
• Large areas of Swedish agricultural land have been afforested 
• CO2 sequestration and fossil fuel substitution by trees 
• Will more afforestation be accepted? 
• Examples of environmentally friendly afforestation 
• Afforestation in suggestions for Roadmap 2050 
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On climate mitigation potentials of  
growing trees in agricultural landscapes 

Photo Annika Arnesson 

Presentatör
Presentationsanteckningar
Thermal power stationLandowner’s and the public’s opinionRoadmap 2050; NV Report 6537; NV Arbetsrapport LULUCF 2012-12-11 (2050 felling started before). 
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Karl-Ivar Kumm Agricultural land in Sweden 
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Most abandoned agricultural land has become forest, not built up.Total built up area in Sweden 2005 1.3 million ha including cities, houses, industries, roads etc. (SCB 2008. Markanvändningen i Sverige).Sweden has long experience of traditional forest grazing that was important for food provision until the beginning of the 20th century. Later it has ceased almost completely due to the damage that traditional uncontrolled grazing caused forestry. Another reason was an inefficient livestock sector in forest regions, which was unable to pay any rent for grazing at prevailing meat prices. A report from the Swedish Regional Forestry Boards (Sveriges skogsvårdsstyrelser, 1945) stated the following: “Formerly forest grazing was considered to be very important. Now, the opinion has changed and we increasingly realise the damage that grazing has caused in forestry production. So, we have very good reasons to regard its disappearance as an insignificant loss to agriculture and a great advantage to forestry”



 
 

 
 

  
   

Karl-Ivar Kumm 

‘We have very good reasons to regard 
disappearance of the forest grazing as  
an insignificant loss to agriculture 
and a great advantage to forestry’ 
(Sweden´s County Boards of Forestry, 1945) 

Skogsindustrierna 

An example: Stopped forest grazing in the 1930s  natural regeneration  cleaning  
2-3 thinnings final felling 2011 net felling income 3.9 MSEK/20 ha = 195 000 SEK/ha  

Forest grazing ended during  
the first decades of the 1900s 
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 In the 1920s there were at least 0.7 ha of grazed forests in Sweden (Statistiska centralbyrån, 1930) and it was still more grazed forests still longer back (Mattson, 1985). The forest grazing disappeared nearly completely up to the 1940s (Sveriges skogsvårdsstyrelser, 1945. Sveriges skogsvårdsstyrelser 1905-1944. Nordisk rotogravyr, Stockholm. Statistiska centralbyrån, 1930. Statistisk årsbok för Sverige 1930. Mattson, R.,1985. Jordbrukets utveckling i Sverige. Aktuellt från Lantbruksuniversitetet nr 344).Forest grazing was too poor for dairy cows. Continued grazing killed most of the naturally generated seedlings. Cattle grazing also increased the mortality of planted conifer seedlings. The trampling of grazing animals was also supposed to have an unfavourable effect on the structure of the soil by reducing its pore volume (Bjor, K. and H. Graffer 1962. Beiteundersøkelser på skogsmark. Norges landbruksvitenskaplige forskningsråd. Mariendals boktryckeri, Gjøvik, Norway). Forest grazing was replaced by high yielding clower-grass leys on arable land. 



 
 

Karl-Ivar Kumm Afforestation of the 1950-1960s 
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Sätuna: Agneta Borgenstierna (070-333 61 37; 018-370090), Pelle Mård (070-626 98 59). 1948-55 105 ha, 1960s 132 ha mostly crofter's holding, 1990s 186 ha fields with unfavourable lay out. G36. 10 % attaced by rot. Spruce bark beetle. Planting spruce near the holliday cottages.  



