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Summary

Ecological restoration needs better prioritizing to
protect biodiversity and enhance Green Infrastructure

Restoration is a tool to achieve several of the strategic targets of The Con-
vention on Biological Diversity (CBD) from 2010. It is also a target in itself,
as restoring 15% of damaged ecosystems within 2020 is specifically
stated in the CBD Aichi target 15. The increasing need for restoration ac-
tions and allocation of resources to restoration calls for prioritization.

As most often resources for nature management and protection (in-
cluding restoration) are limited, it is essential to set priorities in order to
optimise available funding and human resources, solve the most urgent
problems, and contribute to the optimal protection and restoration of bi-
odiversity. Prioritizing is an essential element in any systematic conser-
vation planning, but setting priorities for restoration and management is
a relatively new approach in conservation. There is a need for improved
priority models, and also to incorporate experiences from strategic prior-
itizing programmes into these models. Cooperation between the Nordic
countries and Estonia can contribute to improving the implementation of
restoration priorities in these countries.

The aim of this project was mainly to exchange knowledge between
the Nordic countries and Estonia regarding experiences and examples of
restoration and priority setting with a landscape perspective. Using case
examples from the countries, the project explores and discusses ap-
proaches for setting priorities, and suggests possible ways of developing
improved approaches for future prioritization. This also includes how to
improve Green Infrastructure and measures for protection of species and
habitats in fragmented landscapes. The project attempts to make some
links between prioritization in terrestrial and freshwater ecosystems. The
aim is not to provide a complete overview of approaches used in the Nor-
dic countries and Estonia, but rather to illustrate examples using different
approaches, and in doing so, to provide ideas, reflections and “take-home
messages” to enhance development and future prioritization.

A former Nordic restoration Aichi project supported by Nordic Coun-
cil of Ministers and TEG (2014-2015) emphasized the need for national
plans and priorities for restoration rather than working on single objects,



and the need to place restoration in a broader context of nature conser-
vation. The current project brings these findings further and uses national
case examples to illustrate different models of prioritization, ranging
from scientific and quantitative approaches to structured analyses and
more opportunistic and site specific decisions. Fourteen case examples
from all the countries are described and they include a range of habitats,
scales, organizations and types of prioritization. The observations from
the case examples are discussed in relation to a theoretical frame, based
on published literature on priorities in conservation.

The types of prioritization reported in the case examples are a mix of
quantitative and qualitative data and considerations, although in different
proportions. Legal requirements and political recommendations, such as
the Habitats Directive or National Environmental Objectives, are often im-
portant in deciding which habitats/species that should be the initial focus,
but they rarely show how priorities should be made between habitats or
species. The results of the Finnish Restoration Prioritization working
group that is presented as one of the examples in this report shows how
simultaneous prioritization within as well as between ecosystem types
can indicate cost-effective restoration priorities.

A comparison between terrestrial work and the requirements of the
Water Framework Directive (WFD) shows some fundamental differences
in the chosen approach and priorities. The water legislation identifies
specific conservation levels (in relation to a reference condition) to be
met in every water body within a clearly stated deadline. Such clear dead-
lines or targets are lacking in the legislation covering terrestrial habitats.
The WFD also sets minimum levels that are to be reached, i.e. that the
most heavily degraded water bodies will get priority. In the terrestrial
work, efforts are normally directed to areas that have a low or moderate
degree of degradation, and thus a higher potential for developing high na-
ture values.

During the last two decades, a number of systematic methods have
been developed related to setting priorities for environmental manage-
ment focused on biodiversity. The emphases on ecosystem services in res-
toration will potentially entail some new criteria for setting priorities, as
the human benefits achieved from a given restoration will be in focus. This
can lead to a risk that ecosystem quality and ecological functions are not
considered, and a conflict with the protection of biodiversity.

A general finding from the case examples was that quantitative and
transparent methods are data-demanding and tedious, that political/
qualitative approaches give a good overview but lack focus, and that op-

8 Restoration priorities and strategies



portunistic methods might produce good results but lack an overall pri-
ority. Simplified prioritization has its place and time, but easily misses fac-
tors such as the cost-effectiveness, complementarity or connectivity of
the solution. Complex comprehensive analyses offer excellent tools to
view the trade-offs, synergies and possibilities, but may suffer from a gap
between the analyses and their implementation, requiring separate im-
plementation strategies and improving of the science-society dialogue. In
essence, it is likely profitable to maximize cost efficiency by careful sys-
tematic prioritization planning while allowing some flexibility with re-
spect to rising opportunities. There are always trade-offs resulting from
investing in one restoration measure or one ecosystem type over another.
This can be controversial, and even sometimes mixed up with ethical po-
sitions. It can be painful to let go of some valuable and wonderful sites,
but in the world of competing interests and limited resources, prioritizing
is actually about realizing that for every sensible thing we do is another
sensible thing we do not.

Currently, there is no standard for how to set priorities for restora-
tion. This report has shown that there is a need for more work with a
greater emphasis on the prioritization aspects of restoration. Good mod-
els and strategies are needed to support wise use of resources for the
long-term protection of biodiversity.

We have listed six take-home messages to develop improved prioriti-
zation strategies of restoration in the Nordic countries and Estonia:

1. A development of large-scale plans is necessary to make cost-effec-
tive large-scale solutions and to deliver synergies with all ongoing
small-scale plans.

2. Use cost-efficiency analysis as the basis for any prioritization.

3. Combine the theoretical with the opportunistic to achieve better so-
lutions.

4. Plans must be implemented, as the planning and prioritization as
such means nothing to biodiversity without implementation.

5. Restoration will give better results if the priorities consider a land-
scape perspective.

6. Aim for Green Infrastructure to avoid ecological impact and recover
lost attributes in nature, rural as well as urban areas.

Restoration priorities and strategies 9






Preface

“Every good thing we do is another we don’t” (Gilbert 2011)

Major parts of the Nordic landscapes are heavily negatively influenced by
human activities due to forestry, agriculture, long-term overgrazing, in-
frastructure development, and invasive species. Changes in natural and
traditional disturbance regimes have also caused severe problems. Aban-
donment of traditional management of semi-natural grasslands has led to
massive losses of species and habitats over the last century. The lack of
natural forest fires has reduced biodiversity in the taiga, and the heavily
changed hydrology of rivers and wetlands (including mires) has led to
substantial losses of wetland and freshwater biodiversity. The pressures
on biodiversity are increasing, and the situation is dramatic for habitats
and species in some areas. This calls for an expanded view of nature con-
servation, and in this context, ecological restoration of species, habitats,
and landscapes is an important supplement to traditional protection. The
restoration of degraded environments will be essential in changing the
negative trends for species and habitat types, as pointed out in interna-
tional policies and national priorities.

This report is a contribution to the Nordic effort to develop strategies
for setting priorities for the restoration of ecosystems and ecosystem ser-
vices. It is a follow-up to previous work related to the CBD Aichi target of
15% restoration of degraded ecosystems by 2020. The ambition of the
present project has been to collect, compare and discuss different ap-
proaches to setting priorities, to promote further development of meth-
ods and strategies.

The study has been carried out by a working group with members from
Estonia, Finland, Iceland, Norway and Sweden. It has consisted mainly of
collecting and discussing of a set of examples of restoration priorities used
in the involved countries in recent years. The aim has been to find examples
that present different approaches to prioritization, not to get an extensive
list of all restoration work. The examples should have a connection to spa-
tial aspects such as landscape level priorities or green infrastructure. The
group has also reviewed and discussed different perspectives and chal-
lenges that need to be addressed when setting restoration priorities, in-
cluding a description of theoretical methods for designing and prioritizing
restoration measures in relation to Green Infrastructure.



The countries and organizations that have participated in the working
group are:

e Estonia: Estonian Ministry of Environment.

e Finland: Parks & Wildlife Finland (Metsahallitus), University of
Jyvaskyla.
e Iceland: The Soil Conservation Service Iceland.

e Norway: Norwegian Environmental Agency, Norwegian Institute for
Nature Research.

e Sweden: Swedish Environmental Protection Agency, Swedish Agency
for Marine and Water management.

The examples used in this project are presented in the Appendix. They are
described and discussed in chapter 4, with the aim to identify general pat-
terns and conclusions rather than to make a detailed analysis of each
method. In Finland, a framework for assessing and reversing ecosystem
degradation has been developed, and it is presented in some detail, since
it represents the most thorough effort to set systematic restoration prior-
ities in relation to the Aichi 15% target.

S, (1o

Deputy Director General
Department for Nature Management
Norwegian Ministry of Climate and Environment
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1. Introduction

The importance of ecological restoration for improving the conditions of
degraded land and ecosystems has become more evident in recent years,
and ecological restoration has been more clearly stated in politics, man-
agement and science (see e.g. Benayas et al. 2009, Comin 2010, Bullock et
al. 2011, Suding 2011, Halme et al. 2013). Ecological restoration is “the
process of assisting the recovery of an ecosystem that has been degraded,
damaged, or destroyed”, relating to the recovery of ecosystem health, in-
tegrity and sustainability (SER 2004).

The Convention of Biological Diversity (CBD) has formulated 20 stra-
tegic targets for 2010-2020, known as the Aichi targets. Restoration is a
tool to achieve several of these targets (directly and indirectly; see e.g.
target 14 in the box), and restoration itself is a target, as stated in target
15 (see box). The restoration target was recently restated in the sustain-
ability development goals (goal 15) that came into effect 1 January 2016
(https://sustainabledevelopment.un.org/?menu=1300). The EU and the
Nordic countries are committed to the Aichi targets, and the Nordic strat-
egy for sustainable development clearly states the importance of vigorous
ecosystems and CBD (Nordiska ministerradet 2013). The EU biodiversity
strategy “Our life insurance, our natural capital: an EU biodiversity strat-
egy to 2020” includes restoration under target 2.

Aichi target 14

“Ecosystems that provide essential services ... and contribute to health, liveli-

hoods and well-being, are restored and safeguarded ...”

Aichi target 15

“By 2020, ecosystem resilience and the contribution of biodiversity to carbon
stocks has been enhanced, through conservation and restoration, including res-
toration of at least 15 per cent of degraded ecosystems, thereby contributing to

climate change mitigation and adaptation and to combating desertification”.



A previous project funded by the Nordic Council of Ministers/TEG has ad-
dressed the possibilities, limitations, and challenges for how restoration
can contribute to the Aichi targets in the Nordic countries (Hagen et al.
2015). The project was a contribution to management and political au-
thorities in the Nordic countries to pave the way for the restoration of de-
graded ecosystems. One outcome of the project was the formulation of
seven actions (see below) for further work towards more effective resto-
ration (see Hagen et al. 2015 for details).

Seven actions towards more effective restoration in the Nordic countries

(from Hagen et al. 2015)

e A progress towards the Aichi 15 target calls for a clear vision and national
plans for ecological restoration.

e In a situation of limited resources for restoration it is essential to develop
good models for priority setting.

o Integration and cooperation are needed to formulate realistic goals for res-
toration, and restoration must be integrated into all sectors of land-use
management.

o The focus must be on restoration activities and output, so 15% itself must
not take the focus away from what this really is about: to reduce ecosystem
degradation and to head towards improved and more ecological restoration.

e More and improved restoration will need initiatives at the national level
(such as strategic plans and programmes) and integration of all local initia-
tives, and these should be made into a top-down and bottom up approach.

o Procedures to identify limiting factors are essential for effective restoration,
and should be developed for countries/habitats.

o Measurable descriptors for producing statistics on progress of restoration

must be developed.

1.1 Restoration calls for priority setting

One of the actions suggested by the Nordic working group (Hagen et al.
2015) and an essential element in any systematic conservation planning
(Margules & Pressey 2000, Kukkala & Moilanen 2013) is Priority setting -
in this case for ecological restoration. The argument for prioritizing some
things above other is obvious; in a situation with limited resources for na-
ture management and protection (including restoration), it is essential to
set priorities in order to make the best use of available funding and human
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resources, solve the most urgent problems, and contribute to the optimal
protection and restoration of biodiversity.

The need for prioritization stems from the failure to have resources for
everything (species, ecosystems, areas or actions). Prioritization means
that we identify something as more important or urgent than something
else, and follow this ranking in resource allocation for different biodiver-
sity features, areas, or actions. Prioritization can help managers to choose
among protection, management or restoration actions, between species
and/or habitats (Noss et@l 2009), e.g. according to red list statuses, or be-
tween populations of a particular species at different sites considering
their landscape ecological value (Westphal et@l. 2003). More complex pri-
oritization can consider additive biodiversity and ecosystem service values
over large areas balanced with site-specific costs and social needs (e.g. Nel-
son etfuil. 2009, Wilson etihl 2011, Kareksela etfil. 2013, Schemama &
Levrel 2015). Prioritization can even include spatial information related to
the social feasibility of restoration actions in a form of anthropogenic land-
use pressure (Yoshioka etf@l 2014).

Priority setting is of particular importance in restoration since resto-
ration activities can be more expensive than traditional protection efforts.
However, priority setting is an important part of all nature management
actions and setting priorities for restoration can make direct use of con-
tributions and approaches from more established activities. Theories,
models, and methods for priority setting have been an issue for spatial
conservation planning (see e.g. Moilanen et al. 2009a), such as in the pro-
tection of land and “how to get the most out of it”.

1.2 Ecological restoration in conservation policy

The concept of ecological restoration functions at very different levels in
international biodiversity policy; it can be an objective, a target or a tool
(Jorgensen 2015). Along with ecosystem recovery, the preservation of bi-
odiversity is the core issue of restoration, and the link to the Aichi targets
is strong and obvious. Restoration of degraded land can be multifaceted
and can involve diverse activities, including very different types of pro-
jects with different objectives (Falk et al. 2006, Hagen et al. 2013). Today
we also see an increasing interest in restoration as a tool for restoring
ecosystem services in general, or individual services (such as recreation,
carbon sequestration, flood reduction) (Bullock et al. 2011, Wortley et al.
2013). This is reflected in the scoping document of the Intergovernmental
Science Policy Platform for Biodiversity and Ecosystem Services (IPBES)
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for the Assessment of Land Degradation and Restoration (IPBES 2015).
This document states that “Degraded land is defined as the state of land
which results from the persistent decline or loss in biodiversity and eco-
system functions and services that cannot fully recover unaided within
decadal time scales”. Even passive restoration such as the set-aside of pro-
tected areas can be considered to contribute if it reduces further degra-
dation that would otherwise take place, and allows spontaneous recovery
of naturalness. Experts disagree on the extent to which this can be con-
sidered a restoration action (Prach & Hobbs 2008). The definition and at-
tributes of ecological restoration are described in “SER International Pri-
mer on Ecological Restoration” (http://www.ser.org/).

Despite some discussion of what is “real” and “true” restoration, it can
be argued that numerous activities contributing to improving the conditions
for ecosystems can in some sense be considered restoration, since they are
beneficial to biodiversity (Figure 1). This means the discussion of what is
restoration covers a very broad scope of actions including a large range of
“typical” restoration activities, as well as the legal protection of areas, man-
agement of semi-cultural landscapes, and interventions to re-create green
infrastructure in urban and rural areas. Restoration activities to improve
the condition of ecosystems can be particularly diverse, ranging from strict
set-aside conservation (protection of single population, in situ conserva-
tion, etc.), to the more traditional restoration and rehabilitation of de-
graded landscapes (recreating habitats and promoting recovery). More re-
cently it has also been used as a tool for compensation and mitigation in
new development projects (Aradottir & Hagen 2012, BBOP 2012, Bull et al.
2013, Enetjarn etal 2015). Ecological restoration for the establishment and
creation of Green Infrastructure is particularly relevant for biodiversity, as
well as recreation and aesthetic experiences in urban and other heavily de-
veloped areas. There is an increasing interest in restoration as a tool for
offsetting and mitigating negative impacts on biodiversity or ecosystem
services in development projects, and despite its many problems (e.g.
Maron etal 2012, Gordon et al. 2015, Quetier et al. 2013, Moilanen & Laitila
2015), it may have potential to make a substantial contribution to preserv-
ing biodiversity. However, new approaches that focus on ecosystem ser-
vices and mitigation need to be carefully examined to avoid unnecessary
pitfalls (Lindenmayer et al. 2012, Maron et al. 2012), and the future success
of these types of projects will depend on strategic decisions and priorities,
experience sharing and new knowledge.
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Figure 1: Restoration covers a very broad scope of actions that are beneficial to biodiversity.
Spreading Sphagnum fragments to promote vegetation recovery of peatland is one such action,
used in Estonia

Photo: Herdis Fridolin.

1.3 Green Infrastructure

The concept of Green Infrastructure is usually used to address the need
and importance of viewing biodiversity from a landscape perspective,
such as “making space for nature to provide valuable ecosystem services”
(European Commission 2010). The landscape context is important for
every species to survive, grow, reproduce and spread within and between
living areas and habitats. The definitions of Green Infrastructure differ
slightly between stakeholders at different regional and national and
multi-national levels, but the core concept is similar. According to the Eu-
ropean Commission, “Green Infrastructure can be broadly defined as a
strategically planned network of high quality natural and semi-natural ar-
eas with other environmental features, which is designed and managed to
deliver a wide range of ecosystem services and protect biodiversity in
both rural and urban settings” (European Commission 2013).
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Working with Green Infrastructure means applying a perspective that
considers all ecological functions of a landscape in land- and water-use
planning. This planning should be long-term and involve all relevant
stakeholders. The goal of planning for Green Infrastructure is to achieve
positive ecological, economic and social effects through nature-based so-
lutions, and that ecosystem functions are considered. The Green Infra-
structure perspective builds on the insight that biodiversity and species
survival need sufficient habitats of suitable quality, interconnected at a
landscape level. Conserving biodiversity is insurance in maintaining im-
portant ecosystem services necessary for human well-being and health.

In practice, working with Green Infrastructure means that ecosystem
functions and natural processes are considered when planning for the pro-
tection, conservation management, restoration and re-creation of habitats.
This should hold true for physical planning as well as in on-going land and
water use. Green Infrastructure needs to be considered an integrated part
of the strategies for local and regional development (Figure 2).

Figure 2: Reopening piped river and restoration of a green corridor from shoreline to a forest area
in an urban area, Trondheim, Norway. Restoration in urban areas illustrates in particular the
importance of considering Green Infrastructure as an integrated part of local and regional
development

Photo: Dagmar Hagen.
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1.4 Objectives and content of the current report

The Convention on Biological Diversity (CBD) lists the restoration of 15%

of degraded ecosystems before 2020 as a strategic target (Aichi target

#15). Given the ambitious nature of this target (Kotiaho et al. 2015b), at-

taining it clearly requires focus, knowledge and structured efforts. Coop-

eration between the Nordic countries and Estonia can contribute to im-

proving the implementation of restoration priorities in these countries.
The current project had three objectives:

e To exchange knowledge between the Nordic countries and Estonia
regarding experiences and examples of restoration and priority
setting of restoration with a landscape perspective.

e To explore and discuss existing approaches that the different
countries use to set priorities for different types of restoration
actions, including both systematic and more ad-hoc methods, and to
suggest possible ways of developing improved approaches for future
prioritization based on these approaches.

e To compare the work on priorities in terrestrial and freshwater
ecosystems, in particular work undertaken in compliance with the
Water Framework Directive.

The first objective was also the main objective. Participants exchanged ex-
periences and knowledge in both meetings and workshops. When compil-
ing the examples from the countries, we took a broader view than restora-
tion and included examples drawn from conservation management. This
work also includes how to improve Green Infrastructure and measures for
protection of species and habitats in fragmented landscapes. Limiting fac-
tors and prerequisites have been given special attention.

