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[RC Abisko Scientific Research Station

Unique environmental record-meteorological monitoring
(1913 to present)
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Aerial Photo: Nils Ake Andersson, others by Keith Larson
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Abisko long-term climate regimes

Medieval Warm Global warming
Period (c. 1900 to
(c. 950 to 1200) present)
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No evidence for globally coherent warm and cold periods
during the preindustrial era

Loader et al. 2013, Neukom et al. 2019



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

/f,f IQ\Q

o
-
.'Q,
— l.\\

UMEA UNIVERSITY

POLARFORSKNINGS
SEKRETARIATET

Photo: Scott Wilson



Climate Impacts Research Centre

UMEA UNIVERSITY

POLARFORSKNINGS
SEKRETARIATET

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Weather and climate is written is wood
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7000
Years old!
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Arctic warming
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Temperature difference for Abisko
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Arctic amplification

Temperature difference for Abisko
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e Tornetrask Ice Cover - Sweden’s Sea Ice
= Tornetrask Freeze-up and break-up of lake ice vs ice time
Climate Impacts Research Centre
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Accelerated warming of the Arctic

20% reflection by
Atmosphere A vegetation and
thinner in Arctic e N dark soil

85-90% reflection
by snow and ice

10% reflection by
ocean (water)

Arctic Climate Impact Assessment (2004)

Solar radiation

Melting of
snow and ice

greater
absorption of
heat

warming of
thinner
atmosphere

Positive
feedback!
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When is the warming occurring?

* Green (1913) *« Red (2008)

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

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



e Warming across the year?
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* Green (1913) *« Red (2008)
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The climate is warming in the winter not the summer...
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Comparison of the area around Abisko above
10°C in July (warmest month) between 1913 and

UMEA UNIVERSITY 2008.
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ixC Growing season change from 1913 to 2017

Growing season
The maximum consecutive weeks with average temperature above freezing.
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4 weeks longer over the last 100 years
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* Mean weekly temperature above 0°C (Kérner 2012)

ANS (unpublished data 2018)
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Species shifting their distributions
Approximately 230 m, 30 m elev.

21 February 1925
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How do climate changes impacts?

natural clim:
 temper:
e« precipife
experiments




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

of carbon,
nitrogen and
phosphorus from
rain and

snowmelt runoff
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Results: Climate change induced regime shifts
in northern lake ecosystems

Warming
leads to
increases in
biological
productivity
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Results: Warming leads to changes in fish
communities

1961-1980

Arctic Char

Roding

(Salvelinus alpinus)

J/ Probability of

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

i %

R ks \ L\ 0.25-0.5
‘!‘

2k . ® 05-1
Py ... o R -h

Northern Pike

Gadda
(Esox lucius) /(}’/

Hein et al. (2012)
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Experiment Study 1: How does increasing
temperatures effect carbon emissions?
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e How do open-top chambers work?
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Abisko - Open-Top Tent
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Fig. 6 Diurnal air and soil temperatures for an open-top plastic
tent and a control site at Abisko, Sweden.
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Experimental design

Climate Impacts Research Centre

Spring +

Summer

Warming
(OTC)

Winter Snow [
Addltlon

Measu te crbo goig in (photosynthe
and carbon gomg out (prlmarlly decomposmon)

UMEA UNIVERSITY

POLARFORSKNINGS e ¢
H SEKRETARIATET Dorrepaal et al. (2009)
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Results: Increased net ecosystem respiration
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After four years all treatments
significantly increased ecosystem
respiration rates

Northern peatlands cover only 2% §&
of the land, their thick peat
deposits contain one-third of the
world’s soil organic carbon

Soil carbon respiration is highly
sensitivity to climate warming
with long-lasting effects

Upscale to all northern peatlands &
with warming of 1°C results in the g
increase of an estimated 38-100
megatonnes of carbon emissions
per year

Global warming causes large &
long-lasting “positive feedback” of
carbon stored in peatlands to the

global climate




Experiment Study 2: Effects of increasing
snow depth on permafrost
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e Active layer: the top layer of permafrost that
s thaws each year during the warm season and
freezes again in winter

Winter Summer

UMEA UERSITY ©2004. ACIA
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Warming increases biological productivity

Wind

Tundra with thin snow
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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
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Snow fence experimental design

[
B
) Soil moisture® | .
Vegetation
Inventory L] §
[
Ground temperatures @ ;
15&50cm -3
wv
N
[ —
o 1 2 Snow depth @
meter

Johansson et al. (2013)
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Snow depth (cm)

Johansson et al. (2013

[l Control plots

|:| Manipulated plots

Mean Winter (Nov-Apr) Snow Depth

-

2005-2006
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Temperature °C

Winter (Nov-Apr) mean soil temperatures

[l Control plots
[] Manipulated plots

2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010-2011 2011-2012
Year

Below ground temperatures increased 1.5 C

Johansson et al. (2013)




=C | - layer depth increases

[l Control plots | }‘

] Manipulated plots

Climate Impacts Research Centre

Active Layer Thickness (cm)

