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ARTICLE INFO ABSTRACT

Keywords: There is a need for large-scale demonstrations to address the challenges and possibilities for upscaling of
Ecosystem restoration ecosystem restoration, and for learning and sharing knowledge across professions and habitats. Large-scale and
Evaluation' . complex restoration projects need new perspectives on goal formulation, indicators for success, and evaluation to
Iriiegerr;é:;:mng encompass both scientific approac}zles and the tacit knowledge held by practitioners. The objective of this paper is
Restoration goal to use the restoration of a 165 km* former military training area in alpine central Norway into National Park to
Upscaling demonstrate the challenges of upscaling and integration. Main tasks were to remove roads and technical

infrastructure, prepare for natural recovery and remove undetonated ordnance. In total, 19 indicators were used
to evaluate the restoration outcome, related to four overall restoration goals formulated by the Norwegian
Parliament: nature protection, considerable nature benefit, safe civilian use, and restoration back to natural state.
Despite an overall linear project cycle, a dynamic and adaptive process of planning, implementation and eval-
uation was performed at the individual site scale. A dynamic dialogue between all involved professions allowed
for exchanging scientific and tacit knowledge, and continuous improvement of solutions. The study demon-
strated the relevance of qualitative assessments combined with quantitative indicators — i.e., use of expert
opinions and the continuous evaluation to feed back into planning and improving the implementation of
restoration measures. A “Green training” procedure was developed, linking top-down formally defined settings of
the project with bottom-up hand-on solutions. This procedure can be directly transferred to other large-scale
mitigation and restoration projects. Demonstration sites like the one described here, are valuable to develop
an expanded vision of restoration to meet the UN Sustainable Goals.

1. Introduction well-being. Restoring degraded land as a mitigating measure to reduce

carbon emissions and combat climate change has accordingly been

Anthropogenic land-use changes, combined with climate change,
cause dramatic declines in biodiversity (Pimm, et al., 2014; Rounsevell,
et al., 2018). The Intergovernmental Science-Policy Platform on Biodi-
versity and Ecosystem Services’ (IPBES) global report shows that 75% of
global land areas are under heavy human pressure, and 20% of all
species are in danger of going extinct (IPBES, 2019). Degraded land has a
documented impact on biodiversity and ecosystem functioning, as well
as on food production, climate, and human health and livelihoods
(IPBES, 2018). IPBES (2019) have pointed towards a massive upscaling
of ecosystem restoration as a central tool to combat land-degradation, in
order to protect biodiversity and ecosystem services, and ensure human
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highlighted by the Intergovernmental Panel on Climate Change (IPCC,
2018). The need to restore degraded lands for meeting the UN Sus-
tainability Development Goals (SDG) is also emphasised by both panels
(IPBES, 2018; IPCC, 2018), and the United Nations General Assembly
has proclaimed 2021 — 2030 the Decade on Ecosystem Restoration (UN,
2020).

To meet the global restoration commitment the vision of restoration
needs to expand (Perring, et al., 2018), and upscaling and integration
are two dimensions of particular importance (IPBES, 2019). Upscaling
depends on expanding from single restoration interventions to large-
scale landscape management, and on linking scientific studies and
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traditional ‘on-the-ground’ interventions (Rieger, et al., 2014). The
upscaling of restoration can be expected to profit from an exchange
between these two traditions (Soranno, et al., 2014). The integration of
social, political and economic aspects to restoration is repeatedly
highlighted, but assessments of socio-economic output are only rarely
integrated in planning and implementation of restoration activities
(Budiharta, et al., 2016; Evju, et al., 2020).

There is a need for large-scale restoration demonstrations to address
the challenges and possibilities for upscaling, and for learning and
sharing knowledge across professions and habitats (IPBES, 2019; Tem-
perton, et al., 2019). Traditional restoration theories are insufficient for
the needed upscaling and broader view of restoration, taking into ac-
count ecosystem services and socio-economic issues (Aronson, et al.,
2017). In particular, there is a need to explore how the transfer of sci-
entific knowledge into active interventions can gain integrated quality
outcome, and how it relates to restoration success. Analysing completed,
long-term and large-scale restoration projects can be useful tools for this
exploration.

Defining goals and targets are fundamental when initiating restora-
tion projects (Prach, et al., 2019; Zedler, 2007), and forms the basis for
developing indicators for restoration outcomes. Logically, the definition
of goals and targets should always be at the initial stage of any resto-
ration project, and based on these, indicators for the evaluation of suc-
cess should be defined. However, as has been pointed out in recent
years, flexible goals and approaches to restoration are needed (Hiers
etal., 2016; Higgs et al., 2018), to encompass both scientific approaches
and indicators, and the tacit knowledge held by practitioners (Cipollini,
et al., 2005; Hulme, 2014). This is particularly important in large-scale
and complex landscape restoration (e.g. Pedersen et al. 2007, Prach
et al. 2013, and Cairngorms Connect 2021).

Scientific, experimental approaches to evaluate restoration outcome
are often small-scale and short-term (Prach, et al., 2019) and may fail to
match the temporal and spatial extent of the restoration effects. The
scientific literature reports an almost infinite number of indicators to
measure restoration success (Evju, et al., 2020; Ruiz-Jaen & Aide, 2005),
with a total dominance of ecological and only occasionally socio-
economic indicators (Evju, et al., 2020). Although scientific research
will be a part of building knowledge for upscaling of restoration, how
scientific and quantitative indicators work on large spatial scales, and
which combinations of indicators are valid for evaluating the total
(including the socio-economic) restoration outcome in large-scale in-
terventions, is unclear. Upscaling and integration require a combination
of indicators and approaches to evaluation, including systems to inte-
grate quantitative and qualitative indicators, expert opinions as well as
local experience (Cipollini, et al., 2005). According to the IPBES ambi-
tions and the strategy for the UN Restoration Decade (IBPES 2019, UN
2020), improved translation between scientific and tacit knowledge is
necessary to succeed with upscaling of restoration. To this end, an open
approach to restoration practice is required (Higgs et al., 2018). This
calls for building partnership between broad groups of stakeholders and
professions (Hulme, 2014).

In this paper, we use the restoration of a 165 km? former military
training area in alpine central Norway into National Park, to demon-
strate the challenges of upscaling and integrating a varied set of in-
dicators to evaluate restoration success. The use of former military areas
for nature conservation purposes is known from other regions (Havlick,
2014). In 1999 the Norwegian Parliament decided to close down the
largest military training area in southern Norway after more than 80
years of military use, and to restore the area into a National Park and for
civilian use (Norwegian Defence Estate Agency, 2021). The project
received a budget of 60 mill euro, and was completed in 2020, including
the clearing of unexploded ordnance and pollution, removing roads and
other technical installations, and the recovery of natural habitats. The
project involved a comprehensive group of stakeholders, professions,
and partners, and the evaluation of restoration outcome included a large
number of generalised and subjective indicators (cf. Prach, et al., 2019),
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partly formulated in the initial stage of the project and partly appearing
during the final part of the implementation.

