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Land degradation response actions need motivated stakeholders and investments to improve land
management. In this study we present methods to prioritise locations for degradation mitigation in-
vestments based on stakeholder preferences for ecosystem services. We combine participatory and
spatial modelling approaches and apply these for Zambia, South Africa, and Tanzania to: i) prioritise
ecosystem services in each country; ii) to map the supply of these ecosystem services in each country,
and; iii) prioritise areas important for investment for the continuous delivery of these ecosystem services
based on their vulnerability to land degradation. We interviewed 31 stakeholders from governmental
and non-governmental organizations to select the most important ecosystem services per county.
Stakeholders were also asked to indicate on national maps the hotspots of these ecosystem services and
locations with a high degradation risk. We then assessed the supply of the stakeholder-selected
ecosystem services and land degradation risk using GIS-based spatial models. We found that for each
country the spatial extent and magnitude of ecosystem services supply and land degradation based on
GIS data coincides with stakeholder knowledge in some locations. In the context of supporting national
level policy to achieve land degradation neutrality as proposed by the United Nations Convention to
Combat Desertification we argue that the correct representation, the level of acceptance, and use of
modelled outputs to support decisions will be greater when model outputs are corroborated by stake-
holder knowledge. Ecosystem services that are identified as “important” by diverse stakeholder groups
have a broader level of awareness and could therefore drive motivations, commitments, and actions
towards improved land management, contributing to land degradation neutrality.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

as soil erosion, salinization, soil crusting, loss of soil fertility, and
depletion of seed banks and vegetation cover (Kairis et al., 2014).

Land degradation is a major threat to ecological functioning,
food production and livelihood development across the world
(Barbier, 2000; MA, 2005; Bindraban et al., 2012). It affects the
biological and economic productivity of land due to processes such
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According to the Millennium Ecosystem Assessment about 10—20
percent of all drylands, which include arid, semi-arid and dry sub-
humid areas, are degraded across the world (MA, 2005). A large
portion of the world's drylands are located in sub Saharan Africa,
where local people's livelihoods are very closely linked to acces-
sible natural resources and ecosystem services (Barbier, 2000).
With land degradation, the supply of these resources and services
to humans decreases.
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Several policy measures have been put in place to halt and
reverse land degradation for continued food production and live-
lihood development (Stringer and Dougill, 2013). With the estab-
lishment of the United Nations Convention to Combat
Desertification (UNCCD) in 1994 a large international response to
address land degradation issues in drylands was initiated. Through
National Action Programmes (NAPs), country Parties to the UNCCD
aim to improve the conditions of people and ecosystems affected by
land degradation by maintaining and restoring land and soil pro-
ductivity, and mitigating the effects of drought (UNCCD, 2016).
These country-level NAPs set targets and define actions to halt and
reverse land degradation in an integrated way. Many of the actions
of the NAPs also contribute to the United Nations global Sustainable
Development Goals that aim for a land degradation-neutral world
by 2030 (Target 15.3) and the restoration and conservation targets
of the international Convention on Biological Diversity (Aichi Target
15).

The UNCCD considers the goal of no-net-increase of degraded
land at national and global levels as their central remit, whereby
the condition of land resources to support ecosystem services and
enhance food security is maintained or improved through sus-
tainable use and management of soil, water and biodiversity, i.e.
achieving Land Degradation Neutrality (LDN) (Orr et al., 2017).
Achieving LDN requires significant investment in improved land
rehabilitation, degraded ecosystem restoration, and land steward-
ship. To promote and manage investments in sustainable land
management and land rehabilitation efforts, the UNCCD spear-
headed the development of an LDN Fund (Maillard and Cheung,
2016). Robust science is needed to ensure investments are tar-
geted to the locations which will achieve the greatest monetary and
non-monetary returns with low risks (Crossman and Bryan, 2009).

A key challenge for assessing the diverse returns on LDN in-
vestments is the integration of social-economic and environmental
data and values (Winslow et al., 2011). The concept of ecosystem
services -human benefits from nature- offers a framework for
incorporating diverse processes linking ecological data to social
and/or economic values (Diaz et al., 2015). The benefits humans
obtain from ecosystems are a function of ecological functioning and
human inputs (Willemen et al., 2008; Maes and Jacobs, 2015).
Quantitative assessments of a wide range of ecosystem services
helps to make explicit the many benefits, avoided costs, and trade-
offs of improved land management (Naidoo and Ricketts, 2006;
Hauck et al.,, 2013; Clec'h et al.,, 2016), and provide important
baselines for measuring returns on investment in land rehabilita-
tion, restoration and sustainable land management (ELD Initiative,
2015; Schroter et al,, 2015). The visualization of key ecosystem
services through mapping can be an effective vehicle for motivating
people to engage in sustainable land management, conservation
and restoration (Pettit et al., 2011; Darvill and Lindo, 2015; Klein
et al.,, 2015).

