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We used locally-sourced and other relevant information to value ecosystem services provided by South Africa's
terrestrial, freshwater and estuarine habitats. Our preliminary estimates suggest that these are worth at least
R275 billion per annum to South Africans. Notwithstanding beneﬁts to the rest of the world, natural systems
provide a major source of direct income to poor households, and generate signiﬁcant value in the economy
through tourism and property markets, as well as providing considerable non-market beneﬁts. Higher values
correspond both to areas of higher biomass, which have higher capacity to supply ecosystem services, and areas
of higher population densities, which generate demand as well as threats. The value of regulating services is
higher for natural systems closer to population centres. Amenity values are highest in cities and protected areas,
with the fragmented green open space areas within cities have among the highest values per ha. Even if the gaps
are taken into account, our estimates are far lower than estimates based on average global values, but are likely
to be more accurate, relevant and tractable to policymakers. Nevertheless, some services have large global
values, the recognition of which is important in developing strategies for ﬁnancing biodiversity conservation.

1. Introduction
The need to ﬁnd an optimal balance between conservation and
development is increasingly evident, especially in developing countries
such as South Africa, where addressing widespread poverty is a
priority, and where ecosystems and their biodiversity face escalating
threats from land transformation, hydrological alteration, pollution,
overexploitation, invasive alien species and climate change. The valuation and mapping of ecosystem services can inform policy by elucidating the role of natural capital in contributing to development objectives, highlighting natural areas of importance for service provision,
facilitating the evaluation of alternative locations for project action, and
providing better justiﬁcation for public spending on conservation and
restoration eﬀorts (van Jaarsveld et al., 2005).
The valuation of ecosystem services has proliferated since the early
1990s. While most studies focus on single services at a local scale
(Turner et al., 2003), these can be used in conjunction with spatial data
to develop regional, national or even global estimates. Since Costanza

et al.'s (1997)'s estimate of the value of the world's ecosystem
servicesin , extrapolated from the few studies available at the time,
the execution and scaling up of valuation studies has been signiﬁcantly
improved by advances in satellite data, geographic information systems
and models. This has allowed for more accurate means of transferring
values, taking geographic variation into account (e.g. Troy and Wilson,
2006; Egoh et al., 2008; Naidoo et al., 2008; UK NEA, 2011). These
advances are motivated by growing recognition of the importance of
valuing natural systems at a national scale (e.g. CBD Aichi targets) and
their incorporation into national accounting systems (UN-SEEA,
2012).
Much of the work carried out to date relies on the increasing pool of
estimates from valuation studies around the world, much of which is
collated in global databases. These have been particularly valuable in
extrapolating values to areas for which estimates are relatively scarce,
notably developing countries. However, the reliability and policy
relevance of such estimates might be limited. We argue that “local is
lekker1”, in that it may often be more useful to apply (scarce) local
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Table 1
Provisioning, cultural and regulating services included and not included in this study. Note that the provision of mineral resources, water and abiotic energy were not considered as
ecosystem services.
Category

Services

Brief explanation

Included

Provisioning services

Livestock fodder
Harvested renewable resources

Supply of grazing used as an input to free-ranging livestock and game farming
Raw materials, biofuel, wild foods. wild medicines and ornamental products (e.g. flowers) harvested
for use or sale
The value of exploration for genetic varieties etc. that are used in agriculture, horticulture, medicine
etc.
The value derived from viewing or using nature for relaxation, exercise, spiritual enjoyment etc.

Yes
Yes

The significance of nature in cultural and religious beliefs and activities
The value derived from the knowledge that wild nature exists and that it can be enjoyed by future
generations
The value derived from understanding nature and potential lessons etc, including from armchair
appreciation of nature (e.g. watching documentaries)
Maintenance of carbon stored in plants and soil, rather than allowing their release into the
atmosphere leading to climate change damages
Reduction of urban heat island effects or wind by natural vegetation
Pollination of crops by wild pollinators, improving crop yields, saving managed pollination costs
Control of pest populations by wild animal populations, reducing losses or prevention costs, or
avoidance of the proliferation of pests or pathogens by maintaining healthy ecosystems e.g. black fly*,
malaria
Replenishment of fertile soils by flooding
The role played by critical habitats such as breeding areas, nursery areas or seasonal watering areas,
for the maintenance or productivity of broader-scale populations that have value elsewhere, e.g. the
value of estuaries for marine fisheries
Prevention of soil loss by vegetative cover and the prevention of sedimentation by eroded sediments
through trapping by vegetation and wetlands.
Flood attenuation by vegetated areas and wetlands; and groundwater recharge and the maintenance of
low flows through infiltration facilitated by vegetative cover
Attenuation of wave energy by natural barriers such as dunes and mangroves, avoiding damages
Avoided treatment costs and downstream ES losses through removal of elevated nutrients, suspended
sediments and pathogens generated by human activities.
Health costs avoided through removal of particulate matter by vegetation, particularly in urban areas

No
Yes

Cultural services

Genetic resources, biological
compounds
Amenity values (aesthetic,
recreation)
Cultural and religious value
Existence and bequest (non-use)
values
Scientiﬁc and educational value

Regulating services

Carbon storage
Regulation of local climate
Pollination
Control of pests and pathogens

Maintaining soil fertility
Critical habitats/refugia

Control of erosion and
sedimentation
Flow regulation
Coastal storm protection
Water quality amelioration
Air quality amelioration

No
Yes

No
Yes
No
Yes
Part*

No
Yes

Yes
Yes
No
Yes
No

that nature should also be recognized as a valuable form of capital that
contributes to economic production and human wellbeing. The original
concept saw ecosystems providing “goods”, such as ﬁsh, and “services”,
such as water quality amelioration, which provided inputs to or saved
on the costs of production. This concept was further clariﬁed by Barbier
(1994), who recognized that ecosystems also have “attributes”, such as
beauty, rarity or diversity, that generate spiritual, educational, cultural
and recreational values. Goods, services and attributes were essentially
re-categorized as provisioning, regulating and cultural services by the
Millennium Ecosystem Assessment framework document (2005),
which also recognized a fourth category of supporting services,
comprising the underlying processes which maintain conditions for
life on Earth. The Common International Classiﬁcation of Ecosystem
Services (CICES; Haines-Young and Potschin, 2013) has reverted to
three main groups (“provisioning”, “regulation and maintenance” and
“cultural”), but retains these underlying functions and broadens the
concept of ecosystem services to include crop and livestock production
and their co-beneﬁts such as draught power, as well as abiotic energy
sources such as wind and tidal energy production. There are also other
changes such as inclusion of water storage (including by reservoirs)
and water puriﬁcation as a provisioning service. This study follows the
more traditional frameworks, but ignoring the supporting services of
the MEA to avoid double-counting.
In this study, we focussed our assessment on the direct and indirect
use values of the provisioning, regulating and cultural services provided by remaining natural terrestrial, freshwater and estuarine
ecosystems in their current condition. These areas represent 85% of
South Africa's land area, most of which is under private or communal
rangelands, private wildlife-based land uses or state-owned protected
areas, including urban green open space areas and beaches. The
assessment did not include the value of cropland or plantations, which
make up 13% of the country and contribute 2% to GDP (DAFF, 2017).
Rather, it sought to value what might be lost when natural systems are

