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Conclusions and recommendations

Ecosystems can serve as natural infra-
structure, protective barriers or buffers 
which can reduce the impacts of com-
mon natural hazards, including flooding, 
droughts, storm surges, avalanches, 
landslides, and wildfires. Degraded or 
disturbed ecosystems, more or less lose 
the ability to reduce the impacts of 
natural hazards. This role of ecosystems 
in disaster risk reduction has received 
recognition at international platforms, 
such as the United Nations Sendai 
Framework for Disaster Risk Reduction 
(http://www.preventionweb.net/files/43291_
sendaiframeworkfordrren.pdf). 

In the Nordic project ERMOND: Ecosys-
tem resilience for mitigation of natural 
disasters we analysed the condition of 

Nordic ecosystems in relation to their 
ability to reduce the impacts of com-
mon natural hazards. We addressed the 
challenges of linking ecological resto-
ration for disaster risk reduction, later 
termed Eco-DRR, with ecological resto-
ration for the benefit of biological diver-
sity. Finally we conducted case studies 
on the potential of applying Eco-DRR to 
mitigate the impacts of floods, wind-
throw and, volcanic tephra fall. 

Our analyses of the condition of Nordic 
ecosystems shows that in spite of the 
common belief that Nordic ecosystems 
are relatively pristine we must recog-
nise that this is only partly correct. 
Nordic alpine habitats are still relatively 
pristine, but there is increasing pressure 



5

from tourism and physical encroach-
ments. Forest ecosystems have been 
significantly altered and fragmented 
due to commercial forest management 
and in some cases affected by exten-
sive plantings of introduced conifers. 
Wetlands and peatlands have been dis-
turbed and fragmented due to intensive 
draining and freshwater ecosystems 
have been seriously degraded. Tradi-
tionally managed cultural biotopes, 
such as some types of meadows and 
pastures, are under growing pressure 
due to intensification of agriculture. 
Our conclusion is that degradation and 
fragmentation of major habitats in the 
Nordic countries is likely to have reduced 
or even seriously damaged their abil-
ity to mitigate the impacts of natural 
hazards.

The major conclusion from the ERMOND 
project is therefore that new ideas 
and innovative solutions are needed to 
prevent damage and loss of lives due to 
disasters triggered by natural hazards 
in the Nordic countries. The key to this 
must be enhancing ecosystem-based 
approaches to disaster risk reduction 
(Eco-DRR) in the Nordic countries. The 
following actions were identified as 
central for accomplishing this:

•	 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 nat-
ural hazards in the Nordic societies.

•	 Ecosystem restoration for Eco-DRR 
must be integrated within existing 
policies and programmes for envi-
ronmental protection, rural develop-
ment and long-term sustainability 
targets. 

•	 Ecosystem restoration for Eco-DRR 
should be linked to ecological resto-
ration for protection and enhance-
ment of biodiversity in a way that 
secures a win-win situation. 

•	 Restoration of individual ecosystem 
services could conflict with other 

Ecosystem-based approaches  
to disaster risk reduction  
(Eco-DRR) has been defined as 
“the sustainable management, 
conservation and restoration of 
ecosystems to reduce disaster 
risk, with the aim of achieving 
sustainable and resilient  
development”.
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Eco-DRR governance and exploring 
possible solutions, their cost-effec-
tiveness and ecological benefits. 

•	 Different sectors, including govern-
ment, regional and local communi-
ties, scientific and engineering guid-
ance and practice, and stakeholders 
need to be involved in promoting the 
use of ecological solutions to provide 
acceptable win-win solutions.

•	 Nordic cooperation on Eco-DRR pol-
icy has the potential to strengthen 
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 eco-
systems 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 pre-
ventive actions for disaster risk reduc-
tion, such as ecosystem restoration, on 
the political agenda, and follow up on 
promising project results by financially 
supporting additional projects and 

ecosystem services; this should be 
avoided by instead using integrated 
aims and approaches for restoration.

•	 Eco-DRR should be explored as a 
first-choice option and encouraged 
in order to reduce society’s vulnera-
bility to natural hazards.

•	 Nordic DRR policies need to recog-
nise that Eco-DRR approaches also 
provide a wide array of other bene-
fits for ecosystems, local economies, 
the social fabric and the broader 
environment.

•	 Nordic DRR policies need to recog-
nise that application of preventive 
measures, and green solutions may 
provide less expensive alternatives 
compared to using only less sustain-
able engineering solutions or the 
high cost of post-event reactions. 
Benefits of improved ecosystem 
services and other indirect benefits 
should be considered when compar-
ing options for DRR in a cost-benefit 
analysis.

•	 Long‐term 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.