There are many ways to map ecosystem services (Gomez-
Baggethun et al, 2010; Martinez-Harms and Balvanera, 2012;
Crossman et al., 2013). These include spatial, GIS-based models to
provide detailed estimates of ecosystem services supply and value
using location-based data. In addition, participatory approaches
that use knowledge and expertise from people in the study area are
increasingly applied to map ecosystem services, especially in at-
tempts to better match science with societal needs (Brown and
Fagerholm, 2015). A general point of concern for all mapping ap-
proaches is the unknown or poorly presented level of accuracy and
representation of the ecosystem service maps (Schulp et al., 2014;
Willemen et al., 2015a). This shortcoming impedes the uptake of
science to support decision making (Walsh et al., 2015). The large
investments required to achieve LDN, and the need to ensure funds

are spent in locations where they can deliver the greatest benefits,
demands approaches that robustly quantify ecosystem services
most important to the decision makers and land managers who will
take the investment risks. Approaches that integrate methods, data,
and stakeholder views result in comprehensive and less biased
information for decision support, compared to single-method ap-
proaches (Voinov et al., 2014; Law et al., 2015; van Oort et al., 2015).

In this study we combine participatory and spatial modelling
approaches in three countries in Africa affected by land degrada-
tion, South Africa, Tanzania and Zambia, to: i) prioritise ecosystem
services based on their importance in the country; ii) to map the
supply of these ecosystem services, and; iii) prioritise areas that are
most likely important for investment for the continuous delivery of
these ecosystem services based on their vulnerability to land
degradation. We identify locations where, if land degradation is
halted, could provide best returns on investments. The priority
areas we identify are locations that are particularly rich in key
ecosystem services, but are also at high risk from degrading pres-
sures according to both spatial model outcomes and stakeholder's
perceptions.

2. Methods
2.1. Study area

Our study focuses on Zambia, South Africa, and Tanzania that for
large parts are classified as drylands (Fig. 1). These countries are not
only signatories to UNCCD but have ratified the convention with the
commitment to undertake considerable efforts in tackling land
degradation. However, they have also encountered barriers to
implementation due to insufficient resources, weak institutional
capacity, and/or inadequate legal support, as indicated in their
national reports on UNCCD implementation (http://www.unccd.
int).

Land-locked Zambia covers around 753,000 km? with a popu-
lation of about 14.5 million. Average annual rainfall ranges from
about 600 mm in the south-west of the country, to over 1200 mm
in the north-east (Environmental Council of Zambia, 2008). The
seasonality of the rainfall causes rainfall deficits in some parts of
the country. Agriculture and copper mining are the two most
important components of the Zambian economy (Central Statistics
Office, 2014). Agriculture is predominantly rain fed, with less than
10% irrigated (Environmental Council of Zambia, 2008). Small-scale
farmers account for over 80% of farmers with central Zambia being
the agricultural centre of the country. In the north-west of the
country, close to the border with the Democratic Republic of Congo,
a ‘new copper belt’ is emerging. In this area, new mining sites are
opened, rapid deforestation rates are observed, and the growing
population causes an increasing demand for firewood. Zambia's
national programme for combating desertification and mitigating
effects of drought has identified the main drivers of land degra-
dation as deforestation for agricultural purposes, soil erosion, high
demand for fuelwood and charcoal use, overgrazing, institutional,
policy and legal issues, and large scale developmental projects
(Kalaba, 2016).

South Africa covers approximately 1.22 million km? with a
population of about 53 million. Average annual precipitation
varies from less than 50 to 3000 mm (Egoh et al., 2008). The
country's arid climate, combined with the predominance of
shallow soils with limited irrigation potential, and relatively high
population of rural subsistence farmers, places much of the
country at risk of land degradation. Agriculture contributes to
about 10% of employment and only about 13% of the country can
be used for crop production due to aridity (van Heerden et al.,
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Fig. 1. Location of the three case study countries and aridity zones by Sorensen (2007).

2008). There are 320 dams in South Africa, with about 50% of total
water consumed going to irrigating crops (Scholes and Biggs,
2004). Degradation and associated habitat loss is a significant
threat to South Africa's biodiversity, with an estimated 18% of the
country's native habitat lost due to agriculture, mining, forestry
and urban development.

Tanzania covers approximately 945,000 km? and is located just
south of the equator. In 2013 the population of Tanzania was about
49 million. About 60% of Tanzania is classified as dryland and 90% of
the land is covered by savannah vegetation (Vice President's Office,
2014). Agriculture accounts for about 25% of GDP, and provides
employment for about 80% of Tanzanians (Byers et al., 2012). The
Southern Agricultural Growth Corridor of Tanzania (SAGCOT) is a
part of Tanzania's Kilimo Kwanza (Agriculture First) policy aiming
to increase the productivity and value of agriculture for economic
development and rural poverty alleviation (Milder et al., 2012).
Through irrigation infrastructure development an estimated
350,000 ha of land is planned to be brought into intensive agri-
cultural production in the coming years. Tourism is also important
to the economy, contributing about 13% to GDP. Major causes of
land degradation in Tanzania are overgrazing, poor cultivation
practices (including fire mismanagement) and deforestation,
exacerbated by rapid population growth, rural poverty, climate
change, an unclear land tenure system and conflicting government
policies that at times exacerbate land degradation (Vice President's
Office, 2014).

