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ABSTRACT. There is a growing interest in assessing ecosystem services to improve ecosystem management in landscapes
containing amix of different ecosystems. While methodol ogiesfor assessing ecosystem services are constantly improving, only
little attention has been given to the identification of which ecosystem services to assess. Service selection is mostly based on
current state of the landscape although many landscapes are both inherently complex and rapidly changing. In this study we
examine whether scenario development, a tool for dealing with uncertainties and complexities of the future, gives important
insights into the selection of ecosystem services in changing landscapes. Using an agricultural landscape in South Africa we
compared different sets of services selected for an assessment by four different groups: stakeholders making the scenarios,
experts who have read the scenarios, experts who had not read the scenarios, and services derived from literature. We found
significant differences among the services selected by different groups, especially between the literature services and the other
groups. Cultural serviceswereleast common in literature and that list was also most dissimilar in terms of identity, ranking, and
numbers of services compared to the other three groups. The services selected by experts and the scenario stakeholders were
relatively similar indicating that knowledge of a study area gained through the scenario exercise is not very different from that
of experts actively working in the area. Although our results show limited value in using scenario development for improved
ecosystem service selection per se, the scenario development process triggers important discussions with local and regional
stakeholders about key issues of today, helping to more correctly assess changes in the future.
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INTRODUCTION

There is a growing interest in assessing how complex
landscapes generate multiple ecosystem servicesasabasisfor
improved ecosystem and land management (Bennett et al.
2009, Parrott and Meyer 2012). While many earlier ecosystem
service assessments focus either on a single service in a
specific place (Kihn et a. 2006, van Wilgen and De Lange
2011) or on the services generated from a specific ecosystem
(Tottrup 2004) or biome (Smit et a. 2008), current research
often addresses multiple services studies in rea landscapes,
containing a mix of social-ecological systems (Reyers et al.
2009, Raudsepp-Hearne et al. 2010, Lavorel et al. 2011). The
methodological progress in ecosystem service anaysis is
developing rapidly (Carpenter et a. 2009, de Groot et al.
2010), but there has been little discussion of how to select the
specific services to analyze in an assessment, despite the
potential impact the service sel ection has on the outcome and
application of the assessment.

Identifying relevant ecosystem services to assess is a
fundamental step (Seppelt et al. 2012), but there is no
standardized way of doing this. Inthe caseswhentheselection
of relevant services is discussed, it is based on one, or a
combination of some, of the following approaches. (1)
literature reviews (Anderson et al. 2009), (2) dataavailability

(Raudsepp-Hearne et a. 2010, Rogers et a. 2010, Wendland
et al. 2010), (3) case-specific needs, issues, and trends (Fisher
et al. 2011), (4) loca and national policy goals (Wendland et
a. 2010, Fisher et al. 2011), (5) representation of ecosystem
services categories (Posthumus et al. 2010, Raudsepp-Hearne
et al. 2010), and (6) integrated knowledge of stakeholders
(Reyersetal. 2009, O'Farrell et al. 2010, Willaartset al. 2012).

M ost assessmentsfocus on ecosystem servicesthat are known
to beof currentimportance, unlessthe study specifically deals
with the outcomes and trade-offs of a specific change process,
such as the development of hydropower (Wang et al. 2010),
or a water purification plant (Kane and Erickson 2007).
However, ecosystem services generated from real landscapes
constantly change as aresult of complex interactions among
several biophysical and socia factors. Assessments that do
not consider temporal dynamics could hence soon become
outdated, if social-ecological dynamics are not taken into
account. Oneway to account for complex and dynamic social-
ecological changes is by using scenario planning, a tool for
dealing with the uncertainties and complexities of the future
(Bennett and Zurek 2006, Kok et al. 2007). Scenario planning
hasbeen used toimprove ecosystem management, from global
(Alcamo et al. 2005, Millennium Assessment 2005) to local
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scales (Peterson et a. 2003a, Bohensky et al. 2006, Nelson et
al. 2009, Goldstein et al. 2012). By including awide range of
stakeholders, scenario planning can al so capture case-specific
needs and integrate a variety of perspectives (Reed et a.
2009).

The main objective of this study is to develop a set of
qualitativescenariosinthe Upper Thukelaregionin KwaZulu-
Natal, South Africa, where a future extended ecosystem
services assessment is planned. South Africais arguably one
of the world's most dynamic and changing countries, being a
relatively new democracy, with large inequalities in wesalth
and land ownership, as well as environmental and climatic
challenges. The second objective is to analyze if scenario
planning is a useful way of identifying relevant ecosystem
services a the initial phase of an ecosystem services
assessment. Together with local and regional stakeholders, we
develop three scenarios for the future of the region. We use
these scenarios to identify relevant ecosystem services for a
regional future ecosystem service assessment. The services
we identified are compared with an analysis of the services
found in the literature on ecosystem service assessments in
agricultural landscapes in Southern Africa, and with a
selection of services that was carried out by experts not
participating in the workshop.

We specifically address the following questions: (1) do
scenario exercises envision a different set of ecosystem
servicesto beincluded in ecosystem servicesassessmentsthan
the most common services found in literature? and (2) is
scenario building a useful tool for capturing ecosystem
services that are relevant to investigate in changing
landscapes? We aso discuss the potential usefulness, in
general, of including scenario planning at an early stagein an
ecosystem services assessment.

SCENARIO PLANNING

Scenario planning is a tool that can be used by various
stakeholdersfor improving ecosystem management intheface
of future uncertainties and complexities (Bennett and Zurek
2006, Kok et a. 2007). It can be useful for the management
of complex social-ecological systems, sincethey integrate the
effects that development can have on ecosystems and those
that ecosystem change can have on development (Cumming
etal. 2005). Atalocal level, they can highlight challenges and
enhance opportunities for communities and regions to make
decisionsthat consider changesin ecosystem servicesandtheir
implications on human well-being (Wollenberg et al. 2000b,
Carpenter et al. 2006). It has been suggested that scenario
development should be included as a core part of
environmental assessments (Whitfield and Reed 2012), and it
is often part of frameworks that analyze social-ecological
systems long-term ability to provide ecosystem services
(Walker et a. 2002).
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Scenario planning as a tool emerged from military strategy
and war planning and has been developed and used across a
range of sectors, predominantly in business planning
(Wollenberg et a. 2000a, van der Heijden 2005). Sciences of
various disciplines use scenarios for different purposes,
including trend analyses, forecasts, modeling and sensitivity
analyses (Tress and Tress 2003). The approaches to develop
scenarios vary greatly and range from strictly quantitative,
using mathematical modeling and statistical forecasting, to
qualitative, based on intuitive logic and creativity (Biggs et
al. 2007). Scenarios that are presented as a set of different
qualitative storylines can be used for exploring outcomes of
alternative future developments, all of which are plausible
(Bennett et al. 2003). These exploratory story lines are
developed to be consistent and plausible narratives about the
futurethat can capturecurrent and futuredynamics, integrating
both social and ecological aspects, including management
choices and their implications for development trajectories
(Peterson et al. 2003b, Bennett and Zurek 2006, Kok et al.
2007, Rounsevell and Metzger 2010). They specifically focus
on the analysis of the uncertainties and drivers of change
(Wollenberg et a. 2000a). An analysis of their implications
has the potential to capture complex relationships that are
otherwise difficult to assess (Bohensky et a. 2006). Despite
the complexity, the story lines strive to be comprehensive for
scientistsof variousdisciplines, aswell asfor decision makers
and lay people (Enfors et al. 2008). Stakeholder participation
in developing story lines varies from being expert driven
(Bohensky et al. 2006, Nelson et al. 2009), to being driven
mainly by local “grassroot” levels (Enfors et al. 2008).

