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Preface  

Climate change will have considerable and complicated impacts on the 

Nordic Primary Industries. The Nordic countries are very much aware 

that although climate change is a global issue it has local consequences 

and the impacts need to be addressed locally. The Nordic countries have 

been among the leaders in addressing adaptation and mitigation of cli-

mate change in all its complexity both locally and globally.  

In the light of this it is my pleasure to be able to present the final re-

port and policy recommendations of the research programme, Climate 

Change Impacts, Adaptation and Mitigation in Nordic Primary Indus-

tries, the first attempt to comprehensively evaluate the impacts of cli-

mate change on the Nordic primary industries. The programme was 

developed and implemented in cooperation with NordForsk and has 

been active between 2010 and 2014. 

The report states that it is expected that climate change will have sig-

nificant impact on living natural resources on land and in the sea, and 

thereby have significant impacts on fisheries, agriculture and forestry in 

the Nordic region. Climate change impacts present serious threats to eco-

systems that need to be addressed, but on the other hand the anticipated 

changes present opportunities for new land and marine based production 

systems within the framework of the sustainable bioeconomy. The fore-

seen climate changes furthermore pose serious challenges for political 

decision making processes and natural resource management. 

Climate change challenges the existing knowledge on natural re-

sources in the Nordic region. There is a need to focus on research that 

supports decision making processes for new policies, new policy in-

struments. We need new thinking to address these challenges, but we 

also need to continue to support better monitoring systems, research 

strategies and international cooperation. 
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The report and policy recommendations provide a baseline and a 

way forward, a focus for the activities that can help the Nordic region to 

address the threats and opportunities of climate change for our primary 

production systems.  

I would like to thank the extensive Nordic networks that have done 

the heavy lifting behind this report and policy recommendation. 

 

 

 

 

Dagfinn Høybråten  

Secretary General  

Nordic Council of Ministers 

 

 

 

 

 

 

 

 

 

 

 

 

 



Summary  

The global demand for high-quality foods such as meat and fish is pro-

jected to greatly increase as a consequence of a rise in global wealth and 

a rapidly growing middle class, leading to nearly a doubling of demand 

by 2050. This will lead to corresponding increases in emissions of bio-

genic greenhouse gases (GHG) (CO2, methane and nitrous oxide) from 

crop and livestock production as well as from fossil fuels used in the 

primary industries unless new technologies and management schemes 

to reduce emissions are developed.  

The agriculture industry dominates GHG emissions from the primary 

industries in the Nordic countries. Emissions from the primary sector 

vary roughly between 5% of total national GHG emissions in Iceland to 

more than 20% of total national GHG emissions in Denmark. Globally, 

fisheries and shipping contribute 1–2% of the emissions of CO2. On the 

other hand, Nordic forests capture as much as 43% of total carbon emis-

sions in increasing biomass. 

The projected temperature increase towards the end of the 21st  

century depends largely on future emissions. With the current trend in 

emissions, the global mean temperature is projected to increase by 2.6 oC 

to 4.8 oC, and with lower emissions by 1.4 oC to 3.1 oC. The warming in the 

Nordic region will be similar to the global mean in the south and west and 

nearly double this in the north and east. The increase will be greatest in 

winter and in areas with a continental climate. More and heavier extreme 

precipitation events are expected, while change in wind conditions is un-

certain. Warm water transported northwards with the North Atlantic 

Current may decrease by 20–30% by the end of the century. The warming 

will also reduce snow and ice cover. It is estimated that by the end of the 

century the duration of snow cover will be reduced by 1–3 months 

throughout the region, although changes in thickness may vary. 

The Nordic region is the only place on earth where climatic condi-

tions allow productive agriculture, forestry and fisheries at high lati-

tudes with dark winters. The high latitudes are projected to warm at 

a higher rate than the global average. This will lead to winter condi-

tions outside of those currently known and understood. The effects of 

such changes are difficult – if not impossible – to predict, and there is 

little research or evidence on which to base assessments of potential 
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effects on the functioning of ecosystems and how this will affect 

productivity and management in agriculture, forestry and fisheries. 

Soils in the Nordic region generally have carbon contents that are 

considerably higher than in other parts of Europe. An increase in tem-

perature will enhance the decomposition of soil organic matter, which in 

turn may increase the supply of nitrogen in both agricultural and forest 

ecosystems. In forestry systems, this enhancement of nutrient turnover, 

together with the prolonging of the growing season, will boost forest 

growth, timber yield and carbon sequestration. The carbon sequestra-

tion rate in biomass is expected to increase steadily as well, as a conse-

quence of higher atmospheric CO2 concentrations. However, changes in 

soil carbon in agricultural and forest soils are uncertain. 

The most prominent impact of climatic warming in the Nordic region 

will probably be spatial shifts in ecosystem and species ranges and re-

sultant changes in the suitability of production systems for agriculture, 

forestry and fisheries.  

The warming will affect phytoplankton production in the ocean 

which, along with changes in sea temperature and salinity, will lead to 

shifts in distribution and production of major marine fish species. Dif-

ferent fish species will tend to move northwards at different rates, 

thereby altering the overlap between predators, prey and competitors. 

This will lead to new interactions between species, which will in turn 

affect stock productivity. Changes in location and migrations of fish 

stocks may also put pressure on existing agreements on fish stock shar-

ing or necessitate entirely new ones. Freshwater fish species will also be 

subject to changes in range distribution, which will affect the use of 

these species in commercial and recreational fisheries. 

Agricultural crops and cropping systems will experience a substantial 

northward expansion, leading to an increase in productivity and a wider 

selection of crops being grown in most regions, provided that the terrain 

and soils are suitable. Forestry will see a shift in the suitability of tree 

species at higher latitudes and higher elevations in mountainous terrain. 

The extension of the growing season is also expected to enhance the 

growth and productivity of forests in the Nordic region. 

While climate change provides improved conditions for agriculture, 

forestry and fisheries in the Nordic countries, it will also give rise to new 

risks associated with biotic and abiotic stresses to plants and animals. 

Increased inter-annual variability and higher frequency of extreme 

weather events such as heat waves, droughts, storms and intense and 

persistent rainfall will mean new and changed threats to production 

systems. In agriculture, this will affect not only crops but also livestock 
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production, partly in relation to feed availability and partly as a result of 

the effects of heat stress on animals. In forestry, the risk of fire and dam-

age due to wind and storms are expected to increase. The risk of out-

breaks of pests and diseases causing defoliation, growth loss, timber 

damage and even massive forest dieback may increase as well. In fresh-

water systems, weather extremes, such as floods and droughts, can de-

crease recruitment and survival of fish. 

The warming will not only affect plants and animals on which the 

primary industries depend, but also the suitability of pests and diseases 

that thrive on these. This will in turn affect crop production, where it 

will be necessary to cope with new species of weeds, pests and diseases 

that are better adapted to warmer conditions. In general, the need to 

control these will call for new approaches to avoid increased use of pes-

ticides. In addition, livestock production will need to cope with new and 

changed vector- and food-borne diseases adapted to the changed climat-

ic conditions. Some of these diseases may also be transmitted between 

humans and animals, which means, close surveillance will be essential. 

Giving consideration to adaptation is particularly important where 

there are long lead times before new technologies, materials or man-

agement schemes can be implemented or where the involvement of sev-

eral actors or institutions is required. This is a particular concern in 

land-use planning and management, use of genetic resources for both 

plants and animals, and management and prevention of plant and animal 

disease. These areas of concern will therefore need particular attention 

to ensure that government planning and incentive structures are well 

aligned with the needs of private actors to facilitate efficient adaptation. 

When developing new technologies and management measures for 

adapting to climate change, consideration should also be given to the 

need to reduce GHG emissions and increase carbon capture for seques-

tration and feeding the bio-based society. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction  

1.1 Background for the programme 

The research programme Climate Change Impacts, Adaptation and Miti-

gation in Nordic Primary Industries is a thematic, network-based re-

search programme established by the Nordic Council of Ministers as part 

of its globalisation agenda. It was launched at a meeting of the Nordic 

prime ministers in Punkaharju, Finland, in June 2007.  

The programme was developed in collaboration with NordForsk, 

which hosts the programme secretariat. NordForsk is an independent 

body for research and education under the Nordic Council of Ministers 

of Education and Research. The organisation facilitates cooperation be-

tween the five Nordic countries when this will add value to activities 

being conducted.  

The programme has its origins in concerns about the profound im-

pact that climate change is expected to have on natural resources and 

hence on the primary industries in the Nordic region. Climate change 

induces risks and generates opportunities for production systems on 

land as well as at sea. This represents a great challenge in relation to 

policy-making and management. Climate change has thus given rise to a 

need to improve the knowledge base in the Nordic region.  

Climate change is by nature global and cross-sectoral and will require 

a broad-based approach. In the long term, climate change is expected to 

have major societal consequences about which little is known. An opti-

mal knowledge base for formulating initiatives and adaptations to ad-

dress anticipated climate change is of vital importance for the sectors 

involved. There is a great need for policy-oriented research that can 

promote and be utilised for the development of monitoring systems, 

research strategies, international cooperation and political instruments. 

The programme’s overall objective is to create a Nordic knowledge 

base on climate change impacts in the Nordic region. This knowledge 

will provide a basis for the development of an adaptation policy for rele-

vant areas in the individual Nordic countries and for the Nordic region 

as a whole. The programme is targeted towards the Nordic region and 

the need for advice that can contribute to the development of an over-
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arching climate policy for the region. The results of the programme will 

be used in the preparation of climate policy within the relevant areas. 

1.2 Research funding 

The programme had a budget of about NOK 18 million for the core peri-

od 2011–2013. Projects were required to provide self-financing of min-

imum 60% of the total budget. Funded projects were required to involve 

collaboration between at least three Nordic countries, or between at 

least two Nordic countries and one Baltic country. 

As a general principle, funded activities are to support genuine Nordic 

cooperation, enhance relevant national activities and add important Nor-

dic dimensions. The programme has five themes encompassing the main 

Nordic production systems of fisheries, agriculture, forestry and food:  

 

 Plant and animal health (cross-sector theme). 

 Conservation, adaptation and utilisation of genetic resources (cross-

sector theme). 

 Adaptation and mitigation in milk, meat and cereal production 

systems (sector-specific theme). 

 Impacts and adaptation in fish production systems (sector-specific 

theme). 

 Sustainable biomass production and carbon storage in terrestrial 

ecosystems (sector-specific theme). 

1.3 The networks 

Two calls for proposals, issued in 2009 and 2010 respectively, resulted 

in the funding of the six following networks under the programme:  

Network 1: Sustainable Primary Production in a Changing Climate 

The aim of the network is to develop common and regionally tailored 

measures and strategies, plant material and decision-making tools. The 

main objectives are plant health, conservation, adaptation and utilisa-

tion of genetic resources, adaptation and mitigation in the cereal produc-

tion system, and sustainable biomass production. 

Networking between the participants and their already ongoing ma-

jor national and international projects on climate change is fundamental 
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for joint activities on researcher training, research and development of 

agricultural strategy. Researchers and plant breeders collaborate closely 

to help to prepare Nordic society for future climate change. Plant genetic 

resources, mainly from NordGen, are selected on the basis of realistic 

future scenarios.  

The results will be used to provide decision support tools for a future 

sustainable, stable and safe primary production of food, feed and bioenergy. 

The network has published four articles in peer-reviewed journals, 

and eight articles are in preparation or have been submitted. 

Network 2: Forest Soil C Sink Nordic Network 

Forests cover 60% of the land area in the five Nordic countries, and for-

estry is one of the most important primary industries in the Nordic re-

gion. These forests store massive amounts of carbon in soil organic mat-

ter, and it is important to protect and possibly enhance this storage 

through forest management. 

The aim of the network is to increase understanding of factors affect-

ing accumulation or loss of soil organic matter. Research activities exam-

ine in particular the potential impacts on soil carbon sequestration of 

increased bioenergy harvesting from forests, nitrogen deposition that 

appears to increase carbon accumulation, afforestation or natural re-

growth of forests after cessation of agricultural use, and reconstruction 

of forest drainage infrastructure. By combining databases on soil carbon 

content in forests, long-term forest management experiments and math-

ematical simulation models, the network helps to improve understand-

ing within the area of soil carbon sequestration. 

The results will be used to advise the forestry sector on best man-

agement practices and strategies for protecting and increasing the car-

bon sink of soils.  

Network 3: Nordic network: Climate impacts on fish, fishery 

industry and management in the Nordic Seas 

A consortium of 13 Nordic institutions have joined forces in this net-

work with the objective of conducting research on the effects of climate 

change on the distribution and abundance of marine fish stocks in the 

Nordic Seas, with emphasis on pelagic stocks in the Norwegian Sea. The 

network is also dedicated to investigating fisheries management issues 

as well as the economic and societal consequences of the anticipated 

changes in the fish stocks for the fishing industry and local communities. 

An important issue is how potential changes in fish stocks that cross 

national boundaries will affect fish treaties and international relations.  
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The network provides interdisciplinary studies on the link between 

physical climate systems, geographical distribution of fish, and effects on 

the management systems and economic potential for harvesting. Under-

standing these links will provide a strong basis for developing sound, 

long-term fisheries management and policy capable of effective adapta-

tion to and mitigation of future climate change. 

The project has published 41 articles in peer-reviewed journals, four 

articles are in preparation or have been submitted, and one Ph.D. thesis 

and five Master’s theses have been completed. 

Network 4: Nordic Research Network on Animal Genetic Resources 

in the Adaptation to Climate Change 

Livestock production contributes to and will be affected by climate 

change, and domestic animal genetic resources for food and agriculture 

have not yet been properly integrated into strategies on the impacts of 

climate change on primary industries and adaptation. Increased accessi-

bility to a wide diversity of animal genetic resources will be needed in 

order to increase the sustainability of animal production systems and 

strengthen food security in light of the effects of climate change.  

The network is helping to develop a Nordic knowledge base for poli-

cy-making for the conservation, utilisation and investigation of animal 

genetic resources in the context of adaptation and mitigation issues. The 

network has compiled current knowledge of climate change effects on 

primary industries, especially on Nordic agroecosystems and livestock 

production. 

The network has published, or submitted, a total of 17 articles in 

peer-reviewed journals. 

Network 5: Nordic Forage Crops Genetic Resource Adaptation 

Network (NOFOCGRAN) 

In the Nordic countries, a major proportion of agricultural land is used 

for forage production. The dominating crops are perennial grasses and 

legumes. Climate change constitutes a great challenge for perennial 

plants. Improved, adapted and high-yielding cultivars with good quality 

and disease resistance are key elements for ensuring sustainable agri-

culture in the Nordic region. 

The network brings together experts in plant genetics, plant physiol-

ogy, crop modelling and plant breeding from three Nordic countries, all 

of whom are engaged in ongoing national and international activities 

related to Nordic forage production and the adaptation of perennial for-

age crops to a changing climate. The objective of the network is to devel-

op knowledge, methods and germplasm as the basis for future develop-
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ment of cultivars of perennial forage grasses and legumes adapted to the 

expected changes in climate. 

Network 6: Arctic char: A species under threat and with great 

potential in the age of climate change (NORDCHAR) 

The Arctic char is a species under threat, and is well-suited for use as a 

model species for monitoring changes in the Nordic areas due to cli-

mate change.  

The aim of the NORDCHAR project is to use new genetic methodolo-

gies as well as conventional life history ecology methods to promote 

model-based analyses on the effects of climate change as a valuable re-

source for the Nordic countries. The network focuses on threats as well 

as opportunities linked to climate change. Leading scientists in freshwa-

ter ecology and genetics from each participating country have joined 

forces to add value to the available data on Arctic char as well as to pro-

duce new data.  

The aim is to use the results for policy-making for the fish farming 

industry, the recreational fishing industry, genetic resource preserva-

tion, conservation strategies and the management authorities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



2. Climate and climate change 
in the Nordic countries  

2.1 Introduction 

This chapter provides an introduction to the climate of the Nordic coun-

tries (see Figure 2.1) as well as an overview of past climatic variations 

and estimates of future changes. 

Climate comprises the slowly varying aspects of the atmosphere–

hydrosphere–land system and is characterised statistically in terms of 

long-term (typically 30-year) averages and variability of climate ele-

ments such as temperature, precipitation, winds, etc. Climate variability 

is the temporal variation around this average state with timescales of 

months to millennia. Natural climate variability occurs due to factors 

such as changes in solar radiation, volcanic eruptions, or internal dy-

namics within the climate system. Human effects on climate, such as 

those caused by GHG emissions or land use, are termed anthropogenic 

influences. Climate change is any systematic change in the long-term 

statistics of climate elements from one state to another, where the new 

state is sustained over several decades or longer. In recent years, the 

term climate change has often been used exclusively to refer to those 

causes arising directly or indirectly from human activity alone and in 

this sense has been used interchangeably with global warming.  

Warming of the climate system is unequivocal, and since the 1950s, 

many distinct changes have been observed. Changes in the atmosphere, 

ocean, snow and ice conditions, sea level and GHG concentrations are all 

consistent with human-made global warming (IPCC 2013). According to 

the IPCC, it is extremely likely (>95%) that human influence has been 

the dominant cause of the observed warming since 1950. 
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2.2 The climate of the Nordic region 

The most important factor for the climate in the Nordic region is the 

region’s geographical position on the western coastal zone of the Eura-

sian continent (Tveito et al. 2000). The region has both a maritime and 

continental climate, depending on the direction of the air flow. The fur-

ther east, the more continental the climate is.  

The main wind direction is westerly, bringing mild airflows from the 

Atlantic Ocean to the Nordic region in winter. The ocean currents off the 

coast of Western Europe, named the Norwegian Atlantic Current west of 

Norway, carry warm and salty waters in relation to their latitude as they 

are remnants of the warm Gulf Stream. The Nordic region is heated by 

these mild currents. On the other side of the Nordic Seas, the East Green-

land Current transports cold water and sea ice southwards and towards 

Iceland. Hence, the Nordic region is the warmest area this far north. The 

average temperature is several degrees higher than in any other areas at 

the same latitude. The northernmost ice edge is on the west coast of 

Svalbard. In addition, the open waters of the Baltic Sea and large lakes 

contribute to mild winters. The climate in the Nordic region can periodi-

cally be continental as easterly winds bring dry air from the Eurasian 

continent. Such events cause cold periods during winter and hot periods 

during summer. 

Another important factor for the climate in the Nordic region is the 

polar front, where warm subtropical and cold polar air masses meet. 

This front is normally situated over the Nordic region, moving south-

wards during winter and northwards during summer. The temperature 

difference between these two air masses is especially great during win-

ter, which can cause large fluctuations in temperature as the polar front 

often moves in waves. 

According to the Köppen climate classification, most of the mainland 

of the Nordic region belongs to the temperate coniferous-mixed forest 

zone with cold, wet winters. Greenland, Svalbard, parts of Iceland, the 

very northeastern tip of Norway, as well as the highest mountains in 

Norway and Sweden have a polar climate. On the other side, the west 

coast of Denmark, Sweden and Norway fall under the maritime temper-

ate climate. Most of the ocean area has this maritime climate as well. 

Since the Nordic region is situated far north, the seasons are very dis-

tinct. The winters are dark with very short days, while summers are light 

with almost no night. North of the Arctic Circle (66° 33’ N), the sun is 

continuously under the horizon during winter solstice and continuously 

over the horizon during summer solstice. Since the days are long in 
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summer, the daily incoming solar radiation is comparable to more 

southerly locations even though the sun is always low on the horizon. 

Figure 2.1: The Nordic region seen from the North Pole 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Google Maps. 

2.3 Impacts of climate change in the Nordic region 

The Nordic region is affected by both natural and human-made climate 

change and variations. Examples of natural climate change include shifts 

between ice ages and warmer interglacial periods, multicentennial 

changes such as the “Medieval Warm Period” (890–1170 AD) and “Little 

Ice Age” (1580–1850 AD) (Osborn and Briffa 2006), and multidecadal 

scales such as the Atlantic Multidecadal Oscillation (AMO) (Kerr 2000). 

The AMO is the variability in the North Atlantic sea surface temperatures 

(SSTs) within a 60–80 year period that includes cool periods in the early 

1900s and the 1970s to mid-1990s and warm periods in the 1920s to 

1960s and the mid-1990s to present. The AMO fits within the definition 

of climate change as it is multidecadal, but it is actually an example of 

longer-term climate variability. Another example of climate variability 

includes the strong decadal fluctuations associated with changes in the 
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North Atlantic Oscillation (NAO). The NAO is related to changes in the 

subpolar (Icelandic) Low and the subtropic (Azores) High, which tend to 

intensify or weaken at the same time (Hurrell 1995). In the positive NAO 

phase, stronger southerly flows produce warmer than normal air and 

sea temperatures and higher precipitation over Northern Europe, in-

cluding the Barents Sea, whereas the northerly winds between Eastern 

Canada and Greenland cause cooler than normal air temperatures and 

drier conditions there. The mild and wet weather in the Nordic region in 

December 2013 was an example of this positive NAO. The opposite pat-

tern occurs during the negative phase of the NAO.  

Climate changes resulting from increased atmospheric GHGs gener-

ate a small but steady temperature increase, which accumulates over the 

years and eventually produces a significant rise throughout the globe. 

This is especially noticeable in the Arctic, where the rate of change in 

temperature is double that of the global average. In the short term, 

changes from natural variability are much larger than the anthropogen-

ic-induced changes, which may be undetected. There may be times in the 

future when cooling caused by natural variability will dominate the rise 

in temperature from anthropogenic effects, and such conditions may last 

for several years or even decades. This does not mean the end of anthro-

pogenic warming, because it will ultimately prevail and temperatures 

are expected to rise well above present-day values. Natural variability 

will always occur, however.  

The global surface temperature increase since 1901 is 0.89 °C (IPCC 

2013). Each of the last three decades has been warmer than all of the 

previous decades in the instrumental record. Since 1951, the decadal 

warming has been 0.12 °C per decade. The global sea surface tempera-

ture has increased by 0.07 °C per decade during the same period. The 

confidence in observed precipitation changes is smaller, but an increase 

in precipitation in the Northern Hemisphere’s mid-latitude land areas 

has been observed since 1900. An increase has also been seen in the 

high latitudes of the Northern Hemisphere since 1951, but the confi-

dence in this result is low due to the low number of measuring stations. 

The number of cold days and nights has decreased, with an increase in 

the number of warm days and nights since 1950. As expected, the in-

crease is larger for minimum temperature extremes than maximum 

temperature extremes. Further, the number of heavy precipitation 

events over land has likely increased during the same period as well. In 

Europe, the increase has been greatest during winter.  

Circulation features such as storm tracks and the jet stream, as well 

as a contraction of the northern polar vortex, have moved northwards 
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since the 1970s. Studies show that the Atlantic cyclone activity during 

the past 60 years has shifted northwards and eastwards. The wintertime 

cyclones are more frequent and more intense in the high-latitude Atlan-

tic and less frequent in the mid-latitude Atlantic. An increase in westerly 

winds in the northern mid-latitude as well as an increase in the NAO 

index was observed from the 1950s to the 1990s, which gives wetter 

and milder winters in the Nordic region. This increase in pressure dif-

ferences observed in the 1980s and 1990s was followed by a decrease to 

the long-term mean state in the 2000s. Confidence in other long-term 

global circulation changes, such as surface winds over land, is low. 

The temperature increase both globally and in the Northern Hemi-

sphere mainly occurred in two periods, from 1900 to around 1940 and 

from 1970 to 2000 (Figure 2.2). The warming early in the 20th century 

happened largely in the mid and high latitudes of the Northern Hemi-

sphere. The same trend has been observed in the Nordic countries, but 

with some variation. The warm periods in the 1930s were more pro-

nounced in the northern and western part of the Nordic region than the 

southern and eastern part. 

The Arctic sea ice extent has decreased. Since the first satellite obser-

vations in 1979, the summer minimum extent of Arctic sea ice (in Sep-

tember) has decreased by about 11.5% each decade. The decrease has 

also been observed in winter, but to a lesser degree. The average winter 

sea ice thickness has decreased, with a large drop in the amount of mul-

tiyear ice. Almost all glaciers have shrunk, including in the Nordic region. 

The melting of the Greenland Ice Sheet is accelerating, and the melting in 

the 2002–2011 period was 215 Gt/yr or 0.59 mm/yr sea-level equiva-

lent. The snow cover extent has decreased in the Northern Hemisphere, 

especially in spring. Freshwater lakes in the Northern Hemisphere 

freeze up later than before, while breakup is earlier. Permafrost temper-

atures have been increasing in most regions, while the depth of the sea-

sonally frozen ground has also changed. 
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Figure 2.2: Changes in surface temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Red line: Global. Grey line: Norway.  

Source: Bjørnæs (2010). 

2.4 Nordic climate in the future 

The future climate in the Nordic region will depend on a number of fac-

tors with considerable uncertainties. For long-term climate change, the 

greatest uncertainty is associated with the level of future emissions. A 

number of scenarios have been selected to illustrate possible emissions 

in the future. Emission scenarios and climate projections from IPCC 

(2007) and IPCC (2013) are presented below. Generally, the predictions 

are more certain for global conditions than for conditions in a small re-

gion such as the Nordic countries. 

2.4.1 Emission scenarios  

The emissions scenarios in AR4 (IPCC 2007) are based on the Special 

Report on Emissions Scenarios (SRES) (IPCC 2000). These scenarios are 

based on economic activity, population growth, and technological im-

provements and implementations in the 2000–2100 period. The three 

main scenarios can be defined as low (B1), middle (A1B), and high sce-
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narios (A2) with regard to emissions and climate change. The focus here 

is on the middle scenario. 

2.4.2 Emission pathways  

The new generation of scenarios, Representative Concentration Path-

ways (RCPs), are not scenarios, but pathways indicating possible emis-

sions (IPCC 2013). The four RCPs are named according to their impact 

on radiative forcing in 2100. Radiative forcing is a measure of potential 

climate change. The pathway similar to business–as-usual gives a radia-

tive forcing of 8.5 W/m2 in 2100, thus the name RCP8.5. This pathway 

gives the most dramatic climate change. On the other end, RCP2.6 indi-

cates how a warming of less than 2 °C is possible. RCP4.5 and RCP6.0 are 

pathways in the middle. The main focus here is on RCP4.5; however, 

RCP6.0 is the pathway that is closest to the scenario A1B. 

2.4.3 Climate projections in IPCC 2007 

The global temperature increase from 2011 to 2030 compared to 1980 to 

1999 is estimated to be in the range +0.64 °C to +0.69 °C. Most of the 

warming is due to emissions that have already been emitted, and the dif-

ferences between the scenarios are small at the beginning of the period. 

From 2046 to 2065, the global temperature increase is +1.8 °C for the A1B 

scenario, but somewhat smaller for the low emission scenario. About a 

third of this warming has already taken place. By the end of the century 

(2090–2099), the temperature increase is predicted to be +2.8 °C, ranging 

between +1.7 °C and +4.4 °C when uncertainty range is included. The low 

emission scenario, B1, predicts a temperature increase of +1.8 °C (1.1 °C 

to 2.9 °C), while the high emission scenario, A2, +3.4 °C (2.0 °C to 5.4 °C). 

The predicted change in temperature and precipitation in North-

ern Europe for the different seasons from the 1980–1999 period to 

the 2080–2099 period is given in Table 2.1. In Northern Europe, the 

annual temperature change will likely be greater than globally (3.2 °C 

compared to 2.8 °C globally), with the largest temperature increase in 

winter (4.3 °C). In the Arctic, the annual temperature increase is pre-

dicted to be 5 °C. Changes in atmospheric circulation have significant 

potential to affect temperature in Europe, but these changes will not 

be the main cause of the projected warming. The temperature varia-

bility in summer on interannual and daily timescales will likely in-

crease in most areas. However, the temperature variability in winter 

is projected to decrease, on both interannual and daily timescales. In 
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areas where snow cover is reduced, the minimum temperature in-

crease will be largest. In addition, heat waves are predicted to in-

crease in frequency, intensity and duration. On the other hand, the 

number of frost days will decrease. 

Annual precipitation is very likely to increase in most of Northern 

Europe, with an increase generally north of 50 °N. This increase will be 

due to circulation changes and thermodynamic factors. In a warmer 

climate, the air can hold and transport more moisture, thus giving more 

rain and snow. If the westerly winds increase in winter, which a majority 

of models predict, winter precipitation will increase. The precipitation 

increase for Northern Europe is largest in winter (+15%) and smallest in 

summer (+2%). When uncertainties are included, precipitation may 

even decrease in summer. A decrease in summer is typically predicted 

south of 55 °N which includes most of Denmark. 

Since a warmer climate leads to increased evaporation, this moves 

the line between wetter and drier climate (precipitation minus evapora-

tion) northwards by a few hundred kilometres. Whether summer soil 

moisture will increase or decrease in the Nordic region is uncertain. 

Increased precipitation leads to wetter soil, while earlier snowmelt and 

increased evaporation leads to drier soil. The extremes of daily precipi-

tation are very likely to increase, both in magnitude and frequency. 

Changes in precipitation may vary on relatively small horizontal scales 

in areas with complex topography, for instance along the west coast of 

Norway. This small-scale variability in precipitation may dominate over 

more general changes for larger areas.  

Table 2.1: The projection of change in temperature and precipitation for Northern Europe based 
on the A1B scenario 

Parameter Season 25% quartile Median response 75% quartile 

Temperature change (°C) Winter 3.6 4.3 5.5 

Spring 2.4 3.1 4.3 

Summer 1.9 2.7 3.3 

Autumn 2.6 2.9 4.2 

Annual 2.7 3.2 4.5 

 

Precipitation change (%) Winter 13 15 22 

Spring 8 12 15 

Summer -5 2 7 

Autumn 4 8 11 

Annual 6 9 11 

 

Difference between the 2080–2099 period and the 1980–1999 period. The 

median response is the most likely response, while there is a 50% chance 

that the actual responses will be between the 25% and 75% quartile.  
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The snow season will likely be 1–3 months shorter in Northern Eu-

rope, with a 50–100% decrease in snow depth in most areas by the end 

of the century. An increase in total winter precipitation may counteract 

and give deeper snow cover in some areas for shorter periods. Snow 

conditions in the coldest part, such as northern Scandinavia, are less 

sensitive to temperature and precipitation changes. The Baltic Sea is 

likely to lose a large share of its seasonal ice cover during this century. 

The climate models have underestimated the observed sea ice loss in the 

Arctic; thus, there is large uncertainty as to how fast the reduction of 

Arctic sea ice will take place. 

The change in wind conditions in the Nordic region is uncertain, but 

more likely than not there will be an increase in average and extreme 

wind speeds in Northern Europe. A key factor for wind is the large-scale 

atmospheric circulation. Some models predict the north-south pressure 

gradient over Scandinavia will increase, causing stronger winds and a 

northward shift in cyclone activity. Other models show small changes in 

pressure gradients. 

An earlier report goes into detail on how the individual countries in 

the Nordic region will be affected by a warming of 2 °C compared to a 

pre-industrial world (Aaheim et al. 2008). This temperature increase is 

smaller than that predicted by the A1B scenario by the end of the centu-

ry, but the trends are similar. If warming is greater, the trends will be 

even more distinct. The temperature increase will in general be larger or 

slightly larger in the Nordic region than globally, with increasing sensi-

tivity northward. Over the North Atlantic Ocean, the warming will be 

about half of the global warming.  

In Denmark, the temperature increase will be close to the global tem-

perature increase. The annual precipitation is not predicted to change 

much, but there will be more precipitation in winter and less in summer. 

In Finland, the temperature increase in summer will be slightly larger 

than the global annual increase, while the winter temperature increase 

will be roughly double the global increase. The precipitation increase is 

predicted to be similar to the general increase in Northern Europe (see 

Table 2.1). In Norway, the temperature increase will be largest in the 

northern part of the country and smallest along the west coast. Precipi-

tation will increase in all regions during all seasons with the possible 

exception of a small decrease in summer in Eastern Norway. Climate 

changes in Sweden will be similar to those in Norway and Finland. The 

ocean around the Faroe Islands will dampen the temperature increase 

on those islands; hence, the increase will not be larger than the global 

temperature increase. Precipitation will increase more than the average 
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for Northern Europe. The changes predicted for Iceland are similar, but 

the eastern side of the island has a slightly more continental climate and 

thus will experience a larger temperature increase.  

2.4.4 Climate projections in IPCC 2013 

Temperature and precipitation changes in the Nordic region are illus-

trated in Figures 2.3 and 2.4 respectively. Changes for the RCP4.5 path-

way are shown for early, middle and late 21st century relative to the 

1986–2005 period. The changes predicted in IPCC (2013) are similar to 

those predicted in IPCC (2007), but the findings presented in the previ-

ous section are found to be more robust. 

The period from 1986 to 2005 was 0.61 °C warmer than the pre-

industrial level. The well-known target of avoiding an average global 

warming of 2 °C is in relation to the pre-industrial level; thus, this must 

be taken into account if the future conditions presented in this section 

are to be compared with pre-industrial conditions. The period from 

2016 to 2035 is predicted to be 0.39 °C to 0.87 °C warmer globally, rela-

tive to 1986 to 2005. Predicted warming in the 2046–2065 period and 

the 2081–2100 period globally, over land, over the ocean and in the Arc-

tic is shown in Table 2.2. The RCP4.5 pathway gives an increase in global 

temperature of 1.8 °C from 2081–2100 relative to 1986–2005. Warming 

over land is a factor 1.4–1.7 higher than warming over the ocean. The 

largest warming will occur in the Arctic, fuelled by the snow albedo 

feedback. The Atlantic Meridional Overturning Circulation (AMOC), 

which is the pump that determines how much warm water is transport-

ed northwards with the Gulf Stream, will likely decrease by 20–30% by 

the end of the century according to RCP4.5. This weakening will slow 

down the warming slightly in the Nordic region. 

Table 2.2: The temperature increase relative to 1986–2005 predicted in the different RCPs. The 
uncertainties are given for one standard deviation 

 RCP2.6 RCP4.5 RCP6.0 RCP8.5 

Global, 2046–2065 1.0°C ±0.3 1.4°C ±0.3 1.3°C ±0.3 2.0°C ±0.4 

Global, 2081–2100 1.0°C ±0.4 1.8°C ±0.5 2.2°C ±0.5 3.7°C ±0.7 

Land, 2081–2100 1.2°C ±0.6 2.4°C ±0.6 3.0°C ±0.7 4.8°C ±0.9 

Ocean, 2081–2100 0.8°C ±0.4 1.5°C ±0.4 1.9°C ±0.4 3.1°C ±0.6 

Arctic, 2081–2100 2.2°C ±1.7 4.2°C ±1.6 5.2°C ±1.9 8.3°C ±1.9 

 

As a rule of thumb, global precipitation will increase by 1–3% per degree in 

global temperature increase (IPCC 2013). The sea level pressure difference 

between the Arctic and the tropics will likely increase. In addition, the polar 

jet may shift northwards. These changes will tend to give more westerly 
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winds and precipitation in the Nordic region. A shift to more intense indi-

vidual storms is predicted, but at the expense of fewer weak storms. Snow 

cover extent during spring in the Northern Hemisphere will decrease  

by 13% according to RCP4.5 from the period 1986–2005 to the period 

2081–2100. Some models predict that the Arctic will be ice-free in summer 

by 2040–2060, while other models predict a slower decrease in sea ice. 

Figure 2.3: The predicted temperature changes 
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In winter (left) and summer (right) in Northern Europe according to RCP4.5. The time periods are 

2016–2035 (upper), 2046–2065 (middle), and 2081–2100 (lower) relative to 1986–2005. 
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Figure 2.4: The predicted precipitation changes 
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In winter (left) and summer (right) in Northern Europe according to RCP4.5. The time periods are 

2016–2035 (upper), 2046–2065 (middle), and 2081–2100 (lower) relative to 1986–2005. Hatching 

denotes uncertainty in whether there will be an increase or decrease in precipitation.  

2.5 Conclusions 

This chapter has presented the climate of the Nordic countries, including 

past and future climate change. Natural variations play an important 

role in the Nordic climate, but the gradual warming caused by human-

made emissions is estimated to result in a significant rise in temperature 

in the 21st century. Climate change has been observed in the entire cli-
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mate system, with a global temperature increase of 0.89 °C since 1901. 

