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Gaps and limitations in the use of restoration
scenarios: a review
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The use of scenarios to evaluate restoration effects on biodiversity and ecosystem services (ES) is fundamental to improve
restoration practices. Here we developed a systematic review to verify the existence of gaps and limitations in the use of
scenarios for environmental restoration, and assess the state of the science of “restoration scenarios” and implications for
future research. From 419 studies reviewed, most were held in developed countries, using exploratory scenarios at the regional
scale, actively restoring ES and habitat at “habitat, ecosystems or communities” at landscape level, targeting forests and
fragmented landscapes. The main gaps we identified were: few studies in tropical, marine, and urban environments, despite
their importance for biodiversity and ES; few reports on global scales using target-seeking approach, despite the existence of
global targets; small number of studies considered invertebrates and invasive species, neglecting many ecosystem services and
disservices; lack of participatory and cost-effectiveness studies, revealing a disconnection between restoration research and
socioeconomic context. The gaps identified might prevent the widespread use of scenarios for restoration planning, particularly
the limited scales of analysis, the lack of participatory approaches, and weak cost consideration. We encourage the use of
target-seeking scenarios, with clear objectives, stimulating collaboration among stakeholders seeking cost-effective restoration
alternatives.
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Implications for Practice

• The use of scenarios should be encouraged when planning
restoration actions, especially for large-scale restoration.

• To be implemented, restoration scenarios should incorpo-
rate cost–benefit evaluation and engage a diverse group of
stakeholders with a participatory approach.

• A better integration between restoration scenarios and the
global restoration agenda is needed through the develop-
ment of target-seeking and policy evaluation scenarios.

• Future restoration scenarios should try to apply this
approach to tropical, marine, and urban landscapes,
including more explicitly the impacts on ecosystem
services.

Introduction

While it is unquestionable that the degradation of land and
water resources has drastic impacts on biodiversity and ecosys-
tem services, degraded environments also represent opportu-
nities for environmental restoration. According to the World
Resources Institute, more than 2 billion hectares worldwide
can be restored, mostly in tropical and temperate environments
(Minnemeyer et al. 2014). The new global agenda for ecosys-
tem restoration also represents great opportunities motivated,
for example, by intergovernmental commitments, such as the

Aichi targets, which demand the restoration of at least 15% of
degraded ecosystems by 2020, or by the Bonn Challenge, which
promotes the restoration of 150 million hectares by 2020 and
350 million hectares by 2030 (Chazdon et al. 2017).

Restoration efforts may effectively increase biodiversity,
improve ecosystem resilience, contribute to climate change
adaptation and support sustainable socioeconomic develop-
ment, reducing poverty (Benayas et al. 2009; Edwards et al.
2009; Thompson et al. 2009; TEEB 2010; Aronson & Alexan-
der 2013). Nevertheless, to meet ambitious global restoration
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Gaps and limitations of restoration scenarios

targets, it is necessary to change from the usual reactive mode,
in which society primarily acts after degradation events, to a
proactive mode, when potential problems are anticipated, thus
enabling preventive actions and avoiding and mitigating adverse
impacts (Ferrier et al. 2016). Furthermore, restoration practices
are time consuming and can be very expensive (De Groot et al.
2013), so strategies optimizing large-scale restoration are of
vital importance.

Given this context, the development of scenarios is indispens-
able to improve restoration planning, increase the effectiveness
of planned restoration, and reduce associated costs (Walpole
et al. 2009; Metzger et al. 2017). Scenarios provide represen-
tations of plausible futures for society, economy, and the envi-
ronment and of aspects deriving from the combination of these
elements (Ferrier et al. 2016). Particularly, scenarios consider
the influences of current decisions (including the absence of
decisions) and their effects on the temporal continuity of known
trends initiated in the past.

The use of scenarios to plan restoration-predicting effects
on biodiversity and ecosystem services (hereafter, “restoration
scenarios”) can provide robust and reliable information to
support environmental policies and decision-making processes
(Table 1). Nevertheless, as noted by the report of the Inter-
governmental Science-Policy Platform on Biodiversity and
Ecosystem Services (Ferrier et al. 2016), the use of scenarios
and models to understand and estimate human impacts on
biodiversity is very recent and seldom systematically evaluated.
The Millennium Ecosystem Assessment (MEA 2005), con-
ducted by the United Nations with the objective of accessing
future consequences of global ecosystem change for human
well-being and to propose actions to mitigate the impacts, can
be considered one of the few (and first) global assessments in
this direction. By extension, scenarios applied to environmental
restoration (also called habitat or landscape restoration), despite
being a growing field of research, are even more incipient in
the scientific literature.

