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Summary and conclusions

This report contains the results of the Nordic network: ERMOND: ecosystem resilience
for mitigation of natural disasters, which was launched in 2014 as a subproject of
NordBio, the theme project of the Nordic Council of Ministers, appointed by the
Icelandic Ministry for the Environment and Natural Resources.

The ERMOND network has reviewed information on natural hazards and ecosystem
conditionsin the Nordic countries and analysed the potential of mitigating the impacts of
natural hazards in the region through the strategic build-up of ecological resilience.
Furthermore, the ERMOND network has analysed how to integrate build-up of ecological
resilience with national policies on restoration of damaged ecosystems. The following
subjects were identified as keys for enhancing ecosystem-based approaches to disaster
risk reduction (Eco-DRR) in the Nordic countries:

e Nordic disaster risk reduction (DRR) policies and strategies need to recognise that
implementation of Eco-DRR solutions will become increasingly important in the
future as continuously growing populations and predicted climate change are
likely to increase the impacts of natural hazards in the Nordic societies.

e Ecosystem restoration for Eco-DRR must be integrated within existing policies
and programmes for environmental protection, rural development and long-term
sustainability targets.

e Ecosystem restoration for Eco-DRR should be linked to ecological restoration for
protection and enhancement of biodiversity in a way that secures a win-win
situation.

e Restoration of individual ecosystem services could conflict with other ecosystem
services; this should be avoided by using integrated aims and approaches for
restoration instead.

e Eco-DRR should be explored as first choice options and encouraged in order to
reduce society’s vulnerability to natural hazards.



e Nordic DRR policies needs to recognise that Eco-DRR approaches also provide a
wide array of other benefits for ecosystems, local economies, the social fabric and
the broader environment.

e Nordic DRR policies needs to recognise that application of preventive measures
and green solutions may provide less expensive alternatives compared to using
only less sustainable engineering solutions or the high cost of post-event
reactions. Benefits of improved ecosystem services and other indirect benefits
should be considered when comparing options for DRR in cost-benefit analysis.

e LongRerm strategies for reducing future losses and aiding recovery from natural
hazards need to be included as a part of sustainable land use and spatial planning.

e Information gaps need to be overcome to support decision making in Eco-DRR
governance, exploring possible solutions, their cost-effectiveness and ecological
benefits.

o Different sectors, including government, regional and local communities,
scientific and engineering guidance and practice, and stakeholders need to be
involved in promoting the use of ecological solutions to provide acceptable win-
win solutions.

e Nordic cooperation on Eco-DRR policy has the potential to strengthen the Nordic
influence in disaster risk reduction and environmental policy in the EU and other
international contexts.

The reduction in the inherent ability of Nordic ecosystems to mitigate the impacts
of natural hazards can have considerable consequences for Nordic societies. The
result is that hazards, which might have been harmless given that the ecological
resilience of ecosystems was intact, may turn out to be a serious disaster. This
needs to be addressed.

The Nordic Council of Ministers (NCM) can play a central role in setting preventive
actions for disaster risk reduction, such as ecosystem restoration, on the political agenda
and can use the momentum to follow up on promising project results by financially
supporting additional projects and investigations. The NCM/Terrestrial Ecosystem Group
(TEG) could also play a central role in supporting Nordic cooperation within the field of
ecosystem restoration and disaster risk management. National governments should also
establish and implement targets for improved preventive action and post-event actions
regarding ecosystem approaches for disaster risk reduction. They should also be

8 ERMOND



responsible for implementing suitable policy measures to reach such targets and to
ensure a balanced approach to restoration such as Eco-DRR to be integrated within
existing policies and programmes for environmental and biodiversity protection, rural
development and long-term sustainability targets. Local authorities such as
municipalities need to implement local policy measures, planning of actions, and provide
appropriate land use policy frameworks to fit the different needs of society regarding
ecological restoration tailored to fit each local risk profile of natural hazards.

