‘Modeling Permafrost Characterlstvws;u
With Very High Spatial Resolu&ph ‘

V. Romanovsky, D. Nicolsky, W. Cable’ anEI’S
University of Alaska Fairbanks ey P




West Dock

CONTINUOUS
F e RERMAFROST

TN A

¥ DISCONTINUQUS
o PERMAFROSK

80

Franklin Bluff
‘Happy Valley § b

Temperature at 20 m depth ( c )

-10.0

Temperature at 15 m depth ( ° )

-4.0
-4.5
-5.0
-5.5
-6.0
-6.5
-7.0
-7.5
-8.0

-8.5

-9.0

-9.5

Northern Alaska

L 1 LI | L T T I T | T I W
i wYY
[ Happy Valley vV YV
i v wvv’ i
I shatee

AdsdA AAAAL L]
I A o
il A a* 0a®0®’ i
B As,  asdatsl gege 00
AAA @
[ Franklin Bluffs ® 1
@

E ® Ly
| Deadhorse o®%® .I- i
B ¢ o ° g j
|  ee oo ©° am l-k***-

. W ook ]
B - *** -
- West Dock .. Barrow
= @ ™ ...... -
E g n® _

1 ! 1 I 1 ! 1 i 1 L 1 L 1 1 1 " 1 L 1 i 1

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016

Interior Alaska
I I ~ I L) 1 L 1 ] L 1
05 - Livengood 1
. sugsefgpce . fappgc®sss
Gulkana . :E°°° 8as °°!!::=!
40| ege 000 . _— .
| |
| Healy i ':_
1.5 | "= x :=l-..-=’ - e
Coldfood = ® :.‘ ::“_62_‘,0'0
- 0209 ?%00 X"
AAyA 9
=-2.0 |- @ _
*° [ Birch Lake ensa d
| = = l:‘ !\
@ L w |
- _Collsge i:/gé:t:\._.o. u -, v ,"'_: :': il
. ° = 'v’v
L L] !
Chandalar Shelf 4" " 7
-3.0 |- ) -
OldMan v +'¥
Man v v C
1 " 1 M 1 L 1 L 1 L 1 n 1
1980 1985 1990 1995 2000 2005 2010 2015

Year

-7.5

-8.0

-8.5

-9.0

-9.5

-10.0



TEMPERATURE (°C)

DEADHORSE, 1987-2015

T v T ' T T T J T v
—ME— Air Temperature
—4&— Ground Surface
—@®— Permafrost Surface
A~ Permafrost @ 20 m

WA Y

W
oo/l

'-—‘\ A A-A A A
| AW /. -
I -
_ /.““l =
= u | \ .al\ \ / ]
:— 11 ./ \ / . m .-.\ / - /. _-
\ il \/ e .

- em _
' / \ y _
- / _
. N . |
l | \ | l | I l l . I 1 ' 1

1988 1992 1996 2000 2004 2008 2012 2016

TIME (years)



TEMPERATURE (°C)

DEADHORSE, 1987-2050

| T | T | v | v | L | ¢
—MHE— Air Temperature

—4&— Ground Surface &
—@®— Permafrost Surface. A

Permafrost @ 20 m / \ 7/

1990 2000 2010 2020 2030 2040 2050

TIME (years)



Advances In Permafrost Science

« Became truly multi- and inter-disciplinary
science

e New advanced observational methods:
— ground-based methods

— remote sensing (both orbital and sub-orbital
platforms)

— combination of the two to optimize the observational
network and to upscale the point observations

 Advances in modeling of permafrost as an
Important component of the Climate and more
generally Earth System



Challenges

Assessment of vulnerability of permafrost to
— climate change

— to natural disturbances

— to human activities

Projections of the future changes in permafrost
with very high spatial resolution

High-resolution mapping of the various
environmental changes triggered by changes
In permafrost

High-resolution mapping of the societal
Impacts caused by changes in permafrost
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D Alpine Acidic Barrens

- Alpine Acidic Dryas Dwarf Shrub
- Alpine Ericaceous-Dryas Dwarf Shrub
I Aipine Cassiope Dwarf Shrub

ﬁ I Alpine Wet Sedge Meadow

- Alpine Lake

D Upland Sedge-Dryas Meadow
|:| Upland Willow Low Shrub

Upland Birch-Willow Low Shrub
- Upland Birch-Ericaceous Low Shrub
[ upland Dwarf Birch-Tussock Shrub
- Upland Alder-Willow Tall Shrub
E Upland Birch Forest

- Upland Spruce-Birch Forest - Riverine Willow Low Shrub
I Upland White Spruce-Willow Forest [l Riverine Birch-Willow Low Shrub
I Upland White Spruce-Ericaceous Forest [___| Riverine Moist Willow Tall Shrub

D Upland Sandy Barrens - Riverine Poplar Forest

- Upland White Spruce-Lichen Woodland - Riverine White Spruce-Poplar Forest

[ Lowland Sedge Fen B Riverine White Spruce-Willow Forest (S8
I Lowland Ericaceous Shrub Bog [ Riverine Wet Sedge Meadow lass
[ Lowland Birch-Ericaceous Low Shrub [l Riverine Alder Tall Shrub mﬁ’
D Lowland Birch-Willow Low Shrub - Riverine Water uge

|:| Lowland Willow Low Shrub |:| Coastal Barrens 3
[ Lowland Alder Tall Shrub [ Coastal Brackish Sedge-Grass Meadow |
- Lowland Black Spruce Forest - Coastal Water

