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ABSTRACT
We describe a proposed large-scale restoration and land use management project planned for a portion of the Drak-
ensberg Mountains in South Africa. Some 250,000 ha of high-lying land in the Drakensberg range are a protected 
conservation area and also a World Heritage Site. Bordering this conservation enclave is another 250,000 ha of increas-
ingly degraded land subject to a variety of competing land uses. Conflicting land use objectives could, in theory, be 
mitigated and reconciled by identifying and developing a market for the delivery of ecosystem services such as water 
use and quality, carbon sequestration, erosion and siltation reduction, combating desertification, and the promotion of 
biodiversity conservation.
 The project we describe here can serve as an example of how long-term investment in the restoration of natural 
capital (RNC) will benefit both developed and developing countries, with payment for ecosystem services as a key way 
to finance the restoration work. International investments in the Drakensberg project are being sought in emerging 
markets for carbon, water, and biodiversity credits—the so-called “umbrella ecosystem services.” Food, water, energy, 
and income security for local people however remain top priorities. We argue that this kind of RNC project is a way to 
simultaneously pursue the objectives of the global conventions on Biodiversity, Climate Change, and Desertification 
arising from the United Nations’ Rio Summit of 1992, and to help meet the United Nations’ Millennium Development 
Goals for alleviating poverty.
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sustainable development.

The Drakensberg Mountains form 
the longest and highest range in 

southern Africa, spanning more than 
1,000 km with the highest peaks 
reaching 3,600 m above sea level. 
The main section of the range, which 
also acts as South Africa’s eastern 
border with the mountain kingdom 
of Lesotho, is one of only a hand-
ful of United Nations-designated 
World Heritage sites. The range, also 
known as uKhahlamba or “the Bar-
rier of Spears,” contains unique and 
endangered biodiversity including 
2,520 species of higher plants, of 
which 334 (13%) are endemic to the 

Drakensberg range, with another 594 
near-endemic species (representing 56 
families and 188 genera). In all, 37% 
of the angiosperm flora is found only 
in southern Africa, and 11% of these 
endemic and near-endemic plants 
and animals are currently listed as red 
data species (i.e., highly threatened 
or localized). This area is also one of 
the world’s richest for prehistoric art. 
It hosts more than 40,000 Bushman 
(Khoisan) rock art paintings at more 
than 600 locations. The Drakens-
berg, affectionately called “the Berg”, 
is truly an asset of international value 
(see Figure 1).

While 25,000 km2 of the area is 
protected as a World Heritage Site, 
however, another 25,000 km2 of the 
Drakensberg range adjacent to the 
World Heritage Site is not, effectively 

turning the protected area into an iso-
lated enclave. This vast area bordering 
the World Heritage Site is populated 
by both subsistence (mainly livestock) 
and commercial (mainly crop) farm-
ers, and the two groups have alto-
gether different agendas than that of 
the conservation agency managing the 
World Heritage Site. The challenge 
for managing this unprotected area 
is to achieve consensus among these 
three groups so that the people who 
live there may enjoy the highest pos-
sible financial and social benefits of the 
land, without endangering the con-
servation status and the management 
regime of the protected area.

Is it possible to manage both the 
World Heritage Site and the adjacent 
area sustainably and harmoniously? 
Might payments for ecosystem services 
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(PES) be part of a solution? These were 
the challenges put in 2005 by South 
Africa’s Department of Environmental 
Affairs and Tourism and its Depart-
ment of Water Affairs and Forestry to 
a team of researchers led by, among 
others, the authors of this paper. Our 
efforts were coordinated through the 
Department of Environment Affairs 
and Tourism by the Maluti-Drakens-
berg Transfrontier Project. Key part-
ners and stakeholders included the 
regional conservation agency, Ezem-
velo KwaZulu-Natal Wildlife, and the 
Working for Water program (WfW). 
South Africa’s WfW program, which 
has existed for 13 years, provides an 
example of how national and regional 
restoration efforts can be accomplished 
through public works programs with 
strong elements of private enterprise. 

