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Policy Outcomes on Water-Related Ecosystem Services in an 
Agricultural Landscape in South Africa 

ABSTRACT 

Julia Wesely 

Water governance in South Africa is challenged by natural as well as socially constructed 
water scarcity. 15 years after the transition from Apartheid to the new democratic era, this 
paper shows that water resources are still distributed along racial lines. Based on a case study 
in rural KwaZulu Natal, results indicate that outcomes of water policies which aimed at 
redressing historic inequalities have not yet been able to create the expected benefits for the 
disadvantaged black farming community. This paper uses an ecosystem service (ESS) 
approach to assess how those benefits that are derived from different water-related ecosystem 
services (WES) developed in the smallholder community and its adjacent commercial farming 
area. The change in the distribution of water for household use, water for irrigation, water 
flow regulation and water for scenic beauty is further discussed in regards to its response to 
water policies on local and national level. Hereby, the paper addresses the research need to 
provide insight into ESS responses to policy outcomes, which in turn is expected to reveal 
challenges and opportunities for policy makers to incorporate the complex yet important 
interactions between social and ecological systems into their decision making. Practically, this 
paper contributes by making gaps in ESS utilization between smallholder and commercial 
farmers explicit. Focusing on the material aspects of equality, i.e. the redistribution of water 
resources is argued to be neither feasible nor unequivocally desirable in the near future. 
Rather, I encourage capacity building to increase possibilities of the smallholder farmers to 
effectively use existing resources. 
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INTRODUCTION 

The complexity of water as a resource places immense challenges on policy makers as well as 
managers. First, it has the outstanding characteristic of being constantly in motion- i.e. it is 
heterogeneous and dynamic in space and time (Loik et al. 2004) - either in the form of blue 
water (i.e. surface flows in rivers, lakes etc.) or green water (i.e. evapotranspiration) 
(Falkenmark and Folke 2002). Second, its importance goes far beyond its ecological role (e.g. 
as carrier of nutrients, habitat) (Falkenmark 2003). As a resource of for example industrial 
and domestic water, its multi-functionality is vital for the development of social and economic 
structures of human society (Schulze 1979, Ruhl 2008).  

In South Africa, which has a mean annual precipitation of less than 500mm, water is a 
constant issue of concern (Schulze 1979). Some authors (Davies and Day 1998) estimate that 
only 8.6% of rainfall is useable runoff, which is the lowest proportion worldwide. Especially 
people living in rural areas, which account for around 40% of the population (Perret 2002) are 
susceptible to droughts, dry-spells and contamination of water (Chikozho 2005). This 
scarcity, plus the geographically uneven distribution of rainfall puts pressure on decision 
makers to effectively ensure adequate supply to a constantly increasing population without 
overexploiting the resource base (Mukheibir 2008). 

Those challenges are further increased by the political situation in South Africa. Policies of 
the Apartheid regime resulted in huge gaps of living standards between the white minority 
and the black majority of the country. The black population was segregated and forced into 
poverty, not at least due to a lack of property rights and therefore access to basic land and 
water resources (Perret 2002). In rural areas, white farmers were favored amongst other things 
in regards to the distribution of arable land and (hydraulic) infrastructure (Grey and Sadoff 
2006). With the first democratic elections in 1994 and, as a result, the establishment of the 
Constitution, the legal duality of Apartheid was replaced while at the same time its legacies 
and normative orders have been acknowledged (Meinzen-Dick and Nkonya 2007).This 
resulted in the use of equality1

Appendix 1

 as central concept and value to the Constitution (RSA 1996), 
and hence to all water policies, in order to progressively rebalance the above stated inequities 
and reduce poverty of the black population. A discussion of the meaning, perspectives and 
forms of equality can be found in . 

However, the consequences these political changes have had on the redistribution and use of 
the natural resource base are relatively unknown. Even though the concept of equality in 
regards to natural resources has been widely discussed by different scholars (Shrader-
Frechette 2002, Mikkelson et al. 2007), its practical implications one and a half decades after 
South Africa´s transition from Apartheid to democratic policies are still unexplored. 

The first question this paper addresses is therefore if and how much democratic water policies 
fostered the development of human well-being for local-scale black farmers through 
enhancing multiple functions of water. 

Ecosystem services and policies 

Here, I approach this question by quantifying and assessing benefits humans derive from the 
multiple functions of water. I then relate these to policies on water and compare their 
development over time between white and black farmers. I chose to analyze this through the 
framework of Ecosystem Services (ESS). ESS have been increasingly used over the past 
                                                           
1 In this paper, the terms equality and equity are used interchangeably 



3 
 

decade for measuring and valuing natural assets that contribute to human well-being (e.g. 
(MA 2003) . The ways of looking at and assigning values to those assets is closely related to 
their definitions which in turn reflect the foci of research agendas of the respectively involved 
disciplines. The most prominent ones by Daily (1997), Costanza et al. (1997), de Groot et al. 
(2002) and the Millennium Ecosystem Assessment (2005) are found in Appendix 2.  

In this paper a rather broad and utilization-focused definition by Fisher and colleagues (2009: 
5) was chosen, in order to allow for an assessment that grasps both the politically induced 
segregation of black and white farmers and the variety of impacts this had on water.  

They define ESS as the aspects of ecosystems utilized (actively or passively) to produce 
human well-being (...) ecosystem services include ecosystem organization or structure as well 
as process and/or functions if they are consumed or utilized by humanity either directly or 
indirectly. 

The relevance and applicability of approaching a political concept like equality through ESS 
is shown by the anthropocentric focus this definition inherits. Humans as valuing agents 
enable the transition of ecological processes and structures into assets that have the potential 
to contribute to human well-being (de Groot et al. 2002). The interdependency of the social 
and ecological components has been emphasized in a variety of cases, mostly one-way, i.e. in 
order to inform decision makers on the status of an ecosystem or landscape For example, Lara 
et al. (2009) assessed water services in forests in Chile to inform policy makers on their 
importance for the native society there. Nevertheless, few researchers (e.g. Brauman et al. 
2007) have looked at this feedback from the other way, i.e. highlighted spatially explicit 
values in order to grasp impacts of policy changes on the landscape, a need which has been 
emphasized on by many scholars (Daily 1997, Nelson et al. 2009, see Figure 1). To allow for 
long-term integration of ESS to sustainably foster human well-being, contributing to deeper 
theoretical understanding of the policy- ESS interface is needed.  

 

Figure 1 Theoretical gap in the ESS-policy interface 

Hence, the second question investigates, how and which water policies had an impact on 
water-related Ecosystem Services (WES) during the last two decades. 
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WES and equality 

Based on background studies on South African policies and ESS (Perret 2002, RSA 2001, de 
Winnaar 2009), I hypothesize that Apartheid policies contributed to the development of WES, 
hereby creating a gap in access to their quality and quantity between white and black farmers; 
Policies of the past two decades have managed to slightly reduce this gap, but their goals have 
not yet been reached.  

The reduction of the gap, however, is closely linked to the interpretation of equality, i.e. to the 
baseline which defines an equal state. In this paper, changes in WES from 1990 to 2009 will 
be evaluated against the distributional gap of WES between white and black farmers. Hence, 
policies will not be evaluated against an absolute quantity and/or quality WES should reach, 
but in regards to the relative change their outcomes cause.  

To allow for an assessment representative of the multiple functions water has in an 
agricultural landscape, the benefits of water for household use, water for irrigation, water flow 
regulation and water for scenic beauty have been chosen (see Service boundaries for selection 
criteria). These WES consist of different factors contributing to their quantity and quality, 
which is why diverse relations to water policy efforts for more equitable distribution are 
expected.  

The second hypothesis for this paper is therefore that not all assessed WES show a 
development that is linkable to Apartheid/ post-Apartheid policies. It is assumed that water 
for household use and irrigation is directly responding to the policies, as measures are said to 
mainly target the quantity and quality of these so-called provisioning services (Brauman et al. 
2007). On the other hand, water flow regulation and scenic beauty are expected to be not 
affected at all. 

Summing up, this paper investigates the impacts democratic water policies have on water 
functionality in an agricultural landscape by assessing the relationship between policy 
outcomes and water-related ecosystem services over the past two decades. The aim of the 
paper is therefore to theoretically contribute to the understanding of the ESS-policy interface. 
Further, practical implications for water policy making in South Africa are expected to be 
revealed through analyzing the ways different kinds of WES responses to political measures. 

CASE STUDY BACKGROUND 

General information  

Both hypotheses will be analyzed using a case study2

Figure 2
 of the Potshini Area in north-west 

KwaZulu Natal ( a), which reflects both the complexity of governing water resources 
as well as the legacy of Apartheid policies. Situated within the uThukela District (Figure 2b) 
close to the Drakensberg mountains, this hilly agricultural landscape is inhabited by black 
subsistence and white commercial farmers (Kosgei et al. 2007). Its hydrological and 
ecological characteristics make Potshini a representative case of an agricultural landscape in 
South Africa. In addition, the adjacency between the two farmer groups motivates a closer 

                                                           
2 A case study approach was chosen as this research tries to investigate contemporary phenomena within their 
real-life context, which allows emphasizing on the interconnection between social and ecological environment in 
the area. With the historical perspective chosen for the analysis, the case study gets a dynamic, which enables to 
make operational links over time visible (Yin 2003). 
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look from the social science perspective, which in total qualifies the study area as graspable to 
show feedbacks between political outcomes and ESS responses; Apartheid policies have 
shaped land and water use practices of the two stakeholder groups, which is visible in the 
landscape itself. The commercial farmers´ landscape is dominated by large-scale fields and 
dams, whereas the smallholder farmers´ landscape reveals a much more scattered structure in 
regards to housing and agricultural area as can be seen in bottom image of Figure 2A. 

 

Figure 2 Context of the case study area. Figure A a) shows the location of the uThukela District and the 
Thukela River Basin within South Africa/KwaZulu Natal and further the location of the case study area within 
its political (b) and hydrological (c) boundaries. The bottom image shows the boarders of the smallholder and 
commercial area in the case study area from a satellite picture provided by Google Earth/ Earthsat 2008. Colors 
of the demarcations correspond to colors in Figure B. This shows the institutional context of the Potshini Area. 
Illustrations are based on own sources. 

Hydrological background 

Situated close to the Drakensberg mountains in the south western part of the Thukela Basin 
(Figure 2c), this farming area is characterized by a relatively high mean annual precipitation 
of 700mm, while the mean annual potential evaporation lies between 1600 and 2000mm. The 
commercial farms are drained by the Lindequespruit river and the upstream lying smallholder 
community (in this paper referred to as Potshini Community) additionally by the Edwaleni 
river in the southern part. Both rivers have extremely low flows during winter time (between 
June and August) (Kongo and Jewitt 2006), which results in water shortages for cattle and 
smallholder farms in Potshini community (Kosgei et al. 2007).  
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Agricultural background 

The case study area includes two white commercial farms and an estimated 260 households 
(Table 1) with around seven members each in the smallholder area, the latter being said to be 
twice as much as at the beginning of the 80´s 

The landscape can be defined as agricultural. Two commercial farms account for roughly half 
the area of the catchment and Potshini community consists mainly of smallholder farms with 
33% covering most and 62% part of their food supply by own production (Kosgei et al. 2007, 
Sturdy et al. 2008). Table 1 provides information on these stakeholders´ agricultural resources 
and water supply. 

Table 1 Basic information on agriculture and water resources in the Potshini Area. It includes the 
information on management like crops and water supply as well as demographic factors, generated based on 
interview and GIS data. 

Stakeholder Farmsize 

(total/arable) 

Farm  

owned since 

Crops Cattle Water supply Households 

Commercial 

Farmer A 

200ha/150ha 1999 potatoes, maize 

soy beans, cabbage 

wheat 

no dams 

boreholes 

springs 

1 farmhouse, 

14 households 

related to workers 

Commercial 

Farmer B 

1500ha/500ha 2002 potatoes, maize 

soy beans, wheat 

pepper 

300 cows rainwater dams 

boreholes 

3 farmhouses, 

6 households for 

workers 

Smallholder 

Farmers 

average  0,5-

2,0ha/farm 

 maize, soy beans 

fruits, gardening 

vegetables 

yes, 

no estimate 

rainwater dam 

boreholes springs 

estimated 260 

households 

METHODS 

Delineation of Study 

Geographical extent 

WES will be assessed within the geographical boundaries based on the hydrological unit of a 
sub-catchment, which is referred to as Potshini Catchment (Kongo and Jewitt 2006). In order 
to allow for an assessment that comprehensively captures policy outcomes on smallholder and 
commercial farmers, the catchment boundaries were extended to fit the actual property area of 
the stakeholders. To avoid misunderstandings, the 20 km² case study area is referred to in this 
paper as Potshini Area. The map in Figure 3 shows the geographical boundaries, and includes 
main water sources (dams and streams), households and different land uses to show the 
resource basis for ESS utilization. 
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Figure 3 Map of the delineation of the Potshini Area and the Potshini Catchment. It includes the main water 
sources and land use of the case study area.  

