation of land from primary states to managed states. Thus, for 
this example is no demand for a scientific analysis of resilience.  

These examples indicate that the determination of resilience of the ecosystems within the 
Okavango catchment has to be focused on those systems, which, in the actual state, have a 
high biodiversity which play a significant role in future sustainable use of ESS.  

Moreover, as ESF and ESS are correlated to resilience to the extend that thresholds matter, 
one can either work with a concept of minimum prevalence of certain ESF or well functioning 
of ESF and ESS in accordance (Fisher et al., 2009). Under the criteria of resilience, various 
ESS are to be valued as not dispensable and missing ESS will show the importance to manage 
the ecosystems more resilience conserving. For example, soil fertility is correlated with 
vegetation cover and only a regionally appropriate composition of woodlands and patches of 
farm area will result in the ESS of nutrient provision. In different approaches we seek to find 
a balance between the capability of the system to recover from disturbances (improve 
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regulatory service), avoid degradation, use ESS and maintain fertility (provision service). 
However, when “designing policies for the sustainable development of ecological-economic 

systems more criteria than just resilience have to be taken into account, and, vice versa, the 

property of resilience should not be confused with the positive normative connotations of 

sustainability.” (Derissen et al., 2011). 

2.3 Matrix of ecosystems and human induced impacts for the 

determination of resilience in the TFO work 

Based on the above given definitions and examples of TFO adaptations, Table 3 gives an 
answer to the question of “what to what?”. By naming the relevant ecosystems of our core 
sites and the corresponding human induced impacts, a practical work plan is established. 
However, please note, that due to capacity and disciplinary restrictions a certain proportion of 
human impacts for which the analysis of ecosystem resilience is relevant, cannot be analysed 
within the framework of TFO. This is true for all issues dealing with hunting, the possible 
survival of wildlife and that ESS dealing with fishing and the sustainability of the aquatic life 
chains.   

Table 3 Resilience analysis within TFO (grey shaded: human induced impact not existing; RD: Resilience 

relevant, to be determined, RU: Resilience relevant, not to be determined; N: Resilience not relevant) 
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Miombo woodland RU RD RD RD    RD 

Open plains RU       RD 
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River       RU  
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 Terminalia Savanna RU RD       

Mopane Bushveld RU N  N N N   

PanhandleWetland RU N     RU  
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River       RU  

Moreover note that the general idea within TFO is that resilience is captured by the detection 
of dangers for dysfunctions of ESF and through investigation of degradation. Since 
degradation in human used systems is correlated with potential dysfunctions, resilience is 
imbedded in degradation aspects. Degraded systems have, to a certain extent, the capacity, to 
recover after intensive land use or shock; we measure the capacity in field experiments of 
recovery of nutrient flows, vegetation and phyto-diversity under different stratification of user 
impacts. For this aspect scenarios are constructed which include primarily the ecological 
aspects of resilience in terms of thresholds as mentioned above. At the functional scale 
minimum functionality vs. dys-functionality and recovery through rebuilding of food webs 
and soils are discussed. 

2.4 Implications for economic research in TFO 

Though resilience in TFO is primarily ecologically oriented, economic aspects are derived. In 
economic terms, in literature, resilience has been primarily recognized in ways of reducing 
management options and suggestions about coping strategies with regards to living within 
limits, such as safe minimum standards as well as threshold recognition and constraints for 
exploitation (Plummer and Armitage, 2007).  

We will follow this path in TFO and adopt dynamic system anaylsis. In a special type of 
literature a close contact, which brings economic and ecological thinking closer, can be found 
in dynamic system behaviour. From the economic side it implies a strong recognition of 
future limitations for overuse which should be reflected in keeping land under extensive use 
instead of intensification.Another issue  is establishing conservation areas and do the 
necessary accounting for that (Mäler, 2008). This may result in more complex modelling  
(Derissen et al., 2011), which (due to limited capacities) can be only partly addressed in TFO; 
though we will try to capture the idea of implementing resilience in our modelling of 
dynamics. 

As also relevant for TFO, the concept of state and transition has gained the interest of 
resource economics (Domptail and Nuppenau, 2010). We will use our experience in range 
modelling for ESS valuation in TFO. The implication of resilience, for management, is that 
land users should recognize good states of the natural resources so they cannot become 
irreversible (or require long time for recovery). This type of addressing resilience has been 
already researched in concept on pasture management and it will be integrated it into 
cropping.  
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3 Conceptual approach for the functional and quantitative 

analysis of dependencies of ESF and ESS on biodiversity, 

climate change and land management within TFO  

Annette Eschenbach, Jürgen Böhner, Torsten Weber, Alexander Gröngröft, 

Michael Pröpper & Manfred Finckh 

 

3.1 Introduction  

The aim of the research within the project “The Future Okavango” is to improve the 
understanding of the social-ecological systems within the region of the Okavango catchment 
by means of an analysis and evaluation of the ESF/ESS at different scales within the region. 
Ecosystem services underlay a constant transformation driven by societal changes of the 
specific region and implications of global change. Therefore a strong focus in the TFO-
research is laid on the interaction of human induced future developments and global change 
dependencies on expected ecosystem services at the catchment scale. The relationship 
between current land management practices, climate change and ESS is characterized by a 
complex system of multidimensional interactions and feedback mechanisms which are based 
on biophysical processes and properties of the landscape, socioeconomic decisions, cultural 
traditions as well as individual and collective behavior which for the studied region are not 
understood so far.  

The aim of this chapter is to add to the conceptual framework as given in chapter 1 the 
approaches how to assess the predicted effects of climate change and future land 

management (types and intensities) on the valuation of ESF/ESS of the Okavango catchment 
and to show how biodiversity issue are integrated in this concept.  

 

3.2 Evaluation of ESF and ESS at present climate conditions and 

current land use 

The state of the ecological systems within the Okavango catchment is analysed on two scales: 
The scale of TFO-core sites which are chosen to be representative for the variation of 
landscape, climate conditions, land use types and extractable goods within the Okavango 
catchment and the scale of the total Okavango catchment. For the catchment scale, the present 
and future climate conditions are currently analysed by SP01 based on different IPCC 
scenarios and the hydrological modelling approach will be developed at basin-wide scale 
based on hydro-meteorological data time series as well (see chapter 4). 

To better understand social and ecological interactions ESF and ESS at four core sites of 100 
km2 are currently studied. For this approach the core sites are surveyed and a landscape 
classification is conducted according to homogeneous natural response units (natural 
vegetation units, hydrological response units, soil types, land use types) and their properties. 
These spatially explicit landscape units constitute the spatial baseline for the analyses of 
biophysical interactions as well as the generation of assets and goods, and the human capital 
input needed for their extraction. In Table  4 the current state of these analyses and 
stratification is shown for three of the TFO core sites and a selection of dominant provisioning 
goods is given.  
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Given that the core sites cover a range of fairly typical habitats, soil types, landscape units and 
land use types, intimately related to assets and final goods (at least at the local to regional 
scale), core site analyses provide ground truth information for the identification and 
regionalization of homogenous land units for the entire catchment, using remote sensing and 
terrain analyses techniques. A further refinement of land units particularly required for 
spatially high resolution regionalization of soil properties and hydrological modelling, using 
HRUs as the basic modelling entities, will be achieved by DEM based surface 
parameterization methods (cf. chapter 4). 

 

Table  4 Landscape units, land use and dominant goods within the core sites. (M) = Main crops 

Core site Main landscape 

unit 

Land use type Assets and goods  

Seronga river  tourism, wildlife, drinking water, fish 

recent floodplains grazing cattle, goats, thatch 

old floodplains dryland agriculture maize (M), pearl millet, sorghum, beans, 
ground nuts 

horticulture tomatoes, onions, cabbage, potatoes 

Grazing cattle, goats 

Kalahari Sandveld Grazing cattle, goats 

Woodland fire wood, timber, fruits 

Mashare river  wildlife, drinking and irrigation water, fish 

recent floodplains Grazing cattle, goats, thatch 

old floodplains irrigation agriculture wheat (M), maize (M) 

dryland agriculture pearl millet (M), sorghum, maize, beans, 
peanuts, ground nuts, melons 

Grazing cattle, goats 

transition zone dryland agriculture pearl millet (M), sorghum, maize, beans, 
peanuts, ground nuts, melons 

Grazing cattle, goats 

Kalahari Sandveld dryland agriculture pearl millet (M), sorghum, maize, beans, 
peanuts, ground nuts, melons 

grazing cattle, goats 

woodland fire wood, timber, fruits 

Chitembo river  drinking water, fish  

wetland horticulture potatoes, tomatoes, cabbage 

grasland on sandy soils wild/unmanaged wildlife (bushmeat), thatch 

grasland on shallow 
soils  

wild/unmanaged wildlife (bushmeat), thatch 

transition zone  wild/unmanaged wildlife (bushmeat), charcoal, construction 
material (wood, bark & thatch) 

Miombo woodlands dryland agriculture maize (M), cassava (M),  beans, pumpkins 

forest charcoal, fire wood, timber, fruits, 
construction material (wood, bark & 
thatch), wildlife (bushmeat) 

 

3.3 ESS: Dependency and interrelation to Biodiversity  

According to the TFO concept to investigate ecosystem functions and services, biodiversity is 
on the one hand side regarded as having key regulatory functions for a large set of ESS 
deliveries and hazard regulation. On the other hand side, species diversity partly constitutes a 
final ESS itself (wild species diversity, wildlife) (Fischer at al 2009, Hopper et al. 2005) 
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which delivers goods (e.g. in the fields of food, building materials, tourism, aesthetic 
/inspiration services, spiritual/religious services, and compliance to international treaties). 
Finally, biodiversity plays a key role in the ecological valuation process (ecological risk 
analysis) as indicator of ecosystem state under different scenarios (Fischer et al. 2009). 

For this reason the impact of human induced land use changes, increasing land use intensities 
or climate change on terrestrial biodiversity are analysed with a high priority within the TFO-
project. This includes detailed phytodiversity assessments at core site scale and case studies of 
faunistic diversity for selected core sites. Additionally, the spatial connectivity of habitat 
types and migration pathways will be considered in some case studies and included in final 
scenario evaluations at basin scale. 
 

3.4 ESS: Dependency on climate change  

The dependency of ESS on climate and climate change is studied with the interlinked 
approaches of climate modelling (SP01), statistical downscaling (SP09.2), climate dependent 
water balance modelling (SP02) and on-site studies of ESS along a climate gradient (many 
SPs).  

The TFO-project will use regional climate data generated by means of climate modelling. To 
obtain spatial and temporal high-resolution climate information of the Okavango catchment, 
hindcast simulations forced by reanalysis data and future climate projections using the 
scenarios RCP4.5 and RCP8.5 (Moss et al, 2010) will be dynamically downscaled (to 25 x 
25 km) and analysed. The abbreviation RCP stands for representative concentration pathways 
and the values indicate the additional radiative forcing in W/m² which will be achieved at the 
year 2100. Because of the fact that the climate model data created by SP01 has a higher 
temporal and horizontal resolution than the one provided by GLUES, the SP01 climate model 
data contains more detailed information of climate conditions in the Okavango basin. 
Nevertheless, both datasets are comparable since TFO and GLUES use the same scenario 
RCP8.5 for the creation of the climate data. Moreover, SP01 will also provide climate change 
data including uncertainty information to the other subprojects. These data will include 
information on all components of the hydrological cycle (precipitation, evaporation, surface 
runoff) as well as on other meteorological variables (temperature, radiation, wind, etc.) which 
will be used to evaluate the impact of climate change on ecosystem processes and functions. 
For example the soil water balance will be modelled by using provided climate data as input 
values to assess the impact of these climate change simulations on plant available water for 
instance. 

In addition to observed hydro-meteorological data used for the distributed, process-based 
hydrological modelling at core-site, sub-catchment and catchment scale, both climate re-
analysis data will be utilized to assess long-term dynamics of hydrologic ecosystem functions. 
In addition, simulated climate projections provided by SP01 will be used to model 
hydrological dynamics at each scale under different climate scenarios which will be in 
accordance with the GLUES scenarios, to provide information on most likely changes in 
water availability. Moreover, land management scenarios addressing GLUES scenarios will 
be integrated to identify and assess the impact of land management on hydrologic ecosystem 
services across the targeted scales.  

On-site studies of ESS along a climate gradient are conducted on four core-sites (Chitembo, 
Caiundo, Seronga and Mashare) representing the climatic gradient from the Angolan plateau 
to the Kalahari basin. In general, at all locations only the daily temperature amplitude is 
higher than the annual temperature amplitude. The highest temperatures are reached in 
September/October and the lowest ones (including night frosts) in June/July. The precipitation 
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patterns shows a pronounced annual cycle at all core-sites with rainfall in the south-
hemispheric summer season. Chitembo as the northernmost and the highest situated site has 
the lowest annual mean temperature of all core-sites with 20.4°C, the highest amount of 
precipitation with 1030 mm per year, and the most extended rainy season. The dry season 
extends from mid May to mid September and is rather short. Caiundo and Mashare are 
situated in the middle segment of the catchment, in which Caiundo is located slightly more 
towards the North and Mashare towards to the South. The annual mean temperatures of these 
two locations are quite similar with 22.5°C and 22.3°C, respectively. Caiundo has with 685 
mm per year a higher amount of precipitation than Mashare with 580 mm per year. In both 
core-sites the dry season is from May to September. Seronga, the southernmost location in the 
Okavango basin, has the highest annual mean temperature of all core-sites with 23.2°C and 
the lowest amount of precipitation with 496 mm per year. The dry season lasts from May to 
September. Climate information are referred to the period 1971-2000 and are based on 
observational data from the Climatic Research Unit (CRU) (Mitchell and Jones, 2005) 

Therefore the research approach to focus the investigation on four core sites with 
representative specific climate condition enables the TFO team to analyse ecosystem 
functions and ESS under a relevant variation of climate conditions so that biophysical 
dependencies of ESS can clearly be elucidated. The understanding and modelling of 
functional dependencies of environmental processes on climate conditions will be 
incorporated in the assessment of ESF and ESS under climate change.  
 

3.5 ESS: Dependency on future land management  

As indicated in the cascade of TFO activities (cf. chapter 1, figure 4) the application of 
scenarios plays a significant role in the assessment of future land management decision. The 
development of scenarios which means the definition of storylines combined with the spatial 
distribution of land use will be done in a participatory approach and will be supported by GIS 
data on the biophysical situation. On the local level, different initial storylines will be 
presented and discussed at the Forum for Integrated Research and Resource Management 
(FIRM, see chapter 7) aiming at an improvement of the storyline (adding more items and 
quantitative details) and the spatial relevance for the use of ESS as shown on maps. The 
discussion will be inspired by the initial storylines especially to keep the role of stakeholders 
of different levels in mind and to study e.g. if stakeholder prefer to either investment in 
economic development or opt for a more conservative pathway. 

Based on this development of scenarios the dependency of ESS on future land management is 
regarded as a temporal extrapolation of knowledge on ESF combined with future land use 
patterns and their interactions. 
 

3.6 Up-scaling of core sites findings and scale crossing analyses of 

ESF and ESS at present and potential future climates 

Referring to the TFO cascade of project activities (cf. chapter 1, figure 4), local scale 
investigations at the core sites form the principal bases for the identification of causal 
interrelations between ecosystem processes & intermediate services, final ecosystem services 
and ecosystem assets. Within this hierarchical chain, current land management practices, and 
seasonal and interannual climate variations are major controls of the state and dynamics of 
ESF (i.e. environmental processes and attributes contributing to the ecosystem self-
maintenance) its related ESSs (i.e. beneficial outcomes for the environment and people) and 
assets.  
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Whilst functional dependencies between climate, ESF, ESS and land management are to be 
analysed sufficiently at the core site level, corresponding investigations at the catchment scale 
require a spatially extended data base at commensurate spatiotemporal resolution, 
representing the natural climate-determined spatial variability of ecosystems, its productivity 
and biodiversity, its natural dynamics and the degree of change, effected by land management 
and land use change. In the Okavango catchment, however, scale crossing analyses of these 
dependencies are severely hampered by the lack of spatially explicit data base and stress the 
need for a comprehensive up-scaling scheme, enabling to regionalize and extrapolate local 
scale findings and observations to the catchment level.  

Against this background, in first step, Remote Sensing and terrain analysis methods will be 
applied, to infer spatially discrete homogenous entities from DEM and multispectral RS data. 
Given that the core sites cover a range of fairly typical habitats, soil types, geomorphic 
landscape units and land use types, intimately related to assets and final goods (at least at the 
local to regional scale), core site analyses provide the required ground truth information for 
the identification and regionalization of homogenous land units for the entire catchment.  

Assuming the ecosystem productivity to be primarily controlled by the climatic conditions 
and the soil quality, in a second step, spatially continuous layers of climate variables and soil 
parameters will be estimated, using process parameterization techniques, to tackle the 
problem of limited availability and uneven distribution of point source ‘in situ’ observations 
from the core sites. The foreseen regionalization scheme – explicitly stated as a measure for 
landscapes with limited data availability (Böhner & Selige 2006; Conrad et al. 2006) – 
basically merges climate and terrain variables within complex processes parameters (i.e. 
statistical predictors), each representing specific soil-forming factors such as the moisture 
distribution and the strength of near surface translocation processes, determining the spatial 
variability of soil parameters and pedo-transfer-functions. In order to cover the 
topographically determined heterogeneity of topoclimates in the Okavango catchment, the 
required climate data base will be estimated, using numerical and statistical downscaling and 
surface parameterization techniques (Böhner & Antonic 2008). An integration of remotely 
sensed vegetation parameters such as the NDVI and NPP estimates as additional predictors is 
assumed to improve the precision of regionalization results, both for climate variables and soil 
parameters and moreover enables to analyse the functional dependencies of the ecosystem 
productivity from abiotic state factors (climate, soil) so as to quantify the impact of climate 
change on the potential future ecosystem productivity.  
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4 Methodological approaches to the analysis of spatial and 

temporal cumulative effects and the assessment of global 

influences on ESS within TFO  

Achim Röder, Marion Stellmes, Johannes Stoffels, Joachim Hill & Jörg 

Helmschrot  

4.1 Introduction 

Appropriate management of terrestrial resources is a key issue in safeguarding long-term 
human welfare, and land management is faced with the challenge of trading-off a variety of 
demands from and pressures on natural resources (Foley et al., 2005). Related to this, policy 
makers are in need of suitable spatial and non-spatial information that allow them to assess 
these tradeoffs (DeFries et al., 2004). Owing to the complexity of coupled human and natural 
systems, designing sustainable management strategies is complicated and needs to consider 
spatially and temporally cumulative effects on ESS/ESF, while at the same time taking into 
account rapidly changing social and environmental framework conditions (Chapin et al., 
2009, Liu et al., 2007, MEA, 2005). Given this, retrospective analyses of the development of 
tangible ESS/ESF offers valuable insight into the way ecosystems have responded to past 
management/policy actions (Kapur et al., 2010, MEA, 2005). Together with the assessment of 
the status-quo situation such information is essential to understand dynamic interlinkages of 
ESS/ESF, inform the development of development scenarios in the sense of storylines, and 
can serve to calibrate predictive scenario-based models.  

4.2 Scales 

One particular challenge in evaluating ESS/ESF lies in the fact that both, their manifestation, 
and the affecting factors, play out at largely different scales (Hein et al., 2006). Also, depen-
dencies exist across space and trough time (Gillson, 2009, Rhemtulla & Mladenoff, 2007). In 
this context, scale refers both to the spatial extent of the area assessed, as well as to the level 
of detail at which this is being done. Depending on the discipline involved, this may translate 
to different units, such as administrational levels or influence spheres in the case of social and 

political sciences, to grain and extent in the case of natural sciences. To address the multi-
scale nature of many ecological problems, nested approaches are very common, where for a 
given focal level, the superior hierarchical level provides the general background, while the 
subordinate hierarchy level represents individual components of the focal level and provides 

explanatory power (O’Neill et al., 1986). In the time dimension, this is reflected by the 
concept of slow, intermediate and fast variables (Allen & Starr, 1982, Mulligan et al., 2004).

 
Figure 4 Hierarchical concept in space (left) and time (right). From Turner et al., 2001 

While these concepts relate to continuous fields in space and time, discontinuous factors such 
as management processes or landscape features etc. may cause systems to cross tipping point 
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thresholds and move directly, and often irreversibly, from a desired to an undesired state 
(Scheffer, 2009). In the Okavango catchment area, these may range from the creation of dam 
features that change river flow dynamics to the effect of fencing structures that impede 
herbivore movement (Mbawia & Mbawia, 2006).  

In addition to these generic scales, the specific TFO focus on the Okavango river adds a 
directional perspective that needs to be incorporated. As a result, processes that affect 
ESS/ESF may accumulate in a uni-directional manner from upstream to downstream 
locations, and may include effects such as reduction in overall water amount and quality, 
discharge rates etc. with all related effects on livelihoods, the sustenance of habitats crucial 
for wildlife conservation, flood control etc. (Lindemann, 2009). Obviously, this poses major 
challenges to integrated management of water resources and requires particular attention to 
the involvement of relevant stakeholders (Jakeman et al., 2003). When defining the 
appropriate observation scale, it is important to ensure that observation scales of different 
scientific disciplines can be matched. In the frame of The Future Okavango project, these 
prerequisites are met by addressing research on ESS/ESF at three complementary mapping 
units: plot, core site and (sub-) catchment. Figure 5 gives an example of the spatial and 
temporal dimension of selected environmental and socio-economic domains and shows at 
which mapping scales these are addressed. 

 

 
Figure 5 Spatial and temporal observation scales of selected environmental and socio-economic domains 

with reference to the spatial scales of mapping methods (modified after Jensen, 2007) 

 

While the level of detail at which ESS/ESF are assessed is highest at the plot scale, the 
catchment scales provides for a seamless perspective across large areas, while the core site 
and sub-catchment level provide a balance of both. Reflecting the diversity in stakeholders 

Sub- 
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ranging from local farmers to national and transnational bodies, the observation units can be 
seen as means of up- and downscaling information, while at the same time providing relevant 
output in their own right, which is consistent with the multi-scale dimension of ESS/ESF (Liu 
et al., 2007). For instance, assessing ESS/ESF at the plot scale may highlight the provision of 
food, fibre timber and fuelwood as a result of appropriating savannah woodlands for human 
use, while at the core site and catchment levels, negative effects on carbon sequestration or 
biodiversity may be the prevalent aspects, thus illustrating the problem of across-scale 
substitution effects. The consistent assessment of ESS/ESF and their determining factors at all 
core areas ensures that upstream-downstream effects are reflected in the integrated 
assessment, while aspects of tipping points and thresholds will be treated by specific case 
studies that will be integrated with the baseline surveys, such as the survey on animal 
movement patterns in relation to veterinary fences by SP 09.1. 

 

4.3 Observation and modelling methods 

An important aspect in assessing ESS/ESF and their determining factors across scales and by 
different disciplines is to ensure that the utilized observation units match in the best possible 
way. This is essential to ensure that biophysical and socio-economic data can be aggregated to 
administrational units or influencing spheres to allow assessing or quantifying the effect of 
political/administrational decisions on ESS/ESF. The following section provides conceptual 
considerations for hydrology, vegetation, remote sensing and socio-economics as examples 
for disciplines involved in TFO. 

4.3.1 Hydrology 

There is a wide range of hydrological assessment approaches available, ranging from 
simplified stochastic assessment referring only to recorded time series to process-based 
hydrological models taking the full water cycle and its relevant processes and components 
into account. Catchment modelling aims to transfer spatio-temporal variable precipitation into 
a system output considering the 3-dimensional, interlinked geohydrological and plant-
physiological processes within a watershed. Hereby, physically-based or conceptual models 
link lateral and vertical flow dynamics of the water cycle. While process-driven and 
physically-based SVAT-models (Soil Vegetation Atmosphere-Transfer) are often utilized for 
micro-scale applications (Kalma & Feddes 1993, Flügel & Smith 1999), more or less 
simplified storage-process models which cascade water storages are usually applied in meso- 
and macro-scale studies (Leavesley et al. 1983, Schulze 1995, Krause 2001). 

