
July 2011 i  

 

 





 Acknowledgments 

July 2011 iii  

Acknowledgments  
An Assessment of Emissions and Mitigation Options for Black Carbon for the Arctic 
Council is a report of the Arctic Council Task Force on Short-Lived Climate Forcers. 

© Arctic Council 2011 

This report and its supplemental material contained in appendices are available at: 
http://arctic-council.org. 

The Task Force’s 2011 Progress Report and Recommendations for Ministers is also 
available at: http://arctic-council.org. 

Co-chairs of the Task Force on Short-Lived Climate Forcers: 

• Benjamin DeAngelo, U.S. Environmental Protection Agency, editor 

• Håvard Toresen, Norwegian Ministry of the Environment 

National representatives of the Task Force and contributors to this report: 

• Reino Abrahamsson, Swedish Environmental Protection Agency 

• Carsten Eskebjerg, Danish Ministry of Climate and Energy 

• Mette Frost, Infrastructure Agency, Greenland 

• Michael Geller, U.S. Environmental Protection Agency 

• Jeanne-Marie Huddleston, Environment Canada 

• Jennifer Kerr, Environment Canada 

• Kaarle Kupiainen, Finnish Environment Institute/International Institute for 
Applied Systems Analysis (IIASA) 

• Venkatesh Rao, U.S. Environmental Protection Agency 

• Seppo Sarkkinen, Finnish Ministry of the Environment 

• Marcus Sarofim, U.S. Environmental Protection Agency 

• Erika Sasser, U.S. Environmental Protection Agency 

• Jesper Stubkjær, Danish Environmental Protection Agency 

• Vigdis Vestreng, Climate and Pollution Agency, Norway 

The Task Forces wishes to especially thank Zig Klimont of IIASA for making available 
the GAINS analyses for this report. 

The Task Force also thanks those who provided reviews and comments: 

Peter Lahm, U.S. Forest Service; Pam Pearson, International Cryosphere Climate 
Initiative; Elena Kobets, ERC Bellona; Michael Walsh, independent consultant; Ellen 
Baum, Clean Air Task Force; Brad Kinder, U.S. Forest Service; Brian Muehling, U.S. 
Environmental Protection Agency 

Editing and layout:  Katherine Bronstein, RTI International 

Photos:  All photos contained in this report were taken in Ilulissat, Greenland at the 
time of the April 2010 Senior Arctic Officials meeting. 

http://arctic-council.org/
http://arctic-council.org/




Table of Contents 

July 2011 v  

Table of Contents 
Acknowledgments .............................................................................................................................. iii 

List of Acronyms ................................................................................................................................. xi 

Technical Summary ....................................................................................................................... TS-1 
Key Findings ..................................................................................................................TS-3 

Section 1 – Introduction .................................................................................................................. 1-1 

Section 2 – Climate Change and Health Effects: Setting the Context ...................................... 2-1 

Introduction ...................................................................................................................... 2-2 
2.1 Climate Change in the Arctic ................................................................................. 2-2 

2.1.1 The Role of Black Carbon in Arctic Climate Change ............................. 2-4 
2.1.2 Recent AMAP Analyses .......................................................................... 2-8 
2.1.3 The Potential Role of Methane and Tropospheric Ozone in Arctic 

Climate Change ...................................................................................... 2-10 
2.2 Brief Overview of Global Health Effects Related to SLCFs ............................... 2-10 

Section 3 – Current Black Carbon and Organic Carbon Emissions .......................................... 3-1 
Introduction ...................................................................................................................... 3-2 
3.1 Arctic Region Emissions in the Global Context .................................................... 3-2 
3.2 Comparing Emission Inventories ........................................................................... 3-5 

Uncertainties .......................................................................................................... 3-7 
3.3 Total Arctic Council Emission Estimates ............................................................ 3-13 

3.3.1 Bond Emissions Estimates ..................................................................... 3-13 
3.3.2 GAINS Emissions Estimates ................................................................. 3-15 
3.3.3 Emissions Data Used by AMAP ............................................................ 3-17 

3.4 National Emission Inventories of Arctic Council Nations .................................. 3-18 
3.4.1 Canada.................................................................................................... 3-18 
3.4.2 Denmark, Greenland, and the Faroe Islands .......................................... 3-23 
3.4.3 Finland ................................................................................................... 3-28 
3.4.4 Norway ................................................................................................... 3-30 
3.4.5 Sweden ................................................................................................... 3-38 
3.4.6 United States .......................................................................................... 3-42 