DEVELOPING SCENARIOSTHROUGH SCENARIO
PLANNING IN THE UPPER THUKELA

Case study description

To test if scenario planning could be a useful tool to identify
important ecosystem services in changing landscapes, we use
the Upper Thukelaregion in South Africa, whichislocatedin
the Drakensberg mountain range near the border of Lesotho
(Figure 1). The region covers approximately 3000 km? and
consists of 13 quaternary catchments (the fourth-order water
resource management unit in South Africa (Department of
Water Affairs 2011)) in the upper part of the Thukela River
catchment. The mean annual precipitation rangesfrom around
550 mm/year in the lower valley regions to 2000 mm/year in
parts of the Drakensberg Mountains, with an altitude of 3000
m above sea level (Lynch 2004). Approximately 150,000
people live in the region, with an average of 5.2 people per
household (estimated from Statistics South Africa2009). The
region has two small towns or commercial centers, Bergville
and Winterton, although the majority of the population lives
inrural settings. The region hostslarge-scale commercial and
smallholder farming, as well as a World Heritage site and
associated nature reserves adjacent to each other. The
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Fig. 1. The case study areain Upper Thukela, KwaZulu-Natal (eastern South Africa). The three major land user
groups: @) smallholder subsistence farms, b) large-scale commercial farms and c) the Ukhahlamba Drakensberg
Park are marked with arrows on the land cover map (derived from Landsat images from CSIR 2000) and
visualized with photos, illustrating the large differences between landscapes with smallholder farmers and
commercial farmers. Photos 1 and 2 were taken by R. Malinga (2009), and Photo 3 was obtained from Google

maps (2009).
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landscape hence provides adiversity of land usesand cultural
identities. Landholdings by commercial farms are around
200-2000 ha, with sizes of crop fields around 25-200 ha
(Figure 1). Smallholder agricultural lands are much more
heterogenic, with homesteads and fields mixed in a mosaic
landscape. Here, crop fields are 0.5-3 ha, and households,
including 5-15 members, seldom have total landholdings
larger than 5 ha. The landscape is dominated by grasslands
that are either conservation areas (17% of the total area), or

managed for commercial or communal grazing (57% of the
total areq) (Figure 1). Cropland isthe second largest land use,
and maizeisthe main crop produced among both commercial
and smallholder farmers. Commercial croplands are
dominated by large fields and dams. The dams are used for
irrigation, which providesan opportunity for double cropping.
The smallholder crop fields are rainfed, while vegetable
gardens are watered by small-scale rainwater harvesting
solutions. Tourism isimportant for the regional economy and
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the rural countryside, although most tourists mainly visit the
nature reserves and national parks.

The Upper Thukela region, like many other places in South
Africa, shows the legacy of the historical distribution of land
during apartheid. Whitefarmerstook or weregivenlarge parts
of the land, while the African people were given only small
tracts of land for subsistence agriculture. Although someland
has been transferred back to Africans, land ownership is still
largely unequal. Therearestructural, biophysical, cultural, and
historical constraints to development in the area and many
people are trapped in poverty, with low production of their
lands (Francis 2006). There are two distinctly different types
of farming cultures located next to one another, with similar
biophysical preconditions. Thedifferent farming practicesand
methods have evolved in paralel over several decades. The
previously oppressed black majority is still, to alarge extent,
underprivileged and although the new democratic constitution
and legidlation are striving for equality, the process is very
slow (Thornton 2009).

Participatory Scenario Planning Approach
Theobjective of the scenario planning exercisewasto develop
a set of alternative scenarios of social-ecological changesin
the region, from which ecosystem services, that are prone to
change, can be identified. We used a participatory scenario
planning method, modified from Bennett and Zurek (2006)
and Enfors et al. (2008), in which stakeholders are actively
involved in developing the scenarios. The scenarios are
developed as story lines of how the area changes until 2030
(i.e., over the next 20 years, from the time when the scenarios
were developed). When we devel oped the scenarios, we also
chose to focus on the general social and biophysical changes
in the region and their effect on land use, rather than detailed
changes in ecosystem services. This was done for three main
reasons. First, it canrequiresignificant timeto sensitizepeople
about the concept of ecosystem servicesto asatisfying degree
(Cowling et al. 2008). The majority of the participating
stakeholders had not worked specifically with ecosystem
services before. Secondly, this made the scenarios more
broadly useful for other change processesin the organizations
the stakeholders represented (e.g., local governmental
organizations, NGOs and local municipalities). Finaly,
scenario development is alengthy activity making it difficult
to demand more time from participants.

The scenario development process consisted of four steps
(Figure 2): initial interviews with local users (Figure 2, step
1), a workshop with stakeholders defining the main
characteristics of the scenarios (Figure 2, step 2), drafting the
scenarios (Figure 2, step 3), and then testing them with the
local usersand with internal, aswell as external, stakeholders
(Figure 2, step 4) in order to refine them.

First, semi-structured interviews were conducted with
individualsor small groups (two to four participants) from the
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three categories of local stakeholders, i.e, small-scale
subsistence farmers, large-scale commercial farmers, and
representatives from nature reserves (Figure 2, step 1). We
defined local users as people who work at alocal scale and
who have a broad knowledge of local conditions and
prerequisites. The participants were identified by local
community facilitators and researchers who have previously
been involved in stakeholder analysis in the region and were
therefore considered to have sufficient and intimate
knowledge of therelevant stakeholdersfor this purpose (Reed
et al. 2009). In total, 22 local users were interviewed. The
interviews with subsistence farmers were facilitated by a
tranglator. The main focus of the interviews was to identify
drivers (socioeconomic/ cultural or biophysical/ environmental)
that were perceived by the local users as possibly causing
changein society during the coming 20 years, and that would
have a potential influence on land management. The
participants then ranked the identified drivers according to
which were perceived to be the most important and the most
uncertain (see Table A1.1in Appendix 1).