It is the conclusion of the ERMOND network that Nordic strategy on enhancing
Eco-DRR solutions could make a critical contribution to the safety of Nordic societies
and reduce losses of lives and economic damage. Such Nordic strategy would serve
international benchmarking on DRR and facilitate international cooperation.

ERMOND 9






1. Project overview

Various types of natural hazards occur in the Nordic countries. These hazards have
primarily been tackled by early warnings before a disaster strikes, emergency relief
during and after a disaster occurs, and disaster risk reduction measures to reduce the
likelihood of a future disaster. A strategic build-up of ecosystem resilience could,
however, serve well as a measure to reduce disaster risk in the Nordic countries. The
aim of the ERMOND project was to facilitate new thinking and new solutions in
preventing damage and loss of lives due to natural hazards in the Nordic countries,
primarily by moving the focus from disaster management toward ecosystem-based
preventive actions. These aims were approached through the following tasks:

e TASK-I: Establish and run a Nordic network of institutions dealing with: (a)
protection against natural disasters and (b) ecological restoration.

The ERMOND network was consolidated at a kick-off meeting held in Iceland during
May 22-23, 2014. Since then the network has held annual meetings to plan project
activities and secure a flow of information. In total, fifteen institutions have
participated in the ERMOND network, and another four were part of a wider network
receiving information on project activities. Project partners came from all the Nordic
countries. The network partners represented: (a) public organisations working with
ecological restoration, (b) public organisations working with natural hazards, (c)
public organisations working with protection of the environment, and (c) the
scientific community. A list of participating institutions and network participants is
given in Appendix 1:

e TASK-Il: Demonstrate, through a report & a policy paper, how build-up of
ecosystem resilience can be: (TASK-1l-a) used for mitigation of natural disasters in
the Nordic countries and (TASK-II-b) integrated with Nordic policies on
restoration of degraded ecosystems.



Work on TASK-ll-a was initiated during the project kick-off meeting and further
developed at the workshop: Use of ecological restoration for mitigation of natural disasters
in the Nordic countries, held in Gunnarsholt, Iceland, May 18-22, 2014. The results from
this subtask are summarized in this report, a policy paper and a review article on how
build-up of ecosystem resilience can be used for mitigation of the impacts of natural
hazards in the Nordic countries (Agustsdottir et al. in manuscript). Furthermore, a
database on the impacts of natural hazards in the Nordic region and the potential of
ecosystems to mitigate natural disasters was structured under this subtask.

Work on TASK-II-b was initiated at the workshop: The risk of ignoring biodiversity
when restoring for ecosystem services, held in Oslo, Norway on December the 3rd, 2015.
The results from this subtask are summarized in this report, a policy paper and a peer-
reviewed article (Hagen et al. in prep.):

e  TASK-Ill: Case studies on enhancing resilience towards natural hazards through
ecological restoration and improved land use management.

The following three case studies were conducted: (a) Ecological resilience towards
floods, (b) Ecological resilience towards volcanic ash, and (c) Ecological resilience of
forests towards storms. These case studies were primarily conducted as desk studies,
supported with workshops. The results from these subtasks are summarized in the
present report, policy paper and several peer-reviewed articles:

e  TASK-IV: Dissemination. The results from the project are disseminated through
reports, scientific articles, scientific conferences, and the webpages:
http://ermond.land.is and http://nordbio.org/. Other media were also used to
disseminate results from the network including interviews in newspapers and on
radio and presentations at various other forums.

1.1 Nordic network on Eco-DRR

The creation of a Nordic network on ecosystem-based approaches to disaster risk
reduction (Eco-DRR) was considered an important step for enhancing Eco-DRR in the
Nordic countries as no such forum has previously existed. This has enhanced the flow
of information about valuable experiences and findings between and within countries.
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Information gathered by the ERMOND network showed that different countries have
different natural hazard profiles and that the potential of ecosystems to mitigate the
impacts of natural hazards differs among the Nordic countries (Agustsdottir et al. in
manuscript). Facilitation of information exchange on Eco-DRR among the Nordic
region may be expected to facilitate new solutions for disaster risk reduction in the
region and strengthen the Nordicinfluence in disaster risk reduction and environmental
policy in the EU and other international contexts.