2.2. Participatory data collection on ecosystem services and land
degradation

Information on degradation risks and ecosystem services that
are most important in each country was collected by consulting a
range of national level stakeholders. In any participatory approach
the selection of stakeholders is a key driver of the results (Brown
and Kytta, 2014; Garcia-Nieto et al., 2015). In this study stake-
holders were selected by national scientists in the research team
and came from four types of organizations: i) government agencies
(e.g. departments of water, agriculture and conservation); ii) na-
tional non-governmental organization (NGOs), iii) private com-
panies, and iv) international organizations. The selected
organizations all operate on a national-level in land and water
management, restoration, and/or conservation practices. The con-
sulted government departments are responsible for implementing
the UNCCD NAPs. Stakeholders were consulted to identify and
locate ecosystem services of main relevance to their respective
country. Stakeholders were also asked to share their knowledge on
degradation status and trends, and about prospective land con-
servation and restoration actions to mitigate degradation. We
interviewed stakeholders in teams, with each team consisting of
national and international researchers and a UNCCD representative.
Each interview lasted 1.5—2 h. Thirty-one individuals were inter-
viewed during 20 meetings (9 in Zambia; 5 in South Africa, 6 in
Tanzania). The Supplementary Material lists the professional
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affiliations of the interviewees.

Each stakeholder interview started with a short presentation to
define the scope of the research project, and to outline the items on
which we want to receive the stakeholder's perspective. These
items were:

1. The most important ecosystem services in the country of

interest;

. The approximate location of those services;

3. Suggestions on spatial data for mapping and valuing those
ecosystem services;

4. Locations within the country at risk of degradation impacting
the supply of ecosystem services;

5. The most important direct (e.g. erosion, flood, overgrazing) and
indirect (e.g. population pressures, climate change) land
degradation threats to each ecosystem service, and;

6 Their view on promising actions to halt or reduce degradation in
the country

N

We used a semi-structured interview to discuss the six items.
For the first item we presented each interviewee with a preliminary
list of selected key ecosystem services for their country and asked
them to comment, add, or replace the listed ecosystem services as
needed. We provided interviewees with the full list of ecosystem
services from The Economics of Ecosystems and Biodiversity (TEEB,
2010) as a reference for adjusting the preliminary list. We asked
interviewees to draw the locations of key ecosystem services and
locations of current degradation processes on a topographic map of
their country (Item 2 and 4). The maps supported discussion about
specific locations and reasons why certain ecosystem service or
degradation trends were occurring in those locations. The maps
were also used to collect interviewees' knowledge on ecosystem
services and degradation hotspots to compare with our spatial

modelling outputs. Interviewees were given a topographic A3
colour country map, colour markers, and arrow stick-on notes.
Fig. 2 shows an example of a map produced during an interview in
Zambia.

The topographic maps completed by the interviewees were
redrawn by hand in ArcGIS 10.3 (ESRI, 2015). We used a small
1.5 cm diameter circle (the size of a fingertip) to indicate the
approximate locations indicated by arrow sticky-notes (Fig. 2). For
text written on the map we draw polygons around the text.
Ecosystem services and land degradation risks were redrawn in
separate layers. In some cases there was ambiguity about whether a
hand drawn item during the interview should be labelled as an
ecosystem service or land degradation threat. We labelled crop
production, fishing and grazing as ecosystem service supply areas if
they were mentioned in a neutral way. The location was labelled as
a land degradation threat if the interviewee explicitly indicated
that the location was subject to overgrazing, overfishing or agri-
cultural practices with high negative environmental impact. In the
digitising process we renamed some mapped services to clarify
their benefit. For example, ‘water’ drawn on a map to identify an
above or below ground water body was renamed ‘water supply’,
whereas ‘water’ drawn on top of a land area was renamed ‘water
regulation’. Overlapping polygons were mapped, counted, and
rasterized to a relatively coarse 0.5° resolution (around 55 km at the
equator) which we assumed was the maximum accuracy at which
interviewees could draw on a national-scale map.

To define the priority of an ecosystem service in each country,
we counted how often interviewees listed an ecosystem service as
important during the interview (Item 1) and drew them on the map
(Item 2). This frequency is assumed to represent the importance of
ecosystem service for LDN decision making. The data suggestions
(Item 3) were used in the development of the spatial models. The
perspectives of the interviewees on land degradation drivers and

Fig. 2. Example of the use of topographic maps during the stakeholder consultations.
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solutions (Item 5 and 6) were listed to improve the interpretation of
the land degradation map and to reflect on land degradation
neutrality options.