According to the RCP4.5 pathway, the increase in global temperature by 

the end of the century will be 2.4 °C relative to the pre-industrial level, 

compared to a 4.3 °C increase in a business-as-usual scenario. In the 

Nordic region, the temperature increase is estimated to be similar to the 

global mean in the south and west and near double in the north and east. 

The increase will be largest in winter and in regions with a continental 

climate. Precipitation is predicted to increase in most of the Nordic re-

gion, especially in winter. In the southern part of the Nordic region, es-

pecially Denmark, summer precipitation may decrease. More and heavi-

er extreme precipitation events are expected. The change in wind condi-

tions in the Nordic region is uncertain. The Atlantic Meridional 

Overturning Circulation (AMOC), which governs how much warm water 

is transported northwards with the Gulf Stream, will likely decrease by 

20–30% by the end of the century according to the RCP4.5 pathway, but 

a collapse is very unlikely. 
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3. Emissions and carbon 
footprint 

3.1 Introduction  

Over the period 1990‒2011, GHG emissions in the Nordic countries de-

creased from 267 to 244 million tonnes of CO2 equivalents, excluding 

land use and land use change (LULUC) activities (see Figure 3.1). Includ-

ing carbon sinks, the net emissions are significantly lower and the reduc-

tion over time larger (see Section 10.2).  

The reduction was most significant in Denmark and Sweden, with an 

18% and 16% reduction respectively, while emissions increased by 6% 

in Norway and 26% in Iceland. Reduced energy intensity is the main 

reason for the decreasing emissions. In Denmark, energy efficiency im-

provements over the past two decades mean that each unit of GDP re-

quired 30.7% less energy in 2012 than in the 1990s (Danish Energy 

Agency 2014). In Norway, growth was largely the result of the petrole-

um sector, while the sharp rises in Iceland’s emissions are due to the 

addition of new aluminium smelters (Norden 2014).  

Most of the emissions stem from CO2, which comprised about 80% of 

total emissions (see Figure 3.2). The four largest countries each contrib-

ute 22‒27% of Nordic emissions, while Iceland contributes only 2%. 
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Figure 3.1: GHG emissions in the Nordic countries, 1990‒2011, in million tonnes 
CO2-equivalents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: OECD database. 

Figure 3.2: Main GHG emissions in the Nordic countries in 2011, in million tonnes 
CO2-equivalents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: OECD database. 

 

Table 3.1 provides an overview of GHG emissions in the Nordic coun-

tries’ primary sectors. The type of emission per sector is shown as a 

percentage of total GHG emissions in each country. The agriculture sec-

tor dominates emissions among the primary sectors in the Nordic coun-

tries, and globally the agricultural sector is the primary source of CH4 
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(methane) emissions. CH4 emissions stem from normal digestive pro-

cesses in domestic livestock and from CH4 produced when manure is 

stored or managed in lagoons or holding tanks. Because humans raise 

these animals for food, the emissions are considered human-related. The 

contribution from the agriculture sector is particularly large in Den-

mark, where it accounts for 21% of GHG emissions.  

Table 3.1: Emissions from primary industries in the Nordic countries, % of total domestic GHG 
emissions (total domestic GHG emissions = 100%) 

 CO2 excl. 

biomass 

CH4 N2O Other  Total  

Denmark      

Agriculture 3 9 9  21 

Forestry 0 0 0  0 

Fishing 1 0 0  1 

Finland      

Agriculture, fishing and aquaculture, hunting 1 4 6  11 

Forestry 0 0 0  0 

Iceland      

Agriculture     15 

Norway      

Agriculture 1 0 3 4 8 

Forestry 0 0 0 0 0 

Fishing 2 0 0 0 2 

Sweden      

Agriculture 2 0 0  2 

Forestry 2 0 0  2 

Fishing 0 0 0  0 

Sources: databanks in OECD and national statistical bureaus; statbank.dk, stat.fi, statice.is, ssb.no, scb.se 

3.2 Carbon footprints of food 

Food production systems as a group are very diverse, the range of prod-

ucts is huge and production systems vary within product groups. Emis-

sions of fossil CO2 from this group are less significant compared to N2O 

and CH4, the largest emissions of biogenic GHGs. These two GHGs are 

very potent, as 1 kg of CH4 is equivalent to 28 kg of CO2 while 1 kg of 

N2O is equivalent to 265 kg of CO2 (Myhre et al. 2013). The sum of 

GHGs, weighed and calculated into CO2-equivalents in a product’s life 

cycle, is referred to as the product’s carbon footprint (CF). Estimates of 

product CFs are used in analysis of mitigation options to ensure that 

suggested measures may actually result in an overall reduction of GHG 

emissions. Food product CFs are used commercially to inform consum-

ers, e.g. a Swedish hamburger restaurant provides customers with in-
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formation on CFs for its different meals. In Sweden, national agencies 

have suggested climate taxes on food based on product CFs. 

Large emissions of CH4 and N2O from livestock production systems 

result in high carbon footprints of animal products. The Food and Agri-

culture Organization (FAO) estimates that world animal agriculture 

comprised 14.5% of total GHG emissions in 2005 (Gerber et al. 2013). 

The livestock sector in the EU is estimated to have comprised 12.8% of 

total GHG emissions in 2004 (Leip et al. 2010) 

Compared to animal products from agriculture, the correlation be-

tween energy use (and thus fossil CO2 emissions) and climate impact is 

often high for seafood products, especially for wild-caught fish. The cli-

mate impact of products from capture fisheries is dominated by fossil 

CO2 emissions from fuel use on fishing boats (Ziegler et al. 2012). 

Global livestock production is a major driver of deforestation in 

South America as it has led to continued expansion of agricultural land 

for soybean cultivation (an important, high-protein ingredient for feed 

exported worldwide) and as pasture (for beef production). Due to lack of 

uniform methodology, GHG emissions from LULUC activities are seldom 

included in CF studies of agricultural products. 

3.2.1 Meat 

GHG emissions for production of meat worldwide have recently been 

reported by the FAO (Gerber et al. 2013) and the results from major 

production regions, including Europe, are shown in Figure 3.3. Methane 

from ruminants’ enteric fermentation is generally the dominating source 

for beef CFs. However, for South American beef, land use change (LUC) 

emissions from expansion of pasture into natural forest ecosystems are 

also very important. Feed production is the largest emission source for 

pork and chicken, including LUC emissions from expanding soybean 

acreage for Western European and South American pork and chicken. 

There is a large difference in carbon footprint between beef on the 

one hand and pork and chicken meat on the other, as illustrated in Fig-

ure 3.3, regardless of where in the world production takes place. Beef 

from South America has significantly higher CF than European beef due 

to high CO2 emissions from LUC as well as high CH4 emissions due to 

low animal productivity. 

On average, European beef has the lowest carbon footprint in the 

world, due to its very high proportion (80%) sourced from the dairy 

sector (slaughtered dairy cows, bull dairy calves) and generally high 

animal productivity (Gerber et al. 2013). The average CFs for beef in 
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Figure 3.3 are in close agreement with studies by Cederberg et al. (2013) 

estimating GHG emissions from Swedish and Brazilian beef. 

Figure 3.3: Life-cycle GHG emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kg CO2-eq per kg meat with bone at retailer for beef, pork and chicken in the regions Western 

Europe, North America and South America (to be added: see Figures). 

Source: Gerber et al. (2013). 

 

The variation in CFs of pork and chicken meat from different regions in 

the world is smaller than for beef (Gerber et al. 2013). Dalgaard et al. 

(2012) report a significantly lower CF (3.5 kg CO2-eq per kg CW) for 

Danish pork than the European average, according to the recent FAO 

study (6.6 kg CO2-eq per kg CW; see Figure 3.3), but the European aver-

age includes LUC emissions corresponding to 1.5 kg CO2-eq per kg CW. 

Adding this LUC estimate to Dalgaard’s results yields a CF for Danish 

pork at roughly 5 kg CO2-eq per kg meat with bone, indicating a CF 

slightly below the European average. 

3.2.2 Dairy products and eggs 

As is the case with beef, CH4 from ruminants’ enteric fermentation dom-

inates the CF of milk, which varies in different regions of the world (see 

Figure 3.4). In egg production, feed production is the dominating source 

of GHG, as it is with chicken meat production. 

Dairy production in Europe has the world’s lowest GHG emissions, due 

to high animal productivity and high feed efficiency. Studies of GHG emis-

sions from dairy farms in Norway, Sweden and Denmark point to a carbon 
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footprint of milk at the farm-gate at roughly 1 kg CO2-eq per kg milk 

(Bonesmo et al. 2013, Cederberg et al. 2013, Kristensen et al. 2011), not 

including emissions from LUC. Adding these emissions (the FAO estimates 

close to 0.1 kg CO2 per kg milk from LUC for European milk) as well as 

post-farm emissions suggests that milk production from Nordic countries 

lies in the lower range of European milk production and thus worldwide. 

A lower CF for Swedish eggs (1.5 kg CO2-eq per kg at farm-gate) than 

the European average given by the FAO has been reported by Cederberg 

et al. (2013), but again not including emissions from LUC, which the FAO 

study estimates at 1.5 kg CO2 per kg eggs as an average for European egg 

production. Adding these emissions and post-farm phase yields a slightly 

lower CF for Swedish eggs than the average European egg production. 

Figure 3.4: Life-cycle GHG emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kg CO2-eq per kg at retailer for milk and eggs in the regions Western Europe, North America and 

South America (to be added: see Figures). 

Source: Gerber et al. (2013). 

3.2.3 Vegetable products 

In general, vegetables are associated with fairly low GHG emissions and 

have generally lower life-cycle GHG emissions than animal products 

(examples of some vegetable products’ CF are shown in Figure 3.5). 

Grain products, e.g. wheat flour, have a typical CF around 0.5 kg CO2-eq 

per kg, and use of primarily nitrogen fertilisers as well as diesel in the 

cultivation phase contributes to the dominating GHG emissions. Well- 
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managed fertilisation and favourable yield levels are thus important for 

cereals’ GHG emissions. 

Potatoes and other root vegetables such as carrots are particularly ef-

ficient in cultivation, since the yield level is high per ha, resulting in low 

GHG emissions per kg product. However, depending on soil type the 

emissions can vary; cultivation in peat soils (which are quite common in 

some regions of the Nordic countries) leads to quite significant losses of 

CO2 and N2O from the soil and increase a product’s final CF significantly. 

GHG emissions from greenhouse products, such as tomatoes, are very 

sensitive to the source of heating of the greenhouse. Substituting fossil 

fuels with biofuels will thus have a significant impact on the product’s 

CF. Generally, vegetables grown in open air have a lower CF than prod-

ucts grown in greenhouses using fossil fuels, but transport of such prod-

ucts can be of importance for vegetables imported to the Nordic coun-

tries. For example, for Spanish tomatoes imported to Sweden, transport 

emissions represent almost half of the tomatoes’ CF, resulting in a slight-

ly higher CF than Swedish tomatoes cultivated in greenhouse with bio-

fuels but significantly lower CF than tomatoes grown in greenhouse us-

ing fossil fuels (see Figure 3.5). Generally, life-cycle GHG emissions of 

vegetable foods are more sensitive to alternative energy use and effi-

ciencies and transport modes in the supply chain than an animal food’s 

CF since emissions of methane and nitrous oxide are so significant in 

milk and meat supply chains. 

Figure 3.5: Life-cycle GHG emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kg CO2-eq per kg for some vegetable products at retailer in Sweden. 

Source: Sonesson et al. (2010). 
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3.2.4 Aquaculture 

GHG emissions from Norwegian farmed salmon are estimated at around 

2 kg CO2-eq per kg live weight fish; depending on processes and trans-

ports, the final consumer products end up in the range of 2.5‒3.6 kg 

CO2-eq per kg edible product at wholesalers in Northern Europe (see 

Figure 3.6). Norwegian salmon has a lower CF than farmed salmon in 

Canada, Chile and the UK, which is a result of high feed efficiency and 

lower use of farm-level energy in the Norwegian production (Pelletier et 

al. 2009). Average feed consumption is estimated at 1.2 kg dry feed per 

kg live weight salm-on in Norway and 60% of the feed is of marine origin 

(fish meal, fish oil) while 40% is from agricultural production (most 

importantly soymeal, rapeseed oil and wheat) (Winter et al. 2009). 

Mussels feed on planktonic organisms filtered through water flowing 

through the farm site and relatively small volumes are produced. The 

GHG emissions come from maintenance and harvest boats using diesel 

for the production of blue mussels and are in the same range per kg of 

edible product as fresh salmon (Ziegler et al. 2012). 

3.2.5 Captured fish 

Besides emissions from fossil fuels, leakage of refrigerants from the cool-

ing system in fishing vessels contributes to the overall carbon footprint for 

seafood from capture fisheries. As seen in Figure 3.6, herring and macke-

rel have the lowest climate impact; the fishing methods used to harvest 

pelagic fish such as these species include purse seining and pelagic trawl-

ing, which are among the most energy-efficient fishing methods. Bottom 

trawlers, frequently used for cod and haddock, require considerably more 

fuel per kg landed fish (Zigler et al. 2012, Winter et al. 2009). 

There are strong indications that overfishing leads to increased fuel 

use and thereby a higher CF of fish products (Schau et al. 2009). The CFs 

of captured fish reported in the Norwegian study are low in an interna-

tional perspective, due to relatively low fuel use in the demersal fishery 

and relatively well-managed fish stocks (Winter et al. 2009). CFs of 6.1 

kg CO2-eq and 4.8 kg CO2-eq per kg edible cod are reported for the 

western Baltic and the eastern Baltic cod stock respectively. These num-

bers are higher than the Norwegian results shown in Figure 3.6, and 

they reveal a significant difference in CF between cod from different 

stocks. The west-ern Baltic stock is more intensively fished than the 

eastern stock and there is a strong correlation between fuel consump-

tion and level of fishing for cod in the Baltic (Emanuelsson 2012). 
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Figure 3.6: Life-cycle GHG emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kg CO2-eq per kg edible product for Norwegian seafood at wholesaler. 

Source: Winther et al. (2009), Ziegler et al. (2012). 

3.2.6 Reducing the impact from food chains 

Despite the large uncertainties associated with estimates of biogenic 

GHG emissions (N2O, CH4 and non-fossil CO2), there is well-supported, 

con-sistent information from the many LCA/CF studies published so far 

on how to reduce the climate impact from food production. Deforesta-

tion associated with expanding agricultural land into pristine ecosys-

tems needs to be slowed and stopped since it is associated with large 

GHG emissions and also considerable biodiversity losses. Nitrogen man-

age-ment needs to be improved in order to significantly reduce reactive 

N emissions and input of synthetic fertilisers that result in not only GHG 

emissions but also eutrophication problems. Use and dependency of 

fossil fuels in cultivation, fishing, processing and transport need to be 

reduced in order to cut CO2 emissions and the extraction of fossil re-

sources. 
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3.3 Mitigation  

3.3.1 General policy 

Cost efficiency and the polluter-pays principle are key criteria in Nordic 

climate policy, and taxes on greenhouse gases and the tradable allowances 

are the main instruments. Carbon taxes have existed internationally for 

over 20 years, with Finland as the first nation to adopt a carbon tax in 

1990. Subsequently, Norway (1991), Sweden (1991), Denmark (1992) 

and Iceland (2010) implemented carbon taxes. No country applies a cost-

efficient, flat, uniform tax rate as recommended by economic theory. In-

stead, the taxes vary highly among countries and between sources within 

each country. Primary industries are normally exempt from taxation. In-

dustries are sheltered from carbon taxes or are allowed to pay lower tax 

rates; gasoline, coal and natural gas face the highest taxes.  

All the Nordic countries participate in the EU emission trading sys-

tem EU ETS. A cap is set on the total amount of certain GHGs that can be 

emitted by the installations in the system. The cap is reduced over time 

so that total emissions fall. In 2020, emissions from sectors covered by 

the system will be 21% lower than in 2005. Within the cap, companies 

receive or buy emission allowances which they can trade with one an-

other as needed. The flexibility inherent in this trading ensures that 

emissions are cut where it costs least to do so.  

The primary industries are not included in the ETS nor are they subject 

to carbon taxes. Still, the sectors are indirectly influenced by these instru-

ments. For example, the primary industries use production equipment 

manufactured by industries facing higher energy costs from the regula-

tions. In addition, many sources for biofuels are also sources for feedstuffs 

for livestock, and thus biofuel production increases the prices of livestock 

feeds. Thus, the industries indirectly meet incentives to substitute carbon-

intensive inputs. Also, the energy prices increase due to the ETS, and car-

bon taxes stimulate lower energy use and transition to energy-efficient 

equipment in primary industries. Such indirect effects are difficult to iso-

late from other factors influencing the industries, but the incentives are 

clearly towards lower emission impact. In future policy formulation, GHG 

emissions may be covered by economic incentives. A growing number of 

emission trading schemes and initiatives around the world allow emission 

reductions from forestry to be traded (Portin et al. 2013). Any changes to 

include such sector enlargements, and the inclusion of new GHGs such as 

methane from agriculture, would be after the third phase of the EU ETS 

(2013–2020) (Portin et al. 2013).  

http://ec.europa.eu/clima/policies/ets/cap/index_en.htm
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3.3.2 Sector-specific policies 

Forestry has potentially the most influential impact on GHG emissions (see 

Section 2.2). Norway aims to decrease deforestation, and increase reforesta-

tion and forest density by fertilisation (Ministry of Environment 2012). In 

contradiction of this policy, biofuels from forest harvests are frequently 

suggested alternatives to fossil fuels. However, the recent literature increas-

ingly points out the net effect of accounting carbon storage in forests. A high 

level of harvest implies that the carbon stock in the forest stabilises at a 

lower level. Therefore, wood harvesting is not a carbon-neutral activity 

(Holtsmark 2012). The climate impact of biofuels vs. forest growth is hence 

presently an ongoing debate in climate policy formulation. 

In 2010, agriculture contributed 10% of Norwegian emissions. In-

struments to reduce these emissions include development of biogas 

collection from manure and waste.  

Apart from efforts to increase forest growth and utilise biogas, direct 

instruments to reduce GHGs in the primary industries are rather weak. 

Table 3.2 summarises the environmental policy instruments in the agri-

cultural sector. According to Prestvik et al. (2013), Denmark, Sweden and 

Norway focus on GHG emissions among several issues, while Finland 

mainly focuses on nutrient leakage and Iceland on soil conservation.  

Table 3.2: The main agri-environmental policy instruments in the Nordic countries  

Country Environmental 

concern 

Main type of agri-environmental subsidies 

Denmark.  

Rural development 

programme  

2007‒2013 

Rich nature and 

clean environ-

ment 

Extensive farming  

Biogas  

Set-aside buffer zones 

Energy crops 

Maintaining wetlands 

Rare livestock breeds 

Municipal wetland projects 

Environment conditional grants 

Environmentally friendly technologies 

Nature and environment projects 

Natura 2000 projects 

Conversion to organic farming 

Management of EB-grassland 

Management of pasture and natural areas 

Organic fruit trees and berry production  

Island support 
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Country Environmental 

concern 

Main type of agri-environmental subsidies 

Sweden.  

Rural development 

programme  

2007‒2013 

Sustainable 

development in 

agriculture 

Environmental compensation for: 

Pastures and hayfields 

Forage cultivation 

Certified organic or recycling-oriented production 

Natural and cultural environments in the agricultural landscape 

Reduced nitrate leaching 

Brown beans on Öland 

Endangered livestock breeds 

Buffer zones 

Environmental precautions 

Natural promotion efforts on farmland 

Compensation within designated environments (pastures and 

hay meadows, arable land, water, cultural heritage) 

 

Norway  Sustainable 

agriculture 

Acreage and cultural landscape payments 

Payments for animals on pasture 

Support for preserving rare livestock breeds 

Support for organic farming 

Regional environmental programmes (cultural landscapes, 

cultural heritage, biodiversity, recreational values, runoff to 

water, reduced use of pesticides) 

Payments for environmentally friendly spreading of manure 

Special environmental measures in agriculture (cultural land-

scape, pollution and facilitation) 

Selected cultural landscapes 

 

Finland. 

Rural development 

programme  

2007‒2013 

 

Reduce nutrient 

loadings from 

agricultural lands 

to water 

Basic measures: monitoring and planning of farm practices, 

fertilisation of arable land, and headlands and filter strips 

Additional measures: reduced fertiliser use, more accurate 

nitrogen fertilisation, plant cover in winter, reduced tillage, 

extensive grassland production, spreading of manure in 

growing season, calculation of nutrient balances, cultivation of 

catch crops. 

Special measures: Establishment and management of riparian 

buffer zone, management of multifunctional wetlands, arable 

farming in groundwater areas, more efficient reduction of 

nutrient loadings, runoff water treatment methods, and 

incorporation of liquid manure in the soil 

 

Iceland Soil conservation  Payments that aim to enhance sustainable land use and 

restoration of degraded land 

Source: Prestvik et al. (2013). 

3.4 References 

Bonesmo, H., Beauchemin, K.A., Harstaad, O.M. and Skjelvåg, A.O., 2013. Greenhouse 
gas emission intensities of grass based silage dairy and beef production: A system 
analysis of Norweigan farms. Livestock Science, 152(2-3), 239–252.  

Cederberg, C., Hedenus, F., Wirsenius, S. and Sonesson, U., 2013. Trends in greenhouse 
gas emissions from consumption and production of animal products in Sweden – im-
plications for a long-term climate target. Animal, 7(2), 330–340. 

Dalgaard, R., 2007. The environmental impact of pork production from a life cycle 
perspective. Ph.D. Faculty of Agricultural Sciences, University of Aarhus. 

Danish Energy Agency, 2014. Energy statistics 2012. 



  Climate change and primary industries 47 

Emanuelsson, A., 2012. Quantifying Overfishing and Ecosystem Impacts Related to 
Seafood Products. Licentiate. Department of Biological and Environmental Sciences, 
University of Gothenburg. 

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. 
and Tempio, G., 2013. Tackling climate change through livestock – A global assess-
ment of emissions and mitigation opportunities. Rome: Food and Agricultural Organ-
ization of the United Nations (FAO). 

Holtsmark, B., 2012. Harvesting in boreal forests and the biofuel carbon debt, Climatic 
Change, 112(2), 415–428. 

Kristensen, T., Mogensen, L., Knudsen, M.T. and Hermansen, J.E., 2011. Effect of pro-
duction system and farming strategy on greenhouse gas emissions from commercial 
dairy farms in a life cycle approach. Livestock Science, 140(1–3), 136–148. 

Leip, A. et al., 2010. Evaluation of the livestock sector’s contribution to EU greenhouse 
gas emissions (GGELS) – final report. European Commission, Joint Research Centre. 

Meld. St. 21 (2011–2012) Norwegian Climate Policy, white paper from the Ministry 
of the Environment.  

Myhre, G. et al., 2013. Anthropogenic and Natural Radiative Forcing. In: Stocker, T.F.D. 
et al., eds. Climate Change 2013: The Physical Science Basis. Contribution to Working 
Group I to the Fifth Assessment Report on the Intergovernmental Panel on Climate 
Change. Cambridge, UK, and New York, NY, USA: Cambridge University Press. 

Norden, 2014. The Nordic way: Visualising energy in the Nordic region. Available at: 
http://www.nordicenergy.org/thenordicway/country/iceland/ 

Pelletier, N., Tyedmers, P.H., Sonesson, U., Scholz, A., Ziegler, F., Flysjö, A., Kruse, S., 
Cancino, B. and Silverman, S., 2009. Not all salmon are created equal: Life cycle as-
sessment (LCA) of global salmon farming systems. Environmental Science and Tech-
nology, 43(23), 8730–8736. 

Portin, A., Barua, S., Clarke, M., Camargo, M., Viding, J. and Pekkanen, M., 2013. The 
Role of Forests in Climate Change: Nordic Experience. TemaNord 2013:559. 

Prestvik, A.S., Kvakkestad, V. and Skutevik, Ø., 2013. Agriculture and the environment 
in the Nordic countries: Policies for sustainability and green growth. TemaNord 
2013:558. 

Schau, E.M., Ellingsen, H., Endal, A. and Aanondsen, S.A., 2009. Energy consumption in 
Norwegian fisheries. Journal of Cleaner Production, 17(3), 325–334. 

Sonesson, U., Davis, J. and Ziegler, F., 2010. Food production and emissions of 
greenhouse gases. Report 802. Gothenburg: Swedish Institute for Food and Bio-
technology (SIK).  

Winther, U., Ziegler, F., Skontorp Hognes, E., Emanuelsson, A., Sund, V. and Ellingsen, 
H., 2009. Carbon footprint and energy use of Norwegian seafood products. SFH80 
A09 – Open Report. Trondheim, Norway: SINTEF Fisheries and Aquaculture. 

Ziegler, F., Winther, U., Skontorp Hognes, E., Emanuelsson, A., Sund, V. and Ellingsen, 
H., 2012. The Carbon Footprint of Norwegian Seafood Products on the Global Seafood 
Market. Journal of Industrial Ecology, 17(1), 103–116.  

 

 

 

 

 

 

 

http://www.nordicenergy.org/thenordicway/country/iceland/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. Fisheries  

4.1 Introduction 

This chapter focuses upon the roles of climate variability and climate 

change on fish and fisheries within the Nordic region. First there is a 

brief discussion of ocean climate variability and climate change, accom-

panied by a description of some of the large-scale climate indices and 

their connection to regional marine climate variability. The effects of 

climate forcing on marine and freshwater ecosystems are then de-

scribed, with an emphasis on fish populations, and several examples of 

observed responses of these ecosystems to past and recent climate 

changes are presented. Also presented are likely future scenarios of fish 

and fisheries under expected anthropogenic climate change. Based on 

these results, the fisheries and ecosystem management issues and how 

they might change under a future climate are discussed. The potential 

economic and social implications of climate change for the coastal com-

munities and the Nordic nations are also considered. A summary in-

cludes a number of identified knowledge gaps that need to be filled.  

4.2 Projections of future ocean climate variations  

The IPCC reports (2007, 2013) conclude that anthropogenic-induced 

global warming is well under way. As discussed in Chapter 1, annual air 

temperatures in Europe will rise, with the largest increases relative to 

recent conditions in the north. The ocean, because of its higher capacity 

to store heat, will not warm quite as much as the land. Thus, ocean tem-

peratures are projected to rise by 1‒3 °C in the Nordic Seas through the 

21st century (Melsom et al. 2010, IPCC 2013). As with the atmosphere, 

the frequency of extreme high-ocean and freshwater temperatures will 

increase and extreme low temperatures will decrease (IPCC 2013).  

As temperatures rise, sea-ice coverage in the north will decrease 

(Figure 4.1) with the possibility of a summer ice-free Arctic by 2050 or 

earlier (Stroeve et al. 2007). In the Barents Sea, the winter ice edge is 

projected to retreat at an approximate rate of 10 km per year northward 

and there will be a significant loss of ice cover in the western Nordic 
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Seas, which by 2070 will be restricted to the northwestern Greenland 

Sea (Furevik et al. 2002). Increased ice melt, precipitation and river run-

off in northern latitudes will lead to decreases in surface salinity of the 

order 0.5 to 1 in the western regions of the Nordic Seas (Furevik et al. 

2002). In the eastern sections and the Barents Sea, salinities may in-

crease (Bethke et al. 2006) as Atlantic waters spread farther east and 

north. These Atlantic waters are expected to be higher in salinity than at 

present because of increased evaporation in their source region of the 

tropics. Continental runoff will increase in the Nordic regions, which will 

more than compensate for the influx of high-salinity Atlantic water. 

Near-surface stratification is expected to increase in the Norwegian Sea 

and perhaps elsewhere in the Nordic Seas due to heating and added 

fresh water but this is highly uncertain and will depend upon the change 

in winds and extent of wind mixing. In freshwater systems, ice will form 

later on the lakes and in rivers in the autumn or winter and will clear 

earlier in the spring.  

Figure 4.1: The winter  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(March and April average) sea ice area for the Barents Sea (1900‒2100) based on different model 

results (grey lines). The blue line represents the ensemble mean and the red line the observed.  

Source: Overland and Wang (2007). 

 

The position of the Arctic and Polar fronts in the Nordic Seas that sepa-

rate the warmer, saltier Atlantic-derived waters from the colder, lower-

salinity Arctic waters are generally not expected to change greatly as 

they are strongly controlled by bottom topography. However, the Polar 



  Climate change and primary industries 51 

Front in the Barents Sea will, on average, likely be slightly farther north 

and east than at present (Huse and Ellingsen 2008) or may even move to 

the continental slope of the Barents Sea adjacent to the Arctic Ocean 

(Wassmann et al., submitted). If this occurs, the entire Barents Sea 

would become much warmer and saltier.  

During the 21st century there is expected to be a gradual weakening by 

about 20‒30% in the Meridional Overturning Circulation (MOC) (IPCC 

2013). The MOC involves the northward flow near surface of warm water 

from the south, cooling and sinking in the northern North Atlantic includ-

ing in the Nordic Seas, and the subsequent flow back south in subsurface 

layers. The density-driven component of this flow is referred to as the 

thermohaline circulation and together with wind forcing makes up the 

MOC. Most modelling studies suggest that in spite of its expected weaken-

ing, the current warming trend is likely to continue with increases of 2°C 

or more over this century. However, the model by Keenlyside et al. (2008) 

predicts that the weakening of the MOC over the next decade will result in 

a cooling effect on climate around the North Atlantic. Such a cooling could 

temporarily offset the longer-term warming trend from increasing levels 

of GHGs in the atmosphere (Wood 2008). 

In addition to the increasing upward trend of sea surface tempera-

tures, there is high variability at a multitude of time scales. The annual to 

decadal temperature variations are of large amplitude with smaller am-

plitude fluctuations at multidecadal scales (Figure 4.2). The impact of 

these changes on the marine ecosystems differs. As the time scale of the 

physical forcing increases, there is a tendency for the nature of ecologi-

cal changes to progress from local effects on individuals at synoptic 

weather scales, towards regional effects on population dynamics at 

monthly to decadal scales, and over basins and even across basins on 

ecological systems at multidecadal time scales and longer (Stenevik and 

Sundby 2007). For example, the annual to decadal temperature varia-

tions may have an impact on production on lower trophic levels as well 

as fish recruitment and year-class strength, while multidecadal varia-

tions will have greater impact through habitat expansion and produc-

tion, especially on higher trophic levels such as fish. It is important to 

take these different frequencies into consideration when discussing fu-

ture development in the Nordic ecosystems.  
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Figure 4.2: The 0‒200 m depth averaged current from the Kola section in the Barents  

 

 

 

 

 

 

 

 

 

 

 

 

 

Sea showing annual means (blue), 3-year running means (red) and the 60-year trend (green) 

Source: Stenevik and Sundby (2007). 

4.3 Fish and fisheries responses to past and recent 
climate variability 

Climate variability has historically led to significant fluctuations in fish 

and fishery yields in the Nordic regions. These climate effects can be 

direct, such as through inducing physiological changes, or indirect 

through, for example, effects on predators or prey.  

4.3.1 Marine species 

Given that marine fish production ultimately depends upon plankton and 

benthic production (in the case of demersal fish species), it is useful to begin 

this section by documenting some of their changes induced by climate.  

Plankton and benthos 

Plankton production depends upon available nutrients, sufficient light 

levels, and strong enough vertical stratification of the water column to 

keep the plankton near the surface where light levels are high. If mixing 

is too strong the plankton can be mixed below depths with sufficient 

light and production will be limited (Sverdrup 1953). If the stratification 

is too strong it prevents nutrients from being mixed from the subsurface 

depths into the upper layers. Vertical stratification of the water column 

is largely determined by the opposing forces of mixing (most often by 
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the wind), solar heating and freshwater supply, with their relative im-

portance depending upon location (Olsen et al. 2003, Rey 2004). In re-

gions with sea ice, the ice decreases phytoplankton production by limit-

ing light levels (Rey and Loeng 1985). Primary production in the Barents 

Sea can be as much as 400% higher in a warm year with reduced ice 

compared to a cold year with increased ice coverage (Slagstad and 

Wassmann 1997). In the recent warm years with reduced ice, primary 

production in the Barents Sea has increased because of higher light lev-

els and a longer production period (Mueter et al. 2009).  

Zooplankton form the link between primary producers and planktiv-

orous fish. Their abundance depends upon phytoplankton production as 

well as the ocean climate. Sea temperatures affect their survival rate by 

influencing the duration of their various life stages. A 0.5°C rise in tem-

perature has been suggested to increase the survival of the subarctic 

copepod Calanus finmarchicus, the dominant zooplankton species 

throughout the northern North Atlantic including the Nordic Seas, by 

30% (Tittensor et al. 2003). The circulation can also affect zooplankton. 

In the mid-1990s a weakening of the anticlockwise circulation in the 

northern North Atlantic, known as the subpolar gyre, resulted in de-

creased abundances of C. finmarchicus that inhabit the gyre (Hátún et al. 

2009). This weakening also allowed more subtropical waters and its 

associated zooplankton fauna to flow into the Nordic Seas as well as 

south of Iceland (Hátún et al. 2009). C. finmarchicus also overwinters in 

the Iceland Basin (Heath et al. 2000) and changes in their biomass are 

known to vary with the amount of subarctic water in the basin.  

Benthic populations (those living on or near bottom) also respond to 

long-term variations in marine climate. Benthic production depends upon 

the amount of primary production that sinks to the ocean floor. Benthic 

species are temperature-dependent and are therefore influenced by 

changes in near-bottom temperatures. For example, during the extended 

warm period that began in the 1920s and extended into the 1950s, Arctic 

benthic species retreated along the Murman coast in the Barents Sea, 

while the number of boreal species increased as the influence of Atlantic 

waters increased. The relative number of Atlantic species doubled be-

tween the period prior to and during the peak of the warming (Nesis 

1960). In the Norwegian Sea west of Spitsbergen, Atlantic benthic species 

on the shelf spread northward approximately 500 km between studies 

before and after the warming (Blacker 1957, 1965). Similar northward 

movement is occurring during the present warming period. An example is 

the blue mussel (Mytilus edulis) that was discovered in northern Spitsber-

gen after an absence of almost 1 000 years. Its presence is attributed to 
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warming caused by the increased transport of Atlantic waters into the 

near-shore regions of Spitsbergen (Berge et al. 2005).  

Fish 

Climate plays an important role in producing changes in the distribution 

and production of the major fish species. The world’s largest Atlantic cod 

(Gadus morhua) population, the Northeast Arctic stock, spawns off the 

coast of Norway and drifts as larvae northward, eventually entering the 

Barents Sea, where it spends its entire adult life. Good recruitment of 

cod is dependent on higher than average temperatures (Sætersdal and 

Loeng 1987, Ottersen and Sundby 1995). This is caused by (i) higher 

primary production (Svendsen et al. 2007), (ii) a larger influx of zoo-

plankton into the Barents Sea (Skjodal and Rey 1989, Sundby 2000) and 

(iii) higher temperatures promoting higher biological activity at all 

trophic levels (Sakshaug 1997).  

Distributional shifts also accompany temperature changes, e.g. young 

cod in the Barents Sea are distributed more southwestward during cold 

conditions and northeastward during warm periods (Midttun et al. 

1981). Cod moved north during the warm periods of the 1930s and 

1940s. During cooler periods in the 1960s, cod retreated farther south, 

especially off West Spitsbergen (Blacker 1957). During the recent warm-

ing period, cod in the Barents Sea set a new northward record during the 

late summer, reaching above 80°N in 2012 (see Figure 4.3). Also, during 

warm years, more cod spawn in northern regions of Norway relative to 

cold periods (see Figure 4.4).  

Figure 4.3: The abundance of cod during the fall surveys showing the distribu-
tion during (A) 2004 and (B) 2012. Note the high abundances to the north during 
2012 that set new historic high-latitude records for cod in the Barents Sea 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Kjesbu et al. (2014). 
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Figure 4.4: The spawning sites (green areas) of the Northeast Arctic cod stock 
off the coast of Norway. During warm periods there is increased spawning 
northwards (red arrow) and in cold periods there is more spawning to the 
south (blue arrow) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Sundby and Nakken (2008). 

