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Abisko 

200 km north of the Arctic Circle 



Aerial Photo: Nils Åke Andersson, others by Keith Larson 

Abisko Scientific Research Station 
Unique environmental record-meteorological monitoring 
(1913 to present) 

Observatory 



How do we know about the past climate 
before we built weather stations? 

Photo: Scott Wilson 



Photo: Håkan Grudd 

Weather and climate is written is wood 



Photo: Håkan Grudd 

7000  
Years old! 

How far back can we go? 



Abisko long-term climate regimes 

Loader et al. 2013, Neukom et al. 2019 

No evidence for globally coherent warm and cold periods 
during the preindustrial era 

Little Ice Age 
(c. 1200 to 1900) 

Medieval Warm 
Period  

(c. 950 to 1200) 

Global warming 
(c. 1900 to 
present) 
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Arctic warming 

1989 

Abisko temperatures have risen 1.7°C since 1913 

ANS (unpublished data 2018) 



Arctic Warming 

1986 
ANS (unpublished data 2018); GISTEMP (v4, 2018) 



Arctic amplification 

Arctic temperatures are rising at twice the global rate 

ANS (unpublished data 2018); GISTEMP (v4, 2018) 



Long-term reduction of over 44 days per year 

Torneträsk Ice Cover – Sweden’s Sea Ice 

ANS (unpublished data 2018) 

1989 



85-90%	reflec,on	
by	snow	and	ice	

10%	reflec,on	by	
ocean	(water)	

20%	reflec,on	by	
vegeta,on	and	

dark	soil	 Solar	radia,on	
Atmosphere	
thinner	in	Arc,c	

•  Melting of 
snow and ice 

•  greater 
absorption of 
heat 

•  warming of 
thinner 
atmosphere 

•  Positive 
feedback! 

Accelerated warming of the Arctic 

Arctic Climate Impact Assessment (2004) 



Temperature change from 1913 to 2017 • Green (1913) • Red (2008) 

Comparison of the area around Abisko above 
0°C mean annual temperature between 1913 
and 2008. 

When is the warming occurring? 

Yang, Z., et al. Met. Apps 19, 454–463 (2012) 



Temperature change from 1913 to 2017 • Green (1913) • Red (2008) 

Comparison of the area around Abisko above 
10°C in July (warmest month) between 1913 
and 2008. 

• Green (1913) • Red (2008) 

Warming across the year? 

The climate is warming in the winter not the summer… 

Yang, Z., et al. Met. Apps 19, 454–463 (2012) 



Temperature change from 1913 to 2017 

Growing season change from 1913 to 2017 

* Mean weekly temperature above 0°C (Körner 2012) 

4 weeks longer over the last 100 years 

ANS (unpublished data 2018) 



21 February 1925 

21 February 2017 

Species shifting their distributions 
Approximately 230 m, 30 m elev. 



How do climate changes impacts? 

•  natural climate gradients 
•  temperature 
•  precipitation 

•  experiments 



CO2, CH4 

Case Study 1: Climate change induced regime 
shifts in northern lake ecosystems 

Terrestrial inputs 
of carbon, 
nitrogen and 
phosphorus 
from rain and 
snowmelt runoff 



CO2, CH4 

Results: Climate change induced regime shifts 
in northern lake ecosystems 

CO2, CH4 

Warming 
leads to 
increases in 
biological 
productivity 



Hein et al. (2012) 

Arctic Char 
Röding 
(Salvelinus alpinus) 

Results: Warming leads to changes in fish 
communities 

Northern Pike 
Gädda 
(Esox lucius) 

Arctic char predicted to lose 73% of its range by 2100 



Experiment Study 1: How does increasing 
temperatures effect carbon emissions? 
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Do peatland soils function as a source or a sink under 
warming? 



How do open-top chambers work? 

Block wind 

Passive warming 
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Spring: 
0.3-1.0˚C 
Summer: 
0.2-0.9˚C 
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Spring: 
0.3-0.6˚C 
Summer: 
0.1-1.2˚C 



Dorrepaal et al. (2009) 

Experimental design 

Control 
Summer 
Warming 

(OTC) 

Summer 
Warming 

(OTC) 

Winter Snow 
Addition 

Spring + 
Summer 
Warming 

(OTC) 

Winter Snow 
Addition 

Measure the carbon going in (photosynthesis)  
and carbon going out (primarily decomposition) 



Dorrepaal	et	al.	(2009)	

Dorrepaal et al. (2009) 

Results: Increased net ecosystem respiration  
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Aerial view of permafrost mire 

Experiment Study 2: Effects of increasing 
snow depth on permafrost 

Permafrost: Earth material that 
remains at or below 0°C for at least 

2 consecutive years 



Active 
Layer 
Permafrost 

Active layer: the top layer of permafrost that 
thaws each year during the warm season and 
freezes again in winter 

Active Layer 

Permafrost 

Winter Summer 



Warming increases biological productivity 

Warmer climate leads to expansion of shrubs into the 
tundra 

Ground temperature under snow not linked to air 
temperature when snow greater than 1 meter 



Snow fence experimental design 

Johansson et al. (2013) 



Johansson et al. (2013) 

Snow depth increases 



Johansson et al. (2013) 

Below ground temperatures decreases 

Below ground temperatures increased 1.5 C 



Johansson et al. (2013) 