Here, we aimed to review the current knowledge on restora-
tion scenarios by developing a systematic mapping of evidence
from published studies that addressed scenario approaches for
biodiversity and ecosystem services for restoration purposes.
In addition to providing a comprehensive perspective, a state
of the science, we also aimed to identify gaps and needs for
future works that can improve the use of scenarios to achieve
global restoration targets. In this sense, we aimed to answer
the following questions: Where are restoration scenarios being
applied? Are current studies covering the wide variety of the
world’s ecosystems and biodiversity? Are they converging with
requirements for global restoration commitments and real-world
situations, such as accounting for or estimating restoration costs
while considering stakeholder demands?

It is reasonable to suppose that studies using scenario
approaches for restoration share similarities with those from
the restoration and conservation literature (e.g. Lawler 2009;
Aronson et al. 2010; Blignaut et al. 2013; Leite et al. 2013;
Wortley et al. 2013; González et al. 2015). Thus, due the
high costs of restoration practices, we mostly expect to find
restoration scenario studies targeting high-income economies,

Table 1. IPBES (Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services) conceptual scenarios and examples extracted
from our revision set.

Exploratory Scenarios (Agenda Setting)
“Exploratory scenarios” examine a range of plausible futures

based on potential trajectories of drivers—either indirect (e.g.
sociopolitical, economic, and technological factors) or direct
(e.g. habitat conversion and climate change) (Ferrier et al.
2016). They are very relevant in the policy cycle at the initial
phase of agenda-setting, in which the problem scale,
stakeholders, and relevant specificities are being defined.

Example: Birch et al. (2010) evaluated the potential impact of
forest restoration on the value of multiple ecosystem services
across dryland areas in Latin America. They calculated the net
value of ecosystem service benefits in restoration scenarios,
using different discount rates and performing a cost–benefit
analysis between land use changes from livestock grazing to
restored forest. With this exploratory approach, they were able
to compare passive and active restoration options and determine
the most cost-effective scenario for the studied ecosystem.

Target-Seeking Scenarios (Design)
“Target-seeking scenarios” start with the definition of a clear

objective, or a set of objectives, specified either in terms of
achievable targets or as an objective function to be optimized.
Then, different pathways to achieving this outcome are
identified (Ferrier et al. 2016). They are used in the design
phase of the policy cycle.

Example: Egoh et al. (2014) compared different options to achieve
the European Union’s 15% restoration target. They investigated
how different restoration scenarios affect threatened species and
habitats, and they included financial cost in the prioritization
procedure. The use of a target-seeking approach was important
in revealing which path would provide the greatest benefits and
to decide the best sites for the implementation of restoration
projects on a supranational level.

Policy-Screening Scenarios (Ex-Ante)
“Policy-screening scenarios” compare the environmental outcome

of alternative policy or management options. They are helpful
for identifying the potential effects of environmental policies.
Their use is associated with the implementation phase of the
policy cycle (Ferrier et al. 2016).

Example: Manuschevich and Beier (2016) compared the outcomes
of alternative forest conservation instruments proposed by
distinct policy coalitions in Chile. Using policy analyses and
landscape change modeling, they were able to determine
whether forest laws in Chile can provide enough protection for
native ecosystems, and they proposed new complementary
policies in order to promote forest recovery and mitigate future
losses.

Retrospective Policy Evaluation Scenarios (Ex-Post)
“Retrospective policy evaluation scenarios” are part of the review

phase of the policy cycle and are a present evaluation of past
actions with the expectation of achieving specific policy goals.
The results of these actions are compared with the goals as they
were stated at the time these actions began to be implemented
(Ferrier et al. 2016).

Example: Hostetler et al. (2013) studied a population of the
endangered species Puma concolor coryi in Florida and the
potential influence of a genetic restoration policy implemented
in 1995, with the goal of reversing the decrease in the
population size. They compared the population dynamic based
on 1995 data with the dynamic estimated 18 years after. The
retrospective policy evaluation approach allowed the efficacy of
the restoration program to be assessed regarding the
maintenance of the population.
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possibly resulting in geographical biases. Since only indexed
literature was reviewed, we expect that the main agents con-
ducting the restoration studies should be academics, while other
potential agents will have marginal, but important, participa-
tion. Considering the demand for restoration, we expect that
the spatial and temporal scales of restoration scenarios would
be broad, encompassing large regions, entire countries, or even
several countries. Moreover, considering previous studies on
restoration, the active restoration approaches would be more
frequently applied, mainly at the landscape level, particularly
over fragmented forest landscapes.

Methods

To assess the current state of knowledge in restoration scenarios,
we applied a systematic mapping approach, which is one of the
methods for systematic evidence review (Grant & Booth 2009;
James et al. 2016). This approach is recommended to describe
the state of knowledge for a topic and identify current evidence,
knowledge gaps, and future needs in the research field without
necessarily trying to answer a specific question (as in the case of
a systematic review). We used the systematic mapping approach
to generate a comprehensive outlook on how, where, and for
what reasons scenarios have been applied for environmental
restoration.

