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Backgound: Scope of Global Grand Challenges
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Background:
The Arctic is warming faster than any other place

Underestimate of Arctic warming can probably explain artificial “pause” of global warming

(Cowtan and Way, 2013)

Trend in deg/decade over the last 16 years
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Extent (million square kilometers)

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

14

Sea ice loss

12

10

717 S LR E) [N ENL N O

Extent (millions of square kilometers)

+2 Standard Deviations

Q

o

g

8 3
m

2013 — 3

2012 -- 3
6 g
r 2010 — g
r = ; 2009 — =
- ' 2008 — &8
i) M R 1981-2010 Average — 2
W ]
L s
s

2 1 1 ] ! J

Average Monthly Arctic Sea Ice Extent Aug sep oot Nov pec
October 1979 - 2013

11.0

10.5
10.0 |
9.5
9.0 1
8.5
8.0
7.5
7.0

6.5

National Snow and Ice Data Center

6.0

1978 1983 1988 1993 1998 2003 2008 2013

Year




Greenland Daily Melt
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Greenland melt index:
area-weighted number of days with melting
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Increasing Greenhouse Gas Concentrations
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Boreal forests and woodlands store 30% of world’s terrestrial carbon; possibly
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highly sensitive to warming, leading to feedback




Recent monhtly mean CO, at
Mauna Loa

RECENT MONTHLY MEAN CO, AT MAUNA LOA
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Impacts of Economic Crises on C Emissions

Fossil fuel CO, emissions (PgC/y)
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BASELINE
“THE NORTHERN REGIONS (> 45°N) WILL UNDERGO SUBSTANTIAL

CHANGES DURING THE NEXT 40 YEARS ” ref. L. smith 2010

NORTHERN PAN-EURASIAN REGION
VERY IMPORTANT AREA

Crucial for global climate
Arctic, boreal

lechnology
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Forcing

- direct anthropogenic
- indirect anthropogenic
- natural

Other feedbacks
in the climate

Society and
human activities

Arctic warming

Changes in the
cryosphere
-Snow
- seaice
- land ice

CRAICC feedback loop



Global Scale

Microscale

Grand Challenges:

Multiscale way to answer

v’ clear and ambitious vision
v' empirical and experimental (laboratory, field, instrument developing...)
v’ theoretical (basic theories, simulations, model development..)
v' multidisciplinary (physics, chemistry, biology, meteorology, etc)
v" from research to innovations; new SMEs
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CONTINUOUS, COMPREHENSIVE OBSERVATIONS
SMEARI

Station for measuring Forest Ecosystem - Atmosphere Relations
University of Helsinki, Forestry Field Station, Hyytidla

TREE ATMOSPHERE
- gas exchange - aerosols
- water flows - atmosphere chemistry
. -growth & structure - cloud microptiysics .
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Site for ICOS, ACTRIS, INGOS, EXPEER, ANAEE, LifeWatch, ...

Also WMO, EMEP, CARBOEUROPE, NITROEUROPE, EUCAARI, PEGASOS, ...
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Q 2 CRAICC field stations
CRAICC

©

. Troll station, Antarctica

. Vavihill, Sweden

. Birkenes, Norway

. Lille Valby, Denmark

. Vindeby, Denmark

. Sorg, Denmark

. Aspvreten, Sweden

. SMEAR Ill, Finland

. SMEAR I, Finland

10. SMEAR IV, Finland

11. Sodankyla, Finland

12. SMEAR I, Varrio, Finland
13. Abisko, Sweden

14. Reykjavik

15. Tiksi, Siberia

16. Kuopio, Finland

17. Aboa, Antarctica

18. Station Nord, Greenland
19. Ny-Alesund, Spitzbergen
20. Pallas GAW station, Finland
21. Daneborg and Zackenberg, Greenland
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PEEX (Pan Eurasian Experiment)
2013 -2033 (-2100)

Station network, Marine, Airborne, remote
sensing, multiscale modelling, Supradisciplinary
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Refs. PEEX Science Plan; Lappalainen et al., 2014: Geography, Environment & Sustainability, 7 (2), 13-48.

Tool to solve: PEEX
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