1.2 Dissemination

Dissemination from the project will include the present report, a policy brief, a chapterin
the final report from the NordBio program and a scientific article summing up the major
results from the project. The ERMOND website provides further information, see
http://fermond.land.is/. In addition to this, the ERMOND network will publish scientific
articles presenting results from project case studies and a scientific article on how to
integrate restoration of ecosystem resilience with Nordic policy on restoration of
disturbed ecosystems. A list of these publications is in Appendix 2. Furthermore, the
ERMOND project and project results have been presented at the following conferences:

e Nordtic — Nordic Bioeconomy and Arctic Bioeconomy. Conference on Nordic
Bioeconomy and Arctic Bioeconomy held on June 25th, 2014, in Selfoss, Iceland.
Title of presentation: Assessing and mitigating risk in the Nordic Bioeconomy by
Gudmundur Halldérsson, ERMOND project leader.
http://www.matis.is/nordtic/nr/3974

e NordRegio conference, Nordic Bioeconomy and Regional Innovation Nov. 12-13,
2014 in Keflavik, Iceland. Title of presentation: Introduction to NordBio examples:
Wood biomass — Ecosystem resilience — Biofuels for the fishing industry by Danfridur
Skarphédinsdottir, Head of Division, Ministry for the Environment and Natural
Resources, Department of Oceans, Water and Climate.
http://www.nordregio.se/Global/Events/Events%202014/Nordregio%20Forum%2
02014/Nordregio%20Forum%202014%20programme_14.pdfSER

e SEREurope conference 2016: Best Practice in Restoration, 22—26 August in
Freising, Germany. A specific workshop: Ecological restoration for disaster risk
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reduction was held by the project group during the conference. The workshop was
opened by a short introduction of the ERMOND project. The workshop dealt with
the questions: how do we restore ecological resilience towards natural hazards;
and how do we balance different goals within ecological restoration. Several oral
and poster presentation from the ERMOND project were submitted at the
conference. http://ermond.land.is/news-and-events/ser2016/

NordBio final conference. Minding the future. Bioeconomy in a changing Nordic
reality: 5—6 October in Reykjavik, Iceland. During the conference, the ERMOND
network, in cooperation with the NORDRESS project, conducted the workshop:
Minding Future Disasters. The workshop consisted of discussions between a media
reporter, panel of experts and the audience on the questions: Which changes in
natural disasters can we expect in the future; how will they challenge Nordic
societies and; how can they be met? http://ermond.land.is/news-and-
events/nordbio-final-meeting-minding-the-future/
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2. Natural hazards in the Nordic
countries

Natural hazards are a major threat to all human societies and cause serious damage every
year. During 2000—2009, average annual casualties world-wide from natural hazards
came to 80,000 people and over 200 million people were affected (CRED CRUNCH 2011).
Direct annual economic losses from disasters due to natural hazards are over USD 100
billion, not including uninsured losses (UNISDR 2013). The number of disasters reported
worldwide has increased rapidly since the 1960s and is expected to increase further
following predicted future climate change (Renaud et al. 2013; UNISDR 2013).

Hazard is defined by the United Nations Sendai Framework for Disaster Risk
Reduction (United Nations 2015) as “A potentially damaging physical event,
phenomenon or human activity that may cause the loss of life or injury, property
damage, social and economic disruption or environmental degradation. Hazards can
include latent conditions that may represent future threats and can have different
origins: natural (geological, hydro-meteorological and biological) orinduced by human
processes (environmental degradation and technological hazards)”. Geo-hazards
include earthquakes; volcanic eruptions, submarine landslides, tsunamis, incipient
coastal erosion, and hydro-meteorological hazards consist of floods, storm surges, sea
ice, avalanches, droughts, storms, thunderstorms and heat waves. In some cases, our
modern societies are more vulnerable to natural hazards than societies in the past,
especially due to urbanization and economic globalization (Huppert and Sparks 2006;
Gencer 2013; AgUstsdottir 2015). Research on climate change and its impact predicts
an increase in frequency and/or intensity of various hydro-meteorological extreme
events (IPCC 2007; IPCC 2012).