Under this scenario, restoration efforts 
employ many otherwise jobless people, 
while funds (and income security) are 
generated through selling ecosystem 
goods and services to people living on 
commercial farms and in cities. Several 
programs have spun off of the WfW 
program, and contribute significantly 
to an overarching goal of mainstream-
ing programs addressing biodiversity, 
ecological restoration, and social well-
being in an integrative, synergistic 
fashion (Woodworth 2006a, 2006b). 
Here we report on our efforts to inte-
grate ecological, economic and social 
goals in the Drakensberg project, and 
to develop a framework for imple-
menting a large-scale plan focused on 
the restoration of natural and social 
capital.

Restoration of Natural 
and Social Capital

The theoretical context
The concept of natural capital was 
introduced over 30 years ago (Julien 
1965, Jurdant et al. 1977) and then 
elaborated on and popularized by 
Costanza and Daly (1992). The term 
has passed rapidly into mainstream 
ecological and economic discourse 
and is used frequently in regional and 
national policies around the world, 
such as the Tiritiri Matangi Island 
restoration in New Zealand and the 
restoration of Hawai’i’s Koa forests 
(Aronson et al. 2007). Natural capital 
refers to the stocks of natural resources 
(such as grasslands, forests, wetlands, 
soil, and fossil and mineral deposits) 

Figure 1. the steep slopes of the drakensberg mountains, which reach over 3,000m above sea level, are too steep to graze, but they do burn 
frequently, mostly as a result of arson and the absence of adequate firebreaks and other management efforts related to pasture-enhancing burns at 
lower elevations. Photo by Myles Mander
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from which natural goods (such as 
food, fiber, and building materials) and 
natural services (such as water purifi-
cation and energy) flow for the benefit 
of people. The concept of restoring 
natural capital (RNC, for short) inte-
grates economics and ecology, such 
that ecological restoration benefits 
people economically and at the same 
time improves the quality of the natu-
ral environment that sustains them 
(Cairns 1993, Clewell 2000, Milton et 
al. 2005, Clewell and Aronson 2006). 
The development of new strategies for 
the restoration and sustainable man-
agement of natural capital in Africa 
and elsewhere is a response to numer-
ous natural resource crises around the 
world, and the particular vulnerabil-
ity of people in poverty. Investing in 
natural capital ensures future flows of 
ecosystem services and the ecosystem 
health on which human well-being 
depends (Dasmann et al. 1973, Blig-
naut and Moolman 2006, Aronson 
et al. 2006). Truly, in some places 
improved management would suf-
fice; however, RNC focuses on resto-
ration followed by effective operation 
and management of natural resources 
and land in a way that supports the 
ongoing economic well-being of local 
people and communities.

A complementary concept to RNC 
is social capital, which we define as the 
sum of the institutions, relationships, 
social networks, and shared cultural 
beliefs and traditions that provide 
incentives for management and pro-
mote mutual trust within a commu-
nity (Aronson et al. 2007). A huge 
amount of social capital has been lost 
in Africa through colonial exploitation 
and post-colonial conflict. If we think 
of sustainable economic development 
as a house, natural capital is the foun-
dation, and the walls are food, water, 
energy, and income security. The roof 
is the social capital that integrates the 
walls and protects the whole house.

Integrating restoration  
and management
Many of Africa’s rural areas are heavily 
degraded, often as a result of man-
agement problems such as overgraz-
ing, and overharvesting of firewood. 
The land degradation that endangers 
food security in the Drakensberg 
area is a direct result of the uncon-
trolled harvesting of fuelwood and 
overgrazing by livestock, combined 
with inappropriate fire management 
practices intended to increase grazing 
resources. Large parts of Africa are 
prone to fire, and fire drives natural 
processes. Most, if not all, grassland 
and savannah communities, as well 
as the fynbos biome in the south, 
are driven by fire. The use of exces-
sive fire or fire at the wrong time of 
year, however, reduces water quality 
and security, especially during the dry 
season. It also promotes soil erosion 
and biodiversity loss.

Our strategy aims not only to restore 
the land, but also to remove the pres-
sures and poor management practices 
at the root of this degradation. Restor-
ing the land can create opportunities 
for improved management practices. 
If restoration can improve farm and 
pasture productivity, for example, this 
can lower the tendency to overstock. 
Pursuing energy alternatives to fire-
wood will reduce pressure on trees. 
These efforts will improve vegetative 
cover, thereby reducing high water 
flows during rainfall, and improv-
ing water infiltration and soil water 
storage. This, in turn, enhances water 
quality, baseflow in rivers, and overall 
ecosystem productivity.

