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Establishing the links between economic development and the
restoration of natural capital
James Blignaut1, Karen J Esler2, Martin P de Wit3, David Le Maitre4,
Suzanne J Milton5 and James Aronson6,7
We reviewed 1575 peer-reviewed papers on restoration
published from January 2000 to September 2008 in 13 scientific
journals to assess whether they considered the economic and
policy implications of their research, and referred to the concept
of, or emerging markets for, payments for ecosystem goods and
services. Only 8% (125 papers) of the 1575 papers reviewed
referred to the establishment of markets and/or payment for
ecosystem services or surrogates. The findings suggest that the
linkages between natural capital and ecosystem services are not
being made and thus the benefits of restoration are not being
integrated into development planning. Better communication of
the socio-economic and political benefits of restoration will be
required if restoration is to be advanced.
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Introduction
Renewable and cultivated natural capital provide the flow
of ecosystem goods and services essential to human life
[1]; intact or restored natural capital is, therefore, indispensable for economic development. Current approaches
to development are unsustainable because people are
depleting many of the finite stocks of natural capital at
rates faster than they can regenerate [2]. For instance,
according to some indicators and at the global scale,
appropriation of fresh water and plant or animal biomass
Current Opinion in Environmental Sustainability 2013, 5:94–101

by humans far exceeds the rate at which these resources
are replenished [3,4].
Long-term sustainability requires society to invest in
restoring natural capital to increase the supply of ecosystem goods and services [5] and to maintain biodiversity
that is vital to ecosystem functionality. Rey Benayas et al.
[6], Bullock et al. [7], and others have shown that
restoration projects can enhance biodiversity and ecosystem goods and services simultaneously. But linkages
between ecological restoration and economic development have only recently begun to be explored [8,9].
Although some studies have made this link [2,6,10–12],
most of the scientific literature on ecological restoration
rarely considers conceptual or methodological approaches
for measuring its impacts on economic development.
Clearly, the majority of restoration ecologists and socioeconomic scholars are still working in their own silos [13].
It is, therefore, no surprise that the drivers and symptoms
of environmental degradation are seldom managed, or
even perceived, in an integrated way when restoration
projects and programmes are undertaken.
We screened papers published in 13 peer-reviewed academic journals for the period 2000–2008 to investigate
whether restoration of natural capital is linked to the
development of markets for ecosystem goods and services. We confined ourselves to the peer-reviewed scientific literature because it is available to search and review
unlike the ‘grey’ (non peer-reviewed) literature. Academic research is not separate from, but rather an important step in, the successful development of evidencebased policy [14]. Some of the data used in this study
were previously used to compare trends in ecological
restoration research among journals [15] and to establish
links between the academic disciplines of restoration and
invasion [16]. While we previously [15] focused on
restoration science and its practitioners, this paper
reviews the dataset from a socio-economic and policy
perspective, broadening the focus. We therefore seek
to answer the overarching question: ‘Do the publications,
that is, researchers and academic publishers, concerned
with ecological restoration consider the economic and
policy implications of their research, especially as
represented by the market mechanism of payments for
ecosystem goods and services (PES)?’ We did not restrict
the study to any particular PES definition (see Wunder
[17] and Muradian et al. [18]), but rather accepted each
set of authors’ decisions as to whether their project
www.sciencedirect.com
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constituted a PES project or not according to their own
criteria and definitions.

Method
We followed a two-step process to narrow the focus of the
study to key journals as described in Aronson et al. [15].
First, we searched a selection of papers for the words
‘restoration’ or ‘rehabilitation’ in the title, abstract or
keywords. From this we narrowed the focus to 13 academic journals as listed in Annexure 1. The journal
selection was also informed by the scope of papers published, their mission statements and target readership, as
well as presumed relevance to the subject of this study.
We considered these parameters to explicitly seek
journals that would publish peer-reviewed papers on

restoration, multi-disciplinary research related to restoration and/or PES. This sampling of journals is not exhaustive, but rather representative, in our view, of the relevant
peer-reviewed literature of the stated period. The journals selected not only include a significant sampling of
relevant ecological journals, but also two influential journals from the field of ecological and environmental
economics.
Second, we screened all the papers (19 547 in total)
published in these 13 academic journals from 1 January
2000 to 1 October 2008, for the words ‘restoration’ and/or
‘rehabilitation’ in the title, abstract, or keywords.
(Detailed methods are described in Aronson et al.
[15].) All reference ‘hits’ were subsequently subjected