We used the Scopus Scientific Bibliographic Database to sur-
vey studies covering the entire available period in the database
up to 31 December, 2016. The main advantage of using Sco-
pus is that it allows one to avoid biases related to inconsistent or
weak publication criteria, once all publications are indexed and
peer reviewed, thus ensuring the reliability of the gathered infor-
mation. However, the exclusive use of Scopus in our systematic
mapping disregarded the “gray literature,” or nonindexed works,
such as governmental or NGO reports.

We defined a combination of search terms with sufficient
comprehensiveness to maximize the finding of relevant publi-
cations while restricting the search to works that developed or
used scenarios for restoration purposes. We defined four sets of
keywords related to restoration, environmental scales or level
of analysis, target elements, and scenarios. The final search
term was applied to the titles, abstracts, and keywords in each
publication: “(restor*OR revege*OR reforest*OR rehabilit*OR
remediat*OR regenerat*) AND (ecosystem*OR land*OR habi-
tat OR site OR regional OR global OR vegetation OR biome)
AND (biodiversity OR “ecosystem servic*” OR*populat*OR
species OR “environmental servic*”) AND scenario*.” The
logical structure of the search determined that at least one key-
word from all four groups must appear in the content, including
the term scenario in its singular or plural forms.

To eliminate unrelated publications unwittingly included in
the reference list after the survey, we defined a sequence of two
filtering procedures. First, we read the titles, keywords, and
abstracts of each publication in order to identify and exclude
studies that did not apply scenarios or were not related to
restoration. In cases where we could not find sufficient evi-
dence to ensure that the work was irrelevant for our purposes,

we maintained the reference for the next filtering procedure.
In the second filtering, we checked the entire content of all
remaining publications from the first procedure, excluding
irrelevant publications while simultaneously classifying the
selected publications by five classification groups: (1) The
Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) scenarios (based on Ferrier et al.
2016); (2) restoration scales (including targeted countries); (3)
targeted environments; (4) restoration goals and focus; and
(5) restoration planning characteristics. Each group contains
a set of predefined categories and its respective subcategories
(Tables 1 & 2). The definition of categories and subcategories
was partially inspired by previous review studies (Wiens 1992;
Leite et al. 2013; James et al. 2016). We included additional
categories and parameters recommended by restoration experts
in order to improve the assessment of the current state of
restoration scenario development.

Despite the intensive work defining the meanings of cate-
gories and subcategories, the task intrinsically had some level
of subjectivity, mainly when the information sought was not
explicit in the publication content. When doubts arose, all
three reviewers (A.L.A., F.D.G.C., and M.S.L.) were con-
sulted about the issue, and it was discussed until a consensus
was reached.

To detect possible differences in the temporal trend of
selected publications relative to trends of publications in closely
related topics (scenarios; restoration), we analyzed the frequen-
cies of publications per year (normalized by the total number
of publications in Scopus for each year) for bibliographic refer-
ences containing the terms “scenarios” and “restoration” in the
title, abstract, or keywords, exclusively and individually, with-
out any filtering procedure.

We explored the categorized data of the reviewed publica-
tions by inspecting graphics in analytical blocks using R (R Core
Team 2017). More details about the data analysis can be con-
sulted in Box S1, Supporting Information.

Results

From a total of 1,549 publications matching our search term,
only 419 (approximately 27%) were selected as restoration
scenario studies, covering the period 1990–2016. From 1990
to 2002, we found less than 10 publications per year (12-year
period with 30 publications, approximately 7% of total), and we
found no publications for 1991, 1993, and 1995. To analyze the
temporal trends with more reliable data, we defined the period
2003–2016, which represents a 14-year period with a total of
389 publications, covering circa 93% of the selected total set.
However, for the whole systematic mapping analysis, the full
period was considered (see Figs. S1–S11).

Temporal Trends

We identified an overall increasing trend in the number of
publications addressing restoration scenarios over the surveyed
period, especially after 2008 (Fig. 1), similar to trends in pub-
lications exclusively considering scenarios or restoration. This
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Table 2. Mapping categories and their respective levels and definitions.

IPBES Scenarios (Ferrier et al. 2016)
Exploratory (agenda setting)

Please see Table 1 for description and examplesTarget seeking (design)
Policy screening (ex ante)
Retrospective policy evaluation (ex post)

Restoration scales
Level of organization Predefined biological level of organization targeted/subjected by restoration approach.