[ | L9M§nd Lake [ snow -
I Riverine Barrens B
[ Riverine Dryas Dwarf Shrub -

(Jorgenson et al. 2009)




Buckland

Installation Date
@ 2011, damaged
@ 2011
O 2012

Permafrost Extent (right)

B Glacier
I Continuous (>90%)

Discontinuous (50-
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' Sporadic (10-50%)
Isolated (>0-10%)
Absent (0%)

- Large Waterbodies
(unfrozen below)
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MAGT1.0 Category Map
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Challenges

Assessment of vulnerability of permafrost to
— climate change

— to natural disturbances

— to human activities

Projections of the future changes in permafrost
with very high spatial resolution

High-resolution mapping of the various
environmental changes triggered by changes
In permafrost

High-resolution mapping of the societal
Impacts caused by changes in permafrost



Permafrost characteristics by
ecosystem type

Goal: Develop a high spatial resolution permafrost
model for the North Slope of Alaska
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R Ecotype Map, North Slope of Alaska

Class

1-Cloud, Ice (Indeterminate)

- 10-Riverine water

- 11-Riverine dwarf scrub

|:’ 12-Lowland wet meadow (sedge tundra)

B 13-Lowland lake

Drew Point
L)} TION
ko iElst Teshekpuk

|:| 17-Upland dwarf scrub tundra (Dryas tundra)
I 18-Upland shrubby tussock tundra (foothills)

E 25-Alpine carbonate Dryas DST
- 3-Coastal wet meadow (sedge tundra)

- 19-Upland low scrub (shrub birch-willow tundra) - 4-Coatal water

- 2-Coatal Barrens

- 5-Coastal grass & DST (dwarf scrub tundra)

- 20-Upland moist meadow (sedge-shrub tundra) |:I 6-Riverine Barrens

- 21-Upland tall scrub (alder scrub)

l:l 14-Lowland moist meadow (sedge-shrub tundra) - 22-Alpine noncarbonate barrens

- 15-Lowland mixed scrub (shrub-birch scrub)
- 16-Upland tussock tundra

I:’ 23-Alpine carbonate barrens
- 24-Alpine noncarbonate Dryas DST

- 7-Riverine low & tall scrub (scrub tundra)
8-Riverine moist meadow (sedge-shrub tundra)
- 9-Riverine wet meadow (sedge tundra)

Jorgenson and Heiner, 2004




Ecotypes covered by permafrost boreholes Ecotypes NOT covered by permafrost boreholes

Coastal barrens

Ecotypes %
Cover

Coastal grass & dwarf shrub tundra 0.8
Coastal wet sedge tundra 0.9
Riverine wet sedge tundra 1.1
Riverine barrens 1.2
Lowland wet sedge tundra 11.2
Riverine low willow shrub tundra 0.8
Lowland moist sedge-shrub tundra 13.4
Riverine moist sedge-shrub tundra 3.1
Upland tussock tundra 1.3
Riverine drvas dwarf shrub tundra 0.0
Upland shrubby tussock tundra 24.7
: : Lowland low birch-willow shrub 1.3
Upland low birch-willow shrub 14.2 tundra
tundra
) Upland drvas dwarf shrub tundra 0.6
Upland moist sedge-shrub tundra 9.3
Upland tall alder scrub 0.0
Total cover 82.0
Alpine non-carbonate barrens 0.0
Alpine carbonate barrens 0.0
Coastal, river, and lake water bodies cover .
9.3% of the study area excluded from ARITE TRl sTeie LIz EORT ke
. shrub
permafrost modeling.
Alpine carbonate dryvas dwarf shrub 0.0

Total cover 8.7
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Challenges

Assessment of vulnerability of permafrost to
— climate change

— to natural disturbances

— to human activities

Projections of the future changes in permafrost
with very high spatial resolution

High-resolution mapping of the various
environmental changes triggered by changes
In permafrost

High-resolution mapping of the societal
Impacts caused by changes in permafrost
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RCP 4.5, 2000-90
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RCP 8.5, 2000-90

Thaw
settlement
(m)
between
2000 and
2090 from
RCP 4.5.
Maximum
settlement
IS 4.7 m

Thaw
settlement
(m)
between
2000 and
2090 from
RCP 8.5.
Maximum
settlement
IS 9.5m



70° N

68° N

-1 69° w -1 5({° w -1 49" W
}'\i Thermokarst Landforms
- North Slope of Alaska

0 100 200 km
1 | |

Thermokarst Formation

B Deep Lakes, Drained-lake Basins, Conical Mounds, Pits and Troughs
I Deep Lakes, Drained-lake Basins, Pits and Troughs

|| Deep Lakes, Slumps

|| Deep Lakes, Slumps, Pits and Troughs

|| Detachment Slides

B Detachment Slides, Pits and Troughs

B Neglible

| Pits and Troughs

B Shallow Lakes, Drained-lake Basins, Pits and Troughs

Modified after Jorgenson et al. 2014



Challenges

Assessment of vulnerability of permafrost to
— climate change

— to natural disturbances

— to human activities

Projections of the future changes in permafrost
with very high spatial resolution

High-resolution mapping of the various
environmental changes triggered by changes
In permafrost

High-resolution mapping of the societal
Impacts caused by changes in permafrost



‘Societal Impacts of Permafrost Degradation







Changes in the ground surface




Photo provided by the Fairbanks DOT office
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Suggestion for Collaboration
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Daily Average Ground Temperature at KBO4
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Thank you very much !

www.permafrostwatch.org
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