Fig. 2. Conceptual model describing our scenario planning
methodology for the scenario development in the Upper
Thukelaregion. 1) Drivers of change were identified
through interviews with local users, and 2) analyzed in a
workshop with stakeholders working at regional and global
scales. Key drivers were identified to form the starting
points for three scenarios and the scenario outlines
developed during the workshop were 3) finalized by the
authors. 4) The scenarios were tested for consistency and
plausibility by all stakeholder groups through an iterative
process with the authors.
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As a second step, we held a two-day scenario building
workshop (Figure 2, step 2) with awide range of stakeholders
(researchers, policy makers, practitioners, resource managers,
andresourceusers), withlocal, regional, and global knowledge
and expertise. The workshop participants were identified
through acombination of focus groupsand snowball sampling
(Reed et al. 2009). We interviewed four key informants, who
identified relevant stakeholders for the workshop. These
stakeholders were in turn asked to recommend further
potential participants. Theworkshop participantswere chosen
because they have knowledge of thelocal area, whileworking
at a regiona to globa level and thus they have a broad
overview of driversat theregional and global levelsthat affect
local development. They are agricultural extensionists and
consultants who work across the three land uses and are
influenced by regional and national policies, as well as
scientists who have conducted fieldwork in the region, and
who have published at anational to international level. A total
of 12 out of 25 invited stakeholders participated in the
workshop. There was no overlap between the participantsin
the interviews and the workshop stakeholders.

Inthisprocessweintegrated the outcomesfromtheinterviews
with local users with the experience of the people at the
workshop. The drivers that were identified by the local users
as the most uncertain and/or important (Table A1.1 in
Appendix 1) shaped the basisof thediscussionsof theregional
stakeholders during the workshop. These drivers played a
significant role in the identification of the starting points of
the scenarios, a process in which the workshop participants
integrated the drivers identified by the local users with their
own perception of drivers. The drivers were discussed and
ranked by the participants. The five drivers that were ranked
as most uncertain and/or important (security, enforcement of
laws and agreements, investments, entrepreneurship, and
climate) formed the starting points of the scenarios. They were
combined in alternative ways, driving the future into three
different and contrasting development trgjectories(TableA1.2
in Appendix 1).

After setting the starting points of the scenarios, the
participants developed theinitial outlines of the scenariosthat
describe the year 2030 (Figure 2, step 2). Each scenario was
aimed to be aninternally consistent story that includes aspects
about land use, agricultural production, infrastructure,
tourism, equality, rural-urban dynamics, and livelihoods.
Other driversthat wereidentified asimportant or uncertain by
the local resource users, such as land reform, education, and
infrastructure, were also used in the scenario devel opment.

The full scenarios were completed and refined by the authors
of this study (Figure 2, step 3). The scenarios were tested for
consistency and plausibility by all stakeholder groupsthrough
an iterative process that included interviews, a survey, and a
workshop in a smallholder community (Figure 2, step 4).
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During this process the local stakeholders confirmed that the
views they expressed during the initial interviews had been
takeninto account inthe scenario development. A few external
stakeholders were consulted in addition to previous
participants.

The scenario exercise resulted in three plausible and
contrasting scenarios called “ Equal Environment”, “ Diverging
Climate”, and “ Adaptive Collaboration”. They highlight key
issues and trends in the Upper Thukela region and describe
different development possibilities over the coming 20 years.
For key contrasts among the scenarios, see Appendix 2.
Summaries of the scenarios are presented in Box 1, but please
see Appendix 3 for the full scenarios.

From scenarios to ecosystem services

Box 1: The Upper Thukela scenariosin short

Equal Environment

In this scenario, the national government is devoted to sustaining the
natural resource base of the country and invests substantially in the
rural countryside. Rural communities are blooming and agricultural
production among smallholders has increased remarkably. For
commercia farmers, however, the situation has become more
difficult due to higher input costs, taxes, and restrictions for water
and chemical use. Smallholder farmers have, with support from the
government, successfully increased their productivity and their
shares of the agricultural market, and urbanization has slowed down
dlightly. Grassland and biodiversity management has improved
acrossthewholeregion, alsoinvolvinglarge- and small-scalefarmers
through agri-environmental schemes. Tourists are increasingly
attracted to this region and improved tourist routes have increased
the number of visitors.

Diverging Climate

In this scenario, the Upper Thukela has benefited from climate
change. While the government is criticized for not investing enough
in development, private investors take advantage of the improved
weather conditions. Commercia farmers are winners, being quite
flexible and adaptive to market fluctuations. Some farmers have
entered a successful niche market of organic community produce.
Many smallholder farmers still struggle with low agricultura
productivity dueto few rural investmentsand lack of knowledge and
technology. This has contributed to a high level of migration from
the region. Carbon offset funds have been developed and they also
help secure biodiversity conservation in nature reserves. There are
aso attempts to improve grazing management among farmers.
Increased crime (stock theft and cannabis trade), has, however,
pushed grazing into more margina and vulnerable grassland.
Tourism has not developed in the rural areas, due to the reputation
for crime, but continues to be substantial in the highly secure nature
reserves.

Adaptive Collaboration

In this scenario, the Upper Thukela has suffered from extreme
weather events, but the government does not have the resources to
cover the losses. A collaborative spirit has awakened and people
realize the benefits of dealing with issues together. Commercial
farmers are generally less vulnerable, due to healthier grazing lands
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Tablel. Theestimated changeof 16 ecosystem servicesacrossthethree scenarios, namely, Equal environment, Diverging climateand Adaptive
collaboration, and for the land uses small-scale subsistence agriculture (SS), large-scale commercial agriculture (LC), and nature reserves
(NR). A substantial increasein service generationisillustrated by ++, (+) for dight increase, (0) for no apparent change, (-) for slight decrease,
(--) for substantial decrease of service generation, and (/) if the serviceis not relevant for a certain land use or in a certain scenario. The total
changeis calculated as the sum of all changes for each service (score).

Ecosystem service Equal environment Diverging climate Adaptive collaboration Total change
(score)
SS CL NR SS CL NR SS CL NR
Biodiversity ++ ++ 0 - - + + 0 0 8
Crop production ++ - / +/0 + / - - / 7
Cultural identity + - + - -/0 0 + 0 + 7
Tourism 0 + ++ 0 0 + ++ + 0 7
Water quantity + + 0 + 0 + - - - 7
Carbon sequestration ++ + 0 o/+ 0 + -/0 0 0 6
Erosion regulation ++ + 0 0 0 + - 0 0 5
Livestock production + 0 / - + / -- 0 / 5
Water quality - + 0 0 - 0 - 0 0 4
Biological pest control + + / 0 - / 0 0 / 3
Nutrient regulation ++ 0 0 0 - 0 0 0 0 3
Pollination + + / 0 - / 0 0 / 3
Wild foods - / / 0 / / + / / 2
Biofuel 0 0 / 0 + / 0 0 / 1
Other material 0 / / 0 / / + / / 1
Spiritual and religious 0 0 / 0 0 / + 0 / 1

and irrigation systems, athough their production has been very
unreliable over the past two decades. Strong bonds between local
farmers and NGOs create a new way of dealing with hardships for
smallholder farmers, including the formation of agricultural
cooperatives. There is also some collaboration between small- and
large-scale farmers. Previously degraded grasslands have improved
since the grazing pressure has decreased, due to the weather-induced
death of livestock. Collaborative grazing management has also
proven to be successful. The agricultural countryside attracts more
and more tourists. Some smallholder farmers have opened up
traditional African homestead guesthouses.