 

  
   

 

Karl-Ivar Kumm Afforestation of the early 1990s  

Sätuna 

Högestad 
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Sätuna: Agneta Borgenstierna (070-333 61 37; 018-370090), Peller Mård (070-626 98 59). 1948-55 105 ha, 1960s 132 ha mostly crofter's holding, 1990s 186 ha fields with unfavourable lay out.  1991-2012 Hybrid aspen 582 m3sk, poplar 544 m3sk, birch 110 m3sk, spruce 80 m3sk. Pelle talar med Torbjörn om att släppa dit djuren. 



Climate mitigation of spruce on forest land 

Old soil  C ignored 

Eriksson et al., 2007. Can J. For. Res. 37:671-681 

7 m3, slash and stumps not  
harvested, wood replacing  
natural gas 

10 m3 (fertilized), slash and stumps harvested, 
wood replacing concrete etc and coal 
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Example used only for demonstrating the model of calculation Demolition wood is assumed to be used as bio fuel. Preserving the forests instead of using them for timber and bio energy production would further increase their average C-content, but precludes the possibility of reducing climate change by substituting fossil fuelsEriksson, E., Gillespie A R, Gustavsson L, Langvall O, Olsson M, Sathre R, Stendahl J (2007) Integrated carbon analysis of forest management practices and wood substitution. Can J For Res 37:671-681.



Source/tree Tree biomass Substitution Increment 
Olsson, 2010 conifer   600-800   
Örlander, 2010 conifer 1400 600-800   
Örlander, 2011 spruce 1400 600-800   
Örlander, 2011 birch 1700 750-1000   
Kumm, 2011 birch 1400 700   
Eriksson, 2011 spruce   13-16 
Eriksson, 2011 birch   9 
Kumm, 2011    
  birch   8 
  birch in pasture   2 
  birch in agroforestry    4 

  Sequestration in tree biomass and emission avoided due to  
substitution (kg CO2/m3) and annual increment (m3/year)     
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Red figures used in subsequent calculations. M3 = m3sk = total volume over bark from stump to tip. Kumm, 2011 birch conservative estimate in order not to exaggerate the mittigation effect (1400<1700; 700<750-1000; 8<9Eriksson, L., Bohlin, F., Hörnfeldt, R., Johansson, T., Lindhagen, A. & Woxblom, A.-C., 2011. Skog på jordbruksmark – erfarenheter från de senaste decennierna. Rapport 11 Institutionen för skogens produkter, SLU.Kumm, K.-I., 2011. Den svenska kött- och mjölkproduktionens inverkan på biologisk mångfald och klimat – skillnader mellan betesbaserade och kraftfoderbaserade system. Jordbruksverkets rapport 2011:21.Oikarinen, M., 1983. Growth and yield models for silver birch (betula pendula) plantations in Southern Finland. Communicationes Instituti Forestalis Fenniae 113. TheFinnish Forest Research Institute.Olsson, M., 2010. Kolets kretslopp och dess koppling till skog, skogsbruk samt samhällets användning av trä och fossila bränslen. Kungl. Skogs- och Lantbruksakademiens Tidskrift nr 4 2010. Örlander, G., 2010. Kungl. Nyttja skogen effektivt för att bromsa växthuseffekten. Skogs- och Lantbruksakademiens Tidskrift nr 4 2010.Örlander, G., 2011. Personal communication (email 2011-03-25)



Sequestration in tree biomass and emission  
avoided due to substitution (kg CO2/ha/year)  

Tree biomass Substitution 

Spruce 13*1400=18200 13*700=9100 

Birch 8*1400=11200 8*700=5600 

Birch in pasture 2*1400=2800 2*700=1400 

Birch in agroforestry 4*1400=5600 4*700=2800 

Hybrid aspen 18*1000=18000 18*500=9000 
Afforested arable land  
EPA 2012 (4 Mton/0.4 Mha) 10000   
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Energivärde asp/björk 2000/2650 KWh/m3 (Ved Info http://www.vedinfo.se/Energivaerde-ved.html).Naturvårdsverket, 2012a. Underlag till en färdplan för ett Sverige utan klimatutsläpp 2050. Rapport 6537. Naturvårdsverket, 2012b. Arbetsrapport LULUCF. Underlag till Naturvårdsverkets redovisning om Färdplan 2050. 2012-12-11.