3.5 Synthesis of Emissions Inventories ..................................................................... 3-50 

Section 4 – Projected Future Emissions ........................................................................................ 4-1 

Introduction ...................................................................................................................... 4-2 
4.1 GAINS Projected Emissions for 2020 and 2030 ................................................... 4-2 
4.2 National Projections ............................................................................................. 4-11 

4.2.1 Canada......................................................................................................... 4-11 
4.2.2 Denmark, Greenland, and the Faroe Islands .......................................... 4-14 
4.2.3 Finland ................................................................................................... 4-17 
4.2.4 Norway ................................................................................................... 4-20 
4.2.5 Sweden ................................................................................................... 4-22 
4.2.6 United States .......................................................................................... 4-25 

Section 5 – Current Regulations, Policies, and Programs Relevant for Emission Control .. 5-28 
Introduction .................................................................................................................... 5-29 
5.1 Transnational Programs ....................................................................................... 5-30 

5.1.1 North American Programs ..................................................................... 5-30 



Table of Contents 

July 2011 vi  

5.1.2 European Programs ................................................................................ 5-30 
5.1.3 International Shipping Regulations........................................................ 5-34 

5.2 Arctic Council Nations’ Specific Initiatives ........................................................ 5-34 
5.2.1 Canada.................................................................................................... 5-34 
5.2.2 Denmark, Greenland, and the Faroe Islands .......................................... 5-38 
5.2.3 Finland ................................................................................................... 5-41 
5.2.4 Norway ................................................................................................... 5-42 
5.2.5 Sweden ................................................................................................... 5-43 
5.2.6 United States .......................................................................................... 5-45 

Section 6 – Additional Mitigation Opportunities ......................................................................... 6-1 
Introduction ...................................................................................................................... 6-2 
6.1 Additional Mitigation Potential Estimated by the GAINS Model ......................... 6-2 
6.2 Sectoral Information Provided By Arctic Council Nations ................................... 6-6 

6.2.1 Domestic (Residential Heating) .................................................................... 6-6 
6.3 Transport .............................................................................................................. 6-10 

6.3.1 Off-Road Vehicles and Working Machinery ......................................... 6-11 
6.3.2 International Marine Shipping ............................................................... 6-12 
6.3.3 Fishing Vessels ...................................................................................... 6-13 

6.4 Energy and Industrial Production and Waste ....................................................... 6-13 
6.4.1 Energy Production ................................................................................. 6-13 
6.4.2 Industrial Production .............................................................................. 6-14 

6.5 Agricultural and Open Biomass Burning ............................................................. 6-14 
6.5.1 Agricultural Burning .............................................................................. 6-16 
6.5.2 Prescribed Forest Burning...................................................................... 6-16 
6.5.3 Wildfires ................................................................................................ 6-18 

6.6 Gas Flaring ........................................................................................................... 6-18 

References ......................................................................................................................................... R-1 

Appendix A – Canada 

Appendix B – Kingdom of Denmark, Greenland, and the Faroe Islands 

Appendix C – Finland 

Appendix D – Norway 

Appendix E – Sweden 

Appendix F – United States 

Appendix G – GAINS Data 

Appendix H – Bond Data



List of Figures 

July 2011 vii  

List of Figures 
TS-1.  Total black carbon and organic carbon emissions, excluding open biomass burning, 

in 2000 and 2005 from the Arctic Council nations, Gigagrams .......................................... TS-4 
TS-2. Total black carbon and organic carbon emissions, including open biomass burning, in 

2000 and 2005 from the Arctic Council nations, Gigagrams............................................... TS-5 
TS-3.  Black carbon emissions projections based on current legislation and a baseline of 

2005 (Amman et al., 2010) .................................................................................................. TS-7 
2-1. Average monthly Arctic sea ice extent, September 1979 to 2010 (NSIDC, 2008)................ 2-3 
2-2.  Arctic September sea ice extent (10