The importance of distributed, physically-based catchment models for hydrological system 
analysis and in particular process research is constituted, since such models consider the 
spatial heterogeneity of a landscape and physical laws described by measured parameters 
(Flügel 1995, Beven 2001). Distributed models like J2000 which is utilizeded within the TFO 
project use the Hydrological Response Units (HRU) approach (Flügel 1995). HRUs are 
distributed, heterogeneously structured model entities representing specific landscape units of 
similar response in terms of their hydrological process dynamics. Criteria that are used for 
definition of the homogeneity of a single HRU are based on the hydrological system analysis 
of the basin of interest. HRUs are delineated by overlaying GIS data layers such as land use 
(management), soils, geology and topography, which were identified as being important for 
hydrological process dynamics. To allow for fluxes between model entities, the HRUs are 
topologically routed by applying a multi-dimensional linkage approach. Since each HRU is 
characterized by a set of parameters representing conceptual storages and runoff generation 
dynamics, the HRU concept can be used to simulate variables controlling the hydrological 
process dynamics spatially distributive and scale-independent, i.e. variables like e.g. 
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evapotranspiration, soil moisture groundwater recharge or surface runoff can be determined 
either for each HRU, but also as a basin sum. Many ecosystem services are delivered at the 
local scale, but their supply is often controlled by regional or global processes. On the other 
hand, aggregated local processes might affect regional or even global processes, but they are 
rarely a simple summation of the services at finer scales (Carpenter et al. 2006). As shown by 
numerous studies, this is evident for most hydrological services, because of the complexity 
and variability of hydrological dynamics across various spatio-temporal scales 
(Tchiguirinskaia et al. 2004, Blöschl 2006). Addressing the multi-scale interaction of 
hydrologic functions and their relevance for scale-related hydrologic ecosystem functions and 
services, TFO aims on the assessment of hydrologic ESS such as e.g. groundwater recharge, 
water availability and water quality by process-based, distributed hydrological modelling of 
water and sediment fluxes at core site, subcatchment and catchment scale following a nested 
catchment approach. With observed or projected climate data and land management as 
drivers, process-based distributed models as J2000 will allow for the analysis and assessment 
of land management and climate change impacts on interrelated hydrological processes across 
scales. For example, the impact of a declining precipitation or an increasing water take-off for 
irrigation on groundwater recharge respectively can be identified explicitly at ecosystem, core 
site or (sub-) catchment scale. In addition, upstream – downstream interactions in terms of 
water extraction in upper reaches and its impact on downstream water availability can be 
simulated to provide measures for land management options (extent of irrigation areas, 
cropping). Varying land management options can be simulated and assessed regarding their 
impact on water use and food production efficiency. Also, the relevance of reservoirs on flood 
pulses for down-stream spatio-temporal water availability can be examined incorporating 
reservoirs as managed storages into the model structure. 

4.3.2 Vegetation 

Quantitative vegetation data for the Okavango catchment is rare, especially for the large 
Angolan part. To gain system understanding SP05 uses an upscaling approach starting with 
detailed studies at the four core sites. Based on an unsupervised classification of Landsat 
images of the core sites, we distributed vegetation relevés with a stratified sampling over the 
core sites. This sampling design allows us detailed analyses on vegetation units and habitat 
types at the core sites and the main environmental and human factors controlling their 
distribution. 

Vegetation units are strongly related to landscape features and using a combined approach of 
species distribution modelling, GIS analyses and remote sensing applications a vegetation 
map will be scaled up to catchment level. 

On core site level, temporal cumulative effects on vegetation cover will be addressed by 
investigating the frequency and intensity of fire on the one hand, and the frequency of slash 
and burn events on the other hand. Resilience of relevant vegetation units to those impacts 
and time lags needed for recovery and successional pathways are studied. 

Furthermore, the effect of extending agricultural land use under different land use scenarios 
will help to identify tipping points for fragile habitat types and functional connections. 
Spatial analyses of current and (scenario based) future land use systems will allow identifying 
possible spatial bottlenecks for current ecological systems (e.g. barriers for wildlife 
migrations) and their respective service provision. 

This triple (spatial, temporal and functional) approach will help to establish spatially explicit 
multi criteria analyses for land use scenarios. An example: improving the road system in the 
basin makes the vast hinterland accessible to increasingly intensive agricultural exploitation. 
Road axes constitute spatially explicit vectors triggering land use changes and can be used to 
model (and subsequently evaluate) land conversion and habitat fragmentation. 
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In the long term (2100) climate change will become a relevant driver of change at catchment 
scale. Consequently, species distribution models offer the adequate tool box to predict 
potential long term impacts at this spatial and temporal scale. 

4.3.3 Remote Sensing 

Today, a wide range of sensor systems placed on space-based and airborne platforms are 
available. They are characterized by geometric resolution (grain), spatial coverage (extent), 
repetition rate and history of data acquisition. These need to be selected depending on target 
processes and areas, and on the type of information product desired. In addition, these systems 
are equipped with a largely varying number of spectral bands determining their information 
content. Besides these technical specifications, the history and repetition rate of image 
acquisition of the different missions and sensors are determining their potential for long-term 
analyses. Although various approaches for intercalibration across different sensors exist 
(Jiang et al., 2008, Röder et al., 2005), coherence of information is facilitated by the use of 
consistent datasets. 

Most prominent examples of long-term, globally available data archives are the NOAA-
AVHRR and Landsat systems, available since 1981 and 1972, respectively. In recent years 
they have been complemented by further relevant sensors, in particular the MODIS mission 
that started in 1999. These are the archetypical examples of the major categories of multi-
temporal data: coarse scale imagery with reduced spatial (and often spectral) capabilities, but 
daily coverage allowing for the provision of different stabilized, multi-day composites on the 
one hand; and finer scale data with better spatial (and sometimes spectral) discrimination 
capabilities at the expense of revisit intervals. These data can be considered largely 
operational and cost-efficient.  

Besides their technical characteristics, the level of detail resolved by these systems, along 
with the area covered in total, largely determines their potential use. Coarse-scale, 
hypertemporal systems such as NOAA-AVHRR, Spot-VEGETATION or MODIS are highly 
relevant for policy makers and regional to national decisions makers. On the other hand, 
systems with better spatial resolution (e.g. Landsat, Aster, Spot) are more consistent with 
regional to local land management, and finally VHR data may help in tracking processes at 
the level of individual plots.  

In the frame of TFO, the MODIS archive will be utilized to infer information on phenology 
across the whole Okavango catchment (Zhang et al. 2003), which can in turn be used to map 
major land use systems and functional vegetation units (Udelhoven et al., 2010). Given the 
significance of land use as a driver for ESS/ESF, a baseline survey on land use/cover change 
will be carried out for core areas (Pal, 2005) to assess effects through time and across space in 
a comparative way. Besides this, the derived land use units will serve as upscaling units as 
detailed below. These analyses will be complemented by specific studies on tangible 
ESS/ESF, such as the inventory of forestry resources (Tompo et al., 2008), productivity (del 
Barrio et al., 2010) and biodiversity (Kuemmerle et al., 2010). 

In the line of the TFO strategy of multi-scale assessment, the combination of the different 
remote sensing observation scales offers particular potential (Hansen et al., 2010, Stellmes et 
al., 2011).  

 

4.3.4 Socio-economic assessment 

For the purpose of socio-economic assessments the scale of the research unit is determined by 
the management and governance framework. Of special importance in this context is the 
distribution of property rights to natural resources. TFO orientates itself strongly on 
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administrative boundaries which are on the local level village borders and on the district level 
region boundaries. In order to foster interdisciplinary cooperation, all socio-economic 
research concentrates on the three TFO research sites Chitembo/Angola, Mashare/Namibia, 
and Seronga/Botswana. For these sites representative results will be provided including well-
being, livelihoods, natural resource use practices, cultural knowledge, trust and reciprocity, 
and customary and statutory governance. The results will be set into the contexts of secondary 
data available on the district, national and catchment scale.    

 

4.4 The TFO approach to ESS/ESF assessment 

As indicated before, TFO adopts a multi-scale mapping strategy, where ESS/ESF are assessed 
at three generic scales: plot, core site and (sub-) catchment. Beside direct mapping or 
measuring, other variables are assessed that are equally important, since they determine the 
type and value of ESS/ESF supplied by different systems. They include both spatial and non-
spatial parameters, such as land use as a primary driver of ecosystem services (De Fries et al., 
2004), water availability and use, household surveys to understand decisions taken by relevant 
local actors (Lorent et al., 2008), as well as analyses of the general political and socio-
economical setting which ultimately drives many of these decisions. Figure 6 illustrates 
schematically how these different domains interact to determine ESS/ESF and how TFO 
intends to estimate trade-offs considering stakeholders views and scenarios developed in the 
frame of the project. 

 

Figure 6 TFO strategy to address the relationship between land use and land use change, ecological 

knowledge to assess ecosystem consequences, and societal values to assess trade-offs associated with land 

use decisions (modified and extended from DeFries et al., 2004) 

4.5 Integrated assessment and upscaling 

Based on the discipline-specific measurements and analyses carried out at different scales, it 
is essential to integrate these to understand interactions between physical and socio-economic 
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drivers and their impact on ESS/ESF. At intermediate integration levels, TFO uses different 
methods for an integrated assessment of specific ESS/ESF. The integration of long-term, 
gridded climate data with corresponding time series of vegetation indicators allows assessing 
the productivity of ecosystems in a climatically unbiased manner, for instance by calculating 
rain use efficiency (Wessels et al., 2007, del Barrio et al., 2010). Similarly, carbon 
bookkeeping models (Houghton & Hackler, 1999) enable the representation of carbon cycles 
and CO2 emissions under different climate scenarios and across large scales (Houghton & 
Hackler, 2006, Kuemmerle et al., 2010). Besides their relevance in the context of ESS/ESF, 
such estimations are a prerequisite for the implementation of REDD+ schemes (Olander et al., 
2008). Other sectoral approaches include the spatially explicit analysis of biodiversity using 
dynamic information on forage availability, landscape properties, and animal presence data 
and movement patterns (Röder et al., 2007, Vogt et al., 2008, Valeix et al., 2009). 

At a higher integration level, major emphasis is put on incorporating both physical and socio-
economic domains, which is mandatory to understand land use decisions at the plot level, and 
addressing trade-offs at higher levels. For instance, integrating spatio-temporal data with 
household survey data may illustrate actors decisions (Lorent et al., 2008). With a perspective 
to larger areas, the human appropriation of net primary production (HANPP) represents the 
aggregate impact of land use on biomass available each year in ecosystems as a measure of 
the human domination of the biosphere based on vegetation indicators, agricultural and 
forestry statistics, and geographical information systems data on land use, land cover, and soil 
degradation (Haberl et al. 2002, Erb et al. 2009a, b). An alternative is given by the syndromes 
approach that has been developed in the context of global change research (Lüdeke et al., 
2004, Schellnhuber et al., 1997). It aims at a place-based, integrated assessment by identifying 
archetypical, dynamic, co-evolutionary patterns of human–nature interactions instead of 
regional or sectoral analyses. In this framework, syndromes (as a “combination of 
symptoms”) describe bundles of interactive processes and symptoms which appear repeatedly 
and in many places in typical combinations and patterns. Making use of a wide range of data 
from different sources, it can serve to characterize the cumulative effect of physical and socio-
economic drivers across large areas and illustrate their aggregate impact on ESS/ESF (Hill et 
al., 2008, Stellmes et al., 2013).  

While such approaches provide insight into specific compartments of the ESS/ESF portfolio 
addressed by TFO, the assessment of trade-offs between different land use options and 
resulting ESS/ESF could be based on different evaluation methods such as multi-criteria 
decision analysis involving stakeholder boards (Figueira et al., 2005, Curtis, 2004, Chee, 
2004), or the conceptual framework for comparative assessment introduced by Foley et al. 
(2005), whose application is described in more detail here. It provides a framework for 
comparing the provision of ESS/ESF for a given land use unit and under a given utilization 
scenario making use of flower-diagrams. Thereby, it enables the comparison of ESS/ESF 
between different systems, as well as across systems with different management or utilization 
scenarios, and illustrates substitution effects occurring as a result of different types of 
management. Figure 7 illustrates a potential realization of flower-diagram-based ESS/ESF 
assessment for two land use units located in Northern Namibia. 
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This concept is flexible and allows addressing the most relevant ESS/ESF in a consistent way, 
while considering historical and political framework conditions to formulate 
recommendations to meet specific management or development goals (Reyers et al. 2009). 

An additional benefit of implementing the flower-diagram approach draws from the fact that 
utilizing homogeneous land use units allows upscaling plot-measurements of ESS/ESF to 
larger areas and calculating area-based ESS/ESF budgets. This underlines the intricate 
relation between the upscaling strategy using land use units and the comparative analysis of 
cumulative ESS/ESF based on flower-diagrams, both of which are supported by the multi-
scale assessment strategy adopted by TFO.  

  

Figure 7 Hypothetical example of ESS/ESF supplied from a natural ecosystem vs. an irrigated cropland 

system along the middle reaches of the Okavango river (figure adapted from Foley et al., 2005) 
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5.1 Introduction  

The greatest challenge for broad ecosystem services assessment projects, such as in TFO, is 
the applicability of its research results for implementation in decision-making. Despite the 
popularity of the concept of ecosystem service (ESS), its practical application in land use 
management has been slow. According to Elmqvist et al. (2010), this can be related to our 
limited knowledge of (i) how ESS are interrelated, (ii) the influence of scale on the demand 
and supply of ESS, and (iii) the potential trade-offs among ecosystem services – especially 
among regulating and provisioning services (sensu MA, 2005).  

Analyzing the interrelations among ESS, in particular trade-offs/synergies, from the 
ecological and user perspective is necessary to ensure that ecological research results can be 
implemented. Since ESS are not fully independent; rather, they are part of the socio-
ecological system and may be mutually dependent, policies affecting one ESS may as well 
affect the spatial and-temporal pattern of others (Nelson et al., 2008). In addition, information 
on relationships among ESS and with other economic objectives may be helpful to untangle 
conflicts in a structured and transparent manner. Yet, little has been achieved in research on 
trade-offs among ESS (Seppelt et al., 2011) and the need for the development of new tools 
has been highlighted by Burkhard et al. (2012).  

This chapter depicts trade-offs among ESS and between ESS and other land use management 
goals from a theoretical perspective. It then presents the TFO approach for a trade-offs 
analysis of ESS occurring in the Okavango River catchment, southern Africa, at multiple 
scales.  

5.2 ESS, sustainability and trade-off analysis: theoretical perspective 

5.2.1 Terminology in trade-offs analysis 

Trade-offs and synergies are types of interrelation among ESSs. Synergies occur among ESS 
which co-vary positively, for instance the climate regulation helps regulate water flows and 
water quality. On the contrary, trade-offs are characterized by a negative co-variation among 
ESS, such as when increasing provisioning service may reduce many regulating services, e.g. 
increased production of agricultural crops may reduce soil quality and thus water regulation 
(Elmqvist et al. 2010).  

An additional concept which may contribute to identifying relationships among ESS is the 
one of ESS bundle. According to Raudsepp-Hearne et al. (2010a), bundles of ESS vary jointly 
in the same direction when they are affected by a driver. Reasons for ESS to behave in 
bundles may be that they are spatially related or institutional related. Thus, bundles may 
reveal how different ecosystem services interact in a system, as well as hidden links among 
them.  
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Finally, evaluating trade-offs can also be understood as a cognitive process, namely as a shift 
in valuation in a decision process (here on land use) comparing the contribution of ESSs to 
reaching targeted goals, such as well-being. This perspective is related to the sciences of 
decision making, such as economics and anthropology and will be developed in section 1.d.  

It follows that trade-off analysis can be defined as an approach to natural resource 
management which incorporates multiple objectives for the management of a given area (and 
its resources) within a decision framework (Brown et al., 2011).  

5.2.2 Trade-offs and sustainability 

We define sustainability as the aim of management and policies meeting ecological, economic 
and social criteria (Constanza, 1993). Hence, the sustainability concept is based on three goals 
and addresses directly trade-offs among these. Obviously, win-win-win situations in 
ecosystem management prevail only in few cases. Yet, it is worth highlighting here that 
resource-conserving agriculture was found to increase yields in developing countries by Pretty 
et al. (in press). In addition, we should highlight the time dimension underlying the concept of 
sustainability (for a recent publication which refers also to the link with resilience see 
Derissen et al, 2011). For instance, the focus on one economic objective today may have 
negative effects on e.g. ecological aspects on the long term only. Thus, the assessment of 
criteria for informing sustainability requires the measurement of various factors in time.  

In essence, trade-offs may occur among and between ecological, economic and social 
objectives of land use and reflect the search for sustainability in land use (Cheung and 
Sumaila, 2008). When we consider that an ecosystem supplies a series of ESSs to society, we 
recognize and address the multi-functionality of ecosystems. They are at the basis of our 
livelihoods, but at the same time, there is a need to conserve them for them to support our 
livelihoods in the future. Thus, the conservation-development conflict is also a matter of 
managing ESSs in an ecosystem in time.  

ESSs are different in nature and can be viewed as social, economic or ecological objectives of 
land use management. Although they are not sufficient to cover the full dimension of 
economic and social elements present in a system, they crystalize those which are directly 
linked to the human-nature relationship. Thereby, a trade-off analysis among ESS can 
contribute directly to inform trade-offs or conflicts between conservation and development. 
An example is given by Martin-Lopez et al. (2011) who classify regulatory and supporting 
services (sensu MA, 2005) as ecological or conservation aims, while the production of crops 
for the international market – generating the most income – was an indicator for the desire to 
‘develop’. The social dimension appears in the form of the production of more traditional 
crops and livestock providing only local benefits. These ESSs were part of the cultural 
inheritance of inhabitants of the Donãna valley in southern Spain.  

Yet, due to the relationships among the different ESSs, not all goals seem reachable at once: 
one can assume that social and economic ESS are spatially in competition (trade-off) while 
economic ESS have the potential to negatively affect ecological ESS. It is the study of such 
relationships that TFO is aiming at.  

5.2.3 Functional trade-offs and synergies 

Ecosystems are at the origin of multiple services which interact in complex ways. Causes for 
the relationships are numerous. Often, trade-offs among ESSs occur simply because they 
compete for space at the local scale (e.g. between forest timber and crop field). This type of 
trade-off can easily be represented e.g. through GIS-based approaches (Law et al. 2012) as 
services are directly associated to land cover. Current studies of spatial trade-offs/synergies 
tend to focus on trade-offs among provisioning or final services, and show the excludability or 
complementarity between two final ESSs. For instance, the provision of crops on a piece of 
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land often excludes the harvesting of natural wild medicinal plants on the same plot (e.g. Law 
et al. 2012).  

However, spatial trade-offs also occur between provisioning and regulatory services who are 
causally linked, e.g. crop growth on fields and pollination by wild bees supported by forest 
patches (Garibaldi et al., 2011). The latter require a process-based description of the system to 
detect and quantify relationships among ESSs (Lautenbach et al., 2012). The spatial 
organization of landscapes potentially strongly affects trade-offs and sustainability because it 
affects the capacity of a given landscape to supply services and of these services to be 
perceived (and valued, see Gómez-Limón and Sanchez-Fernandez, 2010 for indicators). For 
instance, Olschewski et al. (2010) found that economic losses in timber sale due to a limited 
reduction of tree density of a Cordia alliodora plantation in Indonesia can be 
overcompensated by generating pollination services to adjacent coffee agroforestry systems. 
The ecological and economic consequences of forest conversion and fragmentation for 
biodiversity, ecosystem functioning, and ecosystem services like protection of soils, water 
retention, pollination, or bio-control are however still poorly understood, according to Priess 
and his colleagues (2007). In the Okavango catchment, we expect i.e. that fragment sizes of 
natural habitats will have a strong impact on species diversity and intensively used areas may 
cut off migration pathways.  

Further, many trade-offs are best presented as time-related pay-offs. Indeed, when two ESSs 
are causally linked, a change in the level of the underlying ESS may not result in an 
immediate change in the supply of the dependent ESS. This time-lag may be related to the 
resilience of the ecosystem (chapter 2): the effect on the dependent ESS may become apparent 
only after the level of the underlying ESS has reached a given threshold. Such temporal trade-
offs may typically occur between final (provisioning) ecosystem services and underlying 
intermediary (regulatory) ecosystem services, such as soil fertility and crop growth. Crop 
growth depends on soil fertility (soil nutrient stocks, pH-levels, organic matter, etc) and 
contributes directly to well-being thanks to yields harvested. This yield can be maintained for 
a certain time (in the tropics, it could be short) but will inevitable decrease on the middle term 
without proper investment to maintain the soil fertility regulatory function. While such 
relationships are recognized theoretically (Elmqvist et al., 2010), they are difficult to quantify 
in nature (Raudsepp-Hearne et al., 2010b).  

 

Such trade-offs in time have been the focus of 
environmental economics between income and 
ecological targets (especially fisheries, rangelands 
(Domptail et al., 2009) since some years already, 
but have rarely been addressed in spatial terms. 
An interesting method consists in frontier 
analysis, which depicts a curve of the largest 
possible amount of one service in function of the 
underlying service. For instance, Figure 8 depicts 
the possible relationships or trade-offs curves 
between regulatory and provisioning services in 
coffee production. Four types of situation can 
occur:  

-  Regulatory services are high and provisioning    
services are low: conservation landscape 

 

Figure 8 A model trade-off in coffee 

production with income per ha as 

variable (Elmqvist et al., 2010) 
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-  Regulatory services are high and provisioning services are high: sustainable 
management 

-  Regulatory services are low and provisioning services are low: degraded ecosystem  

-  Regulatory services are low and provisioning services are high: agriculture is 
intensive and probably relying on external inputs. The ecosystem is degraded but 
functional.  

 

Management has a role to play in which it should aim at influencing the trade-off towards a 
win-win situation.  

Finally, trade-offs and other relationships such as correlation between ESS (termed bundles of 
ESS) may also be societal (e.g. human communities unwilling to live close to areas with 
industrial animal production, Raudsepp-Hearne et al., 2010a).  

5.2.4 Trade-offs and stakeholders: a decision-making process 

As mentioned earlier, trade-offs analysis is also a decision process and assesses the perception 
of these functional trade-offs by the decision makers and land managers. In relation to the 
involvement of stakeholders in the analysis of trade-offs, we understand trade-offs as human 
decisions taken in situations of transformation and changing values. People decide about 
trading one quality or one aspect of their life against another (Chan et al., 2012). For instance, 
in adapting to the transformations and promises of modern markets, people accept short-term 
new costs and are willing to trade the long-term quality/sustainability of their environmental 
resources (Raudsepp-Hearne et al., 2010b). With growing information about the long-term 
consequences of such a trade-offs though, decisions might change.  

Interestingly, values attributed to given ESS, or economic, ecological and social goals may 
vary among different stakeholder groups, especially if the stakeholders are characterized by 
different scales (Martin-Lopez et al., 2011; Zia et al., 2011; Potschin and Haines-Young, 
2011). Often, stakeholders responsible for the management of large scale areas tend to favor 
regulating services while local stakeholders prioritize provisioning services (Fu et al., 2011). 
Results from Martin-Lopez et al. (2011) indicate that stakeholders value more highly 
regulating services affecting them directly and occurring at the scale to which they relate to: 
international consumers rather value climate regulation; while local stakeholders value highly 
soil fertility regulation.  

Trade-offs may also be rooted in the geographical repartition of costs and benefits around the 
provision of an ESS (Fisher et al., 2009). This is the case for instance when one service (e.g. 
water supply) is generated upstream a river, while most benefits arise at the mouth of the 
river. Winners and losers are split geographically and the management of the costs-benefit 
trade-offs at two local scales involves negotiations between parties (Vignola et al., 2012).  

Dealing explicitly with perceived trade-offs in ecological, economic and social targets among 
local groups of stakeholders and comparing local and larger-scale stakeholder perception can 
help understand how land use has been driven until today (Martin-Lopez et al., 2011) and may 
help deal with conflicts in objectives among the different groups in a transparent and 
constructive way.  

5.3 Trade-off research in TFO  

In practice, TFO investigates trade-offs/synergy relationships among all of the ESS 
investigated by TFO (table 1). However, they are centered around the water supply ESS, the 
provisioning ESSs, and the supporting ESS (environmental setting and wild species 
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diversity). All trade-offs are informed by the ESF-ESS matrices of TFO. Trade-off and 
synergy relationships are identified at the level of scientific (natural science) insight and 
stakeholder participation. 

5.3.1 ESS Water supply  

Not surprisingly, water is a key ESS in the study area, underlying the provision of most other 
services. At the river catchment level, SP2 undertakes a functional analysis of water flows and 
investigates with the help of a land use simulation model trade-offs between the provision of 
freshwater and all ecosystem services depending on water supply as an intermediary ESS and 
directly correlated with land use. At first, the focus is on crop growth, livestock growth, tree 
growth and related goods.  