The aim of this paper is to present and discuss the process and
outcome from the restoration of the Hjerkinn military training area at
Dovrefjell as a demonstration site for large-scale landscape restoration.
We will demonstrate the restoration cycle from the initial Parliament
Decision, through planning and implementation phases, and the final
outcomes. Further, we describe how the project performed in linking
overall restoration goals with specific targets, developing a set of in-
dicators to evaluate restoration outcome at different spatial and tem-
poral scales, and combining generalised and subjective indicators for
overall project evaluation. Finally, we tie the final outcomes back to the
initial overall goals for the project, and identify lessons learned (chal-
lenges, pitfalls, and successes) that can be communicated into future
projects. Special attention is given to the development of solutions for
large-scale implementation of restoration in the field, and how these
relate to the upscaling and integration, as prescribed by IPBES (2019) and
the UN Restoration Decade.

2. Study context
2.1. Study area

The Hjerkinn military training area is situated at Dovrefjell, Central
Norway, and has been used for military purposes since 1923, also during
World War II. The area was further developed after World War II,
covering 165 km? and becoming the largest military training facility in
southern Norway. Soldiers from Norway and allied countries used the
area for training and testing of equipment and ammunition until 2008
(Norwegian Defence Estate Agency, 2021). Major parts of the technical
infrastructure were developed during the 1960's to 1980's, including
more than 90 km of roads, ~100 buildings and constructions, several
large artillery training facilities, gravel pits and mounds. Major parts of
roadless areas were also affected from being used for several types of
military training and as target areas.

The Dovrefjell area is well-documented as a region of significant
natural and cultural value (Norwegian Environmental Agency, 2021),
and the military area is surrounded by many protected areas: National
Parks, Nature Reserves and Landscape Protected Areas (Fig. 1). Dov-
refjell is a high-mountain ecosystem where the wild reindeer is a key
species, and the area also hosts populations of wolverine, arctic foxes,
golden eagles, gyrfalcons and other rare and threatened animal species,
a high number of rare and red-listed plant species and a large diversity of
vegetation types. Main vegetation types include lichen heaths and shrub
heaths, mires as well as alpine meadows and snow beds (Appendix A).
Dovrefjell holds the only European population of musk oxen, which was
introduced from Greenland in the 1950's and remains highly attractive
for tourism and wildlife watching (Dybsand & Fredman, 2020).

2.2. Demonstration site: The Hjerkinn project

In 1999 The Norwegian Parliament closed down the existing military
training area of Hjerkinn in the Dovrefjell area, as part of a larger de-
cision on reorganising and updating military training facilities in
southern Norway (Norwegian Ministry of Defence, 1998). The decision
specified that the closure included restoration of the area for civilian
use, future protection and “back to original” ecosystem and landscape
quality.

This decision initiated three planning processes in parallel: 1. The
plan for closure and restoration of the military training facilities at
Hjerkinn (lead by the Norwegian Ministry of Defence). 2. Nature pro-
tection plan (lead by the Norwegian Ministry of Climate and Environ-
ment and operated by the County Governor of Oppland). 3.
Development Plan for the local councils (lead and operated by Dovre
and Lesja Local Councils). This paper deals with the first process, with
the other two mentioned only when of direct relevance to the restoration
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Fig. 1. The Hjerkinn military training in Dovrefjell in Innlandet County, Norway. Before the restoration the military training area was surrounded by protected areas
(green colour), including National Parks, Landscape Protected Areas and Nature Reserves. Figure adapted from Aasetre et al. (2021). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

project.

The Norwegian Defence Estate Agency (NDEA) was assigned to
operate the restoration project on behalf of the Norwegian Ministry of
Defence, and established Hjerkinn PRO as the overall operative project
unit, with three subprojects: The ecosystem restoration subproject
included the removing of all technical infrastructure, including build-
ings, roads and military installations, and to prepare the terrain and
vegetation for ecosystem recovery. The explosive subproject included
the search and removal of unexploded ordnance (UXO), trash and waste
from the training areas in close cooperation with the Norwegian Armed
Forces. The explosive subproject also supported the restoration sub-
project on safety matters, such as clearing areas before the excavators
were let in to do restoration. A third subproject included matters
regarding civilian land-use rights, contact with local and regional

Parliament
Decision

stakeholders, collation of information across and within planning pro-
cesses, as well as mapping and monitoring of pollutants.

The project cycle of Hjerkinn PRO was 21 years (1999 — 2020; Fig. 2).
During the initial preparation stage (1999 — 2003) NDEA established the
project organisation, prepared for formulation of operative goals, and
outlined law and safety issues. The project planning stage (2003 — 2006)
involved environmental impact assessments, setting targets and defining
indicators, logistic and economic planning, dialogue between stake-
holders, and some preliminary testing of restoration techniques. The
large-scale intervention stage took place during 2006 — 2020 (separated
into two phases due to logistic and economic reasons). In 2018 the
original Parliament Decision was modified as a consequence of local
processes and strong debate, and two main roads in the area were
decided to be kept for the future (Flemszter, et al., 2019).

(1999)

established (2003) (2003-2006)

Z Hjerkinn PRO Z Planning phase Z

AN

Implementation
phase | (2006-2014)

Implementation > Reporting and

phase Il (2014-2020) evaluating (2021)

Fig. 2. Phases of the Hjerkinn restoration project, initiated from a Parliament decision in 1999 up to the completion in 2021.
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Overall restoration goals (as formulated by the Norwegian Parliament in 1999), specific targets and indicators (developed during the planning and implementation
stages) in Hjerkinn PRO. Indicators marked with * are developed and measured through other projects but they feed back to an overall goal.

Restoration goal

Target

Indicator

Comment

Considerable nature
benefit

Nature protection

Civilian use

Restore back to
natural state

Increase available area for wild reindeer

Increased habitat for wild reindeer
Reduced area of technical infrastructure

Legal protection

Safe for recreation
Facilitate recreation

Increase area of intact wetland and mires

Increase area of intact alpine heathland, barren land,
meadow, snowbed, shrub heath/woodland

Increase natural vegetation cover and high carbon
storage sites.

Revegetation recovery in restored sites

Restoration of terrain and landscape

Evaluation of single restored sites

Specific actions

Wilderness area

Habitat functionality*

Amount of infrastructure removed

Area of removed infrastructure

Area of national park*

Area of protected landscape *

Risk of undetonated explosives
Explosives, garbage and foul removed in
hiking areas

Area of removed infrastructure

Area of removed infrastructure

Increased carbon storage and
sequestration

Vegetation cover, species richness,
absence of invasive species
Terrain/landscape formation within
surroundings

Vegetation establishment (visual
vegetation cover)

Terrain formation (consistency with
terrain surrounding the site)

Wetland recovery (reopening drainage
system and wetland habitat)
Cooperation and communication (quality
and frequency of dialogue)

Number of planted native Salix (from
cuttings)

Area seeded with native seeds

Area with distance from technical infrastructure

Model for habitat functionality

Length of roads and other infrastructure
Direct area, area with 25 m buffer
Formal legal protection in 2018

Formal legal protection in 2018
Residual risk

Amount of UXO and garbage removed

Direct area, area with 25 m buffer

Direct area, area with 25 m buffer

Amount of carbon sequestered and stored calculation
per restored nature type area with 25 m buffer
Detailed monitoring in some sites, in combination with
photo

Photo before and after restoration, from ground and
from air

On-site expert evaluations

On-site expert evaluations

On-site expert evaluations

On-site expert evaluations, Green training

Production and planting

Seed propagation and seeding

The Nature Protection Plan for the area developed in parallel, and in
2018 the Norwegian Government expanded the existing National Park
area (Norwegian Ministry of Climate and Environment, 2018). There-
fore, most of the previous military area was already protected during the
last two years of the implementation of Hjerkinn PRO. The total budget
available for Hjerkinn PRO, provided by the Norwegian Parliament, was
60 million euro.