 

Norwegian spring-spawning herring (Clupea harengus) spawn along the 

coast of Norway and drift as larvae and young juveniles into the south-

ern Barents Sea, where they spend the first 1‒3 years of life. During the 

warm 1930s, they expanded their distribution eastward in such num-

bers that a herring fishery developed along the Murman coast where 

previously this species was almost unknown (Beverton and Lee 1965). 

By age 2‒3, the herring leave the Barents Sea and move into the Norwe-

gian Sea. As adults, they spawn along the coasts of Norway in spring, and 

during the late spring and summer head into the Norwegian Sea to feed. 
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The abundance of herring has tended to increase in parallel with the 

temperature increases, as observed in the 1930s and the 1990s (see 

Figure 4.5). During warm periods the adults move farther westward in 

the Norwegian Sea and into Icelandic waters (Vilhjálmsson 1997). Dur-

ing the warm 1930s, a large Icelandic herring fishery developed and 

prospered until the stock collapsed in the late 1960s owing to poor envi-

ronmental conditions and heavy fishing pressure. A fishing moratorium 

was imposed for almost 20 years and the herring did not recover until 

temperatures improved, with abundance increasing in parallel with the 

rise in temperature (Toresen and Østvedt 2000).  

Figure 4.5: The smoothed time series of the spawning stock biomass of herring in 
the Norwegian Sea (red line) and the Kola section temperatures (blue) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Toresen and Østvedt (2000). 

 

Changes in climate also affect predator-prey interactions. In the Barents 

Sea an increase in the basic metabolic rate of Atlantic cod, associated 

with higher temperature, results in an increase in consumption of cape-

lin by 100,000 tonnes per degree centigrade (Bogstad and Gjøsæter 

1994). While the capelin can move farther north and eastwards so as to 

partly escape cod predation, moving into these colder waters causes 

slower growth and later maturity, thus leading to a smaller spawning 

stock biomass of capelin and ultimately a weak year-class. This is a 

prime example of how species interactions can change under different 

climate regimes. This is further highlighted by the fact that different 

species will tend to move northward at different rates, thereby changing 
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the overlap between predators, prey and competitors (Mueter and 

Litzow 2008). This will lead to new interactions between species.  

4.3.2 Freshwater and anadromous species 

The freshwater fish fauna of Northern Europe is highly influenced by gla-

ciation history (Griffiths 2006). Northern Europe was repeatedly glaciated 

by ice sheets during the Pleistocene epoch (Ice Age), which began around 

1.8 million years ago and ended about 10,000 years ago. The current na-

tive fish fauna is therefore composed of species that could expand into the 

area following the retreat of the last ice sheet, through rivers, ice lakes or 

from the ocean. Due to various reasons, not all species from the non-

glaciated parts of Europe managed to colonise the formerly glaciated re-

gion. As a consequence, the freshwater fish fauna of Northern Europe is 

less diverse than in Central and Southern Europe and is largely character-

ised by habitat generalists that tend to be migratory (Griffiths 2006, Reyjol 

et al. 2007). Although species richness is less in the formerly glaciated 

regions, sympatric ecomorphs of some species such as Arctic char 

(Salvelinus alpinus) and European whitefish (Coregonus lavaretus) (Østbye 

et al. 2005) are relatively common, putatively reflecting early stages of 

speciation. Such ecomorphs are virtually nonexistent in southern species 

(Bernatchez and Wilson 1998), which are more specialised (Griffiths 

2006). The relatively recent colonisation of Northern Europe is also re-

flected in the makeup of the species, as genetic variation and population 

differentiation are less than in the non-glaciated parts of Europe (Ber-

natchez and Wilson 1998). After the last retreat of ice sheets and later, 

some populations became landlocked as the route from sea or other wa-

tersheds became impassable for fish. Also, the cold-water species Arctic 

char retreated in Southern Europe but is still found in mountain lakes and 

rivers such as in the Alps (Brunner et al. 1998). 

The most economically valuable freshwater species in the Nordic 

countries are the salmonids Atlantic salmon (Salmo salar), brown trout 

(Salmo trutta) and Arctic char. All of these species have anadromous 

populations that go to sea for feeding (Klemetsen et al. 2003). The tem-

perature preferences of these species differ. Atlantic salmon prefer the 

warmest and the most nutrient-rich rivers and Arctic char the coldest 

and most unproductive watersheds. Brown trout prefer intermediate 

temperatures and nutrient concentrations compared to the other two 

species (Elliott and Elliott 2010, Jonsson and Jonsson 2009).  

Salmonid species are plastic generalist species which form distinct 

genetic populations among rivers (or among tributaries within large 
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river systems) and lakes. Salmonid populations are adapted to their local 

environments, including temperature regimes or temperature-

correlated environmental factors (Fraser et al. 2 2011, Vincent et al. 

2013). Temperature can have direct effects on physiology and life-

history traits, as well as indirect effects, such as influencing food availa-

bility, competition, predation, spread of pathogens and water quality 

(Jonsson and Jonsson 2009). Distribution and population trends of dif-

ferent fish species have changed because of recent climate changes 

(Comte et al. 2013). For example, the observed declines in population 

size of Atlantic salmon stock complexes in Europe and North America in 

recent decades have been associated with the AMO index (see above) 

and warming ocean surface temperature, causing ecological regime 

shifts (Friedland et al. 2013). In fresh water, recent changes in thermal 

freshwater habitats have also affected population size and distribution 

of several salmonid species, e.g. negatively affecting brown trout in the 

Mediterranean region and in the Alps (Comte et al. 2013 and references 

therein). In Iceland and Norway, many anadromous Arctic char popula-

tions have been declining (Svenning et al. 2012, Guðbergsson 2013). In 

Great Britain, southern non-migratory fish species displayed a mean of 

47 km northward shift of range margin during the last quarter of the 

20th century (Hickling et al. 2006). Although it is clear that recent cli-

mate changes have affected abundance and distribution of fish species 

and populations, the overall impact is unknown. 

4.4 Fish and fisheries responses to future climate 
change 

4.4.1 Marine species 

Plankton and benthos 

Rising temperatures in the Norwegian Sea will increase vertical stratifi-

cation of the water column, which in turn will reduce the amount of nu-

trients reaching the upper surface layers. Thus, primary production is 

expected to decrease over much of the North Atlantic, including the Nor-

dic Seas, except where sea ice will be reduced or disappear (Kristiansen 

et al. 2014). Enhanced annual primary production will occur in these 

latter regions because of increased light levels and an extended growing 

season. In regions where the seabed or the depth of mixing is <40  m, 

diatom blooms would be favoured. If mixing is extended to about 80 m it 

would likely favour Phaeocystis, and if the surface mixed layer extended 
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beyond about 80 m, it is possible that a low-productive community dom-

inated by nanoflagellates would be favoured (Loeng et al. 2005). The 

latter would imply little transfer of carbon to herbivores and the sedi-

ments because the grazers would be largely ciliates (Sakshaug and 

Walsh 2000). Reductions in sea ice will also result in the loss of ice-

associated algae, which makes up around 10% of the total production in 

the Barents Sea and other areas near the southern limit of the ice but up 

to 50% in the high Arctic.  

Expected earlier phytoplankton blooms under a warming scenario 

could result in a mismatch with zooplankton and thus potentially less 

zooplankton prey for fish larvae and young juveniles (Hansen et al. 

1996). The reduced grazing on phytoplankton could increase the sinking 

flux of particulate matter from the sea ice to the sediments (Arrigo et al. 

2008). However, if advection of increasingly warm surface waters is 

responsible for the early losses of sea ice, zooplankton growth may not 

be negatively affected and carbon export may remain unchanged or even 

diminish. Furthermore, reduced sea-ice cover has been proposed to fa-

vour a pelagic-dominated ecosystem over the more typical sea-ice algae 

to benthos ecosystem (Piepenburg 2005). Such an ecosystem switch 

would reduce the vertical export of organic carbon and decrease pelagic-

benthic coupling. Thus what will happen in regards to pelagic-benthic 

coupling remains unclear. 

The abundance of zooplankton in the Nordic Seas (principally C. fin-

marchicus) greatly depends on phytoplankton production and growth 

rate. The latter will increase due to rising temperatures but as indicated 

above, model studies indicate that phytoplankton production may de-

crease over much of the Nordic Seas, except in regions with reduced sea 

ice, where it will likely increase (Krisitiansen et al. 2014). Increases in 

Atlantic zooplankton abundance are expected in the eastern and north-

ern regions of the Barents Sea, while the biomass of larger Arctic species 

will decrease, leading to an overall decrease in zooplankton (Ellingsen et 

al. 2008). However, this does not take into account possible changes in 

predation of zooplankton by higher trophic levels, although it is well 

known that zooplankton abundance varies with the population size of 

capelin (Gjøsæter et al. 2002, 2009).  

Fish 

Early studies of fish production in the Nordic and Barents Seas suggest-

ed that production will increase under climate change, as was the case 

during past warm periods, owing to anticipated higher phytoplankton 

production because of the loss of seasonal sea ice (Svendsen et al. 2007). 

For example, cod recruitment in the northern areas would increase and 
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coupled with higher temperature-dependent growth rates would result 

in an increase in total cod biomass, which in turn could lead to increased 

fish catches there (Drinkwater 2005, Stenevik and Sundby 2007, Filin 

and Oganin 2008). Salmon abundance in Russian waters has also been 

projected to increase, as previously observed under warm conditions 

(Lajus et al. 2005). However, more recent modelling studies suggest that 

at least cod recruitment throughout the North Atlantic, including the 

Northeast Arctic cod stock, is likely to decline (Kristiansen et al. 2014). 

This is due to modelled declines in the zooplankton in the region of 

spawning as a result of lower nutrient concentrations in the surface lay-

ers from reduced phytoplankton production through increased stratifi-

cation. While there are some data to suggest that zooplankton did in-

crease during the earlier warm periods (Colebrook 1978, Drinkwater 

2006), the abundance of zooplankton under increasing warming and 

stratification may indeed decline. However, this is still a scientifically 

debated topic and not yet fully resolved. 

A northward expansion of fish has been suggested under climate 

change (Stenevik and Sundby 2007, Cheung et al. 2008), including more 

spawning in northern regions and less in the south (Sundby and Nakken 

2008, Huse and Ellingsen 2008). In the Barents Sea, distributional shifts 

of fish such as cod, haddock (Melanogrammus aeglefinus) and herring 

towards the east and north would result in a higher proportion of the 

population moving into Russian waters (Loeng et al. 2005). If substantial 

numbers of Atlantic mackerel (Scomber scombrus) expanded northward 

and into the Barents Sea, they could act to reduce the cod population 

through predation on their larvae and young juveniles. Whether the cod 

population in the Barents Sea ultimately increases or decreases thus 

depends on several factors and the balance between recruitment, 

growth and predation, all of which are still highly uncertain. Also, new 

species entering the Barents Sea will compete for food with the existing 

species. Cheung et al. (2009) suggested that the Nordic and Barents Seas 

would be expected to see a relatively large number of invasive species, 

local extinctions and hence species turnover related to distributional 

shifts. Species whose northward extension could have important ecosys-

tem consequences are blue whiting (Micromesistius poutassou) and At-

lantic mackerel through competition for food with the existing species. 

One population that has been estimated to disappear from the Nordic 

and Barents Seas within approximately 30 years is polar cod, Boreoga-

dus saida (Cheung et al. 2008). It should be noted that the ultimate fate 

of many of the fish species, even under climate change, will also depend 

upon the fisheries and thus fisheries management. 
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Vikebø et al. (2007) examined the potential impact of a reduction in 

the large-scale thermohaline circulation (THC) in the North Atlantic on 

the drift and hence growth and distribution of larvae and juveniles of the 

Northeast Arctic cod. The THC brings warm water north which cools, 

sinks and returns as a deep water current. The authors imposed a three-

times-present river discharge to the Nordic Seas and the Arctic Ocean, 

which reduces the strength of the THC by 35%. This is near the project-

ed reduction of around 25% in the THC predicted by the end of the 21st 

century in the IPCC report (2007). Vikebø et al. (2007) found that this 

reduction results in fewer juvenile cod transported eastwards in the 

Barents Sea, and those that were transported were considerably smaller 

in body size because of cooler temperatures. More juvenile cod were 

transported to the western parts of Spitsbergen, where feeding condi-

tions are poorer and survival rate is lower than in the Barents Sea, which 

led to an overall increase in cod mortality for the year class. Some juve-

niles would possibly reach into the Arctic Ocean but were not expected 

to survive. 

Marine mammals and seabirds  

Seals, such as the ringed seals that breed and raise their young on or 

near the ice edge, would experience a loss of habitat under climate 

change. If this resulted in a significant decrease in their abundance lev-

els, it would lead to reduced predation on fish species such as polar cod, 

capelin and Atlantic cod. Durner et al. (2009) suggested that within the 

Arctic, the greatest rate of loss of polar bear habitat over the 21st Centu-

ry would occur in the Barents Sea with a rate of 6.5% per decade. Polar 

bears, which hunt seals near the ice edge, would have to move farther 

north in search of prey. The earlier spring ice break-up and later fall 

freeze-up would force the polar bears either to leave the ice earlier in 

the spring or to deal with an unstable ice edge, leading to a general re-

duction in body condition. Female bears would have to go longer dis-

tances in pursuit of food, leaving cubs unattended and vulnerable (Stir-

ling et al. 1999). Walruses and whales, which rely on sea ice of a relative 

thickness that they can break through to create breathing holes, would 

benefit from a thinner ice sheet, but walruses would then encounter the 

problem of finding adequate sea ice to support their weight during their 

resting periods.  

Seabirds are also susceptible to climate change. Changing fish distri-

butions may require seabirds to alter their foraging range in an attempt 

to locate suitable prey or adapt to a different food source. This could 

result in recruitment failure. Generally, seabirds feed only within 

100 km of their breeding sites but this range may have to be extended 
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under climate change. In the Barents Sea, future projections have sug-

gested that there will be a shift away from the plankton feeding seabirds, 

such as puffins, towards species that feed on small forage fish (Falk-

Petersen et al. 2007). 

4.4.2 Freshwater and anadromous species 

Climate change is predicted to affect the distribution and abundance of 

many freshwater and anadromous fish species. Freshwater systems in 

Northern Europe will be subjected to higher temperatures, altered pre-

cipitation patterns and likely more frequent extreme weather events 

(see above). The projected effects of climate change on fish are spe-

cies/population-specific and will range from positive to negative. The 

effects may depend on factors such as physiological thermal preference 

and tolerance, availability of thermal refugia, migration possibilities, 

prey availability, inter- and intraspecific competition, predation, impact 

of diseases and pathogens, phenotypic responses (plasticity) and the 

ability to adapt to changing environmental conditions (e.g. Jonsson and 

Jonsson 2009, Moss et al. 2009, Comte et al. 2013). Higher temperatures 

may increase overall productivity in fresh water, which may increase 

fish production but may also decrease it if lakes become eutrophic and 

oxygen-depleted. Many rivers and lakes may become too warm for 

salmonid and coregonid species, which could be replaced by cyprinid 

species (Moss et al. 2009). Other weather extremes, such as floods and 

droughts, can decrease recruitment and survival of fish (Jonsson and 

Jonsson 2009). Possible displacement of salmonid and coregonid species 

with more warm-adapted species would likely have major negative con-

sequences for recreational fisheries (Moss et al. 2009).  

Simulation studies have been used to predict the effects of climate 

change on culturally and economically important fish species, such as 

Atlantic salmon and Arctic char. For example, Hedger et al. (2013) pre-

dicted that Atlantic salmon abundance might increase in northern and 

western Norway but decrease in southern Norway. Overall, higher tem-

peratures were predicted to induce faster growth of juveniles, earlier 

smolting and elevated smolt production, which eventually might result in 

increased egg deposition and elevated recruitment. However, low summer 

water levels in southern Norwegian rivers were predicted to increase 

density-dependent mortality of parr (Hedger et al. 2013). Compared to 

other salmonids, Arctic char is most sensitive to warm water and is ex-

pected to suffer in large regions from rising temperatures (Reist et al. 

2006). In the study by Hein et al. (2012), it was predicted that Arctic char 
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might lose 73% of its range in Sweden by 2100, whereas its distribution 

might become limited to large lakes and mountainous regions. The distri-

bution shrank not only because of increased temperatures but also be-

cause of the projected invasion of the top predator pike (Esox lucius) (Hein 

et al. 2012). Similarly, although brown trout is expected to outcompete 

Arctic char in lakes becoming warmer and more productive (Finstad et al. 

2011), expansion of pike might eliminate brown trout from thousands of 

lakes in Sweden (Hein et al. 2014), as well as species such as crucian carp 

(Carassius carassius) and stickleback (Pungitius pungitius). 

4.5 Socio-economic and institutional issues  

4.5.1 Institutional issues: spatial and substantive 
coverage of existing international arrangements 
and decision-making 

The potential effects of climate change are under discussion in all eco-

nomic sectors, including living marine resources. Several international 

institutions related to fisheries have voiced their concern in this regard, 

such as the FAO Committee of Fisheries (COFI)1 and the UN General As-

sembly in its 2007 fisheries resolution.2 The implications of climate 

change for fisheries is not an area where it is easy to provide definite 

answers (Browman 2008).  

As discussed earlier, changes in the geographic distribution of vari-

ous fish species are expected under climate change (see also ACIA 2005). 

It is now recognised that this is an extremely complex issue. Fish have 

always moved and changes in migratory ranges are nothing new. But 

what is new, in a historical perspective, is the establishment since the 

1970s of boundaries in the oceans out to 200 nautical miles, defining 

who owns what and who decides what can be fished and where. While a 

fishing vessel 40 years ago could follow the fish, today it cannot neces-

sarily do so if the fish enter the waters of another country or the high 

seas where quotas are set by regional fisheries management organisa-

────────────────────────── 
1 Climate Change and Fisheries and Aquaculture. COFI/2009/8, FAO, Rome. 
2 Resolution adopted by the General Assembly 62/177. Sustainable fisheries, including through the 1995 

Agreement for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea 

of 10 December 1982 relating to the Conservation and Management of Straddling Fish Stocks and Highly 

Migratory Fish Stocks, and related instruments. A/RES/62/177. 
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tions or arrangements. A permit to fish in such waters would be needed. 

Historically, this is an entirely new situation where the effects of climate 

change raise new issues. 

Previous studies have shown that management measures turned out 

to have a greater impact on the economic performance of fisheries than 

assumed changes caused by climate change (e.g. Eide 2008). However, 

these studies did not take into account the possibility of spatial shifts, 

which may be the most important factor in terms of climate change im-

pacts. Four major issues arise in this context:  

 

1. Bioeconomic theory and issues involving spatial distribution, 

including how spatial models could be set up for fisheries targeting 

sedentary species. 

2. Other achievements in bioeconomic research, including different 

types of theoretical developments in resource economics with 

relevance in the discussion of climate change impacts. 

3. Management issues related to spatial distribution when discussing 

fisheries agreements under exogenous change in conditions on which 

the Baltic Sea cod fishery is based, as well as the impact that 

subsidies may have on the exploited ecosystems. 

4. Modelling spatial distribution, which has been addressed by ideas 

from inter alia bioeconomic modelling. 

4.5.2 Socioeconomic issues: harvesting strategies, spatial 
distribution, and energy consumption 

Climate variability in the oceans is nothing new. The fluctuations in fish 

landings observed in the past have been associated with fluctuations in 

the underlying fish stocks caused by environmental fluctuations (see 

above). In some cases fish stock collapses have been caused by failed or 

absent management, but usually in combination with declining environ-

mental conditions (Lilly et al. 2013). For example, the collapse of the 

northern cod of Newfoundland was caused by a management failure, but 

much helped by a cooling of ocean temperature that decreased productivi-

ty and increased the availability of fish in areas where the water was still 

relatively warm. The obvious lesson to draw from these stories, and many 

others untold here, is that climate variability in the oceans is an important 

factor to take into account in managing fisheries. This poses difficult ques-

tions about the meaning attached to the concept of sustainability. 

Changes in ocean climate produce two major kinds of changes in fish 

stocks and fisheries. First, they affect stock productivity, negatively or 
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positively. Secondly, shifts in stock distribution may occur and migration 

patterns may be altered. Changes in fish stock productivity will obvious-

ly have important economic implications. Reductions in productivity will 

reduce the total fish catch, leading to loss of markets and redundancies 

of labour and capital equipment in the fishing industry. Positive changes 

in productivity are easier to live with, but will necessitate expansion of 

markets and investment in equipment in the fishing industry to take 

advantage of new opportunities. Changes in location and migrations of 

fish stocks may also strain existing agreements on fish stock sharing or 

necessitate entirely new ones. Both types of change can lead to a fish 

stock moving partly or wholly out of the economic zone of Country A and 

into the zone of Country B, or change the extent to which the stock is 

located in the two countries’ respective zones. A number of such changes 

have occurred in the recent past, such as with Atlantic mackerel (Han-

nesson 2013). 

With regard to climate change and its effects on fisheries, the research 

has mainly been focused on changes in distribution of fish stocks that 

straddle the boundaries between different jurisdictions (Miller and Munro 

2004, Hannesson 2007a, b, Miller 2007, Ekerhovd 2010). However, 

Brandt and Kronbak (2010) evaluated the possibilities of achieving a co-

operative agreement for a jointly exploited resource if the resource itself 

is subject to an exogenous change. Applying this to Baltic cod they show 

that if climate change increases the biomass of the stock, then there is an 

increased possibility of achieving a cooperative agreement (Brandt and 

Kronbak 2010). In reality, Russia and Norway share the total allowable 

catch (TAC) of the Northeast Arctic cod equally. (In addition, the treaty 

between Norway and Russia also includes haddock and capelin and allows 

for some minor share to be fished by third-country vessels). 

The global emissions reduction regime, as laid down in the 1997 Kyo-

to Protocol, requires developed countries to cut their emissions to an 

average of 5.2% of 1990 levels by 2008‒12. This is a tall order and is not 

likely to be achieved. In a longer-term perspective (2050), emissions 

have to be reduced to 50% or less of 1990 levels in order to avoid CO2 

concentrations in the atmosphere and therefore temperature increases 

that are incompatible with the maintenance of the current state of the 

natural environment.  

Climate mitigation in the context of fisheries is about reduction of 

emissions from fishing operations. Globally, shipping contributes 2‒3% 

of the emissions of CO2. The role of fisheries in that picture is very small 

(1‒2%) but nevertheless significant. While the fishing industry today is 

subject to CO2 levies to varying degrees, it is unrealistic that any industry 
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in the future can escape this. Among the potential direct measures in this 

regard are CO2 taxes, requirements to fish in more energy-friendly ways, 

and purchase of CO2 quotas. There are also indirect effects: capacity re-

duction in the fishing fleet may generally contribute to reduced emis-

sions, as will regulatory programmes that encourage short trips and 

fuel-efficient fishing practices. An important point here is also to keep 

stocks at high abundance levels but to fish at a low fishing mortality rate 

(F), which results in larger stock sizes and makes fishing more efficient, 

thereby requiring less energy during fishing. 

4.6 Concluding remarks 

It is clear that climate variability has a pronounced effect on various 

components of the marine and freshwater ecosystems. Analysis of his-

torical data has documented changes in hydrographic and freshwater 

conditions as well as circulation patterns in the Nordic and Barents Seas. 

These in turn have influenced the abundance and distribution of plank-

tonic species and the composition of the plankton community structure 

and function. Distribution of marine fish species show significant shifts 

in response to climate fluctuations. Although much less prominent, dis-

tributional shifts can also occur in freshwater and anadromous species, 

due less to active movement and more related to changes in survival 

rates. Species biomass is affected through changes in growth rates and 

recruitment. Phenological changes, such as timing of the phytoplankton 

blooms or fish migrations, occur in response to ocean conditions, partic-

ularly temperature.  

One of the present grand challenges is to apply this knowledge to the 

development of marine and freshwater ecosystem scenarios under fu-

ture climate change. This is required for planning purposes by the fish-

ing industry, fisheries managers, the oil and gas industry, governments 

and the public. To facilitate this, scientists require regional models of 

future climate scenarios and ecosystem responses. Presently, future 

climate scenarios for regional models are obtained through downscaling 

of global models. While some downscaling has been carried out for the 

Barents Sea, improvements in the global models are needed before bet-

ter regional model scenarios will be forthcoming. At the same time the 

understanding of the processes linking climate to ecological changes 

needs to be improved in order to reduce the uncertainty of predictions 

of the ecological consequences of future climate change. Research to 

improve knowledge of the mechanism linking climate and changes to the 
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ecosystem structure and functioning is under way but more is required. 

In addition, long-term time series need to be maintained and new time 

series should be established in areas not presently monitored or for 

variables for which there are inadequate data. These will allow docu-

mentation of the changes that occur. While the task is daunting, given 

the progress in recent years, the future looks promising.  
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5. Agricultural crops  

5.1 Introduction 

Agricultural crops are used for a range of different purposes, from food 

and feed to fibre and bioenergy. In the Nordic region, crops for livestock 

production tend to dominate the cropping systems; however, there is 

wide variation in the types of crops grown throughout the Nordic coun-

tries. In the southern regions, cereal crops tend to dominate, in particu-

lar in regions where rainfall is not in excess. Much of the cereal grains 

are fed to livestock, in particular to monogastric animals such as pigs 

and poultry. In regions that are less favourable for cereal production, 

cropping systems tend to sustain ruminant production systems such as 

dairy farming and cattle and sheep production. Grasslands and forage 

crop production systems dominate in these agricultural systems. 

Changing climatic conditions will alter the suitability of growing var-

ious crops in the Nordic countries, as well as the profitability and sus-

tainability of agricultural practices and farming systems. The situation 

will not only be affected by changes in the Nordic region, but also by the 

increased demand for food globally (Tilman et al. 2011) as well as by 

changes in the suitability of crop production in other parts of the world. 

Conditions for crop production are expected to deteriorate under global 

warming in large parts of Southern Europe (Olesen et al. 2011), which 

would call for agricultural expansion and intensification in Northern 

Europe, including the Nordic countries. 

5.2 Agricultural land use 

Agricultural land use varies greatly among the Nordic countries (Table 

5.1). Denmark is an intensively cultivated country with 63% of the land 

area used for agriculture, whereas this proportion is 16% in Iceland and 

less than 10% in the other Nordic countries. Of the available agricultural 

area, only 8% was used for arable crops in Iceland, compared to more 

than 80% in the other Nordic countries. Cereals constitute about 50% of 

the agricultural area in Denmark and Finland, but only about 30% in 

Norway and Sweden, where forage crops comprise a larger proportion 
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of the agricultural area. These differences are to a large extent deter-

mined by climatic and soil conditions that favour various cropping sys-

tems, primarily through effects on crop yield (Olesen and Bindi 2002).  

Table 5.1: Land area and agricultural land use in Nordic countries for 2011 (1,000 ha). The data for 
individual crops is from 2012 (1,000 ha) 

Land use Denmark Finland Iceland Norway Sweden 

Land area, total 4,243 30,389 10,025 36,527 41,034 

Agricultural area, total 2,690 2,286 1,591 998 3,066 

Organic farmed area 162 188 8 56 481 

Permanent crops 4 5 - 4 9 

Temporary pastures 566 667 - 474 - 

Permanent pastures 187 32 1,468 177 447 

Arable land 2,499 2,249 123 817 2,610 

Irrigated area 435 69 - 90 164 

Cereals 1,490 1,036 - 293 992 

Pulses and oilseed 131 57 - 181 180 

Root and tuber 81 32 - 13 64 

Fodder crops 879 650 150 486 1,210 

Vegetables 10 9 - 6 22 

Fruits and berries 11 11 - 6 12 

Source: FAOStat. 

 

Cereal grain yields have risen in all of the Nordic countries over the past 

50 years (Figure 5.1). However, most of that increase occurred before 

1990 due to increased inputs of fertiliser and pesticides along with more 

productive varieties. Yields of wheat and barley have stagnated in Den-

mark, Sweden and Norway in the past 20 years and are slowing down in 

Finland. Throughout the period there have been consistent grain yield 

differences among the Nordic countries, with the highest yield in Den-

mark and the lowest in Finland. However, yields of both wheat and bar-

ley in Finland have recently been catching up with those in Norway. 
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Figure 5.1: Developments in grain yield of wheat and barley in four Nordic 
countries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: FAOStat. 

5.3 Cropping systems 

The cropping systems across the Nordic region vary greatly in terms of 

the crops being grown and the intensity of the production and associat-

ed inputs of fertiliser and pesticides. In general, the production systems 

are considerably more intensive in southern parts of the Nordic region, 
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such as Denmark and southern Sweden, compared with regions further 

north. This is an indication of the potential to grow arable crops with 

high yields in the southern areas, but also of the need to sustain the high 

yields with higher inputs. 

Cultivation of crops, and their productivity and quality are directly 

dependent on climatic factors, in particular temperature and rainfall. 

Climate change is already having an impact on agriculture in Europe 

(Peltonen-Sainio et al. 2010), and has been attributed as one of the fac-

tors contributing to stagnation in wheat yields in parts of Europe despite 

continued progress in crop breeding (Brisson et al. 2010). However, 

such effects are mainly seen in Central and Southern Europe. In northern 

parts of Europe, such as Finland, warming has contributed to increased 

grain yields of both cereals and oilseed crops (Himanen et al. 2013). This 

may therefore help to explain the continued increase in cereal yields in 

Finland (Figure 5.1). 

Climate change is expected to continue to affect agriculture in the fu-

ture; the effects will vary greatly in space and may also change over 

time. It is generally accepted that productivity will increase in cool tem-

perate regions such as Northern Europe due to a lengthened growing 

season and an extension of the frost-free period as well as to increasing 

CO2 concentrations (Olesen and Bindi, 2002). However, year-to-year 

variability in yields may also be expected to increase in regions with 

intensive crop production due to extreme climatic events and other fac-

tors, including pests and diseases (Kristensen et al. 2011).  

5.4 Observed changes 

The arable cropping systems in the Nordic countries are dominated by 

cereals, in particular winter wheat and spring barley in southern parts of 

the region and spring barley and oats further north. Oilseed crops, such 

as oilseed rape, and root and tuber crops, such as sugar beet and potato, 

are also among the crops grown over wider areas. Over the past decades 

the cultivation of high-yielding crops such as winter wheat has in-

creased. Very recently, the cultivation of grain maize has started in 

southern parts of Denmark, reflecting the warming trends (Elsgaard et 

al. 2012). The warming has also meant a northward expansion of the 

area of silage maize in Northern Europe into southern Scandinavia, 

where the system of grass and silage maize for intensive dairy produc-

tion has to a large extent replaced the traditional fodder production sys-

tems (Odgaard et al. 2011, Eckersten et al. 2014). 
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Analyses of the effects of observed climate change on yield potential 

in Europe have shown positive effects for maize and sugar beet, which 

have benefited from an increase in the duration of the growing season 

(Supit et al. 2010). The yield benefits have been greatest in Northern 

Europe. The warming may also have contributed to higher yields of po-

tato in northern regions of Europe. In contrast to this, warmer and more 

variable climatic conditions that also increase the risk of drought have 

led to a decrease in crop yields in parts of central Europe. 

In parts of the Nordic countries with wet and cool climates, cropping 

systems with grasslands and food production for ruminant livestock 

tend to dominate. At higher latitudes, timothy and perennial ryegrass 

are the most important forage grasses, and in cold and snow-rich re-

gions, timothy outcompetes perennial ryegrass due to better winter 

survival (Höglind et al. 2013). Due to the higher productivity and better 

feed quality of ryegrass compared to timothy, the observed warming 

leading to lower risk of winter kill may be expected to have already 

shifted the cultivation of grassland species in Norway and Sweden 

northwards. This is also related to extended duration of the grazing sea-

son (Uleberg et al. 2014).  

5.5 Climate effects on crops 

Increasing GHG emissions and associated climate changes will affect 

agroecosystems either directly (primarily by increasing photosynthesis 

at higher CO2) or indirectly via effects on the climate (e.g. temperature 

and rainfall that affect several aspects of the functioning of cropping 

systems) (Table 5.2). The effects may also be direct through changes in 

crop physiology or indirect through effects on soil fertility, crop protec-

tion (weeds, pests or disease) or on the ability to perform crop manage-

ment in the right time window. The exact responses will depend on the 

sensitivity of the particular agricultural system and on the relative 

changes in controlling factors.  
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Table 5.2: Influence of CO2, temperature, rainfall and wind on various components of the agroe-
cosystem 

Component Influence of factor 

CO2 Temperature Rain/wind 

Plants Higher CO2 leads to in-

creased dry matter growth 

and decrease in water use. 

Increase of temperature boosts 

yield up to a threshold beyond 

which yield declines. 

Decreasing precipita-

tion or increasing wind 

decreases dry matter 

growth. 

 

Water Higher CO2 conserves soil 

moisture by reducing 

transpiration. 

Higher temperatures increase 

evaporation, leading to higher 

irrigation demands and in dry 

environments to salinisation. 

Higher rainfall will 

increase groundwater 

supply and in some 

areas increase 

groundwater levels. 

 

Soil Higher carbon concentra-

tions of plant residues under 

higher CO2 will lead to 

higher soil carbon content. 

Higher temperatures boost soil 

organic matter turnover, leading 

to reduced soil carbon content 

but temporarily higher nutrient 

supply for plants. 

Drier and windier 

environments may lead 

to enhanced wind 

erosion, whereas more 

intense rainfall will 

enhance water erosion. 

 

Pests/disease Higher CO2 reduces the 

quality of plant biomass for 

pests and disease, leading to 

fewer pests. 

Higher temperatures reduce the 

generation time of pests and 

disease and cause attacks to 

occur earlier in the year, making 

pests and disease more prob-

lematic. 

Some diseases are 

spread by wind or 

rainfall. Therefore 

more rainy and windy 

conditions will favour 

some diseases. 

 

Weeds Enhanced CO2 concentra-

tions will differentially 

favour crop and weed 

species. This may make 

some weeds more problem-

atic. Higher CO2 will also 

reduce the efficacy of some 

herbicides. 

Higher temperatures will lead to 

invasive weed species in some 

regions and will also affect the 

efficacy of herbicides. 

More rainy conditions 

may make some weed 

species more difficult 

to control with herbi-

cides. 

5.5.1 Carbon dioxide 

Increasing atmospheric CO2 concentrations stimulate yield of crops that 

have a C3 photosynthesis pathway. This constitutes almost all crops 

grown in the Nordic region. A doubling of atmospheric CO2 concentra-

tion will lead to yield increases of 20–40% for most of these crops. The 

response is considerably smaller for C4 plants, which include tropical 

grasses such as maize. Higher CO2 concentrations not only increase pho-

tosynthesis, but also reduce plant water consumption. This may improve 

tolerance of plants to drier conditions, thus resulting in higher yields 

under dry or drought conditions. 

Higher CO2 concentrations also affect the quality of the plant biomass 

because plants accumulate more sugar which leads to higher carbon con-

tent in leaves, stems and reproductive organs. This will in some cases have 

negative consequences for the quality of the food and feed. The attractive-
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ness of plants to pests and disease will also change; in some cases it may 

make the plants more resistant to attack. However, weeds will also benefit 

from increased CO2, and in some cases new measures will be needed to 

control them, as the efficacy of herbicides may be reduced.  

5.5.2 Temperature and rainfall 

Temperature affects crops in different ways, including the timing of crop 

phenological phases (crop development), the efficiency of energy capture, 

conversion and storage (crop growth), and the crop water supply, since 

temperature affects evapotranspiration. With warming, the start of active 

growth is advanced, plants develop faster, and the potential growing sea-

son is extended. This may have the greatest effect in colder regions (Trnka 

et al. 2011), and may be beneficial for perennial crops or crops that re-

main in their vegetative phase, e.g. sugar beets and grasslands.  

Increased temperature reduces crop duration of determinate species 

(plants that flower and mature). This applies to all cereals and seed plants 

such as pulses and oilseed crops. With regard to wheat, an increase of 1°C 

during grain fill reduces the length of this phase by 5%, and yield declines 

by a similar amount (Olesen et al. 2000). However, in the Nordic countries 

such reductions in crop duration can often be more than offset by shifting 

to cultivars with longer growth duration (Olesen et al. 2012), and this may 

even lead to improved yields with potentially longer growing seasons at 

high latitudes (Montesino-San Martin et al. 2014). 