Simple and inexpensive efforts 
complementing the plant restoration 
work could include the production 
and use of biogas from cattle manure 
as a safe, affordable (or free) and sus-
tainable source of energy. A secondary 
byproduct is a nitrogen-rich bioslurry 
with high fertilizer value. Combin-
ing inexpensive energy and fertilizer-
producing technology with water 
harvesting techniques should make it 
possible to establish food gardens even 

in some of the most adverse climatic 
conditions of the region.

Thus, restoration efforts com-
bined with inexpensive technolo-
gies can make a huge contribution 
to improved and sustainable liveli-
hoods. Hydrological research has 
shown that invasive alien tree species 
(very often escapees from commercial 
plantations) reduce stream flow and 
water yield within a water catchment. 
Restoration can improve the produc-
tive capacity of the land and provides 
ecosystem goods and services to rural 
and other communities. Such goods 
and services include improved water 
quality and water flow regulation, and 
climate change amelioration, as well 
as defenses against desertification—a 
matter of very real concern in a dry 
country like South Africa. Restored 
land protects and strengthens local 
biodiversity, enhancing ecological 
resilience to pests and disease as well 
as to “shocks” such as aridification 
and climatic extremes that seem to 
have been increasing over the past 30 
years (Blignaut et al. forthcoming). 
The walls of our house—food, water, 
energy, and income—support an 
improved quality of life and people’s 
self-esteem (Millennium Ecosystem 
Assessment 2005). Addressing these 
needs in a community-based or par-
ticipatory fashion will restore social 
capital in a meaningful and lasting 
way.

Developing management tools 
and scientific knowledge
We are also pursuing small-scale 
experiments on the reintroduction 
of native species and biomechanical 
control of erosion to fill the gaps in sci-
entific knowledge and to improve our 
basic understanding of the impacts 
of land management practices on 
water resources. The University of 
KwaZulu-Natal has for the last 25 
years been doing cutting-edge work 
on a hydrological modeling system 
that can predict the impacts of land 
degradation on sedimentation and 
base flows (Jewitt and Schulze 1999). 
However, the model outcomes need to 
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be verified by monitoring the effects of 
varying land use practices, especially 
with regards to savanna and forest fire 
management and grazing regimes.

Policy and financial investment
Another part of our efforts has 
involved discussions with representa-
tives from relevant government agen-
cies and ministries, such as Water 
Affairs and Forestry, Agriculture, and 
Environmental Affairs. The Working 
for Water program was successful in 
getting invasive plant control in water-
sheds acknowledged as critical water 
resource management, which in effect 
provides the restoration effort with an 
institutional home. Our goal is to see 
this expanded to include all forms of 
catchment degradation, not only those 
linked to invasive alien plants.

In terms of financial investment, 
we see four types of investments that 
could contribute to the eco-restora-
tion of the study area and the general 
economic development of the local 
people by paying the communities 
to “farm for nature’s services.” These 
investments include marketable water 
credits, carbon offset opportunities, 
the conservation of biodiversity, and 
opportunities to combat desertifi-
cation. The first three of these have 
been denoted as “umbrella ecosystem 
services” (Pagiola and Platais 2007). 
We see fighting desertification as a 
logical consequence of achieving the 
first three.

Scaling up
At the global scale, there are critical 
links between economic development, 
biodiversity protection, and the fight 
to slow or halt desertification and 
to mitigate anthropogenic climate 
change. These links are illustrated by 
three United Nations conventions (the 
“three Cs”) that emerged from the 
1992 Rio de Janeiro World Summit on 
Sustainable Development: the United 
Nations Framework Convention on 
Climate Change, the UN Convention 
on Biodiversity, and the UN Conven-
tion to Combat Desertification. The 

three Cs are intimately connected, and 
pursuing them together will yield far 
more benefit than doing so in isolation 
(Figure 2). RNC and “holistic ecologi-
cal restoration” (Clewell and Aronson 
2007) offer a unique opportunity for 
the three Cs to be mutually reinforced. 
Furthermore, addressing the objectives 
of these three conventions would take 
us a long way toward achieving the 
United Nations’ Millennium Devel-
opment Goals to halve poverty at a 
global scale by 2015.