Table 1
List of variables and categories used for analysing the restoration papers to identify (‘hits’). Many of the categories can have multiple
answers for a given paper.
Category
Paper descriptors
Ecosystem types in which the study
was conducted
Restoration approach

Restoration method used
Purpose of restoration; type of
ecosystem services affected
(as per MA [16] categories)

Constituents of well-being
addressed or affected

Well-being impact description
Link to agricultural systems
or practices
Monitoring tools used

Scale of influence and interventions

Policy outcome or (research)
recommendation
Policy intensity (scale of impact)
Host country
PES (payment for
ecosystem services)

www.sciencedirect.com

Keywords and definitions
Author, year of publication, title of the article, journal, location of the keyword identification (title, abstract,
and/or key words)
Grasslands, forests, woodlands, shrublands, savannas, arid (and semi-arid) regions, aquatic (rivers, other
wetlands, marine, and coastal), urban, human modified and transformed, other, or unclassified
Active = implies that something was added or removed (e.g., re-seeding, fertilizer, irrigation, plants)
Passive = area was left to recover by itself
Not specified
Re-seeding, planting, succession, others, or not specified
Supporting = a service such as pollination or seed dispersal that makes it possible to produce crops
Regulating = a service that moderates environmental extremes or stabilises ecosystem components,
dynamics and functions — for example, control of floods, erosion, dust storms
Provisioning = direct values of goods that can be harvested, for example, firewood, craft materials, meat
Cultural = benefits that people get from visiting wild places — scenery, traditional rituals, relaxation,
scientific information
Material = food, wood, fish, and other things, goods or products that people harvest from ecosystems
Health = health benefits of natural environments, for example, water purification, removal of toxins from the
air
Security = ways in which natural vegetation or functioning ecosystems protect our atmosphere or prevent or
minimise disasters such as floods or mudslides
Social relations = ways in which natural environments contribute to our cultural and social lives; care for the
innate value of biodiversity included here
Description of how the restoration improves quality of life for people
Does the restoration link with agricultural systems or practices? Yes/No. If Yes, in what way? For example,
crop production, forestry, ranching
Yes/No. If Yes, description of how restoration was monitored.
Instrumental = measuring, for example, vegetation cover, species abundance, or soil parameters.
Interviews = asking people by phone or questionnaire about restoration project
Level of ecological organisation, and specific kinds of interactions:
Landscape (spatial interactions) = covering many habitats or communities
Ecosystem (trophic interactions) = that the restoration influences plants, herbivores, and predators
Community (inter-specific interactions) = restoration affects many organisms
Population (re-introductions) = restoration focused on a single species
This refers to the effect of the study of the restoration or the restoration itself on policy: none, locally (one town
or settlement), regionally, nationally (whole country), or global
The number of people directly or indirectly affected by the policy or the importance of the policy for the way in
which towns, nations, or the world is run: None, minor, major
Country where restoration took place
Yes/No. This describes the ways in which restoring an environmental to provide better services can be
rewarded, for example, by tax credits or reductions.
If Yes, does the market actually exist or is it only perceived?
Formed = the reward method is functioning and that farmers, miners, NGO, and so on are actually receiving
some payment or other benefits for doing the restoration
Perceived = a possible method of reward has been described
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Table 2
Number of papers scrutinised and the number dealing with either restoration or rehabilitation per year.
Total on restoration
or rehabilitation (‘hits’)

Total
scrutinised
2000
2001
2002
2003
2004
2005
2006
2007
2008 a
Total
a

1629
1686
1740
2098
2141
2391
2689
2506
2667
19 547

% of papers p.a. dealing
with restoration

119
109
133
154
182
228
205
236
216
1582

% of restoration
papers

7.3%
6.5%
7.6%
7.3%
8.5%
9.5%
7.6%
9.4%
8.1%
8.1%

7.0%
6.9%
8.4%
9.8%
11.6%
14.5%
13.0%
15.2%
13.6%
100.0%

Note that only the publications appearing in the first nine months of this year were included.

to content analysis [19], where the latent content or
underlying meaning of the articles was coded by reading
each article and assessing it against a predetermined list of
variables and categories (presented in Table 1) selected
to address our key question.

