
Measuring late-season CO2 flux from ice-wedge polygons in Adventdalen, Svalbard

Ice-wedges are common features in permafrost environments. They develop over timescales of
centuries or millennia through the continuous infiltration and refreezing of snowmelt water into thermal
contraction cracks (low-centred).3

In the cracks degradation processes can occur due to warming temperatures and thawing permafrost.
These processes turn low-centred polygons (undegraded) into high-centred polygons (advanced
degradation) (Figure 1).3

This study aims to:

• Determine whether the polygons act as CO2 sources or sinks in the late season.

• Mapping all ice-wedge polygons in Adventdalen, to contribute to future modelling systems which
predict CO2 emissions.

• Mapping of specific sites in order to compare the state of degradation due to influence of the
environment, warming climate and time.

The importance of the study is underlined by the fact that ice-wedges are the most widespread
periglacial landform within lowland areas underlain by continuous carbon-rich permafrost. The
understanding of the processes on-going in a warming climate is, therefore, of enormous
importance.5

The study area is located in the U-shaped Adventdalen valley, in western central Spitsbergen Island

(Figure 2)4. The Adventdalen valley, characterised by converging alluvial fans, eroded by the braided

river Adventelva. Within Adventdalen, CO2 fluxes of four different polygon sites have been measured

(Figure 2). Site 1-3 contain inactive high-centred polygons, site 4 contains active low-centred polygons.

1. CO2 measurement
• Devices: Open CO2 flux chamber, 11 collars, metal hooks and EGM-4 gas analyser.
• Collar distribution: Polygon interior, trough shoulder, within the troughs, wet and dry areas.
• Measurement period: Four days in the late season (mid September - mid October).
• Measurement intervals: 10 minutes each collar with data collection every 10 seconds.

Our results demonstrate the difficulty of addressing the question of what factors govern the
state of degradation of the ice wedges and CO2 flux. However, these results emphasize the
importance of further research and therefore, based on our experience we recommend the
following suggestions for further research:

• The assessment of the processes which turn the ice-wedges from CO2 sources to CO2

sinks during the season (e.g., influence of biotic and abiotic environmental factors).

• Connection between state of degradation/morphology and CO2 flux.

• More detailed analyses of physical properties, climatic conditions and the individual

subsurface influencing the polygon evolution should be performed.

• Pan-Arctic comparison with other research in order to create a reliable modelling system

of CO2 fluxes.

• The fieldwork resulted in the assessment of the importance of the interaction of different
environmental factors in order to understand the ice wedge development in a warming
arctic environment.

• It is observed that the change in temperature in the end of the season has a significant
influence on CO2 flux.

• Due to the overall short period of fieldwork and the corresponding lack of data collection, it
is not possible to create further reliable theories.

• No statistical correlation can be proved between state of degradation/ wet or dry areas/
geomorphology/ and CO2 release.

• Above all, ice-wedges can be found particularly within the aeolian sediments on both sides
of the river, whereas higher, steeper and active slope processes areas are free of ice-
wedges.

• Seasonal active fluvial channels traversing the polygon sites have a significant erosional
power and accelerate the degradation processes.

• It is recommended to establish the planning of the fieldwork on existing theories.
• It is recommended to choose one easily accessible and smaller study area in order to

collect more data sets.
• It is recommended to take the cold temperatures into account during the late season in

terms of battery life of both the EGM-4 gas analyzer and GPS.
• Due to increasing water level and freezing towards the end of the season collars should

not be placed in water.
• It is recommended to use a more reliable gas analyzer which meets higher research

standards.

1. CO2 measurement

• According to Pirk et al. 2017 drier areas act as sources, while wetter areas act as sinks.5 → This

study has not produced enough data; therefore, this theory cannot be confirmed.

• According to Cannone et al. 2019 there is a decrease of CO2 flux in the late season.1→ Figure 4 and

5 confirm this theory.

• According to Cannone et al. 2019, CO2 is influenced by the state of degradation of ice-wedge

polygons.1 → This study has not produced enough data, therefore, we can not contribute to the

theory.

2. Mapping of the polygons

• According to Fortier et al. 2007 periodic running water within the polygon sites accelerate the

degradation process.2→ As seen in figure 6 we can confirm the theory.

• According to Ulrich et al. 2011, topographical limitations influence the distribution of ice-wedges.4

→ This theory can be supported as no more polygons can be found around 25 degrees of slope
inclination.

• According to Ulrich et al. 2011 the trough size increases with increasing slope inclination due to
degradation processes.4→ This theory can be confirmed.
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1. CO2 measurement:
• Early late season (14/09 and 23/09) has on average the highest temperatures and the highest CO2

outflux.
• Middle of late season (29/09) has an average temperature of around 0 °C and no clear trend of CO2

flux.
• End of late season (10/10) has an average temperature below 0 °C and CO2 absorption into the

ground.

2. Mapping of the polygons:
• Total area of high-centred polygons: 2,32 km2 (1,21% of study area), mostly occurring on the NE

side of Adventelva.
• Total area of low-centred polygons is 0,69 km2 (0,36% of study area), mostly occurring on the SW

side of Adventelva.
• No polygons or highly eroded polygons were found within areas dominated by erosion(e.g.,

seasonal active drainage systems, slope processes), steep slopes (~ 25 degrees)

4. Results1. Introduction and aim

2. Study area

3. Methods

• Data processing: Conversion of the collected data in ppm to mass
concentration ((mg * CO2)/(m2 * hr)).

2. Mapping of the polygons
• Data used: Colored orthophotos and corresponding Digital Elevation

Models. (DEMs) created by the Norwegian Polar Institute 2009/2011.
• Data processing: Polygons were manually digitized with ArcMap.
• All polygons have been mapped (including non-erosional linear

structures), labelled accordingly to the state of degradation and calculated
automatically with ArcMap.

Figure 4: Late season CO2 fluxes for each collar during the four
days measurement period. The red line indicates average day
temperature. The dotted lines show the trend.

Figure 5: Variability of the mean CO2 fluxes of each measurement
day, indicated by standard deviation.

Figure 3: Measurement setup

Figure 6: Detailed map of polygon sites A, B and C

Figure 2: Overview map of the Adventdalen area, with the polygon sites as red dots.

5. Discussion

6. Improvements

7. Future research

8. Conclusion

Figure 1: Degradation of ice-wedge and a schematic of its hydrological impacts

(Liljedahl et al. 2016)
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