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Circumpolar Active Layer Monitoring
• Essential Climate Variables
50 linked variables identified by the WMO’s GCOS and 
GTOS programs which critically contribute to the 
characterization of global climate

The Global Terrestrial Network – Permafrost (GTN-P) 
coordinates all the permafrost-related variables

• International Biome Program 
• International Tundra Experiment
• NSF’s Arctic Observing Networks

• CALM:
• Established standardized protocols based on spatial sampling 

& site characterization
• Data rescue from former Soviet Union & other archives
• Central data repository 
• Continue to increase variables
• Increased site co-location
• Education & Outreach



Active Layer Monitoring

• CALM sites primarily employ gridded sampling (a few use transects) where ALT 
is measured at regular intervals by mechanical probing (1 ha & 1 km2).

• Some sites interpolate ALT from the maximum seasonal depth of the 0°C 
isotherm using shallow boreholes or thaw tubes

Thaw TubeProbing Borehole



“CALM
North”

“CALM
South”

Nyland et al., 2021

Circumpolar Active Layer Monitoring
~300 Registered Sites
~ 150 actively reporting



X̃ = 2.6
X̃ = 5.7

X̃ = 44

• Global variability but generally increasing
• More increase in discontinuous & sporadic/alpine permafrost
• Northern Alaska generally small increases

*Active sites with ≥ 10 yrs. of data

Long-Term ALT Trends

Nyland et al., 2021



• The 100×100 m grids/plots are established within relatively homogeneous landscape units. 
• The 1000×1000 m grids usually encompass several characteristic landscapes within the area.

Alaskan CALM Sites
1

2

3
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ALT Anomaly (cm)
MAAT Anomaly (°C)

• Generally increasing ALT and increasing Mean Annual Air Temperatures

Kuparuk CALM Sites



• At Toolik & Imnavait 1 km 
grids ALT is increasing

• Lupine Hill water track is 
increasing faster

Flux 10, Lupine Hill

Imnavait 1 km grid, 52.8 cm
Imnavait wet 1 ha plot, 53.2
Imnavait slope 1 ha plot, 44.9

Toolik 1 km grid, 49.3 cm
Toolik 1 ha plot, 45.4

Mean ALT = 47.6 cm
1995 to 2024



Alaska CALM Observations
• Active Layer Thickness (thaw depth)
• Vertical position of the Ground
• Air and Ground Temperatures
• Vegetation & Snow
• Soil Moisture



Subsidence

Transient Layer



Subsidence

Utqiagvik

West Dock

Sagwon

Nyland et al., 2021

• West Dock:  -0.8 cm/yr 
• Sagwon:  -0.7 cm/yr 



Subsidence

Streletskiy et al., 2025

North America Eurasia

• Widespread subsidence in Arctic permafrost with rates of up to 2 cm/yr  in the areas with low 
ice content and more than 3 cm/yr in regions with ice-rich permafrost (green shades).

• More coordination on standard protocols is needed.

Ice Content, Permafrost Atlas (2023)



• 5 Onset TM Hobo Pro/V2/U23 2-channel data loggers per site.
• 9 thermistors are place under the vegetation in representative micro topographic locations 
• 1 thermistor is placed on the radiation shield mounted on the mast at ~2m height. 
• Period of observation 06/1995 – Present.  Data is available for 06/1995 – 08/2024 period

Flux Plot Air & Soil Temperatures



Increasing Difference in Air & Soil T’s

• Difference is Summer Air – Soil-Surface Temperature
• Increasing difference at all plots, most in for shrub tundra
• Is this real?  Is vegetation burying the soil sensor?
• Is our vegetation increasing biomass or height (trapping snow)

Site ΔT  Trend
(°C/yr)

Site 6 Toolik 0.10

Site 7  Imn Cr Wet 0.05

Site 8 Imn Cr Wet 0.07

Site 10 Lupine Hill 0.27

Toolik



3 Theses: Bri, Shira, & Anna M
• Can we replicate Skip Walker’s 1995 vegetaMon height measurements?
• Can we use 1995 Stereopairs & modern UAV imagery to map across a plot?
• Do not aQempt this during a pandemic!