Results
Our search identified 19 547 papers which were screened
to gauge whether restoration was part of mainstream
economic and ecological research and practice, leaving
only 1582 ‘hits’ (8.1% of all papers) [15] (Table 2).
There was a moderate increase in the percentage of
papers per annum dealing with restoration, from 6.8%
in 2000 to 9.5% in 2007.
Does ecological restoration research focus on particular
ecosystem types?

From the sample of studies reviewed it is clear that
productive terrestrial ecosystems (forests, woodlands,
savannas ecosystems, rivers and wetlands) were selected
for restoration more frequently than marine or arid and
semi-arid terrestrial ecosystems (Table 3). This could be
due to under-representation in the sample, but more
probably due to the fact that the relative ease of restoration, and the speed of achieving restoration success vary

substantially across ecosystems and the location of most
of these studies in Europe and the USA with extensive
natural forests [12,15]. Some journals were understandably focused on their area of specialisation. For example,
Forest Ecology and Management provided 258 (17%) of the
total hits and 70% of these 258 hits dealt with forests,
woodlands or shrublands. For Restoration Ecology, with 514
hits (33% of the total), the corresponding value was 30%.
It should be noted that Restoration Ecology is a specialised
subject-specific journal and hence it goes without saying
that it should carry the most ‘hits’. The economic and
policy implication of this ecosystem bias is that there is a
relatively poor understanding of the potential risks and
costs associated with other ecosystems which makes
payments for ecosystem services less attractive to private
sector investors. However, there may well be sound
reasons for restoration from a societal perspective in
which case private–public partnerships or fully publicly
funded interventions will still realise net benefits.
To what extent are payments for ecosystem services
reflected in this body of literature?

Restoration research sought to improve the cultural
(28.5%), provisioning (26%), regulating (29%) or supporting (16.5%) services provided by natural and seminatural

Table 3
Breakdown of all restoration or rehabilitation papers by ecosystem type. Percentage of papers is shown in parentheses. Bold entries
indicate > 20% of the total restoration-related papers for that year. The grand total exceeds the 1582 papers examined since some of the
studies covered more than one ecosystem type (not all percentages add up to 100 because of rounding).
Grasslands
2000
2001
2002
2003
2004
2005
2006
2007
2008
Total

11
9
20
32
25
34
27
33
25
216

(7)
(7)
(11)
(17)
(12)
(13)
(12)
(11)
(10)
(11)

Forests, woodlands
and savannas
40
31
42
39
77
76
71
82
79
537

(26)
(24)
(23)
(21)
(36)
(28)
(31)
(28)
(31)
(28)

Shrublands
2
6
9
16
5
8
6
8
11
71

(1)
(5)
(5)
(8)
(2)
(3)
(3)
(3)
(4)
(4)

Arid and semi-arid
ecosystems
5
1
6
6
8
4
10
13
10
63

(3)
(1)
(3)
(3)
(4)
(1)
(4)
(4)
(4)
(3)
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Rivers and Marine and
Urban and Unclassified
wetlands coastal areas transformed
59
40
65
39
40
87
48
74
61
513

(39)
(31)
(35)
(21)
(19)
(32)
(21)
(25)
(24)
(27)

10
5
18
22
10
24
12
11
14
126

(7)
(4)
(10)
(12)
(5)
(9)
(5)
(4)
(6)
(7)

20
29
23
21
33
21
34
40
30
251

(13)
(22)
(12)
(11)
(15)
(8)
(15)
(14)
(12)
(13)

5
10
3
14
15
16
19
32
21
135

(3)
(8)
(2)
(7)
(7)
(6)
(8)
(11)
(8)
(7)