The current report also provides a more theoretical overview of the
considerations that need to be addressed when setting conservation or
restoration priorities, especially at a landscape level. Here an attempt
was made to link this to individual examples (see the Appendix). The
case projects include examples of restoration of biodiversity at all levels.
To illustrate the methodological approach, we have also included exam-
ples from other types of projects, such as the selection of protected ar-
eas, since the experiences from this type of priority setting are relevant
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for restoration priorities as well. The aim is not to provide a complete
overview of approaches used in the Nordic countries and Estonia, but
rather to illustrate selected cases that have used different approaches,
and in doing so, to provide ideas, reflections and “take-home messages”
that can be used in future efforts.
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2. On-going policies for
restoration priority in
the Nordic countries

When compared to central and western Europe, the Nordic countries con-
tain large areas with relatively intact and well-functioning ecosystems. The
main focus of conservation efforts to date has thus been to preserve exist-
ing values. Important tools have been formal protection (of species and ar-
eas), payments for management and restoration of semi-natural land-
scapes, and requirements for general consideration of environmental
needs in on-going land use. Ecological restoration has also been used in
conservation, as in the hydrological restoration of wetlands, liming of acid-
ified lakes and rivers, prescribed burning of forests and a number of single
projects in other habitats (see e.g. Hagen et al. 2012, Simila et al. 2014).

However, in spite of the relatively low degradation levels compared
to more populated areas, major parts of the Nordic landscapes are heavily
negatively influenced by human activities due to forestry, agriculture,
long-term overgrazing (in some regions), infrastructure development,
and invasive species (Halldorsson et al. 2012, Kotiaho et al. 2015a).
Changes in natural and traditional disturbance regimes have also caused
severe problems (Halme et al. 2013). Abandonment of traditional man-
agement of semi-natural grasslands has led to massive losses of species
and habitats over the last century. The lack of natural forest fires has re-
duced biodiversity in the taiga, and the heavily changed hydrology of riv-
ers and wetlands (including mires) has led to substantial losses of wet-
land and freshwater biodiversity. The pressures on biodiversity are in-
creasing, and the situation is dramatic for habitats and species in some
areas (see Framstad (ed.) 2015, Naturvardsverket 2015, Ross et al. 2016,
Virkkala 2016, and the Red Lists). This calls for an expanded view of na-
ture conservation, and in this context, ecological restoration of species,
habitats, and landscapes is an important supplement to traditional pro-
tection. The restoration of degraded environments will be essential in
changing the negative trends for species and habitat types, as pointed out
in international policies and national priorities.



In spite of this, most countries work with restoration in an ad hoc
manner rather than as a strategically integrated conservation tool. The
status for restoration in the Nordic countries was assessed in the
NCM/TEG project “Restoration in the Nordic countries” (ReNo), which
showed that all countries have restoration projects in most habitats and
at various scales (Haldorsson et al. 2013). The report concluded that hab-
itat types determine the methods used for ecological restoration (how to
do restoration), whereas socio-economic drivers are more important for
decisions concerning the timing and location of restoration (where and
when to do restoration) (Hagen et al. 2013). The findings also indicate
that factors other than land-use pressure determine the priorities and ef-
forts for restoration, and only Finland has so far developed strategies and
plans for restoration on a national level (Kotiaho et al. 2016a, 2016b). The
NCM/TEG project “The Nordic restoration Aichi project” had as its goals
to gather knowledge and contribute to the countries’ commitments to
achieve Aichi target 15, using the EU four-level conceptual model for re-
ducing degraded land (Lammerant et al. 2014) and available statistics
(Hagen et al. 2015). The project emphasized the need for national plans
and priorities for restoration, rather than working on single objects, and
also the need to place restoration in a broader context of nature conser-
vation. The current project brings these findings one step further and will
use national case examples to illustrate different models of prioritization,
ranging from scientific and quantitative approaches to structured analy-
sis and more opportunistic and site specific decisions.

2.1 Priority work at the EU and Nordic national
levels

As a part of the EU Biodiversity Strategy, the European Commission estab-
lished a “Green Infrastructure and Restoration Prioritization Framework
Working Group”. The group suggested a conceptual 4-level model of eco-
system restoration (Lammerant et al. 2014). The underlying principle of
the model is that levels of degradation can be defined for all habitats, in such
a way that each level and changes between levels are quantifiable. Restora-
tion of degraded land is then defined as any increase in levels to a less de-
graded state. There are a number of challenges in this model that need to
be resolved if it is to be taken from the conceptual stage into active applica-
tion (as described by Lammerant et al. 2014 and further discussed from a
Nordic perspective by Hagen et al. 2015 and Kotiaho et al. 2016a).
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The European Commission is currently paying particular attention to
finding methods to achieve and measure improvements in the conserva-
tion status of habitats and species covered by the EU Birds Directive and
EU Habitats Directive. Target 1 of the EU Biodiversity Strategy calls for
substantial improvements to be made before 2020. In this context, resto-
ration will be an essential part of the efforts needed to achieve the target.
All EU member states have also been required to produce Prioritized Ac-
tion Frameworks (PAF) describing the needs for conservation actions in
the Natura 2000 network. The PAFs can include descriptions of restora-
tion actions, if the current conservation state in the Natura 2000 areas is
unfavourable. The EU Water Framework Directive requires that the water
bodies covered by the Directive should have a Good Ecological Status
(GES) before 2027. Consequently, there are binding requirements for im-
provement actions in all cases where the current status is not good. Many
rivers and lakes will need restoration measures to improve their status,
and all EU member states have had to prepare Action Plans describing
how these improvements will be achieved. These often include restora-
tion measures.

In Iceland, rehabilitation and restoration measures have been orga-
nized by governmental agencies for more than a century, driven strongly
by catastrophic erosion (Aradottir et al. 2013). This reflects the enormous
scale of soil erosion and desertification in Iceland (Arnalds et al. 2001, Ar-
nalds 2015), and the early attempts in rehabilitation were due to the de-
sire to prevent farms from being abandoned due to drifting sand and sub-
sequent soil erosion (Croft 2011, Arnalds 2015). Over the years projects
have been prioritized primarily based on the need to halt active soil ero-
sion, and secondly in the lowland, where the population lives. Norway has
so far mainly conducted restoration activities on a single project basis,
with the exception of subsidies for the management of semi-cultural land-
scapes and biotope interventions in regulated rivers (Hagen et al. 2013).
A national plan for the restoration of mires is currently under prepara-
tion. Norway is also committed to the EU Water Framework Directive,
which means that planning, intervention and prioritization for improve-
ment in water bodies is on-going.

2.2 Restoration prioritization work in Finland
Finland has paid particular attention to restoration prioritization in re-

centyears. On 10 February 2014, the Finnish Ministry of the Environment
appointed a restoration prioritization working group. The objective of the
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working group was to create a framework for assessing and reversing
ecosystem degradation and to establish criteria for prioritizing restora-
tion measures, taking into account the benefits, costs and the cost effi-
ciency of the measures in order to support the national implementation
of Target 2 of the EU strategy for biodiversity. The working group was
charged with specifying restoration needs according to national policies,
drafting a proposal for restoration prioritization, and assessing the over-
all costs of the proposal. The work was completed and submitted to the
Ministry in June 2015 (Kotiaho et al. 2015a, 2016a). The work involved
approximately 100 individuals from government ministries, state organ-
izations, academia, and NGOs.

The Finnish restoration prioritization working group found that the
15% target for ecosystem restoration is overly optimistic and it simply can-
not be met, certainly not by 2020. This finding was published in “Nature”
(Kotiaho et al. 2015b). The framework developed for assessing and revers-
ing ecosystem degradation takes into account biodiversity in some detail
and ecosystem services at a coarser scale (e.g. carbon sequestration and
load on water bodies). It is worth noting that there are some highly sophis-
ticated methods for optimal allocation of habitat restoration (e.g. Noss et al.
2009, Wilson et al. 2011, Pouzols & Moilanen 2013). These methods are
comparatively data demanding, require specialist skills, and their finer
points may become lost in a process that unavoidably involves many stake-
holders, limited time, and serious compromise to reach anything like the
15% restoration target. Because we do not have the tools to reach this tar-
get, the Finnish Restoration Prioritization working group started by devel-
oping procedures i) to systematically estimate the magnitude of degrada-
tion from which the 15% should be calculated, ii) to evaluate the magnitude
of improvement that different restoration measures can offer, and iii) to
prioritize restoration measures within and between ecosystem types. The
procedure was developed from a real-world perspective where time is lim-
ited and operational feasibility is imperative, while still retaining the most
ecologically relevant components. Data were used whenever available;
however, all aspects of the operational procedure are also fully based on
quantitative estimates or expert opinion.

The guiding principle adopted for the development of the procedure
was to treat all ecosystems that are not in their natural state as degraded.
However, it is worth emphasizing that the objective is not to reach the
natural state of the ecosystems, but to reduce the degree of ecosystem
degradation using restoration (see Kotiaho et al. 2015a, 2016a, 2016b).
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2.3 Green Infrastructure in Nordic policy

The European Commission has put protection and restoration of Green
Infrastructure high on the agenda, and has highlighted the need for resto-
ration measures and priorities in the EU biodiversity policy (See e.g. tar-
get 2, action 6 a in the EU Biodiversity Strategy for 2020). Habitat degra-
dation and degradation of Green Infrastructure in rural and urban land-
scapes put a pressure on biodiversity, which will also most likely increase
under a changing climate (e.g. Virkkala 2016). Among the Nordic coun-
tries outside EU, the necessity of considering landscape ecology in the
planning of conservation measures and sustainable land use is widely
acknowledged. The landscape planning aspects of Green Infrastructure
are partly addressed under different names, such as “Ecological Infra-
structure”. Both Iceland and Norway use a network of conservation areas
based on the Emerald network (http://www.coe.int/en/web/
bern-convention/emerald-network), which have strong similarities to
the Natura 2000 network in the EU countries (both networks are the re-
sult of implementing the Bern convention).

Even though the concept of Green Infrastructure is relatively easy to
understand, it is challenging to work with, as it calls for addressing compli-
cated ecological questions at different scales. Conflicts of interest between
different land uses, as well as different ecological priorities, have to be ad-
dressed. There are also substantial knowledge gaps that increase the chal-
lenges. Putting Green Infrastructure into practice raises a number of differ-
ent questions and each project (or plan) must be specific about its aims and
achievements; a plan can be strictly descriptive (e.g. focusing on the popu-
lation numbers of red-listed species), or more analytic (e.g. identifying the
most valuable sites of a specific habitat type within a given area), or more
general (e.g. addressing how existing land use can be modified to improve
the protection and restoration of ecosystem services). Ecological principles
apply at all scales, and working with Green Infrastructure has to take place
at national, regional and local management levels.

Regional authorities in Sweden (the County Administrative Boards)
are currently developing regional action plans for Green Infrastructure,
linking different ecosystems and integrating water and terrestrial habi-
tats. The linkage between conservation priorities, ecosystem services and
landscape is a clear focus, and priorities for restoration will be a part of
some plans. National priorities make up the basis for the plans, but the
work will be done in the regions. Close cooperation between national, re-
gional and local authorities is essential, as well as contact with and par-
ticipation of landowners and other stakeholders in developing the plans.
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As a first step, analyses will be based on expert judgements, which should
provide the basis for learning, improved data and knowledge for future
and improved analyses.

The Nordic countries have generally relied on spatial prioritization
approaches for conservation and land-use planning, which in fact relates
to the concept of Green Infrastructure. There are several analyses that ad-
dress a combination of rural and urban areas at relatively local scales in
the identification of ecologically valuable areas (e.g. in Helsinki and
Jyvaskyla city and surrounding regions, and see also cases 4, 5, 10). This
puts great emphasis on occurrence and connectivity for both biodiversity
and ecosystem services in the landscape. For example, larger, national-
scale analyses for forests and peatlands have been carried out in Finland
to guide conservation decision, making in the expansion of a state-owned
protected area network (case example 4) and private stakeholders volun-
tary protecting their forest habitats (see: http://www.metsa.fi/web/
en/zonation, for a national project promoting the use of spatial conserva-
tion planning). The use of the spatial conservation planning methods has
also been extended to guide economic land use, e.g. by identifying areas
where peat mining in the province of Central Finland would be of least
harm to the ecological values (and thus the GI) within the province
(Kareksela et al. 2013). All of these spatial conservation planning analyses
include landscape-level connectivity considerations to increase the con-
tinuance of the observed ecological values.

2.4 Prioritization and the Water Framework
Directive

One of the main purposes of the Water Framework Directive (WFD) is to
prevent further deterioration and to protect and enhance the status of
aquatic ecosystems and terrestrial ecosystems and wetlands directly de-
pending on the aquatic ecosystems (Directive 2000/60/EC). Each water
body (e.g. a homogenous stretch of ariver or a lake) is classified and given
a current status (e.g. poor, good, high) and the status it should achieve by
a set deadline (2015 or, for approved exceptions, 2027). The existing sta-
tus is compared to a reference condition that would reflect conditions
where there was no human impact. This is done by measuring biological
indicators and using expert judgements when data are missing (Figure 3).
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Figure 3: Water Framework Directive (WFD) identifies specific conservation levels to be met in
every waterbody. Lake Asnen in southern Sweden is an example of a lake in good condition

Photo: Anna Lindhagen.

The motivation for this directive is to ensure the long-term and sustaina-
ble use of water resources, i.e. the ecosystem services water provides for
humans. The WFD covers all waters: inland surface waters, transitional
waters, coastal waters and groundwater. It overlaps with the Marine
Strategy Framework Directive (2008/56/EC) in the coastal zone. In Swe-
den, home to some 100,000 lakes and 30,000 watercourses, for practical
reasons, lakes smaller than 1 km? and catchments smaller than 10 km?
are usually not included as water bodies. Each water body is analysed ac-
cording to the DPSIR scheme, which is a model to describe the causality
between society and environment (drivers; D). In short, the analysis iden-
tified human pressures (P), and provides a description of the state (S) of
the water due to the pressure, the impact (I) the pressures have on the
water biology and what responses (R) or measures are necessary to meet
goals or environmental quality objectives. Each water body is assessed
according to its current status (e.g. poor, moderate, good, or high). High
status is considered to be the reference condition of the water body, with-
out human pressures and impacts on the biology, chemistry and morphol-
ogy/hydrology. The reference condition varies for different types of wa-
ters, and thus covers ecological regions across Europe.

The assessment of the current status includes biological, chemical and
hydro-morphological quality elements. Measurable indicators are devel-
oped for each element, e.g. biological quality elements include “composi-
tion and abundance of aquatic flora” and “composition, abundance and
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age structure of fish fauna”. When data are missing, the approach pro-
vides protocols on how to include expert judgements. It also includes a
built-in hierarchy, in that biological quality elements have precedence
over hydro-morphological quality elements. The assessment also relies
on a “one out-all out”, i.e. the quality element with poorest status set the
overall status of the water body. A monitoring programme is developed
to follow the progress of enhancing/restoring the status and to assure
that no status deteriorates, with the goal of reaching the status that has
been identified by a set deadline (2015 or, for approved exceptions,
2027). The goal for most waters is to achieve a good status, which, in con-
trast to a high status, allows for some human impact. The status refers to
how well the water ecosystem (at the water body level) functions, and is
not related to the biodiversity value of the water as such. This is different
than other conservation management approaches and the Habitat Di-
rective, where threatened species and biodiversity in general are the pri-
mary targets. Another difference with the Habitat Directive is that the
WFD includes clearly stated deadlines.

The prioritization in the WFD consists of means to improve the envi-
ronmental objectives for the waters based on costs, technology, and soci-
oeconomic need. If a water body is damaged due to an activity that the
society needs, e.g. hydropower, it is possible, in some circumstances, al-
low for those damages by setting a lower target. Case example 14 from
Sweden shows how a national analysis compared the biodiversity and en-
ergy value in each catchment to give guidance for where one should, and
should not, apply less stringent objectives.

The approach to conservation targets and objectives according to the
WEFD has some fundamental differences compared to terrestrial work. To
start with, it is fairly unique that the water legislation identifies conserva-
tion levels that are to be met, and also defines deadlines for this work. The
EU habitats directive contains overarching targets about Favourable Con-
servation Status for the habitats and species concerned by the directive, but
does not specify when this status should be achieved. Nor does it present a
binding requirement for member states to have achieved an acceptable
(good) ecological status for all habitat “bodies”. Such clear conservation tar-
gets are also missing in the national legislation. The WFD sets minimum
levels that are to be reached, i.e. that the most heavily degraded water bod-
ies will need particular attention. In the terrestrial work, some projects
have a focus on restoration, particularly degraded areas (e.g. eroded land
in Iceland or heavy polluted urban areas in Sweden). However, the efforts
are more often directed to areas that have alow or moderate degree of deg-
radation, and thus a higher potential for developing high nature values.
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3. Nordic priority case examples

We have used examples to illustrate some of the variation and different
aspects of prioritization that is currently underway in the Nordic coun-
tries and Estonia. We have chosen a subjective sample of case examples,
based on knowledge of participants in the project groups regarding on-
going strategies and activities in their countries. The aim was to include
a range of habitats, scales (time and space), organizations and types of
prioritization.

Given these parameters, 14 case examples were selected. Table 1 lists
examples from Finland (3), Iceland (1), Norway (3), Estonia (3), and Swe-
den (4). The case studies are presented here to allow a comparison of ap-
proaches, rather than to provide detailed information about each project.
The table indicates if a landscape (spatial/connectivity) dimension has
been included in the priority model. Each entry also includes a template
that systematically describes key attributes that illustrate the case, and
allows users to compare and contrast them (the Appendix). There is also
a one-page description of each case example, with more details and links
to further reading (the Appendix). A number of the examples cover pro-
jects or initiatives that have a wider conservation scope, instead of a strict
focus on ecological restoration. We propose that restoration prioritiza-
tion can use the approach and methods used for prioritization of conser-
vation or other management activities.



Table 1: Case examples of on-going or recent prioritization in the Nordic countries and Estonia.
The table specifies for each project if any landscape perspectives or connectivity has been
considered as part of the priority-setting. For further details about the case examples, see the

Appendix

No Title Country  Topic/focus Spatial priorities

1 Prioritized Action Frame- Estonia Conservation of habitat types and  Partly considered
work (PAF) for Natura 2000 species in Habitat Directive

2 Species national action plans  Estonia Stabilize and increase population Considered

size of rare species

3 Action Plan for semi-natural  Estonia Preserve semi-natural grassland Considered
grasslands and plan conservation measures

4 Mire conservation prioritiza- ~ Finland Analysis for the conservation of Important part
tion in Finland mires

5 Controlled burning Finland Analysis for prioritizing areas for Important part

burning (fire continuum areas)

6 Framework for assessing Finland Scientifically derived procedure Current procedure
and reversing ecosystem for prioritization of restoration non-spatial, connec-
degradation measures within ecosystem types  tivity will be im-

and allocating resources across portant in implemen-
ecosystem types tation

7 Restoration of birch Iceland Conservation and restoration of Not considered
woodland native forest

8 Mire restoration Norway Selecting areas for mire Partly considered

restoration

9 Wetland restoration Norway Selecting areas for wetland Partly considered

restoration

10 Representative areas for na-  Norway Gap analysis and assessment to Important part
ture protection get a representative selection of

protected nature

11 Species Action Programmes ~ Sweden Conservation of threatened Considered in most

species programmes

12 WWF Sweden Conservation of semi-natural Not considered

grasslands

13 Prioritized Action Frame- Sweden Conservation measures in Natura Not considered
work (PAF) for Natura 2000 2000 areas

14 National trade-off between Sweden WFD — conflict between energy Not considered
biodiversity and hydropower and biodiversity
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Most examples have been initiated over the last few years, with some ex-
ceptions (2, 12). Some programmes are in a pilot stage or have just been
established (3, 8). There are also a number of projects presented for con-
servation of threatened species and habitats in the countries (1, 4, 10, 11).
Most of the examples are part of national plans or strategies, but with re-
gional implementation of priorities and actions (5, 7, 14). A majority of
the examples have a habitat/ecosystem approach (focused on one or a
limited number of habitats), a few have a species focus, and one has a fo-
cus on land use / pressure (the power plants in example 14). The follow-
ing sections compare and contrast examples under different topics to il-
lustrate the benefits and disadvantages of different approaches used in
priority setting. The case examples show that prioritization has not been
used that much to date directly for specific restoration prioritization.