• Is the vegetaMon taller?  YES 
• Has the composiMon changed? YES
• Can we map it?  YES



Mapping Height Increases
• 100 m x 100 m plot with 3 or 6 transects
• 1995 & 2021/23 Survey:  

• FuncWonal Group Occurrence 
• Canopy Height
• Maximum Shrub Height

Results: Canopy Heights (cm)

Toolik Lake
Imnavait Creek Wet
Imnavait Creek Slope

Ellenson et al. In Prep for the Special Issue



Mapping Height Increases

• Canopy height esMmates 
were reasonable despite 
short tundra vegetaMon

• Modern UAV esMmates  
captured the range of 
heights beQer than the 
tradiMonal stereopairs 

Moser et al. In Prep for the Special Issue



Nelson et al., 1999; Fagan & Nelson, 2017

Spatial Variability
• Number of papers looking at differences in spatial variability in 

ALT on the coastal plain and foothill provinces
• Physiographic province, landform, & vegetation all influence



• Active Layer is deepening slowly in northern Alaska & near Toolik
• Subsidence is occurring slowly in northern Alaska 
• Complex interactions between landscape, vegetation & hydrology 

influence ALT from one meter to the next

Conclusions



My Favorite Toolik Memory
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Questions?



Sam’s Flicker Account

• >1000 images

• Eclectic, no dates, global distribution

• https://www.flickr.com/photos/sam_
outcalt



Please see the regional 
analyses in the 2021 special 
issue of Polar Geography 
on the CALM program…

Nyland et al., 2021 is the one on Northern 
Alaska



Active Layer Thickness

Nyland et al., 2021



Long-Term Trends
Regional differences

• Sites with data since 1970 thickening 
at rates of 2.5 to 13 cm per decade 

• Active layer thickened most in 
discontinuous permafrost in the Alps 
and Russian European North 

• Areas with low to insignificant trends 
include Alaska and all of CALM South.

Nyland et al., 2021



ACTIVE CALM NETWORK 
(Northern Hemisphere Component )

• Each site cover 1 ha to 1 km2 area.

• 71 to 121 individual observations per site.

• Direct thaw depth measurements by 
mechanical probing.

• At each site observations are made 
consistently within the same calendar 
week at the end of the thawing season

CALM METHODS

CALM ALASKA

Nyland et al., 2021
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Site

West Dock 1 ha
West Dock 1 km
Deadhorse 1 ha
Betty Pingo 1 km

Franklin Bluffs 1 ha

Happy Valley 1 ha
Happy Valley 1 km

Imnavait Cr 1 km
Toolik Lake 1 km
Galbraith Lake 1 ha



• Increasing but not staMsMcally significant 
and not nearly as much as some regions

Imnavait Creek

Sagwon Hills

Be5y Pingo

56-mile

Lupine Hill (water track)

Nyland et al., 2021



Snow Cameras



• Increasing but not staMsMcally significant 
and not nearly as much as some regions

Imnavait Creek Lower

Sagwon Hills 
Acidic, Toolik, 
& Imnavait 
Creek Slope

56-mile?

Water Track



• Data show that overall, ALT trends in northern Alaska are 
similar to other CALM sites located in the Arctic regions on 
cold continuous permafrost.  Rates of air temperature 
increase ranged from 0.07°C to 0.11°C/yr in the Kuparuk 
River basin.  Since 2000, ALT in the Kuparuk has increased on 
average at 0.4 cm/yr, . In the Arctic Coastal Plain ALT 
increased at 0.2 to 0.5 cm/yr rate, and in the Arctic Foothills 
at 0.3 to 0.6 cm/yr  Sites dominated by shrubs had higher 
rates of increasing ALT. Two sites with thaw subsidence 
measurements, one located near West Dock and one located 
in the northern foothills show 0.8 cm/yr and 0.7 cm/yr of 
thaw subsidence since 2003. 

• Temperature measurements show an increase in 
temperature differences between the air and soil surface.  
Our recent work quantifying changes in vegetation height 
and snow depth should allow further quantification of what 
portion of the active-layer trends are attributable to 
increased  summer and winter thermal insulation. 