A valuation of the trade-offs associated with water is the object of two further analyses. First, 
the trade-off between crop production and water supply in the context of irrigation will be the 
object of monetary valuation by SP8 using a bio-economic model which enables the 
identification of a shadow price. This analysis is conducted at the farm scale, for a given Land 
Use Management Option (LUMO) and under given levels of water scarcity. Second, current 
preferences for trade-offs among water supply, water quality, livestock growth, recreation and 
wildlife growth will be assessed among different groups of stakeholders: farmers and tourists 
especially. A conjoint analysis (CA) compares the impact of different water supply levels on 
these ESSs via 5 water-use scenarios in SP7. The hypothesis here is different user groups will 
value trade-offs differently.  

5.3.2 The provisioning services and well-being 

Crop (including vegetable) growth, tree growth, wildlife growth, livestock growth, and the 
provision of natural resources (mainly reeds and grasses) for construction purposes are the 
main provisioning services investigated in TFO. From a functional point of view, these 
services are directly correlated with land cover and land use choices. Reeds and thatch grass 
only grow in the wetlands and are rather linked to water supply, the other services result from 
potentially competing land uses: agriculture, natural forest areas and pastures, respectively. 
Mapping of land cover to visualize trade-offs among different land use-related ESS is 
conducted by SP9.2 in a land use model.  

Each of the provisioning ESSs (Crop, tree, wildlife, livestock growth, and the provision of 
natural resources) contributes directly to well-being either in terms of subsistence or as a good 
for income generation. The decision process on the allocation of resources (e.g. land, labor 
and cash expenses), which aims at maximizing human well-being, reflects individual’s 
preferences for different ESSs. Thus, their choices take into consideration existing trade-offs 
among and between ESSs.  TFO investigates these trade-offs at the scales of individuals, of 
households – especially with regard to gender- and of the communities in the TFO core sites. 
Using survey analysis and experiments following a revealed preferences approach, SP7 tries 
to understand the decision making processes within households and their impact for the 
availability of ESSs. The hypothesis is that women and men value ESSs differently and thus 
make different choices concerning the use of resources in their livelihoods. SP6 also makes a 
qualitative assessment of values on provisioning ESS using qualitative interviews, focus 
group discussions, paired comparisons (Bernard 2000; Burton 2003) and landscape value 
mapping (Raymond, et al. 2009). The aim is to understand how values for the different ESSs 
are formed, and what they depend from.  

Using the same methods, SP6 also assesses trade-offs perceived by land-users between 
provisioning ESSs and other strategies available to ensure livelihoods and well-being. This 
trade-off is expressed in the choice to use ESS for subsistence only or to trade ESSs on 
markets in order to get access, via cash, to other strategies for increasing one’s well-being. 



Chapter 5 Conceptual framework 51 

Especially the opening of markets for crop and other collected resources might sharpen the 
perceived for trade-offs among conservation and the extraction of provisioning ESS as the 
need for cash resources increases. This analysis is completed by a quantitative investigation 
by SP8 thanks to a bio-economic farm model delivering a shadow price for labor (time) and 
cash resources of farmers when used for ensuring their livelihoods through agricultural and 
other activities (Hecht 2010). In bio-economic modelling we also can look at the temporal 
effects of balancing trade-offs through the periodical extraction of ESS, and then replenishing 
of underlying ESF.  

5.3.3 Sustainability analysis: spatio-temporal and causal trade-offs 

The functional assessment of complex causal trade-offs (a part from the case of water, which 
we mentioned earlier as a key feature) between the above mentioned provisioning services 
and supporting services (soil quality, intermediary service in TFO; environmental settings and 
wild species diversity - both final and intermediary to other provisioning services such as e.g. 
wildlife growth) are investigated primarily by SP5. Information on soil quality and nutrient 
cycling as supporting services is provided by SP4. SP5 aims at identifying functional and 
spatial thresholds for the stability of biological communities and habitats in the sense of “state 
and transition systems” (Westoby et al., 1989): the threshold determines when a system shifts 
from a given biological community to another. Their hypothesis is that increasing land 
allocation for provisioning services (such as crop production) drives habitat fragmentation 
processes and local to regional species extinction. Testing this hypothesis requires the 
conduction of biodiversity assessments in comparable biophysical systems under different 
land-use intensities at the landscape scale (expressed in terms of land cover types and 
fragmentation). Space-for-time approaches are used to analyse probable impacts of land-use 
change on wild species diversity by attributing scores with regard to ecological integrity 
(Picket 1989). A habitat model is also computed. Note that while this analysis is functional, 
drivers of land use change are social, especially the development of markets for locally 
produced crops. In addition, SP9.1 will also address trade-offs and synergies resulting from 
competing demands on food production, timber harvesting and the protection of biodiversity 
in emerging land management concepts in the Namibian Kavango. 

Thus, SP7, SP6 and SP8 also look into causal time-lagged trade-offs characteristics of 
sustainability assessment which involve environmental and well-being goals. Values 
attributed to provisioning services versus supporting services (soil fertility, environmental 
settings and wild species diversity) are at focus. First, SP6 looks at the valuation of trade-offs 
and synergies within the whole complex of goods depending on the ESS environmental 
settings (e.g. beauty of landscape, recreation, spiritual values) together with the ESS wild 
species diversity and related final service of wildlife growth. The hypothesis is that different 
groups of stakeholders will hold different values on these trade-offs: here farmers suffering 
from human-wildlife conflicts vs. conservationists/tourists. Second, SP8 will calculate the 
monetary value of trade-offs between the supporting ESS soil quality and the provisioning 
service Crop growth with the bio-economic model (Domptail, 2011). Management is expected 
to shift the value of the trade-off and the analysis aims at identifying the win-win management 
option. Third, the perception of trade-offs among ESS may largely depend on institutional 
settings and property rights over the different services. This is the object of the field 
experiments designed and conducted by SP7. 

5.3.4 Trade-off synthesis analysis 

Participatory scenarios are developed in TFO and serve as a support to present the trade-offs 
investigated elsewhere in a context (the different scenarios) where they can be understood and 
compared by stakeholders at the socio-ecological system level (see chapter 1 and 6). A multi-
criteria analysis (MCA; Brown et al., 2001) incorporating as criteria all relevant ESS to 
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stakeholders and researchers will be conducted by SP8 in order to foster the building of values 
and preferences for trade-offs among ESS or between ESS and other objectives that were not 
necessarily known by stakeholders before the scenarios were created (Krütli 2010). During a 
participatory valuation exercise, if possible deliberative, stakeholders develop a sense for their 
own preference and eventually that of others. SP8 makes the hypothesis that different 
stakeholder groups (either due to differences in resource access and assets, interests, whether 
they are benefiters or managers/providers of ESS, whether they are active at the large or small 
scale) will prefer different scenarios, due to a different valuation of ESSs themselves and of 
the trade-offs among the ESSs. The advantage of the MCA over the calculation of a Total 
Economic Valuation (TEV) of each scenario is its greater transparency and capacity of 
addressing such conflicts. If only final values are provided, a monetary TEV on the opposite 
masks trade-offs, assumes equal weights among the ESSs in their contribution to well-being 
or/and natural capital and does not differentiates between who bares losses and who enjoys 
gains (Hanley and Spash, 1993). 

 

Table 1: Overview of Trade-offs investigated in TFO per Subproject.  
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6.1 Introduction 

The sustainable management of social-ecological systems (SES) is a challenging enterprise. 
The interaction of a large number of variables produces complex outcomes, which have to be 
taken into account in political decision making and governance processes (Ostrom, 2009). 
The attribution of substantial economic value to social-ecological subsystems makes them 
part of the capital assets of a society and can provide an incentive for protection. This 
approach has an anthropocentric focus and follows the logic of the ecosystem service concept 
(ESS; Bateman et al., 2011), which starts from the assumption that nature’s function is to 
foster human well-being.  

Although SES have been extensively used until now for improving human well-being, they 
have shown a remarkable capacity to resist damage and recover quickly (chapter 2). However, 
perturbations of sufficient magnitude, such as climate and hydrological change, can affect 
ecosystems in an irrevocable way. Alternative use patterns and intensities of SES positively or 
negatively affect each other; and if not properly coordinated, create externalities that are not 
accounted for and therefore undermine a correct social evaluation of SES (chapter 5). High 
transaction costs (e.g. information, enforcement costs) tend to prevent efficient market 
solutions which consider externalities; governance frameworks provided by state or more 
informal authorities are often inappropriate, all causing social welfare losses. 

Reflecting these problems in the governance of SES, TFO develops socio-economic 
instruments following a two-step process. In a first step, ESS are evaluated on a monetary and 
non-monetary basis to illustrate trade-offs between different options for usage (chapter 5). 
Taking into account these alternative usages, TFO shows the outcome of scenarios for 
different land and resource uses. In a second step, TFO supports decision makers in the design 
of flexible governance instruments that account for individual needs as well as for the 
complexity of SES.  

6.2 Step 1: Valuation of ecosystem services 

Valuation is an important prerequisite to identify optimal land use schemes by organizing 
information and revealing preferences. Valuation of ESS can be undertaken for several 
purposes: (1) to make sure that 'nature' is represented in decision making processes; (2) to 
describe the relative importance of ecosystems or single ESS; (3) to detect trade-offs between 
decision-making alternatives, for instance, within a cost-benefit analysis (Pritchard et al., 
2000). Based on ESS users and stakeholders’ preferences TFO develops monetary as well as 
non-monetary, such as cultural, valuation instruments to reach several of these goals.  

6.2.1 Monetary valuation methods 

Methods used for monetary valuation are based on surrogate and hypothetical markets 
(OECD, 1999; Anderson and Bishop, 1986; Hanley and Spash, 1993). They, thus, assume that 
decision makers have already formed preferences by ranking all alternatives and can 
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formulate relevant trade-offs between different environmental services or between 
environmental services and other goods and services. In contrast, TFO uses monetary 
valuation primarily with the aim of providing new information for awareness raising and to 
describe the relative importance of given ESS as an information base for governance decision 
makers.  

First, a valuation of ESS, including biodiversity and recreation-related services, based on 
stated preferences will be conducted. The so-called choice experiment (CE) method is a stated 
preference valuation technique capable of measuring the economic benefits of these 
environmental goods as well as situational changes (Adamowicz et al., 1998, Christie et al., 
2006). CE involves designing experiments in a hypothetical market that reveals individual’s 
preferences (Christie et al., 2006). The values are important for the design of institutions as 
described in step two. For example, local communities can decide on investments in ESS that 
help to attract tourists (Hearne and Santos, 2005) or adjust existing institutions (Naidoo and 
Adamowicz, 2005) in a reasonable way only if they know their preferences. 

Second, a Payment for Ecosystem Services (PES) scheme revealing users willingness to pay 
for an ESS using a market mechanism (Pagiola and Platais, 2007) will be developed to create 
a catchment-wide virtual water market between upstream providers (irrigation farmers in 
Angola) and downstream beneficiaries (tourism industry in the Okavango Delta, Boisset, 
2007) to value the ESS “water provision”. 

A third approach aims at the monetary valuation of regulatory and supporting ESS via the use 
of bio-economic models (Buß 2006, Hecht 2010, Domptail 2011, Holden et al. 2005). These 
models incorporate the long-term dynamic simulation of the feedbacks between different land 
use systems and their underlying ecological dynamics and deliver optimal resource use rates. 
In TFO, they will specifically be used to yield shadow prices for the regulatory ESS “soil 
quality” and the ecosystem good “irrigation water”. Providing these values aims at raising the 
awareness of land managers to the importance of soil fertility management and water use. 
Thus, monetary values are powerful to raise awareness for the dependency of livelihoods and 
well-being of societies on ESS among decision makers (Spangenberg and Settele 2010).  

However, monetary valuation has a number of potential problems. First, imposing the 
monetization of ESS for all purposes keeps researchers from searching ways to deal with the 
plurality of values which may exist in the relationship between people and their environment 
(Norton and Nooman 2007). Second, current citizens’ preferences cannot be taken to decide 
on conservation (Spash 2008). And finally, monetary valuation cannot assess all costs and 
benefits caused by a change in the provision of an ecosystem service (OECD, 2002): thus it 
underestimates the ‘real’ value of an ESS. Non-monetary methods thus attempt to address 
some of these shortcomings.  

6.2.2 Non-monetary valuation methods 

There are a number of non-monetary valuation methods to assess ESS that all reflect a certain 
scientific perspective. A first family, similar to the monetary valuation uses a one-dimensional 
measure for the value of ESS that can be seen as a notional currency. A well-known example 
is the ecological foot-print which uses CO2 as a single unit, and the environmental pollution 
with CO2 as the only dimension to express to value of, say, an industrial good (TEEB, 2010). 
Conceptually similar, the Material and Energy Flow Analysis (MEFA) is based on the 
concept of social metabolism (Martinez-Alier 1990) to understand how complex systems are 
changing with regard to their use of material and energy and thus aspects of their 
sustainability (Krausmann et al., 2003). The MEFA was adapted to highlight energy and 
material flows of entities such as agricultural communities (Grühnbühl et al., 2003). To our 
knowledge, the MEFA has not been used to value ESS yet but attempts exist to develop 
sustainability indicators based on biomass flows for agricultural systems in Brazil (Andrieu et 
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al., 2007). TFO will strive to develop a link between ESS managed within a SES and the 
energy and material flows affected to these ESS by developing relevant indicators.  

A second family uses a completely different approach, based on two assumptions. First, 
preferences are no given but are formed during the process of decision making (van der 
Hoove, 2008). Second, where ecological knowledge is limited and the systems to be managed 
are complex, the use of pluralistic multi-scalar, and multi-criteria approaches is a requirement 
to reform institutional and political arrangements according to ecological and economic 
principles (Norton and Nooman, 2007). This approach is in line with the fundamental idea of 
TFO by stressing that the process of valuation should be based on debate and exchange 
among stakeholders and decision makers (van der Hoove, 2008). TFO will apply the 
deliberative Multi-Criteria Analysis (MCA) approach which aims to compare different land 
use scenarios based on a number of criteria, among which ESS delivery. Thereby, the relative 
value for ESS is derived. MCA is different from the Cost-Benefits-Analysis (CBA) because it 
covers several dimensions such as economic, health and environment using different 
measurement units (Ackerman, 2008). We aim for a participatory MCA in order to take into 
account different views on the importance of ESS and, thus their values, depending on the 
stakeholder group. This should provide additional information for the setting of shared 
objectives for policy making and the design of recommendations (Söderbaum, 2006). 

A third way of approaching the valuation of ESS is by so-called cultural valuation which 
concentrates on non-material benefits (e.g. capabilities and experiences) arising from human-
ecosystem relationships that are called cultural ESS (Chan, et al. 2012). Examples include 
spiritual, aesthetic, educational, and other cultural services provided by the environment. 
Preferences and decisions are embedded into a background of cultural and individual 
valuations, which steer the utilization of these services. We assume that the valuations of 
actors differ within and between communities according to different access (e.g. due to 
gender, class and ethnicity), productivity, rate of degradation and other factors. Valuation 
methods in TFO include: Freelists, paired comparisons (Burton 2003) and other techniques 
from cognitive anthropology, focus group discussions, natural experiments (Schnegg and 
Lang 2008) and landscape value mapping. These methods allow us to understand how values 
of ESS are constituted by local concepts and knowledge of ESS and how ESS are embedded 
into HH-livelihoods and decisions. 

6.3 Step 2: Recommendations for ESS-friendly institutions 

Valuation systems provide information on costs and benefits of a land use decision – be they 
monetary, social, or cultural. Based on these valuations a decision maker, that is, an 
individual, a group, or an organization, can choose the “best” land use option. What is “best”, 
however, depends on a number of factors exogenous to the pure ESS context. Therefore, TFO 
aims at including the information gained from valuation into stakeholders’ decisions problems 
in an ESS friendly way. One aspect is to help authorities to design institutions, that is, sets of 
rules that enhance sustainability. 

6.3.1 Social-ecological systems perspective (SES) 

Stakeholders are more likely to consider ESS in their decisions when they are aware of their 
benefits. Thus, institutional design has to find ways to influence individual as well as group 
decision making, on a household, village, regional, and transboundary level in order to 
promote sustainable and ESS-friendly use. Decades of research have shown that this does not 
imply, however, that blueprint governance solutions such as pure market or state regulation 
systems can necessarily address the challenge of sustainable ESS use (Andersson & Ostrom 
2008, Ostrom 2009). Whether governance is successful depends on a multitude of factors. In 
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the Okavango basin, conflicting laws and customary regulations, lack of a legal status of 
ecosystem services and an unevenly distribution of institutional and knowledge capacities 
resulted in state and market failures with negative effects on well-being (Hinz, 2008; 2009; 
Lant et al., 2008). 

The SES framework (Ostrom 2009) explicitly acknowledges complexity and combines 
research from different disciplines and models of different temporal and spatial scales into 
one overall concept. It facilitates interdisciplinary research and helps assess complex systems. 
The SES framework consists of four first-level core subsystems (resource systems, resource 
units, governance systems and users) that affect each other as well as linked social, economic, 
and political settings and related ecosystems (Figure 9). Each subsystem is operationalized by 
multiple second-level variables (e.g. size of resource system, mobility of resource unit, level 
of governance, users’ knowledge), which are further composed of deeper-level variables. This 
downscaling facilitates the combination of research data from different origin and allows an 
in-depth analysis of the SES, while at the same time being an adequate decision support 
platform for policy makers.  

 

6.3.2 TFO and SES 

Following the SES approach, TFO combines research of different disciplines in order to 
provide stakeholders with information on a wide range of factors, thereby increasing their 
awareness of system dynamics and complexity. The various research projects support a policy 
making process, which considers that the efficiency of institutions governing natural resource 
systems depend on specific characteristics of the respective SES. Natural scientists (SP 01, 
02, 03, 04, 05, 09) provide a thorough understanding of the functioning and threats to the 
ecosystem (resource system), taking into account the interaction between climate change, land 
management and hydrological conditions (chapter 3 & 4). Anthropologists (SP 06) and 
agricultural economists (SP 08) contribute with monetary and non-monetary valuations of 
ESS (resource units). Human activities, population growth and the increasing demand for ESS 
are also important factors threatening the availability of resources for future generations. 
Finally, anthropologists and economists (SP 07) study the existing institutional and 
organizational structure regulating the use of and the access to ESS (governance system), as 
well as human decision processes (users) for resource use from complementary perspectives.  

Figure 9 The core subsystem in a framework for 

analyzing social-ecological systems (Orstom 2009) 
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The institutional analysis of ESS takes place at different levels. On the micro level, rules 
govern the behaviour of individuals within households, on the meso level, rules determine the 
behavior of households within local communities. Important rules relate to, for example, 
education, inheritance, marriage, gender issues, and property rights. They can be considered 
important economic and social institutions, determining access to resources, resource tenure, 
decision power as well as maintenance of ESS. On the macro level, i.e. between communities 
within a country, the understanding of formal and informal rules regulating resources fallen 
into open access and common pool resources is crucial for assessing the incentives for 
cooperation between stakeholders. At the transnational level, the cooperation initiatives 
between Angola, Botswana and Namibia are examined in order to create institutions that 
enable equitable sustainable resource use. Combining qualitative (e.g. in depth interviews) 
and quantitative methods (e.g. economic policy modelling, socio-economic surveys, 
workshops, and experiments), relevant indicators for institutional analysis will be generated in 
close cooperation with stakeholders. The results, in the form of different institutional settings, 
will be included in two sets of scenarios developed by SP07 and SP08, respectively. The 
scenarios will provide inputs to ESF&S-friendly institutional change (see next section). In 
addition, experimental designs framed according to real life situations for resource users are 
used as proxies to test the efficiency and incentive compatibility of existing and proposed 
institutions for sustainable ESS provision. Moreover, the results will help to determine pitfalls 
of proposed institutions and potential fields for cooperation in ecosystem management, which 
significantly contribute to improved ESS provision. 

6.3.3 Scenarios 

Scenario exercises play different roles in ESS assessments. First, they can provide a quick 
understanding of the system under investigation. Second, scenarios may be constructed based 
on the outcome of the assessment in order to link current trends and policy responses to 
counter undesirable developments. In TFO, scenario exercises serve the purpose of 
outreaching research results (MEA, 2010) by organizing them into a framework that makes it 
easy to compare the consequences of adopting different land use rules or management 
options. By involving stakeholders, we hope to increase the relevance of the scenarios for 
policy making (MEA, 2010) and also to create buy-in from the part of the stakeholders 
(Cowling et al., 2008; Kok and van Vliet, 2011).  

In a complex system, such as the transboundary Okavango river catchment, several scenario 
exercises have to be conducted, with different groups of stakeholders at two scales of 
analysis, namely local and catchment. At the catchment level, the main management issues 
revolve around water flow. However, water flow is affected by land use decisions at local 
scale, where concerns about food production and soil fertility may prevail (Fu et al., 2011). In 
spite of these interactions, it is challenging to take both levels simultaneously in a scenario 
into account (Biggs et al., 2007; Kok et al. 2007). Thus, we will upscale results from scenario 
exercises at local scales to scenarios at the catchment scale. 

6.3.4 Supporting decision makers 

TFO is aware that only the stakeholders directly involved in the management of the Okavango 
basin have a mandate to implement socio-economic instruments for consideration of ESS. 
Consequently, the development of such instruments must be driven by these stakeholders in 
order to accept their ownership for solutions and to increase the probability of 
implementation. Embedding TFO research into two overarching and accepted frameworks, 
ESS and SES, and providing scenarios that comprise different ecological, social and 
institutional settings, decision makers on multiple governance levels (OKACOM, line 
ministries, regional councils, traditional authorities, civil society organizations, private 
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business and local communities) will be inspired and enabled to derive the information 
necessary to develop institutional responses appropriate to their needs.  

TFO uses two platforms for developing the capacity for system analyses and institutional 
change. Targeting local resource user communities, the Forum for Integrated Research and 
Resource Management (FIRM) approach will be applied. Community Based Organizations 
will take the lead in organizing, planning and monitoring their own development and research 
while coordinating the interventions of traditional authorities, government extension services, 
NGOs, as well as scientific community (Kruger et al. 2003). 

Acknowledging that the scales of externalities are increasing, TFO pays special attention to 
the regional and international dimension of the basin governance. Guided by the spirit of 
managing the Okavango River Basin as a single entity, Angola, Botswana and Namibia are 
committed to promoting coordinated and environmentally sustainable regional water 
resources development. For this purpose the Permanent Okavango River Basin Water 
Commission (OKACOM) was established in 1994. TFO supports OKACOM in on-going 
processes and relates its research plan to the OKACOM Strategic Action Plan.  
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7 Stakeholder analysis for the region of the Okavango 

catchment 

Thomas Falk, Patrik  Klintenberg, Felix Monggae & Laura Schmidt 

7.1 Introduction 

This section summarizes the current status of a continuous analysis of the stakeholder 
environment2 and adjustments of the stakeholder involvement strategy in the frame of The 
Future Okavango (TFO) project. It describes the objectives and process of the TFO 
stakeholder analysis. TFO largely follows the stepwise approach described by Reed et al. 
(2009) who presents stakeholder analyses as processes which: 

1) define aspects of social and natural phenomena to be assessed or changed, 

2) identify individuals, groups, and organisations who are affected or affect the 
phenomena, and  

3) prioritise individuals, groups and organisations to be involved in the assessment or 
change process. 

In Section 7.2 the main objectives that are of interest to the TFO project are discussed. In 
Section 7.3 references are made to previous work done in the region, amongst others by TFO 
members, which inform this stakeholder analysis. Section 7.4 summarizes the list of key 
stakeholders identified by the project team. Section 7.5 explains the project’s prioritisation of 
stakeholders selected to be closely involved in the project implementation. Section 7.6 briefly 
describes TFO’s main instruments of transdisciplinarity. Section 7.7 clarifies the structures 
within TFO that support and facilitate transdisciplinarity and Section 7.8 presents conclusions. 
Finally, the way forward is presented in section 7.9. 

This document is the basis for further discussions with the whole project team and 
stakeholders related to the TFO project. The document will be updated throughout the project 
implementation based on outcomes of and experiences gained through the interactions 
amongst the TFO team and the stakeholders. 