The three scenarios deal with general socia and ecological
changes that have implications for ecosystem services, but
they do not explicitly describe how ecosystem services will
change during the time period. The scenarios were used to
identify relevant ecosystem services both by participants in
the scenarios workshop and by external experts who had not
developed the scenarios themselves.

Scenario stakeholders

A third of the stakeholders in the scenario workshop have
substantial experience of working within the ecosystem
services framework and this smaller group analyzed the
scenarios (Appendix 3) intermsof ecosystem serviceschange
(Table 1). First, using the participants previous experience of
working in the region in combination with the outcomes of
thediscussionsof theworkshop, alist of 16 ecosystem services

that arerelevant and important today wasidentified (Table 1).
These services were then thoroughly and methodically
analyzed in terms of potential changes in each of the three
scenarios. A matrix wasusedinwhichit wasindicated whether
aspecificecosystem servicein aspecificland usewasassumed
tochangesubstantially (++or --), dightly (+ or -), not tochange
muchat all (0), or wasnot relevant (/) (Table1). Theproneness
of aserviceto change was estimated asthe sum of all assumed
changes across the land uses and scenarios.

External experts reading scenarios

Second, we asked fourteen external experts on ecosystem
services and scenarios, who were not involved with this study
or with the scenario development, to read the scenarios
(Appendix 3), the scenario contrasts (Appendix 2), and abrief
description of the case study area. Eight experts agreed to
participate, half of which have experience of fieldwork in
South Africa. The selected experts are part of our extended
research network working with ecosystem services and
scenarios from Southern Africa, Europe, and North America.
Based on the information given, they were asked to compile
alist of five to ten important ecosystem services. We chose
the interval five to ten services in order to capture the most
common number of services in ecosystem services
assessments (five) (Seppelt et al. 2011) and to limit the upper
amount totento ensurethat the expertsprioritized theservices.
The answers from the experts who read the scenarios were
gathered into one list that represents their collective view
(Table A4.1 in Appendix 4), in total containing 20 different
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ecosystem services. Please see Appendix 4 for a detailed
description of how the list was compiled.

External experts not reading scenarios

To investigate if the scenarios add value to the selection of
ecosystem services by experts, we asked an additional expert
group to compile alist in a similar way, but without having
any knowledge of the scenarios. Fourteen experts were
identified through a combination of focus group discussion
and snowball sampling (Reed et al. 2009), of which eight
participated. These experts have substantial experience of the
case study areaand arefamiliar with the concept of ecosystem
services. The answers from these experts were gathered into
one list that represents their collective view (Table A4.1 in
Appendix 4), in total containing 15 different services. Please
see Appendix 4 for a detailed description of how the list was
compiled.

Literature search

Finally, we compiled a separate list of the ecosystem services
most commonly included in published Southern African
ecosystem services assessments carried out in agricultural
landscapes. The list was developed using the 1SI Web of
Knowledge (complete search methods described in Appendix
A5.1) and resulted in 10 papers (Appendix A5.2), including a
total of 18 different ecosystem servicesthat have been studied
in Southern African agricultural areas (Table A5.1 in
Appendix 5).

Analysis

We compared the similarity between al the ranked ecosystem
services in the four lists, using the nonmetric Bray-Curtis
dissimilarity index (Bray and Curtis 1957). This similarity
measure is a modified Manhattan measurement in which the
summed differences between the variables are standardized
by the summed variables of the objects, i.e., identity,
placement, and number of servicesin each list are taken into
account. Low values (%) indicate little similarity and high
valuesindicatethat thereisahigh similarity in ranking among
lists.

Multiple ecosystem services assessments most commonly
assess up to five services and rarely include much more than
ten services (Seppelt et al. 2011). Therefore, we compared the
ten highest ranked services in each list, dividing the services
into provisioning, regulating, and cultural services, using the
nonparametric Kruskal-Wallis ANOVA test. All tests were
performedin Primer 6 (statistical software). Inorder toinclude
the ranking of the service categories in each list as well, the
summed score of services belonging to each category was
divided with the total scores in each list separately. We
considered water quantity and water quality to be both
regulating and provisioning services, and biodiversity asboth
aregulating and a cultural service. Hence, the scorein alist,
for example, for biodiversity, was equally divided between
regulating and cultural servicesin that list. If the tenth place
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in alist had more than one service with the same rank all of
these were included.

RESULTS

When comparing similarity among thefour listswefound that
the literature list was the least similar compared to the other
threelists(thetwo listsbased onthe scenariosand thelist from
expertsnot reading the scenarios) (Figure 3). Themost similar
lists were the two lists based on the scenarios. Thelist by the
experts not reading scenarios only dlightly differed from the
two lists compiled by using the scenarios.

Fig. 3. The similarity (%) among ecosystem services
presented in the four lists based on aliterature search,
experts reading or not reading scenarios, and scenario
stakeholders (see text for explanation). The resemblance
was measured using the S17 Bray Curtis Index.
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Figure 4 illustrates the comparison of the ecosystem services
present in the four lists, in total containing 23 services. The
literaturelist highlights servicesthat areless prioritized or not
present at all in the other three lists, such as other material,
biofuel, flood control, disease control, and habitat provision.
Some services, such as tourism, cultural identity, and carbon
sequestration that have a relatively high ranking in the other
listshavealow priority intheliteraturelist. However, thelists
also show many similarities. Twelve out of 23 services are
present in all four lists. One service, crop production, occurs,
not surprisingly, as one of the three highest ranked servicesin
each of the four lists. Two services, biodiversity and water
quantity, are ranked among the three highest prioritized
servicesin three of the lists. Water quantity, crop production,
and biodiversity, in that order, are the highest ranked when all
percentages are added up in al four lists.

There was a satisticaly significant difference in the
distribution of ecosystem service categories among the top-
tenlists(df =2, p=0.029) (Figure5). Again, theliteraturelist
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Fig. 4. Thefour lists of ranked ecosystem services. The value on the y-axesis the % of the total score for the

service in that particular list.
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was most different from the other lists (Tukey post-hoc,
P<0.05), showing fewer cultural services in favor of
provisioning services. Although no statistical difference is
found, thelistsdevel oped by the scenario stakeholdersand the
list of expertsnot reading scenariosappear to prioritizecultural
serviceshigher thanwhat isfoundinthelist by external experts
only reading the scenarios and the case study description.
Experts not reading the scenarios have the most even
distribution among categories in their top-ten list (Figure 5).