UMEA UNIVERSITY
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Johansson et al. (2013) &




Increasing biological productivity

Climate Impacts Research Centre

- Control plots [:] Manipulated plots

e 20
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Johansson et al. (2013)

Height (cm)
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Thaw ponds lead to significant changes in
greenhouse gas emissions

[RC

Climate Impacts Research Centre
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[RC Feedbacks from the Arctic: Permafrost

24% of the terrestrial soils in the Northern Hemisphere
or 12% globally
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Total amount of soil carbon in permafrost
regions
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e Abpfdx. 1,035 billion tons in tp 3m s
* 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 <




[RC Permafrost crater in Siberia

Climate Impacts Research Centre
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Permafrost crater in Siberia

Batagaika crater




The Arctic region glves 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 cllmate are
S|gn|f|cant gIobaIIyI
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Connecting the Arctic and the global climate
i Sy stem

Scientific evidence for warming of the |
climate system is unequivocal. ‘

- Intergovernmental Panel on Climate Change
(2013)

. Arctic Ice
Carbon Dioxide Temperature Temperature Minimum Ice Sheets Sea Level

411.7 11 °C 1.8°C 12 8 413.0 3.3

Parts per million ) Gigetonnes per year mm per year
Since 1880 Last 30 years Percent per decade



Our Global Cli
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Greenhouse gases effect globalw
temperatures!

. Average temperature on earth is
- ERRC

Wlthout greenhouse gases 18°C

UMEA UNIVERSITY
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How do we understand past climate changes?

53-54 meters

1836-1837 meters

8
£
)
g
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8
@

Vostok Ice Cores

Ice cores extracted
from glaciers across
the world provide an
atmospheric timeline
of Earth’s history.

Falling snow accumulates
in layers each winter.

In places where snow doesn’t melt in
the summer, layers continue to pile up.
Eventually, they harden,
forming impermeable layers of ice.

Annual snowfall recessions in
summer leave distinct lines
between accumulating layers.
Small amounts of air are trapped
between layers as they form.

Analysis of captured air tells us
what was in Earth’s atmosphere
when the ice sheets hardened.

Vostok, Antarctica
78°28'S, 106°48'E
3488 m amsl
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What does history tell us using the Vostok Ice

Core?
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Why does temperature lag CO, atmospheric
concentrations?

Carbon Dioxide vs Temperature: past 400,000 years
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Milankovitch Cycles

/ 225 \Jom Star

Eccentricity Obllqwty Precession

« Deglaciation (warming) is not initiated by CO, but by orbital cycles

UMEAERSITY « CO, amplifies warming which is not explained only by orbital cycles

POLARFORSKNINGS
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« CO, spreads warming throughout the planet




irC Current Atmospheric CO,

December 13, 2019 411.7 ppm
Carbon dioxide concentration at Mauna Loa Observatory
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“"We were witnessing for the first time nature’s withdrawing
umea unversity | CO5 from the air for plant growth during the summer and
P 2 | returning it each succeeding winter.”

- Charles David Keeling (1998)
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Recent Atmospheric CO,
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December 13, 2019 411.7 ppm
Carbon dioxide concentration at Mauna Loa Observatory
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Full Record ending December 14, 2019

2013: 400 ppm first time passed in human history lf[

12 June 1968: 325.42
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NASA's global temperature record

1.0,

1.1° C warming since 1880! j

05

Temperature Anomaly (C)

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

B Ocean Heat Content 0 to 700 metres

154 B Ocean Heat Content 700 to 2000 metres

Change in Total Heat Content (10”Joules)

B Land+Ice+ Atmosphere

L) L L) Ll
1960 1970 1980 1990 2000
Year
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How do we tackle big problems?

Scientific Evidence = Global Collaboration

Decade in which smallpox ceased to be endemic by country

Smallpox was globally eradicated in 1977 - This map shows the year of eradication of Smallpox

No data Before 1900 00s 10s 20s 30s 40s 50s 60s 70s

—

e N | |
Year of smallpox eradication (WHO, 1988)

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

« 192 years between first vaccination and eradication (1988)
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How do we tackle big problems?

Scientific Evidence = Global Collaboration

With Montreal Protocol Without Montreal Protocol

2064

Ozone Concentration

200 300 400 500
Dobson Units

* The first universally ratified treaties in United Nations history.