7.2 The objectives of TFO in general and the rationale of its 

stakeholder analysis and involvement 

The reason for the involvement of stakeholders in a research project like TFO is to analyse or 
change a particular phenomenon of interest. The starting point for TFO’s identification of this 
topic of interest was the call of the German Federal Ministry of Education and Research on 
Sustainable Land Management. The main objectives of this call, which are now the main 
objectives of Module A of the Sustainable Land Management (SLM) program, are:  

• Contribute to improved understanding of the interactions between land management 
and adaptation and mitigation of climate change; 

• Model and assess diverse policy options for sustainable land management; 

                                                 
2
 In our context stakeholders are any organisations, groups or individuals who have a stake in TFO’s research and its results, who 

may affect or can be affected by the project. 
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• Assess regional policies for their public support, effectiveness and potential to be 
implemented; 

• Improve the analysis and valuation of the dynamics of regional ecosystem functions 
and services (ESF/ESS); 

• Use our improved understanding of ESF/ESS to develop instruments and processes 
that enable their recognition in the development of new policy options; 

• Improve our understanding of the trans regional and global effect of regional policies 
by accounting for their substitution and secondary impacts elsewhere. 

It is the clear expectation of the ministry that each SLM project addresses all objectives of the 
program. As a consequence, the phenomena of interest for the TFO project are very diverse 
and hence, a great diversity of stakeholders will be engaged in different aspects of the project. 
TFO developed a strategy to address the objectives of the SLM program that are reflected in 
the TFO project proposal. This proposal can be understood as the terms of reference between 
the TFO research team and the ministry (for details please see Jürgens 2010). 

The trans-disciplinary research project "The Future Okavango" (TFO) is dedicated to support 
sustainable land use and resource management in the Okavango Basin in Angola, Namibia 
and Botswana through research activities that will generate new scientific knowledge. The 
region under investigation, a system of woodland savannas, floodplains and extended 
wetlands is of crucial global importance for biological diversity. At the same time it is 
threatened by rapid transformations that in many areas result in environmental degradation. 
Such threats can amplify land- and water conflicts. There is an urgent need for high-quality 
scientific contributions that can contribute to improved land use and resource management. 

One major challenge for decision makers in the basin is the limited availability of information 
about the provision of ecosystem services under different resource use scenarios. Such 
information is needed for land use and nature conservation planning to ensure current and 
future sustainable utilization of the ecosystem. Therefore the main objective of TFO 
stakeholder integration is to support improved decision making by providing a better 
understanding of: 

• resilience of ecosystems in order to identify sustainable compromises between 
economic development and nature conservation (Jürgens 2010, Section 2); 

• interactions between human induced developments and the expected capacity of 
ecosystems to provide services on the local to the catchment scale (Jürgens 2010, 
Section 3); 

• ecological trade-offs and synergies related to resource use decisions (Jürgens 2010, 
Section 5); 

• values of ecosystems, which will allow quantification of the costs of disturbing them 
(Jürgens 2010, Section 1); and 

• current and alternative natural resource governance (Jürgens 2010, Section 6). 

The transdisciplinary research aims to contribute to improved developing capacity, increased 
awareness of social-ecological dynamics, empowering of stakeholders, and enhanced 
cooperation amongst stakeholders to develop and test possible solutions. 

The TFO project commits itself to a trans-disciplinary approach that crosses the boarders of 
scientific disciplines as well as of science and other parts of society (Pohl & Hirsch Hadorn 
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2007). This approach has the aim to review and improve the researched situation. The TFO 
project implements a model where different stakeholders are collectively involved in 
identifying research questions, designing research projects, implementing research as well as 
developing and testing the research outcomes. In this way they are the owners of this process 
that develops solutions tailored to their needs. 

The TFO project has no mandate to implement actual changes in the research region. In 
contrast to projects of technical or financial assistance TFO is not authorised by an official 
government negotiation. Still, it is the objective of TFO to provide impulses for change. 
Therefore, our research is successful if it enables decision-makers and researchers to 
understand how and why changes may or may not take place. It combines the resources and 
views of both scientists and stakeholders (Neef & Heidhues 2005). Through the participative 
process, research priorities are identified that are intersections of the interests of the scientific 
and non-scientific participants of the project (Neef & Heidhues 2005). In this way the 
application of research results amongst policy and decision makers is enhanced and the 
probability increased that TFO research results eventually contribute to better informed 
decisions by stakeholders who hold the mandate to actually change eco-system management 
and governance. The TFO project is well placed to contribute to possible technical and 
institutional change through its strong focus on conducting research in line with stakeholders’ 
requirements and interests and its close cooperation with implementing agencies such as 
government and development organisations. Of particular importance is the close link to the 
current process of protecting the ecological, social and economic integrity of the Okavango 
basin coordinated by the Permanent Okavango River Basin Water Commission (OKACOM). 

TFO’s participatory research process efficiently combines the resources of scientists and non-
academic stakeholders, ensuring maximum creativity and relevance while also increasing 
stakeholders’ capacity to develop and implement ESF&S management and governance 
innovations. Strong stakeholder involvement ensures that the impact of the research will 
continue long after the actual research is completed. On the basis of scientific knowledge and 
methodologies, TFO contributes to the process of understanding the status-quo, searching for 
solutions, following and evaluating changes, conducting analysis and communicating results 
(Neubert 2005). This process supports resource users, statutory and customary policy makers 
and implementing agents, civil society, academia, media, and development agents to develop 
and implement innovations and to make informed decisions towards more sustainable use of 
ecosystems. 

7.3 The starting point 

The TFO stakeholder analysis is based on knowledge and experiences gained long before the 
TFO project started. Taking into account the above mentioned objectives of TFO a project 
team was build which has excellent knowledge about the topic-related stakeholder landscape 
and a strong expertise in stakeholder interaction. From the sector of civil society to mention 
are in particular the Desert Research Foundation of Namibia (DRFN), the Kalahari 
Conservation Society (KCS), and the Namibia Nature Foundations (NNF). All three NGOs 
are direct project partners and actively involved in the implementation of the project. These 
institutions’ previous and current work strongly depends on an intensive stakeholder 
interaction and they are therefore well connected to a broad range of stakeholders relevant to 
the phenomena of interest. These NGOs are thus important intermediaries between the 
research within TFO and other potential users of results. They have an excellent knowledge 
about relevant formal and informal communication channels and political processes and are 
well aware of potential or open conflicts. All organisations have a long lasting experience in 
conducting natural resource related community work and were and are key partners of various 
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research and development initiatives in the Okavango basin. For instance KCS and NNF are 
also partner in the currently ongoing development initiative South African Regional 
Environmental Program (SAREP), which implements part of OKACOMs Strategic Action 
Plan. 

The importance of these local partners is illustrated by the direct TFO partner KCS that was 
given the responsibility to develop OKACOM’s stakeholder integration strategy. Due to the 
close cooperation with OKACOM the TFO project was given access to early drafts of the 
OKACOM stakeholder analysis. The comprehensive document3 summarizes the stakeholder 
landscape of the Okavango basin. Another highly relevant document is the Stakeholder 
Engagement Strategy of the Kavango-Zambezi Transfrontier Conservation Area (KAZA 
TFCA)4 that also covers a large part of the Okavango Basin. These two documents have 
provided guidance in the development of the TFO stakeholder analysis. The access to these 
documents has also prevented unnecessary duplications of efforts. 

Key academic partners such as the Okavango Research Institute and the Polytechnic of 
Namibia both play an important role in the TFO project. Both organisations have a long 
history of policy and stakeholder oriented applied research and training in the project area and 
are equally well connected to a broad range of stakeholders. 

As mentioned above, the broad objectives of TFO requires a broad range of stakeholders to be 
involved in different aspects of ESS management and governance. Previous research has 
assesses the Rights, Responsibilities, Revenues and Relationships of key stakeholders (4Rs 
approach). Amongst others the following four publications of TFO researchers are 
specifically highlighted as they illustrate the strong expertise of TFO in the field of social, 
cultural and institutional research. They all assess key aspects of an in depth stakeholder 
analysis covering the 4Rs: 

D.L. Kgathi, B. N. Ngwenya, M. B.K. Darkoh (eds) (2011) Rural Livelihoods, Risk and 
Political Economy of Access to Natural Resources in the Okavango Delta, Botswana. 
Nova Publishers, New York, USA.  

M. Pröpper, (2009) Culture and biodiversity in central Kavango, Namibia; Dietrich 
Reimer Verlag Berlin, Germany 

M.O. Hinz & O.C. Ruppel (eds) (2008) Biodiversity and the Ancestors; Namibia 
Scientific Society; Windhoek, Namibia 

T. Falk (2008) Communal Farmers’ Natural Resource Use and Biodiversity Preservation 
- A New Institutional Economic Analysis from Case Studies in Namibia and South 
Africa; Cuvillier Verlag Göttingen, Germany  

Much less information is available for the assessment of the stakeholder landscape in Angola. 
TFO is in this regard doing pioneer work that will support future development initiatives by 
for instance OKACOM. 

                                                 
3
 available under http://okacom2.upfronthosting.co.za/site-documents/key-documents/okacom-

stakeholder-integration-strategy/view. 

4
 available under http://www.kavangozambezi.org/publications_&_protocols/kaza_tfca_stakeholder_ 

engagement_strategy.pdf 
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7.4 Identification of key stakeholders 

The identification of key stakeholders was mainly based on the above mentioned documents 
as well as the bundled expertise within the project. Stakeholders have been involved in this 
process as far as they are direct partners of TFO. In addition, important insights were gained 
through a series of stakeholder workshops as well as the implementation of FIRMs. 

The identification of key stakeholders to be involved in The Future Okavango project was 
guided by two questions: 

1) What is the interest of the stakeholder regarding ESS management and governance? 

2) What is the role of the stakeholder in the ESS management and governance? 

 

For each of the project countries a list of individuals, groups or organisations has been 
compiled specifying the main stakeholders having an interest in ESS management and 
governance and/or playing an active role in it. In total a number of 160 stakeholders have 
been identified so far and we expect this number to grow throughout the project 
implementation. Largely inspired by the OKACOM and KAZA analyses the list has been 
ordered according to sector categories: 
 

• government 
• resource users 
• civil society 
• academia and education 
• traditional authorities 
• private sector 
• media 
• regional or international organisations 

 
The complete list separated by countries is attached to this document (Annex, Table 1). 

7.5 Analysis and prioritization of stakeholders to be actively involved 

in the TFO project 

Taking into account the wide scope of the TFO project, prioritising stakeholders to be involved 
in the project is challenging. The prioritisation of stakeholders was guided by four questions:  

1. How strong is the (potential) impact of the stakeholder on the ESS management and 
governance in the Okavango basin? 

2. How strongly is the stakeholder affected by the provision of ESS in the Okavango 
basin? 

3. How strong is the potential impact of the stakeholder on the TFO project? 

4. How strongly is the stakeholder potentially affected by the TFO project? 

The results of the ratings are included in the attached detailed stakeholder list. A distinction 
was made between information, consultation and collaboration as intensities of stakeholder 
interaction (Stauffacher et al. 2008).  
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The first result of this exercise is that there are no fundamental differences regarding the 
stakeholder landscape in the three countries. Obviously, the individual organisations differ but 
the same sectors are represented and play a similar role in all three countries. For each of the 
three countries the highest number of relevant stakeholders has been identified in the sectors 
of government, civil society and the resource users (Table 5). 

Table 5 Number of stakeholders per sector in Angola, Botswana and Namibia 

Sector Angola Botswana Namibia Total 

academia and education 7 3 5 15 

civil society 11 7 12 30 

government 13 23 16 52 

media 0 1 2 3 

overarching 0 0 1 1 

private sector 1 4 6 11 

regional or international 
organisations 

10 9 12 
overlap in 
countries 

resource users 4 5 9 18 

traditional authorities 2 1 2 5 

Total 48 53 65  

The analysis shows that several sectors strongly affect the ESS management and governance, 
in particular: resource users, traditional authorities, the government, civil society as well as 
international organisations (Table 6).  

Table 6 Number of stakeholders per sector having a potentially strong impact on the ESS management 

and governance in the Okavango basin 

Sector  Angola Botswana Namibia Total 

academia and education 0 1 0 1 

civil society 1 0 3 4 

government 2 6 4 12 

overarching 0 0 1 1 

private sector 0 0 1 1 

regional or international 
2 2 2 

overlap in 
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organisations countries 

resource users 2 3 2 7 

traditional authorities 2 1 2 5 

Total 9 13 15   

 

In contrast to the results in Table 6, resource users are most strongly affected by the provision 
of ecosystem services (Table 7). Taking into account the inheritance of an unbalanced 
economic structure where a large part of the society still has only limited access to formal 
education and non-agricultural employment opportunities, the communities’ food security 
will in the foreseeable future still largely depend on goods and services provided by 
ecosystems. Nonetheless, the impact of ESS on customary and statutory authorities can also 
not be neglected.  

Table 7 Number of stakeholders per sector who are strongly affected by the provision of ESS in the 

Okavango basin 

Sector  Angola Botswana Namibia Total 

academia and education 0 0 0 0 

civil society 0 0 0 0 

government 1 3 1 5 

overarching 0 0 0 0 

private sector 1 2 1 4 

regional or international 
organisations 

0 0 0 
overlap in 
countries 

resource users 1 2 7 10 

traditional authorities 2 1 2 5 

Total 5 8 11   

 

According to the outcome of the analysis the sectors that gave the potentially strongest 
influence on the success of the TFO project are the resource users as well as customary and 
statutory authorities. These groups can support but also disturb the project implementation 
and therefore need to be managed wisely (Table 8). 



Chapter 7 Conceptual framework 69 

Table 8 Number of stakeholders per sector with potentially strong impact on the TFO project 

Sector  Angola Botswana Namibia Total 

academia and education 0 0 2 2 

civil society 0 1 2 3 

government 5 3 0 8 

overarching 0 0 1 1 

private sector 0 1 0 1 

regional or international 
organisations 

3 3 3 
overlap in 
countries 

resource users 2 4 2 8 

traditional authorities 2 1 2 5 

Total 12 13 12   

The TFO project has the strongest potential impact on stakeholders on the local resource user 
level but also the academic sector and the government (Table 9). In section 6 the instrument 
applied for stakeholder interaction are described. 

Table 9 Frequency of stakeholders per sector potentially strongly affected by the TFO project 

Sector  Angola Botswana Namibia Total 

academia and education 0 0 3 3 

civil society 0 2 0 2 

government 0 4 0 4 

overarching 0 0 1 1 

private sector 0 0 0 0 

regional or international 
organisations 

1 1 1 
overlap in 
countries 

resource users 1 3 1 5 

traditional authorities 0 0 0 0 

Total 2 10 6   
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Table 10 gives an overview of how different stakeholders are involved in the TFO project, i.e. 
being informed, consulted or collaborating in the implementation of the project. Relevant 
academic organisations are for the most part direct project partners. In contrast, taking into 
account the healthy and divers civil society organisations in southern Africa, TFO had to 
identify which NGOs the project would collaborate, and which NGOs that would only be 
informed and/or consulted by the project. The specific expertise of each NGO, as discussed in 
section 3, would determine its level of involvement with the project. Most customary and 
statutory authorities are only informed and consulted which also ensures the independence of 
the TFO research. Nonetheless, in particular cases inspiring opportunities for direct 
collaboration are used. There is also a relatively divers group of resource users but taking the 
objectives of the TFO project the focus is mainly on local communities in the project areas. 
Other resource users are however consulted and informed by the project.  

Table 10 Level of stakeholder involvement in TFO (i = information, cn = consultation, cl = collaboration) 

per sector 

  Angola Botswana Namibia 

  i cn cl i cn cl i cn cl 

academia and education 0 1 6 1 0 2 0 0 5 

civil society 10 0 1 5 1 1 7 1 4 

government 4 5 4 15 8 0 9 5 2 

media 0 0 0 0 1 0 0 2 0 

overarching 0 0 0 0 0 0 0 0 1 

private sector 1 0 0 4 0 0 4 2 0 

regional or international 
organisations 

6 1 3 5 1 3 5 3 4 

resource users 2 0 2 1 2 2 1 2 6 

traditional authorities 0 2 0 0 0 1 0 2 0 

Total 23 9 16 31 13 9 26 17 22 

7.6 TFO instruments of transdisciplinarity  

Based on its underlying principle of stakeholder integration, TFO strives to implement a 
research process where stakeholders are involved in the full research cycle (Figure 10) see 
also (Falk et al. 2010). This approach contributes to: 

• Stakeholders having realistic expectations about the outcomes of TFO;   

• the research topics reflecting the information priorities of target groups; 

• the research implementation providing the desired decision support; 
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• research results being disseminated in an adapted way; and 

• stakeholders taking ownership of the research results and having a higher acceptance of 
the results. 

 

 

As a consequence of the wide range of stakeholders and the scope of the TFO project, adapted 
approaches need to be developed and applied to ensure the continuous involvement of key 
stakeholders. In this context not only the intensity of interaction but also the way of 
interaction will differ strongly amongst stakeholders. Figure 11 illustrates TFO’s key 
instruments to bridge the gap between the project researchers and stakeholders. The 
stakeholder analysis attached to this document briefly states how TFO is interacting with each 
stakeholder. 
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Figure 11 Instruments to bridge the gap between TFO and stakeholders 
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7.6.1 Involvement as direct project partner 

As mentioned earlier, TFO has from the beginning of the project planning established direct 
links to key stakeholders from civil society, academia as well as the government. These 
partners are part of the project, involved in all strategic and operational decisions and 
implement tasks of TFO with funding from the BMBF. Civil society organisations such as 
Desert Research Foundation Namibia (DRFN), Kalahari Conservation Society (KCS), 
Community Economic Development Project (CEDP) and Namibia Nature Foundation (NNF) 
are partners directly involved in applied research. The close cooperation with these 
organisations is a mutual learning process, in which TFO contributes to the further 
development of capacity of important multiplicators. The scientific expertise of academic 
partners such as Okavango Research Institute (ORI), Polytechnic of Namibia, University of 
Namibia (UNAM) and Universidade Jose Eduardo Santos (UJES) is central for achieving the 
objectives of TFO. At the same time, the project contributes to tertiary education and helps 
developing local students who in future will most likely play key roles in their countries. TFO 
further involves government authorities such as the Ministry of Agriculture, Water and 
Forestry Namibia and the Ministry of Energy and Water Angola. These ministries have 
research sections with crucial expertise and with access to primary data that is of great value 
to the research of the TFO project. Government officials are crucial multipliers of the 
approaches of the TFO and the implementation of findings. Their involvement in the research 
will increase the probability that the results and outcomes of the TFO project are taken into 
account in future policy making and implementation. 

7.6.2 Cooperation via FIRMs 

The Forum for Integrated Resources Management (FIRM) approach is applied to target a 
wide range of stakeholders on local and district levels. These stakeholders most strongly 
affect the ecosystem management and governance in the project areas (see above: resource 
users, the government, traditional authorities, and civil society) and through the FIRM 
approach their capacity to make decisions which take ecosystem services into account is 
strengthened, they are analytically and organisationally empowered. Through the FIRM a 
platform that enables cooperation amongst key stakeholders to develop an implement 
solutions to key challenges are established. The organizational structure of FIRMs is decided 
by the community but should preferably be based on existing structures such as Village 
Development Committees or Community Based Natural Resources Management (CBNRM) 
groups. In the project villages in Namibia the FIRM is based on the Village Development 
Committees. A VDC is tasked to coordinate the development of a village, representing the 
community at large. VDCs report directly to Constituency Development Committees, who 
report to the Regional Council. Through FIRM the VDCs takes the lead in organizing, 
planning and monitoring their own development by identifying key challenges and, together 
with required service providers (stakeholders) such as traditional authorities, government 
extension services, NGOs, as well as the scientific community identify, plan and implement 
solutions to these challenges (Kruger et al. 2003). The core of the FIRM is the jointly 
developed action plan that is the basis for implementation, monitoring and evaluation of 
activities. The planning involves all relevant stakeholders, which has many benefits; firstly, 
the community has one platform where they can discuss their challenges and development 
goals with all stakeholders at one event. The presence of several different service providers 
across scales in one meeting contributes to enhanced understanding, identification of 
synergies and improved planning and coordination of interventions in the communities. TFO 
is one of the service providers to these communities, contributing with research findings and 
improved knowledge, for instance, on ecological trade-offs between development options, 
sustainable resource use options and innovative governance structures. These inputs 
contribute to the planning process and implementation of activities such as conservation 
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tillage. The FIRM is not the only platform for interactions between TFO researchers and the 
community but the FIRMs can serve as a catalyst for TFO stakeholder integration efforts. 
Memorandums of Understanding will be negotiated as basis for a close cooperation. In this 
way TFO’s capacity building benefits such structures which continue to exist beyond the 
project term and which ensure the sustainable long-term impact of the project. 

7.6.3  The para-ecologist program 

TFO employs and trains three selected members of rural communities at the three focal areas 
of The Future Okavango project as para-ecologists. By being trained on the job and during 
annual training workshops in the field of socio-economic research, monitoring and 
management of ecosystem services and respective awareness raising, and at the same time 
being rooted in the local communities, para-ecologists are trained in relevant methods for 
social-economic and ecological studies as well as in practical aspects of the sustainable 
management of ecosystems within the communities. Para-ecologists also facilitate the 
interactions amongst local stakeholders and academic researchers. For this purpose, a strong 
component of the para-ecologist training is the development of soft skills in the field of 
communication and dealing with inter-sectoral and inter-cultural conflicts. Para-ecologists 
support the process of establishing local level FIRMs. In this way they gain important 
knowledge also in the field of organisational development. 

The para-ecologists help the project team to develop a close relationship with the rural 
communities who are the stakeholders most affected by the provision of ESS. They support 
the communication and translation of research outputs to the farmers. Para-ecologists are part 
of the project team and play a critical role in the process of adjusting the project’s research 
goals and methods to the information requirements of the local stakeholders.  

The skills and experiences the para-ecologists gain through the project will enable them to 
work in civil society and the government sector in the interface between applied science and 
implementation. They are affiliated to existing and persisting local institutions (e.g., NGOs, 
research institutions like ORI, agricultural extension services) that are partners in The Future 
Okavango project. Their participation in selected accredited training courses (e.g. tour-
guiding, facilitation) at institutions like NNF and KCS will enhance their chances for skilled 
jobs after the project ends (see also Schmiedel et al. 2010).  

The TFO para-ecologist program will be further extended within the framework of the 
Southern African Science Service Centre for Climate Change and Adaptive Land Use 
(SASSCAL). 

7.6.4 Participatory film making 

One tool used to encourage discussions with stakeholders and disseminating results of the 
project is the creation and screening of participatory films. This instrument also focuses on the 
local community as the group most affected by ESS provision, but also involves various local 
and district stakeholders who may strongly influence the management and governance of the 
eco-systems. Films are used to involve stakeholders in the project and to communicate project 
activities to different audiences. Enabling stakeholder representatives such as local resource-
users, traditional authorities, and NGOs to conceptualize, direct and shoot films about their 
concerns initiates discussions amongst scientific and non-scientific stakeholders. The process 
of filmmaking thus constitutes a platform for the negotiation of different and even conflicting 
perspectives. The outcome will be a series of films related to ecosystem services that are 
analysed by the project team and thereby help to understand socio-economic complexities in 
the region. The results of this evaluation are communicated to the whole project. Giving 
special consideration to weaker stakeholders prevents the risk of elite capture. The films make 
use of a wide range of audiovisual formats including fictional sequences such as plays or re-
enactments. Fictional approaches enable the participants to articulate and discuss discredited 
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(e.g. by elites), socially unacceptable or illegal activities in public without being sanctioned 
(Gruber 2008). This can give the TFO team additional insights into possible conflicts of 
ecosystem management. 

The resulting films are distributed according to a planned scheme - including additional 
information, regular screenings and moderated discussions - in collaboration with all TFO 
members. In order to reach wide audiences and facilitate open access to research results, the 
films are offered to national and international broadcasters for free public broadcasting. DVDs 
are distributed to OKACOM, schools, NGOs, government agencies. Special attention is given 
to screenings at areas where the films have not been produced. Public screenings initiate an 
exchange of information and ideas across geographic and cultural boundaries. 

The first participatory film was developed and produced in collaboration with stakeholders of 
the Mashare area, Namibia between March and June 2011. It was conceived and filmed 
entirely by representatives of the Mashare community. The film portraits different ways in 
which natural resources contribute to the livelihoods of subsistence farmers and highlights 
challenges in natural resource management. The film was screened and discussed with 
community representatives and local decision makers from all three villages. It is accessibly 
from the TFO website and has been widely distributed to key stakeholders 
(http://vimeo.com/31839289). 