Spatial/institutional boundaries 

Impacts on the area by policies from national to local level are analyzed in this paper. Within 
the considered time period, centralized (national scale) structures of the Apartheid and 
beginning of the Post-Apartheid era have changed to the newer decentralized (regional and 
local scale) forms of policy making. The shift in the way policies are structured resulted in 
Potshini being part of several institutional contexts, as shown in Figure 2B. All are considered 
as possible units water policies can be addressed to. 

Temporal extent 

Mapping and analyzing changes over the past two decades was chosen for two reasons. First, 
this time period fully contains the drastic change from the Apartheid to a new democratic 
regime. This enables to include the WES status due to racial segregation policies as well as 
due to water policies created in order to change these structures. The vast amount of 
democratic policies that aimed to reorganize and reallocate resources was assumed to result in 
an increased likelihood of policy outcomes on a catchment scale. Second, evaluating change 
over this time perspective allows taking shorter delays between policies and their impact on 
WES into account, while at the same time the relevance of results for short to medium term 
decision-making is reflected. 

Service boundaries 

Provisioning ESS, defined by the Millennium Ecosystem Assessment (2005), as e.g. food and 
drinking water, have been the major focus of previous studies that assessed agricultural 
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services to inform decision makers, because their directly obtainable benefits make them a 
useful target for policies (Ruhl 2008). However, to grasp the multi-functionality of water, a 
broader perspective on its services is needed. Therefore, other classes and categorizations of 
ESS have been considered in this paper as well. As this research is done as a one-year project, 
a selection of WES from a comprehensive list based on de Groot et al. (2002) and Daily 
(1997) was made. Their applicability and relevance for the rural South African context as well 
as methodological feasibility and equal spread between categories were criteria for selecting 
the four WES presented in Table 2. 

Table 2 List of selected WES and their characteristics 

WES Definition Classification Reference 

MA 

(2005) 

Utilization Service to/from 

agricultural 

landscape 

Water supply for 

household use 

Consumption for household use includes all 

water used for domestic purposes (e.g. 

drinking, washing and cooking) 

Provisioning Actively From (Brauman et al. 2007) 

Water supply for 

irrigation 

 

Irrigation includes the capacity to store water 

and use it for agricultural purposes 

Provisioning Actively From (Bos et al. 1994) 

Water flow 

regulation 

Water flow regulation is the function, which 

describes the storage and retention capacity 

of the water supply system. It shows the 

ability of the system to maintain a balance of 

surface runoff under no extreme conditions. 

Regulating Passively To (de Groot et al. 2002); 

(Farvolden 1963) 

Scenic Beauty/ 

Aesthetic 

experience 

The nature of an experience (i.e. what we 

subjectively call beautiful and appealing) 

refers to thoughts, feelings and emotions 

expressed during it. The ecology refers to the 

distribution of aesthetic experiences in space 

and time, and how perceived and objective 

environment are related. 

Cultural Passively From (Chenoweth and 

Gobster 1990) 

Data gathering 

The data gathering process for this paper can be separated in two parts: First, the WES 
assessment and second, the identification of policies. Both parts require a variety of methods 
derived from different disciplines, as can be seen in Table 3. The assessment process went 
back and forth between those parts, partly because methods overlapped between them, but 
also to increase validity of the results through triangulating information. To give an overview 
of the interdisciplinary approach chosen, the table also includes the disciplines methods 
originated from, how well they are established, the units they are assessing, as well as the 
questions guiding the assessment process.  
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Table 3 Methodological Background. It includes the disciplines methods originated from, how well they are 
established, and how they are applied in this paper. Further, the questions guiding the research process as well as 
the units Part 1 assesses are described. The last column indicates where detailed descriptions of the method are 
found in this paper. 

 WES Methods Discipline Approach Application Assessment Unit Described in 

Pa
rt

 1
- A

ss
es

sm
en

t 

Water  

for  

household  

use 

semi-

structured 

interviews, 

GIS, report 

reviews, 

group 

discussion 

demographics established (Corral-

Verdugo et al. 

2002) 

How did 

consumption 

and supply 

change in the 

last two 

decades? 

consumption  l/ d/hh*; 

distance between 

source and hh,; no. of 

hh supplied per source 

Methods 

Appendix 6 

Water for 

irrigation 

semi-

structured 

interviews, 

GIS, report 

review 

demographics established (Field and Solie 

2007) 

irrigation capacity in 

m3, relation irrigated to 

total land in m² 

Methods 

Appendix 6 

Water flow 

regulation 

assessment 

review, 

GIS 

hydrology established Adapted,  

based on 

(de Winnaar 

2009), 

(Guo et al. 

2000) 

(Egoh et al. 

2008) 

Have there been 

changes in this 

service? If so, 

where did they 

occur? 

units with 

low/medium/high 

regulation capacity in 

m² 

Appendix 6 

Scenic Beauty Videos, 

group 

discussion, 

GIS 

Landscape 

planning 

developing Experimental, 

based on 

(Bishop and 

Hulse 1994) 

How are 

different water 

sources 

perceived in 

relation to each 

other and to 

other landscape 

features? 

Relation liked/disliked 

water features to total 

liked/disliked features 

Appendix 4 

Appendix 6 

Pa
rt

 2
-P

ol
ic

ie
s Policy 

identification 

Semi-

structured 

interviews, 

informal 

talks, 

literature 

review 

Political 

Science 

established  Which policies 

had an impact 

on WES in the 

Potshini Area? 

Which of the 

WES were 

influenced? 

 Methods 

*l=liter, d=day, hh=household 
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Field Work 

Field work was conducted between September and beginning of December 2009, and started 
with extensive field walks to mark landscape features with a GPS device. Moreover, 
informant interviews were done with 20 smallholder farmers and four commercial farmers as 
well as with four policy makers on the municipal and district level.  

Interview partners from the smallholder area were found and chosen through informal talks 
with key informants in Potshini Community, considering selection criteria like age, 
profession, political involvement and community interaction inside and outside Potshini as 
well as different levels of living standards. A minimum age of 35 years and profession as 
farmer was considered crucial for a valid WES assessment, whereas the latter three criteria 
ensured a diverse perspective on the social arena. Commercial farmers were chosen according 
to the location of their farms, meaning that all farmers in the Potshini Area were included. 
Policy makers and implementers were found through the snowball principle (Bernard 2000), 
where smallholder or commercial farmers suggested to interview them due to their 
comprehensive knowledge and/or major role they have or had in the water policy process for 
Potshini. 

To foster open communication and gain in-depth insights and opinions of the different 
stakeholders, all interviews were held open-ended and semi-structured. This encouraged 
interviewees to freely express their perceptions on policies and change in Potshini that took 
place over the past two decades, which created a dynamic that allowed for the interviewer to 
additionally make observations on non-verbal communication. Due to the sensitivity of the 
topic and the fact that most interviewees felt uncomfortable with having their opinions 
quoted, interviews were not recorded and interviewees stay anonymous. However, detailed 
field notes were taken.  

Farmer interviews were conducted using the interview guidelines, video setup and 
questionnaire in Appendix 3. The video survey, as described in Appendix 4, was conducted in 
advance of the interview on the same date, which in total led to sessions around 90 minutes, 
all held at the respective farms.  

The four non-farmer interviews were conducted according to the structure found in Appendix 
3, and took place in either private homes or municipal offices.  

Policy identification took place as part of farmer interviews. They either have been directly 
named by interviewees or were indirectly traced back through informal discussions with key-
persons in Potshini. The exact policy content has then been gathered through a review of 
policy documents. 

In late November, a group discussion with a group of eight not previously interviewed 
smallholder farmers was held in order to clarify controversial or unclear statements and gain 
more in-depth insight.  

Data analysis 

In order to organize the extensive material collected and to make relationships between the 
assessment and policy part of the material visible, notes on interviews were manually coded. 
Quantitative codes were established based on the interview questions, whereas qualitative 
codes resulted from themes that recurred during interviews. For example, lower water flow 
was categorized as resource-based change, which was in turn attributed to socio-political and 
demographic drivers. For the coding scheme, see Appendix 5.  
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In order to make WES spatially explicit, primary and secondary information collected for the 
assessment, i.e. interview information as well as assessments from the UThukela district 
municipality, Water Works and GIS-data from the Department of Natural Resources/UKZN, 
was further processed using ArcMap 9.3.1 (©ESRI 2009). Detailed information on the data as 
well as the processes used can be found in Appendix 6. 

POLICY RESULTS 

The first part of the results presents the identified national to local scale policies and their way 
of influencing water functions and utilization chronologically. Afterwards, their key 
characteristics a shortly summarized. 

Identification of national- scale policies 

Setting the Stage-Apartheid 

Apartheid was the legal system that was in place in South Africa between 1948 and 1994, 
which enforced what was referred to as separate development of the white population with the 
intention to make it the demographic majority (Pickles and Weiner 2006). The black 
population, now disentitled of their citizenship and voting rights, was reallocated in so-called 
homelands, which were governed by tribal leaders that were appointed and influenced by the 
apartheid regime. With the introduction of the Betterment Schemes, properties were reduced 
to zones with distinct land use like grazing, residential and crop land, which provided only for 
minimum crop production (McCusker and Ramudzuli 2007). In contrast to the strong 
influence of authorities on the black majority, the white minority gained multiple freedoms 
and rights in order to improve their livelihoods. Rights to access and use of water were 
regulated by the 1910 Irrigation Conservation Act and the 1956 Water Act and strictly linked 
to property rights (i.e. riparian rights), resulting in 83% of agricultural land and its respective 
water sources being owned by white commercial farmers. This and the fact that consequently 
all hydraulic infrastructure was owned and controlled by white farmers, added to the fact that 
water scarcity in South Africa can be partly qualified as socially constructed (Chikozho 
2005). 

White Paper3

The white paper arose from urgent needs of the black population to access basic water and 
was written during the amalgamation of a fragmented set of institutions into the new 
Department of Water Affairs and Forestry. It focuses on defining responsibilities of 
institutions to provide those services, which are manifested there as a human right.  

The capacity of local governments, which at that time implied districts and municipalities, 
was strengthened and national policy makers were committed to interact and assist lower level 
governmental, as well as non-governmental institutions. Another key policy principle is that 
water in the White Paper is seen as having an economic value, while at the same time its 
utilization has to ensure environmental integrity. 

on Water Supply and Sanitation Policy 1994 (RSA 1994) 

                                                           
3 A white paper is a report which states a political position as well as strategies which follow this position  
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Constitution of the Republic of South Africa No. 108 (RSA 1996) 

At the beginning of the Constitution it is stated that South Africa as a democratic state is 
founded on the value of “the achievement of equality”. To achieve this non-derogable value 
that is defined as “the full and equal enjoyment of all rights and freedoms” in Article 9(2), 
policies of just discrimination, i.e. in favor of disadvantaged persons or groups, are considered 
necessary. In regards to development and the environment, Article 24 manifests the right to an 
environment, which is not harmful to human well-being and takes into account that measures 
are needed in order to secure a sustainable development of ecological resources, while at the 
same time balancing it with economic and social development. Concerning the unequal access 
to land and water, Article 25(3) emphasizes the need to reallocate property, thereby creating 
equitable share of natural resources.  Finally Article 27 (1) states that “everyone has the right 
to have access to sufficient food and water” and recognizes that this has to be progressively 
achieved through national induced measures. However, Article 152 defines local government 
as the responsible body to ensure the sustainable provision of services, healthy environment 
and social and economic development to the communities. 

White paper on a national water policy for South Africa- Water Services Act(RSA 1997) 

The Water Services Act defines minimum standards for water services in section 9(1)(a). On 
national level, a capacity for every household to use 25l/person/day or 6kl/household/month 
has to be established. This water has to come out of a source maximum 200m away from the 
household and must guarantee a water flow of 10l/minute for 98% of the year. Concretely, 
this means the establishment of communal supply at the minimum prescribed levels, which 
includes controlled volume supply by e.g. yard-tanks or low-pressure connections. High-
pressure yard or house connections continue to supply an uncontrolled amount of volume.  