2.3. Restoration goals, targets and indicators

The overall goals for the restoration were formulated in the Parlia-
ment Decision and included four components: to obtain considerable
benefits for nature in the area, to secure formal nature protection (as in
National Park status), to make the area secure for civilian use, and to
restore the area back to an original/natural state (Norwegian Ministry of
Defence, 1998). In addition to this, the decision stated that the project
should establish new knowledge for future use to the wider society and
other businesses. These goals are fully consistent with the IUCN criteria
for National Parks’ primary objective; To protect natural biodiversity along
with its underlying ecological structure and supporting environmental pro-
cesses, and to promote education and recreation (http://www.iucn.com).

During the planning stage of Hjerkinn PRO (Fig. 2) the overall goals
were further elaborated. This was done to facilitate the detailed plan-
ning and implementation through the formulation of targets, and further
to promote the description of indicators for evaluation of restoration
outcome for each target. Indicators were defined in cooperation between
the project owner (NDEA) and restoration ecologists, to ensure their
measurability, reliability, and relevance (cf. Prach, et al., 2019).

A range of quantitative, semi-quantitative, and qualitative indicators
were used to evaluate different aspects of the restoration outcome
(Table 1). Some of the indicators were obviously linked to an overall
goal (such as size of protected area). Other indicators were a mix of
standard scientific criteria for ecosystem structure and function (Evju,
et al., 2020), landscape-scale indicators and available “on-the ground-

measures” considered relevant for the evaluation of overall goals and
included subjective and qualitative assessments, such as expert evalua-
tion of restored road sections. Target values were not formulated by the
project owners for any of the indicators.

3. Restoration measures developed and used in Hjerkinn PRO
3.1. Development of tender documents and innovative communication

The technical removal of roads and infrastructure was implemented
by professional construction companies and organised as annual ten-
ders, according to legal regulations (the Public Procurement Act). A well
developed and strict system exists for describing operations and mea-
sures taken in traditional construction projects, such as road construc-
tion, to allow for fair competition and a transparent bidding process
(Norwegian Ministry of Trade, 1999). However, this system has so far
primarily included quality standards for construction of new roads, and
does not describe the skills needed, and the quality to be obtained for
restoration projects (Norwegian Public Roads Administration, 2021).

A project owner can potentially meet a conflict between a qualitative
description of expected nature quality in a restoration project, and the
demand for fair competition and transparency in calculating costs. Thus,
an innovative system for the interaction between project owner (NDEA),
contractors and restoration ecologists, was developed, including
formulation of tender documents to include description of restoration
quality, and for dialogue, knowledge exchange and evaluations. This is
an important output of this long-term project, which is described in
detail in chapter 5.1.

3.2. A standard technique for removing roads and permanent
constructions

The most prominent task for the implementation stage in the resto-
ration subproject was removing roads and other heavy technical
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infrastructure and to prepare the affected terrain for vegetation recovery
and improved ecosystem functioning. The activity was organised as
yearly commercial tenders and the contractors were evaluated from
technical competence and relevant experience, such as working in
similar environments and with similar projects.

The standard method for removing roads, that was developed during
the project (see chapter 5.2.4), was to by wipe out the border between
the original landscape and roads by removing construction gravel and
subterrain tubes (made of plastic, concrete, or metal), aiming for
restoring original mass balance, reshaping the original terrain and
wetland structures (Fig. 3). Vegetation turfs were transplanted from
road verges within the range of an excavator, into the affected area to
facilitate vegetation recovery. A systematic procedure was developed in
cooperation with the excavator personnel, to prevent any new damage
to adjacent vegetation when digging the turfs; restrict size of turfs,
squeeze the hollow after digging, density of turfs (see Hagen & Evju
2013 for further details). Larger constructed areas, such as the ammu-
nition testing fields (Fig. 4a) and demolition sites, were tilled by stirring
(Fig. 4b), so that the original soils that were built upon, were moved to
the upper surface. The ‘new’ surface was then shaped according to
nearby terrain. In drained or filled wetland areas, such as peatland and
freshwater habitats, the drainage tubes were dug out, and the con-
struction gravel removed down to the original water level, with the
purpose of restoring original hydrological structures and drainage.

3.3. Production of native species for large scale restoration

The establishment of new vegetation in the restored sites in Hjerkinn
PRO mainly relied on recovery through the natural dispersal of seeds
and plant fragments in transplanted turfs, or from intact surroundings
(cf. chapter 5.2.4). However, in some cases, active planting and seeding
were used to speed the development of a vegetation cover for ecological
and aesthetical reasons. This included large and homogenous disturbed
sites with long distances to intact vegetation (Fig. 4 a-c). Due to legal
restrictions, the local tradition of applying commercial seed from
introduced plant material to support the restoration (Hagen et al. 2014)
could not be used, and the project produced native seeds and plants for
this purpose.

Local seeds of Festuca ovina were collected by hand at Hjerkinn in
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2002, and propagated by professional seed producers, creating 3 tons of
seed for use by 2009 (Martinsen & Oskarsen, 2010). Cuttings of native
and common willow species (Salix glauca, S. lapponum and S. phylicifolia)
were collected at Hjerkinn on several occasions during 2013 — 2017,
grown under greenhouse facilities, and propagated willow plants were
planted in severely disturbed sites (Vloon, et al., 2021).

4. Data collection and analysis

A range of data sources was used to evaluate the status of each in-
dicator in Table 1. Geospatial data of existing infrastructure (roads,
testing fields, gravel pits, and other military installations) were available
from Norwegian topographical map databases (The Norwegian Mapping
Authority, 2020). Habitat cover maps were available from the public
database Kilden (NIBIO, 2020; Appendix A). Removed roads and in-
stallations were mapped continuously by the construction company,
verified by the Norwegian Defence Agency, and reported to the Nor-
wegian topographical map databases annually.

Removing infrastructure has ecological implications on a wider
spatial scale than the directly affected terrain under the infrastructure
itself. The size of the influence area depends on soil and moisture con-
ditions, heterogeneity, terrain structures, and landscape attributes (such
as the visual distance for reindeer; Gundersen, et al., 2021). Therefore,
how to best calculate the extent of a restored area is a topic that needs
further exploration (Kimball, et al., 2015). Here, we have defined the
restored area as the width of the roadway (without verges) plus an
additional 25 m buffer on each side along the road. For installations such
as fields and pits, we used a 25 m buffer around the outer edge of the
actual area. We used 25 m as a buffer size to include adjoining areas that
potentially were directly influenced by restored terrain and drainage.