value estimates than using international estimates that may not be
reliably transferable to local contexts. Furthermore, while international
values may be useful to inform strategies for ﬁnancing biodiversity
conservation to improve global welfare, local values are more important for optimizing allocations from a national welfare perspective, and
are therefore more likely to have traction with policy-makers.
In this study, we provide preliminary estimates of the value of
South Africa's untransformed terrestrial, aquatic and estuarine ecosystems to South Africans, using locally-relevant data, and taking spatial
variation in ecosystem system characteristics and demand into account
as far as possible. In addition to highlighting the patterns of value and
their implications, we draw attention to data gaps and areas for further
research, and discuss the discrepancies with international estimates.
2. Data and methods
2.1. Valuation framework and scope
Environmental valuation began with the notion of estimating
changes in total economic value (direct, indirect, option and non-use
values, Pearce and Turner, 1990) obtained from environmental assets
as a result of changes in environmental characteristics. The concept of
ecosystem services developed later, and along with it, the idea of trying
to put a value on natural capital (e.g. Costanza et al., 1997), rather than
valuing marginal changes. The development of a standardized approach to classify and value ecosystem services is considered critical to
informing sustainable development policy but remains a serious
challenge (UN, 2012). This is partly because most beneﬁts derived
from ecosystems are the result of a combination of labour and manmade capital as well as natural inputs (Boyd and Banzhaf, 2007;
Landers and Nahlik, 2013), which makes it diﬃcult to attribute value to
nature.
The concept of ecosystem services was introduced to make the point
2
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2.3. Provisioning services

further degraded or transformed to these land uses or by other
development such as mining or urbanization. However, the study does
include the value that natural systems contribute to agricultural
production. In addition, we did not include the value of water. It
would be fairly straightforward to provide a coarse estimate of value,
and the geographic variation in runoﬀ is well known with high runoﬀ
areas having been identiﬁed as critical ecological infrastructure (WWF,
2013). However, the value of water cannot be attributed to ecosystems
or their quality (overall water supply would be the same if the
catchment areas were under concrete). Rather, we consider how
ecosystem functioning saves on the costs of water supply through
regulating the timing of ﬂows. The ecosystem services considered in
this study are listed in Table 1, along with information on which
services were estimated. The services that were not estimated were
omitted because they were considered to be relatively minor, because of
a lack of information, or both.

2.3.1. Livestock fodder production
A large proportion of South Africa is under rangeland, with small
stock predominating in the drier areas to the west, and cattle in the
more mesic eastern areas. The gross production value of free ranging
livestock (including game) was about R39.75bn in 2016 (DAFF, 2017).
The value of fodder production in rangeland areas was estimated as the
minimum of its replacement cost (in terms of bought feed) and the
value of livestock production.
Based on the provincial livestock statistics for February 2016
(DAFF, 2016), and the distribution of cattle (excluding dairy and
feedlot animals) in terms of bulls, cows, heifers, oxen, young oxen and
calves (DAFF, 2015, 2014), we developed a provincial proﬁle of beef
cattle per province. This we augmented with the number of sheep and
goats per province (DAFF, 2016).
Following Mapiye et al. (2009), Scholtz et al., (2008, 2014), Spies
(2011) and Blignaut et al. (2017) we were able to estimate the daily,
and thus annual, fodder demand for cattle. This was done by multiplying the body mass per animal per animal class (for commercial and
communal herds) with its daily fodder requirement (estimated to be
3% of its body weight). The same principle was applied for sheep and
goats, assuming sheep to be 70 kg on average and goats 40 kg, and a
daily fodder demand of 3% of body mass as well. The replacement
value of fodder was the cost of veld grass per ton as sold in Gauteng in
2016. Since the replacement costs of fodder exceeded the value of
livestock production, we used the value of livestock production as the
value that would be lost through complete degradation or transformation of the rangeland areas.
Provincial values were mapped to the untransformed land outside
protected areas, in proportion to relative grazing capacity (DoA, 1999).
Ideally the areas under wildlife use should also have been diﬀerentiated
(the majority of wildlife use is valued as tourism and recreation), but
there are no comprehensive spatial data on this land use.

2.2. Overall approach
The nature of each service was described, and based on available
literature and data, a method for estimating and mapping ecosystem
services and their values was devised. Both the ecosystem capacity for
supplying the service and the demand for the service were taken into
account as far as possible. Estimates were derived using a range of
spatial datasets on ecosystem characteristics and human geography
(Table 2). The distribution of urban areas, protected areas and
provinces in South Africa are shown in Fig. 1 and population density
and the location of main communal land are shown in Fig. 2.
The value of a service was taken to be the cost that would be
incurred if it were lost. Where the service is demanded, this cost is
ideally taken as the lesser of (a) damages or losses incurred, e.g. a
reduction in productive value, or (b) the expenditure that would have to
be incurred to replace the lost service.
Wherever ecosystem services yielded positive value, such as provision of harvested resources or recreational value, values were estimated
in terms of total gross output (exchange value). Other services were
valued in terms of costs avoided, such as the engineering costs that
would be incurred in replacing the ﬂow regulation services of wetlands,
or in the case of erosion control or pest control, the costs that would be
incurred if the remaining natural areas were (further) degraded or lost.
All monetary values were converted to 2015 values using the consumer
price index (CPI) and expressed in terms of Rands per ha of natural per
year (2015 Rands, $1 ~ R15.55). Values of each type of service were
mapped in free spatial format (polygons) or in a 0.025 degree grid
format.