Sequestration in tree biomass and emission  
avoided due to substitution (Mton CO2/Mha/year)  

Tree biomass Substitution 

 Spruce or hybrid aspen 18 9 

 Birch 11 6 

 Birch in agroforestry 6 3 

Total emissions from agriculture 10 Mton (SBA, 2012). 
Sequestration of 0.6-0.9 Mha can compensate it 
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Sveriges totala utsläpp av växthusgaser 65 Mton CO2e (Naturvårdsverket, 2012a. Underlag till en färdplan för ett Sverige utan klimatutsläpp 2050. Rapport 6537).Jordbruksverket, 2012. Ett klimatvänligt jordbruk 2050. Rapport 2012:35. According to the National Inventory Report of Sweden, 7.9 Mtonnes CO2-equivalents were emitted from the agricultural sector in 2010. In the agricultural sector,methane and nitrous oxide from enteric fermentation, manure management and agricultural soils, are included.
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Kumm, 2011 (NBA Report 2011:21) 
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Kumm, K.-I., 2011. Den svenska kött- och mjölkproduktionens inverkan på biologisk mångfald och klimat – skillnader mellan betesbaserade och kraftfoderbaserade system. Jordbruksverket rapport 2011:21Cederberg, C., Sonesson, U., Henriksson, M. Sund., V. & Davis, J 2009. Greenhouse Gas Emissions from Production of Meat, Milk and Eggs in Sweden 1990 and 2005.SIK-Report 793.
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Kumm, 2011 (SBA Report 2011:21) 
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Kumm, K.-I., 2011. Den svenska kött- och mjölkproduktionens inverkan på biologisk mångfald och klimat – skillnader mellan betesbaserade och kraftfoderbaserade system. Jordbruksverket rapport 2011:21Sequestration in ley 900 kg CO2/ha (Göte Bertilsson, 2011 personal communication; mixture of extensive and intensive ley).



’The climate goal must be achieved in such a way that  
biological diversity is preserved’ ( EPA Environmental Objectives)  
Photo Yngve Henriksson 

Karl-Ivar Kumm 
Sequestration of C in growing trees can 
compensate the emissions of the cattle 



• If the single farm payment (1 100-2 400 SEK) is phased out 
 traditional afforestation or energy forestry on ≥1 Mha (SBA, 
2007) 

• Genetically improved spruce with 46 years rotation and 3 % 
interest: NPV=66 000 SEK; NAV = 2 000 SEK 

• Birch planted and fenced (20 000 SEK) with 64 years rotation 
and 3 % interest: NPV – 11 000; NAV = 0 SEK 

• Birch naturally generated with 39+10 years rotation and 3 % 
interest: NPV = 50 000 SEK; NAV =1 500 SEK 

• Hybrid aspen with 29 years rotation and 3 % interest:  
    NPV = 62 000 SEK; NAV =1 800 SEK (Eriksson et al., 2011) 

 
 
 
 
 

  
   
 

Growing trees in agricultural landscapes  
can be profitable Karl-Ivar Kumm 
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Jordbruksverket 2007. Jordbrukets miljöeffekter 2020 – en framtidsstudie. Rapport 2007:7.Eriksson, L., Bohlin, F., Hörnfeldt, R., Johansson, T., Lindhagen, A. & Woxblom, A.-C., 2011. Skog på jordbruksmark – erfarenheter från de senaste decennierna. Rapport 11 Institutionen för skogens produkterSpruce 46 years NAV SEK/ha: 2% 2100; 3%1400; 2% genetically improved 2800; 3 % genetically improved 2000. Planted alder profitable because of no fencing as planted birch. Hybrid aspen with subsidies and 19 years rotation not as profitable as hybrid aspen with longer rotation and no subsidy. Poplar about the same profitability as hybrid aspen. Oak and wild cherry unprofitable at 3% interest (Eriksson, L., Bohlin, F., Hörnfeldt, R., Johansson, T., Lindhagen, A. & Woxblom, A.-C., 2011. Skog på jordbruksmark – erfarenheter från de senaste decennierna. Rapport 11 Institutionen för skogens produkter, SLU)