We estimated ecosystem carbon calculations, including storage and
sequestration potentials, of the new areas based on the restored habitat
types of ‘wetland/mire’, ‘meadow’, ‘snow bed’, ‘lichen heath’, and the
‘shrub heath’. As the treeline is thin in these areas and is largely domi-
nated by willow shrub understory in any case, the shrub-birch treeline
was merged with the shrub heath for these calculations. To calculate net
primary productivity (NPP) and storage from the restored habitats, data
was combined from relevant, if not the same, habitat types from com-
parable ecosystems and latitudes, where that for Dovrefjell was

Fig. 3. Standard method to remove roads included removing added gravel, reshaping original terrain surface and transplanting turfs from road verges to wipe out the

artificial borders and promote vegetation recovery.
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Fig. 4. a) Restoration of a 600 x 400 m large homogenous testing field included land shaping in 2013, b) tilling of surface soil in 2013, c) seeding of native Festuca
ovina and planting of local willow-species (Salix glauca, S. lapponum and S. phylicifolia) in 2014 to improve conditions for long term vegetation recovery, as observed

in 2020.

unavailable (Appendix B). Given the prolonged snow cover in Dovrefjell,
NPP was estimated by evaluating only the available growing days for the
area (140/365 days for Dovrefjell; Wagner & Simons, 2009).

To calculate the increase in wilderness area, we used the national
index of heavy infrastructure (interference-free areas in Norway, INON).
The index defines interference-free areas according to distance to heavy
infrastructure (such as roads, powerlines and cabin areas) in three zones;
1-3 km (interference-free zone 2), 3-5 km (interference-free zone 1)
and greater than 5 km (wilderness). We calculated interference-free
areas in the military training area before and after restoration (Norwe-
gian Environmental Agency, 2015).

Calculation of suitable habitat for wild reindeer is not a part of
Hjerkinn PRO. However, a parallel research project quantified area
functionality and movement corridors for reindeer in Dovrefjell by
combining reindeer GPS tracking data with a large number of environ-
mental parameters and data on anthropogenic disturbance. The calcu-
lation was achieved through an innovative multistep methodology
quantifying the amount of functional habitat for reindeer, i.e. habitat
that is at the same time of high quality and easily accessible, or well
connected (Panzacchi, et al., 2021 (unpublished data); Stange, et al.,
2019). Each step and results for reindeer is described in individual pa-
pers (Panzacchi, et al., 2015; Panzacchi, et al., 2016; Van Moorter, et al.,
2021). The model allows simulating the effect of removing in-
frastructures in Hjerkinn PRO on habitat functionality and movement
corridors in the project area.

Detailed monitoring of restoration outcome was carried out in some
restored sites, to guide decisions on choice of restoration measures
(chapter 5.4). We used standard vegetation ecological methods (per-
manent plots) and classical vegetation indicators, such as vegetation
cover and species abundance (Hagen & Evju, 2013; Hagen, et al., 2014;
Mehlhoop, et al., 2018; Vloon, et al., 2021).

Qualitative expert evaluations of restoration outcome for each
restored site were performed by the project owner (NDEA) and resto-
ration ecologists, using both ecological and technical indicators
(Table 1). Criteria for evaluation were linked to the targets, and focused
on ecosystem functioning and vegetation. Calibration between experts
was an adaptive process during the implementation stage, including on-
site dialogue with other experts and partners within and outside the
project. Each site was evaluated along a 12 level system with four main
classes; 1-3 is ‘not satisfactory’, 4-6 is ‘partly satisfactory’, 7-9 is
‘satisfactory’, and 10-12is ‘very satisfactory’ (based on method for -
project evaluation developed by the Norwegian Public Roads Adminis-
tration (2018). Each expert assessed the outcome for each site and
indicator in the classification system of four main classes. Success was
evaluated as (1) terrain and landscaping; how well the restored area is
blending into the surrounding landscape and how well the surface dy-
namics correspond with adjacent terrain, (2) vegetation recovery; how
well the site is prepared for natural recovery by stirred soil and available
turfs and plant fragments, sign of germinating species and establishment
of vegetation, and (3) water systems; if the restored area allows for free

distribution of running water and links well into the surrounding water
systems and wetland. We combined the individual classifications to get
an average score for each site. In addition, repeated photography was
carried out from permanent photo points in all sites at different stages of
the process, including before and after the technical interventions.

5. Outputs from Hjerkinn PRO

5.1. A three-step “Green training” model and development of tender
documents

Hjerkinn PRO developed an innovative system for interactions be-
tween project owner (NDEA), contractors and restoration ecologists,
called “Green training”, that was mandatory to all machine operators
involved in the on-site-restoration. The purpose of the ”Green training”
was to improve the ecological understanding of restoration among the
contractors, develop a common language between operators, project
owner and restoration ecologists, and from this make the operators’
technical expertise available to the project.

“Green training” is a three-step model for cooperation and learning;
1. planning, 2. lecture and field inspection, and 3. dynamic dialogue
during implementation (Fig. 5). Each step of “Green training” was run
every year during the implementation phase. With a common language
base, the training allowed for communication and development of so-
lutions based on best available knowledge, including scientific, tech-
nical and local knowledge from all involved actors. The “Green training”
allowed the development of techniques and solutions in the field that
both were ecologically sound, and logistically feasible.

In Hjerkinn PRO, special emphasis was placed on describing the
expected outcome of the restoration in tender documents. A restoration
ecologist was engaged to provide input to the descriptions, and the
system for “Green training” was integrated in the tender (Fig. 5). Any
ambiguous formulations in the tender, and how these could be trans-
ferred into restoration quality were parts of regular and mandatory
project meetings between contractor and project owner (NDEA). By the
end of each tender period the project owner (NDEA) collected infor-
mation via questionnaires from all participants on issues such as task
descriptions, implementation, cooperation, and communication. These
data underpinned internal evaluation reports. The successive tender was
based on experiences of the previous years’ contracts and contractor,
and as such the descriptions of expected nature quality improved during
the entire project period.

5.2. Restoration output for each restoration goal

It is vital to describe the output of restoration using indicators linking
to specific restoration targets (Prach, et al., 2019). In Hjerkinn PRO the
output was described for a broad range of indicators, each of them
linked to the restoration goals and targets for the project (Table 1). Some
of these outputs are described by “generalisable” (cf. Prach, et al., 2019)
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Technichal engineer / consultant Contractor (administration and
Restoration ecologist all machine drivers)
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Machine driver (-s)
Subject manager(-s) at NDEA
Restoration ecologist

Project owner (NDEA)

Fig. 5. “Green-training” as a three-step model for communication and dialogue in developing quality on-site solutions for restoration. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

and quantitative indicators, while others are qualitative or semi-
quantitative, including expert evaluation.

5.2.1. Considerable nature benefit

The length of the of roads and technical constructions removed
added up to 80.5 km (Fig. 6). The restored area (including buffer areas)
amounted to 5.2 km? (Fig. 6). More than 120 subterrain tubes were
removed to restore natural hydrology systems. In addition, more than 80
buildings and constructions, and 8 bridges were demolished with the
building materials (wood, metal, and concrete) sent for recycling in
approved waste plants.