National Water Act (NWA) Act No. 36, 1998 (RSA 1998) 

Equity is one of the guiding principles of the NWA, hereby recognizing that sustainable use 
of water is a key component to promote social and economic development. Amongst others, 
the purpose of the NWA (Chapter 1) is therefore that “nation + water resources are protected, 
used, developed, conserved, managed and controlled in ways which take into account 
amongst other factors (a) meeting the basic human needs of present and future generations (b) 
promoting equitable access to water (c) redressing the results of past racial and gender 
discrimination (e) facilitating social and economic development (f) providing for growing 
demand of water use”. It allows using water for domestic purposes, small non-commercial 
gardening and the watering of animals of users that have lawful access to the land, as long as 
this use is not exceeding the capacity of the resource or harming other users. Further, it 
encourages rainwater harvesting from roofs. The state is defined as custodian of all water 
resources, and use that goes beyond those basic purposes has to be registered and licensed.  
Despite the equity framework, loopholes for existing large-scale water users like commercial 
farmers to uphold their consumption are created in Part 3 of the Act, which regulates existing 
lawful use of water. This indicates the strong influence policies have on water resources, as it 
seems to be in the interest of high level decision makers and lobbyists to preserve water rights 
that they obtained before 1994. 

Free Basic Water Policy (RSA 2001) 

The Free Basic Water policy was introduced at the time of local government elections in 
2000. It promoted 1) Equity through the provision of basic services, 2) Sustainability of water 
services and water service providers and 3) Constant monitoring of outcomes. It was therefore 
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highly demanded and used in election campaigns, which in turn led to a push in water service 
provision during the beginning of the 2000s. In recognition of different financial capacities of 
the municipalities and their inhabitants, it emphasizes its role as a guideline rather than a 
framework and leaves space for local flexibility. For municipalities with a high amount of 
poor rural population, like Okhahlamba in this case study, it promotes bulk water supply in 
order to reach the target of 6kl per month. Understanding consumption patterns and gathering 
information on demand is, however, suggested as the first step to implement this policy. 

Rainwater Harvesting Programme (DWAF 2007) 

In 2007, the Department of Water Affairs and Forestry (DWAF) started a program to provide 
financial assistance to organizations, which foster the construction of rainwater-harvesting 
storage facilities. With the aim to provide poor rural households with the possibility to grow 
their own food by increasing their water security, storage tanks and water pumps were 
sponsored. 

Identification of local-scale policies 

Policies of the Water Service Authority (WSA)(DWAF 2004) 

The uThukela District Municipality was established in 2004 as Water Service Authority for 
the whole district. The fact that funding for the new agency was given only for five year 
periods led to short-term policies, which were summarized under the principle “rather a low 
service level than no service level”. Further, only 1% of income is calculated as payment for 
water services 4

Policies of the Water Service Provider (WSP) and Rural Water Schemes (DWAF 2004) 

, which results in the WSA pushing for bulk water services (as opposed to 
reticulated services) in forms of tanks or boreholes.  

65 active rural water supply schemes were developed by the uThukela District Municipality, 
most of them shortly after 1994. Their policy is to provide communities with an amount of 
five liters of drinking water per capita per day. In regards to other use, no quantities have been 
stated and water supply through these schemes is not metered, which hampers the 
establishment of progressive goals. However, the intense building of boreholes with an 
achievable flow of 200 liters per hour in the beginning and mid 90´s aimed for a provision 
within 1000m of each household, a number which should be reduced to 500m. The role of the 
District Municipality as Water Service Provider was officially established in 2004. 
Evaluations state that the capacity of the District Municipality is too low to perform both roles 
as WSA and WS. Further, the Municipal Systems Act 2000, which regulates the provision of 
services in general, suggests that those services may be provided by internal or external 
mechanisms. Consequently, responsibilities have been outsourced to companies under the 
ownership or control of the municipality, like uThukela Water. 

Summary of Policy Results 

Eight policies have been identified by interviewees as having an impact on WES in the 
Potshini Area. The majority of them were established on national level, shortly after the first 
democratic elections took place in 1994. The shift to local-scale policy making during the last 
decade clearly reflects the overall change from centralized to decentralized decision-making 
(Figure 4). 

                                                           
4 which equals the low amount of 5ZAR(0,6$) per month for 80% of the inhabitants 
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Figure 4 Water policies on local and national level that were identified as having an effect on the Potshini 
Area 

The goals of national water policies are, also internationally, regarded as progressive and 
visionary (Reddy 2002). The acknowledgement of basic water as a right and aims of 
25l/person/day within 200m from the closest source seem to provide ambitious guidance for 
medium to long-term policy implementation. However, specific goals cannot be assumed to 
aim for distributional equality, because they do not yet concretely address the still existing 
power asymmetries underlying current water management (Francis 2005). Local policy goals 
as e.g. provided by the Rural Water Schemes (5l/person/day within 500m) appear therefore 
more reachable for the time period assessed in this paper.  
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ASSESSMENT RESULTS 

The following section summarizes the assessment results for each WES. A separate 
description for the smallholder and commercial area will contain a qualitative presentation of 
relative change as well as illustrations of the WESs quantitative development. Details 
regarding the calculation and spatial distribution of WES can be found in Appendix 6. 
Following this, the size and development of the gap between commercial and smallholder 
farmers´ WES will be shortly analyzed with the help of illustrations based on Box 1.  

Box 1 Legend for the WES gap 

 

Water for Household Use 

Potshini Community 

- Sources of household water  

In the beginning of the 90´s, the majority of the people derived their water from either the two 
perennial streams Lindequespruit and Edwaleni, or small temporal streams that occurred 
along the more hilly terrain of the Catchment. Due to cholera outbreaks, ten boreholes were 
built in 1990, which led to an increased use of groundwater for drinking purposes. Springs, 
especially the multiple small ones found in close proximity to many households, continued to 
be important for other household uses like cooking, laundry or cleaning. The relation between 
the different uses of a source changed during the mid 90´s, as the amount of small springs 
decreased drastically, a fact that the interviewees relate to the efforts of the Department of 
Agriculture to built concrete tanks below or above the springs. Those constructions were 
therefore removed by the community.  However, the springs did not regenerate and no further 
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sources were utilized, which led to increasing pressure on the existing ones. Especially 
boreholes were overused, as they were designed based on a static assessment of the 
population in 1990. In case of extreme dry spells this resulted in boreholes running dry.  

Until the beginning of the 2000´s rainwater harvesting for household uses was only practiced 
by a small number of farmers, mostly in the form of small buckets or washing troughs being 
placed outside the houses. Hydrological infrastructure built by researchers in 2001 and a small 
dam built by a farmer in 2001/2002 on Lindeqespruit shifted the focus from groundwater 
towards the utilization of surface water, foremost in households that are situated in close 
proximity to it (see Figure A6. 1 in Appendix 6). Opinions whether that led to increased water 
availability in boreholes are diverse.  

In the beginning of 2009, water tanks were built in selected households, which in turn might 
lead to a relief of other sources. However, such conclusions could not be made to the date of 
the field work, as those tanks have been in place only for a few months. 

- Quantity provided 

Resulting from mapping households and water sources over time (see Appendix 6), Figure 5A 
shows the percentage of households within the maximum distance aimed for by national 
politics (Water Services Act: 200m ), or local goals (Rural Water Schemes: 1000m short term, 
500m long term). Apart from a slight stagnation or decrease in 2000 compared to 2009, the 
situation has improved constantly with 40% as opposed to 28% reaching the national goal and 
87% as compared to 77% the long-term local goal.  

However, considering that new households were likely to be built in close proximity to water 
sources, the percentage might reflect population dynamics rather than policy influences.  
If one examines the number of households depending on a borehole (Figure 5B)- assuming 
that boreholes are accurately working5

                                                           
5 That was the case for eight out of ten boreholes at the time of the field work 

- the constant increase shows that the availability of 
water per household is continuously reduced. 
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Figure 5 Development of water for household use for smallholder farmers. (A)Households within policy 
distance (%). The blue line is calculated based on the closest water source, whereas the others are related to the 
closest borehole. (B) Number of households per borehole; potential liters available in total (C) and per household 
(D). For spatial maps of this figure, see Appendix 6. 

The influence of demographic versus political drivers becomes even more apparent in Figure 
5C and D. The drastic decrease in total availability between 1990 and 2000 can be related to 
the fact that the reduced number of small springs, while at the same time recently established 
water policies had not yet influenced Potshini. The total level of 2009 is slightly higher than 
two decades before, which can be attributed to the provision of water tanks. Taking 
population growth into account (5D) shows that policies were not able to outweigh this driver, 
but they slowed down the drastic decrease in availability per person.  

- Quantity used 

The overall quantity of water used in Potshini Community has been mainly influenced by 
population growth. On a household level, the majority of the interviewed farmers state that 
the amount of water used for households stayed constant, with an average of 6x20l buckets 
per household per day. All interviewees stated that increase in water supply as given e.g. by 
the water tanks, did not result in increased demand for their household consumption. Excess 
water was mostly lost or, more recently, spent on irrigation. As water availability varies a lot 
within but also between years, the sources and therefore the distance to fetch the water 
changed. 

Commercial farms 

- Sources 

The farm, which is situated adjacent to Potshini Community, gets its water for household use 
only from boreholes, which were built roughly 50 years ago. Despite being situated 
downstream of the community, shortages in groundwater have not been observed, which is 
why there neither has been a change in the kind of sources used for household use, nor a 
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change in the quantity of water provided has been observed. The farm on the downstream end 
of the Catchment derives its water from a concrete well, which was built when the farm was 
bought in 2002, and has since then provided the household with constant supply. 

- Quantity provided and used 

Both farms utilize their water through piping it into a tank and transferring it to the household 
through pressure pumps. Both do not experience shortages in water provision so far, 
observations on the quantity provided and used for household demands have therefore not 
been necessary. Relative changes in the last two decades are considered minor. They are only 
related to consumption patterns dependent on the number of people living in the household. 

Summary of Results 

To allow for assessing the relative changes in the gap between commercial and smallholder 
farmers, Figure 6 compares their service development in relation to the overarching goal of 
household provision as stated by the Water Services Act.  What can be seen from this figure is 
that the commercial farmers have always utilized enough water to fulfill policy goals. 
Provisioning services at the smallholder farm are lower, with a further decrease during the 
first decade and policies that improved the situation in 2009 to its initial level. 

 
*including boreholes, springs and water tanks** potential available as derived from an assessment by uThukela 
Water 
Figure 6: Gap between provision of water for household (hh) use between commercial (CF) and 
smallholder farmers (SF)  

As the continuous gap shows, population growth puts increasing pressure on existing 
infrastructure to provide smallholder farmers with the water aimed for by policies. Boreholes 
which were built for average 20-30 households are overused and the number of springs have 
decreased, which led to an even bigger gap in the beginning of the last decade as compared to 
1990. However, the assessment of water resources themselves seems to show that capacity for 
provision of basic services exists, a fact which is further supported by the perception of the 
commercial farmers that water supply for household use is reliable and abundant. Hence, even 
though long term consequences would need to be assessed, enabling infrastructure- like water 
tanks-is expected to radically decrease the gap between the two stakeholder groups and seems 
to be the key towards realizing policy goals. 
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Water for Irrigation 

Potshini Community 

- Sources 

During the two decades assessed, farmers in Potshini Community have been solely depending 
on rainwater for irrigation. As stated above, rainwater harvesting techniques have been 
limited to small storages, which in turn led to limited active utilization of water for irrigation. 
With the exception of one individual farmer, efforts to channel water from the stream and 
store it in a dam have not been made. This dam was first diverting water from Lindequespruit, 
but due to heavy rainfall this construction broke down and a dam in close proximity was dug 
instead. Its low lying location however limits its use to farms and vegetable gardens in close 
proximity, which is why rainwater continues to be the main source of water for irrigation. 
With the building of water tanks for the most impoverished farmers in 2009, the water storage 
capacity and supply for utilization for irrigation increased rapidly (see Figure 7), which led to 
changes in demand, as will be described below. 

- Quantity provided 

Building on interview information in regards to the size of water storage facilities and the 
analysis of aerial pictures over time, Figure 7a shows the development of irrigation capacity 
in the community. 

  

Figure 7 : Estimated irrigation capacity in m³. Calculations for the smallholder farmers are based on on-
ground measurements of the small dam as well as the availability provided by 120 water tanks with each 5m. 
The commercial farmers’ irrigation capacity is a sum of the capacity of the three major dams. 

