www.nina.no

/91 Climate and ecosystem services

The potential of Norwegian ecosystems for climate mitigation
and adaptation

Graciela M. Rusch

NINA Report

@ NINA

Morwegian nstutefor Natur Researc Cooperation and expertise for a sustainable future



NINA Publications

NINA Report (NINA Rapport)

This is a electronic series beginning in 2005, which replaces the earlier series NINA commissioned
reports and NINA project reports. This will be NINA's usual form of reporting completed research,
monitoring or review work to clients. In addition, the series will include much of the institute’s other
reporting, for example from seminars and conferences, results of internal research and review work
and literature studies, etc. NINA report may also be issued in a second language where appropri-
ate.

NINA Special Report (NINA Temahefte)

As the name suggests, special reports deal with special subjects. Special reports are produced as
required and the series ranges widely: from systematic identification keys to information on im-
portant problem areas in society. NINA special reports are usually given a popular scientific form
with more weight on illustrations than a NINA report.

NINA Factsheet (NINA Fakta)

Factsheets have as their goal to make NINA's research results quickly and easily accessible to the
general public. The are sent to the press, civil society organisations, nature management at all lev-
els, politicians, and other special interests. Fact sheets give a short presentation of some of our
most important research themes.

Other publishing
In addition to reporting in NINA's own series, the institute’'s employees publish a large proportion of
their scientific results in international journals, popular science books and magazines.



Climate and ecosystem services

The potential of Norwegian ecosystems for climate mitigation
and adaptation

Graciela M. Rusch

Norwegian Institute for Nature Research



NINA Report 791

Rusch, G. M. 2012. Climate and ecosystem services. The potential
of Norwegian ecosystems for climate mitigation and adaptation -
NINA Report 791. 43 pp.

Trondheim, February 2012

ISSN: 1504-3312

ISBN: 978-82-426-2386-7

COPYRIGHT

© Norwegian Institute for Nature Research
The publication may be freely cited where the source is acknowl-

edged

AVAILABILITY
Open

PUBLICATION TYPE

Digital document (pdf)

EDITION

QUALITY CONTROLLED BY
Per Arild Aarrestad

SIGNATURE OF RESPONSIBLE PERSON
Research director Signe Nybg

CLIENT(S)

The Directorate for Nature Management (DN)

CLIENTS’ CONTACT PERSON(S)

Linda Dalen

COVER PICTURE

Naustdal Municipality, Sogn og Fjordane.
Photo: Odd Terje Sandlund.

KEY WORDS

Carbon stock, carbon sequestration, flood regulation, soil erosion,
green infrastructure, multiple ecosystem services, biodiversity.

NOKKELORD

Karbonlager, karbonopptak, flomkontroll, jorderosjon, grgnn infra-
struktur, gkosystemtjenester, biologisk mangfold.

CONTACT DETAILS

NINA head office
Postboks 5685 Sluppen
NO-7485 Trondheim
Norway

Phone: +47 73 80 14 00
Fax: +47 73 80 14 01

www.nina.no

NINA Oslo
Gaustadalléen 21
NO-0349 Oslo

Norway

Phone: +47 73 80 14 00
Fax: +47 73 80 14 01

NINA Tromsg
Framsenteret

NO-9296 Tromsg
Norway

Phone: +47 77 75 04 00
Fax: +47 77 75 04 01

NINA Lillehammer
Fakkelgarden

NO-2624 Lillehammer
Norway

Phone: +47 73 80 14 00
Fax: +47 61 22 22 15




NINA Report 791

Abstract

Rusch, G. M. 2012. Climate and ecosystem services. The potential of Norwegian ecosystems
for climate mitigation and adaptation - NINA Report 791. 43 pp.

The concept of ecosystem services encompasses the many benefits that society receives from
nature and that are often taken for granted. The conceptual framework highlights the connec-
tion between ecosystems and its components, and human well-being, and aims to complement
current conservation measures and practices which have turned to be insufficient to achieve
the 2010 targets of controlling the drivers of biodiversity loss. Ecosystem services are the as-
pects of nature that society uses, consumes, or enjoys. In some cases, i.e. when individuals or
the society make choices that imply the allocation of resources, the benefits from nature have
an economic dimension and can potentially be attached an economic value. At the same time
many other aspects of nature are valuable but cannot be valued in an economic sense be-
cause they are not associated with social or individual economic choices.

This report is about some of the benefits that society receives form nature and that are linked
with the challenges that society faces regarding climate change. Two areas in which nature
brings benefits to society are highlighted and supported with examples which show the ecolog-
ical and biological characteristics and processes that underpin the level of service supply. The
first one is associated with the capacity of nature to counteract or mitigate the increase in glob-
al greenhouse gas emissions. This benefit is ultimately delivered by the growth of plants and
the processes that accumulate carbon in biomass and in the soil. In addition, natural vegetation
and undisturbed soil in terrestrial ecosystems form large reservoirs of carbon that are released
as carbon dioxide when the vegetation cover and the soil are transformed through burning, till-
age and draining, or through soil erosion. A second group of benefits is related to the capacity
of nature to buffer against hazards produced by climatic extremes, for example, events with
high rainfall which are often the cause of floods and higher soil erosion. These challenges will
likely be of more concern in the future according to the projected changes in the climate.

The impacts of human activities on the capacity of ecosystems to provide services are empha-
sized as well as the potential benefits that can be obtained both by incorporating the multiple
values of nature into planning and by improving the management of live systems. There is a
strong weight of examples from boreal forest because of the extent and economic importance
of this nature type in Norway, and because decisions about land-use and forest management
have important consequences for the provision of many benefits. There are also examples
from floodplains and riparian ecosystems because of their value in water flow and flood control.
Green infrastructure is presented as a complementary resource to other proposed climate
change adaptation measures. Finally, some additional benefits are highlighted and used as
examples of trade-offs and synergies among the multiple services associated with climate
change, underscoring the value of the ecosystem service framework to inform decision-
making.

Graciela M. Rusch, Norsk institutt for naturforskning, Postboks 5685, Sluppen - 7485 Trond-
heim. graciela.rusch@nina.no
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Sammendrag

Rusch, G. M. 2012. Klima og gkosystemtjenester. Norske gkosystemers potensial for til-
pasning til og reduksjon av klimaendringer — NINA Rapport 791, 43 s.

@kosystemtjenester er et samlebegrep for alle de grunnleggende goder som naturen forsyner
oss med, og som vi ofte har en tendens til & ta for gitt. Det teoretiske rammeverket understre-
ker sammenhengen mellom gkosystemer, dets bestanddeler og menneskevelferd. Det
innebaerer ogsa et forsgk pa & supplere eksisterende forvaltningstiltak og praksis, da disse har
vist seg a veere utilstrekkelige i forhold til & n& 2010-malene om & stoppe tap av biologisk
mangfold. | noen tilfeller har gkosystemtjenestene et gkonomisk omfang og kan potensielt gis
en gkonomisk verdi. Dette gjelder for eksempel nar individer eller samfunnet tar avgjarelser
angaende ressursfordeling. Samtidig er mange andre aspekter av naturen verdifulle, uten at de
kan verdsettes i et gkonomisk perspektiv, da de ikke er koblet til sosiale eller individuelle
gkonomiske avveiinger.

Denne rapporten fokuserer pd noen av de godene vi far fra naturen, som er knyttet til utfor-
dringene klimaendringer medfarer. Rapporten fokuserer pa to grupper av gkosystemtjenester,
med eksempler pa gkologiske og biologiske egenskaper og prosesser som belyser tjienestene.
Den fagrste gruppa gar pa naturens evne til & motvirke og redusere effekten av gkningen i glob-
ale klimagassutslipp. Denne gkosystemtjenesten omfatter plantevekst og prosessene som tar
opp karbon i biomasse og i jord. Naturlig vegetasjon og uforstyrret jord danner store karbon-
reservoarer i terrestriske gkosystemer, som slippes ut i form av karbondioksid nar vegetas-
jonsdekket og jorden omdannes gjennom brenning, jordbearbeiding og drenering, eller gjen-
nom jorderosjon.

Den andre gruppa gkosystemtjenester gar pa naturens evne til & motstd negative konsekven-
ser av ekstremveer, for eksempel i situasjoner med mye nedbgr som kan gi flom og @kt
jorderosjon. Slike episoder vil ifglge gjeldende klimascenarier sannsynligvis bli mer alvorlige i
framtida. Den menneskeskapte pavirkningen pa gkosystemenes evne til & yte tjenester er
vektlagt. Rapporten framhever ogsa de potensielle fordelene som kan oppnas ved a inkludere
flere aspekter av naturverdier i planlegging og forvaltning av naturomrader. Det er en overvekt
av eksempler fra boreal skog pa grunn av omfanget og den gkonomiske verdien denne typen
natur har i Norge. Endringer i arealbruk og skogsdrift har viktige konsekvenser for gkosys-
temtjenestene. Eksempler fra gkosystemer som elvesletter og elvebredder er tatt med pa
grunn av deres betydning for vannfgring og flomkontroll. Grgnn infrastruktur er lansert som en
komplementeer ressurs til andre foreslatte klimaendringstilpassingstiltak.

Til slutt er betydningen av de ulike dimensjonene av naturressursforvaltning framhevet. Na-
turen gir mange tjenester og varer, og ytelsen kan bedres med god planlegging. A bare ta hen-
syn til et snevert formal, for eksempel karbonbinding, er ikke tilstrekkelig for & handtere den
naturlige kompleksiteten. | slike tilfeller kan hgyere samlet effektivitet og kostnadseffektivitet
oppnas nar alle viktige mal blir integrert i en helhetlig planlegging.

Graciela M. Rusch, Norsk institutt for naturforskning, Postboks 5685 Sluppen, 7485 Trond-
heim. graciela.rusch@nina.no
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Foreword

This report was commissioned by the Norwegian Directorate for Nature Management (contract
nr 11040046) with the aim of highlighting the linkages between climate and ecosystem services
with a special focus on how good management practices of ecosystems in Norway can miti-
gate climate change and increase the Norwegian society’s capacity to cope with climate
change. The project will contribute to the Directorate’s work to insure that nature is managed in
the best way considering projected changes in the climate.

The focus of the report is primarily on regulating services linked to the capacity of ecosystems
to mitigate climate change (i.e. carbon storage and sequestration) and of Society to cope with
natural hazards which are expected to occur as a consequence of global warming. | summer-
ize the mechanisms by which ecosystems provide these services, describe how human activi-
ties can modify the capacity to provide services and discuss some alternatives about how eco-
system services can be enhanced through wise planning and managed.

| thank Jon Museth who facilitated references and material about flood regulation capacity of
wetlands. Annika Hofgaard and Erik Framstad made many thoughtful comments to report
drafts. Thank you to Kari Sivertsen for the drawings and to Per Arild Aarrestad for thoughtful
editing. The report has benefitted from discussions with the ‘ecosystem services group’ at
NINA.