2.3.2. Harvested living resources
Millions of South Africans harvest wild foods, medicines, ﬁrewood
and raw materials for both subsistence and commercial use
(Shackleton et al., 2001; Shackleton and Shackleton, 2004; Lannas
and Turpie, 2009; Peterson et al., 2012), particularly where there are
limited economic opportunities (Dovie et al., 2006). The provisioning
value of resources harvested by subsistence and small-scale users from
terrestrial and freshwater habitats was estimated based on the minimum of their sustainable yields and the estimated demand. These
estimates were augmented with existing estimates of the value of
resources harvested from estuaries and the value of commercial
harvests of thatch and ﬂowers. Note that these values do not include

Table 2
Sources of spatial data used in this analysis as well as their type and the ecosystem services they were used for. Livestock Fodder = LF, harvested resources = HR, tourism value = TV,
property value = PV, Carbon sequestration = CS, agricultural support = AS, fisheries support = FS, flow regulation = FR, soil erosion = SE, water quality = WQ.
Spatial Data

Source

Type

Ecosystem Service

Landcover/landuse 2014, 30 m
Biomes
Vegetation types
1:500 Rivers and their integrity
Natural inland wetlands by type
Estuaries
Administrative areas and protected areas
2011 Census sub-places
Grazing Capacity
0.025 degree grid (~2.75 × 2.4 km)
South African National Carbon Sink Assessment, ~1.2 km
Quaternary catchments
South African Atlas of Climatology and Agrohydrology
DEM

Geoterraimage (2015)
Low and Rebelo (1996)
Mucina et al. (2005)
CSIR (2011)
SANBI (2015a, 2015b, 2015c, 2015d)
SANBI (2015a, 2015b, 2015c, 2015d)
SANBI (2015a, 2015b, 2015c, 2015d)
StatsSA (2012a) (2012b)
DoA (1999)
This Study
DEA (2015)
DWS (2012)
Schulze (2007)
90 m SRTM

Raster
Polygon
Polygon
Polylines
Polygons
Polygons
Polygons
Polygons
Polygons
Polygon
Raster
Polygon
Polygons
Raster

LF, HR, TV, AS, WQ
HR
HR
AS, WQ
FR, WQ
HR, FS
LF, HR, PV
HR, PV
LF
TV
CS
FR, SE, WQ
FR, SE
SE
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Fig. 1. Map of South Africa showing the provincial (black) and municipal (grey) boundaries, protected areas and national parks (green), and urban areas (red). (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

recreational hunting and ﬁshing, which are incorporated elsewhere.
Potential aggregate household demand for all natural resources
(grouped into seven categories – water, fuelwood, poles, grass, reeds
and sedges, wild plant foods and medicines, bush meat, ﬁsh) was

estimated at the sub-place (~village) level using models developed by
Turpie et al. (2010a) based on household survey data and 2011 Census
data. Sustainable yields and prices for these resources within each
major vegetation type were obtained from the literature, using locally-

Fig. 2. Map of South Africa showing geographic variation in population density and the location of communal land areas including former homelands and communal reserves in
Namaqualand.
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and so these contributions are not insigniﬁcant. Using the % spend for
each group of tourists and the % spent on attractions (Table 3), we
estimate that approximately 32% (R21.3 billion) and 31% (R7.5
billion) of total domestic and foreign tourism spend was spent on
visiting attractions.
We used spatial variation in the density of geo-tagged photographs
uploaded to www.panoramio.com to estimate the spatial spread of
tourism value generated by tourism attractions. Panoramio hosts
images that focus on outdoor natural, agricultural and cultural
features and landscapes (Panoramio, 2015). A total of 237 467 photo
uploads from within South Africa were extracted using a grid of 0.025
degrees. The total tourism spend on attractions was spatially allocated
in proportion to photo density. These values were then apportioned
based on land cover data to natural areas, vineyards and orchards,
agriculture and plantations, and developed areas (i.e. urban, mining
and industrial).
The property value of natural open space areas was estimated based
on reanalysis of data used in hedonic pricing studies of Durban (Letley
and Turpie, 2016) and coastal areas of the Western Cape (Turpie and
de Wet, 2009a, 2009b). In Durban, the average property price
premium associated with inland natural open space areas was related
to average income per residential census sub-place (~suburb; n = 389,
R2 = 0.32, P < 0.001). This relationship was used along with detailed
census data to produce a ballpark estimate of the likely magnitude of
premiums paid for natural open space in all urban areas. In 11 smaller
towns along the Cape south coast, the premiums paid for coastal access
and views, relative to households further than walking distance from
the sea accounted for 7–19% of total property value (Turpie and de
Wet, 2009a, 2009b). However, this underestimated the premium for
living near the coast relative to inland towns, because average house
prices in these coastal towns are already relatively high because of their
general proximity to the coast. We therefore adjusted the estimates
based on average price of a house in Durban (R740,000, n = 16,149
sales). The positive relationship between total coastal premium and
number of households per coastal town (n = 11, R2 = 0.97, P < 0.001)
was used to produce an order-of-magnitude estimate of this coastal
value at a national scale.

sourced information as far as possible. Shackleton (1993), Dovie et al.
(2004) and Barnes et al. (2005) provided data on sustainable harvesting rates and prices for woody raw materials. Sustainable harvesting
estimates for non-woody raw materials were based on information
from Twine et al. (2003), Turpie et al. (2007) and Mmopelwa et al.
(2009). Sustainable oﬀtake of wild plant foods and medicines and for
wild meat and birds were estimated using data from Mander (1998),
Dovie et al. (2002), Shackleton et al., (2002, 2007), and Turpie et al.
(2007). Sustainable yields were not available for freshwater ﬁsh.
It was conservatively assumed that no resources could be accessed
in protected areas (the typical policy), that 10% could be accessed in
private lands, and that all resources were accessible in communal land
areas. Value estimates for household use of resources were based on
the smaller value of household demand and sustainable yield at the
municipal scale (recognizing that people travel outside of their villages
to obtain resources), and were spatially attributed to natural areas
within the municipality.
The value of estuary resources was estimated based on Lamberth
and Turpie (2003), and Turpie and Clark (2007) who collated existing
information on eﬀort, quantities and values of ﬁsh and invertebrates
harvested from estuaries, and a recent comprehensive estimate for
South Africa's largest estuary system (St Lucia; Turpie et al., 2014).
In addition, a number of terrestrial natural resources are harvested
for commercial purposes, mainly from privately-owned land. These
include harvests of ornamental products (mainly ﬂowers) and thatching grass for which estimates were taken from Turpie et al. (2003).