Population (species) One or more populations of a single species.
Community (populations) One or more populations of more than one species.
Landscape (composition, structure) Landscape configuration, structure, and composition, not focusing directly on the organisms

or their interactions.
Ecosystem (functioning, services) Functioning and/or structure of the environmental/ecological system, not focusing directly on

organisms, but on their interactions, functions, or services for humans.
Spatial scale The spatial scale of the area targeted by restoration scenarios

Punctual Smaller than 1 ha.
Local Greater than 1 ha (fine), but smaller than 100 ha.
Regional Greater than a 100 ha, but not covering a whole country (e.g. landscape, biome, or ecoregion).
National Whole country extent.
Supranational Two or more countries area extent (supranational).
Global Global-scale study.
Multiple scales Multiple scales, different study areas sizes.

Temporal scale (continuous values) Time spent, estimated, or evaluated in the restoration scenario study.

Targeted environments
Climatic zones The main global climatic zones.

Temperate Predominantly covered by temperate climatic zone.
Tropical Predominantly covered by tropical climatic zone.
Temperate+ tropical Both temperate and tropical climatic zones.
Polar+ boreal Predominantly covered by boreal (subarctic) and/or polar climatic zones.
Global Global study.

Predominant environment Predominant ecological system on the study object/objective.
Forest Forest formations or types (e.g. evergreen, deciduous, broadleaf, needleleaf).
Riparian+wetlands Riparian zone, swamps, and freshwater flooded lands.
Grasslands+ shrublands Herbaceous to bushes vegetation.
Mixed: farms+ natural vegetation Mixed environments mainly represented by interfaces or mosaics of agriculture

(crops/farmlands) and natural vegetation.
Farmlands+ crops Agricultural land, reforested areas, and managed vegetation, mainly for commercial purposes.
River+ inland waters Lentic and lotic freshwater bodies.
Coastal+ estuary+mangrove Coastal and estuarine-related environments (e.g. mangroves, sandbanks).
Marine Environments from shallow to deep waters, including reefs, benthos, nekton, plankton, algae.
Urban Cities and areas under urban influence (e.g. parks, lakes).

Restoration goal and focus
Main objective The reason why the restoration was—or will be—applied/developed.

Rest. Habitat Restoration developed in favor of habitat.
Rest. Species Restoration developed in favor of specific species.
Rest. Biodiversity Restoration developed to improve or recover biodiversity.
Rest. Ecosystem services Restoration developed to improve or recover ecosystem services.
Invasive species control Invasive species control developed for restoration purposes.
Multiple objectives When more than one main objective appears in sequence or combined.

Subject focus Target that receives the action/intervention of restoration process to achieve the scenario goal.
Plants Plant species, whether crops, aquatic, native, or exotic.
Invertebrates Species, populations, and communities of invertebrates, native, or exotic.
Vertebrates Species, populations, and communities of nonhumans vertebrates, native, or exotic.
Interactions Interspecific species interaction networks (e.g. pollination, parasitism, and competition).
Habitat+ ecosystem+ community Focuses on the environment where species live, including large compartments (e.g. biomes,

ecozones).
Multiple contexts Focused on multiple taxa, interactions types, environments, or combinations of these

components.
Restoration planning

Type of restoration Active or passive approach or both combined.
Active Direct intervention in the studied area/system.
Passive Passive approach, with no direct intervention in the studied area/system.
Both The study compared, developed, or applied both approaches.
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Table 2. continued

IPBES Scenarios (Ferrier et al. 2016)

Cost information? Restoration costs explicitly considered or not.
Yes Restoration costs were explicitly considered in the restoration scenario study.
No Restoration costs were not considered.

Participatory approach? Studies engaging/considering different stakeholders.
Yes Scenarios developed with multiple agents/stakeholders participation.
No Scenarios developed exclusively by academic researchers, without other agents’ participation.

Who were the agents? A benefactor of the study/restoration or to be benefited by it, or who has an active role as
creator, developer, financier, or executor.

Researcher Main agent is a researcher belonging to the academic and/or scientific spheres.
Private Main agent belongs to the private sector.
Government Main agent belongs to the public sector (nonacademic governmental agencies).
NGO Main agent is a nongovernmental organization.

pattern suggests that publication on restoration scenarios fol-
lows the general increasing trend throughout the period, with a
potential higher increase in publication more recently (in 2016).

Restoration Scenarios According to IPBES Scenarios

We found that exploratory scenario approaches (or agenda
setting) represent the majority (approximately 68%) among
IPBES conceptual scenarios (Fig. 2A) along the whole period.
The second most frequent scenario was policy screening (or
ex ante), with approximately 17% of the total, but with an
increasing trend of publication, mainly after 2008 (Fig. S1). We
found that retrospective policy evaluation (or ex post) appears
in less than 10% of the works, and the least represented scenario
approach was target-seeking (or design), with only 6%. We
provide some examples from the reviewed studies of the use of
the different conceptual scenarios in Table 1.