Restoring South Africa’s 
Drakensberg Mountain 
Ecosystem and Providing 
Water Catchment Services

The value of the Drakensberg moun-
tain range and the ecosystem services 
it provides to South Africa can be 
easily illustrated in terms of water. The 
mountains occupy less than 5% of the 
total surface area of South Africa but 
produce 25% of the country’s surface 
water runoff and have a ‘water foot-
print’, or supply reach, covering about 

60% of the country (see Figure 3). 
This remarkable footprint is achieved 
through a series of engineering-based 
interbasin water transfer schemes. The 
national importance of the mountain 
range for a country as dry as South 
Africa cannot be overemphasized.

One of the tasks of our research 
team was to seek ways to optimize 
ecological, social, and economic ben-
efits for local communities, including 
subsistence and commercial farm-
ers, as well as to insure the delivery 
of ecosystem services such as water. 
This required identifying the most 
appropriate economic incentives for 
landowners in the upper reaches of 
the catchment to improve their land-
use practices. This project recalls the 
Catskills-Delaware watershed project 
in which the city of New York provides 
farmers in upper New York State with 
incentives to pursue more sustainable 
land management practices that, in 
turn, protect water quality for the 
entire watershed (Elliman and Berry 
2007).

Figure 2. a conceptual diagram relating objectives and strategies for ecological restoration in 
terms of the three conventions of the 1992 Rio Summit. the three arrows converging on a cen-
tral area marked Rnc reflect the need for integration and synergy among activities that relate to 
the ‘three cs’. the three conventions are obviously not the same in nature or in scope.
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livestock at less destructive densities. 
Preferred practices include rotational 
grazing instead of unmanaged exten-
sive grazing, and changing the cur-
rent annual winter burning regime to 
a biannual spring burn. Incentives to 
pursuing more sustainable practices 
will be provided through payments for 
ecosystem services.

Surface water in the Upper Thukela 
is currently being extracted from three 
sources: 1) riparian users extracting 
water directly from the river, or the 
so-called run-of-river use, 2) small 
(farm) dams, and 3) large impound-
ments. One of our main goals is to 
increase winter baseflow, the most 
critical limiting factor for riparian 
water users, since they do not have 
the ability to store water during dry 
periods. Generally speaking, they are 
also the poor and marginalized subsis-
tence farmers. People extracting water 
either from small or large dams are 
less sensitive to low flows since the 
dams are designed to capture flood 
water, which then act as buffer during 
dry months. Dams, especially smaller 
ones, are very susceptible to siltation, 
however—a very important consid-
eration in a mountainous area prone 
to soil erosion once denuded of veg-
etation. People extracting water from 
dams, therefore, also have incentives 
to support restoration, which will keep 
dams working longer.

We calculate that improved man-
agement practices in the Upper 
Thukela could reduce sediment yields 
in the upper catchment by 59% or 
1.4 million m3 per year, making a 
significant positive impact on water 
quality and prolonging the lifespan of 
water impoundments. These land-use 
changes will not only improve winter 
flow and reduce siltation but also fight 
against desertification and mitigate 
the impact of global climate change 
by sequestrating at least 100,000 t 
of CO2 annually. Relatively minor 
interventions can contribute towards 
improved water security and climate 
amelioration, and they will also con-
tribute to increased income for the 
local people through direct payments 

Figure 3. the “water footprint” of the drakensberg Water catchment. Source Maluti-drakensberg 
transfrontier project

Figure 4. large-scale land transformations have taken place in the drakensberg region, especially 
through the conversion of wild grasslands to crop and grazing lands. Photo by Myles Mander

Case Study:  
Upper Thukela Catchment
The Upper Thukela catchment pro-
vides a case study of how restoring nat-
ural capital and improving land man-
agement can improve water security, 
especially during southern Africa’s dry 
winter months. The Upper Thukela 
comprises 1,800 km2, or 3.5%, of 
the area of the entire research proj-
ect. We anticipate that by promoting 
more sustainable land-use practices by 
local land owners, at least 13 million 

m3 of additional winter baseflow—
or 12% of the winter mean annual 
runoff—can be added to the catch-
ment’s rivers.

In the Upper Thukela catchment 
large-scale land transformation has 
taken place through conversion of wild 
grasslands to cropland and grazing lands 
(Figure 4). This has led to extreme deg-
radation of the land through overgraz-
ing and subsequent erosion (Figures 5 
and 6). Our restoration program aims 
to generate incentives for maintaining 
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and employment to the landowners 
who are, in effect, the potential “pro-
ducers” of these services.