2.3. Spatial modelling of ecosystem service supply and land
degradation hotspots

We first used GIS-based spatial models to map locations rich in
ecosystem services supply and to map areas of high risk of degra-
dation. To identify priority locations for LDN investments we then
overlaid the maps of ecosystem service supply and land degrada-
tion risk. Input data for the ecosystem service supply and land
degradation risk maps were acquired from ongoing projects of
numerous research organizations, universities and governments in
each of the countries. These input spatial data were recommended
by interviewees and were acquired during in-person visits to
relevant organizations in-country, or in case unavailable, retrieved
from open access GIS data platforms. Ecosystem service supply was
quantified in biophysical terms depending on the country specific
definitions of an ecosystem service and available data. Our
ecosystem service quantification methods were mostly existing
proxy or process based methods (see Table 1). Other than the
country-specific ecosystem service methods, we used one single
method for all three countries to assess land degradation risks. We
quantified locations under risk of (further) land degradation by
combining information on global aridity estimates (Trabucco and
Zomer, 2009) with estimates of the level of human influence
(WCS and CIESIN, 2005). The Supplementary Materials contains
descriptions of data sources and specific methods to quantify
ecosystem service supply and land degradation, and shows in
which cases we used existing national level maps of ecosystem
services.

To sum ecosystem service supply layers with different bio-
physical units (for example, m?> of timber/ha/yr or livestock units/

Table 1

ha) to identify hotspot of key ecosystem service supply, all
ecosystem service supply layers were linearly rescaled to 1 to 5
(minimum to maximum supply) using the equation (Crossman and
Bryan, 2009):

, (X=X min)*4
" (X max — X min)

where X’ is the transformed value, x is the original value of the
ecosystem service, and x max and x min are the maximum and
minimum values, respectively, across the range of values for the
ecosystem service. Land degradation risk was linearly rescaled the
same way, with 1 being lowest risk and 5 highest risk. The rescaling
of ecosystem service and land degradation risk scores was based on
within country minimum and maximum supply values. Therefore,
the rescaled values cannot be used to make comparisons between
countries.

Hotspots for targeting land degradation risk mitigation mea-
sures at locations rich in key ecosystem services, but at high risk
from degrading pressures, were quantified by multiplying the
rescaled land degradation risk with the ecosystem services maps,
and rescaled to 1 to 5 again. A value of five in the resulting map
indicates areas with the highest total ecosystem services supply
(number and supply) while being under the highest risk of
degradation.

To also allow for a comparison, the stakeholder-based
ecosystem service and land degradation hotspot maps were
multiplied and also rescaled to 1 to 5. Stakeholder-indicated hot-
spots of land degradation risk and ecosystem service supply were
visually compared with the hotspot maps resulting from the spatial
modelling work. Locations that show up as a combined hotspot, the
investment priority areas, in both assessments can be considered
areas where high ecosystem services supply under risk of degra-
dation is most likely. We put these priority locations for land

Ecosystem service quantification methods and data sources per country. ZM = Zambia, SA = South Africa, TZ = Tanzania.

Ecosystem services
(Country definition)

Mapped ecosystem service indicators

Used data sources

Fodder provisioning (ZM,
SA)
Fodder provisioning (TZ)

Livestock units (LU) per square kilometre

Water supply (ZM, TZ)
the 5 being the highest supply.
Water supply (SA) Runoff in mm per year
Fuelwood and charcoal
(zM)
Fuelwood and charcoal
(T2)
Crop production (TZ)
classes are left out.
Erosion control (ZM)
hectare Tallis et al. (2013)
Erosion control (SA)
Erosion control (TZ)

NDVI as value for greenness, as the assumed proxy for quality, of the grasslands. The index
ranges from —1 to 1, with the 1 being the highest supply.

Sustainable timber extraction levels in m> per hectare per year
Accessible woody biomass (Mg/ha) (Willemen et al., 2013).

Cultivated land LC2010 combined with AEZ-based crops suitability data. All Non-suitable

HarvestChoice (2015) (ZM), National
Department of Agriculture (2006) (SA)
Land cover: grassland cover

(IRA, n.d.),

NDVI Sept 2010 (SPOT/VGT)

Index based on river density and inverse distance to lakes. The index ranges from 1 to 5, with Rivers (RCMRD, 2014a)

Lakes (VMAP, 2014)
Nel et al. (2013)
Turpie et al. (2015)

Roads (RCMRD, 2014b)

AGB Map (Saatchi et al., 2011)
LC2010 (IRA, n.d.),

AEZ Crop suitability (SUA, n.d.)

Estimates of the quantities of sediment that were prevented from reaching dams in tonnes per

Turpie et al. (2015)

Estimated sediment is being retained due to the direct effect of land-cover in tonnes per hectare O’Farrell (2014)
Erosion prevention index based on soil and land use attributes which are at risk of erosion. The LC2010 (IRA, n.d.), Soils (De Pauw, 1984)

index ranges from 1 to 5, with the 5 being the highest supply.

Carbon storage (ZM)
Water purification (SA)
hectare per year

The current carbon stocks in above ground vegetation and soil in tonnes of C per hectare
An estimate of the quantity of nutrients (nitrogen and phosphorous) retained by ecosystems in O’Farrell (2014)

Turpie et al. (2015)

Water flow regulation (ZM, Water flow regulation index based on slope, wetland distance, river distance and land cover.