• Large land owners have open minds for afforestation but 
smaller ones are generally negative (Petrini, 1964) 

• WTP for wooded pastures and arable land instead of spruce 
is 4000 and 2000 SEK respectively (Drake, 1987 in 2010 VoM) 

• ‘Do not plant trees on land opened up by earlier generations’ 
• Afforestation easier accepted if known that it mitigates 

climate change (Eriksson et al., 2011) 

• Broad-leaved trees ˃ spruce, but spruce accepted in remote 
locations (Eriksson et al., 2011) 

• Silvipasture agroforestry ≈ arable land (Drake et al., 1991; Kumm et 
al., 1995)  
 
 
 
 
 

  
   
 

Karl-Ivar Kumm 
Will more trees in Swedish agricultural  
landscapes be accepted ? 
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Drake, L., 1987. Värdet av bevarat jordbrukslandskap. Resultat från intervjuundersökningar. The value of preserving the agricultural landscape – results from surveys. Sveriges Lantbruksuniversitet, Institutionen för ekonomi och statistic, Rapport 289.Drake L (1999) The Swedish agricultural landscape – economic characteristics, valuations and policy options. Int J Soc Econ 26:1042-1060 Drake, L., Kumm, K.-I. & Andersson, M. 1991. Har jordbruket i Rottnadalen någon framtid? Småskriftsserien, institutionen för ekonomi 48, Sveriges lantbruksuniversitet Uppsala.Kumm K.-I., I. Lund and G. Sjögren 1995. Betesskog. Fakta Ekonomi, nr 2. Sveriges lantbruksuniversitet Uppsala.Especially small land owners prefere grazing before afforestation. Active farmers 40-65 years most frequently plant Salix. Improved field lay out by planting very small plots and along field edges to make them more even. Land owners sensitive to neighbours´and the general public´s opinion (Eriksson, L., Bohlin, F., Hörnfeldt, R., Johansson, T., Lindhagen, A. & Woxblom, A.-C., 2011. Skog på jordbruksmark – erfarenheter från de senaste decennierna. Rapport 11 Institutionen för skogens produkter, SLU; Petrini, F., 1964. Competition between agriculture and forestry under Swedish conditions. Lantbrukshögskolans annaler, volym 30) 