- Quantity used 

Apart from cropped fields, irrigation takes place in the vegetable gardens, which were 
increasingly cultivated during the last decade. In the 1990´s and beginning of 2000´s, water 
was channeled along the fields but hardly actively stored. With the exemption of small ditches 
that provided additional water to a very low extent, yields for maize and soy beans, which are 
the main crops grown in the past two decades, have been dependent on rainfall patterns (and 
the introduction of new management practices). Rainwater harvesting tanks in 2009 improved 
the situation rapidly, and made active management towards long-term storage possible. Three 
tanks which each a capacity of 5.000l were given to 40 households. According to 
interviewees, they were filled up after five days of heavy rainfall. They estimated that roughly 
1.500l is used for irrigating a vegetable garden of around 100m² once. The amount of 
irrigation events, however, depends on temperature, crops grown, but also individual farming 
techniques, which average in case of adequate water availability in one irrigation event per 
week. 
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Commercial farms 

- Sources 

Crops are constantly irrigated in winter and partly in summer. The water is taken from dams, 
which all have been constructed prior to 1990. There are two major dams on the farm closer 
to Potshini Community and one on that further downstream that ensure supply. The quantity 
of the latter has not changed since its construction, as the dams´ capacity is higher than the 
demand, whereas the two other dams have increased in their capacity in order secure 
continued irrigation. Minor dams on both farms are used to irrigate vegetable gardens. 
Rainwater is sufficient to provide water during most of the summer, which in turn allows for 
dams to fill up again between December and February.  

- Quantity provided 

Irrigation capacity of the commercial farmers’ dams was derived from interview data, and 
was confirmed by official documents about the lawful approval of the dams. The capacity 
only increased during the last decade, when two of the dams were upgraded (see Figure 7b). 
The major dams of the farmer adjacent to the smallholders have a storage capacity of 950.000 
m³ (originally 600.000) and the one on the other farm stores up to 1.000.000 m³  

- Quantity used 

Both farms adjust the kinds of crops they plant only according to the market price; hence, the 
choice of crops does not depend on the availability of water for irrigation. This implies that 
the quantity of water used is determined by the crops raised each season and that it mostly 
shows high seasonal and interannual variability. Winter wheat, which is regularly grown, 
demands two irrigation events per week, whereas summer crops need only supplementary 
irrigation whenever dry-spells occur. 

Summary of Results 

 
* Estimates for land under irrigation are calculated from the average field size and assuming that the proportion 
of farmers within the total inhabitants of the community stayed constant during the past two decades.  
Figure 8 Gap in the provision of water (in m³) for irrigation use between commercial (CF) and 
smallholder (SF) farmers.  
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Commercial farmers account for more than 50% of the South Africa´s total water use (Francis 
2005). Considering that hydraulic infrastructure before 1994 was solely built for them, a 
significant gap size during Apartheid was expected (Figure 8). Even today, infrastructure for 
smallholder farmers to increase the storage of blue water has not been built. Changes in 
absolute numbers between 1990 and 2009 result from rainwater harvesting and private 
initiatives and seem therefore minor compared to the existing water storage capacity in the 
commercial dams. Further, the improvement of this WES was patchy. Only few smallholder 
farms located around the dam and the 40 households with water tanks improved their situation 
considerably by increasing water and food security.  

Water Regulation 

Water regulation is a function not determined by the water itself, but by factors like slope 
gradient and land use which have an impact on the way water flows through the landscape. 
However, it is the annual and interannual as well as spatial rainfall variability in the case 
study area (Figure 9) and the resulting challenges for farming, which make this WES an 
important factor to consider for improving well-being. 

  

Figure 9 Annual (A) and average interannual (B) rainfall variability. The green line indicates the average 
annual rainfall for the area as measured by the Bergville weather station. The red line shows the average monthly 
rainfall at the smallholder farms and the blue line was measured at the commercial farm. Adapted from de 
Winnaar (2009). 

Topographically, the Potshini Area is dominated by gentle slopes, where agriculture mainly 
takes place, surrounded by steep slopes, which are used as grazing land (Figure 10). The 
elevation of Potshini ranges from 1219m-1483m (Kongo and Jewitt 2006). 
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Figure 10 Slopes in the Potshini Area. The photo shows the area found most susceptive to change in water 
regulation capacity, which lies on the western outskirts of the case study area, as illustrated on the map (for a 
detailed explanation of this map, see Appendix 6) 

Potshini Community 

Considering the variables used to calculate the water regulation capacity of an area, it is the 
increase in households and their increasing demands on the land, which has consequences for 
changes in the regulating service (see Appendix 6). Housing area increased equally spread 
over the whole area. On the western outskirts the least capacity for water regulation as well as 
the most susceptible one to change is found, as this area contains steep slopes while still 
accommodating an increasing number of households. Further, increasing wealth during the 
past two decades resulted in a high amount of cattle, as those have high cultural value and are 
therefore considered valuable investments. These factors together caused a slight decrease in 
regulation capacity. However, those changes have been noticed only by few of the 
interviewed farmers. 

Commercial farms 

Apart from small wetlands, which are situated in the midst of the plain area of one of the 
commercial farms, it is the steepness of the slope which defines arable versus non-arable land. 
150ha and 500ha respectively are land not used for cropping, which is situated to the north of 
the Potshini Area. Cattle on the farm adjacent to Potshini Community have increased 
continuously during the last decade. However, it was the flat area between the fields or close 
to the street which has been converted into grazing land, which resulted in a much lesser 
change in water regulation as compared to Potshini Community. Apart from the high amount 
of flat land, it is the occurrence of small forest patches which further increases the regulating 
function, which especially benefits the area on the foot of the mentioned northern areas.  

Summary 

Figure 11 compares the development of the relation between high, medium and low flow 
regulation capacities between the two areas. Sizes reflect the sum of units as calculated 
according to Appendix 6.  
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Figure 11 Gap in water regulation capacity between commercial (CF) and smallholder (SF) farmers. High 
flow regulation capacity is found in plain areas with good land cover, medium capacity in hilly terrain with good 
land cover or plain areas with poor land cover and low capacity in hilly areas with poor land cover. Details on 
calculation can be found in Appendix 6. 

Minor changes that occurred in both areas have not been directly related by interviewees to 
water policies. The fact that almost no inequalities in the distribution of capacities between 
commercial and smallholder farmers are shown, leads to the suggestion that this WES-policy 
link is either too weak to be captured within the limited frame of this study, or that policy 
makers do not target this function at all. Equal levels in 1990 indicate that the capacity is also 
not impacted by population growth, which would support the suggestion that this service 
response behavior is not grasped by this assessment approach. However, interviewees 
attribute the slight decrease in regulation capacity in the smallholder area to a higher number 
of cattle, which in turn was mainly related to increased economic wealth. Despite being 
currently static, I argue therefore that water regulation capacity might be valuable to consider 
for policy makers on a broader temporal scale and in interaction with other drivers than water 
policy.  

Scenic Beauty 

Potshini Community area 

The community valuation shows a clear distinction between different types of water within its 
area. The quantity of water available by dams or streams, hence, its functionality for the 
agricultural purpose is what mainly determines the perception of beauty or dislike of a feature 
for the smallholder farmers. This is revealed by two factors, which both show the strong 
association between water and agriculture. First, water is perceived as either beautiful and 
nourishing or inadequate and harming, but never as neutral. Second, features like green as 
opposed to brown grass was pointed out by all community participants and linked to the 
availability of water in this area (see Appendix 4 for a list of mentioned features) 

Commercial farmers were more feature-oriented in their valuation, meaning that they valued 
one type of a feature in the same way regardless of its extent and quality. For example, 
whereas smallholder farmers pointed out the low water flow of the Edwaleni stream as 
negatively affecting scenic beauty, commercial farmers valued it as enriching and beautiful 
landscape feature.  

According to Potshini Community, the decrease in the quantity of small springs in the fields 
during the mid 1990´s had a negative impact on scenic beauty, because the area started 
looking drier. However, small water-filled ditches that increased during the same time were 
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mentioned positively and balanced the overall number of aesthetically appreciated features. 
The building of the dam had further positive impact on the landscape, which is why a slight 
increase in scenic beauty assets is observed during the last decade. Other changes related to 
water, like tanks or research-related infrastructure were not valued as having an impact on 
scenic beauty. 

Commercial farming area 

Perceptions on the commercial farmers´ dam are clearly related to its positive impact on the 
agricultural landscape around it. The quantity of water (associated with high yields) and the 
healthy-looking vegetation around the dam is what was mentioned by all interviewed 
smallholders. 

The commercial farmers´ valuation has been much more detailed on commercial land as 
compared to Potshini Community and has named water or lack thereof as crucial component. 
Water was seen as a valuable feature to increase diversity within the often-called featureless 
landscape. Lack thereof on non-irrigated areas around fields or along ways has been valued 
negatively. Agricultural fields themselves have not been viewed as especially beautiful or 
ugly, which is why the relation between dam and green fields has not been mentioned at all. 

Summary of results 

Figure 12 indicates that even though the visually significant difference in the landscape was 
one of the components influencing the choice of Potshini as a case study, the perceived value 
of water for scenic beauty does not differ between the two areas. Further, this service reveals 
the only development in favor of Potshini Community, as the water features perceived as 
beautiful slightly increase, whereas they stay constant in the commercial area. 

 
Figure 12 Gap in appreciated features between commercial (CF) and smallholder (SF) farmer. The 
numbers indicate the amount of appreciated water features in relation to the total amount of appreciated features. 

However, keeping the subjectivity of this value in mind, it has to be emphasized that water 
has been perceived in various ways and valued in different levels of detail by commercial and 
smallholder farmers. The approach to assessing scenic beauty has been experimental and 
requires to be refined towards a more standardized and comparable methodology. 
Nevertheless, even though the quantity of appreciated features might be questionable, their 
relative development, and hereby especially the changes in visual appearance of water bodies, 
was reliably assessed. 
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DISCUSSION 

Comparing trends in development between the four WES 

Figure 13 compares the trends in development between the four WES in order to provide a 
basis for the discussion of the two hypotheses posed at the beginning of this paper. 

 

Figure 13 Comparison of the development of the gap between commercial and smallholder farmers. The 
total gap results from equally summing up the development of all WES. 

Hypothesis 1: WES were and still are shaped by Apartheid policies. The gap between commercial and 
smallholder farmers has been reduced but not as much as policies aimed for. 

The table above shows clearly that the distribution of provisioning services was, and still is, 
skewed along racial lines. The gaps between commercial and smallholder farmers were 
shaped by severe and strict intrusion of policies that strongly influenced how the inhabitants 
interacted with the landscape around them. As the Apartheid systems´ rules were and still are 
deeply rooted in everyday life of South Africans, simply abolishing them does not lead to 
change in WES towards changed well-being. This can be observed in the lack of positive 
changes from 1990 to 2000, where water policies to actively change the situation have not yet 
been effective on local level. During the last decade, efforts of reconciliation and just 
discrimination, e.g. the supply of rainwater harvesting infrastructure, improved the utilization 
of WES in absolute terms, but drivers like population growth exceeded or at least slowed 
down those efforts and hindered a development towards more distributional equality. Thus, 
even in absolute terms of availability per person rather than in relation to the commercial 
farmer, outcomes have not yet improved the situation for the black population as stated in 
policy goals. 
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Figure 14 Illustration of the relation between WES development and influences of policies. 

Hypothesis 2: Provisioning WES respond directly to policies, whereas cultural and regulating WES 
are not affected by them. 

The fact that provisioning services have been directly addressed by policies, and therefore 
showed the most drastic change during the assessed period is not surprising. Water flow 
regulation and water for scenic beauty have changed as well, but to a rather low extent. These 
changes can be either related to being indirectly influenced by other services (e.g. increased 
water storage capacity by the newly created dam in the smallholder area is positively 
influencing scenic beauty), being influenced by the same non-policy drivers (e.g. increased 
residential area and higher amount of cattle results in less water regulation capacity) or other 
drivers not further investigated by this study (e.g. land use policies). 

Overall, the second hypothesis cannot be definitely verified or falsified. Whereas the response 
of provisioning services to policies is clearly shown, the drivers of the minimal change 
observed in regulating and cultural services are rather uncertain. Moreover, WES seem to be 
more susceptive to influence by population growth than policies. It would therefore require an 
analysis of interactions of these drivers to clarify the strength of those responses that are 
solely relatable to policy outcomes (see Appendix 2). 

Reflections on methodology 

This study took an innovative approach on assessing the relation between policy outcomes 
and the multiple functions of water in South Africa. The framing and partly experimental 
methodologies reveal chances for future policy makers and researchers, but they also leave 
space for adaptations of approaching the ESS-policy interface and its assessment. 

Methodologically, WES have been assessed using tools with different degrees of 
establishment. Especially the assessment of scenic beauty would require further trials with 
adjustments (e.g. duration and height of video, relation between feature distance and 
valuation) to increase reliability of the quantitative data. Water flow regulation has been 
assessed in a way feasible for the length of this research project, which resulted in 
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simplifications in comparison to methods applied by e.g. Guo et al. (2000). Sound 
hydrological models are expected to increase the level of spatial and temporal detail.  