600

MONTREAL
ATAhEIE

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




Lack of compelling narratives
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CLIMATE CHANGE

WORLD METEOROLOGICAL ORGANIZATION/UNITED NATIONS ENVIRONMENT PROGRAMME
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

|
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Our current trajectory

30

Fossil Fuel Emissions L
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Estimated emissions in 2019: 36.8 billion tons

emissions have grown by 62% since international climate negotiations began
in 1990 to address the problem
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Climate Action / Lack of Action

2015-2019
WARMEST FIVE-YEAR
PERIOD

@ REDUCTIONS IN GHG
EMISSIONS REQUIRED

FROM ALL SECTORS

POLICIES TO LOWER
EMISSIONS MUST TRIPLE
TO MEET 2 °C LIMIT
FIVEFOLD TO ALIGN

@WITH THE 1.5 °C LIMIT

1.1 °C ABOVE
PRE-INDUSTRIAL
LEVELS

EMISSIONS NOT
ESTIMATED TO
PEAK IN 2030,
LET ALONE 2020

CLIMATE IMPACTS m

HITTING HARDER
AND SOONER
THAN PREDICTED
A DECADE AGO

RECORD OF 2% ANNUAL

GROWTH IN

CO, EMISSIONS @ \

37 BILLION TONNES
OF CO; IN 2018
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Lack of Action

Environmental Research Letters

EDITORIAL

Global energy growth is outpacing decarbonization

R BJackson' @, (
B Zheng’

' Department of Eart
Stanford, CA 94305
Tyndall Centre for (
> CICERO Center for
* Global Carbon Proj
Laboratoire des Scig

(8}

Carbon dioxide emissions continue to grow
amidst slowly emerging climate policies

A failure to recognize the factors behind continued emissions growth could limit the world's ability to shift to a
pathway consistent with 1.5 °C or 2 °C of global warming. Continued support for low-carbon technologies needs to
be combined with policies directed at phasing out the use of fossil fuels.

G. P. Peters, R. M. Andrew, J. G. Canadell, P. Friedlingstein, R. B. Jackson, J. |. Korsbakken, C. Le Quéré and

comment

pIm

A. Peregon

lobal fossil CO, emissions gr
G at 0.9% per year In the 1990s
accelerated to 3.0% per year
2000s, but have returned to a slower

rate of 0.9% per year since 2010, wit}

pronounced slowdown from 2014 tq
Despite modest declines in emission|
the United States and the European
(EU) over the past decade, the grow
in emissions in China, India and mqj
developing countries has dominated
emission trends over the past 20 yea
Global Carbon Budget projection’ s
that global fossil CO, emissions will
by 0.6% (range -0.2% 10 1.5%) in 20|
with emissions projected to decline

PERSPECTIVE

Persistent fossil fuel growth threatens the Paris Agreement and
planetary health
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How do we make sense of this?

Have one fewer child

Live car-free

Avoid one round-trip
trans-Atlantic flight

Buy green energy

Buy a more efficient car

Switch from an electric
car to car-free

Eat a plant-based diet
Replace gasoline with hybrid
Wash clothes in cold water

Recycle

Emissions savings (tons of carbon dioxide equivalents)
1 2 3

Hang-dry clothes |}

Upgrade light bulbs JJ
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How do we make sense of this?

Your choice for a healthy planet

Mostadultsinthe UK eat 110 grams of meat aday, making them high meat eaters.
The carbon footprint of theirdiet is more than twice that of avegan

Annual emissions of a 2000 kcal/day diet (kg CO,equivalent)
High-meat* 2626

Medium-meat* 2056
Low-meat* 1706
Vegetarian 1392

Vegan 1056

Amedium meat eaterwho decidesto go vegan would cut their diet's carbon footprint
by an extra 50 per cent compared with going vegetarian

Carbon savings

664 kg CO,e

Medium meat eater
going vegetarian

Medium meat
eater going vegan

1000

Alternatively, you could just choose not to take that holiday in Majorca this summer

490kgc0.e P

London - Majorca - London
economy seat

London - New York - London
economy seat

Average UK family car
per year (7800 miles)

2300 @y

*High meat 2100g/day ~ *Medium meat = 50-99g/day  *Low meat < 50g/day
DOI:10.1007/510584-014-1169-1



e A path to renewal “clean” energy

Global Energy Potential

Solar 23,000 TW

O World

@ wave 0221w consumption

® Tide 03TW

18 TW

Q Geothermal 0.3-2TwW

@ Hydro 34Tw

Q Biomass 2-6 TW

Wind

90-300 TWy
Q‘iOTWy

215 TWy

UMER UNIVERSITY Every Year Total Reserve !
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clean” energy

e A path to renewa
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irC A path to renewal “clean” energy

acts Re:

theguardian

A UK world sport football opinion culture business lifestyle fashion environment tech travel = all sections

home ) environment ) climate change wildlife energy pollution
E Reasons to be cheerful: a full switch to
low-carbon energy is in sight

Renewable
energy
Global warning

Climate change optimism is justified - a complete transition from carbon to solar
and wind power looks practical and affordable within a generation
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The solar future is here!

How Tesla's big battery is bringing
Australia’s gas cartel to heel

South Australia’s big gamble on grid-scale battery storage may pay for
itself in just a year if it continues to prevent massive price spikes

@ Giles Parkinson is editor of RenewEconomy

On Sunday 14 January something very unusual happened.
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Population ; Z#5%

-~

Taken by Apollo 17 crew 7 December, 1972

02 January 2019




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

P

Welcome to Mars

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

£ — Stephen Hawking
UMEA UNIVERSITY
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Taken by NASA Mars Maven Mission 2014 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?




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

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

You can be radical.
You can be visionary.
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