2.4. Cultural services
2.4.1. Amenity value
The amenity values of natural systems are reﬂected to a large extent
in tourism expenditures and property prices. Whereas tourism expenditures reﬂect the value of natural areas to visitors, the premiums paid
for property that is close to or has views of natural areas reﬂect the
values held by residents. These values can be considered additive.
In 2015, 8.9 million foreign tourists and 24.5 million domestic
tourists spent a total of R68.2 billion and R23.6 billion in South Africa,
respectively (SATOUR, 2016). The proportion of tourism expenditure
attributed to tourist attractions, as opposed to activities such as visiting
family and friends, attending conferences, religious events, or receiving
medical treatment was estimated for diﬀerent types of domestic and
foreign tourists from data collected in regional tourism oﬃces
(Table 3). Tourists whose main purpose is either visiting friends or
family, or business tend to also spend much less of their money on
visiting attractions than holiday/leisure tourists. These types of tourists
do however make up a large proportion of the total tourism spending

2.4.2. Existence value
Beyond tourism and property values, people may often derive value
merely from the knowledge that nature exists and that it can be enjoyed
by future generations. The existence value of South Africa's biodiversity
to South Africans had previously been estimated in a stated-preference
study by Turpie (2003). This was updated using CPI and scaled to
incorporate South Africa's population growth since the study was
conducted.
2.5. Regulating services

Table 3
Typology of domestic and foreign tourists, the % of spend for each type of tourist, and %
of group spending on tourist attractions. The % of group spending on attractions was
based on data collected from tourist visitor centres across the Western Cape Province.
Domestic tourists

Foreign tourists

Main
purpose

Domestic
tourists
(%)

Foreign
tourists
(%)

% spend

% of group
spending
on
attractions

% spend

% of group
spending
on
attractions

Holiday
Visiting
friends
and
relatives
Business
Other

11
71

17
37

26
52

100
3

26
18

100
2

10
8

24
22

18
4

24
0

36
20

4
15

2.5.1. Carbon sequestration and storage
Since the inception of the Kyoto protocol, the sequestration and
storage of carbon by ecosystems has become a valuable commodity
(Cihlar, 2007). About half of vegetative biomass comprises carbon. In
addition to accumulation in woody biomass, carbon accumulates in
soils and peat as a result of the accumulation of leaf litter and partially
decayed biomass. Based on the South African National Carbon Sink
Assessment (DEA, 2015), total ecosystem carbon was estimated as
7170 Tg C, which equates to approximately 26 314 Tg CO2 (using
molecular weight of CO2/molecular weight of carbon; EPA, 2016).
Degradation of vegetated habitats releases carbon and contributes
to global climate change with impacts on biodiversity, water supply,
droughts and ﬂoods, agriculture, energy production and human health
(IPCC, 2007), whereas restoration or protection of these habitats
mitigates or avoids these damages, respectively. The global social cost
of carbon is a sum of the damages that would be incurred under climate
change resulting from a given amount of carbon dioxide released into
5
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Cape, are linked to reduction in the quantity and variability of river
ﬂows (Nevill, 1988; Myburgh and Nevill, 2003; Palmer et al., 2007;
Rivers-Moore et al., 2008). Annual losses along the Orange River Africa
(Palmer et al., 2007) were used to value the ecosystem service of blackﬂy control provided by undisturbed, healthy rivers. For this study, only
the costs incurred due to livestock death and loss of productivity were
incorporated into the calculations (a total of R80 million). The service
was considered for ‘healthy’ (i.e. classed as A or B on a scale of A to F),
lower order (4th – 7th order) rivers in sheep farming areas.

the atmosphere. Estimates of this cost vary greatly; the most recent of
which placed the social cost of carbon at US$31.25 per ton of CO2 (in
2010 USD; Nordhaus, 2017). Of this, an estimated 3% would be borne
in Africa (Nordhaus, 2017). We estimated that the cost to South Africa
would be proportional to its GDP contribution to Africa, scaled by level
of vulnerability to climate change. The Notre Dame Global Adaptation
Initiative (ND-GAIN) vulnerability index was used to scale GDP
contributions across Africa. The vulnerability index measures a country's exposure and sensitivity to negative impacts of climate change.
The overall vulnerability index is scored based on six life-supporting
sectors; food, water, health, ecosystem services, human habitat and
infrastructure. Based on this index, it was estimated that South Africa
is likely to bear only 0.35% of the global social cost of each ton of
carbon emitted. These values were used to estimate the total value of
carbon storage from a South African perspective as well as from a
global perspective.

2.5.3. Fisheries support
South Africa has about 300 estuaries which provide some of the
only sheltered habitat along its approximately 3000 km of mostly
rugged coastline (van Niekerk and Turpie, 2012). These estuaries play
an important role as nursery areas for many ﬁsh and invertebrate
species that spend the rest of their life cycle in marine or freshwater
habitats, including many species that are harvested for recreational or
commercial purposes (Whitﬁeld, 1994; Beck et al., 2001). Estimates of
nursery value have been made for all South African estuaries
(Lamberth and Turpie, 2003). These regional estimates were allocated
to individual estuaries based on their water area and condition, and
adjusted for declines in inshore marine ﬁsheries eﬀort and catches
(~60% of former levels, Dunlop and Mann, 2012, 2013) as well as for
inﬂation. These were used in conjunction with a more recent estimate
of the nursery value of the St Lucia estuary which was based on the
impacts on ﬁsheries following a decade of closed-mouth conditions
(Turpie et al., 2014).

2.5.2. Agricultural support services
Natural environments can contribute to agricultural production
through pollination and pest control. A majority of commercial crops
are dependent upon animal pollination in order to produce fruit and
seed, and as much as 30% of worldwide food production is reliant upon
this service (de Groot, 2002, Kremen et al., 2002). In South Africa, this
service is provided primarily by two subspecies of the common
honeybee; Apis mellifera capensis in the winter rainfall region of the
Western Cape, and Apis mellifera scutellata in the remainder of the
country (Eardley et al., 2001). These honeybees rely on a combination
of native vegetation, crops, and alien gum trees (Eucalyptus spp.) as
forage habitat. While native vegetation is estimated to account for less
than 23% of honey production in South Africa, it is these minor sources
of pollen and nectar that allow hives to endure periods between major
nectar ﬂows (Johansmeier and Mostert, 2001). As such, it has been
estimated that as many as 80% of hives are dependent upon native
vegetation for survival (Turpie et al., 2003).
The value of pollination services was estimated in terms of the
additional input costs that would be incurred if pollinators (wild and
managed) were no longer present. This was based on the cost of hand
pollination developed in Allsopp et al. (2008) with updated costs of
pollen and labour.
This value would be supplied by natural areas adjacent to farming
areas from which wild bees originate, as well as by other natural areas
that might be used for commercial bee-keeping during the oﬀ-season.
The proportion of this value attributable to wild vs. managed pollinators was estimated using average proportions from Allsopp et al.
(2008). The value attributable to wild pollinators was then spread to
natural vegetation within 2 km of orchard boundaries as it is assumed
that wild pollinators within this range contribute to pollination. The
value attributable to managed bees was spread across all natural
vegetation as managed bees are often moved large distances and there
are no spatial data on where commercial beekeepers keep their hives.
In addition to pollination, animals residing in natural habitats
provide some degree of control of agricultural pests through predation
(Cardinale et al., 2003; Cullen et al., 2008; Griﬃths et al., 2008),
although estimates of this service are rare (Jonsson et al., 2008). Losey
and Vaughan (2006) estimated that pest control saves 4.24% of total
crop production value in the USA. Assuming that such ecological
interactions can be assumed to occur generally (rather than that values
can be generalized), this suggests that pest control services could be
worth some R2.09 billion in South Africa (based on gross income from
ﬁeld crops, DAFF, 2013). Based on studies of insect dispersal in this
regard (Byrne, 1999; Zehnder et al., 2007; Bianchi et al., 2008;
Tscharntke et al., 2007), this value would be mostly attributed to
natural habitats within about 2 km of agricultural ﬁelds.
Maintaining intact ecosystems also helps to prevent the emergence
and spread of livestock pests. Black-ﬂy Simulium chutteri outbreaks
which aﬀect livestock productivity, particularly in the arid Northern