•	 Information gaps need to be over-
come to support decision making in 
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Local authorities such as municipalities 
need to implement local policy meas-
ures and action planning 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 net-
work that Nordic strategy on enhancing 
Eco-DRR solutions could make a critical 
contribution to the safety of Nordic 
societies and reduce loss of lives and 
economic damage. Such Nordic strategy 
would serve international benchmarking 
for disaster risk reduction and facilitate 
international cooperation. 

investigations. The NCM/Terrestrial 
Ecosystem Group (TEG) could also play 
a central role in supporting Nordic coop-
eration within the field of ecosystem 
restoration and disaster risk manage-
ment. 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 responsible for 
implementing suitable policy measures 
that will facilitate reaching such targets 
and ensure that a balanced approach to  
restoration as a tool of Eco-DRR will be 
integrated within existing policies and 
programmes for environmental and bio-
diversity protection, rural development 
and long-term sustainability targets. 
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Restoration aimed to enhance ecosys-
tem services has also emphasized the 
ecosystem as something to use and 
benefit from. Restoring ecosystem 
services thus focuses on the output of 
restoration (benefits), and has increas-
ingly become a driver for restoration 
during recent years. This can lead to 
a “fragmented” environmental policy, 
where opportunities for reaping full 
scale benefits from ecological restora-
tion are missed. 

Therefore, the main conclusion from 
this specific ERMOND study is that, 
although the need for restoration of 
certain ecosystem services is of high 
importance, this must not result in 
a single target focus at the cost of 
broader and more holistic aims. To 
accomplish this, projects aiming at 
enhancing Eco-DRR must be planned in 
such a way that broader aims of resto-
ration, such as protection and enhance-
ment of biodiversity, are also benefited.

The increasing focus on ecosystem 
services in ecological restoration has 
highlighted a possible conflict between 
restoration which is aimed at only one 
specific ecological service and a mul-
tilevel approach that includes broader 
and more holistic aims. Therefore, 
although the need for restoration of 
certain ecosystem services is of high 
importance, this must not result in 
a single target focus at the cost of 
broader and more holistic aims. To 
accomplish this, Nordic projects aiming 
at enhancing Eco-DRR must be planned 
in a way that also benefits broader aims 
of restoration such as protection and 
enhancement of biodiversity. 

We need to be aware of potential 
trade-offs before taking decisions on 
ecosystem restoration. A strong empha-
sis limited to a specific ecosystem ser-
vice, such as restoration for Eco-DRR or 
climate change mitigation, gives priority 
to actions and activities that may not 
fully benefit or even harm biodiversity. 

Linking restoration of degraded eco- 
systems and ecosystem based Eco-DRR 
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For future flood risk management in the 
Nordic countries the following questions 
need to be addressed: (1) Which types 
of watercourses are most susceptible 
to hazardous floods? (2) Which eco-
logical restoration practices can affect 
flooding and how efficient are they in 
increasing resilience towards hazard-
ous floods? (3) What future changes in 
mean annual discharge, flood frequency, 
timing and magnitude can be foreseen? 
(4) Will there be a need for modified
land use and restoration practices with
the expected changes in climate and
flooding regimes? (5) Are there res-
toration practices outside the Nordic
countries that would be applicable in
the Nordic countries for the forecast
climate change scenarios?

The Nordic countries have many types 
of streams and rivers, in urban, agricul-
tural and forested landscapes. Ecolog-
ical restoration can alleviate floods in 
these watercourses and reduce dis-
charge peaks downstream of restora-
tion sites by using retention/buffering 
in the catchment, riparian zones and 
in-stream channels. 

With further climate change, mean 
annual discharge is likely to increase 
in many streams and rivers in the 
northern parts of the Nordic countries, 
although with more restricted water-
level variations. A higher frequency of 
extreme rainstorms may, however, lead 
to a greater number of large floods in 
the future, especially in small streams. 
A proactive approach to future large 
floods, with a focus on sustainability 
and services of free-flowing river eco-
systems, means that specific land-use 
practices have to be abandoned in the 
most flood-prone areas.  

Formerly Scandinavian rivers were 
extensively channelized for timber- 
floating. This increased the risk of floods 
downstream. Tributaries of the River 
Vindel in North Sweden have now been 
restored by addition of large boulders 
and trees, which had been removed or 
destroyed. This has increased the water 
retention capacity of the river, thus 
keeping the water longer in headwater 
regions and reducing flood magnitudes 
further downstream. 

Ecological resilience towards floods: 
Case study



11

PH
O

TO
: C

H
R

IS
TE

R
 N

IL
S

S
O

N
 



12

Storms and windthrow or blowdowns 
in forests are natural phenomena that 
occur frequently in all the Nordic coun-
tries and they are expected to be esca-
lated by climate change. Human history 
includes many examples of severe wind-
throw in forests. Major recent exam-
ples are the 1999 December storm in 
Denmark and the storm named Gudrun 
in 2005 in Southern Sweden. Windthrow 
is the most important hazard related 
to forestry in northern Europe. Large 
sums are lost due to increased harvest-
ing cost and destruction of the timber 
during the windthrow at the same time 
that it enhances biodiversity and the 
amount of dead wood in forests. Later, 
indirect ecological consequences such as 
reduced “forest climate” and outbreaks 
of bark beetle attacks cause further 
economic loss, although the monetary 
lost is seldom calculated. 