Many natural hazards threaten the Nordic countries. Natural hazards in the Nordic
countries, except Iceland, were summarized in a report produced within the framework
of the ESPON 2000-2006 programme (Schmidt-Thome 2006) and an overview of geo-
hazards in the region was published by Nadim et al. (2008). The major hazards for the
whole region are floods, landslides, storms and cyclones, and snow avalanches (Nadim



et al. 2008). The information given in the ESPON report is presently the most detailed
overview of natural hazards in the Nordic countries, excluding Iceland. Overviews of
specific hazards in individual countries have partly been published, such as Sdlnes et al.
(2013) which gives an overview of volcanic activities and earthquakes in Iceland.

These hazards vary among the countries due to geographical and geological
differences (Schmidt-Thome 2006). Iceland is the only country where volcanic and
seismic hazards are of significance (Nadim et al. 2008). The coastal areas are primarily
threatened by storm surges/winter storms and floods; the alpine-areas are threatened
by avalanches/landslides and floods; river valleys are threatened by river floods; and
areas that are located above tectonic active zones are threatened by volcanic eruptions
and earthquakes, tsunamis and landslides.

Figure 1: The volcane Eyjafjallajokull, in South Iceland, in eruption in 2010. The farm borvaldseyri is in
the forground

Photo: Sveinn Rundlfsson.
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The ERMOND network summarised the impacts of natural hazards in the Nordic
countries (Agustsdottir et al. in manuscript). Most fatalities are caused by avalanches
and landslides, primarily in Norway and Iceland. During the period 1901-2015 over 1000
lives were lost in Norway due to avalanches and landslides and over 200 in Iceland
(Agustsdottir et al. in manuscript). Sea floods and storms are also the cause of many
fatalities. During the period 1901—2015 floods from the sea and storms each caused 70—
8o fatalities in total in the Nordic countries (Agustsdottir et al. in manuscript). Most
economic damage is caused by storms, but droughts, avalanches and landslides, and
floods also cause considerable economic damage. During the period 1990-2015
economic damage caused by storms came to over USD 4 billion in Denmark and over
USD o.6 billion in Finland (Agustsdottir et al. in manuscript). Data on the economic
impacts of these hazards are largely available through re-insurance companies;
however, such data can have limitations based upon what is insured and what is not.
Furthermore, the insurance cover and the legal basis for such insurance in the Nordic
countries differs (Garne et al. 2013). Publicly available disaster impact databases also
exist, for example the EM-DAT international disaster database. Indirect impacts are
often difficult to determine and their impact characterization is problematic (Harjanne
et al. 2016). Data collected by insurance companies do not include health effects,
secondary effects or transfer of impact is often not recorded, and often there is limited
or no knowledge gathered on the production loss due to disasters. Similarly, the impact
of changes or deferrals made due to hazards is not recorded. For example, if trucking of
goods is abandoned it may be recorded and accounted for, but if trucking of goods is
changed to another lengthier route to avoid hazard impact at much extra cost, the
impact may not be recorded or accounted for. Such an example exists from Iceland
during the Eyjafjallajokull eruption where transport of cargo was changed to the
northerly route instead of the traditional shorter southern route around Iceland.
Accounting of costs such as risk mitigation cost (restoration cost) often only contain
official numbers for official rehabilitation costs from government/municipality that are
available but do not take into account the cost paid or endured by individuals.

ERMOND 17



Figure 2: Flood in Skafta River, in South Iceland, in 2015

Photo: Sigurjon Einarsson.