Active layer depth increases 

Active layer depth increased 20% 



Increasing biological productivity 

Johansson et al. (2013) 



Johansson et al. (2013) 

Surface subsidence leads to thaw ponds 

Surface subsidence as much as 35 cm 



Kuhn et al. (2018) 

Thaw ponds lead to significant changes in 
greenhouse gas emissions 

CH4 
CO2 

Source 

Permafrost Thaw 

MeHg 

Fahnestock et al. (2019) 
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Abisko 

Feedbacks from the Arctic: Permafrost 

24% of the terrestrial soils in the Northern Hemisphere 
or 12% globally 



Photo: Megan Thompson 

Total amount of soil carbon in permafrost 
regions 

•  Approx. 1,035 billion tons in top 3 m 

•  50% of global soil organic C pool 

•  Approx. twice the amount of C in atmosphere 

•  Forecast: 13-28% will thaw in Arctic by 2050 

•  Slow climate feedbacks not incorporated in the global 
climate models 



Permafrost crater in Siberia 

Batagaika crater 



Permafrost crater in Siberia 

Batagaika crater 

Siberia 



The Arctic region gives off more heat 
to space than it absorbs from outside, 

which helps cool the planet. 

The Arctic functions as the earth’s 
cooling system 

Changes in the Arctic climate are 
significant globally! 



Carbon Dioxide 

↑411.6 
Parts per million 

Global 
Temperature 

↑1.1 °C 
Since 1880 

Arctic 
Temperature 

↑1.8°C 
Last 30 years 

Arctic Ice 
Minimum 

↓12.8 
Percent per decade 

Ice Sheets 

↓413.0 
Gigetonnes per year 

Sea Level 

↑3.3 
mm per year 

Scientific evidence for warming of the 
climate system is unequivocal.  

- Intergovernmental Panel on Climate Change 
(2013)  

Connecting the Arctic and the global climate 
system 



•  Greenhouse gases effect global 
temperatures! 

•  Average temperature on earth is 
+ 15°C 

•  Without greenhouse gases -18°C 

Our Global Climate 



How do we understand past climate changes? 

Vostok, Antarctica  
78°28' S, 
106°48'E  
3488 m amsl 



What does history tell us using the Vostok Ice 
Core? 

411.6 ppm 

Source: NASA (2016) 

Vostok, Antarctica  
78°28' S, 
106°48'E  
3488 m amsl 



Why does temperature lag CO2 atmospheric 
concentrations? 

•  Deglaciation (warming) is not initiated by CO2 but by orbital cycles 

•  CO2 amplifies warming which is not explained only by orbital cycles 

•  CO2 spreads warming throughout the planet 



Current Atmospheric CO2 

“We were witnessing for the first time nature’s withdrawing 
CO2 from the air for plant growth during the summer and 
returning it each succeeding winter.” 
- Charles David Keeling (1998) 

411.6 ppm 



Recent Atmospheric CO2 

2013: 400 ppm first time passed in human history 

12 June 1968: 325.42 

411.6 ppm 



NASA’s global temperature record 

1.1° C warming since 1880! 

The oceans have taken up over 90% of the warming and 
approximately 1/3 of carbon dioxide released since the pre-

industrial period 



How do we tackle big problems? 

Scientific Evidence ! Global Collaboration 

•  The first successful vaccine to be developed, Edward Jenner in 1796 

•  192 years between first vaccination and eradication (1988) 



Scientific Evidence ! Global Collaboration 

How do we tackle big problems? 

Montreal Protocol signed: 16 September 1987 

•  The first universally ratified treaties in United Nations history. 

•  14 years between research discovery in 1973 and the international agreement in 1987. 



Lack of compelling narratives 



Our current trajectory 

Estimated emissions in 2019: 36.8 billion tons 
*emissions have grown by 62% since international climate negotiations 

began in 1990 to address the problem 



Lack of Action 



Climate Action / Lack of Action 



How do we make sense of this? 



How do we make sense of this? 



A path to renewal “clean” energy 

18 TW 



A path to renewal “clean” energy 



A path to renewal “clean” energy 



The solar future is here! 



Taken by Apollo 17 crew 7 December, 1972 

Population: 7.75 billion (human) 
Number of species: 8.7 million (estimated) 

02 January 2019 



Taken by NASA Mars Maven Mission 2014 

Population: 5 (non-human) 
Number of species: unknown 

Welcome to Mars 

“We are running out of space, and the 
only places to go to are other worlds.”    

— Stephen Hawking 

02 January 2019 



If you were to really internalize 
that we are the first generation to 
see the effects of climate change… 

and the last generation 
to be able to do anything 

about it… 

would you change 
your life? 



Young people are the most politically 
liberated force globally right now.  

You can be radical.  
You can be visionary. 

You have less to lose than any 
other generation, and everything to 

gain.  



Doreen Huang, PhD 
(Post-doctoral Researcher) 

I am highly interested in studies of 
the response of northern ecosystems 
to past climate and environmental 
changes applying cutting-edge 
multidisciplinary approaches such as 
aDNA. 

Danny Lau, PhD 
(Assistant Professor 

My research focuses on food webs, 
biodiversity and functioning of aquatic 
ecosystems. I am particularly 
interested in their responses to 
anthropogenic stressors and climate 
change. 

Climate Impacts Research Centre 



Keith.Larson@umu.se 
www.arcticcirc.net 
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