6
 km

2
) from observations (thick red line) and 13 

IPCC AR4 climate models, together with the multi-model ensemble mean (solid 

black line) and +/- standard deviation (dotted black line). (Stroeve et al., 2007) .................. 2-7 
3-1. Relative importance of source regions to annual mean Arctic concentrations at the 

surface and in the upper troposphere (250 hPa) for BC (Shindell et al., 2008)
 
 .................... 3-3 

3-2. Global BC emissions by latitude for the Arctic region and the rest of the world 

(Gg/degree latitude). .............................................................................................................. 3-4 
3-2.  Global BC emissions by source category for 2000 by latitude. ............................................. 3-5 
3-3.  Black carbon emissions by sector and Arctic Council nation for 2000 in Gg (Bond, 

2009). ................................................................................................................................... 3-14 
3-4. Organic carbon emissions by sector and Arctic Council nation for 2000 in Gg (Bond, 

2009); open burning included. ............................................................................................. 3-14 
3-5. Organic carbon emissions by sector and Arctic Council nation for 2000 in Gg (Bond, 

2009); open burning not included. ....................................................................................... 3-15 
3-6. BC emissions by sector for 2000 and 2005, not including open biomass burning, all 

Arctic Council nations (Gg/yr). ........................................................................................... 3-16 
3-7. OC emissions by sector for 2000 and 2005, all Arctic Council nations (Gg/yr). ................ 3-17 
3-8. BC and OC emissions for 2006 by sector, Canada (Gg/yr). ................................................ 3-20 
3-9. Provincial breakdown of BC emissions in 2006 by sector, Canada (Gg/yr)........................ 3-21 
3-10. Provincial breakdown of OC emissions in 2006 by sector, Canada (Gg/yr). ...................... 3-21 
3-11. BC and OC emissions for 2000 and 2005 by sector, excluding open biomass burning, 

Canada in Gg/yr. .................................................................................................................. 3-23 
3-12. BC and OC emissions by sector for 2000, 2005, and 2010, Denmark and the Faroe 

Islands (Gg/yr). .................................................................................................................... 3-24 
3-13. BC and OC emissions by sector for 2000, 2005, and 2010, Greenland (Gg/yr). ................. 3-26 
3-14. Comparison of total BC and OC emissions inventories for Denmark, Greenland, and 

the Faroe Islands to GAINS and Bond (Gg/yr).................................................................... 3-27 
3-15. BC and OC emissions for 2000 and 2005 by sector, Denmark, Greenland, and the 

Faroe Islands in Gg/yr. ......................................................................................................... 3-27 
3-16. BC and OC emissions by sector for 2000 and 2005, Finland (Gg/yr). ................................ 3-29 
3-17. BC and OC emissions for 2000 and 2005 by sector, Finland in Gg/yr. ............................... 3-30 
3-18. Historical trends in PM2.5 emissions by SNAP category for 1980, 1990, 1995, and 

2000–2008, Norway (Gg/yr). ............................................................................................... 3-31 
3-19. Temperature and snow cover in Oslo, Norway, in autumn 2002. ........................................ 3-32 
3-20. Ratio between flared and produced petroleum in Norway, 1990–2008. .............................. 3-35 
3-21. Comparison of Norwegian and GAINS PM2.5 emissions for 1990–2005, aggregated to 

SNAP categories in Gg/yr. ................................................................................................... 3-37 
3-22. BC and OC emissions for 2000 and 2005 by sector, Norway (Gg/yr). ............................... 3-37 
3-23. Total emissions of PM2.5 for 1990–2008, Sweden (Gg/yr). ................................................. 3-38 
3-24. Detailed emissions breakdown of PM2.5 emissions in Sweden for 1990–2008, 

excluding international shipping (Gg/yr). ............................................................................ 3-39 
3-25. Emissions of PM2.5 in 2007 from combustion sources and the amount derived from 

different fuels, Sweden (Gg/yr). .......................................................................................... 3-40 
3-26. BC and OC emissions by sector for 2007, Sweden (Gg/yr). ............................................... 3-41 



List of Figures 

July 2011 viii  

3-27. BC and OC emissions for 2000 and 2005 by sector, Sweden (Gg/yr). ................................ 3-42 
3-28. BC and OC emissions by sector for 2005, United States (Gg/yr). ....................................... 3-45 
3-29. Emissions of PM2.5, OC, and BC by source category in 2005, United States (Gg/yr). ........ 3-46 
3-30. Percent of BC and OC emissions in Gg for 2005, grouped by combustion categories, 