These types of investments in the 
restoration and maintenance of nat-
ural capital are gaining recognition 
among water engineers in South Afri-
ca’s Department of Water Affairs as 
effective ways to improve water supply. 
Water engineering schemes are very 
expensive; the recently completed Berg 
River Scheme in the Western Cape 
Province was developed at a cost of 
around $213.3 million U.S. ($1=7.5 
Rands) and added 81 million m3 to 
the water supply of the province. It has 
been estimated, however, that the clear-
ing of some 19,600 hectares (equiva-
lent to 100% density) of invasive alien 
trees from riparian areas between 1998 
and 2006 yielded 34.4 million m3 of 
water, or about 42% of the yield of 
the new Berg River Scheme. The cost 
of clearing was only $15.46 million, 
and therefore a very good investment 
(Marais and Wannenburgh forthcom-
ing). Of course, watershed restoration 
and maintenance will seldom result 
in the elimination of water supply 
shortages, but are part of an integral 
package of water resource options to 
optimize supply.

Figure 5. the land around small subsistence farms like these in the eastern cape settlement suffer 
from erosion and alien plant invasions. Photo by Myles Mander

Lessons and Challenges

While payment for ecosystem services 
is a new concept in the marketplace, 
the essential ingredients to make the 
trade work are not. The legal mecha-
nisms, institutional structures, man-
agement incentives, management and 
supply skills, willingness to pay, tariff 
collection, and distribution systems 
are all in place, albeit across a range 
of government agencies and private 
groups. And herein rests our next chal-
lenge: how to connect the discrete links 
of the trade chain into a functional 
and integrated trade system across the 
public and private sectors, and with 
the added challenge of implementing 
the plan in economically undeveloped 
rural communities.

The lessons from the implementa-
tion of Working for Water, a proj-
ect with similar goals, indicate that 
close attention will need to be given 
to the mechanisms that monitor the 
flows of services and the payments 
for such services. Within this con-
text, the South African Department 
of Water Affairs and Forestry has indi-
cated a willingness to engage in assess-
ing the feasibility of a Payment for 
Ecosystem Services (PES) system in 

catchments. Its provincial counterpart 
in the KwaZulu-Natal administrative 
region (Ezemvelo KwaZulu-Natal 
Wildlife) sees PES as an option to 
leverage funds for catchment man-
agement efforts and to act as a cost-
effective job creation vehicle. Water 
utility companies are also interested in 
participating in the PES initiative in 
order to learn about the less expensive 
supply augmentation options. Com-
munal and commercial farmers are 
eager to identify new income streams 
that would improve the returns from 
stock farming. In addition, commu-
nal farmers and tribal authorities are 
particularly keen to use such a PES 
initiative to revitalize local resource 
management institutions. In sum-
mary, while institutional challenges 
exist, we have also encountered wide-
spread interest in the development of 
a PES trade system by potential buyers 
and sellers of services.

Conclusion

The payment for the services rendered 
by restored natural capital in the 
Drakensberg, and elsewhere, could—
in theory at least –be accommodated 
through existing legislative and insti-
tutional structures. We found much 
existing goodwill among the many 
partners, and an emerging shared 
vision for the region. Implementa-
tion of this regional project could 
commence within the next two years. 
In addition, the possibility exists to 
extend and transfer the approach to 
both the mountain kingdom of Leso-
tho and to the kingdom of Swaziland, 
since one of the major export com-
modities of both these countries is 
water to South Africa.

We see this project as one of a 
number taking place around the 
world that exemplify the strength of 
an RNC strategy for achieving the 
interlinked goals of combating climate 
change and desertification, protect-
ing and augmenting biodiversity, and 
sustainably developing human com-
munities. We hope that this RNC 
project will serve as a model for 
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large-scale projects elsewhere, since 
the PES approach provides a key way 
to finance programs like this. We are 
currently seeking international invest-
ments in the Drakensberg project in 
emerging markets for carbon, water, 
and biodiversity credits. All partners 
must understand, however, that food, 
water, energy, and income security for 
local people remain as top priorities. 
Restoring natural capital and keeping 
it intact long-term requires restoring 
social capital as well.
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