Total
152
131
186
189
213
270
227
293
251
1912

(100)
(100)
(100)
(100)
(100)
(100)
(100)
(100)
(100)
(100)
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ecosystems (definitions of groups of services are based on
the Millennium Ecosystem Assessment [20]. We classified activities which restore biodiversity or plant or animal
populations as restoring cultural services, because threatened, endangered or otherwise ‘special’ species are
valued as part of human natural heritage. There was little
evidence that such restoration research was linked to
material, supporting or regulating services. The human
well-being objective of most restoration services was
improved social relations, by increasing the supply of
scarce services for example (30%), and security by ensuring more reliable delivery of services that meet basic
human needs (30%). Fewer studies envisaged restoration
outcomes that resulted in better health (15%) or a greater
supply of goods (25%), the results being significant at a
10% level (Chi square = 13.3, P < 0.1). The implications
for policy and economics of these knowledge gaps are that
further research is needed to assess and quantify the
likely or known changes ecosystem service generation
and delivery and to assess and quantify the benefits and
the potential for positive returns on PES.

Figure 2

How is the link between ecological restoration and PES
related to the level of economic development and wealth
in specific countries?

(19% for low-income countries compared to 29% for
high-income). Only 37% of the papers from high-income
countries reported on restoration of agricultural productivity compared with 53% of upper middle-income,
43% for low middle-income and 56% of low-income
countries; the differences were statistically significant
(Chi square = 16.06, P < 0.01). Restoration was linked
to payments for ecosystem goods and services in 12%
of upper middle-income country studies (mainly Mexico,
Costa Rica, Poland, South Africa and the Czech Republic), but in only 7% of studies from high-income countries.
In total, however, only 8% of the papers (125 papers in
total) referred to the establishment of markets and/or
payment for ecosystem services systems or any surrogate
for them (see Figure 2). These findings have important
implications for developing countries where the benefits
of PES are often promoted as a way of addressing the
ongoing degradation of natural resources they experience.
Although much of the research from developed countries
may be useable, there will be many knowledge gaps as the
dominant ecosystems differ from each other, (e.g., tropical forests, semi-arid and arid savannas and shrublands)
and the understanding of how to implement PES within
the political, governance and societal structures in these
countries is not only weak, but also the skills base in
actually undertaking the restoration is weak.

Most restoration papers (72%) reported on research in
high-income countries (Figure 1). Only 3% were located
in low-income countries, with India and eastern Africa
(Ethiopia, Kenya, Tanzania and Uganda) contributing
about 80% of these. Provisioning services were addressed
significantly more often (Chi square = 23.2, P < 0.01) in
low-income countries (41.5%) than high-income
countries (25%). The converse was true for research
dealing with restoration to provide cultural services
Figure 1
Not specified or others
11%
Low income
3%
Low middle income
7%
Upper middle income
7%

High income
72%
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Distribution of studies by the economic status of the host country
(N = 1582). Note: Economic development status follows the criteria of
the World Bank (2007). Low-income countries have a gross national
income per capita (GNI/c) of less than $875. Low middle-income
countries have a GNI/c between $875 and $3466. Upper middle-income
countries have a GNI/c between $3466 and $10 725. High-income
countries have a GNI/c of $10 725 or more.
www.sciencedirect.com

No PES: 92.1%

PES: Low income:
0.2%
PES: Low-middle:
0.6%
PES: Upper-middle:
1.2%
PES: High-income:
5.9%
Current Opinion in Environmental Sustainability

Proportional distribution of 1575 academic papers published in 13
journals over the period January 2000–September 2008 with respect to
whether reference is made to payments for ecosystem goods and
services (PES) (or markets or any surrogate economic institution and/or
system) in terms of country-level development status.

If there is a link between ecological restoration and its
policy implications in academic literature, what is its
impact?

Between 70% and 80% of the papers indicated no or only
local policy outcomes (please note Table 1 for a definition) (Figure 3(a)), although the frequency of policy
links increased slightly since 2006. The frequency of
policy links does not change with national income
Current Opinion in Environmental Sustainability 2013, 5:94–101
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Figure 3

(a) 100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
2000

2001

2002

2003

Global

2004
National

2005

2006

Local

None

2007

2008

2007

2008

(b) 100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
2000

2001

2002

2003
Major

2004
Minor

2005

2006

None
Current Opinion in Environmental Sustainability

(a) The indicated policy outcome of restoration-related studies. (b) The intensity of restoration-related studies (in both cases: N(2000) = 113;
N(2001) = 109; N(2002) = 133; N(2003) = 154; N(2004) = 182; N(2005) = 228; N(2006) = 203; N(2007) = 240; N(2008) = 223; N(total) = 1585).