Several databases on natural hazards and their impacts exist in the Nordic countries.
The Norwegian University of Science and Technology has produced natural hazard
vulnerability maps for municipalities in Norway (NORKLIMA 2016). Each municipality
in Denmark is responsible for creating 100 x 200 mflood risk maps as part of the national
flood risk screening effort (Danish Nature Agency 2016). In Iceland, information on
natural hazards is gathered by the Icelandic Meteorological Office and can be accessed
through their webpage (vedur.is). This includes, for example, information on
earthquakes and  volcanic  eruptions  (http://en.vedur.is/earthquakes-and-
volcanism/volcanic-eruptions/ and http://icelandicvolcanoes.is/) and avalanches
(http://en.vedur.is/avalanches/imo/). For the Nordic countries (except for Iceland) the
European “Mapping and Assessment of Ecosystems and their Services” (MAES)
classification can provide ecological data (http://biodiversity.europa.eu/maes/maes-
digital-atlas). In Finland, the Finnish Environment Institute has published flood risk
maps. The Finnish meteorological Institute (FMI) has published Finnish all-weather data
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as open data due to the initiative of the Finnish government and the INSPIRE directive
of the European Union. Currently, FMI is developing a database on weather impacts
with the purpose of using it for weather and climate risk analysis and development of
impact-based weather forecasts. Flood risk maps:

e InFinnish: http://paikkatieto.ymparisto.fi/ftulvakartat/HtmlsViewer_2_7/?locale=fi-FI
e In English: http://www.environment.fi/floodmaps

e FMIl open data: http://en.ilmatieteenlaitos.fi/open-data-manual

In Iceland, the Agricultural University of Iceland has created a database on erosion status,
vegetation and land use (Nytjaland 2017). In Finland, the National Forest Inventory (NFI)
produces a wealth of data on different aspects of forest resources, forest health and
biodiversity, land use and forest ownership and forest carbon stock and changes. The
inventory has been conducted since the 1920s on a five to ten year interval. Data are
provided as statistics and maps (http://www.metla.fi/ohjelma/vmi/vmi-moni-en.htm).

Inthe ERMOND network a database was structured, with the aim of including data
on the occurrence and impacts of natural hazards in the Nordic region and on the
regional use of Eco-DRR in the mitigation of these hazards. This database is based on
the need to provide a tool to handle data; 1) occurrence of natural hazards; 2) their
impacts; 3) status of ecosystems; and 4) how ecological restoration is used in the Nordic
countries for Eco-DRR. The ERMOND database is intended to provide support for
collecting information on the aforementioned parameters in a normalized and
homogeneous way to form a basis for future work on disaster risk reduction in the
Nordic countries. Therefore, the database is an important deliverable from the
ERMOND project as a tool by which meaningful information can be brought to the
attention of the authorities.
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3. Ecosystem condition and
ecosystem resilience in the
Nordic countries

Extensive human induced ecosystem exploitation has resulted in a degradation of
important ecosystem services, including the capacity of ecosystems to provide protection
against natural hazards (Millennium Ecosystem Assessment 2005). Examples include
reduced resilience towards flooding (Nilsson et al. in review), tephra deposition and sand
storms (Arnalds 2013; AgUstsdéttir 2015), erosion (Imeson 2012), landslides (Sidle et al.
2006) and avalanches (Sakals et al. 2006). Global climate change is likely to escalate this
development (Millennium Ecosystem Assessment 2005).

The vulnerability of societies to natural hazards is highly dependent on the state of
the ecosystems (UNEP 2009). The Nordic countries have experienced large scale
ecosystem degradation. The native birch woodlands of the Faroe Islands and Iceland,
respectively, have been almost or totally removed (Eggertsson et al. 2008), peatlands
in Finland and wetlands in Iceland have been drained (Similaa et al. 2014; Arnalds et al.
2016), many nemoral forests in Denmark have been lost and often replaced with
plantations of introduced conifers (Fourth Country Report to CBD — Denmark 2010),
and streams and rivers have been channelized and dammed (Nilsson et al. in review). In
Sweden, almost no pristine forests are left and major parts, especially in southern
Sweden, have been transformed into agricultural land. In addition, large areas have
been subject to urbanisation or building of various infrastructures. In Norway areas of
intact wilderness (areas without technical infrastructure) have decreased dramatically
during the last decade, e.g. during 2008-2012 decreased by goo km?
[http://inonkart.miljodirektoratet.no/inon/kart]).