SA, TZ)
Flood protection (TZ)

Habitat for attractive
tourism species (ZM, TZ) the 1 being the highest supply.

The index ranges from 1 to 5, with the 5 being the highest supply.

Flood protection index based on land uses and their ability to reduce flood risk. The index
ranges from 1 to 5, with the 5 being the highest supply.
Species Attractiveness Index of accessible Protected Areas. The index ranges from 0 to 1, with Willemen et al. (2015b),

DEM (SRTM30), Country land cover, rivers,
and lakes
LC2010 (IRA, n.d.)

Major Roads (RCMRD, 2014b)
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degradation responses within the context of the current locations
of land with a protected status (IUCN and UNEP-WCMC, 2014).

3. Results
3.1. Key ecosystem services identified by stakeholders

As shown in Fig. 3, the ecosystem services most frequently
identified as important by the stakeholders in all three countries
were those with a market value (e.g. timber, charcoal, tourism), a
direct contribution human wellbeing (e.g. food, fuelwood), or have
an important contribution to economic activities such as agricul-
ture (e.g. water, fodder, erosion prevention). The top three
ecosystem services, either mentioned or drawn on the map during
the interviews, in Zambia were food supply through agriculture and
fishery, water supply, and water regulation and tourism (both
identified nine times). Similar services were also identified as

a)
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Fig. 3. Priority ecosystem services indicated by stakeholders in a) Zambia (n = 68, of
which 34 from the maps); b) South Africa (n = 31, of which 7 from maps); Tanzania
(n = 73, of which 38 from the maps). NTFP: Non-timber forest products.
1 = Provisioning; 2 = Regulating; 3 = Habitat; 4 = Cultural ecosystem services.

important in South Africa (water regulation, water supply, food
production and erosion control) and Tanzania (water regulation,
water supply, and fodder production).

In all three countries stakeholders identified about an equal
number of key provisioning and regulating services. The key
ecosystem services identified by both national government orga-
nizations and other stakeholder organizations could have the
broadest level of awareness and could be an important motivator
for improved land management in locations where those
ecosystem services are supplied. Fig. 3 therefore presents how
often a type of stakeholder mentioned a certain ecosystem service
as important. We were only able to consult stakeholders from four
different types of organization in Zambia. Food supply and water
regulation services were mentioned by all four of them. We mostly
consulted government officials for the selection of priority
ecosystem services in South-Africa and Tanzania.

Stakeholders had in some cases very different perceptions of
ecosystem service priorities and degradation threats. For example,
water supply in the Southern Agricultural Growth Corridor of
Tanzania was considered both ‘scarce’ and ‘plentiful’ by different
stakeholders in the country. There were also opposing views of
natured-based tourism among stakeholders. Statements about
tourism in the three countries ranged from “an ecosystem service of
national importance”, to “tourism at game farms is a land degra-
dation threat”, or “contribution of tourism to land degradation is
low, it leads more to cultural degradation”. Despite wide attention
in international decision making, the ‘climate change regulation’
ecosystem service was only included in Zambia as an ecosystem
service of national importance. In South Africa this ecosystem
service was removed from the preliminary list because of the
perceived limited capacity of vegetation types in the country to
capture and store carbon. Some stakeholders in Tanzania wanted to
rephrase this regulation service to ‘the capacity to adapt to climate
change’, emphasizing their focus on climate change adaption rather
than on mitigation.

A number of other benefits from nature identified by the
stakeholders are not included in the TEEB ecosystem service clas-
sification. For example, water for navigation in Zambia, game farms
and non-food products from agriculture (e.g. vineyards) in South
Africa were identified and mapped by stakeholders as important
but are not in the TEEB classification. In these cases we decided to
label navigation as a provisioning service as it relates to the water
volumes, game farms as recreation, and wine production as a food.
For the listing of ecosystem services, we could not reclassify the
stakeholder identified ‘NTFP’ (non-timber forest products), which
can refer to food and non-food provisioning services. The final list
of selected ecosystem services is shown in Table 2, which includes
the priority services identified by the stakeholders and takes into
account the project objective and feasibility of quantifying each
service. The high reliance on forest foods in Zambia is due to high
poverty levels (Kalaba et al., 2013). This ecosystem service was
omitted in a later phase because there was no adequate species
distribution data to quantify it. We also omitted the Zambian cul-
tural heritage service because of a lack appropriate data and
models.

3.2. Hotspots of ecosystem services and land degradation risk

The selected priority ecosystem services (Table 2) and land
degradation risks were spatially quantified using GIS-based
models. In Zambia ecosystem services hotspots are located across
the country, but mostly along rivers and in protected areas. Land
degradation risk hotspots in Zambia are mostly found in the south.
In South Africa hotspot of ecosystem services are clustered in the
more humid south east, while areas with a high degradation risk

Please cite this article in press as: Willemen, L., et al., Identifying ecosystem service hotspots for targeting land degradation neutrality
investments in south-eastern Africa, Journal of Arid Environments (2017), http://dx.doi.org/10.1016/j.jaridenv.2017.05.009




L. Willemen et al. / Journal of Arid Environments xxx (2017) 1-12 7

Table 2

Selected key ES for each country after stakeholder consultation. Ecosystem services added to preliminary list by interviewees are in bold. Ecosystem services removed from the
preliminary list and not included in this study are in light grey. The omitted services due to data limitations are indicated with an X.