February 26" 2012, Graciela M. Rusch
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1 Introduction

The benefits that nature provides to human populations are often referred to as ecosystem
services (Daily 1997, Millennium Ecosystem Assessment 2005). They are ecological compo-
nents, processes, and functions that are valued by people (Boyd 2007). Despite its develop-
ment from ecology, the term “services” originates in economics and has been adopted in ecol-
ogy to highlight the connection between ecosystems and human well-being. The framework
was conceived to raise awareness about the importance of nature and natural processes to
society; and as a paradigm that would encourage reflection about the impacts that human ac-
tivities have on natural systems. In many cases, human activities pose severe threats to the
maintainance of life systems and their functions. At present, the approach is aimed to comple-
ment current conservation measures and practices which have turned to be insufficient to
achieve the 2010 targets of controlling the drivers of biodiversity loss.

After the introduction of the concept (Daily 1997), the global initiative of the Millennium Ecosys-
tem Assessment (MA 2005) assessed the consequences of changes in ecosystems for human
well-being and established the scientific basis for actions needed to enhance the conservation
and sustainable use of ecosystems (MA 2005, Table 1).

Some benefits derive from ecological functions that are directly related to organisms that form
ecosystems. For example, soil microorganisms and plants regulate fundamental bio-
geochemical processes involved in the cycling of nutrients in the soil and the production of bi-
omass and carbon capture on land and water (Mace et al. 2011). Also, benefits from nature
derive from ecological functions that rely on interactions among species. For example, soil fer-
tility and the maintenance of a variety of soil functions involve multiple interactions between
plants, herbivores, carnivores and soil biota (Wardle et al. 2004). Likewise, pollination of crops
and pest control, rely on biological interactions (predation, herbivory, feeding, parasitism, mu-
tualism) between different species and organism groups. Other benefits of nature include many
forms of recreation, aesthetic enjoyment, commercial and subsistence harvests, damage
avoidance, human health, and enjoyment of life's diversity (Boyd 2007).

Ecosystem services are the aspects of nature that society uses, consumes, or enjoys to expe-
rience those benefits (Boyd 2007). In some cases, the benefits from nature to society can be
assessed in terms of their economic value. These are, in economic terms, the ones associated
with social or individual choices that involve the allocation of resources. Some benefits are pri-
vate, they are received by individuals or companies, and others are public goods. At the same
time, there are many aspects of nature that are valuable and fundamental to well-being, but
that cannot be valued in economic sense.

The benefits produced by nature are unevenly distributed in space; because of they are based
on spatially-variable underlying ecosystem processes (Balmford et al. 2008). The use of these
benefits is spatially heterogeneous too, depending critically on the patterns of distribution of
end users (e.g., cities, or agricultural areas), which creates substantial spatial variability in the
value of benefits even within areas with similar natural production and flow (Balmford et al.
2008). Pollination is an example of highly spatially structured ecosystem service. The benefit of
enjoying high levels of pollination will depend on the quality of habitats that provide alternative
sources of feed for pollinators (Hegland & Bgke 2006), of the availability of nesting habitats,
and of the distance between nesting habitats and the crop (Kremen et al. 2007, Lonsdorf et al.
2007). Therefore, the decisions about the benefits and the trade-offs among them take place
on physical space (Troy & Wilson 2006, Nelson et al. 2009, Tallis & Polasky 2011). Some of
the important benefits that society receives from nature play an important role in coping with
climate changes (EU 2010, Table 1).
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Table 1: Proposed basic structure of the international catergorisation of ecosystem services
according to the Common International Classification of Ecosystem Services (CICES). Basic
structure and relationship to TEEBclassification. Three major ecosystem service themes (pro-
visioning, regulating and maintainance processes and cultural services). Haines-Young and
Potschin 2011 (Update). Boxes in orange show the services illustrated in this report.

CICES theme  CICES classes Examples from TEEB categories
Provisioning Nutrition Food Water
Genetic re- Medicinal re- Ornamental
Materials Raw materials  sources sources resources
Energy
waste treat-
Regulating and ment (esp. wa-
Maintainance Regulation of wastes Air purification ter purification)

Disturbance
prevention or Regulation of Erosion preven-

Flow regulation moderation water flows tion
Climate regula-
Regulation of physi- tion (incl. C- Maintaining soil
cal environment sequestration) fertility
Regulation of biotic = Gene pool pro- Lifecycle Biological con-
environment tection mainenance Pollination trol

Information for
cognitive devel-
opment
Inspiration for
Aesthetic in- culture, artand Speritual expe- Recreation &
formation design rience tourism

' TEEB project: The Economics of Ecosystem Services and Biodiveristy (Balmford et al. 2008).
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2 The scope of the report

The scope of this report is about the benefits that society receives form nature and that are re-
lated with the challenges that society faces regarding climate change. The report focuses on
three important areas in which nature brings valuable benefits to society.

The first area is associated with the capacity of nature to counteract or mitigate the increase in
global green house gas (GHG) emissions that are caused primarily by the use of fossil fuel, but
also by changes in the land cover. This benefit is ultimately produced by the growth of plants or
the process of primary production. In addition, natural vegetation and undisturbed soil in terres-
trial ecosystems also form large reservoirs of carbon (C) that are released as carbon dioxide
(CO,) and hence, contribute to increase GHG emissions when the vegetation cover and the
soil are transformed through burning, tillage and draining.

A second group of benefits is related to the capacity of nature to buffer against hazards pro-
duced by climatic extremes, for example, events with high rainfall which are often the cause of
floods and higher soil erosion. These problems will likely be of more concern in the future,
since current predictions about rainfall in Northern hemisphere (Scandinavia, Norway) point to
higher frequency of events with high rainfall. The vegetation cover has the capacity to absorb
peaks, having a regulating function against floods and controlling erosion and thus soil loss.
Also related to climatic phenomena are the benefits from nature associated with the capacity of
complex natural systems to reduce risks of losses in the production of food, fibres and timber.

10
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3 The C cycle and greenhouse gases emissions

Through the process of photosynthesis, terrestrial plants capture atmospheric CO, and chemi-
cally transform CO, molecules into organic carbon compounds that form plant tissues and re-
serves (starch and sugars). The rate of carbon sequestration, or in other words, the rate at
which CO; is removed from the atmosphere and bound in plant biomass is directly related to
the processes of photosynthesis and primary productivity (Fig. 1). Plants return some amount
of CO, back to the atmosphere through respiration, and the difference between the CO; that is
captured through photosynthesis and that is released back through respiration results in accu-
mulation of biomass (Fig. 1). Hence, the importance of plants in the carbon cycle is vital. In
addition to the emissions by respiration, biological systems release CO, back to the atmos-
phere through the process of decomposition of organic matter (Fig. 1). Fires and burning of
organic material (wood, peat) are also processes that release CO..

Figure 1: Diagram illustrating the processes in the bio-geo-atmosphere that are involved in the
carbon cycle. The green arrow indicates net carbon sequestration function from the atmos-
phere by plants. Red arrows indicate emissions of greenhouse gases to the atmosphere
through biomass decomposition, fire and combustion of fossil fuels. The size of the arrows is
scaled to indicate the magnitude of the flow.

Fossil fuels are composed by organic C compounds that plants have produced and accumulat-
ed during a very long time-span (in the order of hundreds of millions years) and are stored un-
der the Earth surface primarily as coal and oil. Hence, when burned, these fuels release a
large amount of accumulated CO, and other GHG back to the atmosphere. The magnitude of
the release is evidenced by the amount of CO; in the atmosphere since the start of the indus-
trial era, when these sources started to be extensively exploited (Fig. 1, Table 2). An additional

11
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source of CO; released to the atmosphere is caused by land conversion, e.g. the replacement
of natural vegetation to arable land. This release results from the combustion of organic mate-
rial when burning and from increased decomposition rates of biomass detritus and soil organic
matter when the soil is ploughed. The release is of considerable magnitude, because it con-
verts biomass and soil organic matter accumulated over longer periods of time (in the order of
magnitude of 100s to 10 000 years). Measurements of the global atmospheric concentrations
of GHG show marked increases since pre-industrial times, with levels of CO, far exceeding the
natural range of the past 650000 years. The concentration of atmospheric CO; has increased
from a pre-industrial level of about 280 ppm to more than 387 ppm in 2008 (Fig. 2).

CO, concentration (ppm)
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Figure 2: Historic development of atmospheric CO2 concentrations (ppm). Source: European
Enviormental Agency (EEA) http://www.eea.europa.eu/data-and-maps/figures/atmospheric-
concentration-of-co2-ppm accessed 2011-12-20

Table 2: Emissions from fossil fuels and land-use change (millions of metric tons of C per
year). Source: Oak Ridge National Lab, Carbon Dioxide Information Analysis Center in Stavins
& Richards (2005)

1850 1900 1950 1960 1970 1980 1990 2000
Fossil Fuel 54 534 1612 2535 3998 5177 5969 6385
Land-use Change 503 697 935 1302 1537 1608 2158 2081

The emissions in Norway have increased in the past 20 years, primarily in the energy sector,
and have had with a small decline in recent years, mainly due to a reduction of emissions in
the industry sector (Fig. 3).

12
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Figure 3: Total emissions of all GHG in Norway from 1990 to 2009 calculated as Mtonnes CO,
equivalents from the different sectors. LULUCF: Land use, Land-Use Change and Forestry.

Source: Norwegian Climate and Pollution Agency (2011).
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4 Climate change projections for Norway

4.1 Features of the Norwegian climate

4.1.1 Temperature and plant growth season

The Norwegian climate has considerable geographical and temporal variation, and it is relative-
ly warm compared to other regions at the same latitude due to the influence of air and sea cur-
rents (Hanssen-Bauer et al. 2009). Shifts in these currents cause important variation in the lo-
cal climate. The annual mean temperature ranges from +6 °C at the coast in Vestlandet to —4
°C in the high alpine zone. In parallel, the length of the growing season, estimated by the num-
ber of days with mean temperature above 5 °C, varies from 225 days in Vestlandet to below 70
days in the high alpine zone (Hanssen-Bauer et al. 2009).

The ranges in latitude, altitude and the degree of proximity to the sea determine the variation in
mean temperature, the length of the growing season and the seasonal variability in tempera-
ture.

