Toolik In the broader picture of Arctic change
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Question for discussion:

How representative is Toolik’s climate?

-- means
-- trends and variations

-- extreme events

Scales to consider: local, regional, pan-Arctic
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Annual mean precipitation, 1961-2000:
Toolik and the Alaska setting
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Question for discussion:

How representative is Toolik’s climate?

-- means
-- trends and variations

-- extreme events

Scales to consider: local, regional, pan-Arctic



Trends of surface air temperature (°C), 1961-2016
[from NASA GISTEMP]
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Annual mean Arctic surface air temperature (°C), 1880-2015
[Groisman et al., 2016]

54 e
-5.5 ie :
e

50 Ty Y
6.5 X T e
. u ’i'. &9 - ‘ ]

7. _-.-r-' & .
75 i
—E.ﬂt'}ﬂ - %
-85 v —*
00l dT/dt=1.96°C/134 yrs; R*=0.49

9.5 - - - - - -
1880 1900 1920 1940 1960 1980 2000 2020



Trend in vegetative greenness (NDVI), 1982-2011
[from Xu et al., 2013]




Trend in annual snow cover duration, 1972-2014
[from AMAP/SWIPA, 2017]
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2015 LTER ASM Estes Park, CO - August 30 - September 2, 2015

Toolik Lake: A 40-year record of geochemical change in the absence of trends in thaw depth,
precipitation, and air and water temperatures

Presenter/Primary Author:
George Kling

Co-Authors:

George Kipphut

Neil Bettez

Jason Dobkowski
Anne Giblin

John Hobbie
Vladimir Romanovsky

“...However, while deep (20 m) permafrost temperatures in nearby boreholes
have increased, there has been no thawing and no increase in the measured
summer thaw depth of tundra at Toolik in the last 25 years. In addition, there
has been no significant warming of annual air temperatures or increases in
precipitation at Toolik over the last 25 years, and there has been no warming of
Toolik Lake water temperatures over the last 40 years.”
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Toolik annual
tation,
1991-2008
Summer
Winter

(Hobbie and Kling, 2014)
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Data suggest a disconnect between Toolik and pan-Arctic trends

e Is the North Slope deviating from the rest of the Arctic?
e Is Toolik not representative of the North Slope?
or

e Does something else explain the discrepancies in trends?



Seasonal cycle and bi-weekly trends (black) of sea ice, 1982-2013
[Bieniek et al., 2015, Earth Interactions]
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cycle and
-weekly

trends (black)
of snow water
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Alaska statewide temperature (°F, departure from mean), 1949-2016
[from Alaska Climate Research Center]

Mean Annual Temperature Departure for Alaska (1949 - 2016)
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Alaska temperature changes (°F) by season and location

1949-2016

(station

1977-2016

Total Change in Mean Seasonal and Annual Temperature (°F), 1949 - 2016
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Total Change in Mean Seasonal and Annual Temperature (°F), 1977 - 2016
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Conclusions

e Toolik’s trends in climate variables appear to be generally consistent
with the rest of the North Slope

-- except for the coastal zone

e Discrepancies (local vs. pan-Arctic) arise from different time periods
of comparison

-- trends are sensitive to start and end years

e Some large-scale snow cover products: “alternative facts” ?



Trend in Snow Cover Duration over northern Alaska — two sources

1972-2014 (NOAA)

[from Flato et al., Ch. 4 in AMAP/AACA/BCB, 2017]

1979-2009 (Liston/Heimstra)
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Looking ahead: Projected changes for 2050, RCP 8.5 scenario
[AMAP/AACA, 2017]
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Annual maximum 5-day precipitation (mm) averaged for 30-year periods

1981_2010 2011-2040
o U~/ o U~/
= S ‘A” - - Vi
LN N =
I . I
* L)
< 4'1 H\ © Hh
& & '
- » k e~ » 5 %
71.0 mm 81.0 mm
2041-2070 2071-2100
- VeV - eV
N TN N - 1.
I -t I »
Hq"\ 8 H'\
Fé - é -
‘a L o5 ’ k Ya o o5 . k
93.5 mm 106.4 mm
BT [ [ 777 7 T [

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

[from R. Lader, 1ARC]



More frequent Rain-on-Snow events over much of Alaska:
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The models used to project climate changes have spatial resolutions of
100-200 km (global models) down to 20-30 km (regional climate models)

= Scaling challenges will need to be addressed in order to bridge climate
model projections and changes at a particular location (e.g., Toolik)



What could be done to advance scale-bridging?
high-resolution modeling
-- perhaps the most viable strategy to fill spatial gaps

use of remote sensing products
-- determination of scales of variability (snow, temperature,...)

exploit “local knowledge”