ES category Zambia South Africa Tanzania
Provisioning e  Fodder provisioning e  Fodder provisioning e  Fodder provisioning
e  Water supply e  Water supply e  Water supply
e  Fuelwood and charcoal e  Fuelwood and charcoal
provisioning provisioning
e  Forest foods supply-X e  Crop production
L] L]
Regulating e  Water flow regulation e  Water flow regulation e  Water flow regulation
° Erosion prevention . Erosion prevention . Erosion prevention

e  Climate regulation

Water purification

Habitat

Cultural e  Tourism °
e  Cultural heritage (wetlands)-X

. Tourism

are mostly found around the main cities in the central and west of
the country. The locations of ecosystem service supply hotspots are
shown in green in Fig. 4. Areas of highest land degradation risk are
shown in red in Fig. 4. The Supplementary Materials include the 20
ecosystem service supply maps separately. In addition to the
modelled maps, the hotpots based on the digitized locations of key
ecosystem services and land degradation threats identified by
stakeholders are shown in Fig. 5. For Tanzania the spatially
modelled and stakeholder estimates of ecosystem service hotspots
and land degradation risk show a similar pattern (Figs. 4 and 5).
Both mapping approaches show highest land degradation risks in
the semi-arid central parts of the country, while the ecosystem
service hotspots form a diagonal crossing the country from north-
west to the south-east. For the other two countries the visually
observed patterns show less spatial congruence between the
spatially modelled and stakeholder drawn maps.

3.3. Investment priority areas and options

The stakeholder-based and modelled ecosystem service hot-
spots and land degradation risk assessments were combined to
quantify and identify hotspots (Fig. 6) for targeting land degrada-
tion mitigation measures and attracting investments by interested
entities, such as the emerging LDN Fund. As stakeholders were
asked to only draw important ecosystem service and land degra-
dation areas, a value of 1 on the stakeholder map (Fig. 5) should be
interpreted as a hotspot for targeting mitigation measures. Hot-
spots for targeting interventions that appear in both mapping ap-
proaches reflect locations where model outputs are corroborated
by stakeholder knowledge. During the stakeholder consultations, a
variety of promising actions to safeguard ecosystem service flows
to society were mentioned (see Supplementary Materials for full
list). These include sustainable land management practices but also
legal and regulatory measures to create an enabling environment
for land degradation reduction. To visualize areas where conser-
vation practices are already taking place, we included protected
area boundaries on the priority map (ranging from IUCN's strict
protection to sustainable use designations) in Fig. 6. Here we
highlight some interventions in relation to the hotpot target areas
in Fig. 6.

In Zambia, target areas that show up in both the stakeholder-

based and modelled assessments include some of the catchment
areas for Zambia's main rivers. Expansion of protected forest
reserve areas in the catchment of the Zambezi in the west, and the
Kafue River in the central area of the county was one action sug-
gested by stakeholders. Forest areas in Zambia appear as ecosystem
service hotpots while facing degradation. Stakeholders recom-
mended that mining and timber companies, as drivers of land
degradation, invest in sustainable land and forest management in
the areas where they are active. Forest areas around large densely
populated cities in Zambia are also under pressure from firewood
and charcoal collection. Alternative energy resources were sug-
gested to reduce this pressure. Protected areas with a high supply of
key ecosystem services but under pressure of degradation can be
found in the south of Zambia (modelled results) and the north-west
of the country (stakeholder results).

In South Africa areas identified as high in ecosystem services
with high risk of degradation by both mapping approaches are
located around big cities such as Johannesburg in Gauteng, Durban
in KwaZulu-Natal and around Cape Town in the Western Cape.
Actions identified by interviewees included clearing of invasive
species, natural regeneration, planting of trees and grasses, and
better regulation of the mining industry. The grasslands and
forested areas in the KwaZulu-Natal and Gauteng provinces in the
east are identified as ecosystem service hotspots in South Africa but
are found in areas with high degradation potential where loss of
vegetation cover could lead to ecosystem service loss. High priority
areas without a protected status are mostly found in the south-
eastern part of South Africa. Earlier work showed that grasslands
are underrepresented in the country's protected areas (Rouget
et al,, 2004) and are therefore vulnerable to unsustainable land
uses.

In Tanzania, priority areas for investments where both
ecosystem service supply and human pressures are high include
dry central parts of the country, and areas near the Ruaha National
Park and the Usambara Mountains in the north east. The priority
locations largely overlap with protected areas. To reduce the risk of
degradation and maintain the supply of key ecosystem services,
stakeholders indicated a need for investing in law enforcement and
actions to support alternatives for fuelwood collection such as
climate smart agriculture that includes tree species.
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Fig. 4. From top to bottom the Zambia, South Africa, and Tanzania spatial model results: a) ecosystem service supply hotspots, based in the ecosystem services included in this
study; b) land degradation risk index. A score of 5 indicates the highest supply or high degradation risk in the country.