Most research has focused on forest 
resistance and subsequent problems like 
beetle attacks and economically related 
problems, whereas only a little has 
focused on: (a) the kind of forest that 
establishes itself after windthrow, (b) 
what kind of services the new forest can 
provide, and (c) what kind of restoration 
interventions the forester can make 
in order to increase the functionality 
and ecosystem service provisions of 
the “new forest” that follows after the 
windthrow damage. 

Based on an ERMOND case study we 
conclude that forests in our region 
generally are quite resilient towards 
windthrow. It seems that advanced 
regeneration, soil disturbance and 
dead wood play important roles in the 
recovery, especially in the boreal region, 
whereas in the more southerly nemoral 
region new regeneration, deer browsing 
and competition from ground vegeta-
tion seem to be more important. Often 
the succession will go back to primary 
species like birch and rowan. The impor-
tant question is therefore whether the 
quality, biodiversity and economic value 
of the recovered forests are satisfac-
tory and how restoration efforts can 
enhance their worth. 

The case study analyses also showed 
that only limited attention has been 
put on the natural recovery processes, 
probably because traditional forest 
management following windthrow has 
meant salvage logging and traditional 
planting. The more environmental-
ly-based management approaches now 
being introduced in forestry emphasise 
the need for a research effort related 
to natural recovery processes and 
how to prepare the forests for coming 
storms by actions aiming at improving 
post-windthrow resilience. 

Ecological resilience of forests towards 
windthrow: Case study
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Volcanic eruptions with extensive tephra 
fall threaten Icelandic natural ecosys-
tems, human livelihood and health. 
After deposition, the tephra can be a 
long-term source of sandstorms, which 
can cause more destructive ecosystem 
degradation and soil erosion than the 
primary event. Extensive land degra-
dation in Iceland limits the capacity of 
ecosystems to survive tephra fall and to 
stop secondary transport of the tephra 
by sandstorms and the release of mas-
sive dust clouds. 

Degradation of ecosystems in the 
volcanic zone of Iceland has resulted in 
almost total removal of native wood-

lands and fragmented vegetation cover. 
These are two of the most important 
ecosystem characteristics in relation to 
the resilience of ecosystems towards 
tephra deposition and secondary dis-
tribution of tephra. Other important 
characteristics include surface rough-
ness and surface slope. Mapping of 
ecosystems based on these characteris-
tics reveals weak points in the ecological 
resilience towards tephra fall.

Restoration of woodlands is crucial to 
combat this problem. However, due to 
the large extension of degraded volcanic 
areas, complete planting is not feasi-
ble. Planting strategic seed sources of 

Loss of native woodlands had a crucial 
effect on the ability of Icelandic eco- 
systems to survive tephra fall and stop 
further distribution of the tephra. The 
photo shows the reaction of ecosystems 
in Goðaland, South Iceland, to tephra 
deposition from the volcano Eyjafjal-
lajökull in 2010. The degraded land in 
front has clearly been affected by the 
tephra, whereas the birch shrub has not. 
Notice that some of the tephra from  
the surroundings have been washed 
under the shrub, thus halting further 
distribution. PH
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Ecological resilience towards tephra fall: 
Case study
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birch and willow and facilitation of their 
distribution has been shown to be an 
inexpensive way to restore woodlands 
in such areas. Our studies showed that 
ecosystem resilience towards tephra 
deposition was significantly improved in 
a relatively shortly time after reestab-
lishment of native woodlands. 

Based on this ERMOND case study 
we conclude that this could serve as 
a model for improving resilience of 
ecosystems in volcanic areas towards 
tephra fall and secondary distribution 
of the tephra with relatively low budget 
interventions. The measures taken 

should be based upon thorough map-
ping of key ecosystem characteristics 
followed by strategic planting or seed-
ing of native birch and willow to facili-
tate natural colonization and eventually 
widespread woodland restoration. 
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Ecosystem restoration for mitigation of the impacts of natural hazard

The Nordic network ERMOND, Ecosystem Resilience for Mitigation of 
Natural Disasters, reviewed information on natural hazards and eco-
system conditions in the Nordic countries. Many natural hazards put 
pressure on Nordic societies, primarily floods, landslides, storms, snow 
avalanches and volcanic activity. Intensified land use and predicted 
climate change are likely to increase the impacts of natural hazards in 
the future. 

Ecosystems in good condition have the ability to reduce the impacts 
of natural hazards. Our study showed, however, that degradation of 
natural habitats in the Nordic countries may have reduced or even  
seriously damaged this ability. Nordic disaster risk reduction policies 
and strategies should recognize this situation and place restoration  
of degraded ecosystems on the agenda as an integrated part of  
future disaster risk reduction management in the Nordic countries.
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