As roads and technical

infrastructure were removed, the

-~~~ remaining roads
-~ restored roads and installations
border of Hjerkinn military training area

national park
landscape protected area

Kilometer

interference-free area, located greater than 1 km from heavy infra-
structure, more than doubled, from 51 km? to 114 km?. Before resto-
ration, all interference-free area was located < 3 km from heavy
infrastructure. This changed with removal: 7.6 km? (7% of interference-
free area) was categorized as wilderness, 40 km? (35%) was categorized
as interference-free zone 2 (3-5 km), and 66 km? (58%) as interference-
free zone 1 (1-3 km) (Fig. 7).

Road removal also increased available habitat for wild reindeer. The
simulation of the distribution of well-connected summer habitat indi-
cated a total gain of 7.2% in habitat functionality for reindeer, and a gain
of 10.3% in movement corridors. This corresponded to a total gain of
12.2 km? of prime summer habitat (i.e. highest quality, well connected

Fig. 6. Restored (purple) and remaining (black) roads and infrastructure in Hjerkinn military area after the Hjerkinn PRO restoration project. Before the restoration
the area was surrounded by protected areas (Fig. 1). After the restoration the area has been protected and included in the expanded National Park (dark green) and
Landscape Protected Area (bright green). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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habitat) for wild reindeer in the former military training area.

5.2.2. Nature protection

The Nature Protection Plan for expanding the existing protected
areas was developed in parallel with Hjerkinn PRO by the County
Governor of Oppland, and with participatory processes including local
land-owners and other stakeholders (Norwegian Ministry of Climate and
Environment, 2018). In April 2018 the Plan was passed by the Norwe-
gian Government, resulting in a 131 km? expansion of Dovrefjell-
Sunndalsfjella National Park (giving a total area of 1830 km?) and a
new Hjerkinn Landscape protected area of 45.6 km? with a particular
aim to protect the habitat and the population of wild reindeer (Fig. 6).

5.2.3. Civilian use

Almost 100 years of military use have left a considerable risk for
undetonated explosives ordnances (UXO) in the area, in addition to
substantial amounts of associated waste and shrapnel. Clearing of the
area has been a major task in Hjerkinn PRO, and a premise for secure
future civilian use. The explosive subproject was the most extensive and
resource demanding subproject in Hjerkinn PRO; during 2006 — 2020
more than 15,000 soldiers searched the entire area on foot, more than
19,000 UXOs were found and destroyed, and 550 tons of metal were
removed (Norwegian Defenence Estate Agency, 2019). The residual risk
for civilian users to pass any remaining UXO closer than 1 m distance
was by 2018 calculated to be 1.9% (equivalent to a hiker walking 2060
km) (Dullum, 2018).

The National Park Management plan describes the future possibil-
ities and regulations for civilian use as the military use is ended (Dov-
refjellradet, 2006). Recent counting shows that the number of visitors is
increasing in the border areas of the new National Park, as well as in
available facilities inside the National Park (Flemsater, et al., 2019).
Organised tourism is today facilitated by shuttle buses through the
former military area, to reduce the disturbance of wild reindeer (Strand,
et al., 2013).

5.2.4. Restore back to natural state

During the planning stage of Hjerkinn PRO in 2002, some road sec-
tions were preliminarily removed, different treatments for vegetation
recovery tested, and a system for monitoring this work established
(Hagen & Evju 2013). Data from this monitoring was used to formulate
the tenders and the implementation of the large-scale restoration effort
starting in 2008, and for choosing a main strategy for restoration of
removed roads. Monitoring revealed that fertilisation and seeding
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increased vegetation cover in the short-term, but had negligible effects
in the medium-term (Hagen & Evju, 2013; Hagen, et al., 2014): The
early monitoring further revealed that removal of added gravel from
roads was a prerequisite for vegetation recovery, and that reshaping the
terrain allowed for recovery of the local vegetation community (Hagen,
etal., 2019). Vegetation recovery was monitored in several other sites as
well within the area during 2002 — 2019, showing that transplanting
vegetation turfs facilitated recovery of local species (Hagen & Evju,
2013; Mehlhoop, et al., 2018). These insights have added to the devel-
opment of the standard restoration measure for road removal in Hjer-
kinn PRO: removing construction gravel and subterrain tubes, reshaping
the original terrain, stirring the soil, and transplanting vegetation turfs
from road verges (cf. chapter 3.2), was thus adopted, facilitating natural
vegetation recovery after removal.

The main result, however, show that time was the most important
factor for establishment of species (richness) and vegetation cover,
which is important to communicate to project owners, the public and
other stakeholders, to ensure realistic expectations on recovery time.

In total 47,000 plants of local Salix plants that had been propagated
from local cuttings, were planted out at four former large installation
sites during 2014 — 2020, with an average planting distance of 2.5
plants/m?, in total covering about 0.02 km?. Short-term monitoring
showed that survival of cuttings was high (Vloon, et al., 2021). An area
of 0.12 km? was seeded with seeds from local Festuca ovina. Monitoring
of the two measures in one of the sites demonstrated that Salix planting
facilitated the establishment of other native species and increased the
species richness, whilst seeding had a positive effect on the development
of vegetation cover (Vloon, et al., 2021). This suggests that combining
restoration measures will best promote the establishment of new vege-
tation in highly disturbed sites.

During the implementation stage (2008 — 2020) a total of 27 sites
(including roads and different types of military installations) of varied
size were restored (Table 2). Expert evaluations were carried out at all
sites, supported by before/after-pictures from the permanent photo
positions to indicate terrain formation and wetland recovery (Fig. 8,
Appendix C). The evaluations revealed that in nine sites the outcome of
the restoration was’ very satisfactory’, ten sites were ‘satisfactory’,
seven sites were ‘partly satisfactory’ and one was ‘not satisfactory’
(Table 2). Most of the evaluations of sites were fully or mainly consistent
between the experts, while in four sites the experts had diverging
evaluations (two or more classes distance; Table 2). Expert evaluations
and photographs showed that recovery varied between the sites, sug-
gesting that soil conditions, water availability and exposure influenced

Fig. 7. Interference-free area before (left) and after (right) removing road and heavy infrastructure in the former military area at Hjerkinn. Yellow (<1 km from
heavy infrastructure) decreased by 62.11 km?, interference-free area zone 1 (1-3 km; bright green) increased by 14.51 km?, interference-free area zone 2 (3-5 km;
medium green) increased by 40.04 km?, and wilderness area (greater than 5 km; dark green) increased by 7.56 km?. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)
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Table 2
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Expert evaluation of 27 restored sites in Hjerkinn military training area, performed by four experts (restoration ecologist, projects leader, project manager, technical
engineer). The evaluation was based on a 12 level system with four main classes; 1-3 is ‘not satisfactory’ (red), 4-6 is ‘partly satisfactory’ (yellow), 7-9 is ‘satisfactory’
(light green), and 10-12 is ‘very satisfactory’ (dark green). The evaluation by each expert was scored based on on-site assessments in combination with before- and
after photographs, and overall score was the arithmetic average of the individual evaluations.