Drawings 
Björn Lundkvist 



Carbon Farming: Farmers in  
Australia and New Zealand can  
get paid (carbon credits) for 
sequestering carbon in trees  
including silvipastorial agroforestry. 
The same in Sweden would make 
afforestation more profitable 
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Payment for sequestering C improve the profitability of afforestation. Australia’s trading scheme will be linked with the EU ETS From 2015. EU ETS = EU Emissions Trading System. A carbon credit is a generic term for any tradable certificate or permit representing the right to emit one tonne of carbon dioxide.  The Carbon Farming Initiative (CFI) allows farmers and land managers to earn carbon credits by storing carbon or reducing greenhouse gas emissions on the land. These credits can then be sold to people and businesses wishing to offset their emissions. Agroforestry in New Zealand—The current situation http://www.tandfonline.com/doi/abs/10.1080/00049158.1979.10674203#preview.Growing Poplar and Willow Trees on Farms Guidelines for Establishing and Managing Poplar and Willow Trees on Farms Compiled and Prepared by the National Poplar andhttp://www.surveyingthebay.co.nz/images/classifying-land-for-forestry-ets-oct2010.pdf. This section provides a number of examples that illustrate how areas of land are classified as eitherforest land or non-forest land under the Act. The examples cover:Post-1989 forest land1. Exotic forest established in pasture2. Young regenerating indigenous forest – closed canopy3. Young regenerating indigenous forest – scattered cover4. AgroforestryPre-1990 forest land5. Second rotation radiata pine6. Other exotic forest7. Willows and poplars on farmlandIndigenous forest land8. Mature indigenous forest9. Regenerating indigenous forestNon-forest land10. Grazing land11. Shelterbelts12. Dense gorse shrubland13. Grazed regenerating shrubland14. Cleared regenerating shrubland15. Scattered regenerationHarvesting and deforestation16. Harvested exotic forest with no replanting17. Harvested exotic forest with regeneration18. Windthrow within existing exotic forest19. Conversion of exotic forest land established before 31 December 1989The examples are not a comprehensive list, but rather have been selected to demonstrate applicationof the main criteria used in classifying land under the ETS. The land use history given in some of theexamples is hypothetical, in order to better illustrate key aspects of the Act or Regulations.Unless otherwise stated, the area under consideration in the examples is taken to be greater than onehectare.Land use historyThe area had been continuously pastorally farmed since the 1960s, with livestock levels sufficient tosuppress regeneration of woody species. In 2001, livestock were removed and the area was planted withPinus radiata at 800 stems per hectare. Once the trees had become established, livestock were allowedback in. The trees have since been pruned and thinned, and stocking is now 250 stems per hectare.Classification process and criteriai) Land status: the area was non-forest land (grassland) on 31 December 1989. The area is thereforeeligible for establishment of post-1989 forest. The area remained non-forest land until it wasplanted.ii) Forest species: Pinus radiata is a forest species on all but the most growth-limited of sites, andalready exceeds five metres in height in this area.iii) Crown cover: the stocking of forest species at the planting date is easily sufficient to achieve afuture crown cover of more than 30 percent.iv) Establishment date: the area met the definition of (exotic) forest land in 2001.ClassificationThe area is post-1989 forest land, established at 2001.ii) Forest species: totara is expected to reach at least 5 metres under practically all growth conditions,and is therefore considered a forest species.iii) Crown cover: because totara grows to be a large tree, it is likely that there was sufficientregeneration before the end of 1997 to achieve a future crown cover of more than 30 percent. Thefarm accounts and photos support this.iv) Establishment date: the area met the definition of (indigenous) forest land in 1997.Land use historyThe area had been continuously pastorally farmed since the 1960s, with livestock levels sufficient tosuppress regeneration of woody species. In 2001, livestock were removed and the area was planted withPinus radiata at 800 stems per hectare. Once the trees had become established, livestock were allowedback in. The trees have since been pruned and thinned, and stocking is now 250 stems per hectare.Classification process and criteriai) Land status: the area was non-forest land (grassland) on 31 December 1989. The area is thereforeeligible for establishment of post-1989 forest. The area remained non-forest land until it wasplanted.ii) Forest species: Pinus radiata is a forest species on all but the most growth-limited of sites, andalready exceeds five metres in height in this area.iii) Crown cover: the stocking of forest species at the planting date is easily sufficient to achieve afuture crown cover of more than 30 percent.iv) Establishment date: the area met the definition of (exotic) forest land in 2001.ClassificationThe area is post-1989 forest land, established at 2001.ii) Forest species: totara is expected to reach at least 5 metres under practically all growth conditions,and is therefore considered a forest species.iii) Crown cover: because totara grows to be a large tree, it is likely that there was sufficientregeneration