2.5.4. Erosion control
Vegetative cover can contribute to the prevention of erosion by
stabilizing soil and intercepting rainfall (de Groot et al., 2002),
particularly where soils are highly erodible. A number of factors
inﬂuence the soil loss from a given area including the land use, slope,
soil erodibility as well as the amount and type of rainfall received.
Schulze et al. (2007) estimate the sediment yield per catchment across
South Africa. Using the InVEST 3.3.0 landscape sediment retention
model we estimated that in the absence of natural vegetation cover,
sediment yields would increase by an average of 300%. These increased
sediment loads would end up in reservoirs, harbours and the coastal
environment, resulting in decreased storage, increased dredging costs
and/or the loss of aquatic ecosystem services. Due to the potentially
large and costly damages of sedimentation (see Pimentel et al., 1995),
we assumed that the service would be fully demanded, and we used the
replacement cost method to estimate its value as being likely to be
lower than the damage costs avoided. This was done by estimating the
amount of storage that would have to be constructed to prevent a
similar amount of sediment from reaching downstream aquatic environments, using an average cost of R2.37 per m3 (N = 272 dams for
which capacity data available, Dept of Water and Sanitation, unpublished data, March 2008). Within each quaternary catchment, the
replacement value of the service in that catchment was then mapped to
untransformed natural areas.
2.5.5. Flow regulation
Vegetative cover and wetlands slow the movement of water through
the landscape, which, particularly in the case of wetlands, reduces ﬂood
peaks (Krasnostein and Oldham, 2004) and in the case of vegetation
cover, facilitates inﬁltration of rainfall into the soil to recharge groundwater aquifers and maintain dry season stream ﬂows (Brauman et al.,
2007). Without these services, runoﬀ during high rainfall events would
be greater, ﬂood damages higher, and the overall yields of water supply
systems would be lower.
If natural systems were lost, current water yields and ﬂood risk
could be maintained by increased investment in grey infrastructure.
Both the losses in natural storage by wetlands and recharge to
groundwater storage facilitated by vegetation could be replaced by
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2007), and it has also been shown that natural vegetation along
streams acts as an important buﬀer between agricultural landscapes
and river systems, removing a high percentage of sediments and
nutrients from surface and subsurface ﬂows (Mayer et al., 2007; Liu
et al., 2008; Yuan et al., 2009; Weller et al., 2011; Sweeney and
Newbold, 2014).
Elevated loads of phosphorous (P) and suspended sediments
entering reservoirs lead to algal blooms and increased turbidity,
increasing the costs of potable water supply. A number of studies have
analysed the eﬀect of water quality variables on water treatment costs
in South Africa (e.g. Dennison and Lynne, 1997; Graham, 2004;
Friedrich et al., 2009; Gebremedhin, 2009; Graham et al., 2012;
Rangeti, 2014) as well as globally (e.g. Dearmont et al., 1998; Telles
et al., 2013; McDonald and Shemie, 2014; TNC, 2015). However, few
studies have investigated the link between catchment land cover and
water quality (Turpie et al., 2010b), land cover and water treatment
costs (Vincent et al., 2015; Kutela and Turpie, 2017), or between
nutrient loads entering reservoirs and water treatment costs (Letley
and Turpie, 2016), with most of these being diﬃcult to extrapolate
geographically. Generic models developed to estimate this service (e.g.
InVEST) are still based on fairly limited quantitative understanding of
the generation and uptake of nutrients in complex landscapes. The
application and calibration of such models at national scale will require
a considerable investment in time and resources and should be a follow
up step.
Meta-analyses of the international literature suggest that natural wetlands can remove up to 25 kg N and 10 kg P per ha per year
without resulting in signiﬁcant changes to their structure and
function (Verhoeven et al., 2006), and terrestrial buﬀers can
remove in excess of 3–5 kg per ha (Zhou et al., 2014; Zaimes and
Schultz, 2002). Based on these estimates, as well as published
estimates of rates of nutrient generation from diﬀerent types of
land use (Natural Capital Project global literature dataset of
nutrient
parameters,
www.naturalcapitalproject.org),
we
estimated the non-point source production of phosphorous at the
tertiary catchment scale, and the extent to which these loads could
be removed by natural vegetation (wetland or terrestrial) within
15 m of streams and rivers (based on 1:500 000 river layer CSIR,
2011). The value of the service was then estimated using the
marginal value of removal of a ton of P per year (R4.90 per ML),
based on a study of the impacts of catchment P loads entering
reservoirs on the cost of water treatment in two South African
water treatment facilities (Letley and Turpie, 2016), and applied to
the estimated contribution of each catchment to potable water
production. The latter was based on provincial estimates that were
apportioned to the tertiary catchments in proportion to their mean
annual runoﬀ. Gauteng's water production was excluded due to the
water transfers from Lesotho.