Up-scaling the Potshini case 

The selection of the Potshini Area as a typical and comprehensive case has implications for 
the possibilities to apply results of this paper to other cases. It was the specific historical-
political context, which motivated the choice of the Fisher et al. 2009 definition of ESS. Its 
focus on the utilization of the resource is what seems to be a key component when analyzing 
the policy-WES interface in an area where the stakeholders´ well-being is clearly shaped by 
their resource use. Water scarcity in Potshini appears to be socially constructed, as the 
supplied water for household uses in the smallholder area is scarce, even though the potential 
availability is sufficient to meet the WSA goal of 25l and commercial farmers do not 
experience any shortages.  

I argue that this curtailing of the study towards the Potshini Area increases its practical 
relevance for policy makers, because distributional inequity as opposed to actual resource 
scarcity needs to be addressed by policy makers. To regions that share the key aspects of 
Potshini, namely 1.) water as a central issue, 2.) high dependency of stakeholders on ESS and 
3.) inequality resulting from recent history, the following implications for policy makers can 
be generalized. 

Implications for policy making 

Results show that policy-induced improvement in provisioning services has been outweighed 
by other drivers like population growth and future efforts require consideration of complex 
driver- resource interactions if distributional equality is to be reached.  

When looking at total change, it can be seen that there have only been few initiatives, which 
resulted in rapid change in water availability for a privileged number of inhabitants (e.g. those 
living close to the dam or in a household with water tanks). This does not correspond with 
existing policy goals that want to achieve the objective of ´some for all rather than all for 
some´ (RSA 1997), hence aim for minimum water availability for every person. Additionally 
to assessments, which are able to reflect differences in water service levels within a 
community, I argue that spatially exclusive policy actions, which seem to benefit only a small 
proportion of smallholder farmers, need to be complemented by larger-scale or less spatially 
distinct measures. One way of decreasing inequality resulting from the location of the 
resource, would be to shift focus from blue to green water use as suggested by Falkenmark 
and Rockström (2004) 

The anthropocentric perspective of ecosystem services and their contribution to human well-
being are features, which make the concept approachable and relevant for policy makers. 
Nevertheless, in the South African context, where the distribution of resources and their use 
has been uneven over decades, it has to be questioned to which extent efforts of to evenly 
redistribute natural assets would really improve human well-being. 

So far, policy outcomes that aimed for equal distribution of resources decreased the WES gap 
only through improving the situation of smallholder farmers without interfering with the 
commercial farmers´ way of living. However, as water resources are limited, it can be 
assumed that at a certain point further increase of the smallholder farmers´ well-being requires 
a redistribution of the commercial farmers´ resources. At that point, I argue that policy makers 
need to be aware of how much increased equality in the distribution of WES really 
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corresponds with increased well-being. Due to factors like technological advantages or 
knowledge on farming techniques, it can for example not be assumed that white and black 
farmers would be able to gain the same benefits from the same amount of WES. Even though 
equal distribution of WES would probably significantly increase the living standard of black 
smallholder farmers, the consequences for the white farmers’ individual well-being and on a 
broader scale probably also for their contribution to the nation’s food production, might be 
negative. 

The baseline of equality 

What form of equality is it also, that South African policies should aim for?  

Table 4 Forms of equality considered for the South African context (adapted from Graham and Hoffman 

(2004) 

Form Description 

Moral equality People should be treated equally because there is no 
reason to believe in natural inequality 

Material equality e.g. equal distribution of income, education and health 
care, can be expressed in equal access and equal 
opportunity 

Equal access It requires that positions which confer advantages on their 
holders should be open to all, and that the criteria for 
award of those positions are qualifications.   

Equality of opportunity Opportunities for acquiring favorable positions are 
equalized 

Equality of outcome Outcomes consistent with other political principles 
should be as far equal as possible. Proxy for equality of 
opportunity 

The gap in the distribution of provisioning WES shows that even 15 years after the first 
democratic elections, structures underlying Apartheid are still present and hamper the 
development of the South African society towards any of the forms of equality described in 
Table 4. Moral inequality is still present in the mind frames of black and white South 
Africans, hence influences their negotiations over water rights (Francis 2005) and 
consequently results in continuous unequal access to water resources (Grey and Sadoff 2006), 
which is shown by the fact that no water rights have been redistributed in the case study area 
despite the unequal per person availability.  

Current policies seem to focus on creating equal opportunities for the black population to 
utilize water resources more effectively. For provisioning services this is captured by this 
paper as the gap illustrates the differences in the values of water made available for farmers 
rather than its natural capacity. Considering that current trajectories indicate a slow 
improvement in the availability of provisioning WES, I argue that equality of opportunity is 
the most appropriate farm to target. In contrast to the above discussed distributional equality, 
increasing equality of opportunity is less restricted by the legacies of Apartheid. It focuses on 
creating capacities and opportunities to improve the individual well-being out of existing 
WES rather than redistributing them in a way that is compromised by predefined power 
asymmetries. Reflecting on the multiple functions water has, and on the differing values black 
and white farmers respectively assign to them (e.g. the aesthetic perception of the Edwaleni), 
creating choices (i.e. equalizing opportunities) for both stakeholder groups to utilize existing 
WES according to their valuation seems an important step towards the other forms of 
(desirable) equality.  
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Conclusion 

Using an ESS approach to evaluate policy outcomes reveals promising opportunities. It allows 
for grasping the complexity and multiple functions of a resource, while at the same time 
emphasizing its relevance for human well-being. Valuing the benefits humans derive from 
nature to provide information for policy makers has increasingly been acknowledged. This 
study shows that it is crucial to extend this information flow into a loop, i.e. identifying how 
ESS respond to policies in order to make synergies and trade-offs between ESS visible and to 
assess the trajectories that ESS take in response to policy-induced influences. 

For the case study of the Potshini Area, the gap in provisioning services shows that policy 
efforts to overcome the legacies of Apartheid have not yet been effective. 15 years after the 
first democratic elections, water resources and their functions are still utilized along racial 
lines. It has to be questioned whether equality really is a guiding principle for South African 
water policies or whether it is mainly used as a statement to dissociate from Apartheid 
policies. For future policy making, capacity building towards more equal opportunities is 
promoted by this paper to be the guiding form of equality; it provides the most promising 
chances to diminish the legacies of Apartheid in the short term, while at the same time 
allowing stakeholders to assign a value to the resource base for this opportunity, which 
reflects the specific benefit they derive from it.  

Acknowledgements 

This paper would not have been possible without the commitment and encouraging feedback from my 
supervisors Line Gordon and Rebecka Henriksson; the critical discussions and pleasant working hours 
with my fellow students at Stockholm University; the wonderful interviews, talks and discussions I 
had during my field work in South Africa; and most of all, the constant love and support from my 
family and friends. Thank you, Tack, Danke!  



30 
 

Literature cited:  

Bernard, H. R. 2000. Social research methods: qualitative and quantitative approaches. Sage 
Publications, Thousand Oaks, California. 

 
Bishop, I. D. and D. W. Hulse. 1994. Prediction of scenic beauty using mapped data and geographic 

information systems. Landscape and Urban Planning 30:59-70. 
 
Bos, M. G., D. H. Murray-Rust, D. J. Merrey, H. G. Johnson, and W. B. Snellen. 1994. 

Methodologies for assessing performance of irrigation and drainage management. Irrigation 
and Drainage Systems 7:231-261. 

 
Brauman, K. A., G. C. Daily, T. K. Duarte, and H. A. Mooney. 2007. The nature and value of 

ecosystem services: an overview highlighting hydrologic services. Annual Review of 
Environment and Resources 32:67-98. 

 
Chenoweth, R. E. and P. H. Gobster. 1990. The nature and ecology of aesthetic experiences in the 

landscape. Landscape Journal 9(1):1-8. 
 
Chikozho, C. 2005. Policy and institutional dimensions of small-holder farmer innovations in the 

Thukela River Basin of South Africa and the Pangani River Basin of Tanzania: a comparative 
perspective. Physics and Chemistry of the Earth 30(11-16):913-924. 

 
Cohen, G. A. 2008. Rescuing justice and equality. Harvard University Press, Cambridge, 

Massachusetts, USA. 
 
Corral-Verdugo, V., M. Frías-Armenta, V. Orduña-Cabrera, and N. Espinoza-Gallego. 2002. 

Residential water consumption, motivation for conserving water and the continuing tragedy of 
the commons. Environmental Management 30(4):527-535. 

 
Costanza, R., R. D´arge, R. S. De Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S. 

Naeem, R. V. O´Neill, J. Paruelo, R. G. Raskin, P. Sutton, and M. Van den Belt. 1997. 
The value of the world´s ecosystem services and natural capital. Nature 387:253-260. 

 
Daily, G. C. 1997. Nature's services : societal dependence on natural ecosystems. Island Press, 

Washington, D.C., USA. 
 
Davies, B. and J. Day. 1998. Vanishing waters. UCT Press, Cape Town, South Africa. 
 
de Groot, R. S., M. A. Wilson, and R. M. J. Boumans. 2002. A typology for the classification, 

description and valuation of ecosystem functions, goods and services. Ecological Economics 
41:393-408. 

 
de Winnaar, G. 2009. Tools to assess the ecohydrological impacts of water system innovations. 

Master Thesis. University of KwaZulu-Natal, Pietermaritzburg, South Africa. 
 
DWAF. 2004. Water Services Development Plan. Ladysmith, South Africa. 
 
DWAF. 2007. Programme guidelines for intensive family food production and rainwater harvesting., 

Pretoria, South Africa. 
 
Egoh, B., B. Reyers, M. Rouget, D. M. Richardson, D. C. Le Maitre, and A. S. van Jaarsveldd. 

2008. Mapping ecosystem services for planning and management. Agriculture, Ecosystems 
and Environment 127:135-140. 



31 
 

Falkenmark, M. 2003. Freshwater as shared between society and ecosystems: from divided 
approaches to integrated challenges. Philosophical Transactions of the Royal Society 
358:2037-2049. 

Falkenmark, M. and C. Folke. 2002. The ethics of socio-ecohydrological catchment management: 
towards hydrosolidarity. Hydrology and Earth System Sciences 6(1):9. 

Falkenmark, M. and J. Rockström. 2004. Balancing water for humans and nature : the new 
approach in ecohydrology. Earthscan, Sterling, Virginia, USA. 

Farvolden, R. N. 1963. Geologic controls on ground-water storage and base flow. Journal of 
Hydrology 1:219-249. 

Field, H. L. and J. B. Solie. 2007. Irrigation. Pages 253-265 Introduction to agricultural engineering 
technology: a problem solving approach. Springer, New York, New York, USA. 

Fisher, B., R. K. Turner, and P. Morling. 2009. Defining and classifying ecosystem services for 
decision making Ecological Economics 68(3):643-653. 

Francis, R. 2005. Water justice in South Africa: Natural resources policy at the intersection of human 
rights, economics, and political power. Georgetown International Environmental Law Review 
149:149-196. 

Grey, D. and W. C. Sadoff. 2007. Sink or swim? Water security for growth and development. Water 
Policy 9:545-571. 

Guo, Z., X. Xiao, and D. Li. 2000. An assessment of ecosystem services: water flow regulation and 
hydroelectric power production. Ecological Applications 10(3):925-936. 

Hoffman, J. and P. Graham. 2004. Equality. Pages 58-79 in J. Hoffman and P. Graham, editors. 
Introduction to Political Theory. Pearson, London, UK. 

Kongo, V. M. and G. Jewitt. 2006. Preliminary investigation of catchment hydrology in response to 
agricultural water use innovations: A case study of the Potshini catchment–South Africa. 
Physics and Chemistry of the Earth 31:976-987. 

Kosgei, J. R., G. Jewitt, V. M. Kongo, and S. A. Lorentz. 2007. The influence of tillage on field 
scale water fluxes and maize yields in semi-arid environments: a case study of Potshini 
catchment, South Africa. Physics and Chemistry of the Earth 32:1117-1126. 

Lara, A., C. Little, R. Urrutia, J. McPhee, C. Álvarez-Garretón, C. Oyarzún, D. Sotoo, P. 
Donoso, L. Nahuelhual, M. Pino, and I. Arismendi. 2009. Assessment of ecosystem 
services as an opportunity for the conservation and management of native forests in Chile. 
Forest Ecology and Management 258:415-424. 

Loik, M. E., D. D. Breshears, W. K. Lauenroth, and J. Belnap. 2004. A multi-scale perspective of 
water pulses in dryland ecosystems: climatology and ecohydrology of the western USA. 
Oecologia 141:269-281. 

