
EGU23-7813, updated on 06 Jun 2023

https://doi.org/10.5194/egusphere-egu23-7813

EGU General Assembly 2023

© Author(s) 2023. This work is distributed under

the Creative Commons Attribution 4.0 License.

Drivers and predictability of extreme summer Arctic sea ice
reduction with rare event simulation methods

Jerome Sauer1

, Francesco Ragone

1,2

, François Massonnet

1

, Jonathan Demaeyer

2

, and Giuseppe

Zappa

3

1

Georges Lemaître Centre for Earth and Climate Research, Earth and Life Institute, Université catholique de Louvain,

Louvain-la-Neuve, Belgium

2

Royal Meteorological Institute of Belgium, Brussels, Belgium

3

Istituto di Scienze dell'Atmosfera e del Clima, Bologna, Italy

Various studies have identified possible drivers of extreme Arctic sea ice reduction, as observed in

the summers of 2007 and 2012, including preconditioning, the oceanic heat transport and the

synoptic-scale to large-scale atmospheric circulation. However, a quantitative statistical

assessment of these drivers and a better understanding of the seasonal predictability of these

events are hindered by the poor statistics of extremes in observations and in numerical

simulations with computationally expensive climate models. Recent studies have addressed the

problem of sampling extreme events in climate models by using rare event algorithms,

computational techniques developed in statistical physics to increase the sampling efficiency of

rare events in numerical models. In this work, we study the statistics of summer seasons with

extremely low pan-Arctic sea ice area under pre-industrial greenhouse gas conditions, applying a

rare event algorithm to the intermediate complexity coupled climate model PlaSim. Using the rare

event algorithm, we oversample dynamical trajectories leading to events with extremely low

summer and September mean pan-Arctic sea ice area. Compared to standard simulations of the

same computational cost, we increase the sample size of the extremes by several orders of

magnitude, which allows to perform statistically robust composite analyses of dynamical

quantities conditional on these events. In addition, we have access to ultra-rare events with return

times of up to 10

5

years. We exploit the improved statistics of summers with extremely low pan-

Arctic sea ice area to study precursors of these events, including a surface energy budget analysis

to disentangle the oceanic and atmospheric forcing on the sea ice. Particularly, we investigate the

linkage between the extremes in summer Arctic sea ice area and the preceding states of the Arctic

Oscillation and of the Arctic Dipole Anomaly pattern, as well as between the extremes and the

preconditioning in the sea ice-ocean system during the onset of the melt season.
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