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Permafrost thaw describes the progression of ice loss in the
ground, commonly as a result of rising air temperatures. Ice loss in
the ground impacts permafrost landscapes by causing ground
subsidence, along with changes in hydrology and biogeochemistry.
In response to a rapidly changing climate, the impacts of
permafrost thaw will intensify, putting infrastructure, communities,
and ecosystems at risk. To address these risks, permafrost climate
services are needed — permafrost information that supports
decisions for adaptation to future permafrost thaw.

Objectives
The goal of my research is to develop a prototype for a simulation-
based component of permafrost climate services. This component
aims to complement the observation-based component of a climate
service by
«Generating data for locations and times at which no observations
are available,
« Simulating metrics that are hard to measure in the field, and
« Capturing and propagating uncertainties related to imperfect
representation of ground conditions and uncertainties in
driving climate.

Metrics

and why they are relevant
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Figure 2: Ensemble means of annual mean ground
temperature and active layer thickness at one site

Ground Temperature — standard metric for monitoring the annual and
long-term thermal state of the soil column, also identified as Essential
Climate Variable

Active Layer Thickness — a thickening active layer is a sign for
permafrost degradation whereas thinning of the active layer is a sign for
permafrost aggradation, identified as Essential Climate Variable

Conclusions

1. Ensemble simulations are capable of capturing, quantifying, and
propagating uncertainties in driving climate and ground conditions

2. As different metrics are relevant for a different use cases (e.g.,
terrain type and time scale), a suite of metrics must be simulated

3. Magnitudes of change (anomalies) aid the identification of trends
and regions susceptible to (future) thaw
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Ensemble of driving climate

r i ‘w/n\“”‘”’m i
)hg Topographic : u‘”hw ‘Uh“ “‘ ‘\w ‘”‘

hum fifm
“{I\“ ‘}H \”‘ I Figure 1: Simulation
\U\h " \“ i methodology; an
ensemble of
permafrost models is
W!“ W” W i driven with an

: Bl ensemble of terrain
GlobSim e type descriptions
(vegetation,
subsurface
characteristics) using
the GTPEM toolbox
and ensembles of
driving climate,
derived with GlobSim

GTPEM

3.4-

32- -160

3.0- - 140

2.8-
-120

-100

Thaw depth duration

-60
1980 1990 2000 2010 2020
Year

Figure 3: Ensemble means and (25,75) percentiles of
annual minimum ice content and thaw depth duration

Ice Content — characterizes permafrost thaw when it reaches a

minimum after the summer thaw; indicator for stability of the
ground and the hydrological impact of permafrost warming

Annual thaw depth duration - soil in the soil column warmer
than 0°C, integrated over both depth and time; indicator for
susceptibility to landslides and degradation of organic material

Next steps

Identification and parameterization of suitable terrain types,
including vegetation

Extension of timescales to include future climate scenarios
(via de-biased climate models)

Improvement of ensemble output by comparison with field
observations
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