It seems that political recommendations, such as the Habitat Directive
or National Environmental Targets, often are important in deciding which
habitats/species should be the initial focus. However, the results of the
Finnish Restoration Prioritization working group shows how simultaneous
prioritization within and among all ecosystem types is effective in deliver-
ing significant economic benefits. Indeed, the group concluded that if we
focus on restoring 15% of one ecosystem type at a time, which is the modus
operandi in many parts of the world, the overall cost of meeting the 15%
restoration target is more than doubled compared to the prioritization ap-
proach they developed. More specifically, focusing on the restoration of
each ecosystem type separately and reducing the degree of degradation in
each by 15% would cost EUR 38 billion in Finland by 2050. However, pri-
oritization within and among all ecosystem types could reduce the overall
cost of meeting the 15% restoration target in Finland to EUR 16 billion.

3.1 From quantitative analyses to pragmatic
opportunities

The prioritization in a large majority of our case examples is based on a
mix of quantitative and qualitative data and considerations, although in
different proportions. The baseline in some of the examples is based on
quantitative data (from species inventories, monitoring programmes,
modelling, etc.; see 4, 6, and partly 10). In other examples, the approach
has been more opportunistic (as in case 12).

The case examples illustrate the variation in models and types of pri-
orities that apply to different projects, and in some cases even within sin-
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gle projects. The framework for assessing and reversing ecosystem deg-
radation in Finland (6) is a quantitative approach that identifies the most
cost-efficient restoration measures within each ecosystem type, and allo-
cates resources between ecosystems or habitat types at any scale. In the
conservation of semi-natural grassland in Sweden (12), available sites are
selected based on a dialog with landowners, and identifies available op-
portunities based on these findings. A mix of political, opportunistic, ad
hoc, and even qualitative priorities are used.

Setting priorities is nearly always a hierarchical process. In our case
sample, the first step often is the decision (likely political or strategic)
about priority ecosystems, species (Noss et al. 2009) or areas (the burn-
ing example in Finland, 5 (Figure 4)). Priorities are then established for
separate species or ecosystem level plans (e.g. Plan for semi-natural
grasslands in Estonia, 3 (Figure 5) and Species Action Program in Sweden,
(11)). An exception is the case of the Finnish framework for assessing and
reversing ecosystem degradation (6). Here the cost-effectiveness analysis
set the priority for the ecosystems, and the priority as such was the out-
come of the cost-effectiveness analysis.

Figure 4: The first step of setting priority is to decide about habitat types and areas, such as find
areas for controlled burning in a protected area in Finland. Narrow firebreaks are created by
removing ground vegetation and watering is used to avoid fire spreading outside the burnt area

Photo: Saara Lilja-Rothsten.
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Figure 5: Setting priority within habitat types includes to decide about separate species in e.g.
coastal meadow restoration, such as this by-hand restoration project in Estonia

Photo: Merike Linnamagi.

It is also possible to rely purely on pragmatic and realistic opportunities
when setting priorities, such as availability for restoration activities. In
case 11, semi-natural habitats were given priority due to their poor con-
servation status. This is an example of prioritization on a national level.
Likewise, priorities between regions were made on a national level. How-
ever, the specific site selection required priorities based on local condi-
tions and the interests of stakeholders. The project has resulted in sub-
stantial areas of restored land, even though there has not been any de-
tailed strategy for choosing the sites to be restored. The only guidance has
been to pick sites of potentially high values for management-dependent
biodiversity in the selected regions.

The benefit of the simpler ecosystem-types or species-level action
plans is that they are potentially more accurate (e.g. Westphal et al. 2003,
Wilson et al. 2011) and easier to implement. Dynamic spatial models suf-
fer from computational challenges (Possingham et al. 2009), as well as
lack of robust data, although less complex models certainly have their
place in solving modern conservation challenges (6). In other words,
methods relying on quantitative measures of goals, actions, effects and
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costs (Ferrier & Wintle 2009, Moilanen et al. 2009a) still usually include
significant qualitative elements.

3.2 Diversity of approaches - from politics and
policy to ecological attributes

3.2.1 Objectives and targets of the projects

The nature of the starting point for prioritization is not always obvious in
the case examples. It is not even obvious what kind of choice is being
made (“priority at the expense of what”).

All the case examples have an overall goal, although they are at very
different scales and accuracies (which is partly related to the scope of the
case in general). The most frequent words used to describe overall goals
are increase and improve, including improve ecological status of different
habitat types, increase population sizes. More general goals linked to im-
proved management and conservation are also frequently mentioned.
One case (14) specifically describes making trade-offs between different
types of values.

3.2.2 Approaches building on EU commitments

For the EU countries, prioritization according to the Habitat Directive is
based on the directive’s annexes with lists of species and habitat types.
The EU Habitats Directive (Council Directive 92/43/EEC) requires the
member states to work to maintain or restore a Favourable Conservation
Status for habitats and species listed in the directive. In order to contrib-
ute to this work, the member states have to designate protected areas,
called Natura 2000 sites, and apply strict protection to a set of species. In
the Natura 2000 sites, the member states must carry out the actions
needed to preserve the species and habitats that the site was designated
for, and restoration is part of this in a large number of sites. According to
article 8 in the directive, the member states should develop prioritized
action frameworks (PAFs) for the Natura 2000 network, and ideally, they
should point out cost-efficiency measures for key priorities. The PAFs
should describe necessary actions and financial needs for achieving a fa-
vourable conservation status in the sites. PAFs from Sweden and Estonia
are included among the examples collected in this study (cases 1 and 13),
since the PAFs describe priorities that also address restoration. The Esto-
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nian PAF has more specific targets and goals for restoration than the Swe-
dish PAF. These targets and goals will make it easier to use the PAF for
planning specific actions, and also to evaluate and follow up on any
achievements. The Swedish PAF highlights restoration priorities on a
more general level, and simultaneously points out the habitat groups
where restoration is of particular importance (Figure 6). This can be help-
ful in further work with restoration priorities in relation to the require-
ments of the directive.

The work according to the Water Framework Directive (case 14) is
also based on EU legislation. An important principal difference between
this directive and the habitats directive is that the WFD sets out specific
timeframes for when results are to be achieved.

Figure 6: The restoration of overgrown former wooded pastures is an important priority in the
Swedish PAF. In some situations, the same succession phase can also be considered as a
developing natural mixed woodland and an engaged discussion of which habitat that is more
desirable can follow. Both habitats a prioritized on national level and in the PAF

S R x e o A \@fﬁ 5

Photo: Anna Lindhagen.

3.2.3 Approaches building on national conservation
priorities, including red lists

Cases 4 and 10 show how priorities are related to a specific conservation
target at a national level, the protection of representative nature types.
The examples do not cover restoration in particular, but the principles are
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of general interest for nature conservation and management priorities.
Similar approaches are used in other Nordic countries, but we have lim-
ited ourselves to these examples. The Norwegian case (10) relies on gap
analysis to identify a representative selection of protected areas. This is
partly a quantitative approach used to identify what is missing to achieve
national commitments to the protection network. The same approach and
method can be applied to other management instruments, such as resto-
ration, if sufficient data are available. The National Mire Conservation
Plan in Finland (4) has taken this one step further and relied on 91 differ-
ent biodiversity features to identify which areas will make highest value
addition to the existing protected area network, also with respect to the
potential for restoration.

Cases 2 and 11 are examples of priorities based on national red lists
and threatened species. This type of work has also been carried out in
other countries, although it is not included in the examples. At a national
level, there is no spatial aspect to these priorities, but they can be im-
portant in the specific programmes for species.

Sweden has started with a much larger number of species included in
the initial priorities. More than 200 programs have been initiated, but due
to budget restrictions, the actual work that has been carried out has cov-
ered fewer actions and species in Sweden than was originally intended. In
Estonia, fewer programmes have been developed. The programmes have
focused on nationally and internationally protected species that do not
have a favourable conservation status. One-quarter of planned species ac-
tion plans have been adopted and the rest are in preparation.

3.2.4 Approaches to specific habitats or ecosystems

The majority of the examples have a habitat focus. For some, the habitat
has been selected for some obvious reasons, mainly its degradation status
(such as the birch forest in Iceland, 7) or changing land use (such as the
semi-natural grasslands in Sweden, 12). Hardly any systematic priorities
were used when establishing a focus in these specific habitats.

Mire and wetland restoration are getting more attention at present
since their role in mitigating climate changes through carbon storage has
been recognized by the international community. Wetland draining and re-
wetting (WDR) was added as eligible activity under the climate convention
(Decision 2/CMP 7 of the Durban COP 17), thereby emphasizing preserva-
tion of wetland carbon stock. These habitats are valuated for their ecosys-
tem service value (especially carbon capture and sequestration) in addition

36 Restoration priorities and strategies



to biodiversity and ecological function, and in Norway, for example, the “Cli-
mate Conciliation” (Klimaforliket) from the 2015 Norwegian Parliament al-
located resources to a National Plan for Mire Restoration in 2016 (case 8,
Figure 7). In March 2016 the Minister for the Environment and Natural Re-
sources in Iceland launched an action plan on wetland restoration with the
aim of increasing restoration activities and to mitigate climate change
(https://www.umhverfisraduneyti.is/media/PDF_skrar/
sk160307_endurheimt_votlendis.pdf).

Figure 7: Restoration of mires and wetland are getting more political attention due to the
esosystem service they produce. In Norway a National Plan for Mire restoration is under
preparation. Plugging ditches is a typical measure in mire restoration

Photo: The Norwegian Nature Inspectorate (SNO).

3.2.5 Landscape consideration

A spatial analysis is a core part of two of the examples provided (4 and 5),
but spatial considerations and priorities are still important in many of the
examples. In the case of the species action programmes (cases 1 and 13),
spatial priorities may not have been included in the selection of the prior-
itized species, but they are often very important in the programmes for
each species.
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Landscape or spatial considerations with an ecological perspective of-
ten concern two things: Connectivity,which is important for all species
but where the requirements are very species specific, or complementa-
rity/representativity. Because species communities change over large
distances, one cannot save everything by concentrating all efforts in one
place. The scope broadens substantially when the analysis involves eco-
system services, since the analyses can include a wide array of aspects
from flows of nutrients or pollutants to recreational values or expected
effects of climate change.

3.3 Involved stakeholders

National public authorities generally have a large influence on land-use
and management issues in the Nordic countries (Hagen et al. 2012,
Aradottir et al. 2013), and they generally are strong actors in restoration.
A large majority of restoration projects in the region have some public
presence (op. cit.). In other parts of the world, private initiatives, volun-
teer work and private fund-raising play a larger role and are partly orga-
nized in programmes paid for by commercial companies, but are mainly
based on some public regulations (Reydi et al. 2005, Anon. 2016). By far,
most of the examples in this report are incentives and activities driven by
national public authorities (such as cases 2, 4, 5, 6, 7 (Figure 8), 8 and 11).
Case 12 is a stakeholder-based bottom-up approach, partly funded by
public money and with some overall strategy for prioritizing between sites.
This project has worked with specific restoration interventions for more
than 25 years. Volunteer work in general depends more on enthusiasm and
engagement, which can easily lead to “alternative” or ad hoc priority.
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Figure 8: Most restoration projects are driven by national public authorities, and have links and
cooperation with local actors. Restoration of birch woodland in severely degraded land at
Thorsmork, Iceland

Photo: Kristin Svavarsdottir.

3.4 Strengths and weaknesses in the case examples

Members of the project group have indicated the strengths and weaknesses
of the prioritization models in the case examples template. Interestingly, the
same kind of approaches have both strengths and weaknesses; e.g. quantita-
tive and transparent methods are data-demanding and tedious, politi-
cal/qualitative approaches give a good overview butlack focus, opportunistic
methods might produce good results but lack an overall priority.

Lack of resources and limited frameworks are listed as weaknesses in
some of the examples, and so are the lack of socio-economic analysis and
link between plans and practical implementation. The strength of the
models varies according to their priority and focus. The reported
strengths are: increased effectiveness for management, good overview,
good focus, demonstrating trade-offs, and increased knowledge. We find
that this mix within and between the models supports the importance of
combining systematic planning and opportunistic doing, and developing
these tools should have a focus in future efforts.
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4. Theoretical background of
restoration prioritization

4.1 A need for resource allocation

The optimal comprehensive conservation solution would be to set aside
and protect everything that has conservation value and restore every-
thing that is degraded. However, this is optimal only from a fundamental
conservation perspective since other societal goals would suffer, and even
when resources are ample we are rarely given a chance to make conser-
vation decisions as freely as we would like (e.g. Wilson et al. 2009, Mermet
et al. 2013). The restrictions can be quantitative or qualitative and often
opportunistic, resulting in a need to intelligently prioritize our actions to
best meet our high-level conservation goals, taking into account ecologi-
cal, economic, and social elements. The variety of restrictions also results
in many different forms and scales of conservation and restorations plans,
as demonstrated by the different case examples presented in this report.

At the core of every prioritization problem lie goals, actions, effects,
and costs. Each of these are needed to find cost-effective ways to reach
detailed targets that best satisfy higher-level goals such as the preserva-
tion of biodiversity and ecosystem services (Moilanen et al. 2009b). This
is not to say that these concepts are always considered in prioritization
(Game et al. 2013), but missing key elements in any of them makes the
solution less optimal. Resource allocation problems should include all
these components to be cost-effective. In addition, more simplistic eco-
logical models can be upgraded to include spatial ecology, such as con-
nectedness (Wilson et al. 2011), different ways of valuing functioning eco-
systems (e.g. ecosystem service benefits per unit of area and/or effort, as
in Schemama & Levrel 2015), likelihood of success (Wilson et al. 2011),
consideration of a time discount for uncertainty in delayed effects (Sche-
mama & Levrel 2015), and usefulness in comparing benefits of restora-
tion projects (Schemama & Levrel 2015, Kotiaho et al. 2016a, example 6).
Ecological patterns, processes and spatial and temporal scales that are
relevant with respect to selected goals play major roles in building the
models and choosing the most optimal approaches (e.g. Moilanen et al.
2009b) as well as in determining how we evaluate a solution’s success.



For example, how much time should we give an ecosystem post restora-
tion before declaring it a failure or job well done (Moreno-Mateos 2012,
2015; Kareksela et al. 2015)? Should we decide not to help populations
that have the most urgent need for action so that we can assist popula-
tions that have not reached a critical state so that we maximize biodiver-
sity over the long run? This is a time-scale question related to conserva-
tion triage, which may be part of many if not every conservation decision
(Bottrill et al. 2008). These questions alone already emphasize the need
to properly address goals and translate them as comprehensively as pos-
sible into problem formulations that can be addressed with systematic
approaches to prioritization.

Unfortunately, “Every good thing we do is another we don’t” (Gilbert
2011, see also Bottrill et al. 2008, Kotiaho & Halme 2014). This means that
prioritization needs to be carefully planned, because even when the goals
are clear and actions are working well, resource limitation necessarily
means that there are other good things left undone. The problem is that
the things left undone may actually often be more important for biodiver-
sity than things done, given that we often may fail in our priority setting:
human decision making tends to be inclined to errors (Gilbert 2011, Game
et al. 2013). In other words, simply setting priorities does not guarantee
decisions that are cost-efficient or optimal from more than one (or any!)
perspective, thus challenging the whole motivation behind prioritization
in the first place.

During the last two decades, a number of systematic planning meth-
ods have been developed related to setting priorities for protecting and
conserving biodiversity (e.g. Margules & Pressey 2000, Moilanen et al.
2009a). Recently, the emphasis has been on spatial conservation prioriti-
zation (Moilanen et al. 20093, Kukkala & Moilanen 2013). Scientific stud-
ies show how to support or select areas to reflect general principles, such
as representativeness, complementarity, flexibility, irreplaceability, and
cost-effectiveness (Margules et al. 2002, Margules & Sarkar 2007, Wilson
et al. 2009, Kukkala & Moilanen 2013). Other supportive criteria for set-
ting priorities are critical pressures (drivers), the stated “value” of species
and nature types, and the international or national responsibilities for
species and nature types (Framstad et al. 2010). Recently, however, the
focus has turned from conservation planning to more general land-use
planning (e.g. Kareksela et al. 2013). The idea is that rather than only
identifying the most important areas for biodiversity that are then set
aside for conservation, the areas that have the least ecological value are
identified and allocated to development. This is also known as ecological
impact avoidance (Kareksela et al. 2013).
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4.2 Targets, costs and benefits in restoration
priorities

4.2.1 Cost-effectiveness and trade-offs

Restoration prioritization can mean at least three different things: prior-
itizing restoration actions in relation to other actions such as protection
or management, prioritizing between different habitat types and sites, or
between different restoration actions. All these approaches are relevant
to setting priorities. Although the emphasis is often on the last (e.g. most
examples in this report), the first step is to find out (estimate) whether
increasing the value of already protected land by restoration, allocating
the resources for establishment of new protected areas, or a combination
of the two really is the most efficient conservation approach (e.g. Hyman
& Leibowitz 2000, Possingham et al. 2015). Adding restoration to the con-
servation action portfolio makes the systematic planning of conservation
resource allocation more complex, since it adds another (and dynamic)
element (Possingham et al. 2009). This is a challenge for creating a mean-
ingful problem formulation and a functional ecological model (Kotiaho &
Moilanen 2015, Kotiaho et al. 2015b), and also a massive computational
challenge (Possingham et al. 2009).

Perhaps the most simplified actions (which are still somewhat rele-
vant) for a single site are 1) doing nothing, 2) protection, and 3) protec-
tion and restoration/management. The optimality of an action would then
be a function of the effect of the applied action and its cost (Figure 9 and
10). Over larger group of areas the aim would then be to choose areas, and
take actions that take us as close to the higher level goal as possible given
limited resources (maximum coverage problem), or reaching the goals
with as low costs (area, money, etc.) as possible (minimum set problem)
(Margules & Pressey 2000, ReVelle et al. 2002, Margules & Sarkar 2007).
These problem formulations (or their modifications) can be applied to de-
tailed single species or habitat prioritizations (Swedish species actions
plans 11; Estonian examples 1 and 2; Icelandic example 7), or to a broader
perspective allocation of conservation resources that considers multiple
biodiversity features (Mire conservation prioritization in Finland, 4 and
Framework for assessing and reversing ecosystem degradation, 6).
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Figure 9: The function of cost, time and quality of restoration is the core for good solution in
management. Native birch regeneration for restoration of birch woodland in Iceland
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Photo: Kristin Svavarsdottir.

Figure 10: The function of cost, time and quality of restoration is the core for good solution in
management. Amphibian bond digging in Estonia

Photo: Merike Linnamagi.

44 Restoration priorities and strategies



When it comes to protection, but especially with ecological restoration,
the effects of the actions must be adequately defined. In spatial conserva-
tion prioritization analyses, the effects of different solutions or scenarios
are most often presented as static levels of protected species or habitat
distributions (e.g. Kareksela et al. 2013). For restoration, defining the ef-
fects of the alternative actions can be a lot more complicated (Suding et
al. 2004, Suding & Hobbs 2009, Moreno-Mateos 2012, 2015, Kareksela et
al. 2015, see examples 6 & 11). Restoration effects can have site-related
thresholds and alternative states (Suding et al. 2004, Suding & Hobbs
2009) and the time needed to achieve determined effects can be long
(Moreno-Mateos 2012, 2015) resulting in more complex cost-efficiency
considerations through time discounting, for example (e.g. Laitila et al.
2014, Schemama & Levrel 2015).

Costs and considerations of cost-effectiveness are key elements (alt-
hough often neglected, see Game et al. 2013) in prioritization. Finding a way
to effectively compare costs and benefits of different actions is thus an im-
portant factor in building a prioritization model. Although costs are not of-
ten easily included in a prioritization analysis, we are still usually some-
what aware that some locations or actions are more costly than the others,
at least when putting the plans into action. In the most simple prioritiza-
tions, cost-effectiveness can be approached by avoiding the more costly ac-
tion or location when several actions or locations seem to otherwise give
more or less the same outcome or gains. However, more costly areas often
tend to have higher ecological value (e.g. through ecosystem productivity)
or the most desired biodiversity features are so rare that our freedom to
choose is limited, making it complicated to find the best trade-offs.