7.6.5 Cooperation with existing structures (specifically OKACOM) 

Guided by the spirit of managing the Okavango River Basin as a single entity, the three 
sovereign states of Angola, Botswana and Namibia agreed to sign the "OKACOM 
Agreement" in 1994. The Agreement commits the member states to promote coordinated and 
environmentally sustainable regional water resources development, while addressing the 
legitimate social and economic needs of each of the riparian states. The three countries 
recognize the implications that developments upstream of the river can have on the resource 
downstream. Most of the river is currently undeveloped and is recognized as one of the few 
"near pristine" rivers in the world (OKACOM 2011b). 

The OKACOM Agreement established the Permanent Okavango River Basin Water 
Commission (OKACOM) whose objective is "to act as technical advisor to the Contracting 
Parties (the Governments of the three states) on matters relating to the conservation, 
development and utilisation of the resources of common interest to the Contracting Parties 
(basin member states) and shall perform such other functions pertaining to the development 
and utilisation of such resources". The role of OKACOM is to anticipate and reduce those 
unintended, unacceptable and often unnecessary impacts that occur due to uncoordinated 
resources development. To do so it has developed a coherent approach to managing the river 
basin. That approach is based on equitable allocation, sustainable utilisation, sound 
environmental management and the sharing of benefits. The 1994 OKACOM Agreement 
gives it legal responsibility to (OKACOM 2011b):  

• Determine the long term safe yield of the river basin; 

• Estimate reasonable demand from the consumers; 

• Prepare criteria for conservation, equitable allocation and sustainable utilisation of 

water Conduct investigations related to water infrastructure;  

• Recommend pollution prevention measures; 

• Develop measures for the alleviation of short-term difficulties, such as temporary 

droughts Address other matters determined by the Commission. 
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In early 2007, OKACOM reviewed its organizational structure to bring it in line with the 
Revised SADC Protocol on Shared Watercourses, and gave the OBSC formal status and 
recognized it as a permanent and formal internal body of OKACOM with defined functions, 
roles, responsibilities as well as operational procedures (OKACOM 2011b).  

The TFO project is committed to support the OKACOM structures in ongoing processes as it 
sees OKACOM as the main focal point to address statutory policy makers in the Okavango 
basin. This group both has the potential to strongly influence the management and governance 
of the ecosystem as well as the success of the TFO projects. As a crucial step for streamlining 
TFO with the OKACOM process the project has carefully adapted its research plan to the 
OKACOM Strategic Action Plan (SAP). Guided by the priority research areas identified by 
OKASEC, OKACOM priorities were included in the TFO project proposal. TFO has listed in 
detail in which areas and ways its research can support the implementation of the SAP (Annex 
Table 2). In this way TFO intends to provide relevant research findings contributing to the 
research priorities identified by the three riparian countries for peaceful and sustainable 
management of the basin. 

Following a political decision-making process the TFO project has been officially endorsed 
by OKACOM. The commission committed itself to support TFO and demand agreed upon 
results. As one of the projects now acting under the umbrella of OKACOM, TFO is allowed 
to use the symbols of the commission on reports and other official documents. 

TFO reports frequently to OKACOM and its steering committee OBSC during their regular 
meetings. An opportunity still to be further developed is the involvement of TFO in the 
thematic task forces of OKACOM, which serve as an advisory body to the commission. The 
OBSC further requested TFO (so far only informally) to support the development of an 
Okavango River Research Strategy. 

Through OKACOM structures TFO will be able to channel its findings to all relevant 
structures and units within the governments of Angola, Botswana and Namibia. In this way 
the links to OKACOM are again a catalyst for much broader stakeholder integration.  

Related to OKACOM is the Southern Africa Regional Environmental Program (SAREP). 
SAREP is a USAID funded project that follows on from a previous USAID project – the 
Integrated River Basin Management project (IRBM) that was implemented from September 
2000 to September 2008 – under an agreement with the SADC Water Sector. SAREP is 
working with OKACOM and its regional stakeholders to improve trans-boundary natural 
resources management in the ORB whilst also improving the livelihoods of its residents. Its 
technical approach is based upon a consideration of the political economy of the southern 
African water and natural resources sector. It leverages best practices in community based 
natural resource management and capacity building for the supply of safe water and sanitation 
and anticipates the increasing need for effective responses to climate-related disasters and 
water-centered conflicts. SAREP‘s activities are planned to support transformation and 
strengthen capacity – especially for institutions entrusted with the regional management of 
important and precious natural resources, communities in the Okavango River Basin states, 
and for the Okavango ecosystems that depend on wise stewardship for survival. The 
transformation that SAREP envisions encompasses improved and secured livelihoods, more 
effective ecosystem management, institutions that can perform on the required range of 
management and governance issues, and a regional perspective adopted broadly among public 
and private actors in national and transboundary environmental management efforts (USAID 
2011). 

While local communities and OKACOM are both seen as beneficiaries of TFO findings, 
SAREP is an important partner project. There are multiple potential synergies and benefits of 
cooperation between the TFO research project and the development program SAREP. Both 
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projects are focusing on providing improvements in rural communities in the Okavango basin, 
even working in the same villages in some instances. Both projects are identifying challenges 
and needs amongst the communities. TFO is contributing to this task by communicating 
research findings of the project and seeking implementations. SAREP on the other hand 
provides direct funding for implementation of development projects addressing key 
challenges expressed by the representatives of the local communities. The FIRM approach, 
which is implemented by the TFO project, provides valuable information about key 
challenges and possible solutions, presented in an operational plan. SAREP, being one major 
service provider to some of the project communities could contribute to the operational plan 
by committing funds and other resources to the implementation of some of the activities 
identified by the local community. This cooperation between TFO and SAREP benefits both 
projects, in line with their different objectives and defined deliverables. 

Therefore the TFO work is well coordinated with the SAREP implementation in order to 
avoid duplication of efforts and to optimize synergies between both projects. SAREP with the 
mandate to implement concrete development interventions requires a good information basis 
in order to increase the probability of the interventions’ success. Some of the required 
information can be generated through the research carried out by the TFO project. 

7.6.6 Workshops and direct interaction 

TFO is further organising workshops targeting different stakeholders. So far the purpose of 
these workshops was mainly to inform about the project, to receive support and permission to 
implement it in the proposed villages, and to learn about information priorities of stakeholders 
related to ESS management and governance. Three such workshops have been organised with 
the communities at the three research sites, involving representatives from the local 
communities, traditional authorities, ministries and other stakeholders providing services in 
the area. In addition, one workshop was carried out addressing mainly national stakeholders. 

Also in future workshops will be an important instrument for TFO’s interactions with 
stakeholders. On the local to district level workshops will be embedded into the 
implementation of the FIRMs and for instance the scenario building. It is a tool for exchange 
of information throughout the project cycle in particular at the steps of defining research 
priorities and presenting and discussing results (Figure 10). 

The close cooperation between TFO and OKACOM does not exclude TFO from also directly 
work with government authorities. The project is establishing close links to government 
stakeholders in order to involve them in all steps of the research process. The most important 
instrument for this purpose is regular personal interactions and the provision of relevant 
information. By strengthening the capacity of government stakeholders in turning the 
outcomes of research into projects that could be supported by government funding, concrete 
efforts are undertaken to bridge gaps between researchers and practitioners in a manner that 
addresses the needs of planners in government departments. A good example of this is the 
cooperation between TFO and the Namibian Department of Water Affairs and the Angolan 
Ministry of Energy and Water. In the context of this cooperation high level government 
structures are supported in developing information management capacity. In cooperation with 
various academic and government stakeholders TFO develops the Okavango Basin 
Information System (OBIS). With this system data, methods, and modelling results can be 
used in policy making long beyond the period of project implementation. 

Various TFO researchers apply several different approaches towards establishing partnerships 
between academic researchers and stakeholders in order to develop and evaluate management 
and governance measures. Jointly researchers and stakeholders identify the challenges, 
discuss the possible measures, and decide what and how to test them, and conduct, and 
evaluate studies and experiments together. A main target group of such participatory studies 



Chapter 7 Conceptual framework 77 

are the resource users. Experience shows that this group is innovative, experimental and eager 
to learn new practices. The partnership approach reveals new perspectives for stakeholders 
and researchers. It is envisioned that the joint research will result in more ecosystem-friendly 
land management, test strategies for restoration of degraded rangeland based on better insight 
into ecological processes by both stakeholders and researchers (see also Zimmermann et al. 
2010). An example of the implementation of this approach is the participatory study on 
conservation agriculture in a subsistence oriented farming context (under Sub project 3). 

7.6.7 Participatory scenario building 

Scenarios can be defined as plausible and simplified descriptions of how the future may 
unfold based on a coherent and internally consistent set of assumptions about key driving 
forces, their relationships, and their implications for ecosystems (MA 2010). Scenario 
exercises can serve different purposes: to support scientific exploration and research, to 
inform education and collaborative learning processes, or to underpin decision processes and 
strategic planning. In TFO, the aim of developing scenarios is mainly to communicate 
research results to stakeholders in a format that fosters the building of opinions about what 
type of land use stakeholders desire for the future and why. Additionally, scenarios will be 
developed in a participatory manner with a focus on possible future land uses that are 
considered to be relevant by the stakeholders. As the scenarios will be quantified and further 
documented based on the research results developed in TFO, the scenario exercises enable 
stakeholders to influence the research being conducted. Thus, scenario building strives 
towards an active collaboration amongst the scientific team and the stakeholders (Stauffacher 
et al., 2008).  

The scenario exercises will be conducted following recommendations made by the MA team 
(2010) and Jaeger et al. (2007). The exercises will involve a core team of TFO scientists and 
facilitators and a panel of stakeholders. The coordinator of the scenario exercise and the 
facilitators organise and run the workshops. The scientists of the core team are responsible for 
checking the credibility of the scenarios and quantify the trends as much as research results 
and expertise allow. The coordinator is responsible for the communication between the core 
team, the whole research project and the stakeholder panel (MA 2010).  

The TFO project applies the approach of developing exploratory scenarios in combination 
with back casting (Kok et al. 2011). Exploratory scenarios are forward-looking exercises that 
explore a range of possible futures. It is an inductive process, which is based on the current 
situation and stretches until a defined time span, for instance 15 years. Back casting scenarios, 
on the other hand, start from a defined goal to be reached at the end of the explored time span 
and then explores possible strategies to reach this goal. Combined with an exploratory 
exercise, they investigate how to reach a given goal under different possible scenarios of 
development. The goal – or desired state of outcome - is set in a normative manner: it will be 
defined together with the stakeholders and thus, site-specific.  

Importantly, the scenario exercises will be conducted at two scales: catchment and core site 
(local). Scenario exercises at the local scale will be conducted in cooperation with the FIRMs 
in the form of workshops, possibly completed by interviews amongst experts to assess the 
effect of past policies on land use, the environment and farmers’ well-being (Patel et al. 
2007). At the catchment scale, the holding of workshops is not possible due to the difficulty 
of involving policy makers at this level into a participatory process and the related costs. 
Alternatives based on questionnaires and in-depth interviews will be developed by the 
scenario coordination. Very probably, these tools will focus on the expression of needs 
(Jolibert 2012) in order to define a commonly desired goal.  

Linking scenarios at local and catchment scale is challenging but important for land use 
choices in a catchment were ESSs of the one scale affect ESS provision at the other (Biggs et 
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al., 2007; Zurek & Henrichs, 2007). Up to now, up scaling of scenario results in a multi-scale 
scenario exercise was conducted in just a few projects, e.g. the SCENES project in Europe 
(Kok et al. 2006). The TFO method for up scaling is still being drafted.  

7.6.8 Dissemination of information and results 

The least intensive form of interaction between TFO and stakeholders is the dissemination of 
information communicating research results and outcomes. The attached stakeholder analysis 
shows which of the stakeholders are mainly involved in the TFO project through information 
dissemination. Information is disseminated in formats that are adapted to the different 
stakeholder groups, e.g. newspaper articles will be published in the leading national daily 
newspapers on the project itself and particular project results. In addition, articles will be 
published in target group specific popular publications, e.g. information of relevance to 
farmers will be published in the widely distributed leaflet of the Ministry of Agriculture, 
Water, and Forestry ‘Spotlight on Agriculture’. Also the participatory films will be made 
available and screened widely. The project team will continuously look for opportunities to 
raise awareness amongst the wider public for sustainable ecosystem management. 

7.7 Management of stakeholder interaction 

The subprojects SP10 and SPC are responsible for the facilitation and coordination of 
interactions with stakeholders. In this way the transaction costs of transdisciplinarity for 
individual researchers are reduced. Often several researchers plan to work with the same 
target groups. It is important to coordinate these interactions to ensure efficient cooperation 
without overburden the representatives from the different target groups and to avoid situations 
where researchers from the same project approach stakeholders without being aware of other 
lines of communication. In particular for political relevant stakeholders the interactions have 
to be bundled in order to ensure a coherent presentation of the project. In addition, TFO is in 
the process of developing a dynamic stakeholder database in which all relevant interactions 
with identified stakeholders will be stored, allowing all TFO team members to consult this 
information while planning their interactions with stakeholders. This tool will be essential for 
monitoring of stakeholder interactions throughout the project implementation.  

7.8 Conclusion 

The stakeholder analysis presented in this document shows that there is a large number of 
stakeholders involved in the TFO project, ranging from local resource users to international 
decision makers in all three project countries. The TFO project is aware of the diversity of 
these stakeholders, all affecting and being affected by both the ecosystem as well as the 
project itself. This stakeholder analysis is a first complete assessment of the stakeholders and 
their current involvement in the project. It is important to note that the stakeholder list 
presented in this document is a dynamic document as new stakeholders, both institutions and 
individuals will be engaged in the project, while others, that are already identified, as 
stakeholders might be involved in different ways in the future. Therefore the analysis will be 
reviewed and revised throughout the implementation of the TFO project.  

The TFO project has developed and actively implements several tools and approaches to 
allow flexible and efficient stakeholder involvement in the project implementation, e.g. 
FIRMs, participatory filmmaking and scenario development. The cooperation with OKACOM 
is a unique opportunity that strongly increases the probability of TFO contributing to a more 
sustainable management of the Okavango basin.  

Communication of research findings and the implementation of these findings on local to 
national and regional levels are central to the TFO project. The information communication 
strategy, aimed at providing specific stakeholder groups with ‘tailor made’ information will 
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increase the probability of research findings and their possible application being understood 
and implemented by the intended target groups.  

7.9 The way forward 

As it is likely that new stakeholder, both organisations and individuals will be involved in the 
TFO project throughout the implementation of the project the stakeholder analysis will have 
to be continuously reviewed and updated.  

Based on the outcome of the stakeholder analysis the TFO team will develop a strategy for the 
involvement of all the stakeholder groups involved in the project. The trans-disciplinarity 
strategy will outline the objectives, key activities, responsibilities and time frame for the 
stakeholder involvement in the project. Indicators will be developed to allow for continuous 
monitoring and assessment of the success of the strategy. 

A survey will be conducted, involving all TFO partners, providing a self-assessment of the 
team members’ participation profiles. The survey will be based on an adapted version of the 
Analytical Framework for Assessing Participatory Agricultural Research (AFAPAR) (Neef & 
Neubert 2005) which will assist in the identification of the level and kind of stakeholder 
integration of each individual TFO member. 

The stakeholder database will also be updated regularly. When completely developed, the 
database will store all relevant communications with TFO stakeholders. In this way each team 
member can get an overview over the state of cooperation between TFO and any stakeholder 
that is recorded in the database. The database will also be a tool for monitoring of stakeholder 
interactions with the TFO project and its researchers. 
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7.11 Annex 

Table 1. Detailed stakeholder list separated by country 

[see attached file] 

 

Table 2. The OKACOM Strategic Action Plan and TFO’s planed contribution (Status of 21
st
 June 2011) 

 

OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

BASIN DEVELOPMENT AND MANAGEMENT FRAMEWORK (BDMF)     

1. Basin Vision 
agreed and 
Joint 
Decision‐
making and 
management 
framework 
established  

1.1 Basin Vision 
agreed by riparian 
states  

1.1 Development of a shared vision 
for the development and protection of 
the Cubango/ Okavango River Basin 
through a consultative process  

1‐5 years    

1.2 Promotion of the Vision 
throughout the basin and production 
of information materials.  

1‐5 years    

1.2 Draft Framework 
Convention for the 
Development and 
Management of the 
Cubango/Okavango 
Basin developed  

1.3 Guidelines for determining 
equitable utilisation in the context of 
the OKAVANGO agreed based on 
criteria in OKACOM Agreement and 
Revised SADC Protocol  

1‐5 years  SP07: Study on the law, principles and practices of 
transboundary water equity in Southern Africa 

1.4 Support for initial negotiations for 
a Framework Convention for the 
Development and Management of the 
Cubango/Okavango basin 
environment and its peoples. 

1‐5 years    

1.3 OKACOM 
mandate for basin 
development, basin 
monitoring and SAP 
coordination agreed 
and required 
institutional capacity 
established  

1.5 Development of options for role of 
OKACOM in basin development, 
basin monitoring and SAP 
implementation  

1‐5 years  SP07: Study on the role of OKACOM in the 
Okavango River Basin natural resource governance 
To support basin  monitoring SPC-3  will contribute:  
Implementation of AIDIS/OBIS as a sophisticated 
data, information, GIS map and meta-data 
management system complemented with 
maintenance and analysis functionalities by means of 
a user friendly GUI and a comprehensive help 

system. 
1.6 Development of Terms of 
Reference for OKACOM organs 
based on selected option (from 1.5)  

1‐5 years    

1.7 Assessment of capacity needs of 
OKACOM based on selected option 
(from 1.6)  

1‐5 years    

1.8 Capacity building for strengthen 
OKACOM organs in line with 
developed ToR and based on 
capacity assessment  

1‐5 years   Various components: TFO can, on request, give 
consultative support to OKACOM organs; 
 
To support capacity building SPC-3 will contribute: 
Comprehensive training and capacity development of 
partners, stakeholders and authorized end users in 
using the full potential of OBIS by means of training 
courses and workshops. 
 

1.9 Development of long‐term 
financial strategy for OKACOM  

5‐10 
years  

  

1.10 Development of reporting and 
M&E Framework for SAP projects in 
line with agreed ToR  

1‐5 years    

2. SAP 
integrated with 
national 
decision‐
making 
frameworks and 

2.1 Reference to SAP 
and NAP in national 
IWRM and natural 
resource plans  

2.1 Review of national 
governance/regulatory frameworks 
and make recommendations for 
strengthening through national IWRM 
plans and linkage with the BDMF.  

1‐5 years  SP07: study on multi-layer natural resource 
governance (household decision making, community 
institutions and organisations, customary and 
statutory environmental laws; potentials for 
transboundary policy harmonisation); 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

adequate 
national level 
implementation 
and 
enforcement 
capacity 
established  

2.2 NCUs and Inter‐
Ministerial Committees 
operating  

2.2 Review of coordination and 
implementation of NAPs in the basin 
states as an integral part of the 
national planning process  

1‐5 years    

2.3 Fully funded 
catchment level 
management 
authorities operating in 
the three states as 
management and 
planning bodies 

2.3 Support to the establishment 
(where necessary) and strengthening 
of national catchment level 
management bodies  

1‐5 years  Various components: TFO can on request give 
consultative support to management bodies; 
SP10: TFO will establish Forums for Integrated 
Resource Management (FIRMs) on the national 
catchment level which can support OKACOM 
structures. 

2.4 Strengthening of OKACOM NCUs 
and Inter‐Ministerial Committees in 
each basin country  

1‐5 years  

3. Basin wide 
information 
sharing and 
management 
tools developed 
and operational  

3.1 Revised OKACOM 
Data‐sharing 
Protocol signed and 
operational 
agreements signed by 
data‐providers  

3.1 Strengthening of existing 
OKACOM hydrologic data sharing 
protocol, signed by the key data 
providers and water resource 
regulatory and management 
organizations in each state.  

1‐5 years  SPC: Implementation of the web based Okavango 
Basin Information System (OBIS) with completely 
implemented ISO 19115 standard and OGC conform 
GIS functionalities 
SPC: standardized service interfaces and data 
encoding standards (Catalogue Web Service, Sensor 
Observation Service, WaterML2) for OBIS  to 
facilitate easy data exchange with external data users 

3.2 Development of compatible data 
formats and reporting procedures  

1‐5 years  SPC: Provides means for implementing such format 
and procedures 
  To support development of compatible data formats 
SPC-3 will contribute: 
 
Development of user-friendly interfaces to model 
systems, i.e. the JAMS/J2000 hydrological model 
suite, the Okavango Delta Information System (ODIS) 
for the access and use of spatiotemporal data to be 
used within modelling and assessment tools and the 
Decision Support System. 
 

3.2 Basin‐wide SEA 
and EIA procedures 
signed by Member 
States  

3.3 Development of agreed 
transboundary SEA procedures  

1‐5 years   

3.3 Reference to 
agreed transboundary 
SEA and EIA 
procedures in national 
legislation and 
guidelines  

3.4 Development of agreed EIA 
procedures in a transboundary 
context  

1‐5 years    

3.4 Meeting minutes of 
donor coordination 
group chaired by 
OKACOM  

3.5 Establishment of donor 
coordination mechanism for SAP 
implementation  

1‐5 years    

3.5 Donor projects 
clearly programmed 
under SAP and NAPs  

3.6 Development of map/registry of 
donor projects and linkage with SAP 
and NAPs  

1‐5 years  SPC: OBIS can be enhanced to provide respective 
data administration and ISO 1911 conform metadata 

4. Decision 
Support System 
developed 
which presents 
to the decision 
makers, at the 
basin‐wide 
and national 
levels, the 
options in a 
clear and 
understandable 
fashion 

4.1 Fully developed 
DSS (responding to 
BDMF needs) 
operational  

4.1 Review of existing decision 
support system and needs 
assessment in light of the BDMF and 
national decision frameworks.  

1‐5 years  SP09.2 Task has to be carried out as soon as 
possible in cooperation with OKACOM and other 
subprojects 

4.2 Re‐design of new system 
components (inputs, outputs and 
interfaces)  

1‐5 years  SPC: OBIS provides sophisticated and user friendly 
GUI and interfaces for input, output and management 
of data, information and ISO 1911 conform metadata 
SP 09.1 will supply different geospatial data and 
information products that might be part of a spatial 
decision support system. These comprise information 
on land use and land cover as well as its change and 
forest inventories for specific regions; and large- area 
maps on major land use types for the whole 
Okavango catchment. 
SP09.2 Task has to be carried out as soon as 
possible in cooperation with OKACOM and other 
subprojects 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

4. 3 Installation of full DSS in 
OKACOM secretariat and in 
OKACOM national coordinating units  

1‐5 years  SPC: Implementation of a web-based environmental 
information system (OBIS) as a web-based platform 
for environmental data management and result 
dissemination (related to DSS development in 
general) 

SP02: J2000 modelling system linked with the 
Okavango Basin Information System (OBIS) 
developed and implemented by FSU-Jena 
SP02: Hydrological modelling of IPCC related “what-
if?” scenarios of water balance and river discharge by 
means of the ORBM. 
SP09.2 The development and implementation of a 
geospatial data analysis and decision support system 
will be carried out in close cooperation with different 
working groups within the project and selected 
stakeholders, in order to fasten an efficient exchange 
of aggregated information between different working 
groups and, in particular, to foster a just-in-time 
dissemination of scientific methods, outcomes and 
needs at the science-practice interface. 

4.2 Designated 
OKASEC staff and 10 
persons per country 
trained on DSS use  

4.4 Training on DSS operation for 
decision makers at different levels  

1‐5 years  SPC: Comprehensive training and capacity 
development of partners, stakeholders and 
authorized end users explores the full potential of 
OBIS. 
SP09.2 In cooperation with all relevant partners and 
stakeholders, we will develop and implement 
operational decision support tools, which aggregates 
methods and results within an easily to handle GIS 
environment, applicable in integrated land and 
resource management at different decision-making 
levels. 
SP09.2 An easily to handle graphical user interfaces 
for intuitive data management, analysis and 
visualization will be developed. It eases the 
dissemination of methods and its application in 
concrete decision processes 

4.3 Model covering the 
whole of basin 
developed and 
operating  

4.5 Development of water 
resource/hydrological models for the 
basin with an adequate concept  

1‐5 years  SP02: Okavango River Basin Model (ORBM) based 
on the J2000 distributed hydrological modelling 
system for IWRM 
SP09.2 delivers process oriented models for 
degradation risk assessment (wind- and water 
erosion), regional climate modelling tools, 
sophisticated data assimilation schemes and efficient 
interfaces to complex climate and hydrological 
process models (task 3). 
SP05: Outputs for Water balance models and 
Vegetation models for Delta. 
 