4.1.2 Rainfall and hydrology

The proximity of land to the sea defines an important climate gradient, from maritime in coastal
areas to continental climate in the mountains with a strong influence on the amount of rainfall,
whether it falls as water or as snow, on runoff and the hydrological cycle.

The hydrological cycle describes how water falls on land as rainfall, how it accumulates as
snow and ice, or infiltrates and is stored as soil- and ground-water, how it goes back to the at-
mosphere through evapo-transpiration and how it is transported as surface water to the sea
(Hanssen-Bauer et al. 2009).

Mean annual rainfall in Norway is estimated to 1486 mm of which 346 mm (ca 25%) go back to
the atmosphere through evapo- transpiration and 1140 mm drains (infiltration and runoff)
(Wong et al. 2011). Norway has therefore a positive rainfall/fevapo-transpiration balance. How-
ever, there are large regional differences. According to Hanssen-Bauer et al. (2009), the mean
annual precipitation ranges from approximately 300 to 3500 mm, with the highest precipitation
amounts found in western and northern Norway. @vre Gudbrandsdalen and Inland Troms are
the driest regions (with less than 300 mm rainfall) and small areas in Vestlandet, the wettest
(over 5000 mm rainfall on certain localities). Also mean one-day rainfall event varies between
dry and wet areas, ranges from 15 mm to ca 150 mm, respectively. These day mean values
are exceeded 3-4 times per year. These rainfall patterns largely determine the magnitude of
runoff, which is largest at Alfotbreen (ca 5400 mm), and lowest at the higher Gudbrandsdalen
watershed (ca. 350 mm).

Watersheds close to the coast have in average only few days with snow cover, whereas high
alpine areas are covered with snow more than 300 days per year, and the glaciers have per-
manent snow or ice cover. Whether the climate is maritme or continental has a strong effect on
seasonal stream-flows (Beldring et al. 2003). Streamflow in continental or mountain type re-
gimes show low flows in the winter and dominant spring and summer high and predictable
flows caused by seasonal snow melt (Poff 2002, Beldring et al. 2003, and Fig. 4a). At the other
extreme, catchments in the coastal type have less predictable high flow patterns with dominant
autumn and winter high flows caused by rain, and summer low flows (Fig. 4b). Many catch-
ments have varing degrees of dominance of spring snowmelt and autumn rain high flows (Bel-
dring et al. 2003, Hanssen-Bauer et al. 2009).

14
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Figure 4: Normal flow (mm/day) (blue line), highest (purple line) and lowest (yellow line) ob-
served flow per day and year in the Glomma river at the Elverum watershed in the @stlandet
region (a) and at the Tovdal river vid Flaksvatn in the Agust-Agder region (b). (a) and (b) corre-
spond to mountain and coastal runoff regimes (Beldring et al. 2003). Source: Hanssen-Bauer
et al. 2009).

4.2 Climate change projections in Norway

Knowledge about future climate change — how fast and to what extent the climate will change —
is neither complete nor certain. However, there is a general consensus among scientists that
the emissions of GHG to the atmosphere will have significant consequences on the climate
and life on Earth. Current climate research does not provide any definite answers, but do give
an indication of the direction in which the climate will change (Flaete et al. 2010).

Hansse-Bauer et al. (2009) describe climate changes that have been observed in the past cen-
tuary. Despite large variations between years and decades observed on continental Norway,
there has been a clear increase in the amount of rainfall during the past 100 years, particularly
from the end of the 70’ies (Fig. 5). In the past centuary, the yearly rainfall has increased almost
20 %, with the increase being largest in the west coast region (Vestlandet). Their analysis also
shows that the increase in rainfall during this period has been largest during the winter and
lowest in the summer (24% and 8% increase in 100 years, respectively) but there is a consid-
erable variation among climate regions in the country. In South-Norway the increase in sum-
mer rainfall has been the lowest.

In addition to the observed changes in temperature and in the amount of rainfall, changes in
the climate are also reflected in terms of the frequency and intensity of extreme climatic events.
Hanssen-Bauer et al. (2009) describe the changes that have been observed in terms of ex-
treme rainfall events during the period 1900 to 2004 in Norway in the following way: The maxi-
mum rainfall in 1-day increased in 2/3 of the stations with records during this period, although
the trends are only statistically significant in 4 stations. There are also indications of an in-
crease in the frequency of intensive rainfall in short periods (less than one day). In the area of
Oslo, for example, there has been an increase in frequency of high 1-hour rainfall values in the
period between 1968 and 2008. These observations are in agreement with global trends. A
recent report from the Intergovernmental Panel on Climate Change (IPCC, 2011) indicates with
quite confidence that climate changes are very likely to increase the occurrence of extreme
climatic events.

Records of hydrological patterns show large variability and they are difficult to relate to chang-
es in the climate. However, Hanssen-Bauer et al.’s (2009) report indicates a clear increase in
winter runoff in Eastern Norway (dstlandet). This increase is larger in the lowlands than at
higher altitudes. The authors conclude that this pattern can be explained by the occurrence of
more periods of mild weather with snowmelting combined with rain than in the normal period.
They also conclude that the increase in glacial runoff from the summers and autumns 1993
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must have been a consecuence of icemelting combined with rainfall in the ice-free portion of
the glacial area (Hanssen-Bauer et al. (2009). Both patterns indicate higher temperatures and
higher occurences of winter rainfall as rain, and in turn, the occurrence of rain-on-snow events.
Rain-on-snow events take place when rain falls onto a frozen ground with a pre-existing snow-
pack. In this case, runoff is exacerbated because the rain does not infiltrate the soil and can, in
addition, cause the snow to melt, creating conditions which in some instances can lead to
flooding.
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Figure 5: Development of rainfall on Norway’s mainland 1900-2008. The bars show rainfall as
a percentage of the mean rainfall for the normal period 1961-90. Source: Hanssen-Bauer et al.
2009.

Despite the large natural climatic variability, recent analyses of Norwegian climate indicate that
the changes that have been observed in the last century are in agreement with what could be
expected as a result of human impacts in the form of increased concentrations of GHG in the
atmosphere (Hanssen-Bauer et al. 2009). The projections about climate change indicate al-
tered temperature and precipitation in different ways globally. In Norway, recent projections
predict in all cases a warmer summer season (15 May—15 October) for the whole country with
a temperature increase of 1° — 4°C (Wong et al. 2011). The largest increase can be expected
in southeastern and northern Norway, with the smallest increase along the west coast. Also,
according to all projections, mid- and northern Norway will experience an increase in future
summer precipitation from 100 to over 200 mm; and following the increase in temperature, it is
projected general increases in evapotranspiration (Wong et al. 2011).
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5 Climate change mitigation services

In response to the concerns about the impacts of human activities on the composition of the
atmosphere and their consequences on life systems, the global climate and human-well being
in the future, the United Nations Framework Convention of Climate Change (UNFCCC) has set
as its ultimate objective: “the stabilization of greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate system.
Such a level should be achieved within a time-frame sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food production is not threatened and to enable
economic development to proceed in a sustainable manner” (UNFCCC 1997 Article 2).

Important ecosystem services are linked to this objective. One agreed imitigation strategy for
stabilization of GHG in the atmosphere under the Kyoto Protocol is the "protection and en-
hancement of sinks and reservoirs of GHG not controlled by the Montreal Protocol?; promotion
of sustainable forest management practices, afforestation and reforestation” (UNFCCC 1997).
In sections 6.1 and 6.2 the factors that underspin the provision of mitigation services are ex-
plained. The sections refer to carbon reservoirs or stocks, and to the processes underlying the
guestion about carbon sinks, repectively. In section 7 we address the question about how the
management of nature can affect the provision of climate mitigation services.

5.1 Carbon stored in natural and semi-natural vegetation

Ecosystems store a large stock of organic carbon in the vegetation, in peat and in the soil. Soll
and biomass contain 3-4 times the amount of C in the atmosphere and therefore play an im-
portant role as a regulator of the GHG in the atmosphere (Grgnlund et al. 2010). Therefore,
one way to stabilize GHG in the atmosphere is to maintain the carbon stored in terrestrial eco-
systems, reducing in that way the amount of GHG that passes from terrestrial ecosystems to
the atmosphere.

There are large differences, among ecosystems both in the size of the stocks, which depends
both on the area covered and on the ecosystem’s characteristic; and in how C is distributed
between the standing vegetation, debris material and soil organic matter (SOM).

In Norway, forests constitute approximately 38% of the mainland land-cover, mires and wet-
lands 6 %, agricultural land and pastures 3%. Land that is not covered by any of these
cateogories consitutue 43% of the total area, primarily mountain areas without forest cover.
The rest of the area (8%) is urban areas, water bodies and glaciers (Grgnlund et al. 2010, Ta-
ble 3)

Table 3: Land cover types in Norway. Source: Statistics Norway http://www.ssh.no/areal/

% Km?
Total 100.0 323782
Urban areas & constructions 1.4 4533
Agricultural land & pastures 3.2 10361
Mires & wetlands 5.8 18 779
Water bodies & glaciers 7.0 22 665
Forest 38.2 123 685
Alpine 44.4 143 759

The land-cover types that contribute mostly to the C stock are forest, mires and wetlands and
the mountain areas above the forest line.

? “Montreal Protocol” means the Montreal Protocol on Substances that Deplete the Ozone Layer, adopted in
Montreal on 16 September 1987 and as subsequently adjusted and amended (UNFCCC 1997).
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In Norway, the carbon stock in forest, including above-ground biomass and root (but excluding
soil organic matter (SOM)), has been estimated in 450 mill tons, distributed as 90% in live bio-
mass and 10% in dead trees and debris. Approximately 78% of the forest biomass stock is in
above-ground biomass and 22 % in roots (Grgndlund et al. 2010). There is considerable varia-
tion, however, in the size of carbon stocks in forest stands with different soil fertility and of dif-
ferent tree species compositon. The amount of carbon stored in boreal forest is higher in sites
of high soil productivity (Kranabetter 2009, Grgnlund et al. 2010); and Pine forests and mixed
Norwegian Spruce and Pine forests have higher carbon stocks than pure stand of Norwegian
Spruce.