Restoration Scenario Scales and Targeted Environments

Studies applying restoration scenarios were predominantly
conducted at the regional scale (approximately 81%; Fig. 2C),

mostly at landscape (approximately 51%; Fig. 2B) or ecosys-
tem (approximately 23%; Fig. 2B) levels, and primarily in
temperate climate conditions (approximately 76%; Fig. 2D).
Studies at the local scale were the second most frequent but
represented only approximately 5% of the studies (Fig. 2C).
Forests (approximately 28%; Fig. 2E) and areas mixing farms
(crops) with natural vegetation (approximately 30%; Fig. 2E)
were the most targeted environments in restoration scenario
studies, while marine areas (representing the largest portion of
the Earth’s surface) and urban areas (which most of humanity
inhabit) were the least studied environments (approximately
2% each; Fig. 2E).

Geographical Pattern and Biases

We found 62 countries containing focal areas of restoration
scenarios (not including countries that developed the research;
Fig. 3). There was a predominance of studies in the United
States (N = 121; approximately 29% of total; Fig. 3), which
presents the same number of studies as those conducted by the
second to the sixth place countries combined: Australia, China,

Figure 1. Normalized number of publications per year over the period covered by the restoration scenario survey (colored curves; from 1990 to 2016). The
black bars (right Y-axis) represent the absolute number of reviewed studies by year of publication. The colored circles and curves (left Y-axis) represent
trends of publications per year considering: (A) the publications from the survey using exclusively the keyword “scenarios” (N = 71,091); (B) the trend by
using exclusively the keyword “restoration” (N = 162,625), in both cases without filtering procedures; and (C) represents the trend for scenarios applied for
restoration, the selected and reviewed studies (N = 419). *All curves and their confidence intervals (gray area) were smoothed using generalized additive
models; the circles vary in size according to the percentage of the total per year.
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Figure 2. Quantitative analysis of reviewed restoration scenario publications by categories (A–K) and the respective subcategories in the five context groups:
IPBES scenarios (A); restoration scales/levels (B and C); targeted environments (D and E); restoration goal and focus (F and G), and restoration planning
(H–K).

November 2018 Restoration Ecology 1113



Gaps and limitations of restoration scenarios

Canada, Brazil, and the United Kingdom (N = 125; approxi-
mately 30% of total; Fig. 3B). Each of the other remaining 56
targeted countries appeared individually in less than 2.5% of
the total number of publications (10 or fewer publications each;
Fig. 3A), but their combined number represents approximately
40% of the reviewed studies (N = 167).

Temporal Dimension

From the 419 publications reviewed, approximately 70% (290)
provided information about temporal dimensions of restora-
tion scenario effects on biodiversity or on ecosystem services.
We found studies addressing periods ranging from 14 days to
1,000 years (Fig. 4A). However, there was a strong predomi-
nance of studies (90%) addressing a more restricted tempo-
ral range, between 6 and 228 years, with a 45-year median.
Generally, scenarios are planned on an intervention scale of
a few decades, aligned with the political agenda. However,
exploratory scenarios seem to have wider temporal horizons
(Fig. 4B). For further details on the temporal dimension per cat-
egory, see Figures S12–S21.

Restoration Scenario Goals, Focus, and Planning

The restoration goals of the studies were mainly to restore
habitat (approximately 38%; Fig. 2F) or to recover ecosystem
services (approximately 29%; Fig. 2F), primarily focusing
on “habitat, ecosystem, and community” (approximately
52%; Fig. 2G), followed by plants (22%). The majority of
the reviewed studies considered active restoration approaches
(approximately 65%; Fig. 2H), with direct intervention in
the studied systems, but did not estimate or account for the
costs related to the restoration activity (approximately 85%;
Fig. 2I). As expected, there was a high representativeness
of nonparticipatory studies (approximately 89%; Fig. 2J), in
which academic researchers conducted almost the entirety of
the research (approximately 89%; Fig. 2K). The majority of
studies applying participatory approaches were by academic
researchers associated with the private sector.

Discussion

Although the number of restoration scenario studies is increas-
ing over time, especially in temperate regions, for forested habi-
tats, considering active restoration initiatives planned at the
landscape level and regional scales, we have also identified
important gaps in the current state of restoration scenario devel-
opment. Critical environments and organisms in need of restora-
tion actions are being misrepresented, particularly in tropical
regions and marine and urban environments, a sign that restora-
tion scenarios may be neglecting a significant part of biodi-
versity on Earth. Invasive species were also poorly represented
in restoration scenarios, despite their role as one of the most
dangerous drivers of global biodiversity and ecosystem ser-
vice decay (Butchart et al. 2010; Pyšek et al. 2012). In addi-
tion, national, supranational, and global scales were scarcely
applied, so even though the temporal scales are aligned with

most policy targets (45-year median time horizon), we believe
that the spatial scales of current restoration scenarios are not
yet aligned with the requirements for global restoration commit-
ments and challenges. Studies of restoration scenarios also seem
to be disconnected from real-world requirements: participatory
approaches are rarely applied, most papers do not consider or do
not declare cost estimations, and few studies evaluate the effec-
tiveness of previous restoration planning.