DISCUSSION

When comparing the four lists of suggested ecosystem
services to assess in this region, the literature list was most
dissimilar intermsof identity, ranking, and number of services
compared to the other threelists. It isinteresting that the other
three lists are so similar. The two things that differ among
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these groups are the extent to which the people in the groups
have experience of working and/or living in the region (both
the scenario stakeholders and the experts not reading the
scenarios had this experience, while the experts reading the
scenarios did not), and the extent to which they were
influenced by the scenarios (the scenario stakeholders
developed them, and the external experts read them). One
could argue that after reading the case study description and
the three scenarios, the external group also had a certain
knowledge of the site specifics of the region. The fact that all
threelistswere so similar may thereforemeanthat site-specific
local knowledge, whichthey all sharedto somedegree, ismore
important than understanding how the landscape will change
over time, which only two of them shared.
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Fig. 5. The distribution (%) among the top-ten ranked
ecosystem services categories (cultural, regulating, and
provisioning services) in each list; a) scenario stakeholders,
b) experts reading scenarios, ¢) experts not reading
scenarios, and d) literature search. The summed score of the
services in each category is presented as % of the total score
in each list. We categorize water quantity and water quality
as both aregulating and a provisioning service, and
biodiversity as both aregulating and a cultural service,
dividing the scores equally among the two categories.
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Another reason for the similarity could be that the scenarios
were too cautious to generate a large difference between
ecosystem servicestoday and in the future. Scenario planning
is a tool for exploring uncertainties and complexities in a
changing world. The scenarios developed through this
research were aimed to be plausible, but none of them deal
with extreme change. This may have contributed to the fact
that the lists developed by the scenario stakeholders and the
experts reading the scenarios were very similar.

Although scenario exercises am to capture future
uncertainties, it must be highlighted that the genera
imagination of thefutureislimited and often primarily reflects
current worldviews (Carpenter et al. 2006). This could also
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explain the fact that the three lists compiled based on the
scenarios and/or knowledge of the study area were fairly
similar.

It is perhaps not surprising that the literature top-ten services
are dominated by provisioning services since the literature
search specifically focused on agricultural landscapes. The
other three lists prioritize regulating, provisioning, and
cultural servicesalmost equally. Eventhough cultural services
are often recognized in ecosystem services assessments, they
have been givenrelatively limited attention to thispoint (Chan
et al. 2012, Daniel et a. 2012). Thisis also reflected in the
literature top-ten list in this study, of which cultural services
only constitute 6%, compared to the other three lists that
contain between 21% and 28% (Figure 5). The scenario
stakeholders and the experts thus attribute higher importance
to cultural services.

One service that was highly prioritized by scenario
stakeholders, experts not reading the scenarios, and the
literature search, but had alow ranking on the expert list, was
biodiversity. Oneexplanationisthat biodiversity isnot always
considered an ecosystem service in itself (Mace et a. 2012).
Some scholars argue that biodiversity should not be treated
and viewed as an ecosystem service, because it underpins all
ecosystem services generation (Mace et al. 2012). This could
be one explanation as to why biodiversity was left out of the
list compiled by the group of experts. We argue that
biodiversity not only regul ates ecosystem servicesgeneration,
but can also be seen as a cultural ecosystem service because
of the intrinsic value many people attribute to it. In addition,
biodiversity conservation per se is a political goal in many
international processes (Secretariat of the Convention on
Biological Diversity 2005).

Participatory scenario planning definitely takesmoretimeand
resourcesthan a*“desk top” analysis of important servicesfor
astudy region. Additionally, theremight bearisk that scenario
planning rai ses hopes among participantsif the objectivesand
planned outcomes are not carefully communicated or
completely understood. However, this scenario development
process brought substantial additional benefitsto our planned
future ecosystem services assessment project in the Upper
Thukela region. First, it proved to be a useful tool to learn
about someof themaj or fearsand expectationsabout thefuture
among peoplein the area. Second, it explored key trends and
uncertainties and identified major potential changesto people
and to ecosystem servicesin theregion over the next 20 years.
The current project can now relateto thesefuture uncertainties
and changes, to avoid the risk of becoming constrained by a
project vision that only applies in a status quo environment
(Enfors et a. 2008). Scenario planning has helped us to
understand how theproject candevelopinalternativeplausible
futures and how that relates to future services. It has also
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improved the understanding of events and processes that may
either challenge the project or provide opportunitiesfor it (cf.
Bennett and Zurek 2006). Developing aternative scenarios,
parallel to the project vision, encourages project participants
to think about factors that might alter the expected
development path, and to consider a number of interacting
driving forces and how they are linked to ecosystem service
generation through time. Finally, scenario planning can, by
identifying opportunities and threats that might present
themselves in the future, help a community push its
development in a more desirable direction (Peterson 2007).
Whilethisisalongand challenging process, it certainly hel ped
establish contacts between researchers and local stakeholders
and provided a platform for sharing ideas and expectations,
which might help future project efforts.

CONCLUSIONS

Thisstudy examined whether scenario developmentisauseful
tool for selecting ecosystem services that should be included
in an ecosystem services assessment of changing landscapes.
Wefound no clear evidencethat adifferent set of serviceswas
preferred when using scenario planning compared to when
consulting experts with knowledge about the case study area.
However, we found a clear difference when comparing
scenario planning and expert opinion with what most
commonly is found in the literature. In general, the scenario
stakeholders and experts prioritize regulating, provisioning,
and cultural services amost equally, while literature from
agricultural landscapes prioritized provisioning services. We
stressthat scenario planning could beauseful tool to prioritize
among the services to be assessed if you have little or no
knowledge of the area, but the additional understanding of the
study area gained through the scenario exercise is not very
different from the understanding that experts gain from
actively working in the area. Scenario devel opment takesalot
of resources, and carrying out scenario planning solely for the
purpose of identifying ecosystem services might be cost
ineffective. However, through the scenario development
processitispossibleto establish aplatformfor discussionwith
local and regional stakeholders about the future in a region,
which isvery valuable for an ecosystem service project.

Responsesto this article can be read online at:
http://www.ecol ogyandsoci ety.org/i ssues/responses.
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APPENDIX 1
Drivers of change

Table Al.1. A summary of interviews with local resource users: smallholder subsistence farmers,
large-scale commercial farmers and representatives for nature reserves. The table presents the
drivers of change that were identified by the users and ranked as the most important and most
uncertain. The nature reserve representatives did not separate the important and uncertain drivers,
but identified them as the most important and/or uncertain.

User Group Drivers

{07 ?i groups/number Most important Most uncertain
of informants)
Sillsarle Agricultural productivity Weather
subsistence agriculture Health Local Governance
(3/m) Education Infrastructure
Large-scale Weather Land reform
commercial agriculture Political stability Economy
(3/9) Security Weather
Sustainable livelihoods
Nature reserves Population Growth
(2/2) Security
Economy (funding of nature reserves)

Table A1.2. The starting points of the scenarios, deciding the development trajectory for the
scenarios. Each of the key drivers are described, namely, in which direction they develop, or they
are stated as unchanged or undefined in the three scenarios. The starting points formed the base
for drafting the scenarios.

Kev driver EQUAL DIVERGING ADAPTIVE
Y ENVIRONMENT CLIMATE COLLABORATION
Security Unchanged Decreased Improved
AL IE TS Functioning Non-functioning Functioning
and agreements
Investments Government Market Little

(development)

Entrepreneurship Weak/passive Individual Collaborative

Climate Undefined Better Worse




APPENDIX 2
Scenario contrasts

Table A2.1. The main differences between the three scenarios in terms of drivers and themes that
develop in different ways and drive the scenarios into contrasting development trajectories.