The carbon stock in a forest stand also varies with age; and generally accumulates along the
development of the forest. However, studies of Nordic boreal forests under different disturb-
ance (fire) regimes show that total above-ground carbon storage (including trees and understo-
rey vegetation) is higher in forests that are disturbed more frequently (Wardle et al. 2012). The
same studies show that, in contrast to above-ground forest carbon, below-ground carbon
stocks are larger in forest with longer time of biomass accumulation. The addition of stocks of
above- and below-ground carbon results in higher total carbon stock in forests with long, non-
disturbed accumulation periods (Wardle et al. 2012). This is due to a large extent to the stock
of soil organic carbon, which in contrast to that in the forest biomass, builds up over longer
time. The studies by Wardle et al. (2012) show a continuous accumulation of SOM at least dur-
ing 5000 years (Wardle et al. 2012) and often a period in the order of 10 000 years is assumed
in models of SOM in Scandinavia.

Globally, soils store the largest stock of carbon in terrestrial ecosystems, two to three times
larger than the carbon pool of vegetation (Schlesinger 1991, in de Wit et al. 2006). Specifically
in the case of the forest in Norway, the carbon stock in SOM is approximately 75 % of the total
carbon stock in the forest ecosystem, and it has been estimated to 1 550 mill tons (Grgnland et
al. 2010). Soil carbon stocks, however, vary considerably with the site physical properties; dry
soils have smaller carbon stocks than moist soils, as revealed by a recent study in Sweden
(Olsson et al. 2009).

Despite the comparatively smaller area occupied by mires, the carbon stock in open mires in
Norway accounts to about half of the stock in forests and forest soils together. The size of the
stock depends on the depth of the peat layer (ranging between 0.65 m to 2 m in Norway), the
density and the proportion of peat. In Norway, it has been estimated in 950 mill tons carbon
(Grgnlund et al. 2010).

The alpine area covers 44.4% the majority of the mainland in Norway (Table 3). The total C
stock in these land-systems is estimated between 500 and 1 500 mill tons C.

5.2 Carbon sequestration

The majority of the GHG that is emitted to the atmosphere through burning of fossil fuels is
CO,, the basic compound which plants use to build their biomass and which, in turn, supports
most terrestrial life on Earth. In forests, the CO, sequestration rate largely depends on the con-
ditions for plant growth (e.g. climate and soil nutrients), the management practices adopted
and the species of trees involved (Stavins & Richards 2005). If the difference between the rate
of CO, sequestration and release to the atmosphere is positive, there will be a net accumula-
tion of biomass (in the form of leaves, branches, stems, roots and other plant tissues). The
ecosystem is then considered to be a ‘CO, sink’, and if the difference is negative, a ‘CO,
source’. The proposed GHG stabilizing measure of “protection and enhancement of CO2
sinks” (UNFCCC 1997) addresses the maintainance and/or enhancement of CO, sequestration
by plants, in other words, a service that is provided by nature to counteract the negative effects
of human activities on the atmosphere and the global climate. Changes in C stocks are moni-
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tored in Norway and reports on GHG emissions and carbon stocks are also submitted to the
United Nations Framework Convention on Climate Change (UNFCCC) and to the EU (Climate
Pollution Agency 2011, Fig. 3).

Stocks of trees in northern Europe (Luyssaert et al. 2010) and in Norway (de Wit et al. 2006)
have increased in the past decades, resulting in significantly higher carbon sink strength. In
Norway, between 1970 and 2001, an increase of 29% and 4.5% has been estimated for forest
biomass and soil carbon in productive forest, respectively (de Wit et al. 2006). Both boreal for-
ests, and mires and wetlands are at present significant carbon sinks in Norway, but they could
become net carbon sources as the Earth warms.

There are various factors that determine whether the ecosystem is a carbon sink or a source
(whether the difference between CO, capture through photosynthesis and release through res-
piration and organic matter decomposition is positive or negative) (Table 4). These factors are
linked to the resources available for plant growth, the climate, and to land-use and manage-
ment. Therefore shifts in current levels of CO, capture and release should be expected as a
consequence of changes in these factors.

A critical resource for plant growth is the concentration of CO; in the air. There is accumulating
evidence that the increased levels of CO, concentrations in the atmosphere have a large scale
impact on plant growth. Bellassen et al. (2011) indicate that higher levels of atmospheric CO,
appear to affect carbpm sinks more, indicating large direct impacts of GHG emissions on the
carbon cycle and ecosystem functions. Also, site conditions, in terms of water availability,
drainage and soil fertility that are important determinants of forest growth affect the capacity of
the forest to capture CO,.

The capacity to capture CO, is also determined by the characteristics of the forest stand such
as age and species composition. CO, sequestration capacity is typically low at early stages of
the forest stand, increases with stand age, and declines at stand maturity. However, the time at
highest carbon uptake varies considerably among tree species (Stavins & Richards 2005). Bel-
lassen et al. (2011) provide further evidence of the importance of forest stand age on the level
of C sequestration. Despite earlier arguments that ageing forests cease to accumulate carbon
and reach a zero CO; net balance at old age, recent studies show that old- growth forests re-
move CO, from the atmosphere and therefore serve as a global CO, sink. Luyssaert et al.
(2008) found that in forests between 15 and 800 years of age, net ecosystem productivity (the
net carbon balance of the forest including soils) is usually positive, demonstrating that old-
growth forests can continue to accumulate carbon. These results are in contrast with the long-
standing view that old-growth forests are carbon neutral. In their study, both forest stand age
structure and management were responsible for a large variation in the level of carbon capture
over the course of a forest rotation, the effect of which was even higher than that of climate
fluctuations (600 g C m-2 yr-1 compared to <300 g C m-2 yr-1, for management and climate
respectively).

One of the main drivers of organic matter decomposition and soil carbon accumulation is the
quality of the litter which depends on the attributes of the plant species in the vegetation (for
example, Rothstein et al. 2004, Cornelissen et al. 2004, Cornwell et al. 2008, Weedon et al.
2009, Wardle et al. 2012).Climatic effects on litter decomposition rate can be important, but
they appear to be smaller compared to differences due to the quality of the litter (Cornwell et al.
2008). Further, litter quality appears to mediate the accumulation of soil C along forest succes-
sion. Studies in northern Scandinavia (Wardle et al. 2012 and references therein) show that
soil C accumulates steadily as forest sucession advances and pioneer species are replaced by
late successional species (in this case, Norwegian Spruce). Wardle et al. (2012) attribute the
increase in forest soil C stock to the low decomposition rates of the litter of late successional
species that leads to higher contents of recalcitrant organic matter in the soil.
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Table 4: Factors that affect CO, capture and release processes, determining the balance be-
tween CO, sink and source in forest and forest soils.

FACTORS

Physical conditions
Atmospheric CO, concentration

Temperature

Water balance

Site fertility

Forest stand age

Species composition

C CAPTURE PROCESSES

Higher photosynthesis rates, higher
biomass and soil C accumulation
with high CO2 concentration.
Generally, higher photosynthesis
rates with higher temperature

Plant growth rates determined by
water availability, decline with
drought.

Higher C storage in sites with high-
er productivity (Kranabetter 2009,
Grgnlund 2010).

At stand level, biomass accumula-
tion rate peaks at intermediate age
(Stavins & Richards 2005) but con-
tinues in  old-growth forest
(Luysseert et al. 2008).

At ecosystem level, projections es-
timate forest biomass accumulation
in Norwegian boreal forest leveling
out at 190-340 years (Holtsmark
2011)

Species-specific growth rates affect
CO, sequestration rates

C RELEASE PROCESSES

Generally, higher respiration and
decomposition rates with higher
temperature (Cornwell et al. 2008).
The largest C stocks in boreal forest
occur in poorly drained sites (Ra-
palee et al. 1998). Soil and wetland
drainage is often a major cause of
CO2 release.

At stand level, affecting the amount
of litter fall and debris. May in-
crease in old-growth forest due to
higher debris deposition.

At ecosystem level, soil C in Nordic
boreal forest accumulates steadily
at least during 5 000 years (Wardle
et al. 2012).

Plant species litter and wood debris
quality affect OM decomposition
rates.

*Low N, high lignin and secondary
compounds reduce decomposition
rates (Cornelissen et al. 1999,
Cornwell et al. 2008).

*Quality of litter can affect decom-
position pathways (fungal vs bacte-
rial). Higher fungal-to-bacterial
ratio seems to promote C accumu-
lation in soil (Wardle et al. 2004).

5.3 Land use and the capacity of climate mitigation service provision

5.3.1 Carbon storage and forest management

Management practices and land-use change can profoundly affect carbon stocks of terrestrial
ecosystems. Deforestation and the conversion of other natural cover are important sources of
CO,, releasing carbon primarily by encreasing the rates of organic matter decomposition and
through burning. Since the industrial era, more than a third of anthropogenic CO, emissions
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have resulted from land conversion (Chan et al. 2006 and Houghton 2003°, Table 2) and the
current release of stored carbon in living biomass and soil organic matter by deforestation and
land conversion is estimated to account for 20% of the total GHG emissions (IPCC 2007).

In Norway, there has been a trend since the mid-90’s of negative GHG emissions of atmos-
pheric CO, from Landuse, Land-Use Change and Forestry (LULUCF) (Climate and Pollution
Agency 2011, Fig. 3), or in other words, a net biological binding of C during this period.

However, these patterns could change with more intense harvests, for example for biofuel ex-
ploitation. Explorative projections at the national level indicate that higher levels of harvest re-
sulting from biofuel extraction in Norway would have an impact on the area harvested, on the
length of the harvest cycles and on the amount of C stored in forest biomass. An extraction
level of 9.5 Mm?® yearly, would allow a rotation cyle of 250 years and an area harvested of 300
km?/year. Increasing the extraction to 22.5 Mm? would reduce the C stock in forest biomass to
approximately 50% (Holtsmark 2011, Table 5). Even without considering the C stock losses
from the soil, the higher level of forest biomass extraction would reduce the stock in about 90
MtC that would stabilize in approximately 150 years (Holtsmark 2011, Fig. 6).

Box 1. The national LULUCF emissions and removals in Norway are estimated and report-
ed to the Climate Convention and the Kyoto-Protocol based on data provided by the Na-
tional Forest Inventory (NFI) and complemented with other data collected by Statistics Nor-
way, Norwegian Agricultural Authority, Food Safety Authority, the Norwegian Directorate for
Nature Management, and The Directorate for Civil Protection and Emergency Planning. The
calculations of biomass and carbon stock in forest are based on single tree biomass com-
ponents such as stem, bark, living branches, dead branches, needles, stumps and roots,
and other forest stand attributes measured in the permanent sample plots on forest (Climate
Pollution Agency 2011).

Table 5. Examples of of C stored in forest biomass according to two scenarios of biofuel ex-
traction in Norway. Higher annual harvest leads to shorter rotation cycles and larger area har-
vested. Source: Holtsmark 2011.