4.4 Cadastra of 
groundwater resource 
yields and 
abstractions in 
Cubango/Okavango 
basin  

4.6 Assessment of utilizable 
groundwater resources yields of major 
aquifers.  

1‐5 years  SP02: ORBM provides distributed groundwater 
recharge rates and groundwater contribution to river 
discharge 

4.5 Different water 
resource use options 
fully integrated into 
DSS  

4.7 Review of water resource use 
options in the basin, including 
conjunctive use, in‐basin storage 
and demand management.  

1‐5 years  SP02: ORBM provides the means to analyse water 
use options for IWRM 

4.6 Economic models 
integrated into DSS  

4.8 Refinement of economic model, 
including more detailed assessment 
of indirect benefits and the existence 
value of the Cubango/Okavango 
system and comparative study of the 
value of water for different economic 
uses.  

1‐5 years  SP02: ORBM provides the means to analyse IWRM 
impacts of water prices on water use and regional 
basin water balance. 
SP08: Creation of a bio-economic farm-household 
model which incorporates relevant ecosystem-
services. The model aims to reveal Shadow Prices for 
relevant ecosystem services. 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

4.7 IFA (Integrated 
Flow Assessment) 
findings fully 
integrated into DSS 

4.9 Assessment of impacts of 
increased water abstraction and 
climate change on water quality and 
basin ecosystems 

1‐5 years Various components: The contribution to such an 
assessment will be one of the final outputs of TFO. 

SP02: ORBM can be enhanced by the nutrient and 
erosion component of the J2000-s model. 
Improvement of existing hydrological-ecological 
model of the Okavango Delta (together with 
ecosystem projections SP05) and its use in the 
impact assessment context. 
SP02: Hydrological modelling of IPCC related “what-
if?” scenarios of water balance and river discharge by 
means of the ORBM. 

4.10 Refinement of IFA methodology 
and geographical expansion of IFA  

1‐5 years SP09.2: Professional expert advice on demand within 
the project framework of the TFO. 

5. National 
databases 
upgraded and 
harmonised in 
support of 
Okavango Basin 
DSS 

5.1 Land use, 
biodiversity and 
socioeconomic 
databases created 

5.1 Development of common structure 
and format for national databases 
(water resources, water quality etc.) 
compatible with basin DSS 

1‐5 years SPC: Storage of meta-information about geo-data in 
OBIS according to the ISO19115 standard 
SPC: Implementation of standardized service 
interfaces and data encoding standards (Catalogue 
Web Service, Sensor Observation Service, 
WaterML2) for OBIS  to facilitate easy data exchange 
with external data users 

5.2 All relevant 
existing and new 
databases operational 
on common structure 
and linked to DSS  

5.2 Upgrading of GIS database and 
expansion of layers for land‐use, 
water resource, conservation and 
other planners  

1‐5 years SPC: OBIS provides information regarding to the 
geo-data management infrastructure 
SP05: the subproject will elaborate data layers on 
vegetation, habitats and ecological evaluation criteria 
(e.g. plant diversity, habitat sensitivity, etc.). 
SP09.2 aims to enhance essential geodata bases, 
geospatial analysis and modelling capabilities and its 
accessibility for proper land management and 
sustainable development of ESF&S in the Okavango 
region. 
The overreaching objective of SP09.2 is to develop 
and implement an integrated geospatial data analysis 
and decision support system within a GIS 
environment, required to integrate and aggregate 
methods, results and information from different 
subprojects, so as to provide spatially explicit 
information and tools for sustainable land and 
resource management at different decision-making 
levels in the target region. 

5.3 Development/ upgrading of 
remote sensing monitoring database 
to determine land use and vegetation 
change for land‐use and 
conservation managers  

1‐5 years SPC: OBIS provides metadata and administration of 
spatial digital data in raster and vector format 
including GIS functionality. 
SP05  - A vegetation map will be developed for the 
Delta and region compatible with needs of OKACOM 
and associated stakeholders 
SP 09.1 will supply different geospatial data and 
information products that might be part of a spatial 
decision support system. These comprise information 
on land use and land cover as well as its change and 
forest inventories for specific regions; and large- area 
maps on major land use types for the whole 
Okavango catchment. Part of the data will also be 
delivered as GIS data layers (5.2). 
SP09.2 Based on remotely sensed data and 
topographic data sources, we will provide site specific 
information for the selective supplementation of 
available data sets by a representative set of field 
surveys and monitoring sites (representative with 
respect to overreaching project aims, environmental 
settings and land use intensities). 

5.4 Development of basin‐wide 
biodiversity databases and listing of 
indicator species 

1‐5 years SP05: SP05 will map the vegetation within the whole 
Okavango basin, using a combination of field 
surveys, remote sensing and GIS-based habitat 
modelling. Access to vegetation data will be provided 
via web-based data portals (TFO website and/or 
OBIS portal)- including plant indicator species and 
plant diversity. 
SPC: OBIS and UHH provide means to develop 
enhancing biodiversity metadata and data models. 
SP 09.1 will conduct a specific study on wildlife 
habitat distribution and migration patterns using GPS 
and remotely sensed productivity estimates. Using 
these, wildlife-livestock conflicts will be analysed and 
enhanced management strategies be proposed. This 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

study will be jointly carried out with ORI. 

5.5 Creation of basinwide 
socioeconomic database, to include 
all major areas of economic activity 
(tourism, agriculture, fishing, mining, 
etc.)  

 

SP06, SP07 and SP08 contribute case study based 
in-depth information on livelihood strategies, farming 
systems, multi-level governance mechanisms and 
valuations of ecosystem services based on diverse 
methods.  
SPC: OBIS provides means to develop enhancing 
socio-economic metadata and data models. 

5.6 Development of web‐based 
information management system 
linked to DSS and accessible at 
different levels by a range of 
stakeholders  

  

SPC: The environmental information system (OBIS) 
to be implemented is a web-based platform for 
environmental data management and result 
dissemination 
 
SP02 Results of hydro-climatic analyses will be 
integrated into existing web-based system. 

6. Stakeholder 
knowledge of 
the basin 
improved and 
involvement in 
SAP/NAP 
implementation 
ensured  

6.1 Number of staff 
secondments and 
training activities 
increased  

6.1 Assessment of training needs of 
key basin stakeholders with regard to 
basin management and NAP/SAP 
implementation  

1‐5 years  SP02: Training provided to TFO partners to operate 
ORBM. 
SP10 facilitates a process where key stakeholders 
can express their information and training needs 
which will be partly covered by the TFO team and/or 
communicated to potential providers of capacity 
development. 

6.2 Okavango related 
curriculum 
components included 
in primary, secondary 
and tertiary schools in 
the region  

6.2 Review of training programmes 
being undertaken by governments 
and international partners  

1‐5 years  Various components: The TFO project will make 
transparent all its capacity development efforts. 

6.3 Academic 
exchange program 
and conferences 
focusing on 
Cubango/Okavango 
ecology held 
throughout the basin.  

6.3 Development of training and 
knowledge exchange programmes 
between basin states developed 
based on needs assessment  

1‐5 years  Various components: A contribution of TFO to 
academic exchange within multiple research 
partnerships will be a precondition of the projects 
success. 
SPC: OBIS training provided to stakeholders 
SP05: Collaboration with Angola and Namibian 
partners in development of Vegetation map for basin 
 
SP10: participatory documentaries are made in all 
basin countries and shown to different stakeholders in 
order to improve the mutual understanding of 
resource use situations.  

6.4 Number of 
academic partnerships 
recorded by OKACOM 
increased  

6.4 Coordination of basin‐wide 
training programme between 
OKACOM and relevant national 
authorities  

1‐5 years  Various components: TFO can support academic 
exchange in the frame of international master 
programmes on environmental and social sciences. 

7. 
Implementation 
plan for 
OKACOM 
Stakeholder 
Integration 
Strategy 
developed and 
roll‐out initiated  

7.1 Implementation 
plan for OKACOM 
Stakeholder 
Integration Strategy 
exists  

7.1 Identification of priority issues for 
engagement based on OKACOM 
Stakeholder Integration Strategy and 
NAP/SAP priorities  

1‐5 years  SP10: The outcomes of the TFO stakeholder 
integration processes can be fed into the 
implementation of the OKACOM Stakeholder 
Integration Strategy 

7.2 Sustainable 
funding plan for 
OKACOM Stakeholder 
Participation Strategy 
in place  

7.2 Development of institutional 
mechanism for implementation of 
OKACOM Stakeholder Integration 
Strategy at national and 
transboundary levels (e.g. reactivation 
of Okavango NGO forum)  

15years   

7.3 Key stakeholder 
identified and actively 
engaged in OKACOM 
Stakeholder 
Participation Strategy 
priority issues  

7.3 Development of implementation 
plan and funding plan for 1st phase of 
OKACOM Stakeholder Integration 
Strategy  

1‐5 years   

7.4 Implementation of selected priority 
activities on issues identified under 
2.1 above  

1‐5 years    
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

8. Stakeholder 
knowledge and 
awareness of 
Okavango River 
Basin enhanced  

8.1 Awareness raising 
material readily 
available in all major 
local languages  

8.1 Establishment of Environmental 
Education Centres in each riparian 
state  

1‐5 years    

8.2 Production of reading material and 
documentaries in local languages  

1‐5 years  Various components: Research results will be 
presented in various formats adapted to the needs of 
recipients. 
SP05: a web based photo guide to the plant species 
of the region will be developed. 
SP10: participatory documentaries are made in all 
basin countries and shown to different stakeholders.  

8.3 Development and implementation 
of marketing/promotion strategy 
produced for the Cubango/Okavango 
basin  

1‐5 years    

9. Production of 
regular "State of 
the Basin 
Report" ensured  

9.1 First report 
prepared in 2012 and 
reports subsequently 
every two years  

9.1 Production of "State of the Basin 
Report"  

1‐5 years  Various components: Preliminary TFO products 
achieved by 2012 may contribute to the Report. 

THEMATIC AREA 1: LIVELIHOODS AND SOCIO‐‐‐‐ECONOMIC DEVELOPMENT      

1. Basin‐wide 
tourism strategy 
developed and 
tourism 
development 
increased  

1.1 Investment in 
tourism (outside the 
Delta) increased by 15 
% by 2015  

1.1 Development of basinwide tourism 
marketing/ promotion strategy  

1‐5 years  SP08 – estimation of tourist consumer surplus 

1.2 New tourism 
products, particularly 
for upper basin, 
developed  

1.2 Development and establishment 
of basinwide tourism management 
knowledge exchange programme 
(e.g. wildlife management, lodge 
management, marketing, ecocultural 
tourism)  

5‐10 
years  

SP08 Carry out economic analysis of community joint 
venture projects 

1.3 Joint ventures 
between existing 
(Delta )tourism 
operators and 
upstream tourism 
developers concluded  

1.3 Development of investment 
programme to promote investments 
from downstream to upstream  

5‐10 
years  

 

1.4 Establishment of pilot joint 
transboundary tourism operations in 
cooperation with private sector and 
basin communities  

5‐10 
years  

 

2. 
Transboundary 
CBNRM 
established and 
livelihoods from 
CBNRM 
improved  

2.1: Basin‐wide 
natural resources use 
guidelines developed  

2.1 Harmonisation of guidelines for 
community‐based use of natural 
resources including indigenous plants, 
forests, and hunting harmonised  

1‐5 years  

SP07: Review and analysis of statutory and 
customary policies and legislation on natural 
resources management. It will be assessed how 
instrumental they are to encourage sustainable 
resource use and alleviate poverty taking gender and 
health issues into account. 
 

2.2: 15 projects 
qualified for small 
grants and grants 
disbursed by 2015  

2.2 Development and implementation 
of CBNRM knowledge exchange 
(between basin communities) 
programme established and delivery 
of training to selected pilot CBNRM 
projects  1‐5 years  

Various components: TFO can contribute to such 
trainings. 
  

2.3 Five new CBNRM 
projects initiated by 
2010  

2.3 Establishment of small-grants 
programme for improvement of and 
CBNRM and local tourism.  1‐5 years  

  

2.4 CBNRM projects 
profitable and disburse 
income to 
communities  

2.4: Pilot joint transboundary CBNRM 
operations established in cooperation 
with private sector and basin 
communities  5‐10 

years  
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

3. Conservation 
agriculture 
established in 
the basin and 
livelihoods from 
agriculture 
improved  

3.1 Basin-wide 
guidelines for 
conservation 
agriculture agreed 

3.1: Detailed economic and financial 
analysis of all agricultural systems, 
including irrigation projects, in the 
basin  

1‐5 years  Various components: A scientific contribution to 
detailed economic and financial analyses of all 
agricultural systems, including irrigation projects, in 
the basin is a core task of TFO. More specifically the 
following components will contribute: 
SP02: Application of J2000 and J2000-s for detailed 
irrigation scheme water and solute transport 
modelling 
SP06: Will contribute to a livelihoods and faming 
system analysis. 
SP07: Assessment of property rights to natural 
resources and their impact on agricultural resource 
use. 
SP08: Will carry out an indepth farming system’s 
analysis.  
SP 09.1 may contribute land use and land cover 
maps, as well as land use intensities, for target 
regions. 

3.2 Conservation 
Agriculture 
implemented in three 
pilot sites 
(communities) per 
basin state  

3.2 Development of toolkit 
(guidelines) for conservation 
agriculture tailored to the specific 
conditions of the Okavango basin incl. 
methodology for irrigation efficiency 
on Kalahari sands, riverbank 
protection etc.)  

1‐5 years  SP03: Establishment of benchmark sites in Namibia, 
quantifying costs and benefits and demonstrating 
conservation agriculture under dryland conditions and 
biological farming under irrigation. 

3.3 Community 
income from 
agriculture (in pilot 
sites) improved by 
25%  

3.3 Development of guidelines for 
Molapo farming and implementation in 
selected pilot sites  

1‐5 years   
SP08: The analysis of Molapo farming can feed into 
the development of guidelines. 

3.4 Incidence of 
human/wildlife 
conflicts in pilot sites 
reduced by 30%  

3.4 Development and implementation 
of training programme in conservation 
agriculture techniques for relevant 
stakeholders  

1‐5 years  SP03: Establishment of benchmark sites in Namibia, 
quantifying costs and benefits and demonstrating 
conservation agriculture under dryland conditions and 
biological farming under irrigation. 

3.5 Development of strategies for the 
mitigation of human/wildlife conflicts in 
agriculture and implementation in 
selected pilot sites  

1‐5 years  SP03: Establishment in Namibia of irrigated plots 
under biological farming that demonstrate improved 
crop quality’s resistance to insect pests. 
SP05: habitat connectivity of mayor ecosystems will 
be assessed and important migration corridors 
identified. 
SP06: Case studies on local landusers perceptions 
and strategies. 
SP07: Assessment of externalities related to wildlife 
management and review of wildlife related policies 
and compensation schemes. The incentives provided 
by statutory and customary law will be assessed. 
SP08: Case studies on the costs borne by local 
communities of cohabitating with wildlife.  
SP09.1 will conduct a specific study on wildlife habitat 
distribution and migration patterns using GPS and 
remotely sensed productivity estimates. Using these, 
wildlife-livestock conflicts will be analysed and 
enhanced management strategies be proposed. This 
study will be jointly carried out with ORI. 
SP07, SP08 & SP09.1 will contribute to the 
development of integrated mitigation strategies for 
human-wildlife conflict. 

4. Livestock 
management 
and productivity 
in the basin 
improved  

4.1: Basin-wide 
rangeland 
management strategy 
established  

4.1 Development basin-wide 
rangeland management programme 
with common property management 
to increase productivity and 
implementation in pilot sites  

5‐10 
years  

SPC: OBIS can be enhanced to provide respective 
data administration and ISO 1911 conform metadata 
SP07: The customary and statutory policy framework 
of rangeland, water and livestock management will be 
assessed. Related community cooperation patterns 
will be studied in detail. 
SP8: Using bio-economic-models the long-term 
impact of rangeland management practices on the 
productivity of pastures will be assessed. 

4.2 Outbreak of 
livestock diseases 
reduced by 30% (in 
number of outbreaks 
and affected livestock 

4.2 Development of basin‐wide 
livestock health and disease‐control 
management strategies  

1‐5 years   
SPC: OBIS can be enhanced to provide respective 
data administration and ISO 1911 conform metadata 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

numbers) by 2020  

4.3 Livestock 
productivity improved 
by 15% by 2020  

4.3 Establishment of programme to 
increase productivity of small-scale 
livestock established  

5‐10 
years  

SP07: The customary and statutory policy framework 
of rangeland, water and livestock management will be 
assessed. Related community cooperation patterns 
will be studied in detail. 
SP8: Using bio-economic-models the long-term 
impact of rangeland management practices on the 
productivity of pastures and consequently of 
sustainable will be assessed. 

5. Sustainability 
of River 
Fisheries 
ensured and 
aquaculture 
production 
expanded  

5.1 Harmonised 
fishing regulations 
gazetted in all basin 
states  

5.1 Identification, demarcation and 
establishment of fishing reserves  

1‐5 years  River fisheries and aquacultures are due to donor 
decisions not a core area of TFO 

5.2 Fishing reserves 
clearly demarcate and 
local communities 
informed  

5.2 Harmonisation of fishing 
regulations in basin states  

1‐5 years    

5.3 Five new fish 
hatcheries established 
by 2015  

5.3 Establishment of new fish 
hatcheries for restocking and seed 
stock  

1‐5 years    

5.4 Five new 
community run 
aquaculture projects 
established by 2015 

5.4 Development of basin‐wide 
biodiversity integrity guidelines for 
aquaculture (based on existing 
initiatives, i.e. BIOKAVANGO) 

1‐5 years    

5.5 Food and income 
security of 
communities from (five 
new) aquaculture 
projects improved by 
20% 

5.5 Establishment of appropriate 
aquaculture programme developed 
with emphasis on capital and low 
input systems 

5‐10 
years 

  

6. Water and 
sanitation 
supply to basin 
communities 
improved  

6.1 Number of people 
in the basin using 
water directly from the 
river reduced by 50% 
(from 2010 levels) by 
2020  

6.1 Identification of innovative, tailor-
made local water and sanitation 
solutions 

5‐10 
years 

SP07: Case studies on water consumption patterns 
of village communities. 

6.2 Number of basin 
households without 
sanitation system 
reduced by 25% (from 
2010 levels) by 2020 
SRI  

6.2 Provision of sustainable water 
supply to basin communities 

5‐10 
years 

SP02: Application of J2000 and J2000-s for detailed 
groundwater recharge studies as a base for planning 
of sustainable water supply to rural communities. 
SP07: Review of customary and statutory water 
supply and use regulations. 

6.3 Provision of sewerage/ sanitation 
systems to basin communities   

  

7. Economic 
opportunities 
from the global 
climate change 
mitigation 
framework 
utilised 

7.1 Investment 
opportunities and 
projects under GDM 
and REDD+ identified 

7.1 Analysis of economic 
opportunities from Green 
Development Mechanism (GDM) 
carried out 

1‐5 years   

7.2 Analysis of economic 
opportunities from REDD+ carried out 

1‐5 years  SP08: A literature review of conditions of REDD 
application and a theoretical reflection on potential 
opportunities for the Okavango catchment will be 
carried out. 
SP09.1 aims at implementing remote sensing-based 
mapping instruments to support REDD policies. In 
addition, forest inventory methods are being 
developed and applied to monitor forestry resources 
and their temporal dynamics. 

THEMATIC AREA 2: WATER RESOURCES MANAGEMENT      

1. Common 
demand 
forecast and 
water resource 
yield planning 
methodologies 
with 
consideration of 
climate change 
impacts in use  

1.1 Common demand 
forecast 
methodologies agreed  

1.1 Analyse IWRM approaches and 
WRM methodologies in the three 
basin states  

1‐5 years  SP02: Application of J2000 and J2000-s for detailed 
IWRM analysis and development of adaptive ILWRM 
strategies accounting for climate change. 
SP07: Review of customary and statutory water 
supply and use regulations and analysis of their 
interaction with other sector policies. 

1.2 Climate change 
scenarios 
mainstreamed into 
water resources yield 
and demand fore cast  

1.2 Development of common 
methodologies for component 
demand forecasts over a twenty year 
planning horizon  

1‐5 years  SP01: Contribution of regional climate scenarios 
based on latest IPCC scenarios 
SP02: Hydrological modelling of IPCC related “what-
if?” scenarios of water balance and river discharge till 
2050 by means of the ORBM. 
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OUTCOME  OUTCOME 

INDICATORS  

PROPOSED INTERVENTIONS  Time-

frame 

TFO Project Activities 

1.3 Determination of water resource 
surpluses and deficits in the basin 
based on interventions 1.1 and 1.2  

1‐5 years  SP02 Research aimed at improving understanding 
and quantification of hydrological processes in the 
Okavango Delta  including feedbacks between 
vegetation and inundation distributon 

1.4 Review climate change scenarios 
for the Cubango/Okavango basin and 
determination of impact on water 
resource yield and demand of most 
the likely scenarios.  

1‐5 years  SP01: Analysis of precipitation and evaporation 
change in different regional climate scenarios with 
focus on the Okavango basin 
SP02: Hydrological modelling of IPCC related “what-
if?” scenarios of water balance and river discharge till 
2050 by means of the ORBM. 
SP05: inputs from Evapotranspiration studies and 
Vegetation mapping 
 

2. Basin‐wide 
hydrological and 
meteorological 
monitoring 
system to 
determine 
surface water 
resource yields, 
groundwater 
recharge and 
predict drought 
and flood 
events 
strengthened  

2.1 Harmonised basin-
wide meteorological 
and hydrological 
monitoring programme 
agreed between basin 
states  

2.1 Review of national meteorological 
and hydrological monitoring networks 
and development of harmonised 
basin‐wide monitoring programme  

1‐5 years  SPC: OBIS can be enhanced to provide online station 
reading and input to the database 
SP02: Assessment of hydro-climatic network for 
ILWRM and hydrological basin modelling by means of 
the ORBM. 

2.2 Automated 
monitoring stations 
established at critical 
locations providing 
with adequate 
recording formats (e.g. 
real time data, 
automatic recorders, 
observer operated) 

2.2 Development of strategic phased 
investment programme for 
improvement of the meteorological 
and hydrological monitoring network 
(e.g. monitoring stations, gauging 
equipment, boats etc.) 

1‐5 years  SP02: Assessment of hydro-climatic network for 
ILWRM and hydrological basin modelling by means of 
the ORBM. 
SP03: Contribution to concepts of hydrological 
monitoring (soil, ground water)  

2.3 Ten people per 
country trained in the 
application of 
harmonised 
meteorological and 
hydrological 
monitoring programme 

2.3 Implementation of basin-wide 
meteorological and hydrological 
monitoring programme, including 
establsihment of new monitoring 
stations in appropriate sites 
throughout the basin 

5-10 
years 

 To support monitoring SPC-3 will contribute: 
Enhancing and adapting OBIS by additional data 
models as required by the different subprojects and to 
service the data needs of OKACOM and associated 
stakeholders 

2.4 Development and implementation 
of targeted training courses on 
meteorological and hydrological 
monitoring 

1‐5 years  SP03: Training on TFO monitoring sites on request 

3. The potential 
of  
groundwater as 
an alternative  
source of water 
supply in the  
basin is known  
 
 

3.1 Thematic maps 
showing the 
availability, potential 
and quality of 
groundwater 
resources produces 

3.1 Assessment of existing 
groundwater information and 
identification of knowledge gaps 

1‐5 years  SPC: OBIS provides data model for groundwater time 
series and meta data models for station description 
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

3.2 Addressing of knowledge gaps 
(e.g. additional monitoring boreholes) 
and carrying out of hydrocensus 
including groundwater quality 
assessment 

1‐5 years  SP02: Professional expert advice on demand within 
the project framework of the TFO. 

3.3 Delineation of aquifers and 
groundwater control and protection 
zones 

1‐5 years SP02: Professional expert advice on demand within 
the project framework of the TFO. 

3.2 Basin-wide 
groundwater 
monitoring strategy 
agreed by basin states 
in line with OKACOM 
Data sharing Protocol  

3.4 Assessment of present monitoring 
network and development of common 
groundwater monitoring strategy for 
level and quality monitoring  

1‐5 years  SP02: Professional expert advice on demand within 
the project framework of the TFO. 