. Year of Length Area Experts Overa_ll
Site implementation | (km) (m3) |1 2 3 4 evaluation
P (level 1-12)
1| Access road. Eingvlingsvegen 2020 6 6
2 | Access roads. Haukberget | and Il 2017 2.4 5
3 Anjmqunltlon demo!ltlon field. 2011, 2019 05 9000
Svanadalen and Grisungdalen
4 | Ammunition testing field. HFK-plain 2013-2016 240000 6
5 | Artillery stand. Haukberget | and Il 2017 25000 6
6 Artillery training installation. 2012-2014 53 23000
Haukberget |
7 Artillery training installation. 2009 3 20000
Haukberget Il
8 | Dam. Eingvingsdammen 2019 - 2020 8000
9 Gravel pit M1, storage area and 2017 and 2020 02 25000
access road. Storranden
10 | Gravel pit M2. Storranden 2011. 2017. 2020 15000
11 | Gravel pit M3. Storranden 2009-2020 15000
12 | Gravel pit M4. Storranden 2020 25000
13 | Gravel pit M5. Storranden 2019 30000
14 Helicopter landing pad (with access 2018 01 1600
road and fuel depot)
15 M|I|tar.y road. From gravel pit M3 to 2020 1
Sngheimvegen
16 Military road. Grisungdalen inner 2019 3
part
17 Military road. Grisungdalen outer 2020 3
part
18 M|I|t.ary road: Grgndalen (section »018 123
Maribu to Grisungvatna)
19 | Military road. HFK-vegen 2017 3.8
20 | Military road. Lille Ringveg 2017 7.6
21 | Military road. Piloten (3 sections) 2002 1.2
22 | Military road. Svanadalen 2019 6
23 | Military road. Tverrfjellvegen 2008 2.5
24 | slip roads along Sngheimvegen 2018 - 2020 1 2000 | | | ]
Slip roads and intersection.
% Haukbergkrysset 2020 7000 I
Slip roads and intersection.
26 Veslefallet 2020 1100 8
27 | Vehicle track. Storranden 2017 2

the vegetation development, but detailed monitoring lacks to investigate
the relative importance of such factors.

The restored area of 5.2 km? consisted mainly of lichen heaths (2.4
km2; 46.3%) and shrub heath (32.4%), with some wetlands and mires
(11.1%), and meadows (8.8%). Carbon storage potential is greatest in
the restored mires and shrub heath, with an estimated 29,000 and
13,500 t C respectively when the restored landscape reaches maturity. In
total, the newly restored landscape as a climax community, is capable of
storing an estimated 54,500 t C, with the additional sequestration of
over 1,800 t C yr-1 from net primary productivity (for details see Ap-
pendix B). This is equivalent to taking 4000 vehicles off the road each
year (Norwegian road traffic (all vehicles) emissions to air/number of
vehicles; Statistics Norway 2020a, Statista 2020), alternatively annual

energy use of 1100 Norwegian households (Statistics Norway 2020b,
2020c). Most of the sequestration is expected from the shrub heath/
woodland habitats, accounting for over 1100 t C yr-1. We considered
that the land prior to restoration was likely a net carbon emitter,
particularly when considering the life cycle assessment of aggregates
and concrete used in construction (see examples in Espinoza, et al.,
2019), therefore all calculations present a complete change from net
carbon emissions, to a carbon store with a significant capacity for further
carbon sequestration.

5.3. Finalising

The implementation stage ended in 2020 and only some minor
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Before

After

Evaluation

Piloten (site 21)

Satistactory
(terrain not
completely
reshaped —
gravel
surplus)

Ammunition
testing field,
HFK-plain

Partly
satisfactory
(terrain not
reshaped,
surface only
partly tilled)

Fig. 8. Expert evaluations (Table 2) assigned each restored site into one of four main classes, as illustrated by selected sites before (left) and after (right) restoration.
Dark green: Military road Grisungdalen. Light green: Military road Piloten. Yellow: Ammunition testing field HFK-plain. Red: Gravel pit M2 Storranden. Deviation
from ‘very satisfactory’ is described in the Evaluation column. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

activities to land the project were postponed to 2021. The economic
prognosis for the entire project was 58 million euros, of which approx-
imately 14 million euro were used for the ecosystem restoration (sub-
project 1; 5.2 km? restored) and 40 million euro for clearing of
explosives (subproject 2). Consequently, the key number for ecosystem
restoration costs was 2.7 euro per m2. The project operated within the
available budget.

6. Discussion

On-site restoration projects demonstrate the potential for restoration
on a landscape scale, and systematic evaluation of these projects is
needed to build knowledge for the future upscaling of restoration. The

10

restoration of the Hjerkinn military training area demonstrates the full
project cycle of a large-scale restoration and illustrates the diversity of
measures and solutions needed during the implementation stage of such
an extensive project. This paper confirms the need for both qualitative
and quantitative indicators to evaluate the outcome of restoration, and
subsequently verify any success towards targets and overall goals.

6.1. The adaptive restoration cycle; planning, implementation and
monitoring

A restoration process can be viewed as three phases; planning,
implementation and monitoring (Hobbs & Norton, 1996) as also iden-
tified in Hjerkinn PRO. Evaluation of restoration should involve all these
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phases in order to improve the “within-phases” and “between-phases”
work, and include both ecological and social aspects (Nilsson, et al.,
2016).

Overall, the three phases operate along a timeline (Fig. 2), but each
phase also operates on smaller time-scales and partly in parallel and
cyclic patterns. The long time-scale is one particular characteristic for
the Hjerkinn project, lasting from the Parliament decision in 1999 to end
of implementation in 2020. The time frame of preparation and planning
allowed for testing of restoration methods, involving stakeholders, and
formulation of operative targets, and fulfilled the need for a strategic
plan for the total project. The annual planning and action plans during
the implementation stage continually fed into the strategic plan and
further work. Planning and preparation for restoration in each site was
included in the tender documents, and in the framing of these. Formu-
lating the annual tenders in Hjerkinn PRO developed into an adaptive
process, allowing for evaluation and improvement during the imple-
mentation period. The need for planning within the implementation
stage (as identified by Nilsson, et al., 2016) seems to be of particular
relevance for large and long-lasting projects, when factors such as
knowledge level, actors involved (e.g. changing contractors), and even
regulations might change during the project.

A systematic description of the expected nature ‘quality standard’
was formulated as a baseline for the implementation phase and received
much attention from project owner (NDEA) when formulating the
annual tenders. The quality standard was then framed as part of the
“Green training”, which represented involvement of different pro-
fessions (Fig. 5). The dynamic dialogue between machine operators, the
project owner and restoration ecologists on site in this project, allowed
for exchanging scientific and tacit knowledge, and continuously
improved solutions. We suggest that the procedure developed in Hjer-
kinn PRO represents a wanted on-the-ground involvement and inte-
gration between professions, as prescribed by the international society
(IPBES, 2019). This procedure contributed to a transparent organisation
and administration, also limiting the risk of unexpected costs. The
calculation of cost-benefit ratio, including monetary, ecological and
social values, is yet to be done.