United States. ....................................................................................................................... 3-47 
3-31. Detailed breakdown of BC emissions (total of 308 Gg) in the Transport sector, 

United States 2005 NEI (U.S. EPA, 2011). ......................................................................... 3-48 
3-32. BC and OC emissions for 2000 and 2005 by sector, United States (Gg/yr). ....................... 3-49 
3-33. BC and OC emissions for 2000 and 2005 by sector, United States (Gg/yr). ....................... 3-50 
3-34. BC and OC emissions for 2000 and 2005 by sector, Iceland (Gg/yr). ................................. 3-51 
3-35. BC and OC emissions for 2000 and 2005 by sector, the Russian Federation (Gg/yr). ........ 3-52 
4-1. BC emissions for all Arctic Council nations by aggregated sector (Gg/yr). .......................... 4-5 
4-2. OC Emissions for Arctic Council nationa by aggregated sector (Gg/yr). .............................. 4-6 
4-3. GAINS projected BC and OC emissions for Canada (Gg/yr). ............................................... 4-7 
4-4. GAINS projected BC and OC emissions for Denmark, Greenland, and the Faroe 

Islands (Gg/yr). ...................................................................................................................... 4-7 
4-5. GAINS projected BC and OC emissions for Finland (Gg/yr). .............................................. 4-8 
4-6. GAINS projected BC and OC emissions for Iceland (Gg/yr). ............................................... 4-8 
4-7. GAINS projected BC and OC emissions for Norway (Gg/yr). .............................................. 4-9 
4-8. GAINS projected BC and OC emissions for the Russian Federation (Gg/yr). ...................... 4-9 
4-9. GAINS projected BC and OC emissions for Sweden (Gg/yr). ............................................ 4-10 
4-10. GAINS projected BC and OC emissions for the United States (Gg/yr). ............................. 4-10 
4-11. Total BC emissions trends 2005 through 2030, Canada. ..................................................... 4-12 
4-12. BC emissions trends by major sector in Gg, 2005 through 2030, Canada. .......................... 4-13 
4-13. Comparison of national and GAINS CLE projected 2030 BC emissions estimates, 

Canada (Gg). ........................................................................................................................ 4-14 
4-14. BC and OC emissions for 2000–2030, Denmark and the Faroe Islands. ............................. 4-15 
4-15. BC and OC emissions projections for Greenland in Gg/yr, 2010–2030. ............................. 4-16 
4-16. Comparison of national and GAINS projected 2030 BC emissions estimates, 

Denmark, Greenland, and the Faroe Islands (Gg). .............................................................. 4-17 
4-17. Comparison of national and GAINS projected 2030 OC emissions estimates, 

Denmark, Greenland, and the Faroe Islands (Gg). .............................................................. 4-17 
4-18. BC and OC Emissions Projections for Finland, 2005 and 2020. ......................................... 4-19 
4-19. Comparison of 2020 Projected BC Emissions, Finland (Gg). ............................................. 4-19 
4-20. Comparison of 2020 Projected OC Emissions, Finland (Gg). ............................................. 4-20 
4-21. Projections of PM2.5 emissions for 2000, 2010, and 2020, Norway (SFT, 2006). ............... 4-21 
4-22. Comparison of PM2.5 emissions from SFT and GAINS for 2000, 2010, and 2020 in 

Gg, Norway. ......................................................................................................................... 4-22 
4-23. PM2.5 emissions projections in Gg with base year of 2007, Sweden.................................... 4-23 
4-24. Projected BC and OC emissions for 2020 compared with base year 2007, Sweden. .......... 4-24 
4-25. Comparison of projected 2020 BC emissions to GAINS, Sweden (Gg). ............................ 4-24 
4-26. Comparison of projected 2020 OC emissions to GAINS, Sweden (Gg). ............................ 4-25 
4-27. Mobile source direct PM2.5 emission trends. ........................................................................ 4-27 
4-28. Mobile source direct BC emission trends. ........................................................................... 4-27 
6-1.  Cost efficiency of additional measures in the Domestic sector in 2020, Norway. ................ 6-9 

 

预览已结束，完整报告链接和二维码如下：
https://www.yunbaogao.cn/report/index/report?reportId=5_9739


