Evolution of Arctic Heatwaves: Characterising Extreme Heat Events using a 3D Clustering Approach
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Rapid Climate Change and Arctic Amplification
The Arctic has been observed to be more affected by climate

change than other regions, and numerous feedbacks are
drastically impacting the state of the region. (1)

Global Arctic Survey of Terrestrial Heatwaves

Past work has focused on case studies. Furthermore,

several studies have conducted grid point statistical analyses
to study heatwaves, but there is a need to explore the spatial
and temporal aspects of Arctic heatwaves. (2, 3)

Arctic Greening and Vegetation Change
Climate change is shaping a warmer Arctic, which can lead to

regional greening or browning trends. A better understand-
ing of the spatial and temporal distribution of heatwaves is
necessary to investigate those vegetation changes. (4)

North America

Average Heatwave Duration per Year

Eurasia

Average Heatwave Duration per Year

Average Heatwave Spatial Extent per Year

005 210 2015 2020
‘Year

@ 5o -
g &
9 as e 40
s c
_g 40 ,g EH
£ e
230
a 10 o
25 25
20 20
B 005 00 s 020 2000
Year
Average Heatwave Spatial Extent per Year
o000
00000
00000 600000
7 w0000 A s00000
E
2 2 sonoeo
00000
™ o
g 2 000
4 <

00000

100000
o B
o0 005 w10 s 20
Year

Number of Heatwaves per Year

005 010 015 220
Year

Number of Heatwaves per Year

MODIS LST Data (MOD11C1): Daily gridded (CMG) LST
measurements. Time range [2000-2022], Resolution: 0.05°
Study area: Terrestrial Arctic [55-90°N]

1) Heatwave calculation: Using the Heatwave Magnitude
Index daily (HWMId), which is calculated based on the 9ot
percentile values using a 15-day rolling window.

2) Heatwave identification: > 2 days

3) 3d clustering: Using a 2D DBSCAN approach, daily
clusters are identified. A 3D DBSCAN algorithm was then
derived to identified linked clusters based on two additional
parameters: centroid offset (A) and size threshold (p).

4) Cluster validation: Heatwaves clusters have been
validated against in situ weather station data, reinforcing the
relevance of these results. (5)

+ Average correlation scores: 0.742 & 0.764 for Eurasia and
North America respectively.
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Conclusion and Future Work

= The 3D DBSCAN algorithm can be used to
identify large heatwave events, giving a
detailed overview of the evolution of
extreme temperature events in the terrestrial
Arctic. There is no observed trend for North
America, and the Eurasia region shows a
recent increase with a lot of variability overall.

Results from the algorithm will be correlated
with additional in situ data from weather
stations, as well as land cover maps to improve
confidence.

Heatwave clusters will be used in future steps
to investigate vegetation change and wildfire
dynamics in the Arctic and the Boreal forests.
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