The expert evaluation of restored sites (Table 2) showed that the
output was generally good (more satisfactory) for site categories with
several sites represented, such as military roads and slip roads, although
exceptions occurred. In sites with partly satisfactory or not satisfactory
output, experts explained that this could be accounted for by chal-
lenging natural conditions (e.g., very coarse soils or complex landscape
types), previous decisions (i.e., decisions taken early in the project
restricted the later actions) or early decisions (lack of experience during
restoration early in the implementation phase), or compromises between
time and quality (e.g., premature decisions). Diverging evaluation be-
tween experts (two or more classes distance) were not specifically linked
to any of these explanations, though the site with most diverging eval-
uation (Gravel pit M1, Table 2) had complicated natural conditions in
combination with time/quality compromises during implementation.

Degradation of land can be irreversible, and restored land will al-
ways represent a history that is different from undisturbed land, despite
successful restoration (Hagen, et al., 2002). In Hjerkinn PRO, the largest
military constructions and gravel pits have forever disturbed the
geological landscape formed by the last glacial period (such as site 9 and
11, Table 2). Defining the targets when restoring such landscapes raises
interesting trade-offs between promoting natural processes, versus
creating a scene that appears to be the original landscape. Geological
features, like an esker or gravel terrace, cannot be restored back to
“original state”, and if we pretend this newly restored system to be
original, the integrity of the landscape is lost (Walston & Hartmann,
2018). Therefore, a restoration goal for these features should be for them
to blend into the landscape without becoming artificially staged. For
future interpretation and management, it is important that such features
are labelled and mapped as a restored landscape, supported by infor-
mation about the original undisturbed landscape.

11
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6.2. Evaluating large-scale landscape restoration; linking targets and
indicators

Evaluation of large-scale and diverse restoration projects will inev-
itably involve diverse categories of outcome, described by a number of
indicators (Cipollini, et al., 2005; Hulme, 2014), as is the case in this
project (Table 1). Reporting a range of different benefits and indicators
can be useful to get an overall view of the outcome, and to make the
results more interesting and available to the full range of stakeholders
(Hughes, et al., 2011). Such diversity of proposed outcome is charac-
teristic for complex landscape restoration projects, e.g. Cairngorms
Connect in Scotland (Cairngorms Connect 2021) and Stjern A in
Denmark (Pedersen et al. 2007). The Hjerkinn project has four overall
restoration goals (cf. Table 1), three of these can be separated out by
specific targets and formal or quantitative indicators: Turning the area
into a national park and return it to civilian use, have been intensively
promoted in local and national media in Norway during the imple-
mentation stage, and awareness of the project among local stakeholders
and the general public is observed (Stange et al., 2021). The outcome of
these restoration goals is obvious from the legal decision in favour of
protection in 2018 (Norwegian Ministry of Climate and Environment,
2018) and clearing of the area for undetonated explosives (Norwegian
Defenence Estate Agency, 2019). Considerable nature benefits are re-
ported with indicators showing large-scale positive outcomes: increased
wilderness and new protected areas can be mapped, and available
reindeer habitat and carbon storage potential can be calculated. Each of
these are linked to the overall Parliament goals for the project.

The fourth restoration goal (cf. Table 1), to restore the area back to an
original/natural state, contains unspecific and complex targets with a
large number of indicators, none of which had pre-defined target values
for success. The notion of an ‘original/natural state’ that restoration can
bring back to the present day, was used as a powerful statement at the
time when the Hjerkinn project was decided (1999). Today it is beyond
dispute that nature is dynamic and continually under the influence of
climatic and land-use-changes. Therefore, the focus in ecosystem
restoration is towards future desired stages based on ecological, social,
and even political input (Perring, et al., 2015; Aasetre, et al., 2021).
Consequently, long-lasting and large-scale restoration projects operate
with moving targets, as inputs change in time and space, and formu-
lating new indicators throughout the restoration process will likely be
relevant (cf. Prach, et al., 2019).

Our study has demonstrated the relevance of qualitative assessments
combined with quantitative indicators — i.e., use of expert opinions,
rapid/cheap assessment methods (e.g., photo-time-series), and the
continuous evaluation to feed back into planning and improving the
implementation of restoration measures. Data from the quantitative
monitoring of vegetation (Hagen & Evju, 2013; Hagen, et al., 2014;
Mehlhoop, et al., 2018) demonstrated the effect of the treatments, and
improved confidence in the choice of methods and technical solutions.
Together these indicators built evidence across spatial scales towards
the restoration goal. The systematic expert evaluation accomplished at
Hjerkinn confirms that qualitative indicators are valid and relevant for
complex restoration interventions, as also described by Prach & Walker
(2019). Qualitative indicators’ supplement to quantitative monitoring
supports the link between on-site restoration and scientific monitoring
and contributes to the integration required for future upscaling of
ecosystem restoration.

The evaluation of single restoration measures during the initial
stages (planning phase and implementation phase I) allowed for more
effective processes in implementation phase II (Hagen & Evju, 2013).
This within-phase evaluation (cf. Nilsson, et al., 2016) concluded that
using turf transplants was the best option to promote vegetation re-
covery in restored roads and that supplemental seeding was unnec-
essary, and this streamlined the standard procedure for removing roads.
Furthermore, the within-phase evaluation prepared the content and the
communication used in “Green training”.
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The need for a reference state towards which the restoration effects
can be compared is repeatedly stated in literature (cf. Prach, et al.,
2019). Typically, however, as the spatial scale of a project increases so
does the range of biophysical conditions, and the restoration outcome is
more uncertain (Hildebrand, et al., 2005). Small scale projects are likely
to be limited by ecological processes, as single species and processes
need space, while larger scale projects are likely to be limited by social
or economic acceptability (Hughes, et al., 2011). The quantitative
vegetation monitoring performed in Hjerkinn PRO (Hagen & Evju, 2013;
Mehlhoop, et al., 2018; Vloon, et al., 2021) included reference plots for
comparing the effects of treatments towards intact vegetation, evalu-
ating success as wanted trajectories rather than target values. In the
expert evaluations, we used the intact terrain and landscape as a visual
reference and evaluated each site in relation to this. From our findings
and experiences, we argue that it is not relevant for such large and
complex projects to search for a single reference, instead finding rele-
vant references for each target and indicator should be prioritised. This
argument does not diminish the need for systematic evaluation of
complex projects, however rather underpin the need for integration of
different scales, indicators and targets to conclude on successful
restoration.

In Hjerkinn PRO, no requirements were made for external evaluation
of restoration outcomes, instead evaluation procedures were estab-
lished, and evaluation carried out by project owner and restoration
ecologists. There is at present no equivalent to formal approval of the
ecological and landscape outcome of restoration in Norway, as
compared to the very strict defined critical levels for pollution (level of
tolerance; Ministry of Climate and Environment, 2004) and safety issues
(residual risk; Dullum, 2018), and to our knowledge this is also the
general situation internationally. The Hjerkinn project contributes to
addressing the need of formalising a system to describe the requirements
of the ecological quality for future upscaling of restoration.