Length of rotation Annual harvest Area harvested C stored in dead
cycle (years) (Mm?®) (km?/year) and living bio-
mass (MtC)
90 22.5 833 467
250 9.5 300 933

*Global Annual Net Flux of Carbon to the Atmosphere from Land-Use Change: 1850-2000
http://cdiac.ornl.gov/ftp/trends/land-use/houghton/houghtondata.txt
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Figure 6: Projected drop in the forest carbon stock due to increased logging in Norway.
Source: Redrawn from Holtsmark 2011.

These forestry projections consider forest biomass only and do not assess the impacts of har-
vest instensity in soil carbon stocks. Hence, it is likely that carbon stock losses are underesti-
mated (Holtsmark 2011). The studies of forests with different fire disturbance regimes support
the conclusions that more frequent biomass removal would result in considerably lower soil
carbon stocks (Wardle et al. 2012). The removal of biomass as timber and other wood prod-
ucts is likely to have significant consequences on the carbon stock through the reduction in the
amount of biomass that enters the soil. However, building up soil carbon stocks does not only
depend on the inputs of litter and other plant debris. Other processes that affect organic matter
mineralization rates can be even more important and factor out differences in biomass inputs.
For example, the harvest of whole trees (Whole Tree Harvesting) appears to have less impact
on soil organic carbon loss than practices when only stems are harvested, as shown in a re-
cent long-term study in Sweden. These apparently counterintuitive results were attributed to a
complex interplay of factors affecting the activity of soil micro-organisms (Vangelova et al.
2010).

5.3.2 Carbon sequestration and land management

The way the forest is managed determines to a large extent the development of CO, accumu-
lation in the forest biomass over time. Holtsmark (shown in Randers (2011) illustrates the dif-
ferences in CO, accumulation in two forestry scenarios in Norway (Fig. 7). In alternative a)
‘Harvest’, the mature forest is harvested following the current practice, where the products are
one third of fuel-wood, paper and timber each. The time for these products to be burnt or de-
composed is estimated to be 1, 5 and 50 years, respectively. In alternative b) ‘No-harvest’ the
forest remains standing and the energy needs that arise from the reduction in the amount of
fuel-wood is compensated by burning oil. The calculations show that in the ‘Harvest’ alterna-
tive the CO, stock declines until year 30, when it starts to increase rapidly while the forest ma-
tures. In the ‘No-harvest’ alternative, the CO, stock increases (after accounting for the emis-
sions from oil burning) until it reaches a plateau between years 20 and 40, after which there is
a slow decline. The ‘No-harvest’ alternative results in higher CO, stocks in the period from 5 to
55 years after the time the decision about harvest or no-harvest is taken (year 0). More accu-
rate models are needed to predict the CO, dynamics in Norwegian forests, however, these re-
sults give strong indications that more harvest of forest will reduce the CO, stock in the forest,
with high certainty in the short term (until ca 2050), but also in the long term (Holtsmark (shown
in Randers 2011).
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Figure 7: Development of biomass on a stand during a period of 100 years. Source: Bjart
Holtsmark, SSB, 2010 in Randers (2011). Alternative 1 'Harvest’: - - - - CO2 bound in the for-
est that is harvested in year 0. including CO; bound in what results in fuel-wood, paper
and timber. Alternative 2 'No-harvest': - - - - No harvest, burning of oil with the same energy

content as the fuel-wood that remains unharvested in the forest. Net CO, balance after

oil burning. The gain in terms of lower CO, emissions is represented by the area between the
blue and red curves.

5.3.3 Other climate effects of forest management

The way in which an area and the forest are managed may have other effects on the climate in
addition to those that result from the capacity to bind and store carbon. Changes in forest cov-
er, stand age and species composition may also affect the climate by changing the energy
budget. In general, forests evaporate more water and more heat is transferred to the atmos-
phere, compared with open or shrub-covered areas. Forests cover also affects the balance of
both long wave and short wave radiation, and it affects the albedo, which is a measure of the
reflexion of light from a surface.

The Earth surface and atmospheric albedo varies from 90% for new snow to about 40% for
mature boreal forests (Bright et al. 2011). Logging and forestry practices that change the age,
density and species composition of a forest stand can change the albedo. The albedo in conif-
erous forest is lower than in deciduous forest; and that of dense forest is lower than that of
clear-cuts. Higher albedo results in cooling, which can counteract the warming effect resulting
from GHG emissions (Bright et al. 2011). These factors may affect the local and global climate
in different ways, resulting in a net effect on temperature that can be both positive and nega-
tive.
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6 Impacts of climate change

Increases in temperature over the 20th century have already shifted the timing of floods and
future warming may have severe consequences, inducing changes in magnitude, in volume, in
frequency, and in duration (Poff 2002). Recent assessments indicate that climate change will
likely result in a more extreme events for example, heavier rainfall (IPCC 2011) and flooding
patterns (Johnsen et al. 2011).

In a recently released report, the IPCC further stresses the importance of stabilizing GHG con-
centrations in the atmosphere, by confirming the link between climate change and extreme
weather. Based on more knowledge about the causes of climatic hazards, the report presents
strong evidence that the patterns of some important climatic extremes have changed and will
change more in the future. The conclusions are that it is "virtually certain” that warm weather
extreme events will become more frequent this century and that heavier rainfall and fiercer
storms are likely to strike the world in the coming decades as climate change takes effect
(IPCC 2011).

6.1 Impacts on hydrological cycles

The changes in the climate that have been observed in Norway described in section 5 i.e. the
increase in the amount rainfall, in the frequency of short-term high rainfall events, and in the
occurrence of rain-on-snow events all point towards changes in hydrological patterns and in an
increase likelihood of floods. This means that events that were earlier considered to occur eve-
ry hundred or two-hundred years (Fig. 8) are likely to occur more frequently in the future

Figure 8: Historical water level rec-
ords of the Glomma River at Stev,
Elverum. It is worth noticing that the
flood that occurred early in the sum-
mer 2011, reached only the lower
part of the memorial stone. There is
strong support for projections that
extreme events are likely to occur
more often as a consequency of cli-
mate change (IPCC 2011, Hanssen-
Bauer et al. 2009). Photo: A. Hof-
gaard.
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Changes in the climate can have significant impacts on hydrological processes and mass
transportation associated to these processes. However, the impacts of climate change on hy-
drological processes and of their consequences on mass transportation and geomorphology
are difficult to project. Paleohydrological studies can provide valuable insights about climate
change induced hydrology. Several studies using records spanning over a period of 7000
years show that small shifts in temperature (1-2 °C) and in precipitation (10-20%) can cause
important changes in flood magnitude and frequency (Poff 2002). The observed changes in the
magnitude and frequency of floods, when matched with geological records, indicate a corre-
spondence between changes in hydrology and important mass transportantion and geomor-
phological process that could determine rapid changes in river channels (Poff 2002).

6.2 The occurrence of droughts

Even in Norway with its abundant freshwater resources, severe and prolonged water deficit
periods have caused major problems in recent years (Wong et al. 2011).The projected chang-
es in temperature and rainfall are likely to result in increased frequency of drought events,
However, the occurrence of drought events will be highly dependent on whether precipitation
does increase sufficiently to compensate for increased evapotranspiration. Trend studies indi-
cate that summer droughts in southern Norway have become more severe (Wilson et al. 2010,
cited in Wong et al. 2011). Generally the droughts related to soil moisture, runoff and ground-
water (hydrological droughts) are expected to become more presistent. This is projected both
for average and maximum drought durations (Wong et al. 2011). Wong et al. (2011) modelled
the occurrence of droughts as a response of projected climate changes. They conclude that
despite the projected increase in summer precipitation, the increased summer temperatures
are expected to result in longer hydrological droughts (16—-60 days) in many parts of Norway.
They find that the significant increase in changes in drought refers to both average and maxi-
mum drought durations. More persistent hydrological droughts are also projected as a conse-
guence of the effect of increased temperatures on the timing for snowmelt. Earlier onset of the
spring will cause earlier snowmelt, resulting in a prolonged summer season.

6.3 Mass movement* and avalanches

Mass movement is the process by which soil, regolith®, and rock move downslope under the
force of gravity. Mass movement occurs under the following conditions: i) steep terrain (normal-
ly over 30°) ii) loose material that can move, and iii) triggering factors that cause instability in
the loose material (www.ngu.no). Triggering factors of mass movement are related to climatic
and hydrological processes since the soil water can increase or decrease the stability of a
slope depending on the amount of water present. Small amounts of water can strengthen soils
because the surface tension of water gives the soil cohesion. This allows the soil to resist ero-
sion better than if it were dry. On the other hand, if too much water is present, the water may
act as a lubricant, accelerating the erosion process and resulting in different types of mass
wasting (i.e. mudflows, landslides, etc.). Therefore, mass wasting is often related to periods of
heavy rain, at water saturation in the soil, when the pressure produced by water in the soll
pores is high.

* In Norwegian: Ipsmasseskred
> Regolith is a layer of loose, heterogeneous material covering solid rock. It includes dust, soil, broken rock,
and other related materials.
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Mass movement, soil erosion, and avalances, the movement of snow downslope, can be trig-
gered by extreme wheather conditions (Kronholm & Stalsberg 2009). Based on the projected
changes in the amount of rainfall, increased frequency of heavy rain events, and higher propor-
tion of rain compared to snow in the winter, particularly in the coastal areas, it is likely that the
risk of mass movement and avalances will increase in Norway, and that some areas where
several enabling climatic and topographical conditions coincide, will be highly exposed.

6.4 Ecosystem services and climate change adaptation

6.4.1 The role of forests on water flow regulation and flood control

Floods are complex processes of extreme watershed discharge that are strongly connected to
the hydrological cycle, which is currently being intensified by changes in temperature, precipita-
tion, glaciers and snow cover, all linked to climate change. However, other factors such as
land-use changes can considerably change the natural flows of water. Projected changes in
precipitation regimes will contribute to altering the intensity and frequency of rain-fed floods
and possibly also of flash floods® (EEA SOER 2010b).