The ecosystem services approach to restoration will also potentially en-
tail some new criteria for setting priorities, as the benefit achieved from a
given restoration is the focus (e.g. de Groot et al. 2013). An way to calculate
cost-efficient restoration priorities would then be to assess the level of eco-
system services delivered by different projects, and give priority to those
that deliver most (related to cost) (Schemama & Levrel 2015). An obvious
risk would then be that ecosystem quality and ecological function are not
considered, and the priority could be in direct conflict with the protection
of biodiversity (see Bullock et al. 2011, Lindenmayer et al. 2012).

In addition to computational problems, the consideration of restora-
tion effects and having comprehensive data on habitat distributions and
restoration costs is highly complicated, and is reflected as an absence of
all-inclusive restoration prioritization models (Wilson et al. 2011) and
recognized limitations in the existing ones (Kotiaho & Moilanen 2015, Ko-
tiaho et al. 2015a,b, 2016a). For example, the European Commission
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model (Lammerant et al. 2014) for approaching the 15% restoration tar-
get (CBD 2010) includes a huge potential for opportunism if it is imple-
mented, and even in its ecologically most effective scenario it falls short
from reaching an actual 15% increase in ecosystems’ ecological value (Ka-
reksela 2015, Kotiaho et al. 2015a). Another example of a difficulty in res-
toration prioritization and including the costs comes from a recent study
by Egoh et al. (2014), who evaluated options for meeting the restoration
target in the EU. The evaluation was based on a target-based spatial con-
servation prioritization analysis across threatened habitats, species and
ecosystem services in the EU’s 27 member states. In addition, they ex-
plored how inclusion of the restoration cost in different member states
influenced prioritization. Unfortunately, the cost data compiled by Egoh
etal (2014) was not appropriate and caused a bias in the results (Kotiaho
& Moilanen 2014). More specifically, Egoh et al. (2014) reviewed infor-
mation about the financial resources required by each EU Member State
from the European Commission LIFE programme for restoration activi-
ties in Natura 2000 sites, and formed an aggregate per hectare restoration
cost for each of the member states. What Egoh et al. (2014) did not con-
sider was that such an aggregate cost ignored the type of habitat restored
and the type of restoration measure undertaken. Therefore, their meas-
ure was highly unlikely to be independent from the consequent improve-
ment in ecosystem condition. Including such arbitrary cost information in
the analysis caused a bias in the allocation or restoration efforts in their
analysis towards countries where improvements in ecological conditions
were likely to be smallest.

4.2.2 Targets, reference state and baseline

From an ecological perspective, ecosystem degradation or improvement
has a minimum of two dimensions: the extent of area that has become de-
graded or improved and the degree of the degradation (or improvement)
at any given location (Kotiaho et al. 20154, b, 2016a; Kotiaho & Moilanen
2015). Knowledge of the extent of the degraded area alone is not sufficient
for providing a conceptually sound estimate of the degree of ecosystem
degradation or improvement, because from an ecological perspective it
makes a great deal of difference whether an ecosystem has been only
slightly degraded, or is almost completely lost. The current degree of deg-
radation at each location can be obtained by subtracting the current eco-
system condition from the pre-degradation baseline condition (Kotiaho
et al. 2016b). This has not been a core issue in the case examples, and we
might identify two underlying “dimensions” of baselines: 1) The natural
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ecosystem, where the ideal target for restoration is to approach the func-
tions and composition of an intact and undisturbed ecosystem (as in cases
4, 6,7, 8), and 2) Semi-natural habitats, where the target is to maintain a
state of disturbance to protect biodiversity or other ecosystem services
(cases 3, 12). Case 5 is an interesting combination, where the target is to
establish a long-term continuum infrastructure, by restoring the natural
disturbance regime (fire). The definition of a natural (or semi-natural)
state baseline that the current state could be compared to is problematic,
and has only been specified in case 6, the Framework for assessing and
reversing ecosystem degradation.

Generally, we can directly observe and measure the current state of
an ecosystem at any given location. However, in the absence of any other
knowledge, the current state alone provides almost no useful information
about the degree of degradation. In the case of biodiversity and ecosystem
services, we are often interested in trends. To detect a trend, some refer-
ence state is required. For example, in an attempt to establish a Red List
of the world’s ecosystems, one of the reference states that has been sug-
gested to assess change is the time period of the past 50 years (Keith et al.
2013; but see Boitani et al. 2015). However, choosing 50 years ago as a
reference is arbitrary and conceals ambiguity in assessing both the direc-
tion and magnitude of the change (Kotiaho et al. 2016b). What is needed
is a pre-degradation baseline, or in other words a natural state, that will
illuminate the potential of a site. A natural state baseline anchors obser-
vations and removes the ambiguity in the direction and magnitude of the
change (UNEP 2003, Kotiaho et al. 2015a, Kotiaho et al. 2016b).

It is important to separate the baseline from the target, because the
natural state baseline is not the same as a target state of restoration. A
natural state baseline is based on results from scientific research, while
the target state is a political decision balancing different social, economic
and ecological interests (UNEP 2003, Higgs et al. 2014, Kotiaho et al
20154, 2016Db). In the Norwegian Nature Index, the definition of reference
values has been given special attention. The Nature Index is intended to
be an instrument to measure the state of, and changes in, biodiversity in
nature and cultural landscapes (Certain et al. 2011). One of the main is-
sues for the index is that it should be possible to estimate the reference
value for all the indicators (species and habitat data series). This refer-
ence value is estimated relative to a reference state that represents an in-
tact ecosystem with little or no human impact. For cultural landscapes,
the corresponding reference state is “in good condition” relative to the
species that are normally associated with the specific type of habitat in
question (Nybg et al 2016). The concept of ecological condition
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(gkologisk tilstand) is currently on the political agenda in Norway (Anon
2015), as a tool to establish statistics and measures for the development
of nature condition, and the Nature Index provides the premise for this
effort (Norwegian Environmental Agency, pers.comm.)

4.3 The interplay of quantitative approaches with
qualitative and opportunistic priorities

The decision to regard some species or habitats as more important and of
higher priority than others is usually based on quantitative data and analy-
sis (e.g. Red Lists). However, the decision to consider only some biodiver-
sity features is qualitative and as such, contains risks that need to be con-
sidered with respect to meeting higher-level goals of conserving a wide
range of biodiversity and ecosystem services. For example, if we were to
define a good solution for allocating restoration efforts for most threatened
habitats in the landscape, we need to recognize that the decision to priori-
tize most threatened habitats was done a priori. Most importantly, the fol-
lowing analysis would be restricted by this a priori prioritization, and it
cannot produce information on possible trade-offs and synergies with re-
spect to other habitats, single species distributions, and/or ecosystem ser-
vice potential if these lower-priority features are not properly presented in
the analysis. In general, this means that the qualitative prioritizations are
more prone to one-sided decision making, even when they are based on
quantitatively analysed information on anthropogenic pressure on habitats
or species, for example. Furthermore, while allocating resources based on
the national scale, or EU statuses of biodiversity features, but with national
scale occurrence data is an intuitive approach for an initial, qualitative, pri-
oritization, it does raise questions. Still, even though analysing the initial
prioritization from a broader perspective, such as on an EU scale, might
change our view on what can be effectively protected or restored and
where, our ability to effectively operate across national borders is still
largely limited. These are factors that should be thoroughly understood
when detailed models for prioritization analyses are worked out and espe-
cially when the results are interpreted.

Simplified prioritization, whether initial or final, is often needed and
used, and it definitely has its place and time, but a simplified process eas-
ily misses many factors, such as the cost-effectiveness, complementarity
or connectivity of the solution. On the other hand, complex comprehen-
sive analyses may suffer from a significant gap between the analyses and
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their implementation (Knight et al. 2008) requiring separate implemen-
tation strategies (Knight et al. 2011) and improving the science-society
dialogue (Young et al. 2014). However, these analyses still offer excellent
tools to view the trade-offs, synergies, possibilities, and extremes of the
different scenarios and outcomes (e.g. Kareksela et al. 2013, example 4).

Areas can also be assigned to protection or restoration via ad-hoc deci-
sions, i.e. according to the urgency of the need and opportunities (Knight &
Cowling 2007). In fact, this is probably quite often the case, at least partly,
in that major components of the solution may result from prioritization and
detailed decisions may result from rising opportunities. Furthermore, it is
likely beneficial to systematically pay attention to rising opportunities
(Knight & Cowling 2007), although many small-scale opportunities are
probably missed in large-scale generic planning approaches as was used in
example 6 (Framework for assessing and reversing ecosystem degrada-
tion). Furthermore, situations and the world around us both change, and
thus the optimal set of areas and actions changes over time, emphasizing
the need for some level of flexibility in selected solutions.

Profitable opportunities are perhaps most intuitive for actions that
have very low costs. For example, in Finland some seriously endangered
species of rich peatland habitat patches are so remote that their restoration
(by blocking the ditches) would be extremely expensive. However, they can
sometimes be blocked very easily using organic sacks filled with peat near
the habitat, and the process can be carried out using voluntary labour. This
action can be undertaken in any situation (even for lower priority habitats)
without compromising the cost-effectiveness of large-scale systematic
planning, and it is a low-cost-intervention. Harmful opportunism may ei-
ther be costly or involve undertaking actions at low priority sites, or both.
This may result from political interests or conservative approaches that
then override existing prioritization schemes to execute actions that have
always been done. The solution is to balance two perspectives when plan-
ning: 1) minimize harmful opportunism and 2) identify potentially rising
opportunities and allowing some flexibility in plans to react to rising oppor-
tunities (see discussion in Knight & Cowling 2007, Pressey & Bottrill 2008).
In addition, plans are hardly ever executed immediately, so that while some
opportunities may differ from the most optimal outcome, these opportuni-
ties are usually undertaken more quickly than the planned action (by defi-
nition). That reduces the risk of losing the opportunity as time passes (see
Laitila et al. 2014). Simply stated: it is likely profitable to maximize cost ef-
ficiency by careful systematic prioritization planning while allowing some
flexibility with respect to rising opportunities.
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4.4 A matter of scale

Prioritization can be done at different scales - geographic, thematic, res-
olution and time (Adame et al. 2015). In reality, we often observe both
overall national priorities and prioritization at a narrower scale, or com-
binations of both. It is important to recognize and interpret the links be-
tween broad and narrow prioritization efforts to find good solutions for
landscape management. A broad level is not a pre-defined scale or size,
however; broad level schemes for prioritization can be undertaken:

e Atthe country level to give priority among different habitat types.

e Atthe country level to give priority among locations on a national
list within habitat types.

e At the habitat level to give priority to single species.
e Atthe species level to give priority among populations.

e Among habitats or sites or population to give priority over time.

Conflicts might arise in the trade-off between the holistic and broad per-
spectives on the one hand, and more specific, pointed decisions on the
other. Such conflicts can be directly linked to access to money, time and
other resources, but can also be more strategic regarding what is the
“right” level of knowledge to support management decisions. Simplifica-
tions can be used to provide an overview, but can also hide details and
key issues. Trade-offs in time and scale must always be the focus in nature
management, just as they are in all other policy and social matters, and
the best approach is to be aware of this, use the best available knowledge,
and identify knowledge gaps.

4.4.1 Setting priorities with a spatial perspective

Spatial perspectives are currently widely used in conservation planning
and the diversity of approaches is quite large. From the examples pre-
sented in the Appendix, the fire continuum (5) has a very simple spatial
extension of clustering actions in a certain area to promote a continuum
of burned habitats at relevant spatial and temporal scales. The mire zona-
tion project (4) includes several spatial considerations, from biodiversity
connectivity measures to the use of a combination of local and national
scale priorities and weights for biodiversity features and areas. The goal
in this case is conform with the overall prioritization of peatland areas
with high local and national value. A spatial approach has to be considered
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to protect or restore a representative part of nature attributes. Without
this approach, the typical habitat types will systematically be down-
weighted and lose in the “competition” with specific areas with special
values and high biological biodiversity (Figure 11).

Figure 11: Restoring the typical, or representative, part of nature attributes can easily lose in the
“competition” with specific areas with special values if a spatial approach is not considered.
Restoration in a representative peatland area in Sipoonkorpi National Park, Finland. If no ditch-

digging spoil is available to infill ditches, hydrological conditions can be restored by damming

Photo: Paivi Leikas.

Single large or several small plans

The theory of restoration ecology has been very oriented towards ecosys-
tem dynamics (e.g. Suding and Hobbs 2009, Suding etf@l. 2004). Current
conventions (such as the CBD and Sustainable Development Goals (SDG))
with their large-scale prioritization goals put pressure to combine ecosys-
tem dynamics models (e.g. 6, 11) with modern spatial conservation priori-
tization elements and methods (Wilson et@l. 2009, 2011). The aim is to pro-
mote cost efficiency and the persistence of the solution as related to con-
nectivity (e.g. mire zonation, 4). This of course adds complexity to the mod-
els, computational and data availability challenges, and challenges our abil-
ity to implement the plans (Knight etf@l 2008, Young etf@l. 2014). More com-
plex and larger scale approaches often tend to need a higher level of inte-
gration with societal decision making and at the same time their results are
more complicated to interpret.
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As discussed in this report, different scale approaches have different
benefits: a large-scale, more comprehensive analysis allows for better cost-
effectiveness considerations (e.g. Pressey & Bottrill 2008, Game et al. 2013)
while species- or habitat-level planning allows a higher level of ecological
accuracy (Wilson et al. 2011) and perhaps easier identification of beneficial
opportunities (Knight & Cowling 2007). Together the different modern
conservation approaches produce a highly comprehensive portfolio to
counteract the degradation of nature. The Nordic examples provided here
(Table 1, Appendix), include a number of different stages:

e species-level plans with highly detailed ecological considerations
about ecosystem-types and red list statuses

e those that target a landscape-level continuum of actions

o those that use detailed ecosystem-type GAP analyses or produce
restoration cost-effect analyses that extend over all ecosystem types

e those thatlink restoration needs and potential to large-scale and
detailed spatial conservation prioritization plans.

Still, none of these examples alone deal with all the aspects needed for
full-scale multi-ecosystem spatial restoration prioritization. Comprehen-
sive approaches that consider the cost-effectiveness of restoration, pro-
tection, and management actions in an ecologically relevant spatial con-
text are extremely complicated. For example, the framework for assessing
and reversing ecosystem degradation, which is the most complicated
model used in the examples provided and that covers almost all terres-
trial ecosystem types in Finland (c. 300,000 km?), still lacks detailed spe-
cies-level responses to restoration actions. In addition, as it stands now,
the approach is non-spatial. Thus, even though this approach is very use-
ful in prioritizing the most cost-effective restoration measures in ecosys-
tem types and allocating resource among the ecosystem types, it is still
not enough. The allocation of restoration measures for the landscape still
requires linking the results from prioritization with spatial land-use plan-
ning to consider issues such as connectivity. This means that there is still
plenty of work to be done to develop these models and approaches. Nev-
ertheless, they also need to be implemented in spite of their limitations to
promote their further development.

In the end, these analyses and planning methods are only tools to help
decision making, meaning that decisions still need to be made, often when
many other relevant considerations cannot be fully included in analyses
and plans. However, the example cases in this report collectively provide
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a large set of management and restoration approaches for the conserva-
tion prioritization portfolio. The efficient and complementary use of these
small- and large-scale solutions provides a prominent path towards the
effective best practice of conservation prioritization.

Priority and time

Time is an essential dimension in any consideration of restoration. No
matter how massive a restoration effort may be, it usually takes several
decades or even longer to reach its full goals (Moreno-Mateos et al. 2012,
2015). The case examples in this report illustrate that prioritization in
restoration is quite novel in nature management, and we could expect any
output of decisions like these to take some time. Ecosystem recovery after
restoration in general is a long-term process, particularly in northern eco-
systems (Halldorsson et al. 2012). With the time needed for the ecosys-
tem to attain restoration goals, the uncertainty also increases, thus chal-
lenging our ability to increase habitat area quickly enough for declining
populations (Kuussaari et al. 2009). A strategic decision would also be to
include some descriptors (or indicators) to describe the improved func-
tion of a system over the short term (e.g. monitoring physical structure in
ombrotrophic mires, not only original species composition).

In the simplest form of restoration action, evaluation time is not con-
sidered and the ecosystem is given its estimated end value in the model
without any discount through time. In more sophisticated (but also com-
plicated) models, the time needed to reach targeted impacts is used to cal-
culate the time discount (i.e. uncertainty discount as a function of time)
for the restoration effects. This means that a multiplier is used to deter-
mine the size of the restoration offsetting that is needed to compensate
for ecological losses from development actions (e.g. Laitila et al. 2014,
Schemama & Levrel 2015). Time discounting is especially relevant in tar-
get-based compensation. In cases of “normal” restoration planning, it is
most important to recognize that not all the structural and functional
components of an ecosystem will be re-established at same rate and re-
gaining some relevant functions or re-establishing populations of rare
species can take a very long time (from decades to centuries) or need ac-
tive re-introduction (e.g. Hedberg et al. 2012). When these kind of ecolog-
ical delays are recognized, measures to alleviate their effects can be added
to the action palette and the effects and costs of efforts such as species re-
introductions can be weighed and balanced in a prioritization process
along with other restoration measures.
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Prioritization and deciding what not to do

Conservation triage is an unavoidable step in any process of allocating
limited resources, including restoration of ecosystems (Bottrill et al.
2008, 2009, Kotiaho & Halme 2014). The discussion around triage has
been somewhat controversial (e.g. Pimm 2000), but because it is una-
voidable in reality, it should not be confused with taking ethical posi-
tions. To effectively restore ecosystems to aid the long-term persistence
of species and ecosystem functioning, it is vital that decision makers and
practitioners explicitly acknowledge that there are always trade-offs re-
sulting from investing in one restoration measure or one ecosystem type
over another. A good example of a restoration triage is the Finnish pro-
ject that prioritizes restoration measures within ecosystem types and
across ecosystems (Kotiaho et al. 2015a). If we initiate separate conser-
vation or restoration programmes for each of the ecosystem types as we
have tended to do (e.g. the voluntary forest conservation programme
METSO (http://www.metsonpolku.fi/en-US) or the peatland protection
programme (mire conservation in Finland, 4) the overall cost will be
very high. Restoring 15% of the terrestrial area of Finland evenly across
all ecosystems would cost about EUR 38 billion by the year 2050. How-
ever, if we acknowledge that some ecosystem types are much more ex-
pensive to restore than others and that there are more ecological values
in some ecosystem types than in others and prioritize the ecosystems
accordingly, the same 15% reduction in degradation can be reached at
less than half the cost, or for EUR 16 billion by 2050 (Kotiaho et al.
2015a,2016a). This prioritization will mean, for example, that semi-nat-
ural grasslands that are very expensive to manage will be allocated less
resources. Thus, some of their values will be lost and most of the re-
sources used to improve agricultural area biodiversity will be diverted
elsewhere. Semi-natural grasslands does a good job of illustrating of
what can be achieved with the same resource, if the focus of the priori-
tization is skewed more strongly towards cost-effectiveness. In the
Finnish prioritization, reducing the area of diverse but very expensive
semi-natural grassland by 25,000 hectares makes resources available
for other ecosystems, such that more than 1,000,000 ha of other ecosys-
tem types could be restored with the same resource by 2050 (Kotiaho
et al. 2016a). Itis painful to let go of some of the wonderful semi-natural
grasslands but in the world of competing interests and limited re-
sources, it helps to understand that every sensible thing we do is an-
other sensible thing we do not (Gilbert 2011, Game et al. 2013).
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5. Conclusions and
take-home messages

This report has shown that there is a need for more work that has a
greater emphasis on the prioritization aspects of restoration. The strong
need to develop prioritization approaches is a good indication of the dif-
ficulty of both planning and implementing proper cost-efficient restora-
tion actions; if it was easy, we would most likely have made more progress
by now. The need for restoration is increasing (due to further degradation
of landscape and nature values). International and member states of the
different biological conventions have sent political signals that support
restoration as a tool to protect biodiversity and support ecosystem ser-
vices. Restoration is also about to become a part of national policy in the
Nordic countries and Estonia. In this diversity of interests and initiatives,
there is a need for good models and strategies to support wise use of re-
sources for the long-term protection of biodiversity. It is possible to re-
store and manage ecosystems without a priority plan, but then it is also
more than likely that it will be very hard to achieve international and na-
tional ambitions. A clear strategy is essential to take the right decisions,
to link restoration with other conservation tools, and to include a spatial
component that supports the restoration of Green Infrastructure.

