
Evolution of Arctic Heatwaves: Characterising Extreme Heat Events using a 3D Clustering Approach 

Grégoire Canchon1, Gabi Hegerl1, Isla Myers-Smith2, Piers Forster3, Andrew Schurer1, Stuart King1 

1University of Edinburgh, 2University of British Columbia, 3Leeds University 

Schematic Overview 

1 

2 

3 

References:  

(1) M. C. Serreze and R. G. Barry. Processes and impacts  of arctic amplification: A research synthe-
sis. Global and planetary change, 77(1-2):85–96, 2011. 

(2) Z. Ratajczak, A. C. Churchill, J. H. Taylor, and S. L. Collins, The combined effects of an extreme 
heatwave and wildfire on tallgrass prairie vegetation. Journal of Vegetation Science, 30(4):687–697, 
2011. 

(3) S. Dobricic, S. Russo, L. Pozzoli, J. Wilson, and E. Vignati. Increasing occurrence of heatwaves in 
the terrestrial arctic. Environmental Research Letters, 15(2):024022, 2020.                                                        

(4) G.K. Phoenix and R. Treharne. Arctic greening and browning: Challenges and a cascade of 
complexities, 2022.                                                           

(5) Rasmussen, L. H. (2025). Pan-Arctic weather data set from publicly available in situ measure-
ments from 1990-2023 (Version V1) [Data set]. University of Copenhagen.  

Contact Information: 

Grégoire Canchon 

University of Edinburgh, Geosciences 

g.m.m.canchon@sms.ed.ac.uk 

https://blogs.ed.ac.uk/gregoirecanchon/ 

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 90th   

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 (λ) and size threshold (ρ).  

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.  

Methods 

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)  

Motivation 

 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.  

Conclusion and Future Work Results 
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