equivalent artiﬁcial surface storage capacity. Thus for each catchment,
the replacement storage capacity required was taken as the total of
inﬁltration in m3 per annum and storage capacity of wetlands in m3, as
a parsimonious way to capture the value of complex ﬂow regulation
services for which few studies have been carried out in South Africa
(Smakhtin and Batchelor, 2005; Kleynhans et al., 2009; Turpie et al.,
2010b) and that are normally modelled at relatively small scales
(Kusler, 2004; Thiesing, 2001).
Spatial variation in groundwater recharge rate of untransformed
landscapes was taken from Conrad (2005). The recharge occurring in
untransformed areas amounted to total of 316 001 Mm3 per year. In
order to estimate the proportion of this that was due to the presence of
vegetation, factors derived from the literature presented in Le Maitre
et al. (1999) were used to estimate the contribution of diﬀerent biomes
to the proportion of recharge taking place. These factors, ranging
between 62% and 95%, were applied to untransformed areas within the
diﬀerent biomes. Because the presence of alien vegetation in the
Western Cape can lead to lower recharge rates, the area of upland
alien vegetation in each quaternary catchment were removed from the
total untransformed vegetation in each quaternary. The groundwater
storage estimated to be attributable to native vegetation was therefore
estimated at 22 062 Mm3 per year.
The storage capacity of wetlands, which includes water stored in
saturated soils, was estimated based on wetland type, and taking
eﬀective soil moisture storage depth into account. Soil moisture storage
depths were estimated for individual wetlands by intersecting wetlands
with the South African Atlas of Climatology and Agrohydrology soil
layers (Schulze and Horan, 2007b) to determine topsoil and subsoil
depths and porosities. For each wetland a diﬀerent extent was
calculated and a volume equation was applied based on wetland type.
Triangular prisms of 0.5 m depth were used for valley bottom wetlands,
discs of 0.8 m depth for ﬂoodplains and bowls of 0.8 m depth for pans.
Since the capacity of wetlands to capture ﬂows during a rainfall
event depends on antecedent conditions, it was conservatively assumed
that a maximum of 30% of total wetland volume is available for ﬂood
attenuation storage. Based on this, it was estimated that natural
wetlands in the study area contribute about 2 370 Mm3 in terms of
ﬂood attenuation storage.
Given the situation of water scarcity in South Africa, it was assumed
that groundwater recharge was fully demanded, but the demand for
ﬂood attenuation was adjusted by a demand factor applied at a
secondary catchment scale. If urban areas or mines occurred within
100 m of rivers then the service was considered fully demanded, if
irrigated agriculture was present, the service was considered 50%
demanded, otherwise it was not considered to be demanded. Flow
regulation services were valued jointly, based on the replacement costs
of the overall volume of storage.
2.5.6. Water quality amelioration
When loads of nutrients, sediments and pathogens entering rivers
and water supply reservoirs are elevated due to anthropogenic activities
in catchment areas, these can lead to loss of reservoir capacity
(described above), deterioration in raw water quality in reservoirs,
and impacts on downstream ecosystems and their capacity to supply
ecosystem services. Natural areas, especially wetlands and the vegetation alongside rivers, may remove some of these anthropogenic inputs
before they enter drainage systems, thus ameliorating these damages.
Since sedimentation and the aﬀected provisioning and cultural services
are valued elsewhere, this section only focuses on the impacts of this
service on water treatment costs.
Wetlands are generally regarded as the most eﬃcient natural
system for removing pollutants, partly because they have much greater
capacity for trapping sediments, but forests and other terrestrial
vegetation types also have the capacity for water quality amelioration
(Asmussen et al., 1979). Terrestrial systems have been shown to
improve water quality at a landscape scale (Dixon and Rowlands,

3. Results
3.1. Provisioning services
The replacement value of fodder for South Africa exceeded the total
value of livestock production therefore the value of this service is the
R39.75 billion worth of production that would be lost if ecosystems
providing these services were completely degraded. These values were
highest in the eastern half of the country (Fig. 3a).
The total value of terrestrial natural resources harvested for
subsistence use was estimated to be in the order of R7.5 billion per
year. Average value per ha is highest in the east of the country,
where both biological productivity and human population densities
are high, and where there is a concentration of homelands (Fig. 3b).
The value of subsistence harvesting from estuarine and coastal
habitats was estimated to be R35.7 million per year. Estuaries
tended to be more valuable where larger systems coincided with
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Fig. 3. Value of provisioning services in the form of (a) fodder production and (b) harvested natural resources, including instream water and estuarine/coastal resources.

areas of relatively high biomass and productivity towards the east, and
where habitats were relatively intact away from the main cropping
areas (Fig. 5a). Highest values were estimated for the relatively intact
areas of the thicket biome. Carbon sequestration opportunities
(through restoration of biomass), would be highest in the eastern parts
of the country, particularly in former homeland areas.
Pollination services were estimated to be on the order of R6.9
billion per annum, which we believe is a conservative but realistic
estimate. Agricultural pest control was estimated to be worth R2.09
billion in South Africa and in addition the prevention of black-ﬂy, a
livestock pest, was estimated to yield an average disease control value
of R60 024/km for healthy, lower-order rivers and total of R80 million
per year. Agricultural support services were highest in the winter
rainfall regions of the Western Cape, where highly proﬁtable (and
pollination-intensive) deciduous fruits are produced as well as
Mpumalanga and Limpopo regions where some sub-tropical fruits
are grown (Fig. 5b).
The nursery value of estuaries was estimated to be R803 million per
annum, with the highest values along the south Western Cape and
Eastern Cape (Fig. 5b). This value is an estimated 58% of what it would
be if all estuaries were in their natural condition.
The value of erosion control by vegetation cover was estimated to be
R2.1 billion per year. This gave an average value of R27/ha per year for
untransformed natural areas in terms of their ability to retain
sediment. Highest value areas for erosion control occur in parts of
the Eastern and Northern Cape, where combined eﬀects of slope, soil
type, and overgrazing have made soils extremely vulnerable to erosion
(Fig. 5c). Other areas of high value for erosion control include portions

urban areas or dense former homeland populations (Fig. 3b). In
addition the value of commercially harvested fynbos products
totaled R169 million per annum.
3.2. Cultural services
Tourism expenditure attributed to natural ecosystems was estimated to be R25.2 billion per year. Close to half (49%) of this national
value was attributed to protected areas which only cover 8% of South
Africa's area (Fig. 4a). The highest nature-based tourism values (up to
R304 320 per ha) occurred near urban centres, where overall tourism
value was orders of magnitude higher than other parts of the country.
Other areas that featured strongly were the Western Cape and Garden
Route coast, Mpumalanga and the Kruger Park, the Elephant Coast
region of KwaZulu-Natal, the Drakensberg area and the Richtersveld.
The capital investment in property in proximity to natural open space
was estimated in the order of R91 billion for inland open space areas
and R907 billion for the coast (Fig. 4b). These values are equivalent to
R8 billion and R79 billion per year, respectively.
In addition to tourism and property values, the existence value of
South Africa's biodiversity to South Africans was estimated at R6.45
billion per annum. The distribution of this value is unknown.
3.3. Regulating services
South Africa's 7170 Tg of carbon represents an avoided social cost
of R11.6 trillion per annum at a global scale, and South Africa's share
of this would be R40.7 billion. Carbon storage values were highest in

Fig. 4. Amenity values: (a) tourism value attributable to natural attractions; and (b) property premiums associated with natural vegetation and coastal proximity.
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Fig. 5. Values of regulating services for (a) carbon storage, (b) agricultural and ﬁsheries support, (c) sediment retention, (d) ﬂow regulation and (e) water quality amelioration.