Currently, there is no standard for how to set priorities for restora-
tion. Anumber of approaches have been used, including quantitative cost-
efficiency models (based on theory from spatial conservation planning)
and more ad hoc and less systematic procedures. Setting priorities in
management is usually a mix of procedures, as it is most likely profitable
to maximize cost-efficiency by careful systematic prioritization planning
(based on quantitative models) while allowing some flexibility with re-
spect to rising opportunities (including ad hoc decisions or urgent needs).
Successfully combining these two approaches will help minimize the risk
of harmful and ineffective decisions.

By linking the case examples in this report to the background theory
we have illustrated that prioritization is a hierarchal process, and priori-
ties should be considered at different spatio-temporal scales and cover



biological hierarchy. Properly setting priorities requires considering dif-
ferent scales, and both broad and specific goals need to be defined. What
do we want to achieve? How much, when, and at what cost?

Six take-home messages to develop improved future prioritization of
restoration in the Nordic countries and Estonia:

1. Develop large-scale plans. The aim should be to develop high-end
ecological planning to support decision making with cost-effective
large-scale solutions. Without being informed by a large-scale plan, a
small-scale plan cannot deliver all potential synergies and mitigate
trade-offs to maintain biodiversity and ecosystem services.

2. Use cost-efficiency analysis. Systematic cost-efficiency analysis should
be the basis for any prioritization. It is important not to underesti-
mate the value of expert knowledge. Expert knowledge is valuable
and can be incorporated into the analysis with any data that are
available.

3. Combine the theoretical with the opportunistic. There are different
models for prioritization. None are wholly right or wrong, but we are
more likely to find better solutions if quantitative models and oppor-
tunistic allocation are combined in a good way.

4. Plans must be implemented. Planning and prioritization are very im-
portant, but they amount to nothing without implementation. Plans
have to be implemented if they are to help maintain biodiversity and
ecosystem services.

5. Have a landscape perspective. Restoration will give better results if
priorities consider the landscape element. De-fragmentation, re-col-
onization and deliveries of ecosystem services all depend on where
the restoration is carried out (in relation to other actions, like pro-
tection, management, etc.).

6. Aim for Green Infrastructure. Even in relatively well preserved re-
gions, important parts of the Green Infrastructure can be signifi-
cantly damaged, and the only way to recover these lost attributes is
by well-planned restoration activities. Avoiding unnecessary ecologi-
cal impacts in urban planning can turn much of the grey infrastruc-
ture into a green one.

56 Restoration priorities and strategies



Literature

Adame, M.F., Hermoso, V., Perhans, K., Lovelock, C.E. & Herrera-Silveira, J.A. 2015. Se-
lecting cost-effective areas for restoration of ecosystem services. Conservation Biol-
ogy, Volume 29, No. 2, 493-502. http://dx.doi.org/10.1111/cobi.12391

Anon. 2015. Natur for livet. Stortingsmelding 14 (2015-2016). Ministry of Climate and
Environment. Oslo, 155 pp.

Anon. 2016. Maryland Department of the Environment. Water program.
http://www.mde.state.md.us/

Aradottir, A.L. & Hagen, D. 2013. Ecological Restoration: Approaches and Impacts on
Vegetation, Soils and Society. Advances in Agronomy. Vol. 120, 173-222.
http://dx.doi.org/10.1016/B978-0-12-407686-0.00003-8

Aradottir, A.L., Petursdottir, T., Halldorsson, G., Svavarsdottir, K. & Arnalds, 0. 2013.
Drivers of Ecological Restoration: Lessons from a Century of Restoration in Iceland.
Ecology and Society 18, 4: 33. http://dx.doi.org/10.5751/ES-05946-180433

Arnalds 0. 2015. The soils of Iceland. Springer, Dordrecht. 183 pp.
http://dx.doi.org/10.1007/978-94-017-9621-7

Arnalds, 0., Thorarinsdottir, E.F., Metusalemsson, S., Jonsson, A., Gretarsson, E. & Ar-
nason, A. 2001. Soil erosion in Iceland. Soil Conservation Service and Agriculture
Research Institute, Reykjavik.

Benayas, J. M. R., Newton, A. C,, Diaz, A. & Bullock, J. M. (2009). Enhancement of biodi-
versity and ecosystem services by ecological restoration: a meta-analysis. Science
325,1121-1124. http://dx.doi.org/10.1126/science.1172460

BBOP. 2012. To No Net Loss and Beyond, An Overview of the Business and Biodiversity
Offsets Programme. Business and Biodiversity Offsets Programme, Washington, D.C.

Boitani, L., Mace, G. M. & Rondinini, C. 2015. Challenging the Scientific Foundations
for an IUCN Red List of Ecosystems. Conservation Letters, 8: 125-131.
http://dx.doi.org/10.1111/conl. 12111

Bottrill, M.C,, Joseph, L.N., Carwardine, ]., Bode, M., Cook, C., Game, E.T., Grantham, H,,
Kark S,, Linke, S., McDonald-Madden, E., Pressey, R.L., Walker S., Wilson KA. &
Possingham H.P. 2008. Is conservation triage just smart decision making? TREE 23:
649-654. http://dx.doi.org/10.1016/j.tree.2008.07.007

Bull, ].W,, K.B. Suttle, A. Gordon, N.J. Singh, & E.J. Milner-Gulland. 2013. Biodiversity
offsets in theory and practice. Oryx 47:369-380. http://dx.doi.org/10.1017/
S003060531200172X

Bullock, ].M., Aronson, ], Newton, A.C., Pywell, R.F. & Rey-Benayas, ].M. 2011. Resto-
ration of ecosystem services and biodiversity: conflicts and opportunities. Trends in
Ecology & Evolution 26: 541-549. http://dx.doi.org/10.1016/j.tree.2011.06.011

CBD. 2010. Strategic Plan for Biodiversity 2011-2020 and the Aichi Targets “Living in
Harmony with Nature” http://www.cbd.int/doc/strategic-plan/2011-2020/
Aichi-Targets-EN.pdf



Comin, F. A. 2010. The challenges of humanity in the twenty-first century and the
role of ecological restoration. In: Ecological Restoration. A global challenge. In:
Comin (ed.), pp.- 3-20. Cambridge University Press, Cambridge.

Certain, G., Skarpaas, 0., Bjerke, J.-W., Framstad, E., Lindholm, M., et al. (2011).
The Nature Index: A General Framework for Synthesizing Knowledge on the
State of Biodiversity. PLoS ONE 6(4): e18930. http://dx.doi.org/10.1371/
journal.pone.0018930

Crofts R. 2011. Healing the land. Soil Convervation Service of Iceland, Gunnarsholt.

Egoh, B.N., Paracchini, M.L., Zulian, G., Schagner, ].P. & Bidoglio, G. 2014. Exploring
restoration options for habitats, species and ecosystem services in the European
Union. Journal of Applied Ecology, 51, 899-908.

Enetjérn, A. Cole, S., Kniivila, M., Harklau, S.E., Hasselstrém, L., Sigurdson, T. & Lind-
berg]. 2015. Environmental compensation. Key conditions for increased and cost ef-
fective application. TemaNord 2015:572, Norden. http://dx.doi.org/10.6027/
TN2015-572

European Commission. 2013. Building a Green Infrastructure for Europe.
http://europa.eu

European Commission. 2010, Our life insurance, our natural capital: an EU biodiver-
sity strategy to 2020, http://eur-lex.europa.eu/legal-content/EN/TXT/
?uri=CELEX:52011DC0244

Falk, D.A., Palmer, M.A. & Zedler, ]. (eds.). 2006. Foundations of restoration ecology.
Washington, DC: Island Press.

Ferrier, S. & Wintle, B.A. 2009. Quantitative approaches to spatial conservation prior-
itisation: matching the solution to the need. In: Moilanen A., Wilson K.A. & Possing-
ham H.P. (eds.), Spatial Conservation Prioritisation: Quantitative Methods and Com-
putational Tools, Oxford University Press, Oxford, pp. 1-15.

Framstad, E. (ed.). 2015. Naturindeks for Norge 2015. Tilstand og utvikling for
biologisk mangfold. Trondheim: Miljgdirektoratet 2015 132 s. Miljgdirektoratet.
Rapport(M-441).

Framstad, E., Blindheim, T., Erikstad, L., Thingstad, P.G. & Sloreid, S.-E. 2010.
Naturfaglig evaluering av norske verneomrdder. - NINA Rapport 535. 214 s.

Game E.T., Kareiva P. & Possingham H.P. 2013. Six common mistakes in conservation
priority setting. Conserv. Biol. 27: 480-485. http://dx.doi.org/10.1111/cobi.12051

Gilbert D. 2011. Buried by bad decisions. Nature 474: 275-277. http://dx.doi.org/
10.1038/474275a

Gordon, A, Bull, ]. W., Wilcox, C. & Maron, M. 2015. Perverse incentives risk under-
mining biodiversity offset policies. Journal of Applied Ecology 52:532-537.
http://dx.doi.org/10.1111/1365-2664.12398

Hagen, D., Svavarsdottir, K., Nilsson, C., Tolvanen, A., Raulund-Rasmussen, K., Aradot-
tir, A.L., Fosaa, A.M. & Hallddrsson, G. 2013. Ecological and social dimensions of
ecosystem restoration in the Nordic countries. Ecology and Society 18(4): 34.
http://dx.doi.org/10.5751/ES-05891-180434

Hagen, D., Svavarsdottir, K., Nilsson, C., Tolvanen, A., Raulund-Rasmussen, K., Aradot-
tir, A.L,, Fosaa, A.M. & Halldérsson, G. 2013. Ecological and social dimensions of
ecosystem restoration in the Nordic countries. Ecology and Society 18(4): 34.
http://dx.doi.org/10.5751/ES-05891-180434

Halldérsson, G., Aradottir, A.L., Fosaa, A.M., Hagen, D., Nilsson, C., Raulund-Rasmus-
sen, K. Skrindo, A.B., Svavarsdéttir, K. & Tolvanen, A. 2012. ReNo. Restoration of
damaged ecosystems in the Nordic countries. TemaNord 2012:558, 68 pp.

58 Restoration priorities and strategies



Halme, P., Allen, K.A., Aunins, A., Bradshaw, R.H.-W.,, Brimelis, G., Cada, V., Clear, J.L.,
Eriksson, A-M., Hannon, G., Hyvarinen, E., [kauniece, S., Ir§énaité, R., Jonsson, B.G.,
Junninen, K., Kareksela, S., Komonen, A., Kotiaho, J. S., Kouki, J., Kuuluvainen, T.,
Mazziotta, A.,, Monkkonen, M., Nyholm, K., Oldén, A., Shorohova, E., Strange, N., Toi-
vanen, T., Vanha-Majamaa, 1., Wallenius, T., Ylisirnio, A-L., & Zin, E. 2013. Challenges
of ecological restoration: Lessons from forests in northern Europe. Biological Con-
servation 167: 248-256. http://dx.doi.org/10.1016/
j-biocon.2013.08.029

Hedberg, P., Kotowski, W., Saetre, P., Milson, K., Rydin, H., Sundberg, S., 2012. Vegeta-
tion recovery after multiple-site experimental fen restorations. Biol. Conserv. 147,
60-67. http://dx.doi.org/10.1016/j.biocon.2012.01.039

Hyman, ].B. & Leibowitz, S.G. 2000. A general framework for prioritizing land units
for ecological protection and restoration. Environmental Management. 25, 23-35.
http://dx.doi.org/10.1007/s002679910003

IPBES. 2015. Scoping for the Thematic Assessment of Land Degradation and Restora-
tion. Decision IPBES-3/1 Annex VIII (advance version) adopted by the third ses-
sion of the plenary meeting held from 12-17 January 2015 in Bonn. Germany.

Jorgensen, D. 2015. Ecological restoration as objective, target, and tool in international
biodiversity policy. Ecology@ndBociety®0 (4):43. http://dx.doi.org/10.5751/
ES-08149-200443

Kareksela, S., Haapalehto, T., Juutinen, R., Matilainen, R., Tahvanainen, T. & Kotiaho,
J.S. 2015. Fighting carbon loss of degraded peatlands by jump-starting ecosystem
functioning with ecological restoration. Science of The Total Environment 537: 268-
276. http://dx.doi.org/10.1016/j.scitotenv.2015.07.094

Kareksela, S., Moilanen, A., Tuominen, S. & Kotiaho, ].S. 2013. Use of Inverse Spatial
Conservation Prioritisation to Avoid Biodiversity Loss Outside Protected Areas.
Conservation Biology 27: 1294-1303. http://dx.doi.org/10.1111/cobi.12146

Knight, A.T., Cowling, R.M. 2007. Embracing Opportunism in the Selection of Priority
Conservation Areas. Conservation Biology 21: 1124-1126. http://dx.doi.org/
10.1111/j.1523-1739.2007.00690.x

Knight, A.T., Cowling, R.M., Rouget, M., Balmford, A., Lombard, A.T. & Campbell, B.M.
2008. Knowing But Not Doing: Selecting Priority Conservation Areas and the Re-
search-Implementation Gap. Conservation Biology 22: 610-617.
http://dx.doi.org/10.1111/j.1523-1739.2008.00914 x

Knight, A.T.,, Cowling, R.M., Boshoff, A.F.,, Wilson, S.L. & Pierce, S.M. 2011. Walking in
STEP: Lessons for linking spatial prioritisations to implementation strategies.
Biological Conservation 144: 202-211. http://dx.doi.org/10.1016/
j.biocon.2010.08.017

Kotiaho, . S., Haapalehto, T., Halme, P., Kareksela, S., Oldén A., Pdivinen, ]. &
Moilanen, A. 2015b. Target for ecosystem repair is impractical. Nature 519: 33.
http://dx.doi.org/10.1038/519033a

Kotiaho, ]. S. & Halme P. 2014. Aggregating protected habitats embraces implicit
habitat conservation triage. Proceedings of Peerage of Science 1:e5.

Kotiaho, ].S., Kuusela, S. Nieminen, E., & Pdivinen ]. 2015a. Elinympdristdjen tilan
edistdminen Suomessa. Suomen ymparisto 8 | 2015. https://helda.helsinki.fi/
handle/10138/156982

Kotiaho, J. S., Kuusela, S., Nieminen, E., Pdivinen J. & Moilanen A. 2016a. Framework
for assessing and reversing ecosystem degradation. Reports of the Ministry of Envi-
ronment 15en | 2016.

Restoration priorities and strategies 59



Kotiaho, ]. S. & Moilanen, A. 2015. Conceptual and operational perspectives on eco-
system restoration options in the European Union and elsewhere. Journal of Ap-
plied Ecology 52:816-819. http://dx.doi.org/10.1111/1365-2664.12411

Kotiaho, J. S., ten Brink, B. & Harris, ]. 2016b. A global baseline for ecosystem recov-
ery. Nature 532: 37. http://dx.doi.org/10.1038/532037c

Kukkala, A. & Moilanen A. 2013. The core concepts of spatial prioritisation in system-
atic conservation planning. BiologicalReviews, online early
http://dx.doi.org/10.1111/brv.12008

Kuussaari, M., Bommarco, R., Heikkinen, R., Helm, A,, Krauss, |, Lindborg, R., Ock-
inger, E., Partel, M,, Pino, ]., Roda, F., Stefanescu, C., Teder, T., Zobel M. & Steffan-
Dewenter 1. 2009. Extinction debt: a challenge for biodiversity conservation. TREE
24:564-571. http://dx.doi.org/10.1016/j.tree.2009.04.011

Laitila, ]., Moilanen, A., Pouzols, F.M. 2014. A method for calculating minimum biodi-
versity offset multipliers accounting for time discounting, additionality and perma-
nence. Methods in Ecology and Evolution 5: 1247-1254. http://dx.doi.org/
10.1111/2041-210X.12287

Lammerant, ], Peters, R,, Snethlage, M., Delbaere, B., Dickie, I. & Whiteley, G. 2013.
Implementation of 2020 EU Biodiversity Strategy: Priorities for the restoration of
ecosystems and their services in the EU. Report to the European Commission.
ARCADIS (in cooperation with ECNC and Eftec).

Lindenmayer, D.B., Hulvey, K.B.,, Hobbs, R.]., Colyvan, M., Felton, A., Possingham, H.,,
Steffen, W., Wilson, K., Youngentob, K. & Gibbons P. 2012. Avoiding bio-perversity
from carbon sequestration solutions. Conserv. Lett. 5: 28-36.
http://dx.doi.org/10.1111/j.1755-263X.2011.00213.x

Margules, C. R. & Pressey, R. L. 2000. Systematic conservation planning. Nature 405:
243-253. http://dx.doi.org/10.1038/35012251

Margules, C. R. & Sarkar, S. 2007. Systematic conservation planning. Cambridge
University Press, Cambridge, United Kingdom.

Maron., M., Hobbs, R.]., Moilanen, A., Matthews, ]. W., Christie, K., Gardner, T. A., Keith,
D. A. Lindenmayer, D. B. & McAlpine C. A. 2012. Faustian bargains? Restoration
realities in the context of biodiversity offset policies. Biological Conservation 155:
141-148. http://dx.doi.org/10.1016/j.biocon.2012.06.003

Mermet, L., Homewood, K., Dobson, A. & Bill¢, R. 2013. Five paradigms of collective
action underlying the human dimension of conservation. In: Macdonald, D.W. &
Willis, K.J. (eds.), Key Topics In Conservation Biology 2, John Wiley & Sons, Somerset
(N]), pp. 43-58. http://dx.doi.org/10.1002/9781118520178.ch3

Moilanen, A., Possingham, H.P. & Polasky, S. 2009a. A mathematical classification of
conservation prioritisation problems. In: Moilanen A., Wilson K.A. & Possingham
H.P. (eds.), Spatial Conservation Prioritisation: Quantitative Methods and Computa-
tional Tools, Oxford University Press, Oxford, pp. 28-42.

Moilanen A., Wilson K.A. & Possingham H.P. (eds.) 2009b. Spatial Conservation Priori-
tisation: Quantitative Methods and Computational Tools, Oxford University Press,
Oxford, p. 304.

Moilanen, A. & Laitila, ]. 2015. Indirect leakage leads to a failure of avoided loss
biodiversity offsetting. Journal of Applied Ecology. http://dx.doi.org/10.1111/
1365-2664.12565

Moreno-Mateos, D., Power, M.E., Comin, F.A. & Yockteng R. 2012. Structural and
Functional Loss in Restored Wetland Ecosystems. PLoS Biol 10: e1001247.
http://dx.doi.org/10.1371/journal.pbio.1001247

60 Restoration priorities and strategies



Moreno-Mateos, D., Paula, M., Vara-Rodriguez, M.I. & Aronson, ]. 2015. Ecosystem re-
sponse to interventions: lessons from restored and created wetland ecosystems.
Journal of Applied Ecology. http://dx.doi.org/10.1111/1365-2664.12518

Naturvardsverket. 2015. Styr med sikte pd miljémdlen - Naturvdrdsverkets fordjupade
utvdrdering av miljémdlen 2015. Rapport 6666, 978-91-620-6666-6, oktober 2015.