The different crop yield responses to increasing temperature in 

plants with different crop development responses are illustrated in Fig-

ure 5.2. The largest reduction in grain yield was simulated for winter 

wheat, where growth duration is reduced, because any changes in sow-

ing date would have little effect on the duration of the vegetative and 

reproductive phases in spring and summer. This response concurs well 

with the observed response of winter wheat yields in Denmark, where 

the largest reductions were found to be related to high temperatures 

during the grain filling phase (Kristensen et al. 2011). Figure 5.2 shows a 

smaller response of spring barley to higher temperatures because this 

crop can be sown earlier in spring, thus maintaining a productive grow-

ing season. In contrast, the simulation showed an increase in yields for a 

grass crop, which represents crops with a non-determinate growth pat-

tern where the yields depend on the total duration of the growing sea-

son as well as suitable temperatures and rainfall. 
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Figure 5.2: Mean simulated change in yield of winter wheat, spring barley and 
ryegrass at increasing temperatures for a site in Denmark. The simulations were 
performed with the CLIMCROP model assuming that water shortages would not 
affect yields 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Olesen et al. (2000), Olesen (2005). 

 

Crops also show threshold responses to high temperatures. This may 

lead to drastic reductions in yield from short episodes of high tempera-

tures during sensitive crop growth phases such as the reproductive pe-

riod. Temperatures above 35°C during the flowering period can thus 

severely affect seed and fruit set and in turn greatly reduce yields (Por-

ter and Semenov 2005). High temperatures will also greatly increase 

evapotranspiration, leading to higher risk of drought if rainfall is insuffi-

cient to compensate for water losses. Such high temperature stresses are 

less likely to have a severe impact on crop yields in the Nordic countries. 

Peltonen-Sainio et al. (2010) characterised the coincidence of yield 

variations with weather variables for major field crops using long-term 

datasets to reveal whether there are commonalities across the European 

agricultural regions. Long-term national and/or regional yield datasets 

from 14 European countries were used for spring and winter barley and 

wheat, winter oilseed rape, potato and sugar beet. Harmful effects of 

high precipitation during grain filling in grain and seed crops and at 

flowering in oilseed rape were recorded. In potato, reduced precipita-
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tion at tuber formation was associated with yield penalties. Elevated 

temperature had harmful effects on cereals and rapeseed yields. Similar 

harmful effects of rainfall and high temperature on grain yield of winter 

wheat were found by Kristensen et al. (2011) in a study using observed 

winter wheat yields from Denmark.  

5.5.3 Projected changes 

Climate change is projected to lead to more favourable conditions for 

crop production in the Nordic countries as can be seen from effects on 

agroclimatic indicators (Table 5.3). These indicators show a substantial 

lengthening of the growing season by one month in 2050 in the northern 

regions, but by much less in the southern parts of Scandinavia. There 

will be fewer effects on the potential for crop yield, since growth during 

the winter half-year will still be constrained by low solar radiation. The 

Nordic region is expected to be less affected by summer drought than 

regions further south in Europe, although this risk may increase in east-

ern parts of the Nordic region. 

Table 5.3: Effects of projected climate changes on changes in key agroclimatic indicators in North-
ern European agroecological zones by 2050 (excluding Iceland) 

Zone Effective solar 

radiation (%) 

Effective growing 

days (days) 

Date of last 

frost (days) 

Dry days in 

spring (%) 

Dry days in 

summer (%) 

Alpine North (Norway and 

northern Sweden) 

 

8 29 -10 1 -2 

Boreal (Finland, central 

Sweden, parts of Norway) 

 

8 16 -11 -1 2 

Nemoral (south-central 

Sweden) 

 

8 12 -10 1 11 

Atlantic North (western 

Denmark) 

 

-1 5 -11 -4 21 

Continental (eastern  

Denmark, southern Sweden) 

-6 -6 -12 -2 20 

Source: Trnka et al. (2011). 

 

Global warming will expand the area of cereal cultivation northwards, 

and in the Nordic region into areas previously dominated by grassland 

and fodder production. It will also mean a shift in the cereals crops being 

grown, towards winter cereals and spring cereals with a longer growth 

duration, including maize in southern parts of the region (Elsgaard et al. 

2012). However, with more extreme climate changes, crop yields of cur-
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rent cereal crops such as spring barley may decrease, even in Finland 

(Rötter et al. 2011, 2013). 

The composition of grasslands and the growth of fodder crops such as 

silage maize will also shift northwards, not only in response to higher 

yields, but also in response to changes in crop quality (Eckersten et al. 

2014). For grasslands, a warmer and wetter winter climate in northern 

parts of the Nordic region may bring with it increasing problems relating 

to ice cover and encasement due to more variable temperatures in winter, 

which in turn will lead to repeated melting and refreezing cycles of snow 

(Höglind et al. 2010). This will favour the grassland species that best tol-

erate such conditions, and may halt the northward expansion of perennial 

ryegrass, since timothy generally tolerates such winter conditions better.  

5.6 Soils 

Soils have many functions, including the supply of water and nutrients to 

growing crops, which are essential for sustaining crop production. Soils 

are also important for regulating the water and nutrient cycles for car-

bon storage and GHG emissions. In addition, soils are habitats for many 

organisms that contribute to the functioning of soils and agroecosys-

tems, including effects on crop yield. Increasing temperatures will speed 

up decomposition where soil moisture allows, so direct climate impacts 

on cropland soils will tend to decrease soil organic stocks, unless this is 

counterbalanced by larger inputs of organic matter in crop residues 

(Falloon and Betts 2010). 

Any reduction in soil organic matter stocks can lead to a decrease in 

fertility and biodiversity, loss of soil structure, reduced soil water infiltra-

tion and retention capacity, and increased risk of erosion and compaction. 

All of this may potentially lead to lower productivity of crops growing in 

the soils. Changes in rainfall and wind patterns can lead to an increase in 

erosion in vulnerable soils, in particular where poor cover from crops and 

crop residues increases susceptibility to erosion. Also, increasing frequen-

cy of freeze and thawing cycles during winter in combination with en-

hanced rainfall may greatly intensify soil erosion (Ulén et al. 2014). In 

addition to depleting soil fertility, this erosion may also heighten nutrient 

runoff to sensitive aquatic ecosystems (Jeppesen et al. 2009). 

Faster decomposition of soil organic matter at higher temperatures 

increases degradation of soil organic nitrogen, which may increase the 

risk of nitrate leaching during periods of no or little crop cover when 

there is a precipitation surplus and runoff or percolation through the 
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soil profile. Particularly in the Nordic region, this may increase the risk 

of nitrate leaching to surface and groundwater systems, thus leading to a 

decline in environmental quality (Patil et al. 2012).  

5.7 Crop protection 

The majority of pest and disease problems are closely linked to their 

host crops. Introduction of new crops will therefore also mean new pest 

and disease problems. Also, in currently cool regions, higher tempera-

tures favour the proliferation of insect pests because many insects can 

complete a greater number of reproductive cycles. Warmer winter tem-

peratures will also allow pests to overwinter in areas where they are 

now limited by cold, thus causing greater and earlier infestation during 

the following crop season (Roos et al. 2011). Climate warming will lead 

to earlier insect spring activity and proliferation of some pest species, 

and will also favour some of the viral diseases spread by insects. A simi-

lar situation may be seen for plant diseases, leading to an increased de-

mand for pesticide control. 

Unlike pests and diseases, weeds are directly influenced by changes 

in atmospheric CO2 concentrations. Differential effects of CO2 and cli-

mate changes on crops and weeds will alter the weed-crop competitive 

interactions, sometimes to the benefit of the crop and sometimes to the 

weeds. Interaction with other biotic factors and with changing tempera-

ture and rainfall may also influence weed seed survival and thus weed 

population development. 

Changes in climatic suitability will lead to invasions of weeds, pests 

and diseases that are adapted to warmer climatic conditions. The 

speed at which such invasive species invade will depend on the rate of 

climatic change, on the dispersal rate of the species and on measures 

taken to combat non-indigenous species. The dispersal rate of pests 

and diseases is often so high that the geographical extent is determined 

by the range of climatic suitability. The Colorado beetle and the Euro-

pean cornborer are examples of pests and diseases that are expected to 

show a considerable northward expansion in Europe under climatic 

warming (Olesen et al. 2011).  
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5.8 Extreme events and climatic variability 

Extreme weather events, such as spells of high temperature, heavy 

storms or droughts, can severely disrupt crop production. Individual 

extreme events will usually not have lasting effects on the agricultural 

system. However, when the frequency of such events increases, agricul-

ture needs to respond either by adapting or by ceasing activity.  

Crops often respond nonlinearly to changes in growing conditions and 

have threshold responses, which greatly increase the importance of cli-

matic variability and frequency of extreme events for absolute yield, yield 

stability and quality. Thus an increase in temperature variability will in-

crease yield variability and also result in a reduction in mean yield. Even 

in the Nordic region there may be an increase in climatic variability that 

will significantly affect crop yields (Kristensen et al. 2011), although this is 

expected to be more severe in other parts of the world.  

5.9 Adaptation 

Farmers are already adapting to climate change, as they continually ex-

periment with new cropping techniques. The most successful techniques 

quickly spread throughout the farming community, where agricultural 

advisors and researchers are ready to compile and disseminate new 

results. This also leads to adaptation to changing climatic conditions, as 

can be seen in the northward spread of silage maize into Denmark and 

southern Sweden.  

Adaptation only works to the extent that the basic resources for crop 

growth are maintained and the climate allows for proper soil and crop 

management (Table 5.4). In northern areas, climate change may produce 

positive effects on agriculture through the introduction of new crop spe-

cies and varieties, higher crop productivity and expansion of suitable 

areas for crop cultivation. Potential disadvantages include an increased 

need for plant protection, the risk of nutrient leaching and the turnover 

of soil organic matter.  
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Table 5.4: Resource-based policies to support adaptation of agricultural systems to climate change 

Resource Policy 

Land Reforming agricultural policy to encourage flexible land use. The great extent of 

cropland in diverse climates in the Nordic countries will provide diversity for adapta-

tion. 

 

Water Reforming water management to ensure balance between maintaining the amount 

and quality of water resources and the ecosystems they support with the water 

resources needed for agricultural production. Climate change will affect the need for 

both irrigation and drainage, and depending on location this will have consequences 

for water resources and their ecological quality and will affect the need to revise 

management and governance schemes. 

 

Nutrients Improving nutrient use efficiencies through changes in cropping systems and devel-

opment and adoption of new nutrient management technologies. Nutrient manage-

ment must be tailored to the changes in crop production resulting from climate 

change, and utilisation efficiencies must be increased, especially for nitrogen, in order 

to reduce emissions to water and air. 

 

 

Agrochemicals Support for integrated pest management systems (IPMS) should be increased through 

a combination of education, regulation and taxation. There will be a need to adapt 

existing IPMS to changing climatic regimes. 

 

Energy Improving the efficiency of food production and exploring new biological fuels and 

ways to store more carbon in trees and soils. A reliable and sustainable energy supply 

is essential for many climate adaptations and for mitigation policies. There are also 

many options for reducing energy use in agriculture. 

 

Genetic diversity Assembling, preserving and characterising plant and animal genes and conducting 

research on alternative crops and animals. Genetic diversity and new genetic material 

will provide important basic material for adapting crop species to changing climatic 

conditions, e.g. by improving tolerance to adverse conditions. 

 

Research capacity Encouraging research on adaptation, developing new farming systems and developing 

alternative foods. Greater investment in agricultural research may provide new 

sources of knowledge and technology for adaptation to climate change. 

 

Information systems Enhancing national systems that disseminate information on agricultural research and 

technology, and encouraging information exchange among farmers. Fast and efficient 

dissemination and exchange of information to and among farmers using new tech-

nologies (e.g. the Internet) will speed up the rate of adaptation to climatic and market 

changes. 

 

Culture Integrating environmental, agricultural and cultural policies to preserve the heritage 

of rural environments in a new environment. Integration of policies will be required 

to maintain and preserve the heritage of rural environments that are dominated by 

agricultural practices influenced by climate. 

Source: Olesen and Bindi (2002). 

 

The responsiveness of cropping systems to climate change depends on 

many factors, including how current crops are being affected by changes 

in the climate and what the options are for modifying the cropping sys-

tem to reduce negative consequences and take advantage of new oppor-

tunities. The capacity of agriculture in the Nordic countries to adapt to 

future changes is generally believed to be good because in many cases 

changes may be favourable to production and the region has high re-
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search, educational and advisory capability (Table 5.4). However, there 

may be obstacles to adaptation, not least posed by current agricultural 

and environmental policies, which may have to be adjusted to ensure 

effective adaptation.  

5.10 Perspectives 

Contributing successfully to global food security and optimising the po-

tential for mitigating agricultural GHG emissions will require a focus on 

sustainable intensification of the agricultural production (Tilman et al. 

2011). Since the Nordic region in agricultural terms will generally be 

favourably affected by modest climate change, this puts this region at a 

relative advantage in relation to food production. It may also be said that 

areas in which the effect of climate change will be favourable have a 

moral responsibility to sustain global food production, thereby making 

up for losses in areas where the effect is less favourable. 

The challenge in the Nordic region will be to ensure sustainable 

growth in agricultural production without negatively affecting the envi-

ronment and natural resources. This will most likely require the devel-

opment of new production systems based on perennial crops such as 

grasses, miscanthus and willow for processing in biorefineries before 

use as food, feed, biomaterials and bioenergy (Smith and Olesen 2011). 

Predicted climate changes in the Nordic region, together with a highly 

skilled farming industry, will provide good opportunities for implement-

ing new agricultural production systems with substantially higher 

productivity at lower environmental costs.  
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6. Livestock  

6.1 Background  

Climate change resulting in increased temperature and more frequent 

extreme weather events is expected to have an impact on animal pro-

duction through: 

 

 Changes in production of feed. 

 Changes in possibilities for grazing. 

 Direct heat effects on animals. 

 Increased risk of disease.  

 In addition, animal production can contribute to the mitigation of 

climate change through. 

 Reduction of GHG emissions. 

 Carbon sequestration in soils through grazing. 

 

Climate change may have a severe impact on world agriculture and live-

stock production due to increases in air temperature and rainfall and a 

higher incidence of extreme weather events such as drought and floods. 

The latter may disrupt regular agricultural practice, including livestock 

losses due to heat stress, disease outbreaks and feed shortages. Howev-

er, in the Nordic countries some benefits of climate change are expected: 

higher temperatures may give higher yields and more favourable condi-

tions for growing protein-rich crops such as peas and rapeseed. The 

warming climate may also lead to a longer thermal growing season due 

to earlier springs, which may provide an opportunity to increase the 

frequency of harvesting, e.g. of roughages. On the other hand, increased 

rainfall may reduce yields and complicate harvesting that depends on 

heavy machinery. As a consequence, climate change overall is expected 

to limit feed availability both nationally and internationally and increase 

the price of feed and livestock products imported to the Nordic coun-

tries. This may force livestock production into production systems 

where a larger amount of feed comes from by-products (e.g. straw) and 

marginal land (e.g. pastures) (Åby et al. 2014). 
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Increasing exposure of the animals to vector- and food-borne diseas-

es and the introduction of new diseases may also be expected in the 

wake of climate change. Examples of diseases that may spread north-

wards include bluetongue, several tick-borne diseases, West Nile fever, 

leishmaniasis and African horse sickness (Åby et al. 2014). 

There is a risk that livestock-related GHG emissions will increase in the 

future. The human population will continue to grow and the demand for 

animal products will increase both globally and in the Nordic countries. 

This may lead to an increase in domestic animal populations, and the mit-

igation and adaptation issues related to livestock production will become 

increasingly important (Åby et al. 2014, Kantanen et al., in preparation). 

Air temperature, humidity, air movement, solar radiation and precip-

itation are environmental factors that affect daily weather conditions 

and thus have a direct impact on animal welfare, especially of animals 

prone to heat stress (Robinson 2001, Nardone et al. 2006). In the Nordic 

countries, ruminant farm animal species typically graze, either continu-

ously (small ruminants) or periodically (cattle), from spring to the late 

autumn (reindeer and honeybees are kept outside all year round) and 

thus are subjected to the direct effects of climate change more than mo-

nogastric species, where farming is more industrialised. 

6.2 Climate change effects on livestock production 

6.2.1 Disease risks  

An already existing problem associated with climate change is the occur-

rence of new and increased frequency of existing animal diseases. The 

unfavourable effects of this on animal welfare and livestock production 

will increase. Global warming and more frequent extreme meteorologi-

cal events (droughts and increased rainfall) will facilitate favourable 

microenvironments and microclimates for various viruses, their vector 

species, fungal or bacterial pathogens. New viral vector-borne diseases 

may not necessarily originate from nearby geographical regions but may 

instead spread from outside Europe. An example here is bluetongue 

disease, where climate change has allowed the midge (Culicoides imico-

la) that acts as a vector for the disease-causing virus to expand its distri-

bution northwards in Europe (Purse et al. 2006). Models based on pre-

dicted temperature change have been used to document the risk of blue-

tongue and other potentially emerging pathogens and vectors becoming 

established in the Nordic region (see www.nordrisk.dk). This calls for a 

http://www.nordrisk.dk/
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continued cross-national surveillance programme and optimisation of 

management routines to prevent and/or detect previously unknown 

diseases. In general, blood-sucking midges (Culicoides spp.) are one of 

the major threats to animal welfare, as they spread viruses that cause 

serious diseases in animals. Furthermore, ticks, mosquitoes and lymnae-

id snails can transmit extremely harmful diseases to livestock. The in-

creased annual temperature, milder winters and higher rainfall will fa-

vour the propagation of helminth parasites, resulting in disease and 

pronounced negative effects on the welfare of grazing cattle and sheep 

(Kantanen et al., in preparation). 

6.2.2 General heat stress 

Animals can suffer from occasional heat stress during the summer sea-

sons even in Northern Europe. Ravagnolo et al. (2000) estimated that 

when the temperature is +25 °C and relative humidity is around 50%, 

lactating cows are outside of their optimal ambient temperature. When 

relative humidity increases, the threshold temperature decreases. There 

are differences between species and breeds within species in tolerating 

heat stress. The ability of ruminants to thermoregulate is typically better 

than that of monogastric species (Nardone et al. 2006). In addition, 

modern, highly-productive farm animal breeds, which typically show 

increased metabolic heat production, may tolerate extreme climatic 

conditions less well than moderate and low-output breeds (Nardone et 

al. 2006, Hoffman 2010 and references therein).  

A clear negative relationship between the Thermal Heat Index (a 

combination of temperature and humidity) and both milk yield and fer-

tility has been found in dairy cattle. Several energy-requiring physiologi-

cal and metabolic functions, such as an increase in respiration, increase 

in water intake and reduced feed intake, are needed to keep body tem-

perature at a comfortable level, resulting in lower productivity and fer-

tility (Ravagnolo et al. 2000, Nardone et al. 2006). Highly productive 

cows were found to be more vulnerable to the negative effects of high 

temperatures than lower yielding cows, as a result of their high metabol-

ic rate. In addition to production losses, heat stress will also increase the 

risk of disease and mortality. Negative effects have also been document-

ed on the growth rate of pigs under hot conditions (Wettemann and 

Bazer 1985). Severe economic losses in productivity of livestock in the 

USA have been estimated to be a consequence of heat stress (St-Pierre et 

al. 2003). Similar effects are likely to occur more frequently with in-

creasing summer temperatures in the Nordic countries.  
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6.2.3 Feed quality and feed security 

More variable weather and more extreme weather events are likely to 

result in more variable quantities and quality of crops such as cereals, 

roughages and protein crops, with the consequence of unstable feed 

prices both globally and locally. This has already occurred in recent 

years, with large fluctuations in grain prices as a result of droughts in 

wheat-producing regions. 

In the Nordic countries, imported fodder is important, particularly in 

animal production based on monogastric species (Åby et al. 2014). Glob-

al warming and extreme meteorological events are expected to lead to a 

decrease in crop yields and agricultural productivity in southern coun-

tries, leading in turn to reduced availability and higher prices of grains 

for animal feed in the future. Hence, self-sufficiency in fodder production 

needs to be increased in the Nordic countries to ensure future food and 

feed security. This may involve the utilisation of less productive margin-

al land for fodder production and pastures, resulting in more extensive 

production systems with lower production levels than at present (Kan-

tanen et al., in preparation). At the same time, total production needs to 

be increased due to human population growth in the Nordic countries, 

which is estimated to be about 20% by 2030.  

Climate change is expected to create opportunities for growing crops 

in the Nordic countries that do not currently thrive in the region. This 

may reinforce the current trend of maize cultivation in the Nordic coun-

tries. However, variable weather, and in some cases extremes in weath-

er, may lead to insecurity of harvests and very variable feed quality, 

which will hamper any boost in the degree of self-sufficiency. Highly 

productive animals may be particularly vulnerable in this situation, as 

they require high-quality feed to perform according to their genetic abil-

ity. Increased use of marginal land for livestock production will also 

require animals that can produce under extensive conditions with low 

quality feed. 

6.2.4 Genotype-environment interaction 

The interaction of genotype with the environment is defined as different 

performance of the same genotypes in different environments. G x E may 

become increasingly important under climate change because the ability 

of animals to adapt to changes may prove to be different both between 

breeds and between individuals. Research on dairy cattle has shown 

genetic antagonism between traits recorded under normal conditions 

and heat stress conditions, both for fertility and for milk yield (Ravagno-
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lo et al. 2000a). There is some evidence of G x E for fertility traits with 

respect to an environmental index based mainly on temperature, rainfall 

and herd production levels in the UK (Strandberg et al. 2009). The same 

principle may apply to feed of different quality, for example, as discussed 

above. This implies that performance needs to be recorded under the 

same conditions as the actual production environment for selective 

breeding to be most efficient. 

6.3 Mitigation of and adaptation to climate change 

Adaptation is a relatively loosely defined concept. It generally refers to 

the process or changes in behaviour, physiology and structure of an or-

ganism to become better suited to an environment. Adaptation is thus a 

relative concept, and in the context of climate change refers to changes 

that make individuals better suited to the anticipated environment. 

Thus, adaptation does not exclude the possibility that additional changes 

could further increase suitability to a given environment. 

6.3.1 Feed security 

At present, Nordic livestock production relies significantly on imported 

feed resources. In 2011, the proportion of imported carbohydrates, fat 

and protein for the Norwegian concentrate industry was 22%, 48% and 

60%, respectively (reviewed by Åby et al. 2014). Imports are likely to 

increase in the future as a consequence of higher fat and protein content 

in concentrates in order to meet the higher energy demands for in-

creased production. Reliance on feed imports makes Nordic food pro-

duction vulnerable to climatic, political, demographic and other changes 

in other parts of the world.  

Low self-sufficiency of feed resources in the developed world results 

in undesirable usage of arable land at the global level. Globally important 

feed resources, such as soybeans, are mainly produced on land area that 

would be suitable for human food production for a growing local popula-

tion. Additionally, to meet the increasing demand for high-quality pro-

tein feed resources, more arable land is needed, resulting in the cutting 

down of forests with a high capacity for retaining CO2, thereby counter-

acting mitigation policies.  

Improved food security can be achieved through increased self-

sufficiency of feed ingredients for livestock production, in particular 
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concentrates. This calls for comprehensive changes in feed production in 

the Nordic countries. 

To increase the self-sufficiency of carbohydrates for livestock feed, 

more arable land has to be used for cereal production directed towards 

production of concentrates. This boils down to whether such changes in 

arable land use are possible in a particular country. Alternative protein 

(e.g. peas, rapeseed) and fat sources should be investigated, in addition 

to those currently available. This is not a question of land use only (from 

human consumption to feed production), as there is a need to adopt and 

develop potentially novel varieties of cultivated plants or alternative 

feed resources whose exploitation may require further technological 

development. 

An alternative or a supplement to current feeding strategies would be 

to allow more extensive production systems with increased use of 

roughage or alternative feed sources such as by-products of agriculture 

or other waste products. This would be accompanied by a trade-off in 

the form of lower production, but could be counteracted by selective 

breeding and optimal utilisation of animal genetic resources.  

Utilisation of novel feed ingredients, including waste products, will 

require technological development that should concentrate on side-

products of plants already in production or new plant varieties cultivat-

ed with very low input of mineral fertilisers, as production of fertilisers 

requires a lot of energy (Åby et al. 2013).  

Modelling of production systems in a changing climate should include 

different scenarios of feed self-sufficiency. Additionally, “feed flexibility” 

of livestock, indicated by G x E (breed by feed) interactions should be 

investigated. 

Genetically modified organisms (GMOs) comprise a steadily increas-

ing share of the world’s crops. Nordic countries have varying policies on 

GMO feedstuffs. Norway does not permit GMO feedstuffs for use in ani-

mal feeds. In Sweden and Finland, the use of GMO soy is minor, whereas 

in Denmark, approximately 80% of the soy used for animal feeds is GMO 

(Åby et al. 2014). A Nordic GMO policy that differs from policies in other 

(feed-producing) parts of the world may be hindered by a low degree of 

self-sufficiency with respect to feed production.  

The price of protein and energy feed resources is likely to increase in 

the future. Additionally, any global climate, food, water, energy or land 

use crisis could hamper the import of food and feed ingredients if ex-

porting countries prioritise their own needs. Improved food safety will 

result in increased sustainability and predictability of livestock produc-

tion based on a stable supply of feed ingredients. Additionally, the cli-
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mate-smart agriculture advocated here, with appurtenant technological 

developments, is expected to have positive socio-economic effects by 

creating jobs that support rural livelihoods (FAO 2013). 

6.3.2 Modelling livestock production systems 

Life cycle assessment (LCA) models are increasingly being used for com-

paring the effects of intervention strategies in cattle production and 

comparing conventional and organic systems (deBoer 2003, Kristensen 

et al. 2011, Guerci et al. 2013). LCA models should ideally include all 

relevant steps in the production chain, and they should be able to assess 

effects of changes to the components in the chain, such as changes in 

feeding strategies or use of altered and improved livestock genotypes. A 

study comparing US dairy production in 1944 and 2007 (Capper et al. 

2009) demonstrates how numerous factors acting together result in 

more efficient production with less methane emission per kg milk. Alt-

hough that report was not a strict LCA, the principle of including as 

many items as possible opens for a more holistic evaluation. LCA has 

been applied to GHG emission studies (e.g. Kristensen et al. 2011), but 

consideration of genetic variation in key traits, which was for brevity 

omitted, should be included. Consequently, modelling tools need to be 

improved to include genetics as well as other animal-related features, 

such as fertility, production and functional traits.  

The LCA approach is also relevant when considering the interaction 

between livestock production and plant crop production at the farm or 

local level. For instance, the available genotypes of dairy animals may 

affect the choice between intensive feeding and grazing pastures. Or, the 

other way around, using pastures will require cows with a suitable geno-

type. Such dependencies will extend to changes in the management sys-

tem, and eventually affect the output product. The impact could even 

include effects on biodiversity in the production environments.  

As an example, replacing dual purpose red cattle with Jersey cows 

has numerous consequences: milk with higher fat and lower protein 

content is produced and less meat is obtained per slaughtered cow. 

While less feed is needed to maintain the smaller cows and raise young 

stock, male calves have so little economic value for meat production that 

they are considered waste.  

LCA will be an effective tool for estimating the total consequences of 

such a breed replacement because it takes into consideration all aspects of 

the life cycle, and all inputs and outputs from the production chain. Simi-
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larly, LCA will be a useful tool for estimating the consequences of genetic 

selection applied to a given breed and subsequent changes in production.  

6.3.3 Changes in the production system 

In some situations, mitigation of GHG emissions is possible by changing 

the production system. For instance, in the case of cattle production, an 

increasing level of specialisation is taking place through specialised 

dairy and beef breeds. However, beef production by specialised beef 

breeds in particular is generating large GHG emissions relative to the 

amount of human edible food produced. The main problem is that suck-

ler cows consume large amounts of feed and are producing only one calf 

per year and no milk for human consumption. In contrast, dual-purpose 

breeds, which combine milk and beef production, are producing more 

human food for the same GHG emissions. However, this change conflicts 

with the aforementioned strategy of adaptation to climate changes by 

utilising more marginal pasture land, since beef cattle can utilise more 

marginal pastures than dairy and dual-purpose cattle. Another change to 

production systems that may be envisaged is the replacement of beef 

production with sheep and horse meat production, both of which are 

more efficient in terms of GHG emissions. But this will also require in-

creased consumption of sheep and horse meat relative to beef. Whether 

these and other potential changes to production systems will result in 

significant GHG emission reductions requires further investigation.   

6.3.4 Intensive vs. extensive production systems 

Technological advances to reduce GHG emissions are often more easily 

implemented in intensive production systems because the animals are 

housed indoors in confined areas and there are more opportunities for 

handling both manure and gas emissions. Additionally, the high costs of 

implementing new technologies in an intensive high-input/high-output 

system can be justified, whereas a similar increase in costs will turn a 

low-input/low-output system into an unprofitable enterprise. Breeding 

schemes can be employed to reduce GHG emissions in both intensive 

and extensive production systems, although the recording of GHG emis-

sions may be easier in intensive systems.  

Intensive production systems result in higher total production levels, 

meeting the general increased demand for food due to increased human 

population in the Nordic countries, and higher feed efficiency (based on 

higher quality feeds) in intensive production systems results in lower 
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GHG emissions per kg of product compared to extensive systems. On the 

other hand, in extensive grazing systems the sequestration of GHG may 

balance the generally higher GHG emissions. Taking all these aspects 

into consideration, it appears that an efficient combination of intensive 

and extensive production systems, combined with an increased use of 

local (sometimes marginal) land, is the most promising plan of action in 

order to meet the increased demand for food. 

6.3.5 Carbon sequestration and grazing 

Carbon sequestration in soils has potential to mitigate climate change by 

reversing the current trends of reduced carbon in cropland (and corre-

spondingly more CO2 in the atmosphere). Converting arable land to 

grazing land is one of the changes that would contribute to increased 

carbon storage (Smith 2004). This being said, the conversion of arable 

land into grassland may bring about a global net loss in cropland. This in 

turn may increase the deforestation of tropical areas as more land is 

needed for growing crops. Such a shift in land use would have a negative 

net effect on mitigation since reforestation has the largest potential for 

terrestrial carbon sequestration, followed by agricultural soils and then 

pastureland activities (Thomson et al. 2008). Grassland carbon seques-

tration has strong potential to partially mitigate the GHG balance of ru-

minant production systems by net carbon storage in soils (Soussana et 

al. 2010). Effects are highly dependent on management strategies, so 

more knowledge is needed to balance increased carbon storage with 

increased GHG production from the grazing ruminants, e.g. effects of 

species and breeds. 

Cattle production has been identified as one of the causes of climate 

change because of cows emitting methane, which is a GHG with a warm-

ing potential about 25 times that of CO2. Consequently, a number of 

strategies that could reduce methane emissions have been the focus of 

research. These strategies include choice of feedstuff or diet composi-

tion, feed additives and genetic strategies for breeding animals with 

lower emissions. When emissions were calculated per kg of product, 

high-producing dairy cows were shown to have the lowest emission 

rates (Capper et al. 2009). Furthermore, high-producing cows are also 

more efficient at converting animal feed into human edible food (e.g. 

Capper et al. 2009), basically because maintenance costs are diluted 

over a higher production. Consequently, and fortunately, dairy farmers 

will seek to raise efficient cows that concomitantly have lower methane 

emissions, so there appears to be no conflict of interest. However, it may 
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not be so simple, and objections to this claim have been raised by Gerber 

et al. (2011). This underlines the need to perform LCAs for a thorough 

evaluation of consequences. Genetic selection for more productive dairy 

cows is already on-going by selection for higher yields. However, dedi-

cated selection for better feed utilisation and reduced methane emission 

are hampered by a lack of inexpensive data-recording routines. Suggest-

ed prototype methods for GHG measurements on individual cows are 

currently being investigated, but are only available on a few experi-

mental farms thus far. 

Previously, pasture was the main feed source for all cattle, at least 

during the grazing season. However, dairy cattle are increasingly being 

kept indoors all year round in highly intensive systems, e.g. in Denmark, 

Holland and Germany, whereas in other regions grazing still prevails and 

is expected to continue (e.g. Ireland, New Zealand). Thus, strategies for 

mitigation should address both systems, but possibilities are dependent 

on the individual system. Intensive systems are ideal for applying a 

range of control technologies, such as new automated data-recording 

systems and decision support tools, and technologies that reduce me-

thane emissions from animals, farms and/or manure. For extensive sys-

tems, genetic selection for improved efficiency and reduced methane 

emissions is a more feasible option. There should be no conflict of inter-

est in using the same genetic material in both systems because the in-

tensive systems would similarly benefit from having more efficient cows. 

This assumes that efficiency is defined similarly in both systems; an as-

sumption that needs to be verified experimentally.  

Grazing of marginal areas would generally be more feasible in a 

warmer climate that allows for longer grazing seasons and/or higher 

feed production. The exception to this is reindeer farming. Global warm-

ing may increase the frequency of deep or hard snow in reindeer ranges 

due to increased precipitation and more frequent mild periods in winter. 

Potential benefits from increased plant productivity due to global warm-

ing will be counteracted by shifts in the distribution of preferred lichen 

forage, reduction of the area of suitable winter ranges and generally 

reduced forage accessibility in winter (Heggberget et al. 2010). Making 

use of increased possibilities for grazing requires the use of species and 

breeds suited to local conditions. A shift from beef cattle to sheep pro-

duction would be beneficial with respect to lowering GHG emissions 

from livestock production, and a lighter species may also be better suit-

ed to relatively wet pasture areas in many cases. 
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7. Forestry 

7.1 Introduction 

The Nordic region has over 61 million ha of forests, which constitutes 

just under one-third of all forests in Europe excluding the Russian Fed-

eration. Finland, Sweden and Norway together are home to practically 

all of the forests in the region, as shown in Figure 7.1.  

Figure 7.1: Distribution of forests in the Nordic region 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Indufor (2013). 

 

The forests in these three countries, and thus the entire Nordic region, 

are mainly boreal (see Figure 7.2). Forests in Denmark and some for-

ests in the southern parts of Norway and Sweden fall under the tem-

perate category.  
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Figure 7.2: Distribution of boreal forests in the Nordic region 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from Linder et al. (2008). 

 

Climate change is likely to entail both opportunities and risks with re-

gard to the Nordic forests. Against this background, this chapter discuss-

es observed and likely changes and risks induced by climate change to 

forests in the Nordic countries. The chapter also discusses climate 

change adaptation of forests and potential mitigation options in the 

Nordic countries. 

7.2 Observed changes in and impacts of climate 
change on forest ecosystems 

7.2.1 Forest phenology, growing season and growth 

It has been observed that the increase in temperature has caused bud 

burst and flowering in boreal forests to occur earlier than before, i.e. 

advance in spring onset. Linkosalo et al. (2009) showed that the bud 

burst in boreal trees has advanced at an average rate of 0.3–1.1 days per 

decade over the past 160 years. A number of other studies (e.g. Nordli et 

al. 2008, Pudas et al. 2008) focusing on phenological shifts in recent 

decades reported a faster rate of advancement in spring onset of 2–14 

days per decade in boreal forests. The impacts of climate change on au-

Boreal Zone in northern Europe  
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tumn phenology of boreal forests are a bit more uncertain than that of 

spring phenology. Nevertheless, studies (e.g. Jeong et al. 2011) suggest 

that there has been delay in leaf colouring and abscission in boreal for-

ests over the past few decades. The effects of climate change on the 

spring and autumn phenology of temperate forests is similar to that of 

boreal forests (Richardson et al. 2013).  

The advance in spring onset and delay in autumn phenology sequenc-

ing due to the temperature rise induced by climate change in the forests 

of the Nordic region increase the length of the growing season. Kauserud 

et al. (2008) reported that the growing season in boreal forests has actu-

ally increased by 11 days since 1960, while Peñuelas et al. (2009) esti-

mated an average increase of 3–4 days per decade for the coming dec-

ades. For temperate forests, the increase in the growing season due to 

the temperature rise is estimated to be 2.1–4.2 days per decade over the 

past few decades (Menzer et al. 2008, Jeong et al. 2008).  