3.4. Summary

of eastern South Africa, where high intensity storms cause soils in nonvegetated areas to wash away during the summer rainfall season.
Flow regulation services performed by natural vegetation cover
(facilitating inﬁltration) and wetlands (attenuating ﬂoods) were estimated to be worth about R52.3 billion and R3.5 billion per year,
respectively. Values are highest close to areas where irrigated crops
occur along rivers such as in the Breede Valley as well as highly
vegetated areas in the east of the country (Fig. 5d).
The value of water quality amelioration was conservatively estimated as ranging from < R1 to R100 per ha for natural buﬀer areas in
diﬀerent catchments (Fig. 5e), amounting to an approximately R9
million per annum (~4%) saving in the production cost of 3.2 million
ML nationally.

In aggregate, ecosystem services valued in this study were estimated to be worth at least R275 billion per annum to South Africans.
The highest values were from the amenity, ﬂow regulation and carbon
storage values (Table 4).
4. Discussion
The aim of this study was to oﬀer a ﬁrst approximation of values of
a wide range of ecosystem services in South Africa and identify
emerging patterns and implications, as well as to consider the validity
of this approach and stimulate further research to build on these
9
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property sales. Urban green spaces and coastal areas add millions to
property value, with coastal areas estimated to be worth up to R200
million per km to year in terms of property value alone. Tourism values
exceed R50,000 per ha per year in some areas. The high contribution of
protected areas and urban centres to the tourism value of natural
systems highlights the role of infrastructure and management that
unlocks the potential of these areas (de Vos et al., 2016). While
property values capture much of the value of urban green spaces, they
do not adequately capture the recreational beneﬁts to people that use
these spaces that may not necessarily live near them but whose travel
costs are also not captured as domestic tourism. Neither do these
estimates fully capture the health beneﬁts (or health costs avoided)
associated with the use of natural areas.
The less tangible existence, spiritual and cultural values of wilderness and its biodiversity are more diﬃcult to estimate. South Africans
have expressed considerable existence value for biodiversity of over R6
billion, but this and other spiritual and cultural values are inherently
diﬃcult to translate into monetary terms, especially in a country where
the ability to pay is very low. For example, Xhosa women and men in
South Africa also expressed that collecting resources in the forest also
provide them with value through spiritual connection and increased
mental well-being (Cocks et al., 2013). A study conducted in Lesotho
found that people were unwilling to accept even relatively high
compensation for the loss of cultural value associated with the
degradation of rivers (Turpie et al., 2006). Nature also holds scientiﬁc
and educational values which include the enjoyment in learning about
nature, through books and documentaries as well as through supporting the ﬁelds of scientiﬁc research related to ecosystems. These services
are very diﬃcult to value, but are at least equal to the investment in
research and environmental education and the market value of books
and ﬁlms relating to the environment (Chiesura and de Groot, 2003).
Regulating services are more diﬃcult to value than provisioning
and cultural services, since their values are not as direct, and are often
linked to landscape-scale processes. Very little work has been done on
these services in South Africa, apart from carbon storage, the assessment of which is relatively simple, and localised studies of other
services. Through their regulating services, natural ecosystems and
vegetative cover either contribute to production (e.g. through pollination, nursery areas), or avoid damages (e.g. caused by climate change,
urban heat island eﬀects, coastal storms, ﬂooding, sedimentation and
reduced water quality, and damages wreaked by livestock and crop
pests). Their value is the lessor of (a) the losses or costs that would be
incurred if they were lost and (b) the cost of replacing the service, but it
is seldom easy to estimate both of these. In some cases, such as for
carbon storage, nursery value, water quality amelioration and pest
control, values have been expressed in terms of avoided production
losses or damages. For example, notwithstanding the more signiﬁcant
value to the rest of the world, our study suggests that carbon storage
has considerable value to South Africans in terms of the local climate
change damages avoided. In the case of water quality amelioration, our
conservative assumptions yielded lower estimates than localised studies (Turpie et al., 2010b, 2017; Kutela and Turpie, 2017), and this
needs to be improved through the design of empirical studies that are
better suited to extrapolation.
Apart from carbon storage, none of these regulating services is well
understood in South Africa at this stage, and more rigorous modelling
and empirical work is required to improve these estimates. In addition,
further research is needed to ﬁll a number of gaps. Our estimates do
not include the avoided impacts on human health as a result of control
of pests and pathogens (e.g. malaria), or as a result of ecosystem
contributions to air quality amelioration and local climate regulation.
Vegetation has the potential to improve local air quality, through
reducing levels of certain air pollution by up taking the gaseous
compounds into their leaves and allowing deposition of particulate
matter on leaves (Beckett et al., 1998). Trees and vegetation in an
urban setting have also been shown to decrease the ambient tempera-

Table 4
Overall estimates for each ecosystem service valued in this study, including where gaps
have been identified and still need to be filled. Values in R millions.
Category

Services

Value (R million
million)

Provisioning services

Livestock fodder
Harvested renewable resources
Genetic resources, biological
compounds
Amenity values (aesthetic,
recreation)
Cultural and religious value
Existence and bequest (nonuse) values
Scientiﬁc and educational value
Carbon storage
Regulation of local climate
Pollination
Control of pests and pathogens
Maintaining soil fertility
Critical habitats/refugia
Control of erosion and
sedimentation
Flow regulation
Coastal storm protection
Water quality amelioration
Air quality amelioration

39 750
7 716
?