Hydrological processes are sensitive to spatial variations in soil properties and vegetation. The
regulation of watershed discharge rates and water flows is an important function provided by
the vegetation cover. Although soil properties, topographic position, and the underlying geology
can often be more important factors than the vegetation, changes in the forest cover can have
dramatic consequences on the capacity of rainfall infiltration in the soil and the capacity of the
system to regulate water flow (Balmford et al. 2008). In Norway, the capacity for sub-surface
storage of water is comparatively small due to moderately shallow surface deposits overlying
impermeable bedrock (Wong et al. 2011). Therefore, runoff is comparatively less sensitive to
the intensity of evapotranspiration and the occurrence of snow accumulation and ablation and
more determined by soil properties that control temporary storage of water and runoff
events.These factors are largely affected by the vegetation cover (Matheussen et al. 2000)

Whether the land has forest cover or not affects the amount of water draining from a watershed
through various attributes and processes. Forests regulate water flow controlling the amount of
runoff and watershed output i) by retaining water in the crowns that returns directly back to the
atmosphere through evaporation (Birkinshaw et al. 2010); ii) by increasing rainfall infiltration
rates in the soil (Price 2011) through the effect of higher soil porosity caused by deep and ex-
tended roots; iii) through enhanced water retention capacity due to higher soil porosity and soil
organic matter content, and iv) through higher evapotranspiration rates (Price 2011) due to
larger leaf surface and root systems. Cleared land has lower evapotranspiration rates than the
forest, causing the soil to be wetter and more responsive to rainfall (Balmford et al. 2008). The
forest cover plays an important role in controlling water flow in a watershed by reducing the
amount of runoff and the water output.

The effect of forest cover on water flow regulation can be summarized as: “Particularly in areas
with seasonal rainfall, forest clearance has important consequences on soil characteristics
which in turn affect rainfall infiltration rates in cleared areas and the timing of the provision of
water for irrigation, hydroelectric production and transportation (waterways). With clearing,
catchment response to rainfall becomes more pronounced and sporadic, resulting in large
storm runoff during the rainy season, and lower recharging of the soil and the groundwater re-
serves. Overall, forest clearance leads to diminished dry season (or ‘minimum’) flows.” (Balm-
ford et al. 2008, review by Bruijnzeel 2004).

® A flash flood is a rapid flooding of geomorphic low-lying areas. It occurs when precipitation falls too quickly
on water saturated soil or dry soil that has poor absorption capacity. It may be caused by heavy rain or
meltwater from ice or snow flowing over ice sheets or snowfields.
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Box 2. Watershed flow regulation services by forest
> Reduce of watershed output by the interception of rainfall and snow and higher evapo-
transpiration rates
» Reduce runoff through higher infiltration rates due to higher soil porosity.
> Reduce watershed discharge peaks through enhanced water storage capacity in the soil
and in the vegetation.

6.4.2 The role of wetlands on flood control

The hydrology of wetlands is associated to a wide range of processes including groundwater
recharge and discharge, flow alteration and sediment stabilisation. There are many examples
where wetlands reduce floods, recharge groundwater or increase low flows. However, the role
of wetlands in these processes is difficult to generalise since it varies widely regarding runoff
production and water detention. Apparently similar wetlands can be driven by very different hy-
drological processes (Bullock & Acreman 2003).

There is, however a strong consensus that wetlands significantly affect the water cycle. Bullock
& Acreman (2003) reviewed the functional properties of wetlands on hydrocycles and found
that the vast majority (ca 80%) of the case studies indicate that wetlands either increase or de-
crease a particular component of the water cycle. Some wetlands can generate floods whereas
others have the capacity to hold water and buffer flow peaks. Floodplains are the wetland type
which most consistently shows an effect in the reduction in flood peaks. Most studies (23 of 28)
in the review by Bullock & Acreman (2003) including examples from all regions all over the
world showed that floodplain wetlands reduce or delay floods. In contrast, headwater wetlands
showed increased flood volumes in a large number of cases. This function occurs because
headwater wetlands tend to be saturated and convey rainfall rapidly to the river (Bullock &
Acreman 2003).

The ecosystems in the riparian zone, i.e. habitats along river margins and banks, are widely
recognized to be one of the most important in protecting against flood damage and stream
bank erosion. The loss of riparian zone function increases stream flow and erosive forces in
downstream areas. Important regulating services of floodplains and other riparian zones are
presented in Box 3.

Box 3. Regulation services by floodplains and other riparian zone vege-
tation formations

» Reduce flood impacts by absorbing peak flows, slowing the velocity of floodwaters, and
regulating base flow.

» Contribute to stabilize watercourse banks, reducing bank erosion and the downstream
transport of sediments eroded from watercourse banks.

> Reduce pollutants in watercourses during periods of high flows by filtering, and bio-
chemically transforming pollutants in watercourses.

> Reduce pollutants in watercourses by filtering and bio-chemically transforming pollu-
tants in runoff before they enter watercourses.

6.4.3 Soil erosion, mass movement and avalanche control

The probability that an incident takes place is often affected by the combination of different in-
teracting causes. Mass movement is often triggered when the slope is steeper than 25-30 de-
grees and almost always in periods with extreme rainfall and/or snowmelt. The impact of hu-
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man activities such as the presence and construction of roads, excavation, forest harvest, can
reduce the stability of the mass and hence increase the risk for mass movement and ava-
lanches (DSB 2010).

Blaschke et al. (2008) summerize the following mitigation effects of forest cover on soil erosion
i) the soil reinforcing effect of the forest's root network, ii) generally lower soil water balances
due to interception and evaporation of rainfall and iii) soil building effects under forest canopy
due to the accumulation of soil organic matter which translates in soil aggregate stability.

6.5 Land use and climate change adaptation services

6.5.1 Flood control and forest cover

Floods in Norway are caused by snow melting, snow-melting in combination with rainfall, pro-
longed periods with rainfall and intense rainfall events. The causes that dominate vary consid-
erably between periods and regions (Hanssen-Bauer et al. 2009).

The potential of land cover to impact hydrological processes has drawn the attention on water-
shed research in the past 40 years. It was also a matter of concern in Norway after the histori-
cal flood in @stlandet in June 1995, which led to the establishment of the HYDRA research
program. The HYDRA program had as working hypothesis that the sum of land-use change
and other physical interventions had resulted in higher flood risk of water courses in Eastern
Norway (Eikenees et al. 2000).

In general, changes in the structure and the composition of the forest cover can considerable
affect hydrological processes, primarily through changes in the Leaf Area Index (LAI: the
amount of leaf area per ground unit), the most important vegetation characteristic that affects
the prediction of hydrological responses, driving evapotranspiration, snow accumulation and
runoff (Rinde 1998, Matheussen et al. 2000). The basin water balance is modified in two ways.
First, in the summer, high LAl leads to higher interception and evapotranspiration rates, reduc-
ing the amount of water that infiltrates and accumulates in the soil. In Eastern Norway, it has
been estimated that ca. 30 % of the rainfall is intercepted by the tree crowns in a dense spruce
forest. Drier soils have the capacity to absorbe more rainfall water, and can therefore buffer
runoff peaks. In the winter, the amount of LAI affects the proportion of snow that is intercepted
by the forest canopy vs. that reaching the ground. At low LAI, more snow reaches the ground
and it tends to persist longer than snow that is intercepted in the forest canopy, since the forest
reduces sun radiation on the ground, which leads to a delay in snow melting. Therefore, the
reduction i LAI tends to increase the accumulation of snow in wintertime. A study by Matheus-
sen et al. (2000) in the Columbia River basin shows the importance of forest age (also deter-
mining the level of LAI) at the basin level in controlling hydrological processes. Despite that
total forest cover remained unchanged, a decrease in 21% cover of old-growth forest resulted
in hydrological alterations that were attributed to significant changes in LAI across the basin.

After clear-cutting there is generally an increase in yearly runoff (up to 30%) compared to fields
where the forest cover is maintained (Eikenaes et al. 2000). In Eastern Norway, the impacts of
forest cover on watershed runoff patterns have been difficult to establish because the introduc-
tion of clear-cutting practices have occurred simultaneously with changes in silvicultural prac-
tices which have resulted in an increase in forest growth (Eikenaes et al. 2000). However, simu-
lations of the hydrology of the Osensjgen watershed in Eastern Norway indicate that the total
evapotranspiration loss was 14% higher for the land-use situation of selective forest harvest (in
1920) compared to those of clear-cutting harvest (in 1960 and 1990). Deforestation in small
watersheds led to increased runoff and higher flood peaks because evapotranspiration was
reduced. Deforestation also resulted in earlier onset of spring floods since melt rates were
higher in open compared to forested areas (Rinde 1998).

The international literature supports these findings. The synthesis by Stednick (1996) conduct-
ed for the Rocky Mountain region also indicates changes in watershed output with changes in
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forest cover. A change in 15 % forest harvest area resulted in measurable increase in water
drainage. However, Stednick (1996) stresses the importance of taking into account other hy-
drological characteristics to assess impacts of land-cover change and forest management, for
example to examine the general ways in which water moves from hillslopes into small stream
channels during and between rainfall events and the impacts of peakflow generation (Fig. 9).
For instance, a study in Coastal Oregon indicates that streamflow generation and the pathways
along which runoff flowed were altered by timber harvesting and site preparation; and that the
levels did not recover to pretreatment conditions after 28 years after harvesting (Stednick
1995).

The extent of the harvest surface compared to the watershed area is also an important factor
when assessing hydrological effects of forest management. For example, a study of two subal-
pine forests catchments in Colorado, USA, showed that both annual flow and peak flow in-
creased significantly in the watershed with 36 % clearcut area. However, timber harvest did not
result in an increase in the annual flow in the mainstraim when the clearcut represented only
10 % of the total area of the larger watershed area (Troendle & King 1987). Some studies indi-
cate that although logging affects runoff in the catchment, the effect of forest cover removal
seems to be evident only in small watersheds (Blaschke et al. 2008).

In addition to clear-cutting, the impact of forest roads on water flow speed was considered to
be of importance in determing this pattern (Eikenaes et al. 2000). In the case of the Oregon wa-
tersheds, an increase in peak runoff of 50% in a period of 50 years was attributed to the effect
of forest roads.
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Figure 9: Comparative mean daily streamflow (cubic meters / second) in a subalpine conifer-
ous forest in North Fork of Dry Creek, Utah, USA before and after timber harvest. The two
curves indicate both a higher peak at maximum peak flow and a longer peak flow period in the
post-harvest situation compared to the pre-harvest forest. Source: Redrawn from Troendle &
King 1997.

6.5.2 Mass movement, erosion control and forest management

The lack of vegetation cover with deep roots is also a determinant factor of mass movement. In
addition to high soil moisture content, the reduction of deep roots that hold the soil to the bed-
rock is one important factor that can contribute to initiate slope movement. Also the risk of
landslide damage decreases with forest stand age due to increasing forest biomass and cano-
py cover (Bloomberg et al. 2011).