Where Are Restoration Scenarios Being Applied? What Are
the Main Gaps?

As we expected, the top nine countries in number of publi-
cations on restoration scenarios have upper-middle-income to
high-income economies, are among the 20 largest in terms of
gross domestic product (GDP; [World Bank 2016]) and are
classified as having a high to very-high human development
index (UNDP 2016). Although our results may be influenced
by the fact that these countries are also the ones that most pub-
lish peer-reviewed articles, our results are in agreement with
the findings of previous studies on restoration initiatives (Blig-
naut & Moolman 2006; Aronson et al. 2010; De Groot et al.
2013; Wortley et al. 2013; Blignaut et al. 2014), and they high-
light that restoration scenario development and application stud-
ies are not necessarily being conducted where they are most
needed. As reported by Aronson et al. (2010), countries with
higher levels of deforestation, where restoration might be crit-
ically urgent, are low-income economies. Besides, poor coun-
tries are more vulnerable to climate change (Mendelsohn et al.
2006) and restoration efforts might help to attenuate negative
effects. There is thus a geopolitical or geographical mismatch
between the high availability of restoration research (includ-
ing restoration scenarios) and the places where the demand
for restoration studies and practices are most pressing. Never-
theless, in this regard, the restoration scenario approach is a
way of assessing the cost-effectiveness of restoration, making
restoration planning compatible with available human efforts
and financial resources. Thus, scenario approaches must be
recommended for low-income economies, particularly because
they may reduce expenses and improve the effectiveness of the
planed restoration, optimizing its application.

Among the most targeted countries in restoration scenario
studies, only Brazil is almost entirely inside the tropical zone.
Indeed, there is a low overall number of studies targeting
tropical environments. This situation suggests that restoration
scenarios are neglecting a relevant and enormous part of global
biodiversity, since the tropics encompass most of the terrestrial
endemism of rare, known and unknown species. Consequently,
the achievement of global restoration goals, such as the Aichi
targets and the Bonn Challenge, will require a better geograph-
ical balance in restoration planning and effort, particularly by
including more extensively tropical regions.

Beyond tropical areas, several gaps in restoration scenario
studies were identified, particularly related to oceans and coastal
areas, grasslands and shrublands, urban areas, and invertebrates
and invasive species. First, only a few publications focused
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Figure 3. Global map of the distribution of restoration scenario studies. Map “A” illustrates where the studies using restoration scenario approaches were
conducted—not the countries that developed the research. The green-colored countries are those that have not been targeted by restoration scenario studies.
The country legend of shades of gray in map “A” corresponds to the bar colors in graph “B,” and the bar sizes represent the number of publications per
country (PPCN). Countries with the same number of publications were grouped (G1–G8 in the group column, highlighted in light gray in the integrated
table). For example, Germany and Netherlands (G1) are represented by nine publications each (PPCN), or 2.2% of the total of each (PPC%), so G1 is
composed of two countries (NCPG) totaling 18 publications (PPGN in table and whiskers in graph), or 4.4% of the total (PPG%). Each black-highlighted
country (from the United States down to the United Kingdom) presents more than 2.5% of the total (PPC%), totaling approximately 60% of studies. The total
of studies targeting countries (N = 413) differs from the number of reviewed studies (N = 419) because 10 studies targeted more than one country (nine
targeted two countries and one targeted three), and four restoration scenario studies did not address scales and so were not considered in this figure.

on marine environments, although oceans and coastal ecosys-
tems are responsible for more than 60% of the biosphere’s
economic value (Costanza et al. 2014), besides being threatened
by climate changes and human disturbances (Hoegh-Guldberg
& Bruno 2010). In fact, there are important bottlenecks on the
literature on marine environments (Lawler et al. 2006; Blignaut
et al. 2013; Liquete et al. 2013), but it is fundamental to increase
our knowledge on scenarios and their applications for restora-
tion in these ecosystems.