before the end of 1997 to achieve a future crown cover of more than 30 percent. Thefarm accounts and photos support this.iv) Establishment date: the area met the definition of (indigenous) forest land in 1997.ClassificationThe area is post-1989 forest land, established at 1997.ClassificationThe area is post-1989 forest land, established at 1997.Land use historyThe land has been intensively pastorally farmed since originally being deforested in the late 1800s.Isolated exotic trees have been planted as shelter for stock, about 30 years ago.Classification process and criteriai) Land status: the area was non-forest land (grassland) on 31 December 1989, and continues to beso at present.ii) Forest species: some discrete individual or small areas of (exotic) forest species are present.iii) Crown cover: the areas of forest species present that are likely to have a crown cover of more than30 percent do not comprise contiguous areas of at least one hectare (and so do not qualify asforest land).ClassificationThe area is non-forest land.Future scenarioIf livestock are removed, and the grassland is planted in or regenerates to sufficient forest species toexceed 30 percent crown cover at maturity, the land will be classified as post-1989 forest land andtherefore be eligible to join the ETS.Permanent Forest Sink InitiativeAbout the PFSIThe Permanent Forest Sink Initiative (PFSI) promotes the establishment of permanent forests on previously unforested land.It offers landowners of permanent forests established after 1 January 1990 the opportunity to earn Kyoto Protocol compliant emission units (Assigned Amount Units or AAUs) for the carbon sequestered by their forests since 1 January 2008.To be eligible, the forest must be "direct human induced .... through planting, seeding and/or the human-induced promotion of natural seed sources".PFSI participants enter a covenant with the Crown which is registered against their land title(s). The covenant is in perpetuity, with the right to terminate after a minimum term of 50 years. Landowners are responsible for establishing and maintaining the forest. Limited harvesting is allowed on a continuous cover forestry basis. To register, landowners need to complete an application form and forest sink plan.The PFSI is complementary to the forestry in the New Zealand Emissions Trading Scheme (ETS). Landowners should also consider their options under the ETS.The Field Measurement Approach (FMA) for recording changes in carbon stocks has been approved by Cabinet.The FMA will be compulsory for all forest owners with 100 hectares or more in either the ETS or PFSI.Details, including regulations, standards and a comprehensive guide will be published soon, on the Field Measurement Approach page. http://www.mpi.govt.nz/forestry/funding-programmes/permanent-forest-sink-initiative.aspx.Post-1989 ForestSummary: Owners or those with rights to post-1989 forests can earn New Zealand Units (NZUs) as their forests grow. What is post-1989 forest?Post-1989 forest must have been:not forest land on 31 December 1989, or forest land on 31 December 1989, but was deforested between 1 January 1990 and 31 December 2007, or pre-1990 forest that was deforested on or after 1 January 2008, and where any liability has been met. Post-1989 forest can be exotic or indigenous tree species. http://www.mpi.govt.nz/forestry/forestry-in-the-ets/post-1989-forest.Agroforestry is an appealing option for sequestering carbon on agricultural lands because it can sequester significant amounts of carbon while leaving the bulk of the land in agricultural production. Simultaneously, it can help landowners and society address many other issues facing these lands, such as economic diversification, biodiversity, and water quality. Nonetheless, agroforestry remains under-recognized as a greenhouse gas mitigation option for agriculture in the US (Schoeneberger, 2009. Agroforestry: working trees for sequestering carbon on agricultural lands. Agroforestry Systems 75:22-37)A Guide to Monitoring Carbon Storage in Forestry and Agroforestry ProjectsEcosystem services from agriculture and agroforestry. Measurement and payment. http://books.google.se/books?id=pQgvHJ7dBA8C&pg=PT182&lpg=PT182&dq=agroforestry+new+zealand+carbon+credits&source=bl&ots=mlyAL5Qk9E&sig=NfwV_HED6UXwxRUJUhE63R_9TV8&hl=sv&sa=X&ei=1viRUcTLFZDV4AT2ooD4Cg&redir_esc=y.Australia: Carbon Farming Iniative; Income from storing carbon through reforestation and enhancing carbon in agricultural soil. The benefits of planting native tree species on degraded paddocks, for example, go beyond carbon storage. Shelter belts of native species for lambing paddocks can boost lambing percentages by up to 15 per cent, while the right species mix can improve soils through nitrogen fixation and nutrient cycling and provide habitat for wildlife. Carbon credits can be sold in carbon markets, for example to businesses that have to pay a carbon price and have an incentive to reduce or offset their emissions. Carbon credits can also be sold to organisations that have adopted voluntary climate change targets, or businesses that offer carbon neutral products to consumers. Rancher: “I earn income from carbon credits by planting native trees, eucalyptus and scrub in paddocks also resulting in windbreak, bird and wildlife habitats, shade for livestock.Under Australia's carbon pricing mechanism, carbon has a fixed price of $23 per tonne in 2012-13. Australian Government, Carbon Farming Iniative. http://www.climatechange.gov.au/cfi. 