(Chi square = 0.03, P = 0.94). Similarly, policy intensity
rating (Figure 3(b)), a measure of the socio-economic
impact of policy implementation, was generally low, with
more than 70% of the papers either having no or only a
minor impact. As noted in the previous section, understanding of the policy outcomes of PES and other restoration funding options, such as the full benefits to society,
will make it much harder to convince governments and
other bodies to explore such options. This is particularly
so when there are other options for pursuing development, many of which have much better returns in the
short-term but are not sustainable and may result in
significant environmental and socio-economic costs in
the future.
Current Opinion in Environmental Sustainability 2013, 5:94–101

Discussion
Academic ecologists working at the level of ecosystems
have focused primarily on the functioning and evolutionary dynamics of ecological systems in near natural states,
rather than on modified and transformed systems inhabited and dominated by people. Although restoring ecosystems may provide a significant test of ecological
models and theory [21], academics tend to favour fundamental science, as this is generally rated more highly than
applied science in academic institutions and by most
funding agencies [22–24]. However, we found that the
number of papers dealing with ecological restoration is
increasing, confirming the trend over the last 40 years
reported by Ormerod [25]. Although this shift is
www.sciencedirect.com
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encouraging it is not strongly linked to showing how such
restoration may benefit society through changes in the
generation and delivery of ecosystem services.
The evidence provided seems to indicate a strong ‘biome
bias’ towards restoration in rivers and wetlands, probably
because of the rapidly increasing need for clean water, and
towards productive terrestrial systems such as forests,
woodlands and moist savannas [26]. Less productive and
more remote systems (e.g., deep sea, arid savannas, true
desert) received less attention, supporting the findings of
Lawler et al. [27] in their review of 628 conservation
research papers. The emphasis on livelihood-linked provisioning services in the papers studied decreases from
poor to rich host countries, and conversely, the importance
of a social and cultural focus increases. This may imply that
research in the more affluent countries on ecological
restoration emphasises biodiversity or intact ecosystems
for their existence value, rather than placing them in the
context of their value for society, a distinction rarely made
explicit (see also Daily [28] and Sandler [29] for further
reading on this topic). In high-income countries, the focus
of restoration research on cultural services suggests that
biodiversity issues, or recreational, aesthetic and amenity
values of environments are the major drivers of restoration.
The semi-arid and arid areas of the world, where a large
proportion of the world’s poorest live, are probably to the
most adversely affected by global change. So the lack of
research into restoration in semi-arid and arid ecosystems,
linked with the lack of research into full benefits to society,
will make it hard to promote PES in the areas where
restoration is probably to be needed the most.
The weak link between research on ecological restoration
and payments for ecosystem services, even in the upper
middle-income countries that lead the field internationally,
is noteworthy. Only 8.1% (or 125 papers) of the 1 582
restoration papers reviewed (i.e., 0.6% of all the papers (19
547) scrutinised) referred to the establishment of markets
or systems for valuation and payment for ecosystem services improved by restoration. Restoration, however, is not
location neutral as we found that restoration studies in
poorer countries emphasised adding value to agricultural
systems (e.g., maintaining productivity of cultivated
lands); a finding corroborated by Rey Benayas et al. [30].
Although this does reflect a focus on key services for food
security, the number of studies is very limited so the
knowledge base is very weak, especially for local varieties
of internationally grown crops as well as local crop species.
Public policy on conservation and restoration is increasing
in importance due to acute and ongoing degradation. Our
findings, however, suggest that most restoration research
is focused on biodiversity maintenance and testing of new
approaches, methods or applications (i.e., best-practice),
rather than influencing policy; less than 30% of papers
addressed direct policy impacts. This is indicative of a
www.sciencedirect.com