Further, numerous studies worldwide support the fact that forests protect soils, and reduce
erosion rates and sediment delivery to rivers (Blascke et al. 2008). Areas with disturbed vege-
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tation are particularly exposed to soil erosion since the vegetation binds the soil, hence reduc-
ing erodability. As explained in the previous section, interception of precipitation and evapo-
transpiration is highest and runoff lowest when the vegetation cover is high (LAI). Consequent-
ly, higher soil erosion and sediment transport occurs when the forest is removed (Fig. 11). The
mitigating effect of forest cover on soil erosion increases with forest stand age, a fact also as-
sociated with high levels of LAl in old-growth forest. Measurements of runoff and sediment
yield in Norwegian water courses show that forest rivers carry practically no sediment com-
pared to rivers draining watersheds dominated by glaciers, alpine areas and agricultural land
(Fig. 10) (Eikenees et al. 2000).

Forestry operations such as cultivation, drainage, road construction and timber harvesting can
increase sediment losses, but best management practices can control this risk (Calder et al.
2007).
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Figure Xt: Norwegian water courses classified according to erosion intensity (Bogen 1996).
Source: Eikenaes et al. 2000. Q= Runoff, G= Amount of suspended material.

6.5.3 Flood control and wetland management

Floods are ubiquitous in Norway and also flood prevention measures which are based on the
construction of technical infrastructure such as levees and flood walls are common. At the
same time, the storage capacity of rivers to absorb flood waters has been strongly affected by
severing flood plains from main water channels in most of the developed world (Poff 2002),
also in Norway. Paradoxically, technical flood mitigation structures can increase flood magni-
tude and frequency by preventing the lateral movement of water across floodplains and wet-
lands (Johnsen et al. 2011). An example provided by Poff (2002) is the Mississippi River basin,
in the USA. In the last half of the 20th century, floods in the basin have increased as a direct
result of the increased disconnection of the flood plain from the river by extensive leveeing
(USGS 1999). At the same time, larger river systems in the basin that have not experienced
such degree of floodplain disconnection have not flooded so severely during the same time
period (Criss & Shock 2001).

30




NINA Report 791

Inte ion
Evapot iration

In on
Evap ration

Figure 11. Hydrological processes that affect the water cycle in summer in boreal forest. Rain-
fall interception and evapotranspiration is highest and runoff is lowest in areas with high vege-
tation cover (high leaf area index, LAI). When the forest is removed, the higher runoff results in
soil erosion and high sediment transport. The size of the arrows show the relative magnitude of
the processes. The figure is based on data and models in Neff (1996) and Eikenaes et al.
(2000).
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7 Planning of ecosystem services for climate change
mitigation and adaptation

7.1 Challenges for adaptation to climate change

As presented in the previous sections, it is clear that climate change is happening, and in add-
tion, it is expected to have far-reaching consequences for human and natural systems. Even
without any increase in current emission levels, temperature is expected to increase this centu-
ry due to past emissions. An average global temperature rise of 2° C or more are likely to have
major societal, economic and environmental consequences, making it challenging for human
and natural systems to adapt at affordable costs. Further, climate change exacerbates the im-
pacts of other key drivers of global environmental change. For the boreal region, projections
include less amounts of rainfall as snow and higher risk of damages by winter storms and in-
creased river flows. For mountain areas, higher risk of rock falls and soil erosion are two of the
highlighted impacts (Fig. 12).

At the European level, the EU has developed an adaptation framework aiming at developing a
comprehensive strategy by 2013 to be supported by a clearinghouse for sharing and maintain-
ing information on climate change impacts, vulnerability and adaptation. Various adaptation
options have been identified, including those that take into account the “precautionary princi-
ple”” in planning such as no-regret measures®, which are relevant under all plausible future
scenarios.

Compared with most other countries, Norway is both less vulnerable and better equipped to
meet climate change. However, to adapt to yet rather unpredictable changes in the climate is a
considerable challenge for Norwegian municipalities. To prepare for today’s climate can be a
good start for adaptation in the future®.

Changes in hydrological processes as a result of a higher occurrence of torrential rains and
massive snow fall should be expected. The committee appointed by the Ministry of the Envi-
ronment to conduct an assessment on Norway'’s vulnerability and on the need to adapt to the
impacts of climate change (Fleete et al. 2010) concludes that changes in the climate in Norway
are inevitable and the need to adapt to projected changes need to be part of a planning excer-
cice with long-term objectives. The committee belives “that it is necessary to work towards es-
tablishing a broad understanding and consensus of the need to include a long-term perspective
in all planning within the public administration sector, as well as among politicians, in order to
enable society to adapt to climate change”.

7.2 Eco- engineneering for climate change adaptation and
preparedness

As shown in the examples in the previous sessions, land-cover and land-use practices can de-
termine the potential for ecosystems to contribute to climate change adaptation and prepared-

’ The Precautionary Principle helps to make decisions about whether an action should, or shold not be done,
without knowing the risks with certainty.

® 'no regret measures’ are measures that turn out to be of benefit no matter how or if the predicted climate
change impacts materialise. Proactive 'no regret' strategies aime at maximizing positive and minimizing neg-
ative outcomes for communities and societies in climate-sensitive areas such as agriculture, food security,
water resources and health

° Klimatilpassning i norske kommuner http://www.klimakommune.no/
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ness. They also illustrate that the provision of ecosystem services can be enhanced if wise ter-
ritorial planning is put into practice.

Since its inception in the mid-1990s in the USA, the concept of “green infrastructure” has
gained much attention in the area of policy development to support long-term sustainability of
natural resources. The concept highlights the importance of the natural environment in deci-
sions about land-use planning, and it is closely interlinked with the concept of ecosystem ser-
vices. In particular, there is an emphasis on the "life support" functions provided by networks of
ecosystems that underpin long-term sustainability. The concept has been increasingly used in
the context of environmental hazards prevention such as the control of stormwater runoff and
treatment of polluted runoff (US Environmental Protection Agency, EPA). In Europe, green in-
frastructure is also understood as strategically planned and managed networks of lands that
conserve ecosystem values and functions and provide associated benefits to human popula-
tions (EEA 2011). Green infrastructure addresses the protection and restoration of ecosystems
with the ultimate aim of insuring the long-term provision of services. It has become a corner-
stone of the EU’s environmental strategy towards the 2020 biodiversity target, and for the de-
velopment of a green and more sustainable economy (EEA 2011). The EU Environmental
strategy towards year 2020 recongises the multiple benefits delivered by nature and integrates
them through spatial planning into broader objectives of sustainable management and use of
nature.

Green infrastructure adds the value of ecosystem services to technical solutions to address
challenges in society (EGU 2012). In this context, green infrastructure is being promoted as an
effective and efficient response to projected climate change, primarily for climate adaptation,
but also, although to a less extent, to mitigate climate change (i.e. carbon sequestration and
storage, storing floodwater and ameliorating surface water runoff to reduce the risk of flooding)
(EEA 2011).

Box 4. Mitigation services of floodplains (Source: Poff 2002).

In the Boston, MA, area, the Charles River drains a rural but rapidly urbanizing catchment
prone to flooding. More than two decades ago, the US Army Corps of Engineers imple-
mented non-structural flood controls by purchasing the development rights to floodplain
wetlands in the upper portion of the Charles River catchment. The ca. 3500 ha purchased
allowed for a storage capacity of more than 60x10° m* of water, at a cost of less than 10%
of the projected cost of the originally proposed dam and levee project. The state compen-
sated local communities for lost tax revenues due to land set-asides and many of these
natural valley storage’ areas are managed for recreation and for wildlife habitat. When
near-record flooding occurred in 1979 and 1982, the wetlands performed effectively each
time, absorbing flood surges and then gradually passing them downstream’ (Faber 1996).

Effeciency in this context must be seen as gains in terms of the impact of mitigation and adap-
tation measures against the costs involved in their implementation (Box 4). To find artificial so-
lutions to provide the services that nature provides is not only technically challenging, but also
costly (EU 2010), and in some cases conventional engineering approaches can increase the
risk of hazards and amplify levels of damage (Poff 2002). Flood control infrastructure that pro-
tects floodplains along the Glomma River in Eastern Norway can result, locally, in an increase
of up to 0.5 m of the water level compared with areas without infrastructure (Eikenaes et al.
2000)

Fleete et al. (2010) make some recommendations to Norwegian municipalities that follow from
the recognition that it is usually less costly to prevent foreseeable problems from occurring than
to attempt to mitigate the consequences once they have taken place, therefore comprehensive
planning is recommended.The Directorate for Civil Protection and Emergency Planning (DSB)
in Norway further recommends that municipalities should consider carefully the costs of the
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construction and maintainance of technical infrastructure. DSB warns municipalities against
engaging in costly prevension infrastructure (DSB 2010), proposing that municipalities avoid
planning for preparedness measures (e.g. grey infrastructure) if this can be achieved through
preventive measures, since “certain choices can lock economic resources and cause expendi-
tures over long time” (Box 6). Technical infrastructure has been used extensively as preven-
sion measures in Norway, on the other hand, the use of environmentally sensitive flood protec-
tion measures has so far been applied infrequently (@stdahl and Taugbgl 1999, in Johnsen et
al. 2011). Rauken and Kelman (2010) point out, for example, that the economic system in
Norway leaves municipalities with few economic incentives to leave flood zones undeveloped
or to restore the natural dynamic of floodplains, whereas municipalities can receive economic
support for the construction of grey infrastructure. Fleete et al. (2010) point to the possibility of
reviewing the Planning and Building Act (LOV-2008-06-27-71) to provide a better tool for pre-
paredness and adaptation to climate change.

7.2.1 Management of ecosystem services to enhance climate mitigation potential
Norwegian forests are intensively exploited for wood products, and as described in section 6,
they are also an important sink of carbon. Compared to the increase in the European forest
carbon sink in the past 50 years, timber harvests have grown more slowly (Ciais et al. 2008).
However, as explained in section 6, a return to using wood as biofuel, would translate into
shorter rotation time in forestry which would cancel out the benefits of carbon storage over the
past five decades (Ciais et al. 2008, Holtsmark 2011). Since the carbon debt caused by a more
intensified extraction of forest material is estimated to take hundreds of years to restore, the
mitigation effects of forests under this exploitation regime are questionable.

Forest management measures that increase carbon sequestration in soils are planting or re-
generating forest on cultivated land, drained soils; and increasing rotation length (de Wit &
Kvindelsland 1999, Wardle et al. 2012) (Box 5). Measures that may affect soil carbon stocks
negatively are strongly mechanised site preparation, draining and conversion of peatlands, for-
est land and clearcutting. Particularly in steep terrain, extraction of forest products will consid-
erably affect the carbon stock because of soil losses that generally occur through erosion when
the forest cover is removed (Fig. 11). Since forest soils in Norway contain a very large propor-
tion of the carbon stock, comparatively small changes in this stock could have important con-
sequences on the national CO, budget in Norway.