The increase in temperature also enhances the decomposition of soil 

organic matter, which in turn may increase the supply of nitrogen in the 

forest ecosystem. This, together with the prolonging of the growing sea-

son, enhances forest growth, timber yield and carbon sequestration in 

the Nordic region. For example, in Finland forest growth may increase 

by 44% by the end of the current century due to the prolonging of the 

growing season (Kellomäki et al. 2008). The availability of more CO2 

under climate change will not affect phenology itself, but rather contrib-

ute to enhancing the growth of and carbon sequestration in forests.  

7.2.2 National forest inventories: biomass production and 
growing stock  

Between 1925 and 2010, the general trend in the growth of forest bio-

mass stock,3 and thus the forest growing stock in Sweden, Finland and 

Norway, was positive.4 In Denmark and Iceland, forest biomass stock 

increased steadily between 1990 and 2010 (Figure 7.3). This is largely 

the result of improved forest management over decades in the Nordic 

countries. The drain on forest growing stock and biomass due to har-

vesting and natural decomposition has been lower than the growth of 

the stock, thus the net annual increment of forest growing stock has 

────────────────────────── 
3 Forest biomass includes above- and below-ground live biomass and deadwood.  
4 Sweden, Finland and Norway started a forest inventory as far back as the mid-1920s, while Denmark and 

Iceland have only recently started an inventory. 



104 Climate change and primary industries 

Finland

Sweden

Norway

Denmark
Iceland0

500

1.000

1.500

2.000

2.500

3.000

1
9

25
1

9
30

1
9

35
1

9
40

1
9

45
1

9
50

1
9

55
1

9
60

1
9

65
1

9
70

1
9

75
1

9
80

1
9

85
1

9
90

1
9

95
2

0
00

2
0

05
2

0
10

2
0

15
2

0
20

2
0

25
2

0
30

2
0

35
2

0
40

2
0

45
2

0
50

M
ill

io
n

 t
o

n
n

e
s

Finland

Sweden

Norway

Denmark
Iceland0

500

1.000

1.500

2.000

2.500

3.000

1
9

25
1

9
30

1
9

35
1

9
40

1
9

45
1

9
50

1
9

55
1

9
60

1
9

65
1

9
70

1
9

75
1

9
80

1
9

85
1

9
90

1
9

95
2

0
00

2
0

05
2

0
10

2
0

15
2

0
20

2
0

25
2

0
30

2
0

35
2

0
40

2
0

45
2

0
50

M
ill

io
n

 t
o

n
n

e
s

been positive during past decades in all five countries (Figure 7.4). 

Moreover, in Sweden, Norway, Denmark and Iceland, the total forest 

cover has increased over the past two decades, which has also contrib-

uted to an increase in forest increment and biomass stock (FAO FRA 

2010). Although forest cover in Finland decreased slightly during that 

period due to construction and building activities, the annual increment 

in biomass and growing stock was far greater than the annual harvest, 

and thus the net annual increment in biomass stock was positive.  

Figure 7.3: Trends in forest biomass in the Nordic countries 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Indufor (2013). 

Figure 7.4: General trend in forest growing stock in the Nordic countries 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from FAO FRA (2010). 
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In coming decades, the climate change-induced temperature rise may 

boost forest growth in the Nordic region, and it is anticipated that im-

provements in forest management in the region will continue. As a re-

sult, the growth of forest biomass is expected to exceed harvest and oth-

er losses, and thus the standing forest biomass stock in all the Nordic 

countries is likely to increase steadily in the coming decades as well 

(Figure 7.3). Faster growth due to climate change may affect the quality 

of the timber produced in the Nordic forests in the future; however, the 

exact nature of the effect is highly uncertain.  

7.2.3 Carbon sequestration in forests 

Trees absorb atmospheric carbon (i.e. carbon removal) and use it in 

photosynthesis. The carbon is released when trees are harvested and 

burned as well as through the decomposition of dead tree parts. A nega-

tive net removal of atmospheric CO2 by forests means that the forests 

sequestrate carbon and are a carbon sink, while a positive net removal 

means that the emissions, and thus the forests, are a carbon source.  

Between 1990 and 2010, the forests in all the Nordic countries except 

Denmark5 were carbon sinks. The rate of forest carbon sequestration in 

the Nordic countries, as shown in Figure 7.5, has either gradually in-

creased or generally followed a constant path. This mirrors the fact that 

the rate of positive net annual growth has increased in some Nordic 

countries and remained constant in others because the growth in forest 

biomass stock has exceeded the drain by harvest. As can be seen in Fig-

ure 7.5, the carbon sequestration rate in Sweden, Finland and Norway 

has clearly been higher than in Denmark and Iceland. This is due to the 

fact that the forested area in the first three countries is much bigger than 

that in the latter two countries.  

 

 

 

 

 

 

 

 

────────────────────────── 
5 Denmark’s forests were a carbon source through the first half of the 2000s. 
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Figure 7.5: Carbon sequestration by the Nordic forests 

 

 

 

 

 

 

 

 

 

 

 

 

In the future, due to the potential boost in forest growth induced by cli-

mate change and the practice of sustainable forest management, the gap 

between the growth and drain of forest growing stock and biomass from 

forests is expected to widen. Thus, the rate of positive net growth in 

biomass is likely to increase. As a result, the carbon sequestration rate 

(i.e. negative net removal of CO2) is expected to increase steadily in the 

Nordic forests in the future (Figure 7.5).  

7.2.4 Utilisation of wood and avoiding carbon emissions 

Wood is an essential primary material for construction, furnishings, 

printing, packaging and energy production. It is considered more envi-

ronmentally friendly than competing materials such as plastic and steel, 

especially when the entire product life cycle is taken into account. The 

displacement factor6 of wood is about 2 (Sathre and O’Connor 2010), 

which implies that the use of 1 m3 of wood products as a substitute for 

products made of competing materials results in the reduction of ap-

proximately two tonnes of carbon emissions (see Figure 7.5) 

 

 

 

 

────────────────────────── 
6 A displacement factor refers to the efficiency with which the use of biomass reduces net GHG emissions. It 

quantifies the amount of emission reduction achieved per unit of wood use. A higher displacement factor 

indicates a higher level of GHG emission reduction; a negative displacement factor indicates a higher level of 

emissions from using the wood product. 
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Figure 7.6: Carbon emissions reduction through wood use 

 

 

 

 

 

 

Source: Indufor (2013) 

 

As Figure 7.6 suggests, emissions reduction through the use of wood is a 

result of both storage and substitution. Wood products provide a physi-

cal storage of carbon that would otherwise be released into the atmos-

phere and act as a GHG. The longer the product life cycle, the longer the 

carbon storage. Therefore, the carbon storage benefits of products such 

as solid wood furniture and wood used in construction are higher than 

those of products with a relatively short life cycle, such as paper prod-

ucts. In addition, in some cases, wood products are used for landfill at 

the end of their life cycle, instead of being recycled or burned as biofuel. 

The decay of wood used for such purposes may be so slow that the land-

fill can be considered semi-permanent carbon storage. 

The use of wood products can also have a substitution effect on car-

bon emissions. This is because the manufacture of wood products usual-

ly consumes relatively less fossil energy than the manufacture of prod-

ucts from competing materials such as cement, concrete and plastic.  

To enhance the carbon benefits of wood products, initiatives have al-

ready been launched to increase the use of wood in Europe. For exam-

ple, Sweden has recently implemented the Trästad 2012 project that 

aims to change the country’s architectural methods by developing an 

architecture, technology and business model for timber structures, ulti-

mately promoting the use of wood in construction. France passed a de-

cree increasing the use of wood in building in 2010. 

7.2.5 Bioenergy 

As members of the European Union (EU), Denmark, Finland and Sweden 

are obligated to adopt the EU target of 20% final energy consumption 

from renewable energy by 2020, as set out in the EU Renewable Energy 

Sources (RES) Directive. Although Norway and Iceland are not EU mem-

ber states, they must comply with the directive pursuant to commit-

ments under the European Economic Area (EEA) Agreement. The di-
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rective has already become a strong driving force in promoting the use 

of wood for energy in Europe. 

Figure 7.7: Use of woody biomass for energy production in the Nordic countries 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Adapted from Eurostat 2013. 

 

The use of wood and wood waste for energy production in the Nordic 

countries has followed an increasing trend over the past decade. The 

figure also illustrates the impact of adopting policies promoting renewa-

ble energy. Sweden and Finland clearly use more wood for energy than 

the other Nordic countries. A lion’s share of the wood energy in these 

countries is produced using black liquor, bark and sawmilling by-

products as fuel. The use of forestry residues from e.g. thinning and har-

vesting, and of wood pellets, has also been increasing in recent years. 

Moreover, Finland has implemented the KEMERA subsidy scheme that 

encourages the harvesting of young stands of trees for energy produc-

tion purposes (Barua and Bonilha 2013). It should also be noted that 

both Sweden and Finland have a longstanding tradition of using fire-

wood in energy production in small-sized dwellings. In Denmark, the 

level of wood used for energy production was higher than in Norway in 

the second half of the past decade. This is mainly due to an increase in 

wood pellet consumption (in part imported). In Iceland, use of wood for 

energy production has been marginal.  
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7.2.6 Biodiversity 

Forests are a key component of landscape diversity in Finland, Norway 

and Sweden as these countries are abundantly forested. Forests are an 

important feature of the landscape in Denmark as well. Although forests 

are not the most common feature of the landscape of Iceland, they used 

to cover 25% of the land before human colonisation.  

The forests in the Nordic region are home to about 25 000 floral and 

faunal species.7 These constitute approximately half of all species found 

in the region, including colourful wildlife such as moose (Alces alces) and 

brown bear (Ursus arctos). The Nordic forest species diversity also con-

sists of 54 tree species (Stokland et al. 2003). The most common and 

most commercially exploited trees are, however, limited to just a few 

species. Norway spruce (Picea abies), scots pine (Pinus sylvestris), silver 

birch (Betula pendula) and downy birch (B. pubescens) are the most 

common and commercially important tree species in Finland, Norway 

and Sweden. In fact, these four species constitute over 90% of the vol-

ume and annual increment of the growing stock in Finland and Sweden 

(Statistics Finland 2012, Environmental Protection Agency (EPA) of 

Sweden 2012). In Denmark, beech and oak are also commonly found 

(NFF 2013).  

The species distribution in the Nordic forests may change under future 

climate change. According to the most extreme warming scenarios, the 

climate in northern parts of Sweden, Finland and Norway may start to 

resemble that of the southern parts, while conditions in the southern 

parts may resemble those of central Europe by the end of this century (e.g. 

Kinnunen et al. 2013). As a result, broadleaved deciduous trees in the 

boreal forests of the Nordic region may expand their potential distribution 

ranges, which could increase tree species diversity and functional diversi-

ty. In the region’s temperate forests, a shift in the natural species composi-

tion from coniferous dominated forests to broadleaved species may occur. 

Biotic and abiotic factors such as insects, pathogens, fire and wind are also 

likely to affect the structure and composition of forests in the Nordic re-

gion under climate change (see also Section 7.3.2). 

Intensive forest management as currently practised in the Nordic re-

gion will, however, strongly influence the transitional forest structure by 

maintaining economically important species outside their natural range 

────────────────────────── 
7 As reported by the Centre of Advanced Research on Environmental Services on Nordic forest ecosystems. 

Available at: http://www.nordicforestry-cares.org/index.htm. 

http://www.nordicforestry-cares.org/index.htm
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(e.g. Norway spruce) or by supporting the regeneration of new target 

species (Linder et al. 2008). Strict forest conservation may not be a solu-

tion either, although it is usually beneficial for forest biodiversity con-

servation. Forests under such conservation become unavailable for har-

vesting, thereby reducing the timber supply both in the short and the 

long term. An ideal solution would incorporate forest conservation 

measures within forest management to benefit biodiversity without 

reducing the timber supply.  

7.3 Climate change-induced risks to forests 

7.3.1 Abiotic risks 

In Northern Europe, the temperature is projected to rise in the future 

due to climate change, and the mean annual precipitation is projected to 

increase as well, with most of the increase concentrated in the winter 

months (see Chapter 1). While higher temperature enhances evapora-

tion and thus the potential for forest fires, an increase in precipitation 

does the opposite. Nevertheless, studies (e.g. Wotton et al. 2010, Kil-

peläinen et al. 2010) have concluded that forest fire risk will increase in 

the Nordic countries with the changing climate. For example, in Finland, 

there was an average of 60–100 forest fire warning days per year in the 

late 20th century. This is projected to rise by 30% in the coming dec-

ades, thereby increasing the actual number of forest fire incidents by 

20%. In Russia and Canada, burned forest area has increased considera-

bly in the past two decades (cf. Kirilenko and Sedjo 2007). 

Due to climate change, the snow season will probably become shorter 

(Räisänen and Eklund 2012), while the amount of snowfall is likely to 

increase during the mid-winter months in Northern Europe. This could 

increase the risk of snow-induced forest damage. Increased precipitation 

during the winter months is likely to increase soil waterlogging and the 

occurrence of winter flooding, which could in turn increase the suscepti-

bility of forest to windthrow as the waterlogging loosens the support of 

the roots in soil (Linder et al. 2008). There are some indications of this in 

the recent past. In Sweden, Hurricane Gudrun, which had a maximum gust 

speed of 43 m/s, damaged more than 60 million m3 of timber in 2005.  

The risk of forest damage due to wind and storms is expected to in-

crease in the future. More waterlogging and winter flooding and a short-

er frozen soil (i.e. soil frost) period will pave the way to greater damage 

due to wind and storms. For example, the duration of soil frost is ex-
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pected to decrease from 4–5 months to 2–3 months in southern Finland 

(Kellomäki et al. 2010), thereby increasing the susceptibility of forests to 

wind-induced damage, particularly uprooting (Peltola et al. 2010). The 

shortening of the period of frozen soils and snow cover is also likely to 

adversely affect forest management operations, e.g. by limiting the ac-

cessibility of forests in wet organic soils or decreasing the possibilities to 

use heavy machinery on slopes (Linder et al. 2008). 

7.3.2 Biotic risks 

Outbreaks of pests and disease are major sources of natural disturbance 

to forests. Such outbreaks can cause defoliation, growth loss, timber 

damage and even massive forest dieback. For example, about 14 million 

ha of forests was adversely affected by insect attack in Canada between 

1998 and 2002. Climate change enhances the risk of such forest damage 

(cf. Kirilenko and Sedjo 2007). It may actually alter the physiology and 

possibly weaken the defence mechanisms of trees in boreal forests, mak-

ing them increasingly susceptible to insect and pathogen attack (e.g. 

Marini et al. 2010). It may also dramatically shift or extend the natural 

habitats of insects and pathogens, damaging vast forest areas. There is 

already evidence that forest insects such as mountain pine beetles shift 

their habitat in Canada when the temperature rises. Likewise, the Euro-

pean spruce bark beetle (Ips typographus), which is commonly uni-

voltine in southern Sweden, may produce a second generation in the 

area at an annual average temperature rise as low as 2–3°C.  

A rise in winter temperature in the boreal zone, which is likely under 

climate change, can shift habitats further north and cause outbreaks of 

defoliating insects, such as European pine sawfly (Neodiprion sertifer) 

and autumnal moth (Epirrita autumnata), because their egg survival rate 

will increase. Moreover, gypsy moth (Lymantria dispar) and nun moth 

(Lymantria monacha) may expand their habitats northwards by 500–

700 km, causing outbreaks in northern deciduous forests in particular. 

The higher probability of forest defoliation will increase the risk of out-

breaks of secondary pest insects dependent upon weakened host trees, 

such as the common pine shoot beetle (Tomicus piniperda). Moreover, 

Norway spruce forests are likely to be increasingly prone to large-scale 

infestation by the European spruce bark beetle (Ips typographus), as 

rising winter and summer temperatures speed up beetle development 

and may allow a transition from univoltine to multivoltine populations. 

In addition, increasing incidence of storm events and high winds can 

make pine forests in Denmark, southern Norway and southern Sweden 
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more susceptible to bark beetle (e.g. Tomicus piniperda, I. sexdentatus, I. 

acuminatus) attacks (Linder et al. 2008). 

Pathogenic fungi such as Gremmeniella abietina cause disease in pine 

forests in southern Finland and northern Sweden, especially on sites with 

high humidity and cold air. Mild winters combined with high precipitation 

during summer are likely to increase the risk of such pathogen outbreaks. 

Moreover, longer growing seasons associated with higher temperature 

may increase the incidence of root and butt rot in Norway spruce caused 

by Heterobasidion parviporum and H. annosum (Linder et al. 2008). 

7.4 Adaptation to and mitigation of climate change in 
forests  

7.4.1 Forestry measures to adapt to climate change 

Forestry adaptation measures comprise forest-based responses to the 

risks and opportunities accompanying climate change. These measures 

usually aim at minimising the adverse effects of climate change in-

duced by biotic and abiotic disturbance agents and ensuring wood 

production and continuous flow of other ecosystem services. Forestry 

adaptation measures can be categorised into three different levels with 

different action areas and potential measures at each level, as illustrat-

ed in Tables 7.1–7.3. 

Table 7.1: Stand-level forestry adaptation measures 

Action areas Potential measures 

Forest regeneration Enriching naturally regenerated stands through: artificial regeneration; silvicultural 

measures such as regulating stand density and lengthening coppice rotation.  

Introducing new reproductive materials. 

Selecting tree species that: perform well across different sites; can develop into stable 

diversified forests. 

Using indigenous tree species and provenances. 

Mixing different tree species, provenances and genotypes. 

Adjusting rotation length. 

 

Tending and 

thinning 

Modifying tending and thinning intensity and schedule to improve stand structure. 

Adjusting thinning methods to account in particular for accelerating growth rates due to more 

favourable growing conditions in a warmer climate in Nordic conditions. 

 

Harvesting Modifying harvesting procedures. 

Improving/modifying harvesting equipment and tools, particularly for wet conditions. 

Source: Adapted from Linder et al. (2008), Carina and Keskitalo (2011). 
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Table 7.2: Management-level forestry adaptation measures 

Action areas Potential measures 

Management 

planning 

Developing and applying innovative planning and decision support tools to deal with risk 

and uncertainty. 

Flexible adaptive planning, taking into account all conceivable scenarios and multiple options.  

Increased cooperation between scientists, forest managers and stakeholders. 

 

Forest protection Establishing and sustaining forest ecosystems with highly diverse tree composition, age and 

structure. 

Replacing highly flammable species and regulating age-class distribution to minimise fire risk. 

Avoiding heavy thinning to avoid snow and wind damage.  

Using special thinning methods and suitable tree species to decrease the risk of erosion. 

Adjusting afforestation activities to ensure water protection. 

Reducing fuel accumulation in the forests to avoid forest fires. 

Source: Adapted from Linder et al. (2008), Carina and Keskitalo (2011). 

Table 7.3: Policy-level forestry adaptation measures 

Action areas Potential measures 

Infrastructure and 

transport 

Excavating storage lakes and digging irrigation canals. 

Deactivating drainage systems to restore the water regimes. 

Developing appropriate road networks, especially in mountain areas, for the smooth 

operation of small-scale management activities. 

Reconstruction and regular maintenance of roads to minimise sediment runoff due to 

increased precipitation and shortened frost period. 

Improving forest road density. 

 

Nurseries and 

forest tree breeding 

Mixing seedlings from different seed stands already at the nursery stage. 

Identifying seedlots to be mixed, based on provenance test results. 

Monitoring genetic fingerprints using molecular markers and other biotechnological methods. 

 

Adaptation integra-

tion in risk man-

agement and policy 

Reducing institutional and policy barriers to ensure prompt response to climate change.  

Applying participatory development and evaluation of adaptation strategies involving 

decision-makers, forest managers, stakeholders and experts. 

Establishing forest reserves for investigation and monitoring of climate change impacts to 

help with adaptation at the operation level. 

Source: Adapted from Linder et al. (2008), Carina and Keskitalo (2011). 

 

Apart from the above, regular monitoring of forest health, pests and 

diseases constitutes a crucial part of forest adaptation strategy. This not 

only helps to identify any new pests quickly, but also reduces the risk of 

any secondary damage agents becoming a large-scale threat. 

7.4.2 Climate change mitigation through forest 
management  

Climate change is likely to affect the carbon stock in forests by altering 

forest growth and soil processes. Thus, forest management practices are 

an important component of forest-based climate change mitigation strate-

gy. The limited availability of nitrogen acts as a limiting factor for the 

growth of Nordic forests (e.g. Kellomäki et al. 1997), therefore nitrogen 
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fertilisation is considered an effective silvicultural practice to enhance 

forest growth and increase carbon sequestration, particularly in less fer-

tile sites (Norden 2013, Hyvönen et al. 2007). In the 1960s and 1970s, 

fertilisation played an important role in Finland in enhancing timber pro-

duction (Kukkola and Nöjd 2000). In the southern part of Scandinavia, 

atmospheric nitrogen deposition is elevated and the supply is sufficient or 

sometimes in excess of what is needed. Here, the addition of other nutri-

ents to increase carbon sequestration in biomass may be considered. 

Silvicultural practices such as cleaning make more space and nutri-

ents available for the remaining saplings or trees in young stands, and 

thus increase carbon sequestration in the forests in the long term. Like-

wise, increasing thinning thresholds may enhance biomass production 

and carbon stock, especially in boreal forests (e.g. Alam et al. 2012). In-

creasing the rotation length also has a similar effect (e.g. Ericsson 2003). 

Long rotations, on the other hand, increase the risk of biotic and abiotic 

damage. Management of forest landscapes initially dominated by young 

stands with longer rotation ensures higher wood productivity and thus 

higher carbon sequestration. It should be noted, however, that optimal 

rotation for maximising carbon sequestration often differs from eco-

nomically optimal rotation. As a result, economic incentives such as 

payment for carbon sequestration are often needed to persuade forest 

owners to lengthen the rotation in order to maximise carbon sequestra-

tion. Multi-objective forest management, e.g. combining energy wood 

production and timber production, not only enhances higher carbon 

sequestration but also reduces CO2 emissions from forest management 

(Routa et al. 2012), thereby ensuring greater removal of atmospheric 

CO2. Similarly, combining several practices such as prolonged rotation, 

retention of old trees and dead wood, and keeping buffer zones around 

the wetlands have positive effects on biodiversity as well as on the car-

bon stock. Management practices should also strive to protect or possi-

bly enhance carbon storage in soil organic matter, although more 

knowledge is needed to wisely combine this with goals to increase pro-

duction in and biomass removal from forests. 
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8. Plant and animal health and 
food safety  

8.1 Introduction – health impacts of climatic factors 

In Europe, spring now starts 2–3 weeks earlier than it did before the 

1980s, thus increasing the length of the vegetation season (Trenberth et 

al. 2007). Long time series (130 years of monthly mean temperatures 

from seven Norwegian stations) show that the vegetation season has 

increased for all stations by 10–20 days/100 years in the 1871–1990 

period (Hanssen-Bauer and Førland 2000). 

In addition to the increase in mean temperature, current climate 

change is expected to increase climate variability (Trenberth et al. 

2007). Predictive disease models typically use means and ignore fluctua-

tions. In order to predict climate change responses it is necessary to 

understand how the individual species in different parts of the world 

respond to climate variability (Dillon et al. 2010). Random temperature 

variations are poorly understood, but may represent underappreciated 

links between climate change and disease transmission.  

Approximately 60% of all human pathogens are zoonoses, infectious 

diseases transmitted from animals to humans or vice-versa 

(http://www.cdc.gov/nczved/), and climate is an important factor af-

fecting the diversity and abundance of pathogens. At least 900 different 

zoonotic diseases are known, with reservoirs mainly among wild ani-

mals (Taylor et al. 2001). Transmission of infectious diseases between 

wild and domestic animals has become an issue of major interest.  

Understanding the magnitude of the impact of climate change is chal-

lenging because the understanding of disease ecology is incomplete. 

Moreover, it is difficult to disentangle the effects of climate change alone. 

Determining the role of climate will require greater understanding of 

pathogen persistence. Another complicating factor is that in addition to 

its potential effect on species performance, climate change may also 

affect species interactions. Biotic interactions can mask the climatic 

change effect on populations (Araujo and Luoto 2007). Social, political, 

anthropogenic, economic and land-use changes also influence the ecolo-

gy of disease (Randolph 2004). Knowledge of the relationship between 

http://www.cdc.gov/nczved/
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climate and disease is a prerequisite for any attempt to forecast how 

future climate change is likely to affect human and animal health. 

8.2 Vector-borne diseases 

Vector-borne diseases are the most likely to be affected by, and the most 

studied candidates with regard to the effect of, climatic factors because 

vectors, such as insects and ticks, are unable to regulate their own body 

temperature, and are thus sensitive to variation in temperature and mois-

ture (Macleod 1932). The development of pathogens within the vectors is 

also temperature dependent. These direct links between biological and 

climatic parameters make vector-borne diseases particularly interesting 

in the context of environmental and climate change. To predict or assess 

the outcome of interactions between vector, pathogen, host and environ-

ment, which is also embedded in a social and economic framework, is 

certainly far from easy. The complexity, scale and natural variability of the 

systems involved are inherently challenging. Organisms that cause disease 

in humans and animals are part of every ecosystem, but disease dynamics 

has mainly been studied using mathematical models that often do not take 

complex environmental information into account. 

8.3 Bluetongue 

Bluetongue (BT) is a vector-borne, non-contagious viral disease affecting 

ruminants. The virus (BTV) is transmitted by biting midges (Culicoides 

spp). Before 1998, BT was present worldwide between the latitudes of 

35 °S and 40 °N. Since then, the disease has also become endemic in 

Southern Europe (Maclachlan et al. 2009). 

In 2006, BT caused by bluetongue virus serotype 8 (BTV 8) was dis-

covered in the Netherlands and the disease spread rapidly to the neigh-

bouring countries of Germany, Belgium, France and Luxembourg. Over 

the subsequent three years, BTV 8 spread to most European countries, 

including Denmark, Sweden and Norway. The original source of the BTV 

8 infection and the route of introduction into the Netherlands were 

thoroughly studied, but investigations were fruitless. However, molecu-

lar genetic studies led to the assumption that the origin of the virus was 

in sub-Saharan Africa (Carpenter et al. 2009). The BTV 8 strain caused 

serious symptoms in cattle, with feverish, generalised disease and re-

productive disorders such as abortion, stillbirth and congenital deformi-
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ties of the offspring. The outbreak was controlled by vaccination of at 

least 80% of the ruminant population in most of the affected countries 

(Ganter 2014).  

The vector is the key for transmission of BTV between animals. The 

female midge requires a blood meal each time it lays eggs. The midge 

must complete at least two blood meals in order to pass the BTV infec-

tion on to a new susceptible animal. Between those two meals, the virus 

has to replicate and be released in the salivary gland of the midge. Viral 

replication is temperature dependent, and the virus ceases to replicate 

at temperatures below 12–15 °C. Midges survive the winter as larva, but 

for larva to become adult midges, the middle temperature during the day 

must be above 10–12 °C.  

Before 2006, the assumption was that only a few defined species of 

biting midges from tropical or subtropical areas were able to transmit 

BTV. When BT infections became endemic in the Mediterranean area of 

Europe, the most likely explanation was a range expansion of the vector 

(Culicoides imicola) into Europe due to a warmer climate. The 2006 out-

break was unexpected because the appropriate midge species was not 

present in the Netherlands or elsewhere in Northern Europe. However, 

it appears that some of the species already located in Northern Europe 

were capable of transmitting BTV 8. Meteorological data from Europe 

shows an increase in the middle temperature by 1.2 °C in the past 100 

years. As in the rest of Europe, Norway has seen approximately the same 

pattern of temperature increase (Miljøstatus i Norge 2006). In addition 

to temperature, humidity plays an important role in the midge’s surviv-

al, but it is not normally a limiting factor in Northern Europe.  

The effect of a milder climate with shorter winter periods and higher 

summer temperatures may have contributed to increased density of 

biting midges and extended the vector active period during the year. The 

habitat in which the midges can survive has been extended as well. 

Higher mean temperature will also prolong the periods in which virus 

replication can occur. These factors may have enabled the midge species 

in Northern Europe to become efficient BTV transmitters. 

In Norway, four BTV-positive cattle herds were identified in the 

southern part of the country after testing of bulk milk samples collected 

in 2008. An examination of meteorological data from Denmark and 

Norway proved that the infected midges were transferred from Den-

mark to Norway by the wind only once, in August or September. Only a 

small number of cattle were found to be infected in three of the herds, 

whereas in the fourth herd almost all of the lactating cows were sero-

positive. There is reason to believe that a local virus replication had oc-
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curred in the midges at this location, and that these subsequently infect-

ed other susceptible cattle. Denmark and Sweden began vaccinating the 

ruminant population in 2008. Norway decided not to vaccinate. The 

infected geographical area was quite small and the long winter makes 

survival of infected adult midges impossible, in contrast to warmer parts 

of the world where survival of infected adult midges ensures BTV 

transmission from one season to the next. The birth of BTV-infected 

calves would probably be the only way the virus could survive the win-

ter in Norway. A thorough surveillance programme successfully detect-

ed infected herds and animals. The comprehensive vaccination pro-

grammes implemented in Norway’s neighbouring countries prevented 

airborne carriage of infected midges. After two years of extensive sur-

veillance, Norway regained its official status as bluetongue-free. 

8.4 Tick-borne diseases  

Figure 8.1: Distribution of Ixodes ricinus, the castor bean tick, in Norway 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.1 shows the present distribution of Ixodes ricinus (I. ricinus), the 

castor bean tick, in Norway, depicted by (a) the first principal compo-

nent (PC1) of four different sources (b–e). The PC1 map displays tick 

abundance within municipalities by increasing darkness of colour. The 

smaller maps show: (b) the number of registrations of bovine babesiosis 

in the Norwegian Cattle Health Recording System in the 1996–2008 
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period; (c) all notified cases of human Lyme borreliosis in the Norwe-

gian Surveillance System for Communicable Diseases in the 1990–2008 

period; (d) tick observations registered via a newspaper webpage dur-

ing summer 2009; and (e) the frequency of tick observations from the 

veterinary survey performed in 2009, categorised as 0: never observed, 

1: rarely (< 3 tick observations during a year), 2: monthly observation, 3: 

weekly observation, 4: daily observation. Each of the variables is depict-

ed on a municipal basis. 

Vector-borne diseases were recently identified by 30 European min-

istries of health as the biggest health threat arising from environmental 

change (Randolph 2009). The two most prevalent tick-borne human 

diseases in Europe, Lyme borreliosis (LB) and Tick-borne encephalitis 

(TBE), were ranked first and second respectively (Randolph 2009). This 

highlights the importance of learning more about current and future 

distribution ranges of the vector of these diseases: the castor bean tick, I. 

ricinus. In recent years, there has been an undocumented view in Nor-

way that tick abundance has increased and the tick distribution range 

has expanded. There is also increasing evidence of a latitudinal and alti-

tudinal shift in the distribution range of I. ricinus in other European 

countries (Gray et al. 2009). The reported incidence of tick-borne dis-

ease in humans is on the rise in many European countries, generating 

political concern and attracting media attention. The factors that are 

responsible for these trends are disputed, but many ascribe shifts in 

distribution range to climate change. Impacts are likely to be biggest at 

the fringe of the distribution of vectors and diseases. Detecting changes 

in distribution of vectors and diseases can facilitate understanding of the 

relationship between climate and zoonotic diseases.  

A 2009 study (see Figure 8.1) described the distribution of I. ricinus 

in Norway and evaluated whether any range shifts had occurred relative 

to historical descriptions. Multiple data sources, such as tick-sighting 

reports from veterinarians, hunters and the general public, and surveil-

lance of human and animal tick-borne diseases were compared in order 

to describe the present distribution of I. ricinus in Norway. The tick has 

expanded its northern distribution limit by approximately 400 km and is 

found at higher altitudes than described in historical records from 1943 

to 1983 (Jore et al. 2011). 

Modelling of climatic, environmental and demographic variables and 

abundance of wild cervids and domestic animals revealed that large 

diurnal fluctuations in ground surface temperature, spring precipitation, 

duration of snow cover, abundance of red deer/farm animals and bush 

encroachment were significant predictors of tick presence (Jore et al. 
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2014). These results highlight the need to consider year-round climatic 

variables in order to disentangle seasonal variations, climatic threshold 

changes and climate variability and to consider broader environmental 

change. Tick and tick-borne disease distributions are dependent on a 

complex combination of climatic and environmental factors, including 

those related to human activities.  

8.5 Campylobacteriosis 

Human campylobacteriosis, caused by the bacterium Campylobacter, is 

the most reported bacterial diarrheal disease in the EU and the Nordic 

countries (European Food Safety Authority 2014). It is an acute diarrhe-

al disease, and the infection dose can be low. Campylobacter bacteria are 

widespread, and are found in the natural environment and in the gastro-

intestinal tract of birds and mammals. The bacteria cannot grow outside 

warm-blooded hosts. Because birds and mammals can carry the bacte-

rium without having symptoms, they act as a reservoir, spreading the 

bacteria to humans, other animals and the environment. 

The incidence rate in 2012 for human campylobacteriosis in the Nor-

dic countries varied between 19/100,000 and 83/100,000 inhabitants, 

where approximately 50% of the cases were domestic (European Food 

Safety Authority 2014). The frequency of campylobacteriosis cases and 

broiler chicken flocks carrying the bacteria follows a seasonal pattern, 

with a sharp peak in summer. This indicates that climatic factors may be 

important for the occurrence of the disease (Jonsson et al. 2012, Jore et 

al. 2010, Nylen et al. 2002). 

A number of studies have identified drinking water, especially undis-

infected drinking water, and food items such as poultry meat as sources 

of campylobacteriosis (Domingues et al. 2012, Ethelberg et al. 2005, 

Kapperud et al. 2003, Kapperud et al. 1992). The European Food Safety 

Authority (2010) reported that 20–30% of the human cases may be the 

direct result of handling and consumption of broiler meat, whereas 50–

80% may be indirectly associated with broilers acting as a reservoir of 

the pathogen.  

Norwegian studies of Campylobacter in broiler flocks showed that the 

proportion of infected flocks was higher at daily mean temperatures 

above +6 °C. Furthermore, the proportion of infected animals increased 

significantly with increasing temperatures above +6 °C (Jonsson et al. 

2012). A higher proportion of infected flocks led to a higher proportion 

of infected meat and a higher degree of spread into the environment. 
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These findings correspond well with an Icelandic study in which outdoor 

temperatures above +4 °C were associated with a higher risk of infection 

to a flock (Guerin et al. 2008). 

A Danish study showed that there is a large influx of flies that carry 

Campylobacter into broiler houses despite bio-security measures (Hald 

et al. 2004). Houseflies cease egg laying at +10 °C and are totally inactive 

below +7°C (Guerin et al. 2008). Thus, there is reason to believe that the 

infection of broiler flocks in the Nordic countries is strongly dependent 

on temperature-driven fly activity. Moreover, environmental Campylo-

bacter itself is sensitive to low temperatures. Temperatures below 0 °C 

have been shown to be protective against Campylobacter infection in 

broilers (Jonsson et al. 2012).  

Rainfall appears to be another environmental factor influencing 

Campylobacter infection rates. Heavy rain (>15 mm in one day) has been 

shown to be associated with a substantially higher risk of infection to a 

broiler flock (Jonsson et al. 2012). Flooded farmyards could be a source 

of runoff of Campylobacter into the broiler house, water supply, the sur-

roundings and nearby streams (Edwards et al. 2008, Ogden et al. 2007). 

It is also difficult to maintain bio-security in a flooded farmyard, and 

contaminated boots etc. can easily transmit the bacteria into the house. 

8.6 Moulds and mycotoxins  

Fungi are present in almost all environments and have immense ability 

to adapt to their surroundings. Moulds (filamentous microfungi) may 

have diverse impacts on humans and animals, and are the subject of 

increasing attention for their role as agents of human health problems 

(Beck-Sauget et al. 1993, Jacob et al. 2002, Patterson 2005, Zander 2005, 

Denning et al. 2006). Moulds may be implicated in three categories of 

disease in humans and animals: infections (mycoses), allergies and toxi-

coses. It is estimated that about 10% of the US population has IgE anti-

bodies to fungi, with half of these expected to show clinical illness. The 

anticipated warmer, wetter and wilder climate will likely lead to qualita-

tive and quantitative changes in fungal diversity, and subsequently to 

more and different mycotoxins as well.  

