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Drivers of climate change in the arctic
The Svalbard tundra ecosystem

Climate change and responses in the ecosystem

Challenges in the future
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The large-scale warming in the Arctic during
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weather stations in Svalbard

£ the latest decades is also recognized at the

Temperature and precipitation variability and extreme
events are important for the terrestrial ecosystem.
Important to describe trends in this variability for

winter and summer seasons separately.

Giving biologically relevant climate variables (Ims et al.

2014).

Temperature (°C)

=917 Tincreased by 1.0-1.2°C per decade " -

~10 +——

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

—— Bjornoya
—— Hopen

—_—

—— Svalbard Airport
—— Ny-Alesund

Precipitation (mm)

500
450
400
350
300
250
200
150
100
50
0

1910

Svalbard Airport
\®

| Isfiord Radio
\ . \

oo Pincreased by 2-4% perdecade ........ ..

—— Ny-Alesund
—— Svalbard Airport
Isfjord Radio

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Hopen
—— Bjornoya




Summer: Cllmate_an -

1960 1970 1980 1990 2000 2010

1960 1970 1980 1990 2000 2010 Extent of growth season, summer sum of T above 5°C (GDD)




Mean winter (Nov-Apr) T

1960 1970 1980 1990 2000 2010




N days with T>0C winter (Nov-Apr) N days with T<-20C winter(Nov-Apr)

1960 1970 1980 1990 2000 2010

1960 1970 1980 1990 2000 2010



Trends in biologically relevant climate variables show that Svalbard is presently
on the verge of “a novel climate” characterized by winters without very low
temperatures (< -20°C) and summers with extended growth seasons (>5°C).
Both seasons will experience «new climates» if current trends continues
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Photo: J. Kohler

Episodes of «Rain-on snow» events du to
warm spells and rain generate crust-ice
layers through thaw-freezing cycles, and
heavy rain go through the entire

snowpack and cause ground icing.

A thick ice layer builds up on the deeply
frozen ground and encapsulate most of the
short-growing vegetation on the tundra
blocking the vegetation.

Affecting the herbivores and the rest of the
ecosystem in Svalbard



The tundra ecosystem in Svalbard

Limnic

| Grasses and sedges From Ims et al. 2013

Photo: T. Olsen, N. Lecomte, T. Nordstad, J. Dybdahl, B. Frantzen, E. FugIeT
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Figure 13
Population size of Svalbard reindeer in Adventdalen (annual 1979-2013) based on

total counts, in Reindalen (3 year average; 1979-2013) based on transect counts and
in Brogger Peninsula (3 year average; 1978-2013) based on total counts.
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S Negative relationship between ice on the tundra and the growth rate o
the populatlon — .
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Hansen et al. 2011; see also Aanes ef al. 2000, 2002; Kohler & Aanes 2004. Photo: J. Kohler
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" The reproduction of the Svalbard
reindeer varied extensively, affected by
ground icing

il :\: | = 0.16-0.80 calves per female reindeer
I
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Svalbard
rock
ptarmigan

_Photo: N. Lecomte
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Climate Events Synchronize the Dynamics of a Resident Vertebrate
> Community in the High Arctic
Brage B. Hansen et al.
Science 339, 313 (2013);
AYAAAS DOI: 10.1126/science. 1226766

Climate influence the
__ Svalbard rock ptarmigan
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The tundra ecosystem in Svalbard

Glaucous gu
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| Passerine and shore birds

Limnic

Grasses and sedges J From Ims et al. 2013

Photo: T. Olsen, N. Lecomte, T. Nordstad, J. Dybdahl, B. Frantzen, E. Fuglel




3 migratory goose
species breed in
Svalbard

= Pink-footed goose (ca. 76 000)

= Barnacle goose (ca. 35 000)
= Light-bellied brent goose (6-9000)
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GOOSEMAP

- A project funded by Svalbard’s Environmental Protection Fund

Information about the geese Maps and data Contact

GOOSEMAP:

Site-specific information for geese occurring on Svalbard Ims et al. 2014;

Photo: NPI




Dramatic increase in pink-footed goose

population
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From 15 000 (1965) to 81 500 (2013)

Madsen and Williams 2012; Ims et al. 2013; Johnson et al. 2014; Photo: J. Madsen




| n Geese pull out moss and food plants, with the roots

“i= = Creates holes or craters

dation of the habitat (speed etal. 2010)
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holes and crates» - Erosion




The tundra ecosystem in Svalbard

Mosses | Grasses and sedges ' From Ims et al. 2013

Photo: T. Olsen, N. Lecomte, T. Nordstad, J. Dybdahl, b. Frantzen, E. Fuglei-




Arctic fox




trend.

Significant year-to-year variation in population size in the
monitoring areas, although without any obvious long-term

Den occupamcy rate (7% of natal dens with pups) in
Adventdalen and Sassendalen
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Den occupancy —
accounts for most
of the variation in
population
dynamics of the
arctic fox, which
recent studies have
shown to be mainly
driven by
availability of
reindeer carrion
and thus reindeer
population



Journal of Animal Ecology

Journal of Animal Ecology 2012, 81, 640—648 doi: 10.1111/5.1365-2656.2011.01936.x

Reproductive responses to spatial and temporal prey
availability in a coastal Arctic fox population
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High reindeer carcass
availability in one icy
winter gives good

reproduction for foxes
the following summer.



Climate Events Synchronize the Dynamics of a Resident Vertebrate
Community in the High Arctic
Brage B. Hansen et al.

Science 339, 313 (2013);
AVAAAS DOI: 10.1126/science. 1226766
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Indirect and bottom-up climate forcing



Winners or losers?

The net effect of summer versus winter is not yet solved!




Climate impacts:
- We are only startlng to see the begmnmg'




Huge challenges:
In face of the vast and fast changes

Science of arctic ecosystems and biodiversity -
unable to predict the outcomes

- We are outside our “empirical range” — no historical analogues

- Ecological models : predictive ability for “equilibrium systems”
lack predictive “non-equilibrium systems”



Huge challenges:
In face of the vast and fast changes

Science of arctic ecosystems and biodiversity -
unable to predict the outcomes

- “New and disturbed ecosystems” with unknown properties

- Climate change will come together with: -
-New human infrastructure Cumulative impacts:

-New & more industries in the Arctic Notoriously difficult
_Pollution to predict!!!!



Coordinated,

Science Plan for COAT: Circumpolar,
Climate-Ecological Observatory Iong term
for Arctic Tundra 4

Ecosystem based
adaptive monitoring programs

to be able to document the changes
' while the changes are going on

FRAM - High North Research Centre
for Climate and the Environment




Thank you!!

Photo: N. Lecomte