Millennium Ecosystem Assessment (MA) 2003. Assessment: Ecosystems 
and Human Well-being: A framework for assessment. Island Press, Washington. 
Millennium Ecosystem Assessment (MA) 2005. Ecosystems and Human Well-Being:Synthesis 

Report.Island Press, Washington. 
McCusker, B. and M. Ramudzuli. 2007. Apartheid spatial engineering and land use change in 

Mankweng, South Africa: 1963-2001. Geographical Journal 173(1):56-74. 
Meinzen-Dick, S. R. and L. Nkonya. 2007. Understanding legal pluralism in water and land rights: 

lessons from Africa and Asia. . Pages 12-27 in B. Van Koppen, M. Giordano, and J. 
Butterworth, editors. Community-based water law and water resources management reform in 
developing countries. CAB international, Oxfordshire,UK. 

Mikkelson, G. M., A. Gonzalez, and G. D. Peterson. 2007. Economic inequality predicts 
biodiversity loss. Public Library of Science One 2(5):e444. 

Mohan, G. and J. Holland. 2001. Human rights and development in Africa: moral intrusion or 
empowering opportunity? Review of African Political Economy 28(88):177-196. 

Mukheibir, P. 2008. Water resources management strategies for adaptation to climate-induced 
impacts in South Africa. Water Resource Management 22:1259-1276. 

Nelson, E., G. Mendoza, J. Regetz, S. Polasky, H. Tallis, D. R. Cameron, K. M. A. Chan, G. C. 
Daily, J. Goldstein, P. M. Kareiva, E. Lonsdorf, R. Naidoo, T. H. Ricketts, and M. R. 



32 
 

Shaw. 2009. Modeling multiple ecosystem services, biodiversity conservation, commodity 
production, and tradeoffs at landscape scales. Ecological Economics 7(1):4-11. 

Perret, S. R. 2002. Water policies and smalllholding irrigation schemes in South Africa: a history and 
new institutional challenges. Water Policy 4(3):283-301. 

Pickles, J. and D. Weiner. 2006. Rural and regional restructuring of Apartheid: ideology, 
development policy and the competition for  space. Antipode 23(1):2-32. 

Reddy, R. 2002. Water Security and Management: Lessons from South Africa. Economic and 
Political Weekly 37(28):2878-2881. 

Republic of South Africa (RSA). 1996. Constitution of the Republic of South Africa No. 108 of 1996 
Pretoria, South Africa.  

Republic of South Africa (RSA). 1997. Water Services Act. Government Gazette, Cape Town, South 
Africa. 

Republic of South Africa (RSA). 1998. National Water Act. Cape Town, South Africa. 
Republic of South Africa (RSA). 2001. Free Basic Water Implementation Strategy. Cape Town, 

South Africa. 
Ruhl, J. B. 2008. Farms and ecosystem services. Choices 23(2):32-36. 
Schulze, R. 1979. Hydrology and water resources of the Drakensberg. Natal Town and Regional 

Planning Pietermaritzburg, South Africa. 
Shrader-Frechette, K. S. 2002. Environmental justice: creating equality, reclaiming democracy. 

Oxford University Press, New York, New York, USA. 
Sturdy, J. D., G. Jewitt, and S. A. Lorentz. 2008. Building an understanding of water use innovation 

adoption processes through farmer-driven experimentation. Physics and Chemistry of the 
Earth 33(8-13):859-872. 

Thompson, G. F. 2007. Global inequality, the ´great divergence´and supranational regionalization. 
Pages 176-203 in D. Held and A. Kaya, editors. Global inequality: patterns and explanations. 
Polity Press, Malden, Massachusetts, USA. 

White, M. D. and E. F. Marsh. 2006. Content analysis: a flexible methodology. Library Trends 
55(1):22-45. 

Yin, R. K. 2003. Case study research: design and methods. Third edition edition. Sage Thousand 
Oaks, California, USA. 

 
 

  



33 
 

Appendix 1 Equality &Valuation 

The fact that equality is stated as one of the major principles of the Constitution seems to be a 
promising aim considering that it was the dual, unequal treatment of black and white people 
which shaped their well-being during the past century. 

However, the concept of equality is fairly broad. It includes different forms of equality and 
can be theoretically and practically approached in various ways, each of which with different 
implications for directing policies. In the South African context it has therefore to be asked 
what the goal of equality really implies, other than a statement to condemn the previous 
Apartheid regime. When is the baseline of equality, i.e. what is it those policies are targeting? 
When can something be said to have an equal value? ESS used to evaluate policy outcomes 
towards equality have to be assessed in a way that is able to capture the baseline (or distance 
from it). Hence, this Appendix aims to introduce forms of equality as well as ways to value 
ESS that fit the South African context. 

As already briefly mentioned in the Discussion, equality can be expressed and evaluated in 
several forms.  

- Formal equality means that like cases are treated alike. This principle can be seen as 
dormal, since it does not tell anything about how dissimilar people should be treated. 
Closely linked to that is equality before the law 

- Moral equality as the rejection of natural hierarchy or natural inequality is a form 
highly discussed in the South African context (Mohan and Holland 2001). Considering 
that it claims for equal consideration of all people, it can justify so-called fair 
discrimination, a form of inequality that seems necessary to achieve other forms of 
equality in the long-term. 

- Equal liberty seems to be a very contested principle from a policy perspective: Pure 
liberty- i.e. no duties that limit our behavior, which in turn would reflect natural 
inequalities- is challenged by protected liberty- i.e. the state creating a “protected 
area”, within which people can act without being interfered by other people’s action. 
The latter implies that liberty is a matter of how rights are distributed; hence the trade-
off between equality and liberty becomes visible. 

- Material equality includes e.g. the equal distribution of income, education and health 
care. 

- Equal access, which means that barriers to acquire material goods are removed, is 
enhancing material equality, as it implies e.g. civil and political rights. 

- Equality of opportunity goes further than just removing barriers, it actively intervenes 
with personal lives, as it takes influence e.g. on the prospects of children through 
educational interventions. 

- Equality of outcome, if not viewed from an egalitarian perspective, does not mean the 
eradication of individual preferences but to ensure outcomes that are consistent with 
other political principles while being as far equal as possible. It can further be a proxy 
for equality of opportunity. 

- Affirmative action is a term especially valid for South Africa, as it seeks to reverse 
outcomes of discrimination. (Hoffman and Graham 2009). 

The theoretical approaches to these forms of equality are diverse, and range from welfarist 
theories (e.g. utilitarian approaches) to the resourcist approach (Cohen 2008). The main 
arguments these theorists debate on is the distinction of equality as opposed to other concepts 
(e.g. Where does one draw the line between equality and sameness? How does individual 
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choice counteract the development towards a baseline?) and the theoretical meaning of 
equality (as e.g. approached through different constellations in bargaining theory). Taking a 
step further, out of the hypothetical systems created by bargaining theory, consistencies with 
practical realities like the neoliberal market have been highly disputed.  For example, 
theoretical thoughts on how much advantaged groups need to be “downgraded” and 
disadvantaged  ones “upgraded” in order to reach equality of opportunity need  to be 
practically evaluated against the consequences these thoughts would have on the 
competitiveness of a market (for a comprehensive discussion on the different positions, see 
Cohen 2008).  

The meaning of equality for South Africa 

The relevance of the thoughts raised above for South African policy making is apparent: In a 
nation, where the dual system of Apartheid segregated black and white people for decades, 
the questions on what kind of equality is aimed for and how (water) policies should interfere 
with the lives of the black and white population are crucial. 

Equal access is said to be the overarching principle guiding policy making, and considering 
the legacies of Apartheid (RSA 1996), the removal of barriers implies a number of issues 
decision-makers have to target, namely equal access to water resources, water services and 
benefits from water resource use (Perret 2002). However, this principle has been criticized as 
being unlikely to be achieved in the decentralized water management structure South Africa 
applies:  Responsibilities to achieve equal access are posed on local municipalities, which-
especially in poverty-stricken areas like the case study region- lack human and financial 
resources to adequately address water problems. 

Equal distribution has been another form mentioned in the Constitution (RSA 1996) and can 
be seen as part of material equality. Criticism here applies to the fact that in the late 1990´s, 
South African policies have shifted their developmental focus from socially equitable 
redistribution to neo-liberal policies. This is contradictory, as opening up the market to private 
competitor’s leads to increased privatizations, reduced public spending and hence, these 
policies are rarely beneficial for poor people distribution policies are targeted at. Francis 
(2005) formulates it harshly by saying the economic apartheid has replaced legal apartheid 
and affects exactly the same people in exactly the same way. From a liberal perspective, 
redistribution is only justifiable to the extent that it does not hamper social structures to 
provide for innovation and progress. Attempts to foster equal opportunities in the market, 
which would at least to a certain degree be required to justify South Africa´s path, are doomed 
to failure. According to Friedrich Hayek, trying to force social structures on the free market, 
i.e. raise the opportunities of the black population to a degree where it can compete with the 
white one, is impossible. The spontaneity of the market´s social structure cannot be crafted by 
human minds. In regards to water policies for an agricultural area, this point is especially 
relevant when considering distribution of the resource in order to compete in the markets food 
production: Redistributing the available water towards the black population might reduce the 
white farmers´ food production in a way that cannot be compensated by increased production 
by black farmers (Chikozho 2005). 

Moral equality is mentioned in policies in a way more related to the formal way of policy 
making. Rejecting Apartheid-made hierarchies is enforced by law as South African 
citizenship is now entitling to have the same rights, privileges and benefits as well as duties 
and responsibilities (RSA 1996). However, the term moral has to be discussed in informal 
ways, too and might be conflicting with the goals of equal distribution: Supporting (only) 
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black farmers to utilize water automatically puts them in a position morally inferior to white 
farmers (Hoffman and Graham 2004).  

Conclusions Part 1 

The broadness of the concept and the reluctance by theorists as well as policy-makers in 
South Africa to concretely define it, poses challenges on the attempts to evaluate ESS against 
equality. Contradictions and difficulties of South African policies show that there is not one 
kind of optimal equality that they aim for. Rather, the point is that attempts to achieve 
equality along one metric (e.g. equal access to water) can result in inequality along another 
metric (e.g. moral equality as rejecting natural hierarchies). Further, equality shall not be 
understood as related only to material and mathematical considerations. Its fundamental 
linkage to human well-being is what makes it a valuable principle for the new democratic era 
in South Africa (Thompson 2007). For this paper, distributional equality seems to be most 
accurate baseline, which ESS can be valued against. As opposed to the other two forms 
mentioned above, the distribution of natural assets is what was expected to show the highest 
development between 1990 and 2009. Further, it was assumed that the most concrete and 
therefore linkable policy outcomes are targeted at distributional equality. However, 
implications of (the gap in) distributional equality are also discussed in terms of implications 
for the other forms mentioned above. 

Valuation 

In order to allow for a valuation of ESS against (distributional) equality, the term value and 
the ways it can be approached have to be clarified.  

Box A1.1: Glossary of ESS values 

 
A variety of approaches to valuation of ES have been developed over the past years, which 
one the one hand complicates comparability between ES studies. On the other hand, it allows 
for choosing the ones with the best fit for the specific case. 

Defined from a biocentric worldview, seeing values as “the contribution of something to a 
condition or state of the system” (Costanza 2000: 7), implies that structures and functions of a 
(natural) system have value, independent of human perceptions or preferences to them 
(Costanza 2000) 

However, the here applied definition of ESS (Fisher et al. 2009) is targeted towards human 
well-being, which demands for a more goal-oriented valuation approach (Costanza 2000). In 
the case of South Africa, the more specific goal of distribution equity requires quantitative 
and qualitative valuation of a range of natural assets to highlight the challenge of achieving 
policies which successfully address their allocation. Hence, in this case the purpose of ES 
values is to give signals to policy makers to inform on the ways human influence natural 
systems (Costanza and Farber 2002). In order to map the development of WES values in the 

Values: The contribution of an action or object to user-specific goals, objectives, or conditions. 

Value systems: Norms and precepts that guide human judgment and action 

Valuation: the process of expressing a value for a particular good or service in a certain context (eg of 

decision making) usually in terms of something that can be counted, often money, but also through 

methods and measures from other disciplines (e.g. sociology, ecology) (MA 2003) 
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specific setting of the Potshini Catchment, types of values and their applicability have to be 
analyzed. 