Particular attention has been given to the possible health effects of 

fungi and mycotoxins in food, feed, drinking water and indoor air. Myco-

toxins can induce toxic responses in vertebrates or other animals when 

fed at low concentrations. They can provoke mutagenic, teratogenic, 

oestrogenic and carcinogenic effects, and may damage cells of major 
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organs such as the liver, kidney and lungs, as well as the nervous, endo-

crine and immune systems (Bhatnagar et al. 2002). So far, more than 

300 mycotoxins have been identified, but only a limited number of these 

have been studied in detail.  

Most mycotoxins of concern are produced by three genera of fungi, 

namely Aspergillus, Penicillium and Fusarium. The two latter genera con-

stitute the largest problem in temperate regions of the world, while the 

genus Aspergillus is the main problem in warmer climates (Samson et al. 

2004). However, it may take only small changes in the climate to alter 

this picture.   

Climate change has already had an impact on mycotoxigenic fungal 

diversity. A change in fungal species, such as Fusarium, has been ob-

served in Norway, implying a subsequent change in the mycotoxins pro-

duced (see Figure 8.2). Up to now, aflatoxins have not been produced in 

Norway, but only slight climatic changes could provide the right condi-

tions for Aspergillus to produce these toxins, as aflatoxin production has 

already been confirmed in Skåne, Sweden (Petterson et al. 1989). Cli-

matic changes may thus lead to new feed and food safety concerns of 

significance for society, the business sector and the authorities. 

Figure 8.2: The amount of Fusarium and one of their mycotoxins in Norwegian 
oat in 2005–2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Among all the fungal species described, about 500 are allergenic, toxi-

genic or opportunistic fungi associated with human disease. Fungal dis-

eases in humans usually originate from an exogenous source in the envi-
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ronment and are acquired through inhalation, ingestion or traumatic 

implantation.  

There is increasingly greater focus on moulds as agents of infection in 

immunocompromised individuals, such as AIDS, cancer or transplant re-

cipient patients undergoing hospital treatment (Gené et al. 2001, White 

2005, Kauffman 2006, Nucci and Anaissie 2006). The costs of using anti-

fungal medicine have skyrocketed in many hospitals in recent years.  

Chronic rhinosinusitis (CRS) is a common disease in humans all over 

the world, including Norway. The cause of CRS is not well understood, 

but the potential role of fungi in causing CRS has likely been underesti-

mated. Aspergillus species appear to be the main causal agent both in 

humans and in animals such as dogs, and thus a warmer and more hu-

mid climate may increase problems with CRS.  

Mould growth on building materials in private homes and indoor 

work environments is an emerging problem in relation to fungi and hu-

man environments. Climate change in combination with tightly sealed 

and well-insulated buildings may increase problems with moulds in the 

indoor environment. Such mould growth may result in adverse health 

effects referred to as the “sick building syndrome” (Cooley et al. 2004). 

Symptoms include, but are not limited to, allergies, asthma, eye irrita-

tion, cough, dry or sore throat, nasal congestion, headaches, muscle pain, 

memory loss, concentration difficulties, skin rashes, nosebleeds, balance 

difficulties and extreme fatigue.  

To learn more about the risk of exposure as well as the effect and fate 

of fungi and their metabolites in the body, it will be necessary to study 

fungi and mycotoxins in the context of climate change across a broad 

spectrum of disciplines. 
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9. Genetic resources  

9.1 Plant genetic resources 

9.1.1 Climate change and challenges for plant production 

Future climate changes will have clear ramifications for agricultural 

production. Elevated temperature and atmospheric concentrations of 

CO2 and ozone (O3) have already been found to affect crop yields consid-

erably (Pleijel et al. 1992, Long et al. 2006, Lobell and Field 2007, Trnka 

et al. 2012, Wilkinson et al. 2012). At the end of the 21st century, the 

temperature, CO2 and O3 levels and the frequency of extreme events are 

likely to increase; see Chapter 2 and IPCC (2013). This variation in the 

climate will pose challenges to primary production.  

In the Nordic region, precipitation is projected to be more unevenly 

distributed during the summer and more frequent during the winter. 

The potential risk of summer drought alternating with heavy rain show-

ers will require cultivars bred for a new rainfall pattern and may prompt 

changes in management practice, e.g. the date of sowing may be changed 

(Christensen et al. 2011). Changes in temperature, CO2 and O3 levels and 

precipitation may occur at an unprecedented pace, putting pressure on 

breeders for rapid delivery of crops fit for the new and more extreme 

environments. At the same time, nutrients (e.g. phosphorus) comprise a 

limiting factor for production improvements in relation to the ongoing 

environmental changes influencing primary production.  

Societal demands to reduce the use of pest control agents, fertiliser 

and irrigation need to be dealt with as well (Tilman et al. 2001, Tilman et 

al. 2002, Foley et al. 2011). Due to the impacts of climate change, deple-

tion of resources, demand for sustainability and growing production 

costs, FAO expects a slower growth in global agricultural production of 

1.5% per year on average, compared with an annual growth of 2.1% 

between 2003 and 2012 (FAOSTAT 2012). Obviously, the challenge of 

feeding the increasing world population is enormous. 
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9.1.2 Cereal crops in the Nordic region 

Approximately 9 million ha is cultivated in the Nordic countries, and 

close to half of this area is currently used for growing cereals. Barley 

(Hordeum vulgare L.) is cultivated on 19% of the area, wheat (Triticum 

aestivum L.) on 14%, oat (Avena sativa L.) on 7%, and rye (Secale cereale 

L.) and triticale (Triticum ssp. x Secale cereale) on 1% of the area, respec-

tively (FAOSTAT 2012). Both winter and spring types of barley, wheat, 

rye and triticale are grown in the Nordic countries, with the spring types 

used more frequently in the northern parts of the region. Rye and tritica-

le are mainly winter types, whereas oat is only a spring type in the Nor-

dic countries; winter barley is only common in Denmark.  

These cereal crops are used for feed, as well as for food, e.g. wheat 

and rye for bread, barley for malt and oats to some extent for functional 

foods. Intensive breeding to improve these crops has been carried out in 

the Nordic region for more than a century with the exception of triticale, 

which is a relatively new crop (Harlan 1976, Larter 1976, Høst 1982). It 

is expected that cultivation of winter cereals will move further north in 

the Nordic region due to higher temperatures, milder winters and longer 

growth seasons. 

9.1.3 Genetic diversity of cereal crops 

The genetic diversity of these cereal crops is essential for future breed-

ing, since a decrease in genetic variability in general may result in a re-

duction in the ability of the crop to respond to environmental and agri-

cultural changes (Hakala et al. 2012, Manifesto et al. 2001). The question 

is whether the diversity present in the Nordic breeding materials of ce-

real crops is sufficiently broad to meet the demands of the future climate 

conditions. Climate change may require adaptation to new combinations 

of abiotic and biotic stresses, e.g. high temperature and drought, and 

new pathogens or new races of existing pathogens (Parikka et al. 2012). 

Future quality needs for cereals will also create new challenges for 

breeders in the Nordic region.  

The above emphasises the fundamental importance of phenotypic 

plasticity, e.g. adaptability acquired through high genetic variability. 

Studies of genetic diversity in Nordic spring barley and wheat indicate 

that genetic variation among modern varieties is not reduced compared 

with old accessions, e.g. landraces (Brantestam et al. 2007; Ortiz et al. 

2002; Hysing et al. 2008). This is probably due to frequent introduction 

of exotic breeding lines by the Nordic cereal breeders during the latter 

part of the 20th century. However, although genetic diversity is not di-
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minished by cereal breeding, diversity still not be sufficient to cope with 

the new and previously unencountered challenges. For example, stable 

production will be required across a range of different environments 

with an increasing frequency of climate extremes, e.g. where drought 

and heavy rains alternate during the growing period.  

Landraces and older cultivars of cereal crops are obvious sources of 

genetic variation to be exploited in future breeding of cereals. Variation 

in environmental stress tolerance between and within landraces and 

cultivars has been little explored thus far (Luo et al. 2009, Ceccarelli et 

al. 2010, Anderson et al. 2011). Targeted breeding efforts should there-

fore involve screening of existing accessions for abiotic and biotic stress 

tolerance needed under climate change. 

In the Nordic region, pre-breeding and breeding exploring the poten-

tial of genetic resources in barley is performed by the Nordic Council of 

Ministers-funded network Sustainable Primary Production in a Changing 

Climate and by the Public-Private Partnership (PPP) on barley. In these 

two projects, more than 300 barley accessions are being phenotyped to 

record their tolerance to environmental stresses (e.g. temperature and 

changed atmospheric composition) and their resistance to plant disease. 

The observed phenotypes are linked to genetic markers of the acces-

sions, as array-based single-nucleotide polymorphism (SNP) profiling 

makes association mapping possible. After verification of the linkage 

between the trait of interest and the SNP markers, markers can be trans-

formed into easy-to-use PCR-based markers that can be handled effi-

ciently in the laboratories of the breeding companies. Thus the use of 

these molecular techniques constitutes the foundation for effective cere-

al breeding for disease resistance and harvest stability under changing 

climatic conditions in the Nordic region. 

9.1.4 Perennial forage crops 

A major proportion of agricultural land in the Nordic countries is used 

for forage production. Forage-based milk and livestock production is 

very important economically, e.g. in 2007 the sector contributed 70% of 

the income from agriculture in Norway (Rognstad and Steinset 2008). 

The situation is similar in the other Nordic countries. In Norway, grass-

lands constitute about 68% of agricultural land, of which 35% is classi-

fied as short-term (temporary) leys (< 10 years old), 12.5% as leys over 

10 years old, and about 20% as semi-natural and pasture grassland 

(Daugstad 2013). 
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In northern and highland regions of Norway, northern parts of Sweden 

and Finland, and Iceland, more than 90% of agricultural land is grassland. 

Perennial grasses and legumes are the dominating forage crops in the 

Nordic region. Since grasslands constitute such a large part of the cultivat-

ed land in Northern Europe, the management and productivity of grass-

lands will have a great impact on society and the environment.  

9.1.5 Adaptational strategies for perennial grasses under 
climate change 

The forecasted climate change will have a profound effect on perennial 

grasses both during the growing season and during the winter season. 

Changes in the pattern of abiotic stress factors due to climate change will 

require development of new cultivars through adaptation and breeding. 

Higher temperature during the growing season will increase the devel-

opmental rate. Changed autumn and winter conditions will affect winter 

survival. Control of flowering time is highly important for effective utili-

sation of the extended growing season.  

By delaying flowering time, and thereby utilising the extended grow-

ing season for vegetative growth, grasses would maintain a higher fod-

der quality for a longer period of time. A high proportion of elongating 

stems increases dry matter production per season in regions where few 

cuts can be taken; however, stems have lower nutritive value than leaves 

due to lignification. The dry matter yield can be increased by inducing 

more tiller elongation in late summer. To adapt to the extension of 

summer growth, it is necessary to search for genotypic variation in the 

formation of high-yielding elongating stems as well as to identify genes 

inhibiting/promoting stem elongation under restricting conditions.  

The new cultivars should also be sufficiently winter hardy to with-

stand the expected winter stresses (Thorsen and Höglind 2010). Under-

standing the genetic regulation of adaptive traits such as flowering time, 

cold acclimation and winter survival is therefore crucial to developing 

new, improved and persistent high-yielding cultivars with optimum 

feeding value. Higher temperatures during the growing season, in-

creased CO2 concentration and extended growing seasons should lead to 

higher biomass production with the possibility of increasing the number 

of cuts and extending the grazing season. This is especially important for 

grassland-based agriculture at higher latitudes where the effects of cli-

mate change are expected to be greatest.  

At the same time, the seasonal distribution of precipitation is ex-

pected to change, with a general increase in climate variability among 
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years. This poses great challenges for harvesting, conservation and graz-

ing of the increased grassland biomass. In order to utilise the predicted 

longer growing season in the northern part of Scandinavia, cultivars that 

cease growth later in the autumn compared to the currently adapted 

cultivars are needed. The genotypes will have to use temperature rela-

tively more extensively as an environmental cue indicating autumn, un-

like the currently adapted cultivars, which use photoperiod. However, 

there is a trade-off between extended growth in the autumn and attain-

ment of sufficient freezing tolerance through cold acclimation. Higher 

temperatures during autumn at short photoperiods will also hamper 

cold acclimation and lead to lower freezing tolerance.  

9.1.6 Genetic resources of perennial forage species 

Development of improved, adapted and high-yielding cultivars requires 

well characterised germplasms and knowledge about genetic and physi-

ological regulation of traits that are important for sustainable forage 

production under expected climate change. It should be kept in mind 

that the combination of temperature and photoperiod, the two main 

environmental cues determining the seasonal growth pattern and win-

ter survival of perennial plants, is unique in the north due to the influ-

ence of the North Atlantic Current.  

There is very little or no commercial plant production at similar cir-

cumpolar latitudes. This means that there are very few potential sources 

for exotic germplasms if the decision is taken to enlarge the genetic diver-

sity of the breeding materials in the Nordic region. The current under-

standing is that all plant species in Europe radiated from a few refuge 

regions (the Alps, Pyrenees and Caucasus) after the last glaciation. Most of 

the crop species have been introduced naturally or by humans in the 

south and have moved northwards in the past few hundred years. Thus it 

is highly possible that the current genetic diversity, especially in perennial 

crops, is rather restricted due to introduction from only a few sources. 

Genetic diversity studies of meadow fescue (Festuca pratensis) and timo-

thy (Phleum pratense), two key forage grass species in the Nordic region, 

support this hypothesis (Rognli et al. 2013 and references therein).  

9.1.7 Available genetic resources 

Forage grasses and legumes are semi-wild crops with a large number of 

natural populations in the Nordic countries; many of them have been 

collected and are stored in the Nordic gene bank (NordGen). A large 
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number of the NordGen accessions of forage grass species have been 

phenotyped and genotyped using molecular markers. Forage grasses 

and legumes are outbreeding species, and an overwhelming proportion 

(63–98%) of the genetic variation is found within populations (Rognli et 

al. 2013 and references therein).  

There are several reasons for this: extensive gene flow through pol-

len and seed (both natural and human-mediated), common ancestry of 

local populations, and gene flow from a few improved cultivars into local 

populations as indicated for continental local populations of meadow 

fescue (Festuca pratensis Huds.) in Norway (Fjellheim and Rognli 2005). 

These factors, combined with large effective population sizes that make 

genetic drift negligible, will effectively prevent population differentia-

tion. The geographical structuring of molecular and phenotypic variation 

often does not coincide, and phenotypic variation in ecotypes is often as 

large as or larger than in cultivars (Fjellheim and Rognli 2005). Spatial 

differentiation for phenotypic traits is often found, indicating local adap-

tation to pedoclimatic factors and management. Local adaptation is evi-

dent among European timothy populations for traits such as winter sur-

vival, growth habit and traits related to seed production capacity, the 

latter being a sign of human-mediated selection influence (Fjellheim et 

al., unpublished).  

Large genomes among forage grass species, population structure, low 

and variable linkage disequilibrium (LD), and a general lack of historical 

information about the origin of populations of forage crops make it chal-

lenging to link phenotype and genotype in these species. The rapid de-

velopment of low-cost next-generation sequencing (NGS) techniques, 

e.g. genotyping-by-sequencing (GBS), holds great promise for genome-

wide, high-resolution SNP marker screening of populations (Poland and 

Rife 2012). This will make it possible to obtain an extremely detailed 

picture of the genetic architecture of populations and bridge the current 

genotype-phenotype gap. 

Development of efficient methods for utilisation of wild adapted ge-

netic resources and un-adapted exotic germplasm is necessary in order 

to develop new cultivars rapidly enough to keep pace with the altered 

growing conditions due to climate change. An example of how genetic 

diversity can be increased to secure adaptation to future climates is the 

Public-Private Partnership (PPP) on pre-breeding of perennial ryegrass 

(Lolium perenne). In the project ~400 accessions of perennial ryegrass 

are being phenotyped at several locations in the Nordic region, recom-

bined to introgress exotic germplasms for two generations in Denmark 

and Norway, and genotyped by sequencing to estimate relatedness and 
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develop tools for associating genome regions with traits. This long-term 

project is expected to develop both locally adapted germplasms with 

adaptations to specific climates/sites and germplasms with wide adapta-

tions (phenotypically stable).  

9.2 Animal genetic resources 

9.2.1 Introduction 

The goals of breeding programmes for commercial breeds should be 

critically evaluated in order to adapt to and mitigate the effects of cli-

mate change. In general, adaptation of livestock production and mitiga-

tion issues call for robust animals that have high productivity and effi-

ciency, high fertility, good health and robustness, and produce less GHG 

emissions. The genetic variation within the active breeds should be 

maintained in order to preserve the potential for future genetic gains in 

animal breeding programmes. In addition, in order to meet future chal-

lenges and maintain flexibility in future livestock production, maximum 

genetic diversity within the domestic animal species and diversity 

among breeds should be maintained, i.e. locally adapted breeds and 

populations should be conserved and their traits investigated. 

9.3 Mitigation and adaptation require robust animals 

Livestock production is responsible for a significant share of the GHG 

emissions in the Nordic countries (see Chapter 2). It is necessary to adjust 

production systems, including the use of farm animal genetic resources 

and animal breeding, to reduce emissions from livestock production. The 

key issue is the reduction of CH4 emissions from ruminants, especially 

from beef and dairy cattle. Microbial fermentation of feed components in 

rumen results in high amounts of enteric CH4. Manipulation of feeding 

affecting rumen microbial populations is one promising approach for de-

creasing the level of CH4 emissions. For example, increasing the energy 

density of the diet decreases CH4 production per unit of digestible energy 

consumed. Selection is the other major option for mitigation of GHG emis-

sions from livestock (ruminant) production systems.  

Variation in CH4 emissions exists both within and between cattle 

breeds, indicating a potential for improvement of the trait through ge-

netic selection. However, repeatability between successive measure-
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ments of CH4 emissions in experiments has been low and heavily de-

pendent on the diet and physiological stage of the animals. Developing 

methods for collecting data on CH4 emissions on farms for inclusion as a 

trait in breeding programmes is very challenging. 

Nevertheless, the trait can be improved indirectly through selection of 

traits that have correlated effects on emissions. Valuable traits of domestic 

animals under changing agroecological conditions are fertility, health, 

residual feed intake, longevity and production efficiency. Higher produc-

tivity leads to improved feed conversion into products, and thus fewer 

animals will be needed to meet the demand for animal products. If ani-

mals are fertile and healthy, there will be less culling and fewer animals 

will be needed for replacement. Improving fertility will improve pregnan-

cy rates and reduce calving intervals, resulting in shorter unproductive 

periods. Improving calving and maternal traits will reduce emissions by 

improving survival of offspring. All these improvements will reduce both 

total and per unit product GHG emissions from livestock production sys-

tems. Fertility, health and other fitness traits have a genetic component 

and are therefore possible to improve by genetic selection. However, 

these traits are not easy to breed, as they typically have low heritability. 

Also, the breeding goal is generally based on an appraisal of the economic 

value of the traits. Economic incentives are needed to encourage farmers 

to include GHG emission in the breeding goal. In the Nordic countries, 

breeding goals are generally broad and incorporate production issues as 

well as many health characteristics that will help to breed the animals 

needed for future livestock production. 

Breeds can become more adapted to specific environments through 

natural and artificial selection, enabling them to survive and be produc-

tive in these environments. Adaptations such as increased disease and 

heat resistance, improved water scarcity tolerance, ability to cope with 

poor quality feed etc. are valuable characteristics of a breed and will be 

important for adapting to and mitigating environmental changes. The 

important breeding goals for adaptation, such as fertility, feed conversa-

tion rate and particular health traits, are very similar to those for mitiga-

tion. These are typically either directly or indirectly considered in Nor-

dic breeding programmes. However, good fertility e.g. in dairy cows is 

known to correlate negatively with genetic merit for milk production, so 

there is some conflict between different breeding goals of importance 

for future livestock production. 
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9.4 Available animal genetic resources 

There are three types of livestock breeds currently available: (1) the 

majority breeds, which are breeds that are most commonly used in 

commercial livestock production; (2) the minority breeds, which are 

also used in commercial herds but not very often (sometimes to create 

specialised, niche products, sometimes in special production circum-

stances); and (3) the rare breeds, which are generally kept for recrea-

tional purposes and rarely for production purposes.  

The minority and rare breeds may possess genes that code for specif-

ic traits, such as disease resistance, that may become desirable to the 

majority breed owners if the majority breed does not possess the genetic 

variation that confers this trait. However, most of the time the majority 

breed can be selected for any desired trait, just like the rare breed was 

once selected for this trait, but it may take many generations to establish 

the desired trait in the majority breed. A rare or minority breed, in 

which the desired trait is established at a high frequency, may be used to 

establish the trait in commercial production circumstances. In this pro-

cess, the minority breeds that possess the trait provide a much more 

useful resource than the rare breeds because when crossed with the 

majority breed their offspring will combine the desired trait with com-

mercial viability (since both parental breeds are commercially viable). 

Examples of this scenario are the use of Scandinavian Red bulls for 

US Holstein cows to improve the cows’ fertility (Scandinavian Reds are 

considered a minority breed on the global cattle breeding scale), the use 

of Chinese Meishan pigs to improve fertility in some European pig 

breeding programmes, and the crossing of less fertile sheep breeds with 

the highly prolific Finnsheep. In general, minority and rare breeds com-

prise a valuable resource for enabling commercial breeding schemes to 

increase the rate at which desirable traits can be established in majority 

breeds. The minority breeds are especially beneficial in this context. 

Thus, to address future unforeseen production challenges such as those 

resulting from climatic changes and which require new, desired traits in 

majority breeds, it is important to maintain a large number of minority 

breeds that are improved for specialised production environments, as 

well as a smaller number of rare breeds. In the wake of climate change, 

the commercial and widespread breeds may exhibit shortcomings, e.g. 

insufficient resistance to a new disease. Minority breeds may have re-

sistance to the new disease, and in extreme cases the minority breed will 

have to replace the commercial breed. In most cases, however, some 

form of introgression of the new trait into the commercial breed is 
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needed. If the trait is due to a single or a few genes, these genes can be 

mapped and introgressed into the commercial breed (Ødegård et al. 

2009). Although generally successful in plant breeding, this approach is 

often infeasible in livestock because most livestock traits are complex, 

i.e. highly multi-genic, and introgression takes ~5 generations, which in 

livestock can easily take 10 years or more. Crossbreeding systems can be 

devised that at least partly transfer the desired trait from the rare breed 

into the commercial breed. Alternatively, genomic selection introgres-

sion (GSI) can be employed (see below).    

9.4.1 Applications of the genomic selection approach 

Adaptation to and mitigation of climate change will require rapid adjust-

ments of the genetics of livestock because many of the consequences of 

the changing climate are unforeseen. The fastest rate of genetic improve-

ment is probably achieved by genomic selection (Meuwissen et al. 2001). 

Genomic selection is especially effective when the desired trait cannot be 

recorded on the animal that is being selected, and/or when the generation 

interval of the animals can be reduced, which increases the speed of the 

breeding scheme, e.g. in the case of genotype by environment (G x E) in-

teractions. Here, the desired trait may be recorded in a different environ-

ment, e.g. production under different climatic conditions than the one 

where the elite breeding animal is living. Genomic selection schemes can 

be devised that accommodate these G x E interactions and/or record diffi-

culties and then can be optimised with respect to their expected rates of 

genetic improvement (e.g. Lillehammer et al. 2011).   

GSI is an efficient way to include a desired trait from a rare breed in a 

commercial, widespread breed. The assumption is that the rare breed is 

inferior to the commercial breed in terms of most traits, except for the 

desired trait. Thus neither the rare breed nor crossbreds between the 

rare and the commercial breed are commercially viable. The crossbreds 

may, however, be genetically improved through a genomic selection 

scheme and overtake the commercial breed (Ødegård et al. 2009), due to 

their increased genetic variance, especially for the desired trait. More 

research on the design and effectiveness of GSI is needed, since it ap-

pears to be a very effective strategy for the use of animal genetic re-

sources. In crop plants, similar back-crossing schemes have been utilised 

extensively, especially for introgression of disease resistance genes from 

wild relatives into elite breeding lines (Goodman et al. 1987). Today, 

backcrossing and reconstitution of the desired recipient genotype is 
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much more efficient than previously, due to the use of molecular marker 

assisted selection. 

9.4.2 Conservation of animal genetic resources 

In a situation where a majority breed widely dominates a production 

system, it is very important that the breed does not run into inbreeding 

problems, otherwise inferior alternative breeds, if they still exist, will 

have to be introduced into the production system. Inbreeding problems 

will also have to be avoided in the alternative minority and rare breeds 

in order to maintain viability over many future generations. Long-term 

selection experiments have shown that managed populations can be 

sustained without significant loss of genetic variation for > 100 genera-

tions when the effective population size is maintained at 100 or more. 

Thus, to be on the safe side, the effective population size needs to be 

maintained at 100–200, resulting in an inbreeding rate of 0.5–1% per 

generation. Optimal contribution theory provides a framework for max-

imising response to selection while controlling the effective population 

size (Meuwissen 1997). Software for optimum contribution selection 

exists, but improvements are needed in order to address the different 

situations that occur in practical breeding schemes.  

In the conservation of animal genetic resources, characterisation of 

conservation values and adaptations of different breeds and populations 

is an important issue for more efficient use of genetic resources in the 

future. Modern research approaches in genomics provide useful tools for 

characterisation. Tens or hundreds of thousands of SNP markers can 

currently be analysed in farm animals using SNP BeadChips, which in-

creases the probability of detecting loci under selection as well. Breeds 

showing adaptations in specific environments typically have a high con-

servation value for various future purposes. In addition to SNPs, whole-

genome DNA sequencing provides valuable insights into evolution of 

domestic animal species. For example, the genome sequencing project 

on cattle breeds revealed that genes associated with reproduction, im-

munity, lactation and digestion have undergone remarkable changes 

during the evolution of cattle. The AnGR-NordicNET project has devel-

oped a new measure of valuing breeds for conservation called “adaptiv-

ity coverage.” Adaptivity coverage quantifies how well a set of breeds 

could be adapted to a wide range of environments within a limited 

timespan. In this quantification, adaptivity coverage considers both neu-

tral and non-neutral genetic variation.  
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9.5 Genetic resources in fish populations 

In the North Atlantic Ocean, and in rivers and lakes in the countries sur-

rounding it, there are many ecologically and economically important fish 

stocks. Fish, as a class of vertebrates, show large genetic variation. Ge-

netic variation is the raw material of evolution and a prerequisite for 

adaptation of populations due to natural selection. As such, genetic vari-

ation is essential for the potential of populations and species to adapt to 

changing environmental conditions such as global warming. Genetic 

techniques are increasingly being applied in various management and 

conservation activities throughout the world (e.g. Waples 1995, Fraser 

and Bernatchez 2001, Therkildsen et al. 2013). These activities include 

characterisation of genetic structure of populations and gene flow pat-

terns, estimation of effective population sizes and studies on human-

induced hybridisation. In general, the main goal is to preserve or restore 

the evolutionary potential of populations and species, thus preserving 

biodiversity and often economically valuable resources. Furthermore, 

knowledge about structure and evolutionary potential of populations 

may improve modelling responses of populations and species to climate 

change (D’Amen et al. 2013, Therkildsen et al. 2013).  

Salmonid species such Atlantic salmon (Salmo salar), brown trout 

(Salmo trutta) and Arctic char (Salvelinus alpinus) exploit a diverse 

range of environments and display considerable life-history and pheno-

typic variability (Klemetsen et al. 2003). This is exemplified through the 

complete freshwater residency of some populations vs. anadromy of 

others and through different age and timing of life-history events such as 

breeding, smolting and duration of ocean feeding. Phenotypic variation 

is most evident in Arctic char, where e.g. sympatric morphs (or pheno-

types) are not uncommon and up to four morphs can be found within a 

single lake (Sandlund et al. 1992). The great phenotypic diversity and 

ecological segregation found among Arctic char morphs has created 

taxonomic problems where different morphs have often been consid-

ered different species (Adams and Maitland 2007, Klemetsen 2010). 

Indeed, Arctic char diversity is probably the best example of the adap-

tive divergence observed among post-glacial fish inhabiting the relative-

ly species- poor and diverse environments in the Nordic countries and 

elsewhere in the Northern Hemisphere. Genetic studies have shown that 

different Arctic char morphs have evolved independently in multiple 

lakes (Gíslason et al. 1999), i.e. sympatric divergence, although allopatric 

divergence of sympatric populations has been observed as well (e.g. 

Verspoor et al. 2010). In the latter case, lakes have probably been colo-
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nised by different evolutionary lineages, i.e. by groups that may have 

been isolated for thousands of years in ice-free regions known as glacial 

refugia. Today, phylogeographic patterns of different salmonids have 

been linked to colonisation from different glacial refugium (Brunner et 

al. 2001, Säisä et al. 2005, McKeown et al. 2010, Finnegan et al. 2013). 

Although the phylogeography of salmonids has become clearer in recent 

years (Crête-Lafrenière et al. 2012), further studies are needed to re-

solve the full history (including mapping the geographical distribution of 

different lineages) and to characterise biological differences among in-

traspecific lineages. Importantly, do different lineages vary in character-

istics that may affect their ability to respond to climate change?  

Salmonids have been studied with genetic methods for decades. 

Overall, these studies show that salmonid species are highly struc-

tured, with varying levels of population differentiation (Allendorf et al. 

1976, Hindar et al. 1986, Ståhl 1987, Primmer et al. 2006, Vähä et al. 

2008). Comparative studies show that resident salmonids generally 

display lower levels of genetic diversity than marine fish species and 

higher levels of population differentiation, whereas anadromous salm-

onid populations display intermediate levels (Gyllensten 1985, De-

Woody and Avise 2000). These trends are likely the result of compara-

tively lower effective population size of salmonid populations, which 

may be due not only to differences in census population size but also 

to limited or restricted gene flow among salmonid populations (Gyl-

lensten 1985, DeWoody and Avise 2000). Gene flow among popula-

tions can be restricted by geographical factors and minimised by site 

fidelity or accurate homing to natal spawning areas (Taylor 1991). 

Restricted gene flow among salmonid populations enables local adap-

tation (Taylor 1991), which can be evidenced on small and large geo-

graphical scales (Fraser et al. 2011). Earlier salmonid studies on genet-

ic diversity and population structure were mostly based on analysis of 

protein coding (allozyme) loci (e.g. Verspoor et al. 2005). Allozymes 

have generally lower resolution power than the more recently devel-

oped nuclear DNA markers, e.g. microsatellites (O’Connel and Wright 

1997, Estoup et al. 1998). Also, DNA markers do not require fresh tis-

sue samples, and polymerase chain reaction (PCR) technology enables 

the amplification of markers with a minute amount of DNA. As a result, 

historical samples, such as fish scales, are now commonly used sources 

of DNA for genetic studies of fish populations (Nielsen and Hansen 

2008). Powerful statistical methods have also been developed for high-

ly polymorphic markers, such as multilocus assignment and admixture 

analysis (e.g. Cornuet et al. 1999, Pritchard et al. 2000). Collectively, 
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these advances have facilitated robust studies on factors that may 

influence the genetic diversity and population structure of salmonids, 

such as effects of habitat stability (Garant et al. 2000, Østergaard et al. 

2003), riverscape (Ozerov et al. 2012) and landscape features (Dillane 

et al. 2008), carrying capacities of rivers (Ozerov et al. 2012), and life-

history characteristics (Vähä et al. 2008). Furthermore, these methods 

have been used to assess the genetic effects of stocking with non-

native strains (Hansen et al. 2009, Perrier et al. 2013) and introgres-

sion of farmed salmon into wild populations (Glover et al. 2012, Gud-

mundsson et al. 2013), which may result in both breakdown of local 

adaptation and fitness reduction in wild populations (McGinnity et al. 

2003, Bourret et al. 2011).  

Historically and ongoing, anthropogenic disturbances have caused 

declines and extinctions of many salmonid populations (e.g. Parrish 

et al. 1998). How climate change will affect the present genetic re-

sources of salmonid populations is largely unknown, and will depend 

on multiple factors, such as how fast and whether populations are 

able to adapt to new thermal conditions and to environmental and 

ecological changes overall. Ecological factors may involve changed 

predator-prey relationships, spread of disease and competition, ei-

ther between native species or between native and alien species 

(Laikre et al. 2006, Hein et al. 2011). It is expected that generation 

time will get shorter at higher temperature, which may accelerate the 

process of natural selection and local adaptation. In contrast, global 

warming may induce migration and gene flow (Horreo et al. 2011), 

putatively counteracting such processes. Science-based management 

and conservation of salmonid populations, including their habitats, is 

one of the key factors in preserving their genetic variability and evo-

lutionary potential in the face of climate change.  
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10. Bioeconomy  

The bioeconomy may be defined as an economy in which the basic build-

ing blocks for materials, chemicals and energy are derived from renewa-

ble biological resources (McCormic and Kettler 2013). Traditional bioe-

conomy literature emerged out of a concern about the use of non-

renewable resources and an increasing population, and emphasises in-

creased effectiveness in resource use, i.e. producing more per input.  

Several studies look into potential growth in the renewable resource 

sectors, with emphasis on economic potential and possible growth in 

employment. Biological resources are also of particular interest as po-

tentials for reducing GHG emissions through accumulation of carbon in 

biomass and as substitutes for fossil energy.  

10.1 Status 

According to the European Commission (2012), the European bioecon-

omy has an estimated annual turnover of about EUR 2 trillion and em-

ploys more than 22 million people, or approximately 9% of the total EU 

workforce (see Table 10.1).  

Table 10.1: The bioeconomy of the European Union 

 

Annual turnover in EUR billion Employment: 1 000 

Food  965 4,400 

Agriculture 381 12,000 

Paper/pulp 375 1,800 

Forestry/wood industries 269 3,000 

Fisheries and aquaculture 32 500 

Bio-chemicals and plastic 50 150 

Enzymes 1 5 

Biofuels 6 150 

Total 2,078 22,005 

Source: European Commission (2012). 

10.1.1 Employment 

More than half the employment in the bioeconomic activities listed in 

Table 10.1 is associated with agriculture. Employment in the agriculture 

sector has decreased steadily over the past century, along with employ-
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ment in other primary sectors, e.g. forestry and fisheries. For many 

years, structural development moved towards fewer and larger hold-

ings, and thus less labour-intensive production. For example, the share 

of employment in the agriculture sector was about 30% in Norway in 

1950. Since then, employment in the sector has steadily decreased in all 

the Nordic countries, to a level of approximately 3–11% in 1990, with a 

further decline to the present level of 2–6% in 2012 (see Figure 10.1). 

Employment in the forestry sector is most extensive in Sweden and Fin-

land, with 3.6% and 2.0% respectively (Portin et al. 2013). The declining 

trend in agriculture applies to fisheries and forestry as well. Alongside 

the decline in the primary industries, new industries such as the aqua-

culture industry have emerged. 

Figure 10.1: Agriculture, forestry and fisheries, percentage of total employment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Norden (2013)  

10.1.2 Economic impacts 

The turnover listed in Table 10.1 amounts to about 20% of GDP in the 

EU. Looking at the Nordic countries and the forestry sector alone, the 

share amounts to 5% in Finland and 3.4% in Sweden. With the exception 

of Denmark, the shares are lower for the agricultural sector, ranging 

from roughly 0.4–1.6% (see Table 10.2). Due to natural conditions, agri-

culture production constitutes a significantly lower share in the Nordic 

countries, with the highest share in Denmark. Turnover has been quite 
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stable over the past decade, but due to higher growth in other sectors, 

the share of total GDP shows an overall decreasing trend over time. 

Table 10.2: Gross value added
1
 as percentage of GDP 

 

Denmark Finland Norway Sweden 

Agriculture     

2004 1.6 1.0 0.8 0.6 

2012 1.6 0.9 0.6 0.4 

Forestry 0.8 5.0 1.0 3.4 

1
 The value of produced goods and services in the sector.  

Source: Eurostat database (Agriculture), Portin et al. (2013) (Forestry). 