Nelson E., Mendoza G., Regetz ]., Polasky S., Tallis H., Cameron D.R., Chan K.M.A., Daily
G.C., Goldstein J., Kareiva P.M., Lonsdorf E., Naidoo R., Ricketts T.H. & Shaw M.R.
2009. Modeling multiple ecosystem services, biodiversity conservation, commodity
production, and tradeoffs at landscape scales. Front. Ecol. Environ. 7: 4-11.
http://dx.doi.org/10.1890/080023

Noss, R.F., Nielsen, S. & Vance-Borland, K. 2009. Prioritizing ecosystems, species, and
sites for restoration. Spatial Conservation Prioritisation: Quantitative Methods and
Computational Tools, (eds A. Moilanen, H.P. Possingham & K. Wilson), pp. 158-171.
Oxford University Press, Oxford, United Kingdom.

Nybg, S., Pedersen, B., Skarpaas, O., Aslaksen, I, Bjerke, ].W., Certain, G., Edvardsen,
H.,, Framstad, E., Garnasjordet, P.A., Granhus, A., Gundersen, H., Henriksen, S.,
Hovstad, K.A, Jelmert, A., McBride, M., Norderhaug, A., Ottersen, G., Oug, E., Peder-
sen, H.-C.,, Schartau, A.K,, Storaunet, K.0. & van der Meeren, G.I. 2016. Description of
the major ecosystems and their reference states. In: Nature Index for Norway 2015.
Ecological framework, computational methods, database and information systems.
Trondheim: Norwegian Institute for Nature Research, ISBN 978-82-426-2858-9,
pp. 21-26.

Pimm, S.L. 2000. Against triage. Science 289, 2289. http://dx.doi.org/10.1126/
science.289.5488.2289

Possingham, H.P., Moilanen, A. & Wilson, K.A. 2009. Accounting for Habitat Dynamics
in Conservation Planning. - In: Moilanen, A., Wilson, K.A. & Possingham, H.P. (red.)
Spatial conservation prioritisation. Quantitative methods & computational tools. Ox-
ford University press, pp. 135-144.

Possingham H.P, Bode M. & Klein C.J. 2015. Optimal Conservation Outcomes Require
Both Restoration and Protection. PLOS@iology, http://dx.doi.org/10.1371/
journal.pbio.1002052

Pouzols, EM., & Moilanen, A. 2013. RobOff: software for analysis of alternative land-use
options and conservation actions. Methodsin®cology@nd®volution@:426-432.
http://dx.doi.org/10.1111/2041-210X.12040

Prach K. & Hobbs R.J. 2008. Spontaneous Succession versus Technical Reclamation in
the Restoration of Disturbed Sites. Rest. Ecol. 16: 363-366. http://dx.doi.org/
10.1111/j.1526-100X.2008.00412.x

Pressey, R.L. & Bottrill, M.C. 2008. Opportunism, Threats, and the Evolution of Sys-
tematic Conservation Planning. Conservation Biology 22: 1340-1345.
http://dx.doi.org/10.1111/j.1523-1739.2008.01032.x

Quetier, F., Regnery, B. & Levrel, H. 2013. No net loss of biodiversity or paper offsets?
A critical review of the French no net loss policy. Environmental Science & Policy 38:
120-131. http://dx.doi.org/10.1016/j.envsci.2013.11.009

Reidy, M., Chevalier, W. & McDonald, T. 2005. Lane Cove National Park Bushcare volun-
teers: taking stock, 10 years on. EcologicalManagement@®Restoration®: 94-104.
http://dx.doi.org/10.1111/j.1442-8903.2005.00225.x

ReVelle, C. S., Williams, ]. C., and Boland, J. J. 2002. Counterpart models in facility lo-

cation science and reserve selection science. Environmental Modeling and Assess-
ment 7: 71-80. http://dx.doi.org/10.1023/A:1015641514293

Restoration priorities and strategies 61



Ross, L.C., Austrheim, G., Asheim, L-]., Bjarnason, G., Feilberg, ]., Fosaa, A.M., Hester,
AlJ., Holand, @., Jénsdottir, 1.S., Mortensen, L.E., Mysterud, A., Olsen, E., Skonhoft, A.,
Speed, ].D.M,, Steinheim, G., Thompson, D.B.A. & Thérhallsdoéttir, A.G. 2016. Sheep
grazing in the North Atlantic region: A long-term perspective on environmental
sustainability. Ambio http://dx.doi.org/10.1007 /s13280-016-0771-z

Scemama, H.L. & Harold L, H. 2014. Using Habitat Equivalency Analysis to Assess the
Cost Effectiveness of Restoration Outcomes in Four Institutional Contexts.
Environmental Management. http://dx.doi.org/10.1007/s00267-015-0598-6

Simild, M., Aapala, K. & Penttinen, J. (ed.) 2014. Ecological restoration in drained peat-
lands - best practices from Finland. Metsahallitus, Vantaa. 24 pp.

Suding, K. N. 2011. Toward an era of restoration in ecology: successes, failures, and
opportunities ahead. Annual Review of Ecology, Evolution, and Systematics 42, 465-
487. http://dx.doi.org/10.1146 /annurev-ecolsys-102710-145115

Suding, K.N. & Hobbs R.J. 2009. Threshold models in restoration and conservation: a
developing framework. TREE 24: 271-279. http://dx.doi.org/10.1016/
j.tree.2008.11.012

Suding, K.N., Gross K.L. & Houseman G.R. 2004. Alternative states and positive feed-
backs in restoration ecology. TREE 19: 46-53. http://dx.doi.org/10.1016/
j.tree.2003.10.005

UNEP. 2003. Report of the expert meeting on indicators of biological diversity includ-
ing indicators for rapid assessment of inland water ecosystems. UNEP/CBD/
SBSTTA/9/INF/7, pp 64-68.

Virkkala, R. 2016. Long-term decline of southern boreal forest birds: consequence of
habitat alteration or climate change? Biodiversity and Conservation, 25: 1-17.
http://doi.org/10.1007/5s10531-015-1043-0

Westphal, M.1,, Pickett,M., Getz, W.M. & Possingham, H.P. 2003. The use of stochastic
dynamic programming in optimal landscape reconstruction for metapopulations.
Ecological Applications, 13, 543-555. http://dx.doi.org/10.1890/
1051-0761(2003)013[0543:TUOSDP]2.0.CO;2

Wilson, K.A,, Lulow, M., Burger, ]., Fang, Y., Andersen, C,, Olson, D., 0’Connell, M. &
McBride, M. 2011. Optimal restoration: accounting for space, time and uncertainty.
Journal of Applied Ecology, 48:715-725. http://dx.doi.org/10.1111/
j.1365-2664.2011.01975.x

Wilson, K.A., Cabeza, M. & Klein, C.J. 2009. Fundamental concepts of spatial conserva-
tion prioritisation. - in Moilanen, A., Wilson, K.A. & Possingham, H.P. (red.) Spatial
conservation prioritisation. Quantitative methods & computational tools. Oxford Uni-
versity Press, pp. 16-27.

Wortley, L., ].-M. Hero & Howes, M. 2013. Evaluating Ecological Restoration Success:
A Review of the Literature. Restoration Ecology 21:537-543.
http://dx.doi.org/10.1111/rec.12028

Young, J.C., et al. 2014. Improving the science-policy dialogue to meet the challenges
of biodiversity conservation: having conversations rather than talking at one-an-
other. Biodiversity and Conservation 23: 387-404. http://dx.doi.org/10.1007/
s10531-013-0607-0

Yoshioka, A, Munemitsu, A. & Taku, K. 2014. Spatial Prioritisation for Biodiversity
Restoration: A Simple Framework Referencing Past Species Distributions. Restora-
tion ecology 22: 185-195. http://dx.doi.org/10.1111 /rec.12075

62 Restoration priorities and strategies



Sammendrag

Dersom gkologisk restaurering skal bli et bidrag for d bevare biodiversitet
og fremme Gronn Infrastruktur md det gjores flere og bedre prioriteringer.

o

Restaurering er pekt pd som et virkemiddel for & oppna flere av de
strategiske malene [ Biodiversitetskonvensjonen (CBD) fra 2010.
Restaurering er samtidig et mal i seg selv, der CBD sitt Aichi-mal 15 slar fast
at innen 2020 skal 15 % av degraderte omrdder skal vaere restaurert. Det
store behovet for ressurser til restaureringstiltak framover krever
prioriteringer.

Det er begrenset tilgang pa ressurser til forvaltning og vern av natur
(inkludert restaurering). Dermed er det viktig & gjgre gode prioriteringer
for optimal bruk av penger og menneskelige ressurser til bevaring og
restaurering av biodiversitet. Prioritering er en helt avgjgrende for
systematisk planlegging innen bevaringsbiologien, men til tross for dette
er det forholdsvis nytt & gjgre systematiske prioriteringer i forbindelse
med restaurering og forvaltning. Det er behov for bedre
prioriteringsmodeller som ogsa tar opp i seg erfaringer fra strategisk
prioritering. Samarbeid mellom de nordiske landene og Estland kan bidra
til & implementere erfaringer fra prioritering av restaurering i landene.

Malet med dette prosjektet var fgrst og fremst utveksling av
erfaringer og eksempler pa restaurering og prioritering mellom de
nordiske landene og Estland. Gjennom a bruke konkrete eksempler fra
alle landene vil prosjektet beskrive og drgfte ulike tilneerminger for a
gjore prioriteringer, spesielt i et landskapsperspektiv. Basert pa dette
foreslas retninger for bedre arbeid med framtidige prioriteringer. Dette
omfatter ogsa forbedring av Grgnn Infrastruktur og bevaring av arter og
habitater i framgmenterte landskap. Prosjektet skal ogsa forsgke a dra
noen linjer mellom prioritering i gkosystemer pa land og i ferskvann.
Mélet er ikke & gi en fullstendig oversikt over prioriteringer brukt i
Norden og Estland, men heller & vise eksempler pa ulike mater. Gjennom
dette vil prosjektet forsgke a fremme ideer, refleksjoner og gi noen gode
rad for framtidige prioriteringer.

I et tidligere Nordisk Aichi restaureringsprosjekt, som ogsa mottok
stgtte fra Nordisk Ministerrdd og TEG (2014-2015), ble behovet for



nasjonale planer og prioritering av restaurering undestreket.
Restaurering ma ha en breiere fokus enn enkeltprosjekter og objekter. I
dette prosjektet tar vi nd dette perspektivet et steg videre og bruker
eksempler fra landene for & illustrere prioriteringsmodeller, fra
vitenskapelige og kvantitative strukturerte analyser til mer
opportunistiske og stedspesifikke avgjgrelser. Fjorten eksempler fra alle
landene er inkludert og omfatter et mangfold av habitater, skalaer,
organisering og typer prioritering. Innholdet i eksemplene diskuteres i et
teoretisk rammeverk, basert pa publisert litteratur om prioritering av
vern.

De ulike matene 3 prioritere pa som er rapportert her viser en
blanding av kvalitative og kvantitative data og vurderinger. Juridiske og
politiske anbefalinger som Habitatdirektivet og Nasjonale miljgmal, er
ofte utgangspunkt for hvilke habitater eller arealer som far fokus, men
bare unntaksvis sies det noe om hvordan priorieringer skal gjgres mellom
habitatater og arter. Den nasjonale finske arbeidsgruppa for prioritering
av restaurering er et av prosjektene som presenteres og som illustrerer
hvordan samtidig prioritering bade innen og mellom gkosystemer kan
veere kostnadseffektivt.

En sammenlikning mellom terrestre gkosystemtyper og kravene i
Vannforskriften (WFD) viser at det er noen fundamentale forskjeller i
tilneerming og priotiteringer. Lovverket for ferskvann har satt konkrete
forvaltningsnivaer (i forhold til en definert referansetiltand) som skal
oppnas i alle vannforekomster innen et gitt tidspunkt. Slike klare mal
finnes ikke i lovverket som styrer forvaltning pa land. Vannforskriften
setter minimumsnivaer i forhold til maloppndelse, slik at de mest
forringede vannforekomstene skal prioriteres. I terrestre miljger er det
mer vanlig at tiltakene rettes mot omrader med sma eller moderate
nivder av pavirkning og som dermed har stgrst potensial for a
gjenopprette store naturverdier.

Gjennom de siste par tidren er det utviklet mange systematiske
metoder for a& Kkunne gjgre prioriteringer av forvaltningstiltak for
biodiversitet. Det legges samtidig i gkende grad vekt pa
gkosystemtjenester i restaureringsprosjekter og dette vil trolig utlgse nye
Kriterier for prioriteringer, der fokus ligger pa den nytten og de godene
som restaureing produserer. Det er en risiko for at dette kan gi mindre
oppmerksomhet pa kvalitet og gkosystemfunksjon og at det til og med
kan oppsta en konflikt i forhold til bevaring av biodiversitet.

Generelt viser eksemplene i denne rapporten at a) kvantitative og
etterprgvbare metoder krever svart omfattende datatilgang og
databearbeiding, b) at politiske/kvalitative tilneerminger gir et godt
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overblikk, men darligere fokus, og c) at mer opportunistiske metoder kan
gi gode resultater, men mangler en egentlig overordnet prioritering.
Forenklet inngang til prioritering kan fungere i noen tilfeller, men
mangler generelt Kkost-nytte-vurderinger, komplementaritet og
sammenheng i beslutningene. Omfattende og komplekse analyser er et
svaert godt verktgy til & gjgre avveiinger, synergier og muligheter, men
kan mangle en god tilbakekobling til anvendelse og gjennomfgring i
praksis, inkludert brukermedvirkning. For & oppsummere sa blir
prioriteringene trolig mest effektive dersom utgangpunktet er
systematisk planlegging, men som kombineres med litt fleksibilitet og
pragmatisme. Det vil alltid vaere en avveiing nar det tas valg om a gjgre
tiltak i et gkosystem pa bekostning av et annet. Dette kan bli
kontroversielt og ogsa utlgse en etisk debatt. Det kan vaere smertefullt &
ofre noen vedifulle omrader, men i en sitausjon der det ikke er nok
ressurser til 4 gjgre alt handler prioritering om & innse at alle fornuftige
tiltak vil ga pa bekostning av noe annet.

Her og na er det ingen vedtatte standarder for prioritering av
restaureringstiltak i terrestre gkosystemer. Denne rapporten har vist at
det er behov for stgrre fokus pa nettopp dette aspektet ved restaurering.
Det trengs gode modeller og strategier for 4 kunne bruke ressurser pa en
fornuftig mate som pa sikt er bra for bevaring av biodiversitet.

Vi har satt opp ei liste med seks viktige momenter som vil bidra til
bedre prioritering av restaurering i Norden og Estland:

1. Utvikling av overordna planer er avgjgrende for kostnadseffektiv og
storskala lgsninger og for & utlgse synergier mellom alle padgdende
smaskala prosjekter.

2. Kost-nytte-analyser ma vere utgangspunkt for alle prioriteringer.
Teori og opportunisme ma kombineres for & oppna bedre lgsninger.

4. Planer og prioriteringer ma gjennomfgres, de har ingen egenverdi
dersom de ikke gjennomfgres i praksis.

5. Restaurering vil fungere bedre dersom prioriteringene tar et
landskapsperspektiv.

6. Ver spesielt oppmerksom pd Grgnn Infrastruktur bade for & unnga
negative pavirkning pa gkosystemer og ved restaurering av tapt
natur i byer, pa landsbygda og ute i naturomrader.
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Appendix: 14 case examples

Case 1: Prioritized Action Framework (PAF) for

Natura 2000

Table 2: Prioritized Action Framework (PAF) for Natura 2000

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement, etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special inven-
tories/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the pri-
oritization has worked as planned (scientific, social, po-

litical, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Prioritized Action Framework (PAF) for Natura 2000, Estonia

Planning of financing — Prioritized Action Framework
National

Central institution (MoE)

Planning 2012, implementation 2014-2020

Habitats Directive Annex | habitat types, Annex Il and IV spe-
cies, Birds Directive Annex | species and migratory species

PAF was intended as planning tools aimed at identifying key
priorities and providing an integrated overview of how to
achieve them having regard to different financing instruments
2014-2020.

Nationally available data, expert recommendations

PAF was based on National Nature Conservation Development
Plan and its priorities

Surface area of habitats supported to improve conservation

status

Implementation of PAF via different EU Funds (e.g. Cohesion
Fund, EAFRD, LIFE) and national funding

Yes

No

National planning for restoration and other conservation ac-
tivities. Does not consist of socio-economic analysis.

http://www.envir.ee/sites/default/files/elfinder/article_files/
paf_est.pdf




The Estonian PAF was based on the Nature Conservation Development
Plan (NCDP) to 2020, which was approved by Estonian Government in
2012. The Estonian NCDP is serving as the National Biodiversity Strategy
and Action Plan. The aims of the PAF were to define conservation priori-
ties and to propose measures to achieve these priorities. To this end,
measurable quantitative targets have been set for semi-natural grass-
lands, mire habitats and for several other habitats. Specific measures to
achieve the targets were listed and potential financing sources were iden-
tified. According to the PAF, habitat restoration that would be financed
from EU Funds would be ERDF/CF and LIFE. The measurable habitats res-
toration targets established in the PAF were:

Semi-natural grasslands

1630: 350 ha of habitat type will be restored, the managed area will be
increased from the currently managed 10,000 ha to 10,350 ha; manage-
ment quality will be improved so the area is more suitable for threatened
bird species (Charadriiformes).

6210, 6270, 6280, 6530, 8240: The currently managed area will be
maintained, the additional areas will be restored, with increases in the
managed area as follows:

e 6210 from the currently managed 1,000 ha to 2,250 ha
e 6270 from 1,000 ha to 1,800 ha

e 6280 (including 8240) from 2,850 ha to 7,350 ha

e 6530 from 700 ha to 3,150 ha.

5130, 6410, 6430, 6450, 6510, 9070: The currently managed area will be
maintained, additional areas will be restored, and managed area will be
increased as follows:

e 5130 from the currently managed 200 ha up to 2,925 ha
e 6410 from the currently managed 100 ha up to 675 ha

e 6450 from 6,600 up to 11,700 ha

e 6510 from 500 haup to 1,275 ha

e 9070 from 1,500 to 1,575 ha.
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In addition: the water regime for 6450 will be improved in several sites,
the quality of the management will be improved, infrastructure needed
for the management will be restored and in place in the most important
areas, and the habitat quality of 9070 will improved.

Dunes and heaths

2130: 400 ha of 2130 will be restored to provide habitats for Lacerta
agilis.

4030: 50-100 ha of 4030 will be restored - important habitat for La-
certa agilis.

Peatlands and other mire habitats

7110: The area of restored habitats will increase from 100 ha up to 8,000 ha.
7120, 7140, 7150, 7160, and 7230: About 2,000 ha of the habitats will
be restored.

Forests: degraded wet forest habitats will restored (2000 ha)

The Estonian PAF was completed at the beginning of 2013. Funding infor-
mation for the implementation of habitat restoration activities described
in the PAF:

e EUR 26.7 million expected from the Cohesion Fund (2014-2020) to
restore at least 9,000 ha of protected habitats.

e LIFE Nature Project (Life to alvars) to restore 2,500 ha of alvars
grassland (6280) in Estonia started in 2014, total cost EUR 3.7
million, of which 75% is from the LIFE Fund.

o LIFE Mires Estonia, started in 2015, restoration area will affect
approximately 5800 ha of mires, of which 3450 ha are Natura 2000
priority habitats (7110, 91D0, 9080, 9110). The project is expected
to plug approximately 240 km of drainage ditches and restore mire
habitats in 50 ha of abandoned peat mining areas located in nature
conservation areas. Total cost EUR 2.8 million, of which 74.6% is
from the EU.
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Case 2: Action plan for conservation and management
of species in Estonia

Table 3: Action plan for conservation and management of species in Estonia

Name (of examples) and country

Background information

Overall topic (habitat type/species/management issue)
National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration problem,
local improvement, etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special invento-
ries/other information)?

What model of priority and what criteria have been used?
What parameters are measured to follow up if the prioritiza-
tion has worked as planned (scientific, social, political, logistic

or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation measures
than restoration?