Windbreak trees and shrub can  
reduce wind erosion, sequester carbon, 
produce bioenergy, create wildlife  
habitats and increase biodiversity 

Photo Peter Sylwan 

Photo Peter Sylwan 

Photo Peter Sylwan 
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A windbreak or shelterbelt is a plantation usually made up of one or more rows of trees or shrub planted in such a manner as to provide shelter from the wind and to protect soil from erosion. They are commonly planted around the edges of fields on farms.Wind erosion  Lost top soil decrease the land's productivity. In addition, dust in the air can cause automobile accidents, kill young agricultural crops, and damagepublic facilities such as roads. Strong and sustained winds along with dry, bare soils contributed to serious soil loss. �The most familiar result of wind erosion is the loss of topsoil and nutrients which reduces the soil's ability to produce crops. 



Forested buffer strip (Iowa US) 
 
• Sequester C 
• Intercept sediment and nutrients 
• Create wildlife habitat 
• Increase biodiversity 
• Reduce wind erosion 
• Plug up covered drains? 
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Buffer strips trap sedimemt, and enhance filtration of nutrients and pesticides by slowing down runoff that could enter surface waters



• Advisory services to farmers about perennial energy 
crops 

• Investigate taxes on fertilizers and meat consumption 
• Investigate increased support to biogas production from 

manure 
• R&D about ways to reduce GHG emissions from animal 

and plant production and organic soils 
• Advisory services to farmers about profitability and 

climate benefits of afforestation of arable land not in use 
  

Agricultural measures in the EPA´s  
suggestions for ’Sweden with  
no net GHG emissions by 2050’ Karl-Ivar Kumm 
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Roadmap 2050; NV Report 6537; NV Arbetsrapport LULUCF 2012-12-11.Tax on fertilizers abolished. Meat tax has been dismiss by the Minister for agriculture. 



• Without ended forest grazing and afforestation of ˃ 1 Mha 
    agricultural land Sweden’s climate footprints would have    
    been much bigger   
• C-sequestration and fossil fuel substitution by trees in 

pastures can make beef and lamb production as climate-
smart as pork and chicken production 

• C-sequestration of 0.6-0.9 Mha can fully compensate the 
GHG emissions from the Swedish agriculture for many 
decades   

• Landscape friendly afforestation is necessary for 
acceptance 
 
 

Conclusions Karl-Ivar Kumm 
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Avoidance of deforestation and the planting of new forests are more cost-efficient than most other ways to reduce greenhouse gas emissions (Sathaye et al. 2001; Stern 2007)Stern N (2007) The Economics of Climate Change, The Stern review. HM Treasury, London.Sathaye J A, Makundi W R, Andrasko K, Boer R, Ravindranath N H, Sudha P, Rao S, Lasco R, Pulhin F, Masera O, Ceron A, Ordonez J, Deying X, Zhang X, Zuomin S (2001) Carbon mitigation potential and costs of forestry options in Brazil, China, India, Indonesia, Mexico, the Philippines and Tanzania. Mitig. Adapt. Strateg. Glob. Change 6:185-2110.5 Mha not activelly used (green fallow 0.15, surplus ley 0,25, land not applied for support. Mostly small fields not suitable for modern agriculture. SBA Report 2008:7.Only 1.5 Mha necessary for producing all grain, meat and milk consumed in Sweden (EPA Report 4755).
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