3.3 Quarterly 
submitted 
groundwater 
monitoring data are 
used for groundwater 
management  

3.5 Drilling and instalment of 
additional monitoring boreholes where 
needed  

5‐10 
years  

  

3.6 Development of monitoring 
capacity at local level  

1‐5 years    

4. Common 
guidelines and 
regulations for 
WDM (water 
demand 
management) 
and licensing of 
water 
abstraction 
approved and 
implemented.  

4.1 Common WDM 
guidelines and 
approved  

4.1 Review of national permitting and 
licensing procedures and regulations 
in the basin for water abstractions and 
discharges and recommendations for 
their harmonization and improvement.  

1‐5 years  SP07: Review of customary and statutory water 
supply and use regulations considering their 
monitoring and enforcement. 

4.2 Water abstraction 
licensing regulations 
harmonized  

4.2 Review of national policies 
regarding law enforcement of 
regulations on water abstractions and 
discharges and recommendations for 
their harmonization and improvement.  

1‐5 years  SP07: Review of customary and statutory water 
supply and use regulations considering their 
monitoring and enforcement. 
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OUTCOME  OUTCOME 
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frame 

TFO Project Activities 

5.Environmental 
Water 
Requirements 
agreed and 
observed in the 
basin  

5.1 Environmental 
Water Requirements 
integrated in national 
legislation and 
regulations  

5.1 Agreement of key locations and 
undertaking of base-line surveys  

1‐5 years    

5.2 Ecosystem 
integrity and health 
monitored and shown 
to be maintained or 
improved  

5.2 Environmental Water 
Requirements determined for key 
locations in the basin using DSS and 
implemented  

5‐10 
years  

 SP05 Evapotranspiration studies for Delta 

6. Basin-wide 
water quality 
monitoring 
programme 
established  

6.1 Water quality 
baseline information 
available  

6.1 Review of national water quality 
monitoring programmes and 
development of harmonised 
(biological based) basin-wide water 
quality monitoring system  

1‐5 years  SPC: OBIS can be enhanced to provide metadata 
and data times series models for water quality 
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

6.2 Harmonised basin-
wide water quality 
monitoring programme 
agreed between basin 
states  

6.2 Carrying out of baseline survey of 
contamination levels/ pollution 
loadings in the river and identification 
of hot spots  

1‐5 years   
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

6.3 Basin laboratories 
equipped and mobile 
laboratories deployed.  

6.3 Development of strategic phased 
investment programme for the 
improvement of the water quality 
monitoring network, including 
institutional strengthening and 
capacity building components.  

1‐5 years  SPC: OBIS can be enhanced to provide online station 
reading and transfer into OBIS 
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

6.4 Ten people per 
country trained in the 
application of 
harmonised water 
quality monitoring 
system  

6.4 Implementation of basin‐wide 
water quality monitoring programme, 
including establishment of new 
monitoring stations in appropriate 
sites throughout the basin  

5‐10 
years  

 
SPC: OBIS can be enhanced to provide online station 
reading and transfer into OBIS 
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

6.5 Water quality data 
available quarterly and 
bi‐annual water 
quality report 
produced  

6.5 Development and implementation 
of targeted training courses on water 
quality monitoring (including, where 
appropriate, with community 
involvement)  

5‐10 
years  

 
SP02: Professional expert advice on demand within 
the project framework of the TFO. 

6.6 Data available 
quarterly and annual 
report produced on the 
basin surface water 
quality.  

6.6 Production of bi-annual water 
quality report for inclusion in "State of 
the Basin Report"  

5‐10 
years  

  

7. Common 
guidelines and 
regulations for 
water quality 
management 
approved and 
implemented  

7.1 Harmonised water 
quality standards 
gazetted in all basin 
states and applied in 
practice  

7.1 Development of basin‐wide 
standards for water quality and 
monitoring protocols  

1‐5 years  SP02: Professional expert advice on demand within 
the project framework of the TFO. 

7.2 Pollution loadings 
reduced by 30% (from 
2010 levels) by 2020  

7.2 Establishment of a common water 
classification system including priority 
parameters to be measured.  

1‐5 years  SP02: Professional expert advice on demand within 
the project framework of the TFO. 

7.3 Development of a basin-wide 
water quality improvement plan to be 
established over a 10 year planning 
horizon.  

5‐10 
years  

 

8. Basin-wide 
sediment 
monitoring 
system 
established  

8.1 Sediment transport 
baseline information 
available  

8.1 Production of historical baseline 
report of sediment transport and 
determination of sediment 
contributions of all tributaries to the 
lower basin (incl. ascertain 
composition of sediments by grain 
size)  

1‐5 years  SP02: Sediment delivery to the river system from 
erosion processes can be modelled applying the 
J2000-s modules of the J2000 modelling system. 

8.2 Investigation of the rates of 
change of river topography and 
physiology  

1‐5 years  SP09.2 Extension of the climate model chain by 
statistical downscaling eases to merge with GIS 
based degradation risk assessment and local-scale 
ESF&S modelling under alternative climate and land 
use scenarios  

8.2 Sediment 
monitoring systems 
installed in appropriate 

8.3 Development and establishment 
of basin-wide sediment monitoring 
programme (i.e. monitoring systems, 

1‐5 years  SPC: OBIS provides data administration and 
metadata model for sediment data 
SP02: Professional expert advice on demand within 
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TFO Project Activities 

sites throughout the 
basin and  

equipment etc.)  the project framework of the TFO. 

8.3 Ten people per 
basin country trained 
in the application of 
the sediment 
monitoring system  

8.4 Development and implementation 
of targeted training courses on 
sediment monitoring  

1‐5 years    

9. Reduced 
flood damage in 
the basin due to 
improved flood 
forecasting and 
early warning 
systems  

9.1 Basin‐wide flood 
early warning system 
operational  

9.1 Production of basin-wide flood risk 
maps  

1‐5 years   
SPC: OBIS provides comprehensive GIS data 
administration (raster and vector data) and OGC 
conform GIS functionality. 
SP09.2: the extension of the climate model chain by 
statistical downscaling eases to merge GIS based 
degradation risk assessment with local-scale ESF&S 
modelling under alternative climate and land use 
scenarios. The approach enables to interlink GCM 
based global climate scenarios and mesoscale 
climate modelling with hydrological system analysis 
and modelling at the micro-field scale, meso-
subcatchment scale and the regional scale (SP01, 
SP02). 

9.2 Decrease in flood 
damage  

9.2 Development of basin-wide flood 
forecasting model  

5-10 
years  

SP02: ORBM can be enhanced by flood prediction 
modules  SP02 Hydrological model of Delta can and 
will be used in forecasting framework 

9.3 Development of basin-wide flood 
early warning system  

5‐10 
years  

SP02: Professional expert advice on demand within 
the project framework of the TFO and a 
enhanced  SP02 Hydrological model of Delta can and 
will be used in forecasting framework 

10. Basin 
planning and 
management at 
national and 
transboundary 
level based on 
basin‐wide 
IWRM plan  

10.1 Basin‐wide 
IWRM plan approved  

10.1 Analysis of Okavango 
components of national IWRM plans 
and recommendations for integration 
into basin-wide plan  

1‐5years  SP02: Professional hydrological expert advice on 
demand within the project framework of the TFO. 
SP07: Professional expert advice on institutional 
aspects of IWRM can be provided on demand. 

10.2 Basin‐wide 
IWRM plan integrated 
into national planning, 
monitoring and 
decision-making 
frameworks  

10.2 Development of OKACOM 
IWRM Master Plan based on 
harmonized WRM methodologies, 
guidelines and regulations and 
consistent with the SAP and NAP and 
applicable watercourse agreements  

5‐10 
years  

SP02: Professional expert advice on demand within 
the project framework of the TFO. 
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8 Publication strategy within TFO 

Michael Pröpper 

 

8.1 Overview 

The TFO project has developed a preliminary outline for its publication strategy that involves 
all project partners from all involved countries and rests on several pillars. First of all there 
will be a subdivision into intermediate and final products, secondly products will be divided 
into two main – but at large overlapping areas – which will be subdivided again:  
 

• A.) Scientific products 

o Theses 
o Journal editions 
o Scientific papers 
o Book contributions 
o Conference contributions 
o Joint papers with GLUES, other LAMA projects 
o OBIS/Databases 
o Maps, Scenarios, Models 
o Posters 

• B.) Stakeholder oriented products 

o Condensed reports: Manual/Handbook 
o FIRM documentation 
o Films 

o DSS 
o OBIS 

o Maps, Scenarios, Models 
o Newspaper articles 

o Workshop contributions 

o Posters 

o Educational material for awareness raising and community level learning 

 

In both areas we will closely cooperate with GLUES and contribute to products planned and 
executed by GLUES, the overarching project. GLUES intends to develop joint publications 
with all regional projects. Currently there are some ideas but no concrete plans. We envision 
the publication process as an evolving process driven through bi/multi-lateral collaboration 
within the project and with other partners. As sketched above collaboration means the joint 
development of scientific products (theses, papers, book contributions etc.) as well as non-
scientific products targeting stakeholder auditoria at several scales (e.g. OKACOM, National 
ministries and focal points, civil society actors, regional governments, local communities). 
Bilateral collaboration would enclose for example the collaboration between two disciplines 
in assessing a certain research problem that contributes then to a broader analysis, e.g. the 
scenario building process. The same holds for multilateral interdisciplinary collaborations, 
e.g. the site specific analysis of a broader research question. Final multilateral output will 
enclose input from all TFO project partners who were actively engaged. All output will be 
archived and documented on the TFO website www.future-okavango.org. 
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8.2 Scientific output – additional remarks 

1.) TFO will produce a number of bi- and multilateral SP related theses, papers and bi- and 
multilateral publications. Here we will attempt to give a rough first estimate of the targeted 
products which are listed in the annex. 

2.) TFO plans to produce two multilateral special features/editions in peer-reviewed journals. 
Both journals should be interested to publish truly inter- and trans-disciplinary results. TFO 
will again proceed in two steps. With the intermediary publication of basic status analyses, 
mapping overviews, site descriptive statistics, lessons learnt on yield assessment, on how to 
measure ESF/ESS in African countries, and the core site selection process we will lay the 
foundation for any more sophisticated results to be achieved later on. Such papers will be 
based on the series of 5-pagers (the previous chapters of this report) as cross-sectoral topics. 
Furthermore the edition will build on the 2013 LAMA status seminar. It is planned as a 
platform for PhD papers, and can contribute to cumulative dissertations. An optional journal 
could be:  

‘Monitoring and Assessment of Land Dynamics’. This is a journal in the renowned Taylor & 
Francis Series. TFO is in contact with the editor Prof. Martin Herold, who is interested in a 
TFO feature. Targeted publication date would be end 2013.An extract from the journals aims 
and scope may illustrate its suitability: “The new series will develop a comprehensive 

resource addressing the complex interdisciplinary field of land monitoring and assessment in 

the context of global environmental changes. It draws from contributions by leading experts, 

and presents and discusses methodologies, related research, innovative technologies, and 

applications for the delivery of suitable measurements and estimations for land accounting, 

reporting, management and planning. The core of the series consists of a suite of books that, 

once evolved, cover a range of land dynamics and pressing environmental issues related to 

agriculture, forests, biodiversity, carbon and biomass, energy, ecosystems, water cycle, 

climate/global change, and urban dynamics.” 

The second journal edition is planned for the final phase of the project (end of 2014) when we 
will be able to come up with complex and sophisticated analyses. Here a clear focus on 
widely visible and balanced analyses including social and geo-/natural science inputs would 
be desirable. An optional journal could be:  

‘Ecology & Society’. This is an electronic, peer-reviewed, multi-disciplinary journal which 
explicitly encourages publication of special features. An extract from the journals aims and 
scope may illustrate its suitability: 

The journal invites contributions […] “on the ecological, political, and social foundations for 

sustainable social-ecological systems. Specifically, the journal publishes articles that present 

research findings on the following issues: (a) the management, stewardship and sustainable 

use of ecological systems, resources and biological diversity at all levels, (b) the role natural 

systems play in social and political systems and conversely, the effect of social, economic and 

political institutions on ecological systems and services, and (c) the means by which we can 

develop and sustain desired ecological, social and political states.” 

3.) TFO plans to organize a special session at the Arid Zone Ecology Forum (AZEF) in 
October 2013. An output of the contributions for one or two session for this widely renowned 
and highly visible conference in southern Africa would be a special issue. 
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8.3 Non-scientific and Stakeholder-related output – additional 

remarks 

To address stakeholders at different scales TFO will produce  

1.) Two booklets/handbooks (not more than 50 pages) containing condensed core findings, 
maps, scenarios, models and recommendations which will be written and edited in an 
understandable manner avoiding expert language. These products will be distributed to all 
stakeholders. Two core audiences will be targeted:  

• Decisions makers, e.g. OCAKOM, focal points, national and regional governance 
actors, and all other involved stakeholders.  

• Local farmers: Here we will produce a manual containing core findings but also a 
documentation of the FIRM process and achievements. The manual outlining the 
FIRM approach according to TFO is currently being drafted based on the experiences 
from implementing the FIRM approach, mainly in Namibia. The manual outlines a 
suggested procedure that should be followed by TFO researchers when conducting 
research at the study sites, using the FIRM platform as the forum for communication 
and exchange. This document will also present key findings and outcomes of the 
implementation of FIRM at the study sites. 

2.) Film production, inter-site film screenings, film compilations  

• The participatory film “Our Life” has been produced in Mashare. It was published on 
the TFO website and presented at various academic conferences and film festivals. 

• Two more films will be facilitated, one in Seronga and on in the Chitembo area. 
• A DVD containing all three films will be produced and distributed throughout the 

research area. 
• Facilitated screenings in the presence of the participants will be organized by TFO. 
• Films will be broadcast by national television. 

3.) Results of scenario exercises conducted at local scale will be communicated in the form of 
reports for participants and for local decision makers. They will depict the content of each 
scenario storyline in qualitative and quantitative terms.  

4.) After all functions are implemented and operational, an end-user oriented OBIS online 
tutorial will be created, allowing  inexperienced users (e.g. stakeholders and decision makers) 
and experts to access to data and results from the project region in a quick and easy way. 

5.) Newspaper articles will be published in the leading national daily newspapers (e.g. The 
Namibian) on the project itself and particular project results. In addition, target group specific 
popular publications are planned to be published such as information for farmers in the widely 
distributed leaflet of the Ministry of Agriculture, Water, and Forestry ‘Spotlight on 
Agriculture’. The project team will continuously look for opportunities to raise awareness 
amongst the wider public for sustainable ecosystem management. 
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8.4 Annex 

Table 1. Overview list of planned and ongoing TFO theses and publications 

Type of 
publication 

Lead Author(s) Co-Authors Institutional Affiliation(s) SP  (Working) Title or theme/scope of product Place of publication (Planned) 
date of 
publication 

Scientific 
paper 

Weber, Torsten Hänsler, Jacob Climate Service Center (CSC) SP01 Analysis on the processes of the Okavango water budget (Focus 
on steering processes on the recycling rates) 

Climate Dynamics August 2012 

Scientific 
paper 

Weber, Torsten Hänsler, Seed, Jacob Climate Service Center (CSC) SP01 Impact of climate change on the Okavango water budget (Multi-
simulation ensemble analysis) 

Climate Dynamics March 2013 

Poster Weber, Torsten Hänsler, Jacob Climate Service Center (CSC) SP01 Moisture transport and water budget in the Okavango Basin Jahrestagung der 
Afrikagruppe deutscher 
Geowissenschaftler 
(AdG) 

22. June 2012 

Poster Weber, Torsten   Climate Service Center (CSC) SP01 Contribution of the CSC to the TFO project Climate Service Center July 2012 

                

Conf. 
Proceedings 

Zander, 
Franziska 

Sven Kralisch, Carsten 
Busch, Wolfgang-Albert 
Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 RBIS - An Environmental Information System for Integrated 
Landscape Management 

IFIP Advances in 
Information and 
Communication 
Technology 

2011 

  Kralisch, Sven Christian Fischer Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 Model representation, parameter  calibration and parallel 
computing – the JAMS approach 

Proceedings of the 
International Congress 
on Environmental 
Modelling and Software, 
Sixth Biennial Meeting 

2012 

  Steudel, Thomas Jörg Helmschrot, Sven 
Kralish,Edson Francisco 
Miguel, Manuel 
Quintino, Wolfgang 
Albert Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena, Direccao Nacional de Recursos 

SP02 Hydrological modelling of several catchments in the upper 
Okavango River using J2000   

ADG 2012, to be publ. In 
'Zentralatt für Geologie 
und Paläontologie II' 

2012 

  Kralisch, Sven Franziska Zander, Jörg 
Helmschrot, Wolfgang 
Albert Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 OBIS - Information Management System for the Okavango River 
Basin 

ADG 2012, to be publ. In 
'Zentralatt für Geologie 
und Paläontologie II' 

2012 

  Göhmann, 
Hendrik 

Jörg Helmschrot, 
Thomas Steudel, Sven 
Kralish,Andrea Vushe, 
Wolfgang Albert Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena, Polytechnic of Namibia 

SP02 Adaption of J2000s for the hydro-chemical modelling of irrigated 
areas in the Okavango River basin 

ADG 2012, to be publ. In 
'Zentralatt für Geologie 
und Paläontologie II' 

2012 



Chapter 8 Conceptual framework 96 

  Helmschrot, Jörg Sven Kralish, Manuel 
Quintino, Lameck 
Mwewa, Damash 
A.Mashauri, Piotr 
Wolski, Cornelius 
Vanderpost, Thomas 
Steudel, Edson 
Francisco Miguel, 
Hendrik Göhmann, 
Wolfgang Albert Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena, Direccao Nacional de Recursos, 
Polytechnik of Namibia, Okavango Research Institute  

SP02 Environmental Information Management and hydrological System 
Modelling for the Assessent of Hydrological Ecosystem Function 
and Services (ESF/ESS) in the Okavango River Basin 

ADG 2012, to be publ. In 
'Zentralatt für Geologie 
und Paläontologie II' 

2012 

  Helmschrot, Jörg Sven Kralish, Peter 
Krause,Holm Kipka, 
Wolfgang Albert Flügel 

Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 Environmental Data and Information Management and 
Hydrological System Modelling for the Assessment of Ecosystem 
Functions and Services (ESF/ESS) in the Okavango River Basin 

ADG2011 2011 

Bachelor 
Thesis 

Schwedes, Lisa   Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 Hydrologische Systemanalyse des Longa Flusses im Okavango 
Einzugsgebiet - Prüfung der Datenlage und Datenqualität zur 
späteren Verwendung in der hydrologischen Modellierung 

BSc-Thesis, Friedrich-
Schiller-Universität Jena, 
unpublished 

2011 

  Fleischer, 
Melanie  

  Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 Systemanalyse im Cuiri Einzugsgebiet Angola - Überprüfung der 
vorhandenen Datenlage, Veränderungsanalysen und 
Untersuchung der Saisonalität 

BSc-Thesis, Friedrich-
Schiller-Universität Jena, 
unpublished 

2011 

Master thesis  Butchart-
Kuhlmann, 
Daniel  

  Department of Geoinformatics, Hydrology and Modelling, 
University of Jena 

SP02 Assessing Spatial Data Quality for application development 
within OBIS (Okavango River Basin Information System) 

MSc-Thesis, Friedrich-
Schiller-Universität Jena, 
in progress 

will be 
submitted till 
december 
2012 

                

Bachelor 
Thesis 

Burmester, 
Marcel 

  Institute of Soil Science,  UHH SP03 Bestimmung des potentiellen CO2-Austausches zwischen Boden 
und Atmosphäre 

Hamburg 2012 

Articel in 
prep. 

Classen, 
Nikolaus,  

Gröngröft, Alexander, 
Eschenbach Annette  

Institute of Soil Science,  UHH SP03 Influence of vegetation patterns on the soil water dynamics 
during a three year period in the Thornbush Savanna, namibia 

Agronomy for 
Sustainable 
Development  

2012 

Presentation Gröngröft, 
Alexander 

Petersen, Andreas; 
Eschebach, Annette 

Institute of Soil Science,  UHH SP03 Gehalte der organischen Substanz in Bödrn des südlichen Afrika: 
Einfluss des Klimas und weiterer Steuergrößen 

DBG-Tagung, Berlin 07.09.2011 

Bachelor 
Thesis 

Klopfer, Fabian   Institute of Soil Science,  UHH SP03 Phosphor-Verfügbarkeit in Böden von Trockengebieten Hamburg 2012 

Presentation Landschreiber, 
Lars 

Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Bodenhydrologische Analysen im Okavango Einzugsgebiet AdG-Tagung, Hamburg 22.07.2012 

Presentation Landschreiber, 
Lars 

Classen, Nikolaus; 
Gröngröft, Alexander; 
Duijnisveld, Wilhelmus; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Modellgestützte Quantifizierung des Einflusses der Vegetation 
auf den Bodenwasserhaushalt in Trockengebieten 

DBG-Tagung, Berlin 07.09.2011 
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Article in 
prep. 

Landschreiber, 
Lars 

Classen, Nikolaus; 
Gröngröft, Alexander; 
Duijnisveld, Wilhelmus; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Modelling the Impact of Vegetation on Soil Water Balances and 
Dynamics in Central Namibia 

Peer reviewed journal 2013 

Article 
planned 

Landschreiber, 
Lars 

Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Measurements of Soil Water Dynamics with regard to Vegetation 
Heterogenity  and Land Use Impact 

Peer reviewed journal 2013 

PhD-Thesis Landschreiber, 
Lars 

  Institute of Soil Science,  UHH SP03 Soil Water dynamics of soils in the Okavango Basin  Hamburg 2014 

Extended 
Abstract 

Landschreiber, 
Lars 

Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 A Conceptual Framework to Quantify the Influence of Soil, Land 
Use and Vegetation Heterogeneity on Soil Water Balances and 
Dynamics along the Okavango River Basin. In: Hydrogeology of 
Arid Environments. Bornträger 

Stuttgart 2012 

Poster Landschreiber, 
Lars 

Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 A Conceptual Framework to Quantify the Influence of Soil, Land 
Use and Vegetation Heterogeneity on Soil Water Balances and 
Dynamics along the Okavango River Basin. 

HydroArid Tagung, 
Hannover 

14.03. - 
17.03.2012 

Presentation Landschreiber, 
Lars 

Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Modellgestützte Quantifizierung des Einflusses von 
Vegetationseinheiten auf den Bodenwasserhaushalt in 
Trockengebieten – Vergleichende Analysen von Gras- und 
Akazienstandorten 

AdG-Tagung, Würzburg 2011 

Poster Landschreiber, 
Lars 

Gröngröft, Alexander, 
Classen, Nikolaus, 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Von der Bestimmung bodenhydrologischer Kennwerte über 
Pedotransferfunktionen zur Modellierung 

AdG-Tagung, Frankfurt 2010 

Poster Luther-
Mosebach, Jona 

Gröngröft, Alexander; 
Landschreiber, Lars; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Charakterisierung der TFO-Untersuchungsfläche Mashare, 
Namibia: Bodeneigenschaften und Landnutzung   

AdG-Tagung, Hamburg 22.07.2012 

Article 
planned 

Luther-
Mosebach, Jona 

Knoblauch, Christian; 
Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Quantification of Soil Carbon Pools   peer reviewed journals 2013 

Article 
planned 

Luther-
Mosebach, Jona 

Knoblauch, Christian; 
Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Soil Carbon fluxes soil atmosphere   peer reviewed journals 2013 

PhD-Thesis Luther-
Mosebach, Jona 

  Institute of Soil Science,  UHH SP03 Soil carbon Pools and fluxes of the soils in the Okavango Basin  Hamburg 2014 

Poster Metzger, 
Johanna Clara 

Landschreiber, Lars; 
Gröngröft, Alexander; 
Eschenbach, Annette 

Institute of Soil Science,  UHH SP03 Verwendung von Mikrolysimetern zur in-situ-Bestimmung der 
Evaporation aus Böden in semiariden Klimaten 

AdG-Tagung, Hamburg 22.07.2012 

Master 
Thesis 

Metzger, 
Johanna Clara 

  Institute of Soil Science,  UHH SP03 Verwendung von Mikrolysimetern zur in-situ-Bestimmung der 
Evaporation aus Böden in semiariden Klimaten 

Hamburg 2012 
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Article 
planned 

Masiba, C.  Masamba, W R L & 
Mubyana-John, T 

University of Botswana SP3 Influence of land use on  soil parameters of Seronga, Botswana  Peer review journal 2014 

Article 
planned 

Masamba,  W R 
L  

Mubyana-John, T University of Botswana SP3 Soil physico-chemical characteristics of Seronga, Botswana Peer review journal 2013 

Article 
planned 

Mubyana-John, 
T. 