THEMES/DRIVERS

CLIMATE

Climate

EQUAL ENVIRONMENT

Undefined

DIVERGING CLIMATE

Better conditions for agriculture

ADAPTIVE COLLABORATION

Worse conditions
Extreme weather events

GOVERNANCE/
INSTITUTIONS

Development
investments

Substantial investments for rural
development by government

Private investments where
profitable

Few outside investments
Local NGO's drive some development

Entrepreneurship/
local initiatives

Weak entrepreneurial spirit

Individual entrepreneurs dominant

Collaborative entrepreneurship

Enforcement of laws
and agreements

Strong local and national authorities
Low corruption

Corrupt and weak
national government

Strong local and
traditional authorities
Weak national government

Land redistribution

Land reform gives
smallholders land access

Slow process of land reform

Land claims under slow process

Biodiversity
conservation

New agri-environmental
schemes involve farmers

National and global carbon offset

No general development/change

Income equality and
poverty

Increased income equality

Increased income inequality

Inequalities remain
Poverty traps

Urbanization

Rural development slow
down urbanization

More urbanization

More urbanization

Improved infrastructure

Poor development

Small-holder:
crop production

Productivity levels
increased significantly

Some farmers improve productivity
while most struggle

LR Infrastructure in rural countryside Unequal development Local organizations
OUTCOMES ) .ry of infrastructure L g. .
Service delivery maintain minimal level
Security Crime levels improved Increased crime No significant change
Tourism Increased tourism and Increased up-market Increased tourism on
improved tourist routes secure tourism rural countryside
. lightly lower productivi Increased crop productivi . . L
Commercial: Slig tY 0. er productivity PP vy Productivity unreliable but irrigation
eron production High input costs Farmers adapt to buffer somewhat
PP Strict water and GMO regulations market dynamics
Commercial: Generally well managed Generally well managed Collective efforts for more
razing lands razing lands razing lands challenging grazing management
AGRICULTURAL |*"**"¢ grazing grazing ging grazing manag
OUTCOMES

Poor production
Collaboration give effects

Small-holder:
grazing lands

Lower stocking rates and improved
management strategies

Grazing driven higher
up in marginal lands

Co-management improved degraded
grazing lands




APPENDIX 3
The Upper Thukela Scenarios

Government committed
to environmental rural
development

EQUAL ENVIRONMENT - YEAR 2030

Regional and national leaders realized in the early 2010s that the
long-term foundation of South Africa’s economic growth is reliant on
the diversity of natural and social capital in the “Rainbow Nation”. In
2015 they started a nation-wide campaign under the slogan ‘Sustaina-
ble South Africa through Rural Investments for Poverty allEviation’
(SA-RIPE), showing their devotion to sustain the substantial natural
resource base, by investing in the majority of the population living in
rural areas. Over the past 15 years, there have therefore been massive
investments in rural development in South Africa, including invest-
ments in agriculture, infrastructure (e.g. roads, internet and mobile
networks), health care, water and sanitation systems and education.
This has resulted in poverty alleviation and a growing middle-class,
slightly reducing the gap between rich and poor.

Corruption at all levels in society has successfully been decreased
over the past years. Consequently, in the year 2030, people in the
Upper Thukela region generally have a large trust in, and respect for,
decisions made by local, as well as national, governments. However,
petty crime conducted by smaller groups or individuals, is still an issue
influencing people’s daily life negatively.

Many people take advantage of opportunities that the improved in-
frastructure provides. However, there is also a general perception that
the substantial hand-outs and subsidies from the government have
made people passive and their entrepreneurial and business spirit is
weakened.

HIGHER COSTS FOR COMMERCIAL FARMERS
Agriculture is still the most important income source and occupation
for the population in the Upper Thukela region. The situation is, howe-
ver, quite challenging for the commercial farmers in the area. The re-
gulations on the use of chemicals and GMO’s have led to increased
input costs and slightly reduced crop yields for commercial farmers.
They are also negatively affected by higher tax-rates. Water use for ir-
rigation is strictly controlled and the enforcement of the water laws has
improved since the early 2010’s. Water charges are high, as a measure
to secure the country’s long-term water supply, and increased electri-
city costs make irrigation equipment prohibitively expensive to run.
Although small, there is a clear trend of commercial farmers selling
their lands to neighboring farms, or to land claimants, as they turn to
various kinds of businesses and employment, such as contracting of
machines, consulting, mentoring of emerging farmers and running
factories for food processing and packaging.

AGRICULTURAL SMALL-HOLDER BOOM SLOWS
DOWN URBANIZATION

While some of the commercial farmers are struggling, small-holder
farmers have increased their shares in the agricultural market throug-
hout the country, in turn contributing more to the country’s tax returns.
Initially free or subsidized input products such as seeds, fertilizers and
soil amendments, as well as mechanized support for planting and har-

vesting, have improved the productivity of the small-holder farms.
The government’s commitment to improving infrastructure and agri-
cultural education in rural communities has slowed down the move-
ment from rural to urban areas significantly, although higher educa-
tion and better-paid jobs still attract some people to move to cities, for
at least a period of their lives.

HEALTHIER GRASSLANDS AND HIGHER
BIODIVERSITY

There have been clear environmental benefits of the SA-RIPE cam-
paign. South Africa has, for example, become one of the world’s
leading countries when it comes to governing the use of chemicals and
GMO crops. Despite substantial development and economic growth,
the protection of national reserves has remained strong in these rural
areas. A zoning system has been developed around the Drakenberg
parks in the Upper Thukela, where communities living close to parks
are involved in maintaining biodiversity and ecosystem values on their
lands. There have also been many new governmental incentives, such
as “payment for” and “working for” ecosystem services programs,
creating financial incentives, and jobs, in order to manage land accor-
ding to the country’s new biodiversity conservation agenda.

This has improved grassland management through more regulated
livestock keeping and fire management practices for both private and
communal grazing lands, which has led to improved grasslands qua-
lity, where soil erosion has slowed down, resulting in better nutrient
status, higher grass productivity, better quality water flows and higher
carbon sequestration rates. Biodiversity loss in grasslands has slowed
down and some grasslands are becoming richer in species diversity.

Many commercial, as well as small-scale, farmers in the Upper Thu-
kela region have committed to the authorities’ new agri-environmental
scheme to secure biodiversity within and outside protected areas in the
Drakensberg. This commitment involves reducing and controlling
chemical use, creating buffer zones along water bodies, as well as pro-
viding natural habitats for pollination and pest controlling species ad-
jacent to fields.