4. Discussion

In this study we used integrated mapping approaches to visu-
alize key ecosystem service supply areas in relation to land
degradation risk for three African countries with considerable
dryland areas; Zambia, South-Africa, and Tanzania. This new
approach to promote and target investments in the prevention of
degraded land that yields the greatest benefits in term of ecosystem
services has some important implications, requirements, and
challenges which we discuss below.

4.1. Country level findings and implications

To define priority locations for land degradation mitigation in-
vestment we used the concept of ecosystem services for a sys-
tematic discussion on environmental benefits with stakeholders in
the three countries. We found that all interviewees, based at a wide
range of institutions, were all familiar with the ecosystem service
concept. There appeared to be an advanced awareness of the term
as stated by Guerry et al. (2015). However we also found some

difficulties using ecosystems services terminology. The term
“regulating services” (as ecosystem service category) was confusing
to some. Some stakeholders interpreted this term as regulatory
measures for e.g. water purification (prescriptive policy-based). We
also found that the ecosystem service framework did not capture
the full breadth of land degradation problems that could be
addressed though sustainable land management and reduced land
degradation risk in the three countries. For example, interviewees
in Zambia highlighted the impact of mining on land degradation
and deforestation, which also include indirect processes such as
mining trucks that facilitate illegal charcoal trade. Interviewees in
South Africa also mentioned mining as a key process impacting
benefits from ecosystems. For example, many coal fields are located
beneath the best quality agricultural lands, limiting their use for
food production. Other ecosystem service beneficiary and access
problems were highlighted by interviewees in Tanzania with the
example that the distribution and access to the many fresh water
sources is limited for many people due to limited infrastructure.
The national level maps resulting from this study show general
spatial patterns of key ecosystem service supply and land

Please cite this article in press as: Willemen, L., et al., Identifying ecosystem service hotspots for targeting land degradation neutrality
investments in south-eastern Africa, Journal of Arid Environments (2017), http://dx.doi.org/10.1016/j.jaridenv.2017.05.009




L. Willemen et al. / Journal of Arid Environments xxx (2017) 1—12 9

a) Stakeholder reported # key ES
[ 1
| B
I :

a) Stakeholder reported # ES
2
K]

a) Stakeholder reported # ES

1

B 2

B 3 £ R
I
— E N

b) Stakeholder reported # land degradation risks
[
3 9

[
b) Stakeholder reported # land degradatlon risks

- i
I 2 r
- el w i
\ [ B
) A I
,/‘"“/{ P
o / //'
L @¢,
L‘)/, A S //’
,//
b) Stakeholder reported # of land degradation risks
I
. )
R

Fig. 5. From top to bottom the Zambia, South Africa, and Tanzania digitized participatory maps a) number of ecosystem services mentioned; b) number of land degradation risks
mentioned. The Zambia participatory maps include information from eight interviews and the Tanzania maps are based on six interviews. The South Africa stakeholder maps are

only based on two group interviews (no maps were drawn during the other two).

degradation risks. The maps resulting from the stakeholder in-
terviews and spatial models do not readily allow for detailed in-
terpretations because they are based on a wide variety of data
sources and assumptions. For example, degradation risk was
mapped assuming only spatial data on climate and human pressure
would capture the main degradation risk factors (therefore
excluding factors such as soil type and topography; these were
represented indirectly through land use). The absence of location-
specific drivers could explain the large difference in land degra-
dation risk between the expert-derived and modelled outputs (See
stakeholder identified list in Supplementary Materials). The
absence of mining data in the modelled land degradation risk
assessment underestimates the degradation risk especially in the
north-west of Zambia. In South Africa our modelled land degra-
dation risk assessment omits three important drivers of degrada-
tion that were flagged by the interviewees: invasive species, soil
erodibility, and mining sites. Adding these components to the land
degradation risk assessment would improve the credibility and
reliability of the risk assessment.

For the three countries the target maps for investment can be
used to select areas for further and more detailed assessment and
exploration of land degradation intervention strategies and sub-
sequent trade-offs across beneficiaries. Each alternative land
management in each priority location will come with several trade-
offs, peculiar to the social, economic and ecological characteristics
of the surrounding landscapes. A detailed trade-off analysis be-
tween beneficiaries from alternative land management is not
included in this study but should be included in small scale studies
(e.g. at project site level), where the complexity of local and
regional systems and specific investment plans can be assessed. The
target areas for interventions in our study did not include infor-
mation on the dependence or demand for ecosystem services
locally. For example, the western part of South Africa has a high
water demand due to low rainfall and desertification but a does not
fully appear as target location due to its overall low ecosystem
service supply. Including spatial explicit assessments on local de-
mands would better capture the welfare implications associated
with interventions decisions (O'Farrell et al., 2010).
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4.2. Opportunities and challenges of integrated knowledge mapping