Ecological, social and economic values 

Ecological values are determined by the “integrity of the Regulation and Habitat Function of 
the ecosystem and by ecosystem parameters such as complexity, diversity, and rarity” (de 
Groot et al. 2000).The natural systems are further important for non-material welfare, 
fostering education, culture, and identity. Additionally to ecological values, social ones have 
therefore a significant contribution to an environment, which is physically and mentally 
healthy for humans (de Groot et al. 2002: 403). Finally, economic values have increasingly 
gained importance, as especially monetary quantifications are seen as a way of making the 
importance of environmental goods graspable for businesses and policy makers (Costanza et 
al. 1997). Some services are directly tradable on the market (most of the provisioning services 
but also e.g. recreation). Others have an indirect market value, which can be expressed in 
Willingness to Pay/Compensate for loss or availability of ES. Alternative non-market 
approaches include contingent or group values, where stakeholders either individually or 
through open debates put values on current or possible future ES (de Groot et al. 2002). 

In order to ensure comparability between the ESS while at the same time making this value 
applicable for policy makers, monetary values have been the most common choice. 

They have, however, been proven difficult and not purposeful for this case study for a variety 
of reasons: 

- The assessment and analysis of multiple ecosystem services requires comparability 
between their values. Absolute/monetary valuation would cause problems as e.g. 
scenic beauty and water regulation are far less accounted for in the market as water 
provisioning services. Methods for their assessment are also differently developed, so 
that a monetary comparison would probably give an uneven picture 

- Economic values, which are put on services by a group, would also give biased results. 
Due to the economic disparity between commercial and smallholder farmers in this 
area, valuation in South African Rand would not reflect the importance stakeholders 
assign the ES: Valuing one liter of drinking water with 5 ZAR might show its high 
appreciation by smallholder farmers, while it could signal a low value for commercial 
farmers.  

- The question “values for whom?” poses also restrictions to the applicability of 
economic valuation. A spring close to a smallholders´ farm increases its value due to 
higher irrigation potential, while a farmer on the other end of the catchment cannot 
benefit from it. As the assessment part of this study is conducted on a rather small 
scale, mean economic values would produce unnecessary inaccuracies of the results.  

Conclusions Part 2 

ESS will therefore be valued relative to each other, i.e. their development will be mapped in 
units that compare smallholder farmers to commercial farmers as well as the 1990 distribution 
to 2000 and 2009. The social value of an ESS (e.g. having a water source within 200m 
contributes to increased well-being) is what is corresponding to policy goals. Looking at 
underlying ecological values (e.g. the water regulation capacity) is what gives the assessment 
potential to look beyond the 20 years assessment period and make statements about ESS 
development trajectories and their relation to policy goals in the long term. 
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Appendix 2 ESS and Policy Outcomes 

The increasing use of the concept of Ecosystem Services in various disciplines exemplifies its 
applicability and relevance. The multitude of definitions available has the advantage of 
allowing researchers to curtail the use of the concept to the best fit of the addressed research 
question. However, when generalizing studies, one has to be aware of the various definitions 
and their respective disciplinary backgrounds. As this paper was approached using a not so 
widely used utilization-based definition, additional more prominent ones are presented in 
Table A2.1 in order to allow for comparability between their characteristics and those 
emphasized on in this paper. 

Table A2. 1 Prominent definitions of ESS 

Definition Discipline Reference 

Ecosystem Services are the conditions and processes through which 

natural ecosystems, and the species that make them up, sustain and fulfill 

human life. They maintain biodiversity and the production of ecosystem 

goods, such as seafood, forage timber, biomass fuels, natural fiber, and 

many pharmaceuticals, industrial products, and their precursors 

Ecology  

focus on natural 

ecosystems, 

(Daily 1997) 

Ecosystem goods (such as food) and services (such as waste assimilation) 

represent the benefits human populations derive, directly or indirectly, 

from ecosystem functions 

Environmental 

economics  

(Costanza et al.) 

Ecosystem functions are the capacity of natural processes and components 

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

indirectly. These functions, in turn, provide the goods and services that are 

valued by humans 

Ecology, 

ecological 

economics 

(de Groot et al. 

2002) 

Ecosystem services are the benefits people obtain from ecosystems. These 

include provisioning, regulating, and cultural services that directly affect 

people and supporting services needed to maintain the other services 

Ecology, 

interdisciplinary 

(MA 2005) 

Identifying policies that have an impact on ESS requires information on how change in ESS 
can be triggered, i.e. what drivers of ESS exist and how policy measures fit into that context. 
Further, even though this study is focusing merely on policies, the complexity of interactions 
between drivers and ESS has to be acknowledged. Providing basic information on 
interdependency and scale dependency of drivers as well as positioning this policy-paper into 
the ESS-driver context is the aim of this Appendix. 

Drivers and Scales 

The Millennium Ecosystem Assessment (MA 2005) distinguishes drivers in regards to their 
way and direction of influencing ESS. Direct drivers, such as changes in land cover, influence 
ecosystem processes straightforward, whereas indirect ones, such as technology development, 
operate either through changing direct drivers or from a distance. From a decision-making 
perspective, endogenous forces can be influenced, whereas exogenous cannot. However, this 
categorization is highly scale dependent, meaning that for example exogenous drivers on 
small scales can become endogenous on broader scales.  
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The MA approach distinguishes decisions made at different organizational levels, i.e. local, 
regional and global level, as well as the different motivations behind decision making- i.e. 
private and public interest.  
It is important to notice that the level of decision making hardly corresponds to the spatial 
scale at which influences are made, which means that decision making units are different to 
impacted ecosystems. Emerging properties, that is values apparent only at a specific scale as 
for example taboo forests, have to be considered as well when defining spatial scales. 
Temporal mismatches also occur, as responses occur at different speeds and with different 
delays, smaller scales usually changing faster. Fast change can also be related to predictability 
and variability, the prior generally lower and the latter higher at the more heterogeneous local 
levels.  
All these factors lead to the conclusion that when framing an ESS assessment is a crucial 
issue to appropriately grasp driving forces as well responses. In order to go a step further and 
be able to identify points of intervention and to decide on policy strategies, analyzing changes 
with a multi-scale approach is required.  
The MA points out major drivers of ecosystem changes like demographic drivers (e.g. 
population growth), economic drivers (e.g. equality of ownership of resources) and 
sociopolitical drivers (i.e. factors that lie between economy and culture and affect decision-
making).  
It is crucial to point out that those drivers are not static. On the one hand they are influenced 
by ecosystem services and their responses towards them, and on the other hand drivers 
themselves interact. 
In order to analyze changes in ESS, the following ways of driving have to be considered: 

- Dominance of one driver over another can be temporal 
- Change is not induced linear, drivers are interconnected and contain more than one 

variable 
- Several independent influences can take place at the same time 
- Drivers can synergize and mutually enhance each other. 

Implications for this study 

Analyzing the changes in ESS as response to policy outcomes requires to make connections 
between the “where, how and who” of decision making regarding ESS use and their actual 
utilization. The MA emphasizes that local case studies, as described in this paper, require 
consideration of larger scales, meaning that even if ESS are accessed locally, explanations 
cannot be made without considering decisions and actions taken on higher scales. This might 
seem obvious, but the choice of scales, especially in regards to policy responses, is in itself 
not politically neutral; the selection itself might privilege certain decision-makers as defining 
scales limits the focus on what kind of problems are addressed as well as their explanatory 
mechanisms. In this paper, problems are as defined by smallholder and commercial farmers 
on the catchment level, and explanations are assumed to be found by policies. This can be 
seen as a rather reductionist approach, not taking into account the above mentioned 
interconnections between drivers and ESS. However, policy outcomes are used in this paper 
as a term to grasp multiple factors influencing ESS change. For example, improving the 
livelihoods of the black population through providing safe drinking water requires technical 
infrastructure, which is economically feasible and takes demographics into account. 
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Appendix 3 Interview Guidelines 

Introduction Part 1: 

- my affiliation 
- purpose of research project will be told later 
- seven videos will be shown one by one, questions will be asked after each video, 

there is no right/wrong, just tell whatever comes to your mind, you can see videos 
as often as you want 

Video Questions 

a. Which features (iR to landscape) of the video did you like/appealed to you/did you 
find beautiful? 

b. Why did you like those parts? 
c. Which parts of the video did you dislike? 
d. Why did you dislike those parts?  
e. Do you know where this video was taken? 
f. If so, how (if at all) did that particular scenery and the features you mentioned change? 
g. Why do you think it changed? 
h. After all videos: Comparing all videos, which are the three that you liked best (rank 

them) and the one you found the least appealing? Why? 

Introduction part 2:  

-  purpose of the research project 
- time and structure of the interview 
- anonymity  

General Questions for smallholder farmers: 

1. Birth Date, Place of Birth (if not Potshini: When did you move to this community?) 
2. Did you always live in this household? 
3. How many members live in your household now, compared to 20 years ago/ how did 

that develop? 
4. What is your role in this household? (responsibilities in regards to water: household? 

Farming? Or are you working? (if latter: knock-out criterion, in case work means no 
time spent for the first two occupations)  

In regards to farming 

5. Do you grow crops? If so, name 
6. Do you pursue gardening?   
7. Since when are you a farmer/ have a garden? 
8. How much of your households´ daily demand can you produce with that? 
9.  
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Part 2: Water for household use/irrigation and water regulation 

In regards to (natural) water availability 

10. How would you characterize the rainfall patterns over the past 20 years (did rainfall 
get stronger/weaker; how often does it rain; how reliable is rain/can you predict it, 
does rain get more harmful/helpful- if so, define which kind of rain/ what time of the 
year) 

11. Which kind of water sources do you have in the catchment? How did they change in 
regards to the amount of water they have, the variety within a year? Do you have 
different sources now compared to 20 years ago? (if so, what do you think happened?) 

12. Which one is the closest natural source you have for your household? Was it always 
the same? 

In regards to water regulation 

13. Can you describe how your soil reacts to light/heavy rainfall? Do you experience 
problems with erosion on your land? How did that change over the past 20 years? 

14. If you characterize your homestead/the area you use for your household: How did that 
change (iR to households built over the 2 decades, amount of agricultural/gardening 
land, cattle grazing, bare soil, slopes) 

15. Why do you think it changed? 

In regards to water for household use 

16. What do you use water for in your household?  (+changes) 
17. Where do you get your water from (+changes)? Is this source reliable (within/between 

years?) 
18. How much water do you use every day? (How often do you go and fetch water, size of 

your bucket?)+ change (per person!, why?) 
19. What are the limits to your use? (e.g. availability of the source, time/distance,..) 
20. Where did changes in sources come from? Who came and changed something and 

who do you think stood behind that action? Why did they say they brought those 
changes? When was that? 

In regards to water for irrigation 

21. Do you irrigate your land? If so 
22. What do you irrigate (e.g. crops, gardens?) Since when? 
23. When and how often do you irrigate (i.r. to amount, time of the year/crop, number of 

irrigation events?) What influences that?(e.g. rain, knowledge/training, other sources, 
crops grown) 

24. What water do you use for irrigation?  

In regards to (policy) changes 

25. What overall factors influenced changes going on in Potshini 
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26. Which projects/programs in regards to water take/took place? By whom? 
27. Do you perceive that politics have an influence on your way of living/your water use? 

Concluding 

Are there questions you would like to ask me or any other comments?  

Can I get back to you for follow-up questions?  

Thank you 

 

Questions for decision makers 

Introduction (to research project, project area, affiliation etc.) 

General information: 

Name, details on position interviewee holds; affiliation 

In regards to Potshini: 

How is/was your contact with the case study area? With smallholder and/or commercial 
farmers? How often? Regular or project based? 

Which project/policy programmes are you involved in? Details on the project 

What is your role in this projects/who is implementing? What are they targeting at? Where do 
they originate from (which level, what triggered them) 

How do you perceive the situation in Potshini (in regards to e.g. resource distribution?) 

What is the challenges decision makers face in regards to areas like Potshini? 

Concluding (questions, comments, further contact) 
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Appendix 4 Scenic Beauty 

The method for assessing the influence of water on scenic beauty was adapted from Bishop 
and Hulse (1994), who demonstrated the effects potential (management) changes would have 
on the visual quality of a landscape. Their choice of using videos instead of pictures to 
overcome static valuation methods has been considered appropriate for this study as a fixed 
view direction would not allow for accurately reflecting the heterogeneity of the case study 
area. In this paper 360º panorama videos, each lasting 30 seconds, were made on seven 
different spots. Three of them were located in Potshini Community, one including the 
Edwaleni river, another one the small dam and the third one a scenery without surface water. 
One including the 500.000m³ dam was made on the adjacent commercial farm. For reference 
purposes (to assess how much valuation depends on familiarity with the scenery) another 
video without water was made on a commercial farm close to the Catchment. Further, two 
spots in non-agricultural landscapes were chosen to see the differences between pristine and 
managed sceneries. However, data analysis focused on the value of water for scenic beauty in 
the case study area. 