...ATTRACTS TOURISTS

The attractive nature of the area, together with upgraded tourist routes
and tourism infrastructure, has led to a tourist boom in the region,
mainly through international tourists, but also from within South
Africa. This has the potential to create opportunities for both commer-
cial and small-holder farmers to increase their income, but the interest
in being involved in businesses outside agriculture is somewhat limi-
ted. Some commercial farmers, and a few smallholder farmers, have
developed upmarket Bed & Breakfast establishments and other ac-
commodation on their farms as an additional income source. :*:
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“This has improved grassland management through more regulated livestock keeping
and fire management practices for both private and communal grazing lands.”



Private investors

DIVERGING CLIMATE - YEAR 2030

drive rural development

The Upper Thukela region is one of the areas in South Africa that has
benefited from global climate change. Higher rainfall and warmer
winters have increased agricultural production and the region has
become a significant supplier of agricultural goods to other parts of
South Africa that have been detrimentally affected by climate change.
This has led private national and international companies to invest in
this profitable region. Most of the investments have gone to private,
large-scale commercial landholders. The government is, however,
being criticized by a large majority of the population for taking little
responsibility of the country’s development. Thus, private companies
have over the past two decades carried out most of the investments to
improve infrastructure, such as roads and communication technolo-
gies. General investments in health care and education have been lack-
ing. There are clearly some people who are better off in 2030 than in
2010, but the huge inequalities in access to basic infrastructure, hospi-
tals, water and sanitation, still persist.

Corruption among governmental officials and the police force is a
significant problem, and political instability and weak enforcement of
laws has created tension throughout the country, resulting in high
crime levels.

COMMERCIAL FARMERS GO GENETIC OR ORGANIC
Commercial farmers benefit from improved weather conditions and
investments in general. Many farmers have also developed their adap-
tability and improved the capacity to respond quickly to fluctuating
demands through investments in more
flexible agricultural infrastructure, as
well as more diverse cropping sys-
tems. There are two simultaneous
trends among the commercial large-
scale farmers, leading to diversifica-
tion of the produce coming from the
Upper Thukela region. The dominant
trend is one of increasingly high-tech
and high-input crops (e.g. high levels
of genetically-modified crops, fertili-
zers and pesticides), including biofu-
els. The other trend among a signifi
cant number of the commercial far-
mers is in response to a raised global demand for ethical and organic
trade: the creation of the local niche market association ”Drakensberg
Sustainably Produced Agricultural Products™.

The rise in organic produce shows an interesting mental shift from
the early 2000’s when there was a general skepticism towards chemi-
cal-free agriculture. This shift came after a success case in 2013,
where a large food production chain, WALLEES, initiated a success-
collaboration with one of the commercial farmers, who tested new
ways of high-diversity organic farming. This project also started a
training program for smallholder farmers surrounding the commercial
farmer’s property, developing into a unique collaboration among
small-holders and large-scale farmers. The WALLEES organic far-
ming training camps have led to substantially higher yields among par-
ticipating farmers. Mechanisms to facilitate the export of agricultural
goods have also improved, including new processing factories that
have started taking in produce from both commercial and small-holder
farmers in the region.

“Corruption among governmental

officials and the police force is a

significant problem, and political
instability and weak enforcement of
laws has created tension throughout
the country resulting in high crime”

SUCCESSES AND FAILURES FOR SMALL-HOLDER
FARMERS

Despite a more favorable climate, there are many small-holder farmers
who still struggle with low agricultural productivity, due to low invest-
ments in agricultural inputs, knowledge and technologies. Income
levels in the rural communities are generally low and unreliable, and
there is large migration from the region. Many people move to cities,
take sporadic and seasonal employment, and relocate, to follow
shifting commerce and businesses. However, the farmers that have
managed to secure improved yields, have become quite successful and
have extended their lands by taking over fields from migrating neigh-
bors. This means that the average land holding for farmers in the area
has grown, while the number of farmers has declined. The small, but
relatively influential, group of successful small-scale farmers has
become more agriculturally commercialized and is competing on the
local market. These families generally have a higher level of education
and a higher income.

GRASSLAND AND BIODIVERSITY CONSERVATION
SECURE BUT THREATENED

National and global companies and individuals have taken increased
responsibility for their greenhouse gas emissions, by making compen-
sation payments through carbon offset programs. This has become a
new source of funding for the protection and establishment of nature
reserves in the region and has generally improved the protection
of the biodiversity rich grasslands. In
a few places, these carbon-offset
funds are also used to create jobs for
some local communities in the area,
especially the ones located higher up
in the catchments and adjacent to the
protected areas. Soil erosion and
water flows in these grazing lands are
being managed through practices
taught by researchers and practitio-
ners from the nature reserves and car-
ried out by community members. In
the places where the program is run,
the results are satisfactory. However,
keeping livestock has also become more risky because of stock theft.
The risk of stock theft, and the increased trade of cannabis, have
driven livestock grazing higher up in the mountains, increasing ero-
sion and threatening biodiversity in and outside national parks and
nature reserves. It has also resulted in increased grazing closer to the
villages, where high cattle numbers have accelerated erosion and land
degradation, while some of the grazing lands are abandoned.

FENCED-IN TOURISM

Tourists are still attracted by the beauty of the national parks and
nature reserves in the region and visitors are steadily increasing. The
high crime level, however, means that the tourism is concentrated in
fenced-off places with high security, hence very few of the local inha-
bitants can benefit from the increased number of visitors. :*:
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ADAPTIVE COLLABORATION

Farmers join forces to

- YEAR

2030

adapt to climate change
and reverse land degradation

"The collaborative spirit, together with increased engagement of local
leaders, has also led to increased respect for laws and agreements.”

COLLABORATIVE FORCES CHANGED NEGATIVE
TRENDS
The Upper Thukela has during the past 20 years suffered from several
extreme weather events that have had huge influence on agricultural
production. Frequent floods, long periods of droughts, lower winter
temperatures and late frosts have caused repeated damages to both
crops and livestock. The economically weak and largely corrupt natio-
nal government has not been capable to fund the recovery of economic
losses caused by these weather events. The local government lacks the
ability and money to invest in development of the rural communities
in the area and only very minimal efforts are carried out to maintain in-
frastructure and basic social services, such as schools and health care.
Many years of crises and a low trust in the government has, however,
brought together other forces to handle the difficulties and uncertain-
ties of the society. National and international NGO’s play an increa-
sing role in the development and capacity-building among communi-
ties and the less wealthy part of the population. For example, XING,
an international IT-company based in China, has made large invest-
ments in communication infrastructure, and has provided schools with
Internet and e-learning tools. This has opened up some work opportu-
nities for the younger generation in e.g. web design and web trade.
The collaborative spirit, together with increased engagement of local
leaders, has also led to an increased respect for laws and agreements.
Levels of criminality are kept stable in the communities, but overall in
the society, crime remains a big problem. Family values and religion
tend to grow stronger.

COMMERCIAL FARMERS MORE RESILIENT TO
WEATHER FLUCTUATIONS

The commercial farmers are generally more resilient than the small-
holder farmers to climate fluctuation, since they have access to large-
scale irrigation systems and their grazing lands are healthier, with
better management. Nevertheless, production has been very unreliable
over the last 20 years. While farming is still profitable for many, there
is a growing number of the farmers that give up and move to sub-urban
settlements, overseas, or find alternative income sources and busines-
ses. Collaboration and business partnership between commercial and
small-holder farmers have become more noticeable, and some com-
mercial farmers are involved with capacity-building and mentor pro-
grams in small-holder communities.

