Arctic seasonal variability and extremes, and the role of weather systems in a changing climate
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BACKGROUND

The Arctic climate is changing dramatically. Long-term trends in surface temperature and sea ice extent caused by anthropogenic
warming strongly affect the Arctic atmosphere [1,2]. Air-sea-ice feedback processes additionally amplify these trends [3,4].

The Arctic region further exhibits a strong variability on time scales from days to seasons. Synoptic weather systems such as
cyclones and anticyclones are related to air mass exchanges with the mid-latitudes [5,6] and air mass transformations within the
Arctic [7,8], and are thus key drivers of Arctic variability.

In this study it is our goal to analyze the change of Arctic seasonal variability as well as the role of weather systems in a warming
climate by using large-ensemble climate model data.

METHOD

For this analysis we use large-ensemble data of the CESM1 climate model [9,10]. Simulations are performed using the RCP8.5
emission scenario. 6-hourly output is available for four different periods:

$2100: 2091-2100
[105 ensemble members]

: 2031-2040
[40 ensemble members]

: 2061-2070
[40 ensemble members]

$2000: 1990-2000
[105 ensemble members]

To account for varying climatological and surface conditions, we differentiate between distinct geographic Arctic sub-regions and
surface types (open ocean and sea ice). The seasonal variability in these sub-regions is analysed in the phase space spanned by
the seasonal-mean anomalies of 2m-temperature (T) and precipitation (P).
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Figure 1: Seasonal-mean anomalies of T (in K) along the x-axis and P (in mm day)
along the y-axis in the region of (a, c) the Arctic Ocean with SIC_;20.5 (blue area in
the map) and (b, d) in the region of the Kara- and Barents Seas with SIC_,,<0.5 (orange
area in the map) in (a, b) DJF and (c, d) JIA. Colored dots show mean anomalies per
period and solid (dashed) lines include 80% (95%) of all seasons. Outlier seasons are
shown for the S2000 and S2100 period. Tables show change in the seasonal mean
between S2000 and S2100 (AX) as well as the standard deviation of anomalies in
52000 (0 s5000) @nd S2100 (0 s,100) for both T and P. Panels (e) and f) show monthly-
mean sea ice concentration for all four periods in the respective sub-regions.
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Figure 2: Same as Fig. 1 for S2000 and $2100. Contours contain 95% of all seasons for CESM1
(solid lines) and 16 multi-member CMIP6 models (dashed lines). Anomalies are calculated
relative to the mean over all seasons in S2000 for CESM1 and the respective model in CMIP6.
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Figure 4: Mean moisture source areas for the Kara and Barents Seas (red contour) for DJF in (left) present-day and
(right) future CESM2 simulations. Ensemble mean sea ice edge in each climate state is shown by solid green line.
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