Cultural services

Regulating services

Total

112 261
?
6 450
?
40 686
?
6 908
> 2 170
?
804
2 112
55 795
?
9
?
> 274 661

ﬁndings. The study suggests that maintaining untransformed natural
systems generates substantial value equivalent to at least 7% of the
country's GDP (R4014bn in 2015), either in the form of inputs to
productive activities and welfare or the losses avoided by retaining
these systems. This is more than three times the value of the
agricultural, forestry and ﬁshing sector (2.2%). This is a conservative
and incomplete estimate. It is important to note that the estimates
provided in this study do not cover all values generated by ecosystems,
nor do ecosystem valuation studies represent all the costs of ecosystem
degradation. For example, pollution of the environment can come at
very high social cost in addition to the loss of ecosystem and
biodiversity values described here.
Excluding water, ecosystems contribute some R47 billion annually
in terms of provisioning services that support the livelihoods of South
Africa's rural inhabitants. These services are vital in a country where
unemployment rates are over 25%, poverty levels at almost 60%
(StatsSA, 2017), and where more than 17 million South Africans
already rely on government welfare payouts to the value of R139
billion annually. Furthermore, the market value of natural resources
estimated here does not capture the accompanying cultural values,
such as those associated with broom making and indigenous medicine
(Cocks and Møller, 2002; Cocks and Wiersum, 2003; Cocks and Dold,
2004), or the cultural value attached to livestock (Cousins, 1999). It
also does not capture the value of the indigenous medicinal practices,
or the value obtained from bioprospecting and the sale of indigenous
knowledge about biodiversity to the pharmaceutical and other industries. South Africa is home to a number of biodiversity hot spots
including the Fynbos and the Succulent Karoo biomes. The genetic
resources of these biodiverse regions have given rise to a number of
commercial enterprises including the indigenous tea and ﬂower
industriesworth some R150 million and R800 million, respectively
(Van Rooyen et al., 2001; DAFF, 2012). Water use, if it were to be
included, would amount to more than R12 billion in the formal sector
(StatsSA, 2009), and a further R4 billion for household use of instream
water (this study).
Cultural values were found to be among the highest values
associated with natural systems. Our estimates suggest that these
systems generate substantial, tangible income within the economy
from their contribution to the income generated from tourism and
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Africa's ecosystems, including wetlands, occur in arid areas which are
also sparsely populated. Thirdly, the values are largely derived from
wealthier countries, where ability to pay, willingness to pay and market
prices tend to be higher. Fourthly, and most importantly, the values
were derived by adding together the average value of each type of
service from studies in each biome type, which assumes that all values
are both supplied and demanded across each habitat, irrespective of
land ownership, and that none of the values are in conﬂict (e.g. hunting
versus wildlife tourism). Finally, the purpose of the Anderson et al.
study was to estimate the global beneﬁts of South Africa's biodiversity.
Indeed, we estimated that the global value of South Africa's terrestrial
carbon stock is in the order of US$894 billion, far higher than the total
value of ecosystem services to South Africans. In addition, we acknowledge that South Africa's ecosystems have cultural value to the international community over and above the value reﬂected in international
tourism which, in aggregate, may well exceed local values. For example,
the value of documentary and book industry based on African
ecosystems, especially those pertaining to charismatic megafauna, is
large in wealthier countries, as would be the global existence value for
South Africa's biodiversity. Recognition of this value diﬀerential is
important in the negotiation of international agreements and in
developing strategies for ﬁnancing biodiversity conservation.
In this study, we have attempted to explore the value of ecosystem
services to South Africans, since globally-derived estimates have failed
to gain traction for the reasons cited above. A “local is lekker” approach
may be based on fewer studies, but is likely to be more relevant to
decision-makers. It is important to emphasize that the value of a study
such as this does not lie so much in generating a large total value for
ecosystem services. Rather, it is the consideration of how these services
work and the emerging understanding of the spatial variation in their
values that will be of more relevance to policy and decision-makers.
Furthermore, the identiﬁcation of gaps in our knowledge will hopefully
spur on further empirical research in the appropriate areas. South
Africa still has a long way to go before it can create the satisfactory
baseline required for the meaningful incorporation of ecosystem values
in its national accounts. Furthermore, while understanding spatial
variation is useful in informing planning decisions, it should be noted
that the marginal cost of losing one hectare of habitat depends not only
on its location but on the extent to which other areas are retained or
developed. Thus a study of this nature is just a ﬁrst step in developing
tools that can make meaningful contributions to policy through the use
of scenario-based approaches that model the eﬀects of speciﬁc policies
at appropriate scales and allow more accurate scrutiny of trade-oﬀs
(e.g. UK NEA, 2011; TNC, 2015).

ture not only through shading but also through the cooling eﬀects of
evapotranspiration (Akbari et al., 2001). These beneﬁts would be
expected to be at least partly reﬂected in property premiums paid for
living in greener areas.
Our estimates did not includethe value of coastal storm protection.
While mangrove systems are too small and/or remote in South Africa
to provide a meaningful service in this regard, there is certainly a role
played by coastal dune systems in the protection of some coastal urban
areas. We have also not estimated the value of maintaining soil fertility.
For example, seasonal ﬂooding has been shown to elevate crop yields
by 40% in the Okavango (Turpie et al., 2006). In South Africa, only a
small proportion of croplands occur in ﬂoodplains that might beneﬁt
from this service (e.g. in the coastal plains of northern KwaZulu-Natal).
Beyond this, note that we have not included the value of nutrients
derived by crops within cultivated areas since our study focuses on
untransformed natural areas.
Some interesting spatial patterns can be observed from these
preliminary results. Firstly, areas of high value tend to be associated
with areas of high rainfall, biomass and population density. This is to
be expected, since higher rainfall areas are more productive and
biodiverse, and in an arid country, higher rainfall and biomass areas
are also more likely to be attractive for settlement. There are exceptions, of course, where human settlement patterns have been inﬂuenced by the presence of minerals (e.g. in Gauteng), and where
technological advances have allowed inter-basin transfers of water.
Secondly, since regulating services tend to be supplied by natural areas
away from population centres, the association of their value with
population centres would only be observable at a larger scale. Thirdly,
there are important relationships between amenity value and the built
environment. These areas have the highest value of any natural areas in
the country, because of the sheer numbers of people and relative
scarcity of open space areas in cities. This highlights the fact that areas
of high socio-economic value, such as these highly fragmented habitat
remnants, do not necessarily coincide with areas of high biodiversity
value. Determining the asset value of nature from ecosystem services as
carried out in this study does not constitute a measure of biodiversity
value. Fourthly, it is clear from the patterns in amenity value that with
more investment, the tourism and property value of ecosystems could
be further enhanced. There is potential tension, however, between
tourism and property values and the less tangible existence, spiritual
and cultural values of wilderness and its biodiversity which are more
diﬃcult to estimate.
On the whole, the activities that give ecosystems their economic
value also undermine them. Our study has identiﬁed some of the areas
where ecosystems have been pushed beyond their sustainable limits.
Demand for natural resources exceeded sustainable yields in 47% of
municipalities. Almost half (42%) of the capacity of estuaries to
replenish marine ﬁshery stocks has been lost due to freshwater
starvation and recreational ﬁshing pressure in estuaries. The extent
to which degradation and loss of indigenous biomass or its replacement
by alien invasive species has impacted on the supply of ecosystem
services still needs to be assessed. Such impacts have been quantiﬁed at
local and national scales (Higgins et al., 1997; Richardson and van
Wilgen, 2004, Le Maitre et al., 2016), but their full impact on
ecosystem services is yet to be assessed.
Even if the gaps in our estimates are taken into account, the overall
value estimated from a local perspective is still more than an order of
magnitude smaller than the value of the US$610 billion estimated by
Anderson et al. (2017) from the transfer of average values of diﬀerent
biomes obtained from international studies. There are ﬁve main
reasons that the latter study produced a much higher estimate.
Firstly, the values from the TEEB database used by Anderson et al.,
2017 (op cit) include crop production as well as some estimates that we
are missing. Secondly, values derived from international studies are
likely to be biased towards more productive, higher value areas. This
problem is exacerbated by the fact that a large proportion of South
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