LOCAL INVOLVEMENT HELPS IMPROVING POVERTY
AMONG SMALL-HOLDER FARMERS

The poor rural communities are the most vulnerable to the more vari-
able and unfavorable climate. Although agriculture is still the most im-
portant livelihood for small-holder families, other income sources,
such as handicrafts, tourism, teaching, nursing, seasonal commercial
farm work and involvement with local organizations, have become in-
creasingly important. Lack of job opportunities, insufficient social
grants and low agricultural production mean that a large part of the po-
pulation remains poor. Some people abandon agriculture as an oc-

cupation and move to cities and towns. To a large extent, most families
rely on remittances from their migrated family members.

This tough situation has forced new collaboration among commu-
nity members. Through common investment in supplementary irriga-
tion systems and machines, and by cultivating larger fields together,
some people have managed to increase the productivity of their lands.
Cooperatives have emerged and community saving funds have
become more important for many community members.

NGO’s have supported establishment of gardens to the communal
farmlands, integrating trees, flowers and vegetables, which has lead to
increased food security and species richness of flora and fauna. Strong
efforts made by NGO’s and local organizations, with a high participa-
tion of community members, have led to raised awareness among the
population in the rural communities regarding sustainable farming and
land management, where local traditional knowledge is successfully
integrated with modern knowledge.

LATE, BUT IMPORTANT, RECOVERY OF DEGRA-
DED GRASSLANDS

Cold winters, droughts and unusually dry springs during the years
2014 — 2018 had severe consequences for the livestock keepers, as
many of the animals died. However, the rapid decline in grazing pres-
sure has had a positive effect on recovery from erosion. Grazing mana-
gement has become an important issue on the local agenda and some
communities are successfully involved with payment for ecosystem
services programs, where organizations are being paid by governmen-
tal and private funds to manage ecosystem services, such as water and
soil erosion regulation. Locally constituted committees are being trai-
ned to run and monitor restoration and maintenance of degraded grass-
lands and gullies. The payment for the work is not always sufficient,
nor efficiently handled, by authorities, due to corruption and the lack
of government support, but the direct benefits of the work by the com-
munities are so obvious that the program is nevertheless being conti-
nued and the commitment is high among the community members.
The commercial cattle holders have also made collective efforts to
adapt their grazing management as a response to the variable weather,
with positive results for most farmers.

RURAL HOMESTAYS ATTRACT WORLD-TRAVELLERS
Tourism has become an increased source of income for many families
in the region. International and national visitors travel mainly to the
national parks and nature reserves, although more and more tourists
are interested in visiting rural communities and the agricultural coun-
tryside. Reduced crime rates resulting from increased community in-
volvement and loyalty, as well as land availability, have opened up
opportunities for both large- and small-scale farmers to build B&B’s
in the rural communities and attract backpacker tourists with their ‘tra-
ditional African homestays’ in flourishing gardens. :*:
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APPENDIX 4
Lists of ecosystem services by experts

A4.1 Expert survey method used
The experts who participated in the survey received the following instructions:

Experts reading the scenarios

After reading through the attached description of the case study area, the three scenarios and the
table of scenario contrasts, we would like to know what You think are the 5-10 most relevant
ecosystem services to assess in our case study region. Write only one list, that considers the
Upper Thukela region under the three different scenarios (i.e. don’t write one sheet for each
scenario). Don’t be constrained by what services you perceive would be impossible or difficult to
assess due to data availability, time or resources.

Experts not reading the scenarios

After reading through the attached description of the case study area, we would like to know
what You think are the 5-10 most relevant ecosystem services to assess in our case study region.
Don’t be constrained by what services you perceive would be impossible or difficult to assess due
to data availability, time or resources.

The experts filled out a form where they stated the services, an optional definition of the service,
and a motivation to their choice of each service. The answers from the experts were compiled in
to two lists, experts reading the scenarios and experts not reading the scenarios, respectively.
First, some of the ecosystem services mentioned by the experts were renamed or grouped for
consistency. For example, we used the broad category of water quantity for more specific
processes mentioned such as water infiltration, or runoff. The services were then listed and got a
score for each expert mentioning that service, hence the lists consists of the total number of
services mentioned and ranked according to scores (Table A4.1). The experts reading the
scenarios resulted in 20 different services and the experts not reading the scenarios mentioned in
total 15 services (Table A4.1).

Table A4.1. Lists of ecosystem services compiled by experts. Total score is the number of experts
who mentioned that service in the survey.

Experts reading scenarios Total score Experts not reading scenarios Total score

Crop production 8 Water quantity 8
Erosion regulation 8 Biodiversity 6
Water quantity 8 Crop production 5
Livestock production 7 Cultural identity 5
Pollination 5 Livestock production 5
Tourism 5 Tourism 5
Carbon sequestration 4 Erosion regulation 4
Cultural identity 4 Nutrient regulation 4
Nutrient regulation 3 Carbon sequestration 3
Scenic beauty 3 Other materials 3



Water quality
Biological pest control
Biodiversity

Biofuels

Climate moderation
Disease control

Flood control

Fodder production
Other material

Wild foods
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Scenic beauty
Water quality
Biofuel

Fire

Flood regulation
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APPENDIX 5
List of ecosystem services from literature

AS.1 ISI Web of Knowledge data used

To develop this list we searched the Web of Knowledge (ISI), using the words "ecosystem
service*" OR "ecosystem goods and services" OR "environmental services" OR "ecological
services") AND (agricultur®* OR farm*) AND ("South Africa" OR "Southern Africa" OR "South
African" OR "Southern African" OR Botswana* or Namibia* or Lesotho* or Swaziland*. In
total, 62 papers (as per date October 18, 2012) were found, of which 52 papers were excluded,
using the following three criteria: the analysis has to i) be performed within the ecosystem service
frame work, ii) have a connection to specific agricultural area/s in the Southern African countries,
thus excluding conceptual papers, and iii) include more than one service. Within the remaining
ten papers we found a total of 18 different ecosystem services (Table AS.1).

To compile the list of services extracted from the literature search we listed all services
mentioned in the ten papers. Some of the services were renamed or grouped for consistency. For
example, we used the broad category of water quantity for more specific processes such as water
infiltration or runoff. The services got a score for each paper that assessed that service, hence the
list consists of the total number of services assessed in the ten papers and ranked according to
scores (Table A5.1).

Table AS.1. List of ecosystem services compiled through literature and ranked according to
number of papers that assessed each service (score).

Literature search Total score

Crop production
Water quantity
Biodiversity

Other material
Biofuel

Flood regulation
Livestock production
Water quality
Erosion regulation
Habitat provision
Nutrient regulation
Wild foods
Biological pest control
Carbon sequestration
Cultural identity
Disease control
Pollination

Tourism
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