Masamba, W R L University of Botswana SP3 Influence of land use on soil microbial activity Peer review journal 2013 

Poster 
presented 

C. Masiba Masamba, W R L & 
Mubyana-John, T 

University of Botswana SP3 Influence of land use on nutrient status in the Okavango 
Panhandle Region: A case of Seronga Village, Botswana 

Poster presentation at 
Okakom meeting, 
Luanda, Angola, May 
28-31 

2012 

Article 
planned 

Zimmermann, 
Ibo 

Simfukwe, Maxson Polytechnic of Namibia and Community Economic 
Development Project 

SP03 Appropriate soil treatment for Kavango dryland crop production Agricola 2014 

Article 
planned 

Zimmermann, 
Ibo 

  Polytechnic of Namibia SP03 Appropriate soil amendments for Kavango irrigated crop 
production 

Agricola 2014 

Presentation Zimmermann, 
Ibo 

  Polytechnic of Namibia SP03 The use of a refractometer to determine crop health and 
resistance  

Proceedings of the XVII 
Congress of the 
Entomological Society of 
Southern Africa 

2011 

                

Research 
paper 

Pester, Michael Jörg Overmann, 
Barbara Reinhold-Hurek 

Leibniz-Institut DSMZ, University of Bremen SP04 amoA-based consensus phylogeny of ammonia-oxidizing 
archaea and deep sequencing of amoA genes from soils of four 
different geographic regions 

Environ Microbiol 14: 
525-539 

2012 

Research 
paper 

Overmann, Jörg  Bärbel Foesel Leibniz-Institut DSMZ SP04 Blastocatella fastidiosa gen. nov., sp. nov., isolated from semiarid 
savanna soil - the first described species of Acidobacteria 
subdivision 4. 

Syst. Appl. Microbiol. submitted, Ms. 
No. SAM 3806 

Research 
paper 

Overmann, Jörg  Pia Wüst Leibniz-Institut DSMZ SP04 Influence of land use on the composition of soil bacterial 
communities in African Savannah soils. 

Appl Environ Microbiol planned for 
December 
2012 

Research 
paper 

Overmann, Jörg  Katharina Huber Leibniz-Institut DSMZ SP04 Nutrient cycling and its control by land use. Appl Environ Microbiol planned for 
December 
2012 

Research 
paper 

Grönemeyer, 
Jann-Lasse 

Claudia Burbano, 
Thomas Hurek, Barbara 
Reinhold-Hurek 

University of Bremen SP04 Isolation and characterization of root-associated bacteria from 
agricultural crops in the Kavango region of Namibia 

Plant Soil 2012, 356: 67-
82. 

  

Research 
paper 

Burbano, 
Claudia 

Jann-Lasse 
Grönemeyer, Thomas 
Hurek, Barbara 
Reinhold-Hurek 

University of Bremen SP04 Diversity of diazotrophs associated with roots of Mopane 
(Colophospermum mopane)  

FEMS Microbial Ecol. planned for 
November 
2012 

Research 
paper 

Grönemeyer, 
Jann-Lasse 

Thomas Hurek, Barbara 
Reinhold-Hurek 

University of Bremen SP04 Diversity of rhizobia nodulating pulses in the Kavango region Appl Environ Microbiol planned for 
December 
2012 
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Research 
paper 

Grönemeyer, 
Jann-Lasse 

Thomas Hurek, Barbara 
Reinhold-Hurek 

University of Bremen SP04 Novel species of Bradyrhizobiumspp. as symbionts of grain 
legumes in Southern Africa 

IJSEM planned for 
April 2013 

                

research 
paper 

de Cauver, Vera et al. Polytechnic of Namibia SP05 Distribution modelling of Pterocarpus angolensis   2013 

research 
paper 

de Cauver, Vera van der Heyden, F. Polytechnic of Namibia SP05 Germination of Pterocarpus angolensis   2013 

research 
paper 

Finckh, M. Revermann, R. University of Hamburg SP05 Ecological Risk Analysis as instrument for scenario evaluation in 
catchment studies 

  2013 

research 
paper 

Gomez, 
Amandio 

Aidar, M. Lages, F., 
Maiato, F., Revermann, 
R., Finckh, M. 

Universidade Augustino Netto, Luanda, Institute of Botany 
São Paulo, ISCEED Lubango, University of Hamburg 

  Functional traits of suffrutex shrubs in Zambezian grasslands e. g South African 
Journal of Botany 

2014 

research 
paper 

Kissanga, 
Raquel 

Revermann, R., Finckh, 
M., Lages, F., Maito, F. 

Universidade Augustino Netto, Luanda, University of 
Hamburg 

SP05 Ethnobotanical study and conservation aspects of Miombo  
woodlands in south central Angola 

  2013 

research 
paper 

Lubinda, 
Aobakwe 

Mike Murray-Hudson, 
Piotr Wolski, Ndobano 
Lokae 

University of Botswana Okavango Research Institute SP05 Evapotranspiration in Various Riparian Woodland Species in 
Okavango Delta, Botswana from sapflow and groundwater 
fluctuation 

Wetland Ecology and 
Management/AJAS 

2013/14 

research 
paper 

Maiato, 
Francisco 

Aidar, M. Lages, F., 
Revermann, R., Finckh, 
M. 

ISCED Lubango, Institute of Botany, São Paulo, University 
of Hamburg 

SP05 The effect of shifting cultivation and fire on the structure of 
Miombo woodlands 

e. g South African 
Journal of Botany 

2014 

research 
paper 

Maiato, 
Francisco 

Aidar, M. Lages, F., 
Revermann, R., Finckh, 
M. 

ISCED Lubango, Institute of Botany, São Paulo, University 
of Hamburg 

SP05 Resilience of Miombo woodlands under shifting cultivation e. g South African 
Journal of Botany 

2015 

research 
paper 

Revermann, 
Rasmus 

Röder, A., Stoffels, J., 
Murray-Hudson, M., 
Strohbach, B., Finckh, 
M. 

University of Hamburg SP05, 
SP09.1 

Vegetation map for the Okavango catchment Journal of Vegetation 
Science 

2014 

research 
paper 

Revermann, 
Rasmus 

Finckh, M., et al. University of Hamburg SP05 Vegetation patterns of the upper Cubango catchment –  
a case study on distribution and environmental factors governing 
vegetation distribution on the two Angolan TFO core sites  

e. g South African 
Journal of Botany 

2013 

research 
paper 

Revermann, 
Rasmus 

Finckh, M., et al. University of Hamburg SP05 Stratified sampling based on unsupervised vegetation 
classification - playing with black boxes of unknown floristic 
heterogeneity? 

Journal of Applied 
Vegetation Science 

2013 

research 
paper 

Revermann, 
Rasmus 

Finckh, M., Lages, F., 
Gomez, A., Maiato, F. 
et al. 

University of Hamburg, Universidade Augustino Netto, 
Luanda, ISCED, Lubango 

SP05 Flora and Vegetation of the Caiundo Core site Biodiversity and Ecology 2013 

research 
paper 

Revermann, 
Rasmus 

Finckh, M., Lages, F., 
Gomez, A., Maiato, F. 
et al. 

University of Hamburg, Universidade Augustino Netto, 
Luanda, ISCED, Lubango 

SP05 Flora and Vegetation of the Chitembo core site Biodiversity and Ecology 2013 

research 
paper 

Revermann, 
Rasmus 

Finckh, M., et al. University of Hamburg SP05 A first classification of the vegetation of the Cubango catchment  e. g South African 
Journal of Botany 

2013 

research 
paper 

Revermann, 
Rasmus 

Gomez, A., Finckh, M. University of Hamburg, Universidade Augustino Netto, 
Luanda 

SP05 Climate refugees going into the hiding - the underground forest of 
Africa revisited 

e. g South African 
Journal of Botany 

2013 

research 
paper 

Revermann, 
Rasmus 

Quizembe, S., 
Landschreiber, L., 

University of Hamburg, Instituto de Investigação 
Agronómica 

SP05, 
SP03 

Soil distribution as determining factor for vegetation distribution in 
Miombo woodlands 

  2014 
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Luther-Mosbach, J, 
Gröngöft, A., Finckh, M. 

research 
paper 

Strohbach, Ben Kangombe, F. National Botanical Research Institute of Namibia SP05 Flora and Vegetation of the Mashare core site Biodiversity and Ecology 2013 

research 
paper 

Tsheboeng, 
Gaolathe 

Murray-Hudson, M., 
Vanderpost, C. 

University of Botswana Okavango Research Institute SP05 Flora and Vegetation of the Seronga core site Biodiversity and Ecology 2013 

research 
paper 

Tsheboeng, 
Gaolathe 

Murray-Hudson, M., 
Vanderpost, C. 

University of Botswana Okavango Research Institute SP05 Vegetation map for the Okavango Delta Journal of Vegetation 
Science 

2014 

research 
paper 

Tsheboeng, 
Gaolathe 

Murray-Hudson, M., 
Vanderpost, C. 

University of Botswana Okavango Research Institute SP05 A first classification of riparian woodland in the Okavango Delta SAJB/African Journal of 
Aquatic Science 

2014/15 

research 
paper 

Tsheboeng, 
Gaolathe 

Murray-Hudson, M., 
Vanderpost, C. 

University of Botswana Okavango Research Institute SP05 Changes in species composition in riparian communities along 
hydrological gradients in the Okavango Delta 

Wetlands/African Journal 
of Aquatic Science 

2014/15 

research 
paper 

Tsheboeng, 
Gaolathe 

Murray-Hudson, M., 
Vanderpost, C. 

University of Botswana Okavango Research Institute SP05 Population dynamics in riparian tree species in the Okavango 
Delta 

SAJB 2014/15 

Master thesis Gomez de 
Piedade, Ana-
Filipa 

Finckh, M., Revermann, 
R., Jürgens, N. 

University of Hamburg, University of Lisboa SP05 Harvesting impact on conservation of selected plant species of 
Miombo woodlands in the Chitembo area 

  2012/13 

Master thesis Morgenstern, 
Daniel 

Finckh, M., Revermann, 
R., Jürgens, N. 

University of Hamburg SP05 Spatial modelling of Miombo vegetation patterns in the Cusseque 
and Cuchi catchments 

  2012 

Master thesis Richter, 
Friederike 

Finckh, M., Hennig, V., 
Jürgens, N. 

University of Hamburg SP05 bird communities as indicators of land use change   2012/13 

Master thesis Sanguino, 
Graciela 

Finckh, M., Revermann, 
R., Jürgens, N. 

University of Hamburg SP05 "Underground forest" of Chitembo   2013 

Master thesis Wallenfang, 
Johannes 

Finckh, M., Revermann, 
R., Jürgens, N. 

University of Hamburg SP05 Termite mound as biodiversity hot spots   2013 

Bachelor 
thesis 

Schmidt, Sonja Finckh, M., Revermann, 
R., Jürgens, N. 

University of Hamburg SP05 Analysis of factors governing vegetation distribution in Miombo 
woodlands in the upper Cubango catchment 

  2013/14 

presentation Finckh, Manfred Murray-Hudson, M., 
Strohbach, B., Lages, 
F., Jürgens, N. et al. 

University of Hamburg, University of Botswana, National 
Botanical Research Institute of Namibia, ISCED Lubango 

SP05 Impact of land use change on vegetation in the Okavango 
catchment 

Maun TFO workshop October 2011 

presentation Revermann, 
Rasmus 

Finckh, M., Schmiedel, 
U., Jürgens, N. 

University of Hamburg, Universidade Augustino Netto, 
Luanda 

SP05 How to use soil and vegetation patterns of the Okavango 
catchment to assess ESF&S? 

41st annual meeting of 
the GfÖ in Oldenburg, 
Germany 

05.09.2011-
09.09.2011 

poster Maiato, 
Francisco 

Gomez, A., Aidar, M., 
Lages, F. 

ISCEED Lubango, Universidade Augustino Netto, Luanda, 
Institute of Botany São Paulo 

SP05 Resilience of Miombo woodlands Science Week, ISCED 
Lubango 

June 2012 

poster Morgenstern, 
Daniel 

Revermann, R., Finckh, 
M. 

University of Hamburg SP05 Vegetation modelling of the Cuchi and Culei catchment in the 
Miombo woodlands in central Angola 

42nd annual meeting of 
the GfÖ in Oldenburg, 
Germany 

10.-14.09.2012 

poster Revermann, 
Rasmus 

Morgenstern, D., 
Finckh, M. 

University of Hamburg SP05 Linking biodiversity assessment of Miombo woodlands in 
Southeast Angola with the valuation of ESS 

42nd annual meeting of 
the GfÖ in Oldenburg, 
Germany 

10.-14.09.2012 

                

Article in 
prep. 

Baptista, Joao 
Afonso  

  University of Hamburg SP06 Modern infrastructure  Journal in anthropology to submit in 
July 2012 

Article in 
prep. 

Baptista, Joao 
Afonso  

  University of Hamburg SP06 Natural resources  Journal in anthropology to submit in 
April/May 2013 
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Article 
planned 

Baptista, Joao 
Afonso  

  University of Hamburg SP06 still to be decided still to be decided to submit in 
December 
2013 

Master thesis Herold, Björn   University of Hamburg SP 06  The contribution of ESS within household livelihoods. A good-
centred qualitative analysis. 

  March 2013 

Oral 
Presentation 

Herold, Björn & 
Haupts, Felix 

  University of Hamburg SP 06 Field research in Botswana. A report of the first field research of 
two Master students in Anthropology. 

Völkerkundemuseum 
Hamburg 

12.07.2012 

Master 
Thesis 

Haupts, Felix   University of Hamburg SP 06 Mapping of Landscape Values an Approach to Perception and 
Valuation of ESS in Seronga, Botswana 

  March 2013 

Master 
Thesis 

Rieprich, Robin   University of Hamburg SP 06 Mapping of Landscape Values an Approach to Perception and 
Valuation of ESS in Mashare, Namibia 

  December 
2012 

Oral 
Presentation 

Haupts, Felix & 
Rieprich, Robin 

  University of Hamburg SP 06 Mappings and GIS in Social and Cultural Anthropology. 9. Ethnologisches 
Symposium der 
Studierenden Hamburg  

04.05.2012 

Article  Pröpper, Michael   University of Hamburg SP 06 Muted mutji. On secularized self-censorship, virtual 
environmentalism and spiritual ecologies in Kavango, Namibia 

Journal of Namibian 
Studies 8(2010) 49-87 

2010 

Article in 
prep. 

Pröpper, Michael   University of Hamburg SP 06 Consuming forces. Witchcraft, consumerism and persons 
between predation and passion in Kavango, Namibia 

Journal in anthropology to submit in 
2nd. Half of 
2012 

Article in 
prep. 

Pröpper, Michael   University of Hamburg SP 06 Conjured-up leakages: Commodification of natural resources 
between witchcraft and consumerism in Kavango, Namibia 

Interdiciplinary journal to submit in 
2nd. Half of 
2012 

Article in 
prep. 

Pröpper, Michael   University of Hamburg SP 06 From grassroots to rooftops. Namibian actor’s perceptions and 
strategies along a thatch grass commodity chain 

Journal in anthropology to submit in 
2nd. Half of 
2012 

Article in 
prep. 

Pröpper, Michael   University of Hamburg SP 06 Household inventories, consumption and ESS Journal in anthropology to submit in 
2nd. Half of 
2012 

Article 
planned 

Pröpper, Michael   University of Hamburg SP 06 Individual and cultural valuation and consumption of ESS Interdiciplinary journal 2013 

Master 
Thesis 

Adriano, Otto   CEA-ISCTE-IUL SP 06 ESS in the Angola/Chitembo area Lisbon 2014 

Article 
planned 

Rodrigues, 
Cristina U. 

Samuel Aço CEA-ISCTE-IUL/UAN SP 06 Chitembo/Angola household coping strategies Lisbon 2014 

Master 
Thesis 

Kontle, Osman   KCS SP 06 ESS regulation in the Seronga area Cologne 2013-14 

                

Master 
Thesis 

Azebaze, 
Nadege 

  University of Marburg SP07 Inheritance Rules and Family Decision Making   2013 

Article Azebaze, 
Nadege 
Korn, Evelyn 

  University of Marburg SP07 Intergenerational Transfers and Household Production Decisions MAGKS Discussion 
Paper 
Journal Submission 

May 2012 

Dissertation Mapaure, Clever   University of Namibia SP07 From Potential Conflict to Cooperation Potential: A Critical 
Analysis of the Law, Principles and Practice of Transboundary 
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Water Equity in Southern Africa  

Peer 
reviewed 
journal 

Falk, Thomas Björn Vollan, Michael 
Kirk 

University of Marburg SP07 Analysis of material, social, and moral governance in natural 
resource management in southern Namibia 

International Journal of 
the Commons 

  

                

PhD thesis Kowalski, 
Benjamin 

  University of Giessen SP8 Bio-economic modelling and valuation of Ecosystem Services 
related to agriculture in the Okavango Catchment 

Germany 2015 

MSc thesis Böhm, Daniela   University of Giessen SP8 The applicability of REDD+ to Community Forestry Structures in 
Namibia 

Germany 2012 

MSc Thesis Eigner, Amanda   University of Giessen SP8 Application of the Material Flow analysis to understand 
relationship between village community and the environment in 
Botswana: Title: "Socio-economic metabolism of a village at the 
confluence of wildlife management and wetland agriculture" 

Germany 2012 

Research 
Report 

NN Ribeiro Carlos ISP Tundavala SP8 Application of the Material Flow analysis to understand 
relationship between village community and the environment in 
Angola 

Germany/Angola 2014 

Bachelors 
final Report 

Jonathan, 
Holden 

Carlos Ribeiro ISP Tundavala SP8 A description of traditional farming systems in the Tchokwe 
enclave in Bié, Angola: exploratory report 

Angola 2012 

Bachelor 
Thesis 

Mutero, Joseph   Polytechnic of Windhoek, Namibia SP8 Application of the Material and Energy Flow Analysis for the 
comparison of two dominant farming system on the shores of the 
Okavango Namibia 

Namibia 2013 

Mphil thesis  Matlhola, 
Dimpho 

  University of Botswana SP8 Willingness to Pay and tourists consummer surplus for visiting an 
ecotourism site 

Maun, Botswana 2013 

Research 
paper 

Mmopelwa, 
Gagoitseope 

Matlhola Dimpho University of Botswana SP8 Tourist preferences  and willingness to pay for vising an 
ecotourism sites: The case of Mbiriba camp sites, Botswana 

  2014 

Research 
paper 

Mmopelwa, 
Gagoitseope 

Matlhola Dimpho University of Botswana SP8 Tourist consumer surplus for visiting an ecoturism site and its 
implications for rural development 

  2014 

Research 
paper 

Nuppenau, 
Ernst-August 

NN University of Giessen SP8 Creating a market for Okavango Waters: transboundary Payment 
for Ecosystem Services Scheme 

  2015 

Research 
paper 

Domptail, 
Stephanie 

to be determined University of Giessen SP8 Multi-criteria analysis: deliberations around the value of 
Ecosystem services in the Okavango Catchment 

  2014 

Research 
paper 

Domptail, 
Stephanie 

to be determined University of Giessen  SP8, 
others 

Multi-scale participatory scenario development: visions for the 
Okavango Catchment 

  2015 

Report To be 
determined 

Große, Kowalski, 
Domptail, Falk, others 

University of Giessen, University of Marburg, others SP8, 
SP7, 
others 

Descriptive Report: Livelihoods and Ecosystem Services at the 
shore of the Okavango River: two (or three) case studies in 
Namibia, Botswana (and Angola?) 

TFO web page?  2013?  

Working 
paper 

TFO team All All all Interdisciplinary Overview of the core sites  ? 2014 

Report Domptail, 
Stephanie 

to be determined University of Giessen SP8, 
SPC, 
SP10 

Communication of storylines and final scenarios - 1 per scenario 
exercise 

TFO web page?  2015 
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Poster Röder, Achim Stellmes, Marion; 
Stoffels, J.; Hill, J. 

Universität Trier SP9.1 The Future Okavango – Multi-scale remote sensing products for 
sustainable land management in the Okavango Basin 

LEO (Luxembourg Eart 
Observation Day), 
Luxembourg 

Mrz 12 

Master 
Thesis 

Rogalski, Lukas   Universität Trier SP9.1 Analyzing Land Use Dynamics in the Namibian-Angolan Border 
Region with Remote Sensing Data. 

Trier Sep 12 

Paper Fynn, Richard   University of Botswana, Okavango Research Institute  SP9.1 Large herbivore seasonal habitat selection in the Savuti-Mababe-
Linyanti ecosystem of northern Botswana 

tbc Okt 12 

Paper Röder, Achim Stellmes, Marion; 
Stoffels, J.; Pröpper, M.;  
Hill, J. 

Universität Trier, Universität Hamburg SP 9.1, 
SP 6 

Integrating remote sensing data and household surveys to 
analyse resource utilization. A cross-border analysis in Namibia 
and Angola 

International Journal of 
Land Use Science 

Dez 12 

Paper Stoffels, 
Johannes 

tbc Universität Trier SP 9.1, 
SP 5 

Spatially explicit mapping of forestry resources using multi-
phenological satellite imagery and forest inventory data in a dry 
woodland Savannah 

Forest Ecology and 
Management 

Mrz 13 

Paper Stellmes, Marion tbc Universität Trier, Universität Hamburg SP9.1, 
SP 9.2, 
SP1 

Actual and potential ecosystem productivity within the Okavango 
Catchment based on the concept of rain-use efficiency. 

Regional Environmental 
Change 

Dez 13 

PhD Thesis N.N.   Universität Trier SP9.1 Assessment of land use dynamics and their effects on ecosystem 
services and functions using earth observation data 

Trier Sep 15 

                

Article 
planned 

Weinzierl, T. Conrad, O., Wehberg, 
J. and Böhner, J. 

Department of Geography, Hamburg University SP09.2 Climate Regionalization, using Dynamical and Statistical 
Downscaling and Surface Parametrization Techniques  

    

Handout Wehberg, J.  Böhner, J., Conrad, O. 
and Weinzierl, T. 

 see above SP09.2 Klimaregionalisierung von Stationsbeobachtungen und 
Reanalysedaten 

internal publication   

Article 
planned 

Conrad, O. Bock, M. and Wehberg, 
J. 

 see above SP09.2 Regionalization of Soil Scapes using a process oriented 
geomorphometric Terrain Classification  

    

Bachelor / 
Master 
Thesis 

N.N.    see above SP09.2 Semi-Automated Object Classification from Monochromatic 
Airborne Photography. A Case Study of the Mashare Area, 
Namibia 

    

Article 
planned 

Conrad, O. / 
Landschreiber L. 

  Department of Soil Science and Department of Geography SP09.2 / 
SP03 

Modelling Spatially Explicit Soil Water Balances in Dryland Soils 
Using Cellular Automata 

  End 2013 / 
Beginning of 
2014 

Article 
planned  

Weinzierl, T.    see above SP09.2 Statistical Downscaling of GCM and RCM in the Okavango Basin     

Article in 
preparation 

Weinzierl, T.    see above SP09.2 Development, Application and Implementation of Decision 
Support Systems in Integrated Water Ressource Management 

    

Article 
planned  

Böhner, J. N.N.   see above SP09.2 / 
SP08 

A Decision Support System     
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Article in 
preparation 

Hanke, W. Conrad, O., Wehberg, 
J. and Böhner, J. 

Biocentre Klein Flottbek and Department of Geography SP09.2  N.N.      

                

Book chapter Gruber, Martin   Uni Bremen SP10 Mediating Cultures: Participatory Filmmaking in Applied Visual 
Anthropology. 

Aarhus: Intervention 
Press 

2012 
(accepted by 
peer 
reviewers) 

Book chapter Gruber, Martin   Uni Bremen SP10 Liparu Lyetu: An Example of Participatory Ethnograhic 
Filmmaking 

Göttingen: GIEFF  Invited 

PhD 
Dissertation  

Gruber, Martin   Uni Bremen SP10 Participatory Ethnographic Filmmaking in Applied Contexts Bremen: Uni Bremen 2012 

 

 

 

 

 

 

 