disconnect between restoration research, socio-economic
value and policy issues and this will have to be addressed
so that decision makers can appreciate that although the
initial costs may be high, the medium and long-term
benefits will be significant.
This study may be biased by limiting searches to English
language academic journals. Future research should include journals in other languages, grey literature and
interviews with restoration managers and financiers to
explore perceptions of the changing value of restoration.
Policy-makers and managers in all countries should consider developing markets and payments for improved
ecosystem services following restoration. Markets are
social constructs based on popular demand. Active pursuit
of markets integrated with the restoration of natural
capital, would show that benefits resulting from ecological
restoration justify investment. Conversely, the absence of
markets for restoring natural capital would indicate either
that there is insufficient value, or that scientists, policymakers and society in general fail to recognise the value of
restoration for human well-being. A lack of markets, or
debate about market potential, at least in market-orientated countries, could suggest failure to communicate the
benefits of restoration, failure to involve social institutions
in restoration initiatives, or an acceptance of the ideology
that restoration is not marketable [13].

Conclusion
Our review provides strong evidence that academic
restoration ecologists do not adequately recognise the
tangible contributions of restoration to society, and that
the concept of ecosystem services (i.e., explicitly linking
services to beneficiaries and demonstrating values) has
not yet been mainstreamed in the science, public policy
or practice of ecological restoration. It is also probably that
academic resistance to truly cross-disciplinary studies
inhibits collaboration between researchers of ecosystem
services and ecological restoration. A new research initiative within the International Council for Science global
change programmes, the Programme on Ecosystem
Change and Society [31], provides a perfect transdisciplinary platform within which such scientific and policyrelevant knowledge of social-ecological systems can be
generated. Restoration can significantly increase natural
capital and thus the flow of services and benefits to
society; but restoration ecologists need to make these
links explicit and provide evidence to convince society
that the benefits outweigh the investment costs.
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Annexure 1. List of journals surveyed
Scope of journal

All aspects of ecology, the environment, and related
disciplines

Conservation of natural resources, protection of habitats
and control of hazards, spanning field of applied ecology
without regard to traditional disciplinary boundaries
Contributions to the study and preservation of species
and habitats
Biological, sociological, and economic dimensions of
conservation and natural resource management

Application of ecological concepts, theories, models and
methods to management of biological resources in
broadest sense

Multi-disciplinary/interdisciplinary, research on all
aspects of arid environments and their past, present and
future use

Links forest ecology with forest management

All branches of water science, technology and engineering

Interface between agro-ecosystems (crops, pastures,
livestock) and environment (energy, air, water, land)

Intersection of environmental, resource and development
economics
Focusing on ecological restoration as defined as ‘the
process of assisting the recovery of an ecosystem that has
been degraded, damaged, or destroyed’ (SER 2002)
Bridge between ecologists and engineers (ecotechnology) involved in designing ecosystems for mutual
benefit of humans and nature

Trans-disciplinary, linking ecology and economics

Specific focus relevant to this analysis

Theoretical and empirical investigations into the
consequences of human actions for the diversity, structure
and function of terrestrial, aquatic or marine ecosystems,
including restoration ecology, resource economics.

Eco-technology; synthetic ecology; bioengineering;
sustainable agro-ecology; habitat reconstruction;
restoration ecology; ecosystem rehabilitation; stream and
river restoration; wetland restoration and construction;
reclamation ecology
Agricultural landscape ecology and processes; papers that
advance understanding on how to make agro-ecosystems
more diverse and sustainable
Water resources development; surface hydrology; geohydrology; environmental pollution control; water quality
and treatment; agricultural water science
Application of biological, ecological and social knowledge
to the management and conservation of man-made and
natural forests
Physical, biological and anthropological aspects of arid,
semi-arid and desert environments, including land use,
conservation, land degradation and rehabilitation,
techniques for monitoring and management
Application and development of improved strategies for the
conservation of wildlife; wildlife and habitat management;
sustainable management of natural resources (including
aquatic); management of pests and weeds
Ecology, ecological economics, environmental engineering

Sustainable agriculture and development; renewable
resource management and conservation; integrating
natural resources and environmental services into income
and wealth accounts
Theoretical and applied (policy) aspects of sustainable
development
Experimental, observational and theoretical studies on
terrestrial, marine and freshwater systems
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