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Change Associated with Geomorphic Processes
• Mountains

– Glacial retreat, meltwater
– Slope Failure

• Uplands
– Loss of permafrost aquatard, drainage
– Thaw slumps
– Thermokarst Lakes in Extremely ice-rich loess (yedoma)

• Lowlands
– Thermokarst lakes, waterbody creation
– Forest conversion
– Paludification in Thermokarst Bogs and Fens
– Lake shrinkage: evaporating, draining, infilling

• Floodplains
– Changing flooding, sedimentation, channel migration

• Coastal
– Storm surges, sedimentation, salinization, permafrost 

degradation
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Slope Processes 
Thaw Slumps on Ice-rich Colluvium



Interaction of Slopes, Permafrost, and Fire
Active-layer Detachment Slides

After fire in summer 2004
Photograph by Will Putman



Drying Uplands after Permafrost Thaw: 

Ecosystem 
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Thermokarst Lake Evolution
Lake Drainage:

Tapped Lakes 
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Deep Thermokarst Lakes

24 m of collapse
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Innoko Flats



Collapse-scar Bog, Innoko Flats









Thermokarst Pits 2001

250 m
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1.5 m pixels

2001

1945 1982 2001
Thermokarst Pits

•93% (n=202) of easily 
visible large pits (>9 m2) in 
2001 not evident in 1982

•Area increased from 1.0% 
in 1982 to 5.4% in 2001 0.6 m pixels
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FLUVIAL PROCESSES

• Channel Migration and 
Erosion

• Sedimentation
• Connectivity and Corridors
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SEDIMENTATION

1996 2003

1989

1993



Nuiqsut

Ea
st

C
ha

nn
el

Co
lvi

lle
R

iv
er

N
echelik

Channel

Eroded Riverbed/Sandbar

Riverbed/Sandbar Deposition

Unchanged Riverbed/Sandbar

Thaw Basin Drainage/Deposition

Other Eroded Terrain

Unchanged Terrain

Lake-level Change

Unchanged Water

In-field Facilities

Pipelines

N 0

SCALE IN MILES

Proposed Project

Areas of Erosion and Deposition

1 2

Area (%)
1.3

2.6

7.6

1.8

1.0

58.8

0.9

26.1

Landscape Change from 1955 to 1992,
Central Colville River Delta

8.2% of area changed over 37 yr
2.3% of land eroded
At current rate it would take about 1700 
years to rework entire delta



With very high 
ice contents 
surface 
becomes 
unstable

Channel 
migration 
eventually taps 
thaw lake



Distribution of Least Cisco

Data from Moulton (2001)

4 species of fish in Fish-Judy Creek
20+ species in Colville Delta



Yellow-billed Loon 
Nests & Broods
in NPRA 2001-2002

Data from Burgess et al. (2003)



Floodplains as Migration Corridors



LACUSTRINE PROCESSES



Shoreline Erosion and 
Lake Basin Development

LACUSTRINE PROCESSES



0.7% of land was eroded over 45-56 year period, 0.01%/yr
At this rate it would take 8400 years to rework the surface.



In-filling of Lake Margins



Lake Infilling During Thermokarst Expansion



COASTAL PROCESSES

• Sedimentation (up to 10 cm in big year)
• Storm Surges
• Salinization (up to many km inland)
• Sea Level Rise (3 mm/yr)



CONCLUSIONS
• Regional Factors

– Cold climate leading to a range of permafrost-influenced 
geomorphic processes

• Permafrost Degradation
– Approximately 7% of the boreal landscape has recently 

degraded and potentially 50-60% of the landscape has 
permafrost that can degrade.

• Fluvial Processes (5% of area)
– Flooding leading to sediment deposition
– Channel migration, erosion, and thaw lakes
– Early succession plant communities



•Lacustrine Processes
•(14% lakes, 39% lacustrine basins)
•Differential sediment deposition
•Shoreline Erosion (0.1%/yr)
•Lake Drainage (3% of landscape over 100’s yrs)
•Carbonate inputs, strong pH gradients

•Coastal Processes (narrow land margin)
•Sediment deposition, salinization, thermokarst
•Spread of halophytic vegetation, salt-killed tundra

CONCLUSIONS
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