Stakeholder relevant, robust, and transparent spatial informa-
tion are essential criteria for supporting decision making
(Willemen et al., 2015a). We addressed these three criteria by
combining participatory approaches with GIS modelling. LDN de-
cision making depends on and affects different stakeholder groups,
which all have a different perception of which ecosystem services
are “most relevant” to preserve. Ecosystem services repeatedly
identified by the diverse stakeholder organizations could be seen as
those with the broadest level of awareness and could therefore
drive motivation, commitment, and action towards improved land
management in locations where those ecosystem services are
supplied. Our study reveals that the water supply service could be a
powerful motivator. Our results show that water related ecosystem
services are prioritized in the three countries. This is not surprising
as these are water stressed countries where degradation related

water scarcity will have large implications for economic activities
such as food production and tourism (Gossling et al., 2012;
McIntyre et al., 2016). Stakeholder-driven policy and incentives
for change towards ecosystem service protection and LDN are more
likely to succeed when there is good awareness of the magnitude of
ecosystem service supply and degradation risk. Participatory ap-
proaches to addresses a common problem, like land degradation
impacts, can create mutual interest and awareness of processes
influencing ecosystem service supply (Sitas et al., 2013). Therefore,
co-production of knowledge through participatory mapping ap-
proaches typically lead to a higher engagement, better match be-
tween science and practice, and a higher uptake of the produced
maps.

The advantage of using multiple mapping approaches is that it
leads to complementary types of insights and detail that are needed
for balanced and informed decision-making (Voinov et al., 2014;
Law et al., 2015; van Oort et al., 2015). Measures of quality (i.e.
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results from sensitivity and accuracy analyses) of the used GIS data
were not available for our study. However locations that show up as
hotspots of ecosystem services, land degradation risk, and target
sites with both mapping approaches are likely a priority site for
LDN action. Due to the known, but unquantified, errors in our maps,
the priority areas were not tallied but only compared visually. With
ecosystem service maps now an important input for decision
making, the reporting, quantifying and visualizing of uncertainty in
ecosystem service maps is a key research challenge.

4.3. Decision making and investments in land degradation
neutrality

LDN relates to decision making at multiple levels, from inter-
national to national and to local, through UNCCD commitments,
National Action Programmes, and on the ground interventions. This
multi-level aspect needs to be considered: i) selection of invest-
ment priorities; ii) data accuracy of decision support information,
and; iii) financing strategies.

First, in our study we focused on national level priority
ecosystem services to define locations to target LDN investment.
Internationally or locally these priorities can be different. The se-
lection of project sites and objectives could clash with local prior-
ities or local perceptions of key ecosystem services, hampering the
uptake of LDN actions. Second, different levels of accuracy are
needed at the different decision making levels. Our national level
maps are not necessarily suitable for local level decision making.
However, they can inform UNCCD or LDN decision making pro-
cesses by, for example, facilitating the identification of priority is-
sues and locations in the UNCCD signatory countries. Lastly, LDN
investment strategies reflect financial and investment opportu-
nities at different levels. The emerging international LDN Fund is
designed as a public-private platform to mobilize blended finance
for land degradation neutrality actions, and is expected to open up
opportunities for sustainable land management and land rehabili-
tation worldwide (Mirova and UNCCD Global Mechanism, 2016). At
the national level, investment plans are under development. For
example, in a recent report by the ProEcoSer project (UNEP, 2015)
strategies to mainstream ecosystem services into policies and
practices of public and private actors in South Africa include plans
for building public-private partnerships for consolidated on-the-
ground ecosystem management, for example within the national
Working for Water (WfW) or Working for Wetlands (WfWet)
programmes.

5. Conclusions

Combining spatially explicit and quantitative information on
ecosystem services supply with land degradation maps gives a new
comprehensive view on the locations where investments in miti-
gating degradation could be targeted. Our study resulted in country
maps for Zambia, South Africa and Tanzania showing areas where
LDN investments in reducing land degradation can generate the
highest net positive results in terms of ecosystem service supply.
We combined the use of spatial modelling and participatory map-
ping approaches which resulted in complementary insights on
ecosystem service supply and degradation risks. For some areas, the
spatial model and stakeholder-based maps show similar patterns in
ecosystem service hotspots and land degradation risks. In the
context of supporting national level policy to achieve land degra-
dation neutrality we argue that these overlapping locations are of
great interest. When model-based maps are corroborated by
stakeholder knowledge they score likely better in correct repre-
sentation and in acceptance of the map to support decisions. Be-
sides investment locations, we also investigated which ecosystem

services were considered of national importance according to
different national level stakeholder groups. Ecosystem services that
are frequently mentioned ad identified as important by both na-
tional governmental bodies and other stakeholder organizations
are likely to have a higher level awareness and agreed importance.
These ecosystem services could motivate governments and others
to support and invest in halting and reserving land degradation.
Our study reveals that the water supply service could be a powerful
motivator for Zambia, South African and Tanzania.
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