Similarly, grasslands and shrublands cover 37% of the Earth
(excluding Greenland and Antarctica; Loveland et al. 2000),
but nearly 92% of these environments have been converted
to human use to an extent that has not occurred in any other

environment (Sterling & Ducharne 2008). The remaining
grasslands are on poor-quality lands (Suttie et al. 2005) and are
projected to suffer the largest biodiversity loss due to climate
change (Sala 2000). Beyond threats to biodiversity, grasslands
are also sources of ecosystem services and are indispensable
to mitigating climate change. For instance, grassland soils
retain approximately 50% more carbon than forests globally
(Conant & FAO 2010). For that reason, grasslands and related
environments deserve at least as much attention as forests in
restoration scenarios.

Another very important environment that lacks deeper under-
standing on potential states and future trends are urban ecosys-
tems. Cities are major sources of environmental impact and

November 2018 Restoration Ecology 1115



Gaps and limitations of restoration scenarios

Figure 4. Temporal dimensions of restoration scenarios from 290 publications (approximately 70% of total reviewed). Full temporal dimension (A) and the
temporal dimensions per IPBES scenario category (B), both with the distribution fractionated into minimum, maximum, 90% of the range (5–95%), 50% of
the range (Q1–Q2), and the median. See Figures S12–S21 for more information on temporal dimensions per category.

humanity is fast becoming more urban. In 2014, an estimated
54% of the human population lived in urban settlements; by
2050 it will be 66% (United Nations 2014). Even so, we found
only a few papers that looked at restoration scenarios for urban
environments. In addition, climate change will impose major
costs to cities, since 90% of the world’s urban areas are on
coastlines and are therefore vulnerable to the effects of rising
sea levels and storms (C40; http://www.c40.org/why_cities). In
this sense, restoration scenarios in urban environments can help
make cities more resilient and adaptable to global changes (Far-
ley et al. 2013; Jabareen 2013; Elmqvist et al. 2015).

Although the restoration of ecosystem services was the
second most frequent scenario objective, we found a scarcity
of publications targeting invertebrates and focusing on interac-
tions. This situation raises concerns, since invertebrates provide
a wide variety of ecosystem services, and the adequate provi-
sioning of these services is essential to restoring environmental
health (Rosenberg et al. 1986; Jansen 1997; Lavelle et al. 2006;
Losey & Vaughan 2006). In this context, invertebrates com-
pose the majority of pollinator species and are consequently
indispensable for plant reproduction and agricultural produc-
tivity (IPBES 2016). Disregarding pollination in restoration
planning might lead to the failure of restoration targets and
goals in the long term. In addition, the evaluation of species
interaction networks in restored areas is an important measure
of the reestablishment of ecosystem functioning, acting as an
ecological indicator of the recovery process level (Forup et al.
2007; Schaffers et al. 2008; Dixon 2009; Pocock et al. 2012).
This aspect should be better considered in future restoration
scenarios.

Finally, invasive species are among the most dangerous
factors impacting global biodiversity and ecosystem services
(Butchart et al. 2010; Pyšek et al. 2012) at the same level of

climate change and habitat loss. They usually proliferate in dis-
turbed areas, and for this reason, they impact areas targeted for
restoration (Sheley et al. 1999; D’Antonio & Meyerson 2002;
Sieg et al. 2003). Nevertheless, it was the most neglected objec-
tive of the restoration scenario studies. It is possible that some
restoration scenarios over large areas are contemplating inva-
sive species control, but this is not explicitly indicated or high-
lighted. Considering the aggressiveness of biological invasions
into native biodiversity, it is highly recommended that invasive
species control be integrated into restoration planning as part of
a process, especially when the objective is to recover environ-
ments to benefit native species conservation.

Are Restoration Scenarios Meeting Requirements for Global
Restoration Commitments and Real-World Situations?

Ideally, restoration scenarios should provide analytical insights,
perspectives, and alternatives to mitigate environmental impacts
or to improve ecosystem service provision, social well-being,
or economical income. However, the current state of science
is insufficient to support practical actions. This is evident for
five main reasons: the focus on exploratory scenarios, the low
representation of more global-scale studies, and the low number
of studies considering a participatory approach, accounting for
or estimating costs, and analyzing cost-effective alternatives.

The majority of studies (approximately 68%) used exclu-
sively exploratory scenarios to the detriment of target-seeking
or policy-screening scenarios. While exploratory scenarios are
preferably applied in the initial phase of the political agenda,
target-seeking and policy evaluation scenarios are used in the
design and implementation phases of the policy cycle (Ferrier
et al. 2016) and are thus more useful for immediate practi-
cal decisions. Particularly, target-seeking scenarios presuppose
result-oriented research. With the growing awareness of the
need to address global change effects, several goals have been
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proposed in the international intergovernmental agenda that can
serve as targets for scenarios (e.g. Aichi Biodiversity Targets,
Bonn Challenge, and Sustainable Development Goals). These
types of targets are extremely relevant for governments, NGOs,
and the private sector, since they mainly seek answers and
solutions to factual problems. For example, Egoh et al. (2014)
compared paths or scenarios for achieving a European Union
Government political commitment, a restoration target (more
details in Table 1). However, as we identified, only 6% of the
studies use this type of scenario. Fortunately, there seems to be
an increasing trend in the number of studies applying this type
of scenario since 2011.