Box 5. Forestry practices that would increase carbon sequestration or reduce emis-
sions from forests in Norway.

> Implementation of forestry management practices to promote carbon storage / de-
crease carbon release

Lengthening forest rotation cycles

Urban and peri-urban tree cultivation and forestry practices

Restoration of woodlands

YV V V V

Maintenance and/or restoration of woodland riparian vegetation
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MNote: Please note that some of the original bicgeographical regions of Europe have been regrouped as follows:
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Mountain areas: Alps plus Apennines plus Balkans-Rhodope Mountains plus Carpathian plus Fennoscandian plus Pyrenees
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Figure 12: Key past and projected impacts of climate change and effects on sectors for the
main bio -geographical regions of Europe. Source: EEA — SOER 2010 — Adapting to climate
change.

7.2.2 Management of ecosystem services for climate change adaptation

Flood control

An approach based on green infrastructure (also non-structural flood control, Poff 2002) to
flood management relies on techniques that involve “little or no channel manipulation, mechan-
ical habitat alteration, or building of structures” and they have been considered as a way to
meet societal and ecological goals (Galat et al. 1998, in Poff 2002). In this context, the use or
restoration of the natural absorptive capacity of wetlands and flood plains as mitigation against
future flooding has received some explicit attention.The approach essentially emphasizes basic
hydrological and ecological principles to reduce runoff to, and increase natural storage in, riv-
ers to minimize flood damage to humans (Poff 2002). One well-documented example is the
case of the Charles River in the Boston, MA, area (Box 4).
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The recommendations about planning and preparedness for climate change adaptation
measures by the Directorate for Civil Protection and Emergency Planning (DSB) (DSB 2010)
and by (Fleete et al. 2010) to Norwegian municipalities share many elements with the planning
principles of the green infrastructure and ecosystem services frameworks. First, they stress the
importance of a comprehensive approach to adaptation where the effects of GHG emissions,
pollution and the role of the natural environment are assessed when adaptive measures are
planned. Second, the Committee indicates that the Norwegian society "can implement changes
in land use and natural resource management to minimise the total impact on the natural envi-
ronment and the ecosystems”. The Committee considers a strong land use planning system
that takes climate change into account as the most important step the Norwegian society can
take in order to adapt to a changing climate.

The use of technical infrastructure as flood prevension measure is common in Norway, but
there may be a growing awareness of the positive effects of preserving wetlands for flood con-
trol (Johnsen et al. 2011). In a questionnaire from 2007 on local adaptation to climate change
(Berglund and Nergaard 2008, in Johnsen et al. 2011) in Norway, about 50% of the roughly
190 municipalities that responded had constructed flood mitigation technical infrastructure to a
large or to some extent (Johnsen et al. 2011). At the same time, about one-third of the munici-
palities had conserved wetlands and marsh areas to a large or to some extent.

In addition to the role of floodplains and riparian ecosystems for flood control (see sections
7.4.2) retention in small catchments of runoff that may generate floods can occur with better
land-use practices. As described in the examples in the previous sessions, both the amount of
forest cover and the management of the forest in terms of the relative composition of yound
and old forest in a water catchment, significantly affects the capacity of the land cover to evap-
otranspirate water, retain rainfall and snow in the forest canopy and ameliorate the effects of
rain-on-snow events. These effects of the vegetation on the hydrological properties of water-
sheds result in measurable impacts on peakflows magnitudes and duration. Reynard et al.
(2001, in Poff 2002) concluded that a 50% increase in forest cover could counteract the impact
of increased flooding during climate change in large British catchments.

Box 6. A summer flood of the river Gaula caused severe damage in the town of Alen,
Holtalen, Sgr-Trgndelag in August 2011

The flash damaged the main road, a bridge and public and private buildings in the center of
the town. In a recent evaluation, the Norwegian Water Resources and Energy Directorate
(SVE) mapped some of the damaged area as a flood prone zone '200 years flood risk
zone’, which sets building restrictions in the area according to the NVE-defined guidelines
for land wuse planning and flood protection in flood prone areas (SVE)
(http://www.nve.no/en/Floods-and-landslides/Flood-inundation-maps/). Technical infrastruc-
ture to secure the area against a risk of'1000 years flood’ is being considered but it is costly
and will take time to construct.

Alen town centre, September 2011.
Photo: G.M.Rusch
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7.2.3 Management of multiple ecosystem services

This report deals primarily with four important services provided by ecosystems which are
linked to the mitigation of GHG emissions (carbon storage and sequestration), and to the adap-
tation capacity of society to climate change (related to the control of water flow, flood and soil
erosion). How decisions about land-use and the management of these systems have the po-
tential to enhance or reduce the level of service provision is also illustrated. However, since all
ecosystem services are underpinned by life systems, it is likely that most services indicated in
Table 1 (section 1) will be affected in some way or another by the changes in the environment
cause by global warming. The impacts of climate are expected to interact with the extensive
transformations of ecosystems caused by human activities (Vitousek et al. 1997, Rockstrom et
al. 2009). For example, pollination services depend among other factors, on the pollinator spe-
cies sensitivity to temperature, to cloudiness (both projected to change in some areas in Nor-
way with global warming), to the availability of food-providing and nesting habitats (largely af-
fected by land management), and to the level of agrochemicals used in crops. Also biological
pest control will depend on fine-tuned biophysical requirements of parasite and host species.

The framework of ecosystem services provides a valuable tool for planning the use and enjoy-
ment of life systems by society. It provides a conceptual ground to understand values that are
taken for granted, to highlight how human activities impact these values, and it enables to
make explicit societal choices about nature and natural resources. The analysis of benefits
from nature based on the ecosystem service framework has helped to understand aspects
highly relevant to support decision making about the use and managmenet of nature, such as
the existence of trade-offs and synergies among services. It has also stimulated the develp-
ment of methodological frameworks to evaluate the relative importance of different alternatives
in particular decision making situations.

Trade offs

Almost any decision about the way an ecosystem is managed will involve trade-offs among
benefits and although some of these trade-offs are relatively well characterised, there is still
much to be explored about multiple ecosystem services and benefits demanded from nature
(Mace et al. 2011). In many cases, choice and trade-offs have a spatial component and in-
volves choices about various values of a particular land area. The existence of trade-offs
means that either enhancing the provison of one service will impact negatively on the other, or
that different services are provided in different areas on which society needs to make choices
about. In the cases shown in this report there appears to be trade-offs between carbon seques-
tration and carbon storage and the intensification of forest explotation for biofuel production
(section 6.3). Another example is that of the provision of forest material and the service of soil
erosion and avalanche control in forests occurring on steep terrain. Futher, practices to in-
crease CO, sequestration such as more densely planted forests, introduction of species with
high growth rates and fertilization would result in negative effects of the understorey vegetation
and very likely soil carbon storage and on nutrient circulation.

Synergies

On the other hand, in many cases, several services co-occur, so that efforts in maintaining one
service will provide a number of additional benefits. Some synergies emerge from the exam-
ples provided in this survey.

1. For instance, old-growth forests are carbon sinks, maintain large carbon stocks in forest and
in soil that take in the order of hundreds of years to restore if harvested.

2. Aslo, old-growth forests have an important function in the regulation of the biotic environ-
ment. They provide habitat for organisms adapted to condictions which occur in only a small
portion of the boreal forest ecosystem in Norway (Framstad et al. 2011) since the area of old-
growth forest is small.
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3. In addition, if located in areas with particular environmental conditions and/or which have
been intensively altered by land-use, old-growth forests will be of high value for representing
particular portions of forest biodiversity (Framstad et al. 2011).

4. Further, old-growth forests deliver a higher water flow regulation capacity than young for-
ests, both due to the above-ground structure and to the content of soil organic matter.

5. If located in steep terrain, old-growth forest will reduce the risk for mass movement and
availanches, and losses of soil and soil C stock by controlling soil erosion.

6. If occuring in urban or peri-urban localities, old-growth forests can, in addition, provide im-
portant cultural services (recreation, spiritual experience, inspiration for culture, etc) since a
large part of the population that can enjoy these services lives in these areas.

7. Finally, modern forestry uses nursery plants of varieties that have been developed through
genetic improvement to maximize forestry products outputs, to reforest after harvesting. Old-
growth forests are likely to harbour larger genetic resources since the trees in current old-
growht forests have established through natural regeneration from local seeds sources before
modern practices were introduced in forestry (Storaunet og Gjerde 2010). In view of the pro-
jected increase in the occurrence of droughts, changes in temperatures and possible, different
exposure to deaseases as a consequence of climate change, the protection of a diverse genet-
ic pool in species of economic importance is one important measure to increase resilience and
adaptive capacity of the system.

Assessment of the relative contribution of ecosystem service provision

The existence of trade-offs between services within particular decision making unit (a farm, a
forested land, a municipality, a region or at the national level), makes it necessary to consider
all the relevant services within one methodological framework that will enable some form of
comparison of the level of service provision among different units. Monetary valuation of ser-
vices has the advange of providing a common currency between the different services; howev-
er, there are many conceptual and technical difficulties with this kind of valuation of nature.
With the development of the research field, these challenges are being increasingly understood
and considerable advances have been made in identifying the limitations and the potential of
monetary valuation in the context of ecosystem services framework. Also, advances have been
made in search of alternative, non- monetary, forms of valuation which can enable the as-
sessment of the relative value of multiple services across areas and land uses, informing deci-
sions and contributing to more transparent decision-making processes.
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8 Glossary

C
CO,
CPA
DSB
EEA
EGU
EU
GHG
IPCC
KP

LAI

Carbon

Carbon dioxide

Climate and Pollution Agency, Norway

Directorate for Civil Protection and Emergency Planning, Norway
European Enviornmental Agency

European Geosciences Union

European Union

Green House Gases

Intergovernmental Panel on Climate Change

The Kyoto Protocol is a protocol to the United Nations Framework Convention on Climate
Change (UNFCCC or FCCC), aimed at fighting global warming. The UNFCCC is an inter-
national environmental treaty with the goal of achieving the "stabilization of greenhouse
gas concentrations in the atmosphere at a level that would prevent dangerous anthropo-
genic interference with the climate system."

Leaf area index, the amount of leaf area per ground unit

LULUCF Land use, Land-Use Change and Forestry

SOM

Soil organic matter

UNFCCC United Nations Framework Convention on Climate Change

WRI

World Resource Institute
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