 

Although bioeconomy production is relatively limited compared to the 

rest of the economy, products from the primary industries constitute a 

significant share of exports from the Nordic countries. For example, two-

thirds of all Danish agriculture products are exported, and food and live 

animal products amount to 18% of total exports (Norden 2013). Forest-

ry and the wood and paper industries are particularly important export-

ers in Sweden, Finland and Norway. The fisheries industry plays a major 

role in Norway, and fisheries is by far the dominant industry in Iceland, 

the Faroe Islands and Greenland, with respect to both production and 

exports (Norden 2013). 

Table 10.3: Export of food, live animals, animal and vegetable oils, fats and waxes, in percentage 
of total exports 

Denmark Finland Iceland Norway Sweden 

17.1 2.3 42.2 5.8 4.1 

0.7 

 

2.3 0.2 0.2 

17.8 2.3 44.5 6.0 4.3 

Source: Nordic Statistical Yearbook 2013. 

Forestry 

Sweden has the largest proportion of forests in the Nordic region, with 

46%, followed by Finland with 36% and Norway with 17% (see Figure 

7.1 in Chapter 7). 

This is reflected in the considerable production of wood for industrial 

use, particularly in Finland and Sweden. For example, together the two 

countries account for 12.8% of world production of wood pulp, which is 

one of their major export items (see Table 10.4). 
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Table 10.4: Production of forest products, in percentage of world production, 2011 

  Denmark Finland Norway Sweden Total 

Industrial round-wood 0.1 2.9 0.5 4.2 7.7 

Saw logs and veneer logs 0.1 2.3 0.5 4.0 6.9 

Wood-based panels 0.2 0.5 0.2 0.2 1.1 

Wood pulp - 6.0 1.1 6.8 13.9 

Paper and paperboard 0.1 2.8 0.4 2.9 6.2 

Source: Norden (2013)  

Fisheries 

The three main Nordic fishing nations are Norway, Iceland and Denmark 

(see Figure 10.2). Atlantic cod (Gadus morhua) and Atlantic herring 

(Clupea harengus), primarily used for human consumption, dominate the 

catch. Fish farming is especially important in Norway, where the produc-

tion of salmon is predominant. 

Figure 10.2: Value (EUR million) of commercial catches of marine fish in 2012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Norden (2013). 

 

The value of catches, and thus the economic importance of fishing, has 

increased over the past decade, particularly in Iceland and Norway (see 

Figure 10.3).  
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Figure 10.3: Value of catches of fish, index, 2,000=100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Nordic Statistical Yearbook 2013. 

10.2 Bioeconomy and carbon emissions 

Renewable resources play an important role in the abatement of GHG emis-

sions. First, net growth in biological mass contributes to a net uptake of CO2 

from the atmosphere. A carbon sink is a system that accumulates and stores 

atmospheric carbon. Forests play an important role in the global carbon 

cycle and climate change mitigation. They absorb atmospheric carbon 

through photosynthesis and sequester it in living and dead biomass and 

soil, thereby providing natural storage of carbon. Over a long period of time 

the forests have accumulated more CO2 than they have released. Harvested 

wood products are other sources of carbon accumulation.  

Renewable energy resources are another key source of carbon abate-

ment. Use of bioenergy can help to reduce the use of fossil energy and thus 

emissions of CO2. This will require the substitution of resources through 

new biological growth and carbon uptake from the atmosphere. Burning 

wood and pellets and waste incineration are examples of bioenergy. 

In all the Nordic countries, especially Finland, Sweden and Norway, 

the total growing and biomass stocks have increased over the past six to 

seven decades. The total biomass stock is expected to grow and the net 

annual increment is expected to remain positive in coming decades as 

well (see Figure 7.4 in Chapter 7) (Portin et al. 2013). These constitute 
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important mitigation potentials as carbon sinks and substitutes for fossil 

energy, as well as dead organic matter and soil.  

10.2.1 Carbon sinks 

Carbon sinks already compensate for 43% of GHG emissions in the 

Nordic countries (see Table 10.5). The variation is large between 

countries, from 9% in Denmark to 66% in Norway. 

Table 10.5: Carbon sinks and emissions in 2010, million tonnes CO2-equivalents 

 Denmark Finland Iceland Norway Sweden Total 

Forest carbon sink  5.7 32.7 0.3 35.9 38.1 112.6 

GHG emissions 62.6 74.6 5.3 54.3 66.3 263.0 

% carbon sink 9% 44% 5% 66% 57% 43% 

Source: Portin et al. (2013)  

 

The expected growth in forest biomass and dead biomass and soil im-

plies a significant increase in carbon storage. The increasing trend in net 

removal of CO2 by forests from 1998 to the present is expected to con-

tinue, reaching about 140 million tonnes by 2020 (see Figure 7.5 in 

Chapter 7) (Portin et al. 2013). Forest management practices such as 

fertilisation, optimised thinning and lengthening rotation are clearly 

having a positive effect. By 2020, net removal in Finland, Norway and 

Sweden is projected to be about 75% of the 2011 GHG emission level in 

the three countries. 

Use of wood in construction and products is another source of carbon 

storage. Substituting wood for more energy-intensive materials such as 

concrete and steel may also help to prevent GHG emissions. Wood is 

widely used for construction, energy production and products such as 

furniture, paper and packaging. The climate benefits of wood use are 

highly case-specific and depend mainly on the carbon storage capacity of 

the product, its full life cycle and the properties of the material that has 

been substituted (Portin et al. 2013). Carbon storage in wood in the 

Nordic region is currently estimated at about 7 million tonnes of CO2, or 

approximately 4% of GHG emissions in the region. 

 

 

 

 

 

 

 



  Climate change and primary industries 155 

Figure 10.4: Net removal of CO2 by harvested wood products in the Nordic coun-
tries, million tonnes of CO2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Portin et al. (2013). 

10.2.2 Biomass and energy 

The share of renewable energy production in the Nordic countries is 

about 16%, of which about 8% is based on biomass and waste (see Table 

10.6). The Norwegian petroleum sector dominates energy production. 

The main biomass energy producers are Finland and Sweden, where the 

shares are 47% and 30% respectively.  

Table 10.6: Production of primary energy in TWh, 2011 (2006 for Iceland) 

 Denmark Finland Iceland Norway Sweden Total 

Biomass and waste 25 93 0 17 111 246 

Other renewable 10 13 38 122 73 256 

Fossil fuels 204 90 0 2 179 184 2 657 

Share biomass and waste 10% 47% 0% 1% 30% 8% 

Share renewable 15% 54% 100% 6% 50% 16% 

Source: EU statistical database  

 

In 2011, energy production based on biomass and waste amounted to 

about 250 TWh in the Nordic countries. The potential is significantly 

higher. Econ (2008) estimates the total biomass potential at about 360 

TWh for the Nordic countries (see Table 10.7). Thus, the physical poten-

tial for future bioenergy production may be up to 50% higher than pre-

sent production. 
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Table 10.7: Biomass potentials for energy purposes, TWh 

  Denmark Finland Norway Sweden Total 

Wood and timber 11 38 32 21 102 

Forest industry by-products 0 19 0 88 108 

Grass and straw 15 7 5 0 27 

Black liquor 0 44 0 39 84 

Biogas 11 3 4 0 18 

Organic waste 8 0 3 7 19 

Other 0 0 0 6 6 

Total 46 111 44 162 363 

 

However, this does not imply a corresponding potential for GHG reduc-

tions. An increase in bioenergy production will partly increase total 

energy production as energy prices drop, and partly substitute other 

energy production. The total effect will rely on price responses in the 

energy markets.  

In addition, collecting harvesting residues for bioenergy use has neg-

ative effects on growth and carbon stock of forests. Old-growth forests 

protected by strict conservation are conducive to increasing carbon 

stock and conserving biodiversity (Portin et al. 2013). Findings from 

recent literature show that extracting biomass from boreal forests on a 

permanent basis leads to increased atmospheric carbon concentration 

compared with a no-harvest scenario (Holtsmark 2012, 2013). In a typi-

cal boreal forest, it takes 70–120 years before a stand of trees is mature. 

A high level of harvest means that the carbon stock in the forest stabilis-

es at a lower level. Therefore, wood harvesting is not carbon neutral.  

10.3 Future prospects 

Bioeconomy initiatives mainly focus on strategies to stimulate growth in 

production based on biological resources. Typically, the initiatives rec-

ommend public funding of investments in research, innovation and 

skills, support for strategy building and stakeholder engagement, and 

information campaigns and standards for bio-based products (European 

Commission 2012). The European Commission’s 2012 action plan for 

the European bioeconomy includes a set of objectives and actions to be 

taken at the EU and member state levels. The aim is to pave the way for a 

more innovative, resource efficient and competitive society that recon-

ciles food security with the sustainable use of renewable resources for 

industrial purposes, while ensuring environmental protection. As a gen-

eral consequence of the initiatives, production based on biological re-

sources is likely to increase.  
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Another approach to the bioeconomy focuses on the potential for miti-

gation of carbon emissions from the production sectors involved in the 

bioeconomy. Stricter regulations on fossil energy production would boost 

economic incentives to exploit this potential to a higher degree. Carbon 

taxes and emission trading systems increase fossil energy production 

costs and energy prices. This in turn increases the profitability of bioener-

gy supply. Demand for bioenergy is also stimulated as fossil-based energy 

production is reduced due to higher prices. Thus, intensified climate poli-

cy stimulates the bioeconomy. Policies to promote carbon sinks are ma-

ture compared to economic instruments regulating carbon emissions. 

Possible future instruments consistent with carbon pricing would imply 

subsidies to forest owners and for carbon storage in wood. The counter-

part would be carbon taxes on wood. Subsidies for carbon sinks would 

stimulate further growth of the Nordic forests, but would likely have ad-

verse effects on employment in the bioeconomic sector. 

Finally, the rapidly growing regional and global population and high-

er life expectancy are a strong driving force, increasing demand for bio-

based products in particular and products in general. Increasing scarcity 

due to the extraction of non-renewable resources also boosts demand 

for renewable substitutes and biological products. 

10.4 Soy products 

10.4.1 Soy import, 2009–2011 

Annual gross import of soy products to the five Nordic countries was 2.6 

Mt on average for the years 2009–2011. More than 80% of this import 

went to Denmark and Norway (see Figure 10.5). 
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Figure 10.5: Gross import of soy products to the Nordic countries, average for 
2009–2011 

 

 

 

 

 

 

 

 

 

 

 

 

Source: FAOSTAT. 

 

Both Denmark and Norway export soybean products (mostly soymeal). 

Figure 10.6 shows net import of soybean products to the Nordic coun-

tries, where exports are subtracted from gross import. The net import is 

approximately 2.25 Mt per year. 

Figure 10.6: Net import of soy products to the Nordic countries, average for 
2009–2011  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: FAOSTAT. 
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10.4.2 Soybean and soymeal yields 

Argentina: 2,500 kg/ha and Brazil 2,830 kg/ha (average over the past 

four years), assuming average yield for import at 2,600 kg/ha*yr (after 

deducting for seed). Approximately 79% of bean is soymeal; yield of 

soymeal = 2.05 t/ha. 

10.4.3 Area needed for imported soy 

In Alternative 1, there is no allocation; all land is distributed for soymeal: 

yield 2.05 t/ha. In Alternative 2, there is mass allocation; all products 

from the soybean share the land burden equally: yield 2.6 t/ha.  

Table 10.8: Cropland needed (annual) for import of soy to the Nordic countries  

 Alternative 1, no allocation Alternative 2, mass allocation 

Area in South America for net import of 

soy products to the Nordic countries 

A little more than 

1 million ha/yr 

Approximately 

870,000 ha/yr 

 

Calculation of the area for the gross import (see Table 10.8) shows that 

the area needed is 1.2 million ha and 1 million ha per year for the two 

alternatives respectively. 
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11. Reports from the networks  

11.1 Network 1: Sustainable primary production in a 
changing climate  

The Sustainable primary production in a changing climate network eval-

uated the potential of using 138 spring barley and 36 oilseed rape acces-

sions (gene bank and breeders’ material) as input for breeding future 

cultivars of these species. The accessions comprised landraces, old and 

new cultivars as well as breeders’ lines that have not yet been released 

on the market. The accessions analysed were exposed to future climate 

scenarios in a climate phytotron and in a Free Air Carbon Enrichment 

(FACE) facility in the field. The experimental treatments comprised ele-

vated temperature, CO2 and O3 as single factors, as well as elevated tem-

perature and CO2 in combination, over the plants’ full life cycle. The 

same accessions were analysed in parallel by breeders, either in the field 

or in greenhouses, in order to identify resistant genotypes. On the basis 

of their environmental stability, abiotic and biotic stress tolerance and 

yield, we identified accessions of both spring barley and oilseed rape 

with a potential to mitigate effects of the future environmental changes 

on production.  

Even when combined with elevated CO2 of 700 ppm, the decrease in 

production of barley due to temperature is not fully compensated. The 

conclusion from this part of our experiment is that if business-as-usual 

behaviour is established, the Nordic region may also experience prob-

lems with crop productivity, unless new and better cultivars are bred to 

cope with climate challenges or new management options are available. 

Landraces and old and new cultivars are found among the most sta-

ble barley accessions. This indicates that traits providing stability under 

environmental change are present in some of the Nordic material, and 

can potentially be transferred in crosses. We recommend that environ-

mental stability is routinely accessed when plant material is screened 

for potential to mitigate climate change. The results of the network also 

document that genes providing tolerance to climate changes – elevated 

temperature, elevated CO2 and O3, alone and in combination – exist in 

barley. We have identified genes that contribute to environmental stabil-

ity. These genes should be exploited in the breeding of barley cultivars 
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for tomorrow’s altered climate. The results were obtained using Genome 

Wide Association Study (GWAS) methods based on SNP microarrays.  

With regard to disease resistance, the barley and oilseed rape acces-

sions also demonstrated resistance to a number of diseases. Resistance 

to Ramularia, Bipolaris, Fusarium, scald, rust and net blotch was scored 

in barley, and associations between resistance genes and SNP markers 

were mapped. In addition, we investigated whether infections caused by 

three diseases – mildew, Bipolaris and net blotch – would be more com-

mon in the future climate. The results indicated that infection frequen-

cies in multifactor treatments could by no means be deduced from single 

factor treatments. In addition to studies on the infection frequency of 

specific diseases in future climate scenarios, basic studies were conduct-

ed on the gene expression profiles of plants infected under future climat-

ic conditions. This knowledge about expression profiles in new envi-

ronments may ultimately lead to the development of more resistant 

plants or new fungicides. 

We evaluated the response of oilseed rape to the diseases Verticillium 

and Phoma and found resistant accessions. We also documented large 

differences between accessions in their tolerance to abiotic stress (ele-

vated temperature, elevated CO2), showing that potential candidates for 

future breeding were present in the material.  

The network also analysed the quality of the barley and oilseed rape 

in future climate scenarios. The oil content of oilseed rape cultivars will 

decrease and the fatty acid composition of oilseed rape will change in a 

future altered environment. 

We also performed model-based scenario analysis (QSA/LCA), from 

which we inferred environmental and management implications of fu-

ture production. QSA/LCA can deliver estimates of loss of non-

renewable resources, changes in GHG emissions, land-use changes, im-

pacts on natural ecosystems and changes in direct and indirect costs. 

These scenario QSAs/LCAs are key tools for formulating recommenda-

tions and strategies. The input to the QSA comprised our primary data 

from the phytotron and FACE as well as already published data. In the 

QSA we evaluated the specific environmental effects of future fungicide 

and fertiliser application. Fertiliser application was one of the most sig-

nificant factors affecting the environment. 
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Nordic climate. Submitted. 

 Disease resistance in barley in a changing climate. 

 Mapping QTLs for abiotic stress tolerance and diseases in barley. 

 Tolerance to an extreme heat wave in old and recent barley 

accessions. 

 Protein quality in barley for malting and feed in a changing climate. 

 Oil quantity and quality in oilseed rape grown in a changing climate. 

 Phosphorous, Ion, and Zink in barley cultivated in future climate 

scenarios. 

 Life cycle assessment of the future barley production with focus on 

environmental sustainability. 

11.2 Network 2: Forest Soil Carbon Sink Nordic 
Network 

11.2.1 Importance of soil organic carbon  

Forests cover 60% of the land area in the five Nordic countries. These 

forests store massive amounts of carbon (C) and 50–80% of the C is 

stored belowground in soil organic matter. The trees sequester CO2 from 

the atmosphere by photosynthesis to form biomass C, which is then in 

part released again by respiration, decomposition and burning of prod-
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ucts. The ultimate long-term storage of the remaining C is in the soil. To 

mitigate climate change, it is important to protect and possibly enhance 

the storage of C in soil organic matter. It is generally agreed that forest 

soils are currently sinks for C, but the rate is uncertain. Management 

changes (e.g. increased extraction of bioenergy) or climate warming may 

reduce the soil C sink or even turn forest soils into a source of CO2.  

The Forest Soil C-sink Nordic Network was formed to study the C 

stocks in soil organic matter and their changes in response to manage-

ment and environmental drivers. The network had participants from 

Denmark, Iceland, Latvia, Norway and Sweden. We worked by synthesis-

ing data and information on soil C stocks, with a focus on the Nordic and 

Baltic countries, and discussed connected national process studies and 

case studies. There was a special opportunity in Iceland to establish a 

unique soil warming experiment (ForHot) in a small forest where dis-

placement of geothermal heating by an earthquake created a tempera-

ture gradient. Soil C data from this experiment is currently under analy-

sis. The following provides a report on the influence of tree species, in-

creased harvesting intensity, nitrogen deposition and afforestation on 

soil C stocks. The information obtained is relevant for reporting under 

the Kyoto Protocol Articles Nos. 3.3 (afforestation, reforestation and 

deforestation) and 3.4 (forest management). There are several clearly 

defined requirements for Kyoto reporting under these articles that re-

quire country specific and scientifically approved functions and data.  

11.2.2 Influence of tree species 

We synthesised the current knowledge of tree species effects on soil C 

stocks. There was evidence of consistent tree species effects on soil C 

stocks in forest floors, but effects were less clear in mineral soils. Pro-

portional differences in forest floor and mineral soil C stocks among tree 

species suggested that C stocks can be increased by 200–500% in forest 

floors (with conifers building the largest forest floors) and by 40–50% in 

top mineral soil by tree species change. However, these proportional 

differences between forest floors and mineral soils are not always addi-

tive: the C distribution between forest floor and mineral soil rather than 

the total C stock tends to differ among tree species. A common garden 

study with four species at eight sites in Denmark revealed consistently 

larger C stocks under conifers than under broadleaves both in the forest 

floor and in the mineral soil 40 years after planting. Total soil C stocks 

increased consistently in the order oak < beech << Norway spruce, larch 

along the soil texture gradient of the sites. This suggests that some spe-
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cies may be better engineers for sequestration of C in stable form in 

mineral soil, but it is unclear whether the key mechanism is root litter 

input or macro-fauna (e.g. earthworm) activity. The importance of 

earthworm and ant activity for pine, spruce, deciduous and alder forests 

in comparison with grasslands was illustrated in a study from south-

eastern Sweden. For the top 20 cm of soil, the estimated soil turnover 

(i.e. the time in which all soil has been processed) by earthworm and 

ants was 50–500 years depending on ecosystem type and earthworm 

communities. For targeted use of tree species to sequester soil C, we 

must identify the processes related to C input and output, particularly 

belowground, that control C stock differences. We also need more in-

formation on forms and stability of C along with bulk C stocks to assess 

whether certain broadleaves store C in a more stable form.  

11.2.3 Effects of increased biomass harvest 

We summarised the literature concerning the effect of harvesting on soil 

carbon stocks and flows to evaluate the evidence of significant losses 

increasing with biomass removal. Although model studies suggest re-

ductions in soil carbon stocks when more C is removed in products, the 

empirical evidence was less clear. Some studies did report significant 

reductions, while others showed no difference. Better reestablishment, 

enhanced ground flora (gaining C) or indirect effects through microcli-

matic changes (reducing decomposition) after increased biomass har-

vest may compensate for C removal. There is not enough information 

available at present to draw firm conclusions about the long-term im-

pact of intensified forest harvesting on these C cycling processes in Nor-

dic soils. This has sparked a new meta-analysis project on data from 

Nordic forests. Properly conducted long-term experiments would enable 

us to clarify the relative importance of different harvesting practices on 

the soil carbon stores, and the conditions under which the size of the 

removals becomes critical. Both new experiments and existing long-term 

experiments are therefore very important. 

11.2.4 Effect of elevated N deposition 

The extent to which elevated N deposition will increase soil C stocks by 

increasing forest productivity and subsequent C input to soil and/or by 

reducing the decomposition of soil organic matter has been debated. So 

far, evidence for a C sink due to N input is largely based on observations 

from N fertilisation experiments, and the measured effects are variable. 
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To elucidate the effect of N deposition on forest soil C stocks we investi-

gated soils and C cycling processes in stand-scale N deposition gradients 

at the edges of five temperate coniferous forests bordering on agricul-

tural land as well as in an N addition experiment with two decades of 

monthly spraying of N simulating elevated deposition. Nitrogen enrich-

ment (decreased C/N ratios in needle litter and forest floor, and some-

times increased soil solution nitrate concentrations) was found at high N 

input across the forest edges and in the experiment. Overall, forest floor 

and mineral soil (0–5 cm) C stocks, assessed along the five edge N gradi-

ents and in the experiment were not significantly related to N deposition 

or any of the above-mentioned indicators for N enrichment. Fine-root 

biomass and mycorrhiza mycelia production (where investigated) de-

creased with elevated N, indicating a decreased belowground C input 

with increased N deposition. Decomposition (or respiration) was re-

duced under elevated N deposition, indicating a reduced turnover rate of 

soil organic matter. We conclude that N deposition at rates common to 

agriculturally intensive regions in northwestern Europe may reduce the 

turnover of soil organic matter, but that this positive effect on soil C 

stocks may be outweighed by decreases in belowground C inputs, ulti-

mately resulting in no overall change in soil C stocks. Our results con-

trast with previous studies reporting a significant positive impact of 

experimental N addition on C sequestration in forest soils. Since the in-

vestigated forests received >25 kgN/ha/yr in N deposition we cannot 

know if low and moderate N deposition may enhance C sequestration, 

but, if so, the effect is likely less than previously reported. In a laboratory 

incubation of soil from one of the forest edge N gradients, we observed a 

reduced temperature sensitivity of soil organic matter turnover at high 

N availability (low soil C/N ratio). This result demonstrates for the first 

time that elevated N deposition moderates the temperature feedback 

(i.e. the effect of global warming) on decomposition in forest soils.  

11.2.5 Effect of land-use changes 

The forest area in the Nordic and Baltic countries is increasing both 

through active afforestation and through natural succession on aban-

doned land. To investigate the effect of this change in land use, we con-

ducted a meta-analysis of soil C stock change following afforestation in 

Northern Europe. Effects (response ratios) were calculated for forest 

floors and mineral soils (0–10 cm and 0–20/30 cm layers) based on 

paired control (former land use) and afforested plots. We analysed the 

influence of forest age, former land use, forest type and soil textural 
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class. Former land use was a major factor contributing to changes in soil 

C after afforestation. In former croplands, soil C change differed between 

soil layers and was significantly positive (20%) in the 0–10 cm layer. 

Afforestation of former grasslands had a small negative (non-significant) 

effect, indicating limited soil C change following this land-use change. 

Forest floors enhanced the positive effects of afforestation, especially in 

the case of conifers. By separating the periods <30 years and >30 years 

since afforestation, we revealed a shift from an initial loss to a later gain 

of soil C. We conclude that significant soil C sequestration occurs after 

afforestation of croplands, but not after afforestation of grasslands, and 

changes are small within a 30-year perspective.  

11.2.6 Nordic soil organic carbon stocks 

A database with roughly 4 300 national forest inventory sites from na-

tional inventories in the Nordic and Baltic countries has been compiled. 

The database contains soil C concentrations and stocks, along with in-

formation on other soil parameters, climate, forest properties, etc. Work 

on harmonising the data from the different countries is in progress, and 

data will be presented as a soil C map. Furthermore, data will be ana-

lysed to identify factors controlling the soil C stocks. 
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11.3 Network 3: Climate impacts on fish, fishery 
industry and management in the Nordic Seas 

Fishing has long been one of the most important industries in the Nordic 

countries, providing a source of food as well as extensive employment 

and trade. In recent decades, aquaculture has added substantially to the 

amount of available fish resources for human consumption as well as 

trade. Fish, both from the wild and in aquaculture facilities, are affected 

by ocean climate. The impending warming temperatures caused by an-

thropogenic (human-induced) GHGs are expected to have major impacts 

on fish populations and fisheries. While the effects of climate variability 

have been well studied, the expected historically high temperatures un-

der future climate change present new challenges that call for develop-

ing new and interdisciplinary approaches. The geographical distribution 

of fisheries in the high seas typically spans vast marine areas, often cov-

ering several national exclusive economic zones. The assessment and 

management of these resources are often shared among several coun-

tries, therefore requiring a multinational approach. 

To meet some of these challenges, a consortium of 13 Nordic institu-

tions joined the Nordic network entitled CLimate Impact on Fish, Fishery 

Industry and MAnagement in the Nordic Seas (CLIFFIMA-net). The ob-

jectives of the network included conducting research on the effects of 

climate change on the distribution and abundance of marine fish stocks 

in the Nordic Seas with an emphasis on pelagic stocks in the Norwegian 

Sea. In addition, it was dedicated to investigating fisheries management 

issues as well as economic and societal consequences to the fishing in-

dustry and local communities in light of the anticipated changes in the 

http://www.imr.no/cliffima/nordic_network_climate_impact_on_fish_fishery_industry_and_management_in_the_nordic_seas/en
http://www.imr.no/cliffima/nordic_network_climate_impact_on_fish_fishery_industry_and_management_in_the_nordic_seas/en
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fish stocks. Important in this research was how potential changes in 

those fish stocks straddling national boundaries will affect fish treaties 

and international relations.  

The network consists of a core group that carries out the primary 

work to meet the main objectives of CLIFFIMA and an extended group 

that participates in meetings, seminars and conferences, thereby con-

tributing towards the network objectives. The central node of the net-

work has been the development of an interactive ecosystem spatial da-

tabase (i.e. containing data on temperature, salinity, fish abundance and 

distribution, commercial catch etc.) to help in the analysis of the climate-

fish relationships. As part of this work, methods and standards for digiti-

sation of old data were initiated and systems for data storing and ex-

change were developed. The databases and related map generator, Bar-

ents Sea Marine Atlas (BarMar) and Nordic Seas Marine Atlas (NorMar), 

are available for the Barents and Norwegian Seas, respectively, through 

the CLIFFIMA-net webpage (www.imr.no/cliffima/en). These databases 

have been used by several Master’s students as part of their theses, as 

well as for analyses and papers in progress by scientists in the network.  

For example, the changes in the spatial distribution and abundance 

of Northeast Arctic haddock (Melongrammus aeglefinus) under climate 

variability have been explored by utilising the BarMar database in 

combination with state-of-the-art ocean circulation modelling. During 

the most recent 30-year period of warming, the haddock stock in-

creased in abundance and moved northeastwards into cooler parts of 

the Barents Sea. The hypothesis is that the increasing stock size is as-

sociated with increased habitat extent coupled with increased ecosys-

tem productivity and not a direct temperature effect on the haddock. 

The drift of eggs and larvae shows a distinct southern boundary of the 

spawning fields along the Norwegian shelf break at around 67°30’N. 

Other studies that also focused on the role of climate on fish produc-

tion and distribution included several commercially important species 

such as Atlantic cod (Gadus morhua), blue whiting (Micromesistius 

poutassou) and Atlantic mackerel (Scomber scombrus) as well as im-

portant forage fish such as polar cod (Boreogadus saida).  

In addition to studies on climate variability, several CLIFFIMA inves-

tigations developed future climate scenarios and how fish stocks, their 

community structure and functioning may respond. Sea surface temper-

atures are expected to increase about 1‒3°C in the Barents and Norwe-

gian Seas by 2070, which will reduce sea ice concentrations in the Bar-

ents Sea. Melting sea ice and increased precipitation will result in a 

freshening of the northern North Atlantic in spite of increased salinity of 

http://www.imr.no/cliffima/en
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the inflowing Atlantic Water to the Nordic Seas. The mixed layer depth 

(MLD) will decrease because of increased vertical stratification through 

solar heating and increased freshwater supply. However, the MLD also 

depends on wind strength, and large uncertainty in future winds makes 

it difficult to determine exactly how the MLD will change in the future. 

Phytoplankton production in the Barents Sea is expected to increase in 

areas where sea ice is reduced owing to increased light levels and a 

longer production season. In contrast, increased thermal stratification in 

the Norwegian Sea may reduce primary production by limiting nutrient 

replenishment.  

Calanus finmarchicus, the predominant zooplankton species in the 

Nordic Seas, is expected to develop more rapidly and reproduce earlier, 

which could lead to the production of a second generation during the 

summer, where currently only one is produced. On the other hand, the 

abundance of the larger Arctic zooplankton species, Calanus glacialis, 

will likely decrease. It is believed that C. finmarchicus will extend its dis-

tribution northeastwards in the Nordic Seas while C. glacialis may al-

most disappear from the Barents Sea with the reduction of Arctic waters. 

Farther south in the Norwegian Sea, species presently associated with 

warmer waters are likely to extend their distribution northwards while 

subarctic species may retreat farther north, as seen in recent warm 

years. How far north such species will be able to move and still be able to 

reproduce successfully is uncertain given the reduced light levels at 

spawning and early larval stages, and the energy they need to gain be-

fore overwintering at depth. In the Norwegian and Barents Seas, higher 

growth rates and improved recruitment survival for fish species such as 

cod and herring are expected under increasing temperatures based on 

past observations. Many commercial fish species are expected to expand 

their distribution northwards and, in the Barents Sea, also eastwards. 

For Atlantic cod, the combined effects of increased growth rates and 

recruitment along with distributional shifts will result in increasing bi-

omass and hence catches in both the Russian and the Norwegian sectors 

of the Barents Sea, but with a higher proportion in the Russian zone 

compared to today. Polar cod are expected to retreat from the subarctic 

into the high Arctic. Distributional shifts will result in species invasions, 

with relatively high numbers of invasions in the Barents Sea compared 

to other regions of the world’s oceans.  

An important issue in regards to plankton, fish and marine mammals 

is the extent to which an open Arctic Ocean will lead to the mixing of 

Atlantic and Pacific species. This was brought to the forefront with the 
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recent re-appearance of Neodenticula seminae, a Pacific diatom, in the 

Northwest Atlantic after an absence of around 850,000 years.  

Initially, the network hoped to base the future scenarios on regional 

models through downscaling of the larger but lower-resolution IPCC 

climate models. Unfortunately, these time-consuming downscaling mod-

els still did not have the needed accuracy or precision. This is in large 

part due to the inaccuracies in the global models from which these re-

gional models are derived and the lack of dynamic coupling between the 

global and regional models. As a result, some CLIFFIMA studies reverted 

to statistical approaches to generate future climate scenarios. One ex-

ample used sea temperatures Station-M in the Norwegian Sea from 

1948–2010 to suggest the likelihood that temperatures at 150 m will 

increase by 0.018‒0.044 °C per year while temperatures at 2000 m are 

expected to increase by 0.0024‒0.0077°C per year. 

Not giving up entirely on the regional models, CLIFFIMA, in conjunc-

tion with a Norwegian-US project on climate change effects on the ecosys-

tem and fish, has scheduled a joint workshop in May 2014 to explore the 

most recent IPCC model scenarios as well as regional models. It will (1) 

examine how the results from such models can be used in ecosystem 

models to determine the likely changes to the lower trophic levels under 

anthropogenic climate change, develop ecosystem indicators of such 

change, and determine related variables indicative of ecosystem produc-

tivity in the USA and in the Nordic Seas; (2) use models of living marine 

resources to explore how to include climate features in future projections 

and setting of harvest control rules; and (3) determine the potential eco-

nomic and societal consequences of climate change in the two re-

gions. The workshop will have a limited number of presentations and lots 

of discussion in order to identify and begin writing papers on these topics.  

Regarding aquaculture, scientists at the Institute of Marine Research 

(IMR) and the Bjerknes Centre for Climate Research (BCCR) contributed 

through the Research Council of Norway-funded project “Climate Change 

and the Impact on Farming of Salmon in the Coastal Areas of Norway.” 

The project concluded that an increase in temperature of about 0.5% 

increases the average salmon (Salmo salar) productivity by 0.4‒3.3% 

per year in the short term but less over the long term. However, this 

effect of productivity will vary spatially, as the industry located in 

Southern Norway (Vest-Agder, Rogaland and Hordaland counties) may 

be exposed to excessively high sea temperature in future summer 

months and may decline as a result.  

CLIFFIMA initially laid out an ambitious number of objectives relat-

ing to socio-economic and institutional issues. These included:  
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 Evaluating how future changes in distribution and abundance of 

important fish stocks influence current exploitation or quota shares, 

in order to assess the spatial and substantive coverage of existing 

international arrangements and institutions, and the reliability of 

decision-making systems for regulating access and benefit-sharing.  

 Assessing a basis for evaluation of the zone attachment of fish 

resources within and between countries through analyses of 

surveillance procedures and how they feed into evaluations of 

geographical distribution of fish and decision-making systems;  

 Addressing the need for and effects of revised and more sustainable 

and flexible harvesting strategies, based on the safeguarding of 

necessary stocks’ resilience in coping with the risk and uncertainty 

from expected climate changes. 

 Generating scenarios on the potential effects of climate changes on 

industries and local communities, including evaluation of economic 

and other societal consequences of changes in geographical 

distribution of the fish stocks and how the management and policy 

systems are able to adapt to these.  

 Assessing the energy consumption of the fishing fleet due to changing 

spatial distribution of fish resources and determining the 

effectiveness and potential of different mitigation measures to reduce 

GHG emissions by the fishing fleet. 

 

These are extremely complex issues, and it has not been possible to ad-

dress them all in the context of CLIFFIMA. Activities to date have focused 

upon spatial distribution issues relating to climate and economics, while 

the May workshop will examine the potential economic and societal 

consequences of climate change in the marine environment.  

In broad terms, CLIFFIMA has concentrated on a subset of the institu-

tional issues and socio-economic questions. There is, however, a rapidly 

evolving literature in the field and most of the themes that are raised in 

the above objectives of CLIFFIMA are now being addressed in the litera-

ture. Also, there is a substantial number of scientific as well as policy-

oriented meetings that have recently been held or will be in coming 

months on these issues, discussing how they can be approached and ad-

dressed, e.g. ICES Northwest Arctic Fisheries Working Group, theme ses-

sions and workshops at annual ICES and PICES meetings, and workshops 

by the Ecosystem Studies of Subarctic Seas (ESSAS) programme. Several 
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CLIFFIMA members will be participating in these broader-based meetings, 

bringing with them results from CLIFFIMA work and discussions.  

In terms of fisheries management, the effect of climate on exploita-

tion and quota shares, reliability of decision-making systems, zone at-

tachment and harvest control rules, energy consumption of the fish sec-

tor, and economic and societal consequences of future changes in the 

stocks have been considered through papers, as part of the two confer-

ences (Nordic Climate-fish 1 and 2) and at a special conference on these 

themes (see CLIFFIMA homepage for further details).  

During the CLIFFIMA-net project there has been affiliation with the 

Joint Nordic Master’s Programme on Marine Ecosystems and Climate 

that has resulted in production of several theses supervised by CLIFFI-

MA members. In addition to this master’s course, which exposes stu-

dents to the science and scientists from several Nordic countries, 

CLIFFIMA has supplied several established scientists with mobility 

grants to increase the interaction and cooperation between Nordic 

oceanographic institutions. Three larger conferences have been held, as 

well as several smaller meetings and seminars. More details can be 

found at the CLIFFIMA homepage.  
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11.4 Network 4: Nordic research network on animal 
genetic resources in the adaptation to climate 
change – AnGR-NordicNET 

This research network aimed to contribute to developing a Nordic 

knowledge-base for policy-making for the conservation, utilisation and 

investigation of animal genetic resources in the face of climate change. 