Can it be applied to other areas (geographic, habitat, political)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Species national action plans (Golden eagle, White-tailed ea-
gle, Lesser spotted eagle), Estonia

Species
National

Ministry of the Environment

Short term 5 years (including budget); Long term goals 15 years

Rare species (I protection category)

To increase and/or stabilize population size.

State monitoring (all known nesting sites are checked at least
once per 3 years)

Scientific — population trend; Political — protection category;
Social — Eagles as symbols of nature conservation.

Same as overall goal.

Yes

They are used for planning conservation areas.

Conservation measures are set. Sometimes shortage of hu-
man/financial resources for implementation of the plans.

http://www.envir.ee/sites/default/files/elfinder/arti-
cle_files/kk_1134_lisa_2013.pdf
http://www.envir.ee/sites/default/files/elfinder/arti-
cle_files/vaike-konnakotka_kaitse_tegevuskava.pdf
http://www.envir.ee/sites/default/files/elfinder/arti-
cle_files/kk_1135_2013_lisa.pdf
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An action plan has been prepared to organize the protection of species in
the protected category I. It has been initiated to ensure that species have
a favourable conservation status, if the results of a species inventory indi-
cate that current measures fail to do this, or if required because of inter-
national obligations. The plan is also for species management if the results
of the species inventory indicate a significant negative impact to the envi-
ronment caused by the increase in the population of the species, or a dan-
ger to the health or property of individuals.

An action plan includes biological data, population dynamics data and
information on the range of the species. It also includes the conditions re-
quired to guarantee an endangered species can achieve a more favourable
conservation status, as well as risk factors for the species. Other compo-
nents include the objectives for conservation or management, and a pri-
oritization and schedule for measures needed to bring the species to a fa-
vourable conservation status or for its management, and a budget for the
organization of conservation or management.

An action plan will be established by the Minister of the Environment
and will be published on the website of the Ministry of the Environment.
Plans are funded through state budgets, the Environmental Investment
Centre and LIFE projects.

Since 2000, action plans for conservation or for conservation and
management have been put in place for 58 species. Action plans for con-
servation are currently being created for 172 species. Action plans should
be approved for category I species in the Habitat Directive by 2020. These
are species for which most urgent and restrictive measures are needed.
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Case 3: Action Plan for semi-natural grasslands,

Estonia

Table 4: Action Plan for semi-natural grasslands, Estonia

Name (of examples) and country

Background information

Overall topic (habitat type/species/management issue)
National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement, etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special invento-
ries/other information)?

What model of priority and what criteria have been used?
What parameters are measured to follow up if the priori-
tization has worked as planned (scientific, social, politi-

cal, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Action Plan for semi-natural grasslands, Estonia
To preserve semi-natural grasslands and to plan protection
measures.
National Biodiversity Strategy

Ministry of the Environment

2014-2020

Habitats: 6280*; 6530*; 6210; 6270*; 4030; 7230; 1630*; 6450;
9070; 6410; 6510; 6430.

Several: 1) keep managing the land that’s already under manage-
ment; 2) improve the quality of management; 3) 45,000ha under

management; 4) increased awareness; 5) improved data acquisition

Nationally available data + special inventories

Scientific, logistic.

Quality of habitat, area of managed habitats.

45,000 ha properly managed habitats by 2020.

Yes (protection also)

No, the plan compiled just for semi-natural grasslands.

Good overview to plan for nature conservation measures and man-
agement.

http://www.keskkonnaamet.ee/keskkonnakaitse/looduskaitse—
3/pool-looduslikud-kooslused—2/ Under headline "Poollooduslike
koosluste hoolduskava” are management guidelines for semi-natu-
ral grasslands in English.

The action plan for semi-natural grasslands (2014-2020) has been ap-
proved by the Minister of the Environment. The basis of the action plan is
the nature conservation action plan, which is in force until 2020. The action
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plan for semi-natural grasslands has been drawn up to enable planning for
protection measures.

The action plan provides an overview of the existing situation, risk
factors, objectives until 2020 and measures to achieve them:

e The existing situation describes the situation in protected areas -
how many of the semi-natural areas are being maintained and how
many are being restored. It also describes financial resources and
gives a brief overview of habitat inventory and national monitoring.
The maintenance and restoration of semi-natural grasslands is
divided among several agencies, so the plan also describes the
different groups and their areas of responsibility.

e The plan also describes the main threats to semi-natural areas,
which are the risk of becoming bushland, inadequate maintenance
techniques and quality, cultivation, fragmentation, building and the
risk of being drained. Another problem is the patchy data underlying
the information.

e Issues that are relevant to reach the goals set in the action plan are
described - the need to improve the quality of maintenance, the need
to raised awareness of the importance of semi-natural grasslands, the
risk of development and the need to organize databases.

e Measures to reach the goals are also described. For example, the plan
prioritizes grasslands in need of restoration. The plan also identifies
supporting infrastructure that needs to be restored or constructed,
provides advice on how to improve the quality of maintenance, and
addresses issues related to large scale areas and sustainable
management.

e The plan describes a timetable and a budget, including funding
sources for restoration, maintenance and investments.

e [talsoincludes an evaluation of successes.

The Environmental Board, in cooperation with specialists and scientists,
has created guidelines for semi-natural grassland management. These are
an important source of information about semi-natural grassland habitat
types, and their conservation values, management and the restoration pro-
cess. http://www.keskkonnaamet.ee/keskkonnakaitse/looduskaitse-3/
pool-looduslikud-kooslused-2/

Brief overview of Estonian semi-natural grasslands: http://www.
keskkonnaamet.ee/public/PLK/poollooduslikud_kooslused_ENG.pdf
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Case 4: Prioritization analysis for mire protected area

network expansion

Table 5: Prioritization analysis for mire protected area network expansion

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special invento-
ries/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the prior-
itization has worked as planned (scientific, social, politi-
cal, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat, po-
litical)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Mire conservation prioritization in Finland

Conservation prioritization analysis for mires in Finland
National + regional

Analysis was commissioned by Ministry of Environment.

2013-2014

Conservation and restoration of habitats and threatened species

Mire biodiversity conservation

Large scale field survey, remote sensing data, and national data-
bases

Overall biodiversity with weighing according to RED list statuses

Complementarity, connectivity, restoration needs, and cost-effec-
tiveness are considered (biodiversity per area)

Complementarity and overall performance of the prioritization analy-
sis are evaluated by monitoring representation of 91 different biodi-
versity features in the solution.

Set of areas that when protected and restored (if needed) make
highest value addition to the existing protected area network

YES; allocation of areas to protection

YES

Highly comprehensive analysis with good result evaluation op-
tions. But the model is data hungry and relatively demanding pro-
cess (the more data the better).

http://www.metsa.fi/web/en/zonation
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A Zonation prioritization analysis was commissioned by the Finnish Ministry
of Environment for a roughly100,000 ha expansion of the mire protected area
network in Finland, as a part of the supplementary mire conservation pro-
gramme. The purpose of the analysis was to offer an additional tool for the
expert working group preparing a systematic scoring of candidate mire sites
for the expansion. The analysis was constructed to consider and balance re-
gional and national scale persistence of multiple biodiversity features, along
with complementarity, connectivity, cost-efficiency and restoration consider-
ations. The analysis method that was used, Zonation, is freely available prior-
itization software, which enables prioritization over the whole landscape,
balancing the persistence of a large number of biodiversity features simulta-
neously against the costs of the solution. The data in the project consisted of
over 90 biodiversity feature layers (species, habitats, etc.) compiled through
extensive fieldwork, use of remote sensing methods, and national databases.
The overall analysis area (candidate sites and already protected areas) was
close to one million hectares. The planning units were defined by expert work
to form hydrological functional units, including areas that require restoration
for the condition of the planning unit to retain or potentially increase its
value. Including the restoration cost as evaluated (or the required area) in a
planning unit’s overall costs makes it possible to balance the total costs of
protection and restoration against the biodiversity value of a set of planning
units considered for protection. Higher costs and larger degraded areas to be
restored need to be weighed against higher biodiversity values for a planning
unit to be included in the set selected for expansion of the protected area net-
work. A significant part of the implementation of any prioritization analysis
isits integration with expert knowledge. One goal of the focal analysis process
was to demonstrate how the results of a spatial prioritization analysis can be
coupled with regional targets and expert knowledge. This was done by iden-
tifying thresholds in complementarity development (i.e. how gaps in a pro-
tected area network are filled) when mire areas are iteratively added to the
set of areas to be protected as suggested by the analysis. Inspecting the
threshold allowed us define the most effective proportion of the additional
protection according to the prioritization and the proportion that can be cho-
sen by other priorities (e.g. local value) without compromising the comple-
mentary effect of the whole solution. The methods presented here offer a way
towards effective evaluation and implementation of prioritization results and
also towards more holistic conservation decision making,
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Figure 12: Field survey, remote sensing data and national databases together make up the basis
for the expansion of the Finnish mire protected area network

Protected Expansion
,’—q * Habitat distributions
n 3 on protected areas

0
0 Areasin order of the prioritization 1

References

Zonation prioritization analysis for supplementary mire conservation program in
Finland. http://www.metsa.fi/web/en/zonation
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Case 5: Forest burning is concentrated in fire
continuum areas in Finland

Table 6: Forest burning is concentrated in fire continuum areas in Finland

Name (of examples) and country

Background information

Overall topic (habitat type/species/management
issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special in-
ventories/other information)?

What model of priority and what criteria have

been used?

What parameters are measured to follow up if the
prioritization has worked as planned (scientific, so-
cial, political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habi-
tat, political)?

What is good about the model, and what are the
weaknesses?

Publications/references/link to more data:

Controlled burning, Finland

Forest burnings are concentrated to fire continuum areas
in Finland

National + regional

Analysis was commissioned by Ministry of Environment.

2010-2050

Restoration of forest habitats and threatened species

Forest biodiversity conservation

Expert opinion, GIS data

Every fire continuum area must support the fire contin-
uum network functionality. Also protected areas that are
suitable for burning must exist in the area.

Burnt forests and their connection to fire continuum areas

are reported every year

Functional network for fire-dependent and fire-favouring
species in Finland

NO

YES

Concentration to fire continuum areas is cost-effective.
However, burnings in other than fire-continuum areas are
rare

Map of the fire continuum areas in Finland. See Simild &
Junninen (2011) (in Finnish with English abstract), page 32.
https://julkaisut.metsa.fi/assets/pdf/Ip/Bsarja/b157.pdf
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Early successional habitats generated by forest fires are, by definition,
patchy and transient, and as an adaptation to this characteristic, many or-
ganisms dependant on fire habitats have developed an excellent ability to
emigrate and colonize new sites over long distances. However, there
needs to be a sufficient number of new suitable patches to colonize in or-
der to maintain a viable population size, because each habitat patch re-
mains habitable for a limited period. Maintenance of this type of metapop-
ulation dynamics requires continuous regeneration and successful colo-
nization of new habitat patches. Forest management methods involving
the use of fire are currently the most important tool for regenerating
these habitat patches.

Finland has established a nationwide network of 50 fire continuum
areas in order to maintain sufficient coverage of burned forest by contin-
ually implementing controlled burning according to a regional plan. The
fire continuum plan is a regional (1-3,000 km?) long-term (20-50 years)
plan with the objective of secure the continuity of fire habitats both in
time and space. Continuous establishment of these ephemeral habitats is
necessary for the long-term survival of several endangered fire-depend-
ent species. Forest fires create habitats that are critical for numerous spe-
cialized species.

Fire continuums are maintained mainly by controlled burns in Natura
2000 sites and other conservation areas, and to a lesser degree, by pre-
scribed burns in state-owned commercially managed forests. In some
cases, the area of forests suitable for controlled burns in a single Natura
2000 site is too low to maintain a long-term fire continuum, thus a fire
continuum area consists of a network of several Natura 2000 sites within
a ca. 20 km distance. The optimum period between consecutive fires in-
side a fire continuum area is 3-5 years. Fires at this interval are able to
maintain populations of both fire-dependent and fire-favouring endan-
gered species in the area.

References

Map of the fire continuum areas in Finland. See Simild & Junninen (2011) (in Finnish
with English abstract), page 32. https://julkaisut.metsa.fi/assets/pdf/
Ip/Bsarja/b157.pdf
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Figure 13: Map of the fire-continuum areas in Finland
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Case 6: Framework for the prioritization of
restoration measures within ecosystem types and
allocation of resources across ecosystem types

Table 7: Framework for the prioritization of restoration measures within ecosystem types and allocation of resources

across ecosystem types

Name (of examples) and country

Background information

Overall topic (habitat type/species/management
issue)

National/Regional?

Who took the initiative (local actors or from cen-
tral agency/organization)?

Timeframe (planning, application, duration,
stage, periods)

Priority model
Focus (rare species/habitats, particular
restoration problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special
inventories/other information)?

What model of priority and what criteria have

been used?

What parameters are measured to follow up if
the prioritization has worked as planned (scien-
tific, social, political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic,
habitat, political)?

What is good about the model and what are the
weaknesses?

Publications/references/link to more data:

Framework for assessing and reversing ecosystem degradation, Finland

Scientifically derived methods for prioritization of restoration measures within eco-
system types and allocating resources across ecosystem types

Applicable to any scale

Work was initiated by the Finnish Ministry of Environment in order to fulfil interna-
tional commitments (CBD Aichi targets and EU BD strategy targets)

10.2.2014-31.5.2015

Prioritizing restoration measures within ecosystem types and allocating resources
among ecosystem types.

i) to detect cost effective restoration measures within each of the ecosystem types,
ii) to prioritize ecosystem types for allocating restoration resources and iii) to esti-
mate the cost of any targeted amount of reduction in degree of degradation (e.g.
15%)

Expert opinion and national databases (e.g. National Forest Inventory and red data
book)

Effectiveness of each restoration measure in reducing degradation, per hectare cost
of each restoration measure, ecosystem service effect of each restoration measure,
practical applicability of each restoration measure

Based on the work Finnish Ministry of Environment is about to prepare a plan of ac-
tion to be presented to the parliament of Finland.

Priority sets of restoration measures within ecosystem types, priority of ecosystem
types to be restored and costs of meeting alternative restoration targets

YES; method allows quantification of offsets needed for any development project
where No Net Loss or some other target is desired

YES

It is quantitative and transparent. Priorities can be recalculated if data or expert
opinion is found to be incorrect. Scale independent. Tedious to collect all the neces-
sary information. Not yet spatial

https://helda.helsinki.fi/bitstream/handle/10138/156982/SY_8_2015.pdf and
Kotiaho et al. 2016a
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In this project we developed a procedure that answers the questions: how
can we achieve and document the achievement of any target (e.g. 15%)
for the restoration of degraded ecosystems in a way that is scientifically
valid, and what is the cost of reaching the target? First, we established that
from an ecological perspective, ecosystem degradation or improvement
has a minimum of two components: the extent of area that has been de-
graded or restored and the magnitude of the degradation or improvement
at any given location (1-3). Second, we derived a pragmatic decision sup-
port and assessment tool that allowed the prioritization of cost-efficient
restoration measures within ecosystem types and across ecosystems. In
Fig. 1, we illustrate the four phases and ten steps involved in the prioriti-
zation. Finally, our results pinpoint that prioritization across ecosystem
types is very effective in reducing the cost of restoration. If the target for
the whole of Finland is set to 15%, the cost of restoration with prioritized
restoration measures but without prioritizing across ecosystem types (i.e.
all ecosystem types would be restored by 15%) would be EUR 38 billion,
while after careful prioritization among ecosystem types (i.e. some eco-
system types are restored more and some less than 15%) the cost is re-
duced to EUR 16 billion (4-5).

Figure 14: The four phases (coloured columns) and 10 steps in the prioritization of restoration. Steps
1-5 quantify the degree of degradation in the current ecosystem condition, 6-8 the reduction in
ecosystem degradation due to restoration, 9 is prioritization of restoration measures and 10
prioritization among ecosystem types. Mathematical formalization for steps 5 and 10 are detailed (3)

N

Define foci

STEP 1. Decide focal
ecosystem types and the

Determine current
condition of
ecosystems

STEP 3. Determine current
and before degradation

Determine cost-
effectiveness of

restoration measures

STEP 6. Determine potential

restoration measuresand

Prioritization

STEP 9. Prioritize
restoration measures

area of each condition of each degraded

component

their per unit costs within each ecosystem type

STEP 7. Determine

STEP 4. Determine the loss of | ecosystem condition and
ecosystem condition from services gain from each
each degraded component restoration measure

STEP 2. Determine
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STEP 5. Calculate overall STEP 8. Cost-effectiveness of
ecosystem condition restoration measures follows
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Ten steps for more effective ecosystem restoration
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Case 7: Restoration of birch woodland, Iceland

Table 8: Restoration of birch woodland, Iceland

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe (planning, application, duration, stage,
periods)

Priority model <make sure that it is obviously clear
what has been the priority, where and when>

Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special in-
ventories/other information)?

What model of priority and what criteria have been

used?

What parameters are measured to follow up if the
prioritization has worked as planned (scientific, social,
political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the
weaknesses?

Publications/references/link to more data:

Restoration of birch woodland, Iceland

To restore birch woodland (Betula pubescens)
National and regional

Ministry for the environment and natural resources

Initiated in 2012. This is seen as a long-term task. The
priory setting is still in a planning phase, and due to a lack
of financial support from the ministry it has not yet been
applied

The birch woodland ecosystem

Conservation and restoration of the birch woodland eco-
system, the only native forest type in Iceland

National databases, expert knowledge

Conservation, restoration needs, and cost-effectiveness
were considered. Data on birch woodland distribution, and
population dynamics were used

No method developed

Increasing distribution of birch woodland

Management and restoration

No

NA. The model is unclear and the follow-up is weak

http://www.umhverfisraduneyti.is/frettir/nr/2046
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Restoration of birch woodlands has been carried out since early in the 20th
century. Early attempts focused mostly on excluding sheep grazing from
birch remnants (Eysteinsson 2011), followed by subsequent projects in
which planting and amelioration of conditions were included to enhance
recruitment and ecosystem development (e.g. Aradottir 2007, Oskarsson
2011, Oskarsson etf@l 2011). Based on a status report on the conditions of
the birch woodland ecosystem in Iceland and what was needed to conserve
and restore it (Skarphedinsdottir et@l. 2007), the Minister for the Environ-
ment and Natural Resources initiated efforts in 2011 to increase the distri-
bution of birch woodlands. The proposal for the work (http://www.um-
hverfisraduneyti.is/media/PDF_skrar/birkiskogaskyrsla-feb-2012-
PDEpdf) provided general prioritization of the approaches to be used. The
main steps recommended were:

e Anincrease in financial support for the Hekluskoégar restoration
project, to allow the project to expand.

e The two relevant governmental agencies, the Icelandic Forest
Service and the Soil Conservation Service of Iceland, should initiate
efforts to explore possibilities and assumptions for new projects
similar to the Hekluskégar project with the aim of enhancing
ecosystem resilience near active volcanoes.

e The Ministry should establish a working group with stakeholders to
identify efficient ways for improved grazing management and to
increase animal owners’ responsibility.

Following this proposal, the largest birch woodland restoration project in
Iceland, Hekluskoégar, was prioritized and financial support was increased
in 2013. However, since that time, funding has dropped. Thus, the current
effortin birch restoration is mostly related to the Hekluskégar project and
due to cuts in its budget, it has not been able to grow as planned. This
project emphasizes the importance of financial support being secured
concurrently with any decisions on new policies and priority setting.
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Case 8: Mire restoration, Norway

Table 9: Mire restoration, Norway

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)
Source of data (nationally available data/special in-
ventories/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the
prioritization has worked as planned (scientific, social,
political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the
weaknesses?

Publications/references/link to more data:

Mire restoration, Norway

Mire restoration
National (regional — East- and Central Norway)

Ministry of Climate and Environment

2014-2020*

Climate mitigation and ecological status

Mitigating climate changes and enhancing ecological status in a cost-effec-
tive way

Expert inventory and input from County governors and municipalities

Criteria set by MCE, the project shall mitigate effects of climate change, im-
prove ecological status, and be cost effective. These are further supported
by criteria from NEA (protected mires with threatened habitats, candidates
for being a “Chosen Type of Nature” (a special management status in Nor-
way), and special biodiversity.