Regional scales predominate in restoration scenario studies,
while national, supranational, and global scales, which are the
most relevant scales to subsidize governmental decisions related
to restoration planning, are scarcely considered. Moreover, the
median restoration time frame was 45 years, potentially pro-
viding a convergence between the time frame of restoration
scenario research and the political agenda related to global
restoration targets (e.g. Aichi to 2020; Bonn Challenge to 2020
and 2030). However, if we consider that a successful restoration
project aims to return a degraded ecosystem to a reference con-
dition, a time scale of a few decades might not be sufficient. For
example, Crouzeilles et al. (2016) note that the required time
for the recovery of vegetation structure and species composition
can take orders of magnitude longer than the time required for
recovering species abundance and richness, which represents
most of the time frame datasets on restoration effectiveness.
Thus, considering longer time frames in restoration projects
can be an important way to increase restoration success.

It is critical to engage multiple stakeholders in ecological
restoration planning (Suding et al. 2015). To be success-
ful, restoration scenarios must consider a diverse group of
stakeholders, including those who have political influence
(e.g. governments, community leaders) and communities
likely to be affected by the projects (Metzger et al. 2017).
In this direction, Sitas et al. (2016) provides examples of
multiple-stakeholder engagements for knowledge exchange
and knowledge co-production; also, Juhola et al. (2013) and
Parker et al. (2016) provide examples of games application
in the engagement of stakeholders in scientific research.
The small proportion of participatory approaches associating
multiple agents in the development of restoration scenarios
denotes a pressing demand for greater engagement of academic
researchers with important sectors of the society (again, gov-
ernments, NGOs, and private sectors), and it highlights the
insufficient consideration of different stakeholders’ needs and
demands in restoration planning. Our results are in accordance
with Blignaut et al. (2014) who call attention for the lack
of communication between people researching or practicing
restoration and the potential beneficiaries. However, our results
are potentially biased by our data source, composed exclusively
of scientific papers published in indexed international journals,
which are usually led by scientific researchers. A broader review
of the literature, considering white papers, government reports,
and gray literature, would be necessary for a more accurate

assessment of multi-stakeholder participation in restoration
scenarios.

We also found a low number of studies estimating restoration
costs, raising concerns regarding the efficiency and applicability
of scientific research in regard to practice (real-world), since
costs are essential for planning realistic and viable restoration
actions. More importantly, restoration must be cost-effective
(Wunder 2008; Blignaut et al. 2014), first, because funds are
scarce in real situations and, second, because it is indispensable
to estimate potential benefits if a diverse group of stakeholders
(e.g. landowners, politicians, community members) is to be
achieved and convinced. Nevertheless, cost–benefit analyses
can be challenging since the benefits are not always marketable,
and while those benefits are generally public, the costs are more
often private (Blignaut et al. 2014).

Finally, restoration methods using passive approaches,
which favor natural regeneration, are less expensive than active
restoration (Chazdon & Uriarte 2016) and, thus, may be more
cost-effective. Indeed, future major restoration efforts will
probably focus on passive restoration (Chazdon et al. 2017).
Nevertheless, scenarios considering passive restoration or
comparing both approaches, active and passive, were poorly
represented in the restoration scenario studies. This aspect
highlights a demand for more studies evaluating and comparing
these two approaches and noting more-affordable options in
light of possible financial limitations.

Our results thus reinforce the existence of a disconnection
between restoration research and real-world conditions for pol-
icy implementation (Blignaut et al. 2013).

Conclusions

We provided a comprehensive evidence-based outlook on the
current state of science on the use of scenarios for environ-
mental restoration from indexed published literature. Despite
the recent use of scenarios in environmental restoration stud-
ies, they share similar gaps as those found in restoration and
conservation research. Particularly, we found that there is a
pressing demand to increase the number of studies targeting
tropical environments and low-income countries, with a focus
on invertebrates, species interactions (e.g. pollination), and inva-
sive species, and marine and urban environments. Presently,
an enormous amount of biodiversity and ecosystem services
are been neglected in restoration scenario studies. In addi-
tion, restoration scenario studies need to be more aligned with
the real-world requirements for their application, particularly
by estimating restoration costs and cost-effectiveness while
considering more-global spatial scales and including multiple
stakeholders’ demands. We expect that our findings can inspire
future studies on restoration scenarios that aim to fill the iden-
tified gaps and contribute to the achievement of global commit-
ments for environmental restoration and conservation.
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