Five work-packages (WP) were defined to meet this goal. The results of 

each of these are outlined below. 
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11.4.1 WP1  

The objective of WP1 was to review current knowledge of climate 

change effects on the Nordic agroecosystems and livestock production 

by conducting a literature survey. The initial plan of publishing one re-

view was expanded to include two manuscripts: one paper on future 

trends in livestock production in the face of climate change and a grow-

ing human population, and a second article focusing on the role of farm 

animal genetic resources in mitigation.  

The first literature survey, “Current status of livestock production in 

the Nordic countries and future challenges with a changing climate and 

human population growth,” has been submitted to Acta Agriculturae 

Scandinavica (Åby et al. 2014). It aims at: 1) giving an overview of cur-

rent Nordic livestock production, reviewing important trends, and dis-

cussing relevant factors for future production conditions for Nordic live-

stock production; 2) describing the use of land, energy, mineral fertiliser, 

pesticides and feed resources for livestock production, in addition to the 

GHG emissions originating in agriculture and livestock; and 3) reviewing 

important factors for the future conditions of Nordic livestock produc-

tion, such as human population growth and climate changes. The paper 

also discusses possible adaptations of Nordic livestock production to 

these new production conditions, thereby ensuring food security while 

reducing GHG emissions. 

The general conclusions of the survey were that Nordic livestock 

production needs to focus on the implementation of climate-smart agri-

culture. This includes increasing the degree of self-sufficiency by relying 

more on domestic, rather than imported, feed resources. Animal produc-

tivity needs to be increased and the environmental impact, mainly GHG 

emissions from livestock, needs to be reduced. Overall, there is a great 

need for more knowledge on how to optimise Nordic livestock produc-

tion in response to the changes brought about by climate change. 

The second paper will be submitted to Frontiers in Livestock Genomics – 

Advances in Farm Animal Genomic Resources and focuses mainly on reduc-

tion of the impact of livestock production on the climate. There are several 

practical approaches that could advance livestock production systems’ po-

tential to adapt to climate change and reduce GHG emissions, including 

altering pasture rotations, modifying grazing times and reproduction tim-

ing, altering forage crops, ensuring an adequate water supply, using sup-

plementary feeds and concentrates, and benefiting from the reduced need 

for winter housing in cold climates. In addition, there are various political 

measures that can be employed to regulate livestock production and con-

sumption of products of animal origin and that can lead to a reduction of 
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GHG emissions. Political regulation through taxes and subsidies can dimin-

ish GHG emissions by promoting new technologies, research results and 

innovation that will influence the use of various agricultural inputs and 

applied practices in livestock production, the portfolio of products cultivat-

ed and produced for the market, and consumer behaviour.  

Moreover, management of available farm animal genetic resources 

should be considered in adaptation and climate change mitigation strat-

egies. This includes choosing between breeds, and even between farm 

animal species, to find those that are suitable for changing circumstanc-

es and applying “mitigation and adaptation breeding” to select breeds 

and animals with useful phenotypes and genotypes. 

The key issue in mitigating harmful GHG effects induced by livestock 

production on global warming is reducing CH4 (methane) emissions 

from ruminants, especially from beef and dairy cattle. There are difficul-

ties associated with including methane production as one of the traits 

controlled in ruminant production, collecting data for breeding schemes 

on farms and including the trait (CH4 emission) in the total breeding 

value in practice. Techniques for this must be developed. In the mean-

time, we can improve the trait indirectly through selection of traits that 

have a correlated effect on emissions and improve the efficiency of the 

livestock production system (fertility, residual feed intake, longevity). In 

addition, there may be increasing demand for robust animal breeds that 

have the potential to adapt to altered environmental conditions and 

tolerate new livestock diseases and pests. Characterisation of breeds 

with modern genomic tools, such as whole-genome sequencing and 

transcriptome profiling, can be applied to identify breeds that have the 

potential to tolerate new pathogens and are genetically adapted to mar-

ginal circumstances. This will provide critical information for conserva-

tion programmes for farm animal genetic resources. 

11.4.2 WP2  

Dairy cattle breeding in the Nordic countries is currently not specialised 

with regard to production systems or geographical region, and therefore 

not with regard to climatic parameters either. It is unclear whether this 

chosen compromise satisfies needs at the extremes of environmental 

gradients and herd management. To assess this, an understanding of 

genotype by environment (G x E) effects and their impact on production 

traits, as well as on functional traits such as fertility and longevity, is 

needed. The aim of WP2 was thus to assess G x E effects on fertility, lon-

gevity and milk production in dairy cattle.  
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The most important climate changes that may affect dairy production 

are increases in temperature and humidity during summer. As suggested 

by the results of a number of US studies, the trait that is most likely to be 

affected is fertility. A literature survey was conducted in WP2 and is 

included in a Ph.D. project, as well as in a book chapter (Misztal and 

Løvendahl 2012). 

Traditional fertility data was obtained from a large number of Danish 

dairy cows in commercial farms with state–of-the-art recording equip-

ment and automated milking. Recorded data also included activity data 

from neck-mounted activity tags that read physical activity at two-hour 

intervals, thus providing good resolution. The equipment is used to detect 

cows in oestrus and thus indirectly to monitor fertility. Activity data may 

also be used for objectively assigning strength and duration of oestrus 

episodes. Thus far, data has been obtained from 80 herds with a total of 

nearly 17,000 cows and delivered by the Danish Knowledge Centre for 

Dairy and Cattle Farming in Skejby. Pedigree data is also available, so es-

timates of heritabilities and genetic correlations can be obtained as well.  

Estimates of heritability for traditional fertility traits were rather low, 

which is consistent with expectations from previously reported findings. 

The definition of activity-based fertility traits involved development and 

validation of detection algorithms. Previously published algorithms had to 

be modified in order to be able to handle commercial herd data, which is 

often affected by many minor errors. By applying modified and optimised 

algorithms it was found that a) the activity-based traits have higher herit-

ability than traditional traits, b) they are genetically highly correlated so 

that they are very similar, and c) the activity-based traits also provide 

information about strength and duration of oestrus that show genetic 

variation. This has been reported at meetings, and will be presented at the 

upcoming WCGALP in Vancouver (Ismael et al. 2014).  

11.4.3 WP3 

There is an urgent need to conserve genetic diversity in farm animal 

populations in order to maintain adaptation and breeding potential. 

Characterising and prioritising populations for conservation comprise 

one challenge. The aim of WP3 was to assess the accuracy of alternative 

types of genetic markers and genetic measures estimated from these 

markers in quantifying genetic diversity. 

A computer simulation model of the evolution of populations, which 

simulates whole-genome sequence data, was developed and pro-

grammed. The whole-genome sequence genotypes and the trait values of 
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the animals were outputted for further analysis using various measures 

of genetic diversity. 

Prioritising breeds for conservation is of high importance for halting 

the erosion of genetic diversity observed in livestock species, as extinc-

tion of local breeds continues and the resources available for conserva-

tion programmes are limited. Current approaches usually only take neu-

tral genetic diversity into account, but adaptation of breeds to different 

environments also contributes to the diversity found in livestock spe-

cies. Here we developed two measures of adaptive variation. The adap-

tive diversity in a trait is the excess of variance found in genotypic values 

relative to the variance that would have been expected in the absence of 

selection. The adaptivity coverage of a set of breeds quantifies how well 

the breeds could be adapted to a wide range of environments within a 

limited timespan. Additionally, genome-based measures of neutral di-

versities were obtained that correspond to well-known pedigree-based 

definitions. Objective functions taking both adaptive diversity and neu-

tral diversity into account were proposed and compared using simulated 

data. The values of breeds for conservation of adaptive diversity were 

only slightly correlated with their values for conservation of neutral 

diversity, but their values for conservation of adaptivity coverage 

showed a reasonable correlation with both adaptive and neutral diversi-

ty when the appropriate timespan was chosen. 

To better understand the population structure of cattle and to detect 

genomic regions showing signatures of diversifying selection and adap-

tation, we investigated 10 Eurasian Bos taurus cattle breeds (taurine 

cattle breeds) with a whole-genome SNP array (about 50 000 SNP mark-

ers). Population structure analysis indicated four distinct groups, the 

most divergent extreme being the Yakutian cattle from Russia. We also 

found that present effective population sizes for the breeds are alarm-

ingly low, indicating the need for conservation activities. When compar-

ing regions showing signatures of selection to known QTL regions, in-

tensively selected dairy breeds showed selection in the regions associat-

ed with milk production, as expected. Interestingly, in the local native 

breeds, strong signals were detected in regions associated with feed 

efficiency. This could indicate footprints of adaptation to local conditions 

and to feed with low nutritional content in particular. The link obtained 

from the genome scan between genotype, phenotype and fitness of the 

population can offer valuable information in the future. Meanwhile, local 

genetic resources may provide unique genetic material for future breed-

ing purposes, such as introgression and genomic selection approaches. 
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11.4.4 WP4 

The availability of farm animal genetic diversity to meet future breeding 

goals, which will change at a pace with climate change, is merely a pre-

requisite for the adaptation process. It is paramount that favourable 

traits are either swiftly introduced into the currently utilised breeds or 

that the current breeds are replaced by new and better adapted breeds, 

as climate change will call for new adaptations. The aim of WP4 was to 

compare alternative methods for introducing favourable traits into farm 

animal populations. 

Climate change leads to new conditions for livestock production, and 

genetic adaptations are needed to avoid reduced animal productivity. It 

is insufficient to have genes affecting adaptive traits among a conserved 

set of breeds. Such genes need to be implemented quickly within the 

currently used breeds or the breeds need to be replaced with better 

adapted, possibly crossbred, populations. Computer simulations were 

performed comparing different selection strategies applied to two sub-

populations divergently selected for a production or fitness trait. The 

selection strategies were: 1) selection within the production population 

using BLUP; 2) selection within the production population using ge-

nomic selection; 3) crossbreeding between the production population 

and the fitness population using BLUP; 4) crossbreeding using genomic 

selection (GBLUPCB). The results clearly showed that the alternative 

selection strategies resulted in different adaptation rates. A combination 

of crossbreeding and genomic selection resulted in the fastest genetic 

adaptation. The adaptation potential was also dependent on the initial 

difference in genetic level between the cross- and purebred populations. 

GBLUPCB resulted in the highest genetic gains for the production popula-

tion: ~5 times higher than traditional BLUP purebreeding. For the fit-

ness population, this figure was ~2 times higher than traditional pure-

breeding. However, further studies including other selection strategies 

and practical livestock breeding schemes need to be carried out. 

11.4.5 WP5 

WP 5 aimed to summarise the new scientific knowledge gained from the 

activities of the other WPs and to derive recommendations for strategies 

addressing the conservation and utilisation of animal genetic resources. 

Two network members participated in the workshop organised by 

the Nordic Council of Ministers in October 2013 to discuss the final re-

port on climate change that will form the basis for recommendations to 

the Nordic Council and the governments of the Nordic countries. The 
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main points from the network’s projects and the workshops are pre-

sented in the final report. 

The members of the AnGR-NordicNET met for a two-day workshop in 

November 2013 to draft the contributions of the network to the report. 

The contributed chapters include discussions of the effects of climate 

change on livestock production, possible adaptation and mitigation of 

GHG emissions, as well as possible use of genetic resources to meet fore-

seen challenges. 
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11.5 Network 5: Nordic Forage Crops Genetic 
Resource Adaptation Network NOFOCGRAN 

The aim of this research network has been to develop a strong network of 

researchers and students involved in the development of knowledge, 

methods and germplasm as the basis for future development of cultivars 

of perennial forage grasses and legumes for the Nordic region. Forage 

grass species and cultivars show great variability in their responses to 

environmental conditions such as temperature and light conditions. Thus, 

there is genetic potential to adapt forage grass production to future cli-

mates. In principle, perennial forage grass species can benefit from ex-

tended growth periods caused by climate change both in early spring and 

late autumn. The key issue is to explore forage grass genetic resources and 

identify traits that are important for high yields in the future under 

changed overwintering conditions as well as management practices. 

The following activities have been carried out by the network: 

http://pure.au.dk/portal/da/publications/genotype-by-environment-interachtions-in-commercial-populations(e8d93238-09f1-4da7-9fed-9db1583d9120).html
http://pure.au.dk/portal/da/publications/genotype-by-environment-interachtions-in-commercial-populations(e8d93238-09f1-4da7-9fed-9db1583d9120).html
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11.5.1 Workshops and international conference 

Two workshops/meetings have been held, the first at the University of 

Helsinki, Finland, on 18–20 May 2011. Twenty-eight members of the 

network participated, together with Dr Ben Trevaskis of the Common-

wealth Scientific and Industrial Research Organisation (CSIRO), Austral-

ia, an internationally renowned expert on the genetics of vernalisation in 

grasses who was invited as an international guest scientist. The work-

shop consisted of presentations from ongoing research activities in the 

partner groups, given mostly by young scientists and Ph.D. students. The 

workshop/meeting was very successful and useful in terms of fostering 

more interaction between the network groups.  

The second meeting was organised by the University of Aarhus, 

Flakkebjerg, Slagelse, Denmark, as a Ph.D. course on bioinformatic anal-

yses of RNA sequencing data followed by a two-day seminar from 7–11 

May 2012. An excursion to the main field station of the plant breeding 

company DLF Trifolium at Store Heddinge was also conducted during the 

workshop. The short-term Ph.D. course had nine participants (restricted 

number), and 33 members of the network participated in the workshop.  

The project leader and a network representative from the Nordic Ge-

netic Resource Center (NordGen) took part in a workshop in Copenha-

gen, Denmark, on 10–11 December 2012 to discuss the policy briefs. 

The final international conference, entitled “Genetic Resources for 

Food and Agriculture in a Changing Climate,” was held in Lillehammer, 

Norway, on 27–29 January 2014. It was organised by the following net-

works: Nordic Forage Crops Genetic Resource Adaptation Network 

(NOFOCGRAN), Sustainable Primary Production in a Changing Climate, 

Nordic Research Network on Animal Genetic Resources in the Adaptation 

to Climate Change (AnGR-NordicNET), and Arctic char: A species under 

threat and with great potentials in the age of climate change (NORD-

CHAR). The Nordic Genetic Resource Center – via NordGen Farm Animals 

and NordGen Forest, Norway – also took active part in the scientific and 

local organisation of the conference. The main aims of the conference 

were to contribute to understanding climate change and its predicted 

impact on agriculture and forestry by: i) increasing our understanding of 

adaptive genetic diversity and adaptation, ii) assessing how genetic re-

sources for food and agriculture are affected by the changing climate, iii) 

discussing the consequences that climate change challenges will have for 

the sustainable utilisation of plant, animal and forest genetic resources, 

and iv) presenting the scientific knowledge accumulated by four networks 

under the research programme Climate Change Impacts, Adaptation and 

Mitigation in Nordic Primary Industries, established by the Nordic Council 
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of Ministers in collaboration with NordForsk. The conference sought to 

bring together participants from all areas relevant to genetic resources for 

food and agriculture in a changing climate. The conference was attended 

by some 130 participants and was considered very successful. Abstracts 

and presentations are available at http://climate.nordgen.org/.  

11.5.2 Modelling  

A modelling study to predict and target desired cultivar traits for yield 

and winter survival of perennial grasses under predicted future climates 

in the Nordic countries has been conducted. This work was integrated 

with modelling activities under the research project “VARCLIM – Under-

standing the genetic and physiological basis for adaption of Norwegian 

perennial forage crops to future climates,” funded by the Research 

Council of Norway, and activities under the “Network of Nordic forage 

modelling. Climate change assessments based on Nordic data” – a net-

work funded by the Nordic Joint Committee for Agricultural and Food 

Research (NKJ). The simulations indicate that frost injury on timothy 

(Phleum pratense) during winter will increase at continental locations in 

the Nordic countries due to reduced snow cover, while perennial 

ryegrass (Lolium perenne) will be injured at coastal locations as well. 

Injuries due to ice encasement will probably increase, mainly at conti-

nental sites. Frost injuries during spring will increase most at coastal 

locations. Independent of which climate change model is chosen, the 

simulations show that the dry matter yields will increase due to extend-

ed growth seasons with higher average temperatures. Physiological 

studies conducted by the network are providing parameter values for 

simulations, and these indicate that it will be more efficient to increase 

the maximum frost tolerance of perennial ryegrass than to improve the 

ability to reacclimate in order to prevent injuries from warm spells dur-

ing unstable winters. These results are important for selecting strategies 

for breeding perennial ryegrass cultivars with improved winter survival. 

11.5.3 Multi-site field trials for estimating phenotypic 
stability of winter survival and yield  

Field trials were sown at locations in four countries: Keldnaholt, Iceland 

(64.132442, 21.856903), Fureneset, Norway (61.359315, 5.716434), 

Jokioinen, Finland (60.803842, 23.485758) and Store Heddinge, Den-

mark (55.311108, 12.357655) in spring 2011 and an identical field trial 

was sown in Länghem, Sweden (57.601506, 13.244271) in spring 2012. 

http://climate.nordgen.org/
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Twenty genetically diverse Nordic and European Lolium perenne and 

Festulolium cultivars, with meadow fescue (Festuca pratensis) cultivars 

as controls, are being tested in the field trials. Lolium perenne and 

Festulolium (hybrids between Lolium spp. and Festuca spp.) are promis-

ing “new” species for the northern parts of Scandinavia when the climate 

is warming. Lolium perenne is the dominating forage grass species in 

Denmark and further south in Western Europe, regions with relatively 

mild coastal winter climates, and it gives high yields with very good nu-

tritive quality. One major aim has been to investigate whether there is 

variation in growth cessation in the autumn among the cultivars. The 

timing of growth cessation is very important in relation to the longer 

growth season resulting from climate change and because of the trade-

off with winter survival. Therefore, at three locations (Iceland, Norway 

and Finland), plants were collected from the field at various time points 

during winter 2012/2013 and winter 2013/2014, and subjected to arti-

ficial freezing tests to determine their freezing tolerance (LT50-lethal 

temperature with 50% of the population surviving). The field experi-

ments are located at distant locations spanning a wide range of coastal 

and continental climates. Preliminary observations show that the culti-

vars are displaying very different adaptations. The three winters have 

also been very different: the first (2011/2012) imposed little winter 

stress, the next (2012/2013) was very stressful, and the third 

(2013/2014) winter was unusually mild but with high precipitation. The 

different winter climates sampled in these experiments provide an ex-

cellent opportunity to study the winter survival and stability of the culti-

vars. In order to obtain at least two full growing seasons at all locations 

(the experiment in Sweden was established one year later than the oth-

ers), and to test for freezing tolerance during winter 2013/2014, the 

timeframe of the NOFOCGRAN network was extended, and the network 

will report the results from these experiments after August 2014. 

In the Norwegian VARCLIM project, surviving plants from multi-site 

field experiments with pre-breeding materials (mixture of adapted and 

exotic germplasms) of several species have been sampled for creation of 

new breeding populations. Field trials were established at five locations 

in Norway, covering coastal-continental and south-north gradients, and 

were cut for three years. DNA from leaf samples was obtained from all 

location x year combinations and is being genotyped by sequencing at 

Aarhus University, Flakkebjerg, Slagelse, Denmark. The same is being 

done with the Lolium perenne and Festulolium cultivars included in the 

multi-site Nordic experiments mentioned above.  
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11.5.4 Physiological studies of cold acclimation, vernalisation 
and flowering responses in relation to winter survival  

The predicted future unstable winter climate with multiple thaw-

ing/freezing incidents and more direct frost exposure will pose new 

types of winter stress, so cultivars with rapid cold acclimation and reac-

climation responses will be needed. Cold acclimation/reacclimation in 

perennial grasses is intimately linked to the transition of tillers from the 

vegetative to the reproductive stage. Thus, functional studies of interact-

ing gene networks involved in cold acclimation/freezing tolerance and 

vernalisation/photoperiodic floral induction are needed. A large-scale 

RNA sequencing experiment with genotypes of Lolium perenne and 

Festulolium differing in vernalisation requirement has been conducted 

as part of the VARCLIM project. Plants were subjected to combinations 

of vernalisation, cold acclimation, deacclimation and reacclimation, and 

at defined time points plants were freeze-tested and tissues were sam-

pled for transcriptome analyses (RNAseq). The idea was to study the 

global gene expression during the cycle of vernalisation, cold acclima-

tion, deacclimation and reacclimation in relation to the level of freezing 

tolerance expressed, and to investigate whether this is dependent on 

vernalisation sensitivity. The freezing tests found significant differences 

among genotypes in maximum freezing tolerance and rates of deaccli-

mation and reacclimation, indicating that it may be possible to manipu-

late these traits by breeding, perhaps by using molecular markers in-

stead of laborious multi-location-year field experiments. The large 

RNAseq datasets are being analysed and manuscripts are being pre-

pared (see list of publications). Candidate gene expression during cold 

acclimation/deacclimation/reacclimation and critical daylengths for 

growth cessation have been studied in the same Lolium perenne and 

Festulolium clones as those being used in the RNAseq study. This is a 

joint investigation between network partners in Norway and Finland. 

The data will be analysed and published during autumn 2014.  

Studies of growth cessation and photosynthetic acclimation in Lolium 

perenne and Festulolium show that a clear relationship exists between 

leaf elongation rate and photosynthetic acclimation. Selection for in-

creased freezing tolerance in a Festulolium population (two generations) 

indicates that this induces earlier growth cessation. Studies in controlled 

environments show reduced freezing tolerance and lower photosynthet-

ic acclimation of timothy, perennial ryegrass and red clover if the tem-

perature is higher than normal during preacclimation in the autumn, 

especially at the shortest daylength. These are the climatic conditions 
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expected to occur more often in connection with the predicted climate 

changes, especially in the northern regions of Scandinavia.  

11.5.5 Disease resistance in a future climate  

In the VARCLIM project, project partners are also studying resistance 

against snow mould (Microdochium nivale), a major cause of winter 

damage of perennial ryegrass and Festulolium in northern environ-

ments. This research involves screening a number of cultivars and 

breeding populations for resistance against a range of Microdochium 

strains, field trials using artificial inoculations, development of methods 

(PCR) for diagnosing and quantifying the fungus, and a large-scale RNA 

sequencing study aiming to elucidate genes involved in the initial re-

sponse to fungal infection. These data are the basis for an M.Sc. degree 

(Anil Kunapareddy) completed in December 2013, and a Ph.D. thesis 

(Mohamed Abdelhalim) to be completed in autumn 2014. 

11.5.6 Scientific gaps identified in the network 

Genomic – Better genomic resources (SNP markers, whole genome se-

quences) of forage crop species are needed in order to perform whole 

genome scans and link phenotypic and molecular variation. Forage crop 

species are lagging behind the development of other crops, e.g. cereals, 

due to much less investment in R&D. The only species with genomic 

resources at a level that makes it feasible to apply the most advanced 

methods for understanding the genome is perennial ryegrass (Lolium 

perenne). This species is therefore the focus of many projects, in addition 

to being a promising species in the wake of climate change. 

Physiology – Understanding and the ability to manipulate growth 

cessation in the autumn and the variation in resistance towards deac-

climation and reacclimation during warm spells are needed. The growth 

season will be longer, and new cultivars that can utilise the longer sea-

son while at the same time withstanding the expected winter stresses 

will be required. We need to understand the fundamental regulatory 

mechanisms behind yield formation of forage grasses under changing 

temperature and photoperiod conditions. Understanding the genetic 

regulation of adaptive traits such as flowering time, cold acclimation and 

winter survival is crucial to developing new, improved and persistent 

high-yielding cultivars with high feeding value.  

Germplasm – Development of efficient methods for utilisation of 

wild-adapted genetic resources and un-adapted exotic germplasm is 
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necessary for developing new cultivars rapidly enough to keep pace with 

the changing growing conditions resulting from climate change. 
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11.5.7 Network 6: Arctic char: a species under threat and 
with great potentials in the age of climate change – 
NORDCHAR 

Arctic char is an Arctic fish species with a circumpolar distribution. At 

present, the Arctic char is retreating from its southernmost locations. 

The distribution and biology of the Arctic char makes it an ideal model 

species for studying the effects of climate change on cold-adapted fish 

species and fish in general. The NORDCHAR project is multi-disciplinary, 

combining ecology, biogeography, evolution and genetics. This project 

seeks to enhance our understanding on aspects of biodiversity, evolu-

tionary mechanisms of speciation and adaptive ecology for Arctic aquat-

ic ecosystems. The resulting information will be of great importance in 

interpreting potential impacts of anthropogenically-induced climate 

change on northern aquatic ecosystems. The results will also be im-

portant in managing the resources in respect to conservation and utilisa-

tion in fisheries and aquaculture alike. 
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In this project, the Nordic countries join forces to accumulate biologi-

cal data on Arctic char and add new knowledge on its genetic diversity. 

As Arctic char has a circumpolar distribution, valuable knowledge can be 

gathered from other areas. Prestigious scientists from Canada and Scot-

land are participating in NORDCHAR. 

Many detailed ecological studies on Arctic char have been conducted. 

By comparing the vast amount of available data on Arctic char ecology, 

life history profiles, population patterns and their environment both in 

the Nordic countries as well as in other areas, better understanding on 

the interplay between climate change and Arctic char biology can be 

achieved. The life history of Arctic char populations can be complex, e.g. 

populations can be resident or anadromous or both to some degree. 

Anadromy, which is generally restricted to northern areas, has been 

suggested to develop when conditions for feeding, growth and overall 

survival and life-time fecundity in fresh water are less favourable com-

pared to seawater. The size and age at first maturation as well as length 

of life span is also highly variable depending on locations.  

A new synchronised genetic tool has been developed to study selected 

populations. A map of the overall genetic diversity of Arctic char has now 

been produced. We collected 5‒6 individuals from more than 30 popula-

tions from the entire distribution area (Figure 11.1). It was decided to 

sequence the whole mitochondrial DNA (mtDNA) to map the genetic vari-

ation (step 1). We chose to study the mtDNA as it interacts with the nucle-

ar genome to produce enzyme systems involved in the energy production 

of the cells. The genetic characteristics of the mtDNA can therefore be 

expected to be sensitive to temperature conditions, as the char is a poiki-

lotherm (body temperature varies with environmental temperatures). In 

step 1, we identified 468 SNP (single nucleotide polymorphism) variations 

(Figure 11.2). In step 2, selected regions of the mtDNA were sequenced for 

1 600 individuals. For step 2, we chose to sequence six regions (ampli-

cons) of the mtDNA genome that were highly variable; ND1, ND2, ND5, 

ND6 and two regions on the D-loop (Figure 11.3). Of the 1,600 individuals, 

60 were specifically for phylogenetics of different-named char from the 

Salvelinus complex. The remaining 1,540 samples were from approximate-

ly 80 different populations of Arctic char from the entire distribution area 

of the species. 

In this study, the evolution and divergence of the Arctic char is being 

mapped. The results can be used to understand and further investigate 

both historical and contemporary aspects of the phylogeographic struc-

ture of the species. 
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Figure 11.1: Sampling locations for the 128 individuals sequenced in step 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.2: An overview of the Artic char’s mtDNA with the 468 previously iden-
tified SNPs (red dots) 
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Figure 11.3: An overview of the Artic char’s mtDNA and the areas sequenced in 
step 2 of the genetic work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.4: Principle coordinates analysis (PCoA) of genetic distance among 
Arctic char samples (step 2). Two genetic groups can be seen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Tamura and Nei (1993). 
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Our results show that Arctic char can be divided into two main groups or 

phylogeographic lineages: one in the northernmost part of North Ameri-

ca and another in the remaining part of the distribution area. In Labra-

dor, hybrids of the two groups can be found (Figure 11.4). The two 

groups can further be divided into subgroups. For example, char in the 

southern part of its distribution in North America form a group (Maine 

and New Brunswick). Further analysis of char in different locations can 

and will be done. Some publications in scientific journals have been 

planned. Detailed description of mtDNA SNP variation will be done 

based on the samples from the first phase of the study. We plan to write 

and publish papers on the construction of a more or less definitive mito-

chondrial, maternal phylogenetic tree for the Arctic char as well as de-

tailed analysis of the divergence of sympatric morphs. Placing Arctic 

char divergence in the broader context of divergence within the genus 

Salvelinus and the family Salmonidae is also an important task. The in-

volvement of any SNPs in temperature-related selective genetic re-

sponses must also be assessed. Analyses of life history data and morpho-

logical characteristics also show variation and in some instances can be 

related to geographical location. Studying the relationships between 

genetic and life history characteristics is another task we have initiated. 

Some trends can already be seen in the Arctic char, a highly variable and 

plastic species. 

Climate change is expected to have a profound impact on natural re-

sources, and thus on the primary industries (agriculture, forestry and 

fisheries) in the Nordic countries. Climate change induces risks but also 

creates possibilities for new production systems on land and in the 

ocean. Climatic changes also represent great challenges for policy-

making and management regimes. The current knowledge base on natu-

ral resources in the Nordic region needs to be expanded to fully address 

the impacts of climate change. In particular it is important to address the 

need for improved policies and new policy instruments. The research 

programme Climate Change Impacts, Adaptation and Mitigation in Nordic 

Primary Industries is a coordinated set of thematic research networks 

with the objective to create a Nordic knowledge base on climate change 

interactions with primary industries in the Nordic region. 

Keywords: Agriculture, forestry, fisheries, climate change, adaptation, 

mitigation. 

 



12. Sammendrag  

Som følge av økonomisk vekst og en raskt voksende middelklasse ventes 

den globale etterspørselen etter høykvalitetsmat, som kjøtt og fisk, nes-

ten å dobles fram mot 2050. Med mindre nye teknologier og mer effektiv 

ressursbruk utvikles vil dette føre til tilsvarende økning i utslipp av kli-

magasser (CO2, metan og nitrogenoksid) fra kjøtt- og planteproduksjon, i 

tillegg til utslipp fra fossile brensler i primærnæringene.  

Jordbrukssektoren dominerer utslippene av klimagasser fra primær-

næringene i de nordiske landene. Utslipp fra disse sektorene varierer 

mellom rundt 5 % av totale nasjonale utslipp på Island, til over 20 % i 

Danmark. Globalt bidrar fiskebåter til 1–2 % av utslippene av CO2. Sam-

tidig tilsvarer opptaket av karbon i nordiske skoger 43 % av samlede 

utslipp som følge av økt biomasse. 

Den forventede temperaturøkningen mot slutten av 21. århundre 

vil i stor grad avhenge av framtidige utslipp. Forlengelse av dagens 

utslippstrender gir en forventet gjennomsnittlig temperaturøkning på 

mellom 2.6 oC og 4.8 oC, og med lavere utslipp mellom 1.4 oC og 3.1 oC. I 

Norden vil temperaturøkningen tilsvare det globale gjennomsnittet i 

sør og vest og det det dobbelte i nord og øst. Økningen vil bli størst om 

vinteren og i områder med kontinentalt klima. Det er ventet mer ned-

bør og mer ekstreme værforhold, mens endringene i vindforhold er 

usikre. Varmt vann transportert med Golfstrømmen er ventet å redu-

seres med 20 % til 30 % mot slutten av århundret. Oppvarmingen vil 

også redusere snø- og isdekket. Det er estimert at snødekket vil redu-

seres med 1–3 måneder i regionen. 

Den nordiske regionen er den eneste delen av jorden der klimafor-

holdene tillater produktivt jordbruk, skogbruk og fiske på så høye bred-

degrader og mørke vintre. Temperaturøkningen er forventet å bli større 

enn det globale gjennomsnittet på de nordligste breddegradene. Dette 

vil føre til nye klimatiske forhold vinterstid, som man hittil ikke har erfa-

ring med. Effektene av slike endringer er vanskelige – for ikke å si umu-

lige – å forutse, og forskningen gir mangelfullt grunnlag for vurderinger 

av potensielle effekter for økosystemer og hvordan klimaendringer vil 

påvirke produktivitet og drift i jordbruk, skogbruk og fiske. 

Jordsmonnet i den nordiske regionen har generelt vesentlig høyere 

karboninnhold enn i andre deler av Europa. Temperaturøkningen øker 
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dekomponeringen av organiske materialer i jord som videre kan øke 

nitrogentilførselen til økosystemer innenfor både skog- og jordbruk. 

Dette sammen med forlenget vekstsesong øker skogveksten, tømmer-

produksjonen og karbonlagringen i den nordiske regionen. Karbonlag-

ringen i biomassen er forventet å øke jevnt som følge av høyere CO2-

konsentrasjon i atmosfæren. Endringer i karboninnholdet i jordsmonn 

er mer usikkert.  

Den mest fremtredende følgen av global oppvarming i Norden vil tro-

lig bli flytting av økosystemer og arter og tilhørende endringer produk-

tiviteten for jordbruk, skogbruk og fiske.  

Oppvarmingen vil påvirke produksjonen av phytoplankton i havet. 

Sammen med endringer i havtemperatur og saltinnhold vil dette endre 

fordelingen og produksjonen for sentrale marine fiskearter. Forskjellige 

arter vil flytte nordover i ulik takt, noe som endrer sammensetningen av 

predatorer, byttedyr og konkurrenter. Dette vil føre til nye typer inter-

aksjon mellom arter, som igjen vil påvirke produktiviteten. Endringer i 

lokalisering og migrasjon av fiskebestander kan også utfordre eksiste-

rende avtaler om deling av fiskebestander eller føre til behov for helt 

nye avtaler. Ferskvannsfisk vil også møte endringer i den geografiske 

fordeling, som vil påvirke kommersielt fiske og fritidsfiske.  

Jordbruksproduksjonen vil flyttes nordover, med økt produktivitet og 

bredere utvalg av jordbruksprodukter i de fleste regioner, i områder 

med egnet terreng og jordsmonn. Innenfor skogbruk vil tresorter flytte 

lenger nordover og til mer høytliggende områder. Forlenget vekstsesong 

vil også øke skogsmassen og produktiviteten i nordiske skoger. 

Mens klimaendringer gir bedre forhold for jordbruk, skogbruk og fis-

ke i de nordiske landene, vil det også tilføre nye risikofaktorer i sam-

menheng med biotisk og abiotisk stress for planter og dyr. Mer varie-

rende sesonger og økt frekvens av ekstremvær, slik som varmebølger, 

tørke, storm og intenst regn, fører med seg nye og endrede trusler for 

produksjonssystemene. Innenfor jordbruk vil avlinger påvirkes, og hus-

dyrproduksjonen kan bli redusert på grunn av fórmangel og varmes-

tress. Innenfor skogbruk er det ventet at brann og storm vil øke risikoen 

for skogskader. Risiko for utbrudd av skadedyr og sykdommer, som 

skaper veksttap, tømmerskader og massiv skogdød, ventes også å øke. I 

ferskvann kan ekstremvær som flom og tørke redusere rekruttering og 

overlevelse for fisk.  

Oppvarmingen vil ikke bare påvirke plante- og dyrearter innenfor 

primærnæringene, men også betingelsene for skadedyr og sykdommer 

som påvirker avlingene. Det vil kunne bli nødvendig å håndtere nye ty-

per ugress, skadedyr og sykdommer som er tilpasset varmere forhold. 
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Generelt trengs nye tilnærminger for å unngå økt bruk av plantevern-

midler. Husdyrproduksjonen vil møte nye og endrede sykdommer over-

ført via insekter eller matvarer som er tilpasset nye klimatiske forhold. 

Noen av disse sykdommene vil også kunne overføres mellom mennesker 

og dyr, som nødvendiggjør nøye oppfølging av utviklingen.  

Siden det kan være langt frem før nye teknologier, materialer eller 

styringssystemer kan implementeres, og siden det vil være nødvendig å 

involvere flere aktører eller institusjoner, er det spesielt viktig å legge 

vekt på tilpasninger. Det bør legges vekst på arealplanlegging og drift, 

bruk av genetiske ressurser for både planter og dyr, og håndtering og 

hindring av dyre- og plantesykdommer. Disse områdene trenger spesiell 

oppmerksomhet for å sikre at offentlig planlegging og insentiver legger 

til rette for effektive tilpasninger hos private aktører. Ved utvikling av 

nye teknologier og styringssystemer for klimatilpasninger bør en også ta 

hensyn til behovet for å redusere utslippene av klimagasser og øke opp-

tak og lagring av karbon i skog og jord. 
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