Vegetation, hydrology, carbon emission, flood control, extensive and inten-

sive.

Increased water level and consequently improved ecological status. and car-
bon storage

Other type of mires
By using protected areas as target, we did not have to use a lot of time deal
with landowners and stakeholders. A weakness is the limited time frame.

None (yet). http://www.miljodirektoratet.no/no/Nyheter/Ny-
heter/2015/Mars—2015/Pilotprosjekt-for-restaurering-av-myrer/

Note:

* The description above is linked to the pilot project for 2015, but the project has now been extended.
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The pilot project for mire restoration for 2015 identified 18 potential ar-
eas for restoration. One of these was a fen, and the others were raised
bogs. Out of these 18, seven mires will be restored in 2015, and three
more will be restored in 2016.

As this project only lasted one year, it had a very tight schedule, from
the start of project planning to undertaking restoration measures in the
field.

The Norwegian Environment Agency (NEA) was responsible for se-
lecting areas and doing the planning for restoration measures for each
site. The County Governor or the local municipality was responsible for
field activity. In some cases, landowners also took part in the fieldwork.

Restoration goals will be set to monitor the effects of restoration. In
addition, a monitoring programme will be established in three of the sites.
A pre-measure survey was done in 2015. Restoration measurements are
planned for 2016. Follow-up monitoring will be done when the restora-
tion measures have been finalized.

Due to the tight time schedule, NEA decided to focus on protected areas
(it is not obligated to do this in protected areas), as these areas have a man-
agement regime that is very suited to such measures. In addition, these ar-
eas will also be protected in the future, meaning that both monitoring pro-
grammes and restoration measures will be easy to follow up.
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Case 9: National Plan for restoring wetlands, Norway

Table 10: National Plan for restoring wetlands, Norway

Name (of examples) and country

Background information

Overall topic (habitat type/species/management
issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model

Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special in-

ventories/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the
prioritization has worked as planned (scientific, social,
political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the
weaknesses?

What are the weaknesses?

Publications/references/link to more data:

National Plan for restoring wetlands, Norway
Wetlands (Definition follows the Ramsar definition of
wetlands)

National (regional priorities)

Ministry of Climate and Environment

2012 (preliminary national plan). Actions from 2014 —

Ecological value, red-listed species and habitats
Increase the ecological status of wetland areas in Nor-
way

Different sources, nationally, regionally, reports etc.
A potential for a great increased ecological status,
Ramsar sites, known localities for red listed species
and/or habitats, localities that were highly prioritized

by the County governor. Case by case approach.

Each projects needs to develop restoration goals.

Better ecological status

Recreation

Yes

N/A

N/A

https://www.fylkesmannen.no/Page-
Files/652844/Prosjektbeskrivelse%20versjon%202.pdf
https://www.fylkesmannen.no/Vest-Agder/Miljo-og-
klima/Verneomrader/Statsrad-Tine-Sundtoft-apnet-
Slevdalsvannet-naturreservat-med-friluftstiltak/
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In 2015, the Norwegian Environment Agency produced a four-year plan
on behalf of the Ministry of Climate and Environment for the restoration
of wetlands in Norway.

Wetlands in Norway are under constant pressure. Lowland wetlands
in particular face great pressure from activities related to industry, infra-
structure development, and urbanization. The Nature Index for Norway
shows that lowland productive areas are at high risk of development for
infrastructure and the like. The index also shows that the ecological status
of such areas in Norway is decreasing more or less all over the country.

The restoration plan was developed in close cooperation with the
County Governors. Other relevant agencies in Norway were also included.

Four criteria were used for the selection of localities:

o Potential for better ecological status.
e Ramsar site.
e Localities with red-listed species and/or red-listed nature types.

e Localities prioritized by the County Governor.

Fifteen localities were initially selected as potential restoration sites. Af-
ter more thorough examination and after discussions among sector au-
thorities, NGO, municipalities and landowners, 5 localities were excluded.
The remaining 10 localities are expected to respond well to ecological res-
toration. These localities will improve ecosystem services (such as miti-
gation of flooding), improve conditions for conserving biodiversity and
contribute to human well-being,
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Case 10: Nature protection in Norway

Table 11: Nature protection in Norway

Name (of examples) and country

Background information

Overall topic (habitat type/species/management
issue)

National/Regional?

Who took the initiative (local actors, central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special in-
ventories/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the pri-
oritization has worked as planned (scientific, social,
political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the
weaknesses?

Representative areas for nature protection, Norway

Nature protection

National

Governmental

Ongoing

Habitats, species

Representative protection of habitats

National data

Different between different kinds of habitats.

Scientific

A representative selection of protected areas
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Norway has a goal to protect a representative selection of the natural en-
vironment. In addition to representative protection, protected areas are
also important for biodiversity conservation.

Norway has a more than 100-year-long history of protecting its natural
environment, but most protected areas have only been established over the
last 30-40 years. Today, approximate 17% of the country’s land area is pro-
tected as nature reserves, national parks and the like.

Two assessment reports that examine protected areas have been
written to evaluate how well the representative selection of natural envi-
ronments has worked, and for forest in particular.

e In 2002, an assessment of gap analyses for forest protection was
undertaken (Fremstad et. al. 2002).

e In 2010, an assessment of natural variation and qualities of
Norwegian conservation sites was published (Fremstad et. al 2010).

These two assessments provide the foundation for ongoing work in na-
ture protection in Norway today.

There remain a number of gaps in areas of nature protection in Nor-
way, and there is in particular a need for more forest protection in nearly
every county in Norway. However, the largest gaps (lack of protection)
are found in the southern part of Norway (productive forests in the low-
land) and along the coastal areas.

Aichi target 17 states that “By 2015 each Party has developed,
adopted as a policy instrument, and has commenced implementing an ef-
fective, participatory and updated national biodiversity strategy and ac-
tion plan”. It is expected that this plan will consider and provide recom-
mendations for further work for nature protection in Norway.

References
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Case 11: Actions programs for threatened species,
Sweden

Table 12: Actions programs for threatened species, Sweden

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special in-
ventories/other information)?

What model of priority and what criteria have been

used?

What parameters are measured to follow up if the
prioritization has worked as planned (scientific, social,
political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat,
political)?

What is good about the model, and what are the
weaknesses?

Publications/references/link to more data:

Species Action Programs, Sweden

Conservation of threatened species
National

Central Agency (SEPA)

The work with SAPs has been ongoing since 2004. Most programs
have a duration of about 5 years.

Threatened species/habitats in a national perspective.

Improved conservation status of species

Nationally available data and special inventories

See Focus above. Among the SAPs, priorities have also been made in
relation to conservation status etc. Within each SAP, priorities are
made between different actions.

No method developed

Yes, restoration is however an important part in many programs

The approach with SAPs can be used in other countries and different
species and habitats

Broad scope of threatened species covered. The work has highlighted
attention on the needs of particular species to improve their status,
and has contributed to a substantial increase in knowledge. The divi-
sion of tasks between regional and central level has been effective
when for reaching local implementation and understanding.

The budget doesn’t match the action needs, and has made the pro-
grams more like visions than as concrete guidelines for actions. Priori-
ties can differ between regions and may lead to a less effective work
from a national perspective. The large number of active programs
may lead to resources being “scattered out”, and thus leads to few
concrete results for each species.

http://www.naturvardsverket.se/Miljoarbete-i-samhallet/
Miljoarbete-i-Sverige/Uppdelat-efter-omrade/Naturvard/Art-
bevarande/Atgardsprogram-for-hotade-arter/
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Actions programs for threatened species, Sweden

Since 2004, the Swedish Environmental Protection Agency has pro-
duced species action programmes for threatened species. The pro-
grammes are intended to function as a complementary conservation
tool, alongside a broader effort with site protection and the manage-
ment of semi-natural grassland financed via CAP. That function was a
starting point for the drafting of the original list of species and habitats
that needed special programmes.

Around 200 programmes have been initiated and together, they cover
more than 400 species and 7 specific habitats. More than 150 pro-
grammes have finalized, and they typically run for 3-5 years (after that
they are reviewed, and revised or cancelled, depending on the outcome).
They describe the ecological requirements for the concerned species, and
suggest conservation actions that are needed to reach short-term (pro-
gramme period) or long-term goals.

The costs for the suggested actions are estimated, but there is no
specific budget set aside for each programme -financing is handled
through a joint budget for all programmes, where money is allocated to
regional authorities (County Administrative Boards, CABs) through a
model based on the number of programmes that they are affected by.
The CABs can then decide which programmes they will prioritize. Since
2010, the total budget for the programme work has been much below
estimated needs, which has accentuated the need for setting priorities
between programmes and actions within each programme. Some na-
tional guidance has been provided on this issue, but much of the priority
setting is still done on the local level even though the programmes have
a national scope.

References
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Case 12: WWF work with restoration of semi-natural
grasslands, Sweden

Table 13: WWF work with restoration of semi-natural grasslands, Sweden

Name (of examples) and country

Background information
Overall topic (habitat type/species/management issue)

National/Regional?
Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration problem,
local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special invento-
ries/other information)?

What model of priority and what criteria have been used?
What parameters are measured to follow up if the prioritiza-
tion has worked as planned (scientific, social, political, logistic

or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation measures
than restoration?

Can it be applied to other areas (geographic, habitat, politi-
cal)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Restoration of semi-cultural grassland, Sweden

Conservation of semi-natural grasslands

Specific priorities have been made on regional level, although there has
been a national prioritization of regions

The concrete conservation work has been based on local initiatives to a
large extent

Has been on-going for more than 20 years

Restoration of semi-natural grasslands in valuable regions

Increased amount and improved quality of semi-natural grasslands

Not specified, but probably national data about valuable grassland, com-
plemented by local knowledge and site inventories

Pragmatic, based on stakeholder interest and the existence of habitats
suitable for restoration

No method developed

Yes, but the model is very much built up step by step by involved stake-
holders

It has led to substantial results, with good participation from local stake-
holders. However, this is not really a priority model, rather for reaching
results in relation to a general problem. The exact location of the restora-
tion measures has been of less concern than the presence of interested
stakeholders. There has however always been a focus on restoration of
semi-natural grasslands with high potential for biological biodiversity of
management-dependent species.
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The project has focused on restoration of semi-natural grasslands to pre-
vent their continuing decline. The work was started 25 years ago, with the
successful approach of establishing contacts with interested actors as well
as local and regional organizations with similar ideas. This has allowed the
development of sound models for cooperation. The role of WWF has largely
been in the overarching planning, economic support and national coordi-
nation. Local and regional efforts have been carried out by different part-
ners, in close contact with landowners and livestock producers.

The work has been concentrated in regions where the cultural land-
scape still has high biodiversity values. The baseline for this project is that
it needs to be an infrastructure of semi-natural grasslands in the land-
scape, and interested landowners and livestock owners are important for
these type of actions.

This complex effort has developed step-wise, and led to very substan-
tial results - more than 30,000 ha of restored grasslands. It has also had
important side effects, such as better a financial situation and increased
cooperation between farmers, and improved access for the general public
to restored areas. The sites are spread out over several regions in Sweden
with high values associated with semi-natural grasslands. In several
cases, the restoration efforts have been important for species groups such
as butterflies or wetland birds.

In spite of this successful work, the total amount of managed semi-
natural grasslands in Sweden has decreased by around 70,000 ha be-
tween 2004 and 2014, which shows that further measures are necessary.
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Figure 15: Close cooperation with local stakeholders have been essential for the successive
restoration of semi-natural landscape in this Swedish project
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Case 13: Prioritized Action Framework (PAF) for

Natura 2000, Sweden

Table 14: Prioritized Action Framework (PAF) for Natura 2000, Sweden

Name (of examples) and country

Background information

Overall topic (habitat type/species/management issue)
National/Regional?

Who took the initiative (local actors or from central
agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular restoration
problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special invento-
ries/other information)?

What model of priority and what criteria have been
used?

What parameters are measured to follow up if the prior-
itization has worked as planned (scientific, social, politi-
cal, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conservation
measures than restoration?

Can it be applied to other areas (geographic, habitat, po-
litical)?

What is good about the model, and what are the weak-
nesses?

Publications/references/link to more data:

Prioritized Action Framework (PAF) for Natura 2000, Swe-
den

Financing of conservation measures in Natura 2000 areas

National

Central Agency (SEPA)

The first PAF was developed in 2012, an update is desirable
in 2016

The PAF should describe and prioritize conservation
measures in Natura 2000 areas, in order to identify finan-
cial needs.

Improved conservation status of habitats species in Natura
2000 network

Article 17 report, information from work with national en-
vironmental objectives, expert opinions. Mostly nationally
available data. Data for specific Natura 2000 sites was not
available.

The Swedish priorities were based on conclusions from the
art 17 report, and other national knowledge of typical con-
servation needs for different habitats and species. Habitats
and species with a bad conservation status were given pri-

ority.

No method developed

Yes

Yes. All EU member states should develop PAFs

Broad scope, covers large part of protected areas in SE, but
it does not have clear link to practical implementation

http://www.naturvardsverket.se/upload/stod-i-miljoar-
betet/vagledning/natura—2000/paf-se-mar—2013.pdf
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The requirement to develop PAFs comes from article 8 in the EU Habitats
Directive. PAFs should describe the most important conservation
measures in the Natura 2000 sites, and how they can be financed. In 2012,
the European Commission developed a draft structure for PAFs, and en-
couraged the member states to develop draft PAFs by 2013, so they could
serve as background documents when national implementation pro-
grammes for the EU fund for 2014-2020 were developed.

In Sweden, the PAF priorities were based on conclusions on conser-
vation status of species and habitats (reported according to article 17 of
the directive), as well as conservation needs identified in the work with
the evaluation of the Swedish national Environmental Objectives. Expert
opinions were also collected. In the PAF, the following overarching prin-
ciples were identified:

e Maintain biodiversity values where they exist (prevent damage or
deterioration, protection if necessary, recurring management of
semi-natural habitats).

e Restore habitats.
e Reduction or avoidance of negative activities.
e Improvement of connectivity.

e [nvestments.

Regarding restoration, the following specific needs were highlighted:

e Prescribed burns in fire-dependent woodland/forest habitats.
¢ Hydrological restoration of wetlands (class 1).

e Restoration and re-introduction of management in semi-natural
grasslands, wooded pastures and wetlands dependent on traditional
management.

e Hydrological restoration of wet forest habitats.
e Restoration of degraded dunes and sand habitats.

e Restoration of watercourses, including restoration of hydrological
regimes.

e Restoration of marine reefs and sandbanks.

¢ Improvement measures for certain species (listed in the PAF).
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Specific priorities for conservation measures were also identified for dif-
ferent landscape types (marine, coastal, lakes and rivers, semi-natural
grasslands, wetlands, forests, etc.). The Swedish PAF has not been imple-
mented in any structured way, although the priorities have been used in
some contexts, such as in setting priorities for LIFE projects.

References

http://www.naturvardsverket.se/upload/stod-i-miljoarbetet/vagledning/natura-
2000/paf-se-mar-2013.pdf
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Case 14: National trade-off between biodiversity and

hydropower, Sweden

Table 15: National trade-off between biodiversity and hydropower, Sweden

Name (of examples) and country
Background information

Overall topic (habitat type/species/manage-
ment issue)

National/Regional?

Who took the initiative (local actors, central

agency/organization)?

Timeframe

Priority model
Focus (rare species/habitats, particular
restoration problem, local improvement etc.)

Overall goal of priority (one or several)

Source of data (nationally available data/special
inventories/other information)?

What model of priority and what criteria have
been used?

What parameters are measured to follow up if
the prioritization has worked as planned (sci-
entific, social, political, logistic or other)?

Expected outcome

“Evaluation”
Does the same model include other conserva-
tion measures than restoration?

Can it be applied to other areas (geographic,
habitat, political)?

What is good about the model, and what are
the weaknesses?

National trade-off between biodiversity and hydropower, Sweden

Obligations within the Water Framework Directive, Habitats Directive and the Renew-
able Energy Directive can be in conflict.

National and regional. Sweden has some 2,000 hydropower plants in 84 out of 119
catchments. All 84 were included in the analysis.

Central agencies; Swedish Agency for Marine and Water Management and the Swe-
dish Energy Agency

The national project was started and completed in 2013. It will continue at a regional
level and more detailed scale until at least 2017.

Focus is on how to reach the national environmental quality goals in areas where they
come in conflict. These national goals include the EU directives.

A national strategy showing where environmental and energy measures should be lo-
cated.

A trade-off between catchments on whether environmental values or energy values
have precedence.

Analyses were made in a GIS-environment. Some data were already available in na-
tional scale and some were aggregated from regional sources.

Decide which value should have precedence and how, using a multi-criteria analysis.

A maximum of 2.3% (1.5 TWh) of the annual production can be used for environmen-
tal measures. All measures rendering a loss of production will be noted in a database.

A national strategy showing where environmental and energy measures should be lo-
cated. 6 groups of catchments were identified on a scale from importance for energy
production to important for environment.

The model only deals with measures that have a negative influence on the energy
value such as fish-passages and ecologic flows. Other measures like habitat restoration
can still be used in catchments with a high energy value.

Yes, it has been used in a similar way when making trade-offs between water values
and agricultural values. Collaboration between the Swedish Board of Agriculture and
Swedish Agency for Marine and Water management.

The analysis shows that the environmental objectives can be reached at a national
level but not in every catchment.

The actual trade-off can be made in different ways giving slightly different outcomes.
Before measures are carried out there is a need for a more thorough analysis in each
catchment. Especially in areas with important values in both energy and environment.
Many measures will be decided within the legal system so they have to make rulings
based on this strategy if it should give the intended effect.
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The Water Framework Directive (WFD), the Habitats Directive and the
Renewable Energy Directive may be in conflict. Hydropower is an im-
portant renewable energy source in Sweden and Europe but has a nega-
tive effect on the ecological status and biodiversity in water-dependent
ecosystems. Sweden has some 2,000 hydropower plants in 84 out of 119
catchments. This has led to a deterioration of habitats that are in need of
restoration according to the WFD and the Habitats Directive. Since it is
possible to take socioeconomic needs into consideration within the WFD,
the two central agencies responsible for the water environment and en-
ergy started a joint project to clarify how these issues could be resolved.
The objective was to formulate a national strategy showing where
measures for biodiversity and energy should be located. In all 84 catch-
ments with hydropower, the energy value and the biodiversity value were
calculated in a GIS environment based on indicators. Indicators for energy
values were regulatory ability, installed capacity, and production. Thirty-
eight indicators were used to show the biodiversity value and included
factors such as threatened species (N2000 and red listed), protected ar-
eas (N2000 and nature reserves), key habitats and previous restoration
measures. Data were identified in existing national databases and by ag-
gregating data from regional sources.

The energy values and biodiversity values were grouped into six
groups of catchments using K-means cluster analysis (ranging from catch-
ments with a high biodiversity value and low energy value and vice versa
and areas were the two values coincide). A target was calculated that al-
lows for 1.5 TWh (2.3%) of the energy production to be used for biodiver-
sity measures in hydropower (e.g. ecological flows and fauna passages).
Measures beyond this target are considered as having a significant ad-
verse effect on the national energy and regulatory capacity of renewable
energy production from hydropower. The analysis shows that the differ-
ent environmental objectives all can be reached at a national level but not
in every catchment. A more detailed analysis in each of the catchments is
underway.
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Figure 16: The value of each catchment for a) biodiversity, b) energy and c) groups based on
combined values. The resulting groups have separate strategies, but groups 1 and 2 have high
energy values and high biodiversity values, while groups 5 and 6 have low energy values and high
biodiversity values. In a) and b) only catchments with hydropower are visible
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References
https://www.havochvatten.se/hav/samordning--fakta/samverkansomraden/
energi/nationell-strategi-for-vattenkraft-och-vattenmiljo.html (in Swedish)
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