 

Figure A4. 1 Location of the video points within the uThukela District. The two southern points are situated 
in Nature Reserves, the ones in the middle are located in the Potshini Catchment and the one north one at a 
commercial farm. 

There were several criteria for choosing the geographical spots and the time that videos were 
made:  

1. The view in all directions had to be approximately the same, i.e. videos were not taken 
close to e.g. hills, mountains or forests. This criterion is the reason behind that video 
of a commercial farm without surface water was not made. 

2. Good weather conditions and daylight 
3. “Neutral” places were chosen in order to prevent personal associations and feelings 

with that place. Concretely, this means that filming households of interviewees was 
avoided. 
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In a pilot study, videos were also taken in different distances to water to see the influence of 
distance on the valuation. The assumption was that close proximity to the water source would 
increase its value and would therefore need to be balanced across videos. However, this 
assumption turned out wrong as the positive impact of a water close-up was balanced by the 
negative impact of water quality and low water flow.  

The following pictures contain snapshots of the five agricultural used places in order to give 
an impression of the scenery. All videos have been taken with the same camera on 4th 
November 2009 at a height of 1,60m above ground. 

 
Smallholder Farm without surface water 

 
Smallholder Farm with river 

 
Smallholder Farm with dam 

 

 
Commercial Farm with dam 

 
Commercial Farm without surface water 

Figure A4. 2 Snapshots of the video scenes 

As stated in the Methods section, the video assessment was made both with smallholder and 
commercial farmers. A reference group was also interviewed. However, their results directly 
corresponded to their background, hence, people from smallholder areas valued the same way 



44 
 

as Potshini Community, whereas the others corresponded to the commercial farmers. In order 
to avoid the focus on water, and herewith an over-valuation, the video survey was conducted 
prior to the other interview parts, and without prior information on the research topic. 
Questions for this part of the assessment are found in Appendix 3. 

For data analysis, features influencing scenic beauty have been counted for every video and 
both stakeholder groups, as well as how often they were mentioned by the respective farming 
group. Spatially distinct features have been mapped in ArcGIS, according to the time period 
they existed in, by relating them to aerial pictures and previously created land cover maps 
(Appendix 6). Rankings, divided by stakeholder group, were established by simply adding up 
the valuation of the questions found in Appendix 3. 

Additional Results: 

Listed Features 

The tables below show the features mentioned as either positively or negatively impacting the 
beauty of scenery, as mentioned by Potshini community and/or the commercial farmers. 

Table A4. 1 Features of the video of the smallholder area with river 

Feature Potshini Community Commercial Farmers 

positive   

Trees X  

Craig  X 

Stunning,  interesting,  

attractive, feels nice  

 X 

Beautiful countryside  X 

River 

 

X X 

negative 

 

  

Not enough water X  

Dry trees X  

Dry grass  X  

Mountains just have stones X  

Water is not good enough X  

Too dry as a whole/desertification X X 

No green grass at all X  

Unstable Road  X 

Erosion  X 
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Table A4. 2 Features of the video of the smallholder area with dam 

Feature Potshini Community Commercial Farmers 

positive   

Green grass X  

Everything good/whole scene X X 

Trees  X  

Water  X 

Lot of green  X 

negative   

Dam too small for land around X  

Dry/brown grass X X 

Cows   X 

   

 

Table A4. 3 Features of the video of the smallholder area without surface water 

Feature Potshini Community Commercial Farmers 

positive   

General good condition X  

Green grass X  

Fences X  

Eating Cow X  

Nice African Scene  X 

Lovely spot  X 

negative   

Stones/rocks X  

Too dry X  

Not neat enough- 

People could take better care  

X  

Cow eating dry grass X  

   

Table A4. 4 Features of the video of the commercial farm with dam 

Feature Potshini Community Commercial Farmers 

positive   

Dam X X 

Trees X  

Green grass  X  

Nothing bad X  

Healthy plants X  

Mountains in the back  X 

negative   

Bleak at some points  X 

Nothing characteristic  X 
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Rankings: 

Rankings of the videos have been divided in rankings made by the commercial farmers and 
those made by people from Potshini community 

Table A4. 5 Ranking of the videos by commercial farmers 

Video Total Rank  Detailed ranking Justification/Explanation 

Nature reserve without water 1. 1. 4x Very inviting, pure nature 

more attractive than 

agricultural landscape 

Potshini with river 2. 2. 3x 

3. 1x 

Lots of different features in 

scenery, combination of them 

makes it very attractive 

Nature reserve with river 3. 2. 1x 

3. 2x 

Not valued: 1x 

Beautiful spot with water 

(why not 1. : others have more 

features/diversity, more 

intense colors)  

Commercial farm without 

water/ Potshini with dam 

Most disliked 7. 2x/2x 

 

No significant results, 

interviewees very reluctant to 

rate. Potshini video: very 

brown and dry, commercial 

farm: uncharacteristic, not 

special 

 

Table A4. 6Ranking of the videos by smallholder farmers 

Video Total Rank  Detailed ranking Justification/Explanation 

Commercial farm with dam 1. 1. 8x 

2. 2x 

Optimal landscape (to live in)-

provides everything,  diverse, 

perfectly taken care of 

Nature reserve and 

commercial farm without 

water 

2. NR: 1. 1x, 2. 4x, 3. 3x  

CF: 1. 1x, 2. 3x, 3. 5x 

NR: stunningly green, CF: 

absolutely nothing bad about 

scene 

Nature reserve with river 3. 2. 1x, 3. 2x Abundance of water, green 

and healthy 

Potshini with river  7. 7x Every feature negative: grass 

dry, water low, mountains 

rocky 
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Appendix 5: Coding Scheme 

As this paper combines quantitative and qualitative content analysis, two coding schemes 
have been developed to organize the collected material and increase the reliability as well as 
transparency of the presented results (White and Marsh 2006).  

First, a quantitative scheme has been developed in accordance with the interview questions 
focusing on the assessment part of this thesis. It allowed crosschecking data in regards to e.g. 
water sources and their quantity, in order to test them for their coherence information of other 
interviewees and to reveal statements that require clarifications. 

Second, to be able to accurately and thoroughly analyze qualitative data in regards to changes, 
a scheme covering issues that reoccurred during the interviews was developed. Considering 
that the interview process is influenced by the situational context the interviewee and 
interviewer create, coding qualitative data is a necessary step to increase transparency and 
allow for discussion of the results.  

Changes were first categorized, and then related to their drivers (which were divided 
according to the main MA categories, Appendix 2) and, in case policy was an identified 
driver, categorized according to policy documents. 
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Figure A5. 1 Quantitative coding scheme. The themes to the left build up on the questions in Appendix 3 and 
were linked to the WES to the right. Scenic beauty is not included in the WES here, as this part of the analysis is 
described in Appendix 4. 

 

Figure A5. 2Qualitative coding scheme. Indicators represent the factors of change that were identified by 
interviewees. These are then linked to change categories and further to underlying drivers. Red drivers have not 
been further analyzed in this paper, whereas socio-political ones were related to their implementing/inducing 
bodies and further to policy documents. 
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Appendix 6 Spatial mapping 

Purpose of a spatial mapping process 

As stated in the Introduction, spatially explicit data is required in order for decision-makers to 
make use of the potential of Ecosystem Services for human well-being (Nelson et al. 2009). 
Creating maps of ESS with the help of geographic information systems, allows to “show the 
location, size, pattern, condition, and ecological, economic, or cultural values and 
characteristics of land and water areas.” (MA 2003: 189). The integration of natural as well as 
human-shaped aspects of landscape features into the mapping process allows for analyzing 
data in a way which increases its applicability to decision makers (Heal 2000). 

General information 

Maps were created using ArcGIS version 9.3.1 (©ESRI 2009). Various land uses were 
digitized from aerial photographs (the latest taken in 2008) that were obtained from the 
Department of Natural Resource of the University of KwaZulu Natal. Polygon feature classes 
representing the different land use categories included: Agricultural/crop land, grazing land, 
forest, not-arable land, dams and housing area. Polylines include roads and streams and point 
feature classes contained households, other buildings, trees, boreholes and water tanks. 
Digitizing was done on-screen with ArcMap 9.3.1 after the field work was completed. 
However, accuracy is ensured through extensive field walks in October 2009, where GPS 
coordinates of small-size features (e.g. water tanks) were recorded and transferred to 
MapSource version 6.13.7 (©Garmin 2008). Each feature was attributed with a time-
perspective, meaning that its existence and changes in its shape were dated according to 
interview information and official and scientific documents.  

Water for Household Use 

Based on the digitized water sources (i.e. boreholes, water tanks and streams), the first step 
towards the calculation of water available for household use, was to create so-called Buffers 
with the help of the ArcTool Box. Related to the policy goals of having supplies within 200m, 
500m and 1000m of each boreholes respectively and 200m of any kind of source, these 
created radiuses allowed to capture the percentage of households lying within them at any 
given date. The results of definition queries to show households within those distances in 
1990, 2000 and 2009 were then exported to databases, which were used to calculate values as 
shown in Figure 5. 

Further, Near Tables were created, which linked households to the closest possible water 
infrastructure (i.e. boreholes for the 1990 and 2000 analysis and boreholes and water tanks for 
2009). The resulting attribute tables were again exported into an Excel database, where 
maximum, minimum and average distances were calculated for the respective time periods. 

The potential liters provided per day were assessed by drawing on data from the uThukela 
District Municipality, which assessed the available amount of water per day from boreholes 
and streams. The data was added to those feature classes and the total available amount was 
calculated through summing up all available water sources at a given point of time (1990, 
2000 and 2009). For 2009, the amount provided by water tanks was added, which was 
calculated through relating rainfall data to the volume of the tank and calculating a daily 
average. The potential liters per household per day were then calculated by relating those 
results to the growth in households over the last two decades. 
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Water for Irrigation 

As stated above, all (blue) water resources including dams were mapped as feature classes. 
Increases in dams and the building of new dams were mapped through adding a temporal 
scale to the attribute table. The estimated irrigation capacity of the commercial farmer is 
based on interview data, whereas the dams´ capacity of the smallholder farmer is based on 
interview data and on-ground measurement with the help of a GPS. For 2009, estimates for 
water tanks were calculated as above.  

 

Figure A6. 1 Water for household use and irrigation. This figure shows households in relation to their closest 
protected water source (i.e. springs, boreholes and water tanks). Green households show those that have a source 
within 500m, whereas red ones indicate households outside this distance. 

Water flow regulation 

Due to time constraints, water flow regulation capacity was not assessed in absolute terms. 
Instead units, which consisted of land use, vegetation cover/soil and slope were calculated.  

Using a 90m digital elevation model obtained from the Department of Natural Resources, 
University of KwaZulu Natal, slope gradients were calculated using the “slope” function in 
ArcTool Box, which were then classified into three different categories (<4%, 4-12% and 
>12%) as suggested by de Winnaar et al. 2007. 

Through overlaying the different components for the three time periods, units were created, 
which were then categorized into high, medium, and low water flow regulation capacity, as 
previously described in Figure 11. The areas of those three categories were then calculated 
using the Calculate Area function. 



51 
 

 

 

Figure A6. 2 Water regulation capacity. These maps show the development of water regulation capacity as 
well as slopes and land cover change: areas in red have a low capacity, whereas yellow areas show medium 
capacity.  

Water for Scenic Beauty 

The points, from which the videos were made, were digitized by transferring their 
coordinates, which were tagged on ground, from the GPS to ArcGIS. A 1 km Buffer was 
created around them, as this was the average sighting distance estimated from the videos. 

Features named in the video survey were digitized by relating them to the aerial photographs 
and their characteristics were added to the attribute table. Those features were categorized 
according to their shape and their perception, so that feature classes for positively as well as 
negatively perceived polygons, polylines, and points were created. 

Finally, the temporal perspective was added through interview data (see Appendix 3) and 
attribute tables were categorized according to location, video, type of feature (water or no 
water) and year. 

Maps of features in the Potshini Catchment 

The maps below show the location of spatially distinct liked (green) as well as disliked (red) 
features (see Appendix 4 for their description). The circles give an impression on the average 
view radius. The yellow area represents agricultural fields, grey indicates non-arable land 
(with dots inside it demarcates households), green-spotted is grazing area and blue lines 
symbolize surface water. 
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Smallholder farm with dam 

 

Smallholder farm without surface water 

 

Smallholder farm with river 

 

Commercial farm with dam 

Figure A6. 3 Location of the liked (green) and disliked (red) features of the four analyzed videos. Their 
qualitative description can be found in Appendix 4. 
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