6.3. Lessons learned for future projects — Upscaling and integration

By developing a system through which lessons learned can be inte-
grated and incorporated within an example project, such as Hjerkinn
PRO, we contribute to the expanded vision of restoration (Perring, et al.,
2018), including the upscaling and integration necessary to enhance
biodiversity, combat climate change, and support the supply of
ecosystem services (IPBES, 2019; IPCC, 2018).

Upscaling of restoration calls for adaptive strategic planning and
standardisation of measures and indicators (Kingsford, et al., 2021). At
the same time there is an urgent need to link (or integrate) the tacit and
practical knowledge from activities on the ground, with scientific
knowledge and research (Rieger, et al., 2014). The development of a
combined top-down and bottom-up approach has been suggested to
meet these two dimensions (Evju, et al., 2020; Hagen, et al., 2015). The
procedures developed, with “Green training”, evaluations and devel-
opment of tenders, as well as the restoration output in Hjerkinn PRO,
demonstrate such a combined top-down/bottom-up approach. The
overall restoration goals and indicators at Hjerkinn are based on legal
commitments and scientific descriptions, and as such represent a top-
down approach that frame the overall project cycle and goals. The on-
site actions benefit from on-the-ground experiences traditionally per-
formed by professions like engineers, building contractors, and land-
scape architects. Decisions and solutions were agreed in dialogue
between the machine drivers, ecologists, and representatives from the
project owner, which as such represents a bottom-up approach. The
“Green training” represents the link between the top-down prevailing
conditions and the bottom-up hand-on solutions.

Communication and education was an expected added value from
the project (Norwegian Ministry of Defence, 1998). Restoration is a
novel management strategy in Norway (Hagen, et al., 2013), and this
project represented national pioneering work for both project owner and
other actors and stakeholders (Aasetre, et al., 2021). The project has
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received much attention from media, local groups, organisations, and
different professions. As opposed to many on-the-ground projects, the
process and outcome from the Hjerkinn project have been reported and
published, MSc and PhD theses and scientific papers, adding value and
increasing the potential for further development of the procedures,
restoration measures and experiences. The procedures from Hjerkinn,
both “Green training” courses and restoration measures, have so far been
transferred to other types of development and restoration projects in
Norway, to mitigate environmental impact and restore for biodiversity
and ecosystem services in road construction, renewable energy devel-
opment and restoration of mining sites.

Restoration represents prioritisation of land use, and conflicts might
rise about extent and forms of restoration (IPBES, 2018). The Hjerkinn
project also raised conflicts, mainly related to the future access and use of
the area for local farmers with a long history of domestic animal grazing
and for the local tourist industry (Flemseter, et al., 2019; Strand, et al.,
2013). Measuring the social outcome from restoration is critical to prepare
the ground for future upscaling of restoration, to understand any resis-
tance, to create support for such actions, and for lesson learning. The
Hjerkinn area contained large and attractive nature areas even before the
restoration project started (Norwegian Environmental Agency, 2021), and
the restoration and removal of infrastructure was by some stakeholders
considered as unnecessary, as ‘“nature will restore itself” (Aasetre, et al.,
2021). The security risk from undetonated explosives can, however, be
interpreted as undoubtedly negative for the future use of the area, and
clearing of explosives and associated waste was an agreed positive
outcome for all stakeholders. The conflicts between goals and interests in
large-scale projects are likely to be less when present ecological and social
conditions are low (=highly degraded), as in such cases any restoration
outcome can be perceived as positive (Hughes, et al., 2011). As the
Hjerkinn area was one of high value nature even before the restoration,
this can probably explain the observed local conflicts towards the
ecosystem restoration subproject, while the explosive subproject got full
local support (Aasetre, et al., 2021). For further value as a demonstration
project for upscaling and integration, monitoring the social dimensions of
this project would be valuable (Wilder & Walpole, 2008).

7. Conclusion

To succeed in halting biodiversity loss, protecting ecosystem services
and ensuring human well-being, a massive upscaling of restoration is
required, and the integration of social, political, and economic aspects is
crucial. The restoration of the 165 km? former military training area
performed over a 20-year period is an important example of a large-scale
on-the-ground restoration project. We demonstrate the development of
innovative procedures for communication and dialogue through “Green
training”-courses, and how the use of a large number of generalised and
subjective indicators can be used in combination to evaluate restoration
outcome. Such demonstration sites are valuable to develop an expanded
vision of restoration to meet the UN Sustainable Goals.
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Appendix A

Vegetation map of the study area, derived from the National Mapping of productive land from the geoportal Kilden (https://kilden.nibio.no/).

Birch forest
Shrub-heath/woodland
Meadow
Lichen heath
Mire/peatland
Barren land
Snowbed
Openwater

Appendix B

Carbon storage by restored habitat type in Hjerkinn military training areas, considering area, net primary productivity (NPP), and storage.

Restored habitat Area m? NPP Storage Source data and references (with growing days limitation applied for Dovre, after Wagner et al.,
type 2009)
tonnes tonnes tonnes tonnes
C CO2e C CO2e
Mire 580,738 11 40 29,130 106,906 de Wit et al., 2015 (Norwegian mires — NPP = 19 g C m2 yr); Grgnland et al., 2010
(undisturbed Norwegian mires, - storage = 29 Gg C Km?).
Meadow 462,010 168 615 5537 20,320 Sgrensen et al., 2018 (meadow in Dovre - NPP = 362 g C m? yr ™}, storage = 12 kg C m?)
Snow-bed 34,775 2 9 683 2508 Britton et al., 2011 (Nardus stricta dominant snowbeds, Cairngorms, UK - NPP =93 g C m?
yr1, storage = 26.14 kg C m?)
Lichen heath 2,428,133 563 2066 5585 20,496 Sgrensen et al., 2018 (heathland in Dovre - NPP = 231 g C m? yr’l) Gagnon et al., 2019
(lichen heath and tundra, Canada — storage = 2.3 kg C m?)
Shrub-heath/ 1,710,994 1115 4093 13,531 49,660 Sgrensen et al., 2018 (shrubs, Dovre — NPP = 651 g C m? yr'lstorage =6.5kg C m?)
woodland

References used in Appendix B.

Britton, A.J., Helliwell, R.C., Lilly, A., Dawson, L., Fisher, J.M., Coull, M., Ross, J. 2011. An integrated assessment of ecosystem carbon pools and
fluxes across an oceanic alpine toposequence. Plant Soil 345: 278-302

de Wit, H.A., Austnes, K., Hylen, G. & Dalsgaard, L. 2015. A carbon balance of Norway: terrestrial and aquatic carbon fluxes. Biogeochemistry 123:
147-173

Grgnlund A., Bjgrkelo K., Hylen G. & Tomter S.M. 2010. CO2-opptak i jord og vegetasjon i Norge. Lagring, opptak og utslipp av CO2 og andre
klimagasser. Bioforsk Rapport 5(1 6 2). Bioforsk

Sgrensen, M.V., Strimbeck, R., Nystuen, K.O., Kapas, R.E., Enquist, B.J. & Graae, B.J. 2017. Draining the Pool? Carbon Storage and Fluxes in Three
Alpine Plant Communities. Ecosystems 21: 316-330.
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Appendix C
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Before- and after-picture of selected sites (number according to Table 2) in Hjerkinn military training area, including time when pictures were
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