The ERMOND network has summarised the status of Nordic ecosystems, primarily
based upon information given in National reports to the Convention on Biological
Diversity (https://www.cbd.int/reports), supported with other information as needed.


https://www.cbd.int/reports

We confined our summary to following major habitat types: Alpine habitats, forests,
wetlands/peatlands, freshwater habitats and farmland.

ALPINE HABITATS: Alpine habitats cover large parts of the Nordic region. Almost
90% of the Faroe Islands are alpine areas (Olsen 2014). There are also extensive alpine
areas in Norway, Iceland and Sweden.

Alpine areas in Norway cover almost 120,000 kmz2
(http://www.skogoglandskap.no/kart/kilden). Anthropogenic effects on biological
diversity within this biome are relatively small given the sparseness of physical
encroachments; however the increasing fragmentation due to infrastructure,
hydropower plants, sports facilities and cabin building has negative effects on
populations of migrating wildlife and ecosystem functions (Nilsen & Strand 2017). In
recent years the ecologically important small rodent cycle in the mountains has been
absent or greatly reduced. This may be due to grazing pressure or climate change.

Figure 3: Degraded land in Skégaheidi, in the highlands of South Iceland

Photo: Asa L. Aradéttir.
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Alpine areas in Iceland, defined as land above 400 meters above sea level, cover almost
60,000 km? (Arnalds 2015). Around 55% of the Icelandic alpine habitats are sparsely
vegetated. These areas were formerly largely covered with heathland vegetation, which
has been degraded in historic time due to grazing, combined with harsh environmental
conditions and volcanic activity (Arnalds 2015; AgUstsdottir 2015). There is growing
pressure for development of the highlands, especially from the energy sector
(construction of dams and hydro and geothermal plants) and tourism (Ministry for the
Environment and the Icelandic Institute of Natural History 2001).

Alpine areas in Sweden cover almost 40,000 km? (Statistiska Centralbyran 2017).
This includes natural meadows and heathland, including shrub areas and unforested
exposed bedrock and boulder areas. Disturbance has increased in alpine areas during
the past 5o years, through the rapid development of tourism and the increased use of
cross-country vehicles (Gunnarsson and Lofroth 2014).

Finland’s alpine habitats comprise some 15,000 km? of the country (Ahokumpu et al.
2014). These are either treeless mountain tops or semi- open mountain birch forests lying
normally higher than 300 metres above sea level. The condition of lichen grounds has
been deteriorating for over the past two decennia due to the high level of reindeer herd
grazing. This has also other negative impacts on the alpine flora and fauna including the
deterrence of regrowth of mountain birch forest after autumn moth outbreaks. Other
pressures on alpine habitats include tourism and off-road traffic. The disturbances by
tourismin alpine areas can include the trampling and resultant erosion of vegetative cover
(Ahokumpu et al. 2014; review by Tolvanen and Kangas 2016).

Ingeneral, there is anincreasing pressure on alpine habitats in Finland, Sweden and
Norway. Thisis of concern as alpine ecosystems are often fragile and this can cause loss
of resilience towards natural hazards: such as landslides, avalanches, erosion, and
insect outbreaks. In Iceland most alpine habitats are seriously degraded. This affects
the ability of these habitats to mitigate natural disasters, primarily volcanic tephra fall
and sand encroachment. The ability to store and mitigate water is also largely lost,
which increases the likelihood of floods in lowland areas.
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FORESTS: Forests cover large parts of Finland, Sweden and Norway. Denmark has
considerable forest coverage, whereas Iceland and the Faroe Islands have very little
forest coverage.

In Finland forests cover some 230,000 km? (State of Finland’s For