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Variability in winter Arctic sea ice thickness growth Correlations between October ice/atmos/ocean
variables and winter ice growth in CESM-LE

Here we explore the recentand future variability in Arctic sea ice growth using a combination of models and observations. While Arctic sea ice ice thickness is known to be in decline across all seasons and regions of the Arctic, less is known about the amount and variability of winter sea ice growth -

due to challenges in seasonal observations and complex feedbacks associated with the freeze season. To explore these ideas in more detail we use data from the CESM Large Ensemble to explore winter Arctic sea ice growth, not just the total Arctic sea ice thickness. In contrast to the total winter thick- - (a) AO (b) WA (c) EA
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ness, winter Arctic sea ice growth shows an interesting temporal pattern in its evolution, with winter growth increasing over the coming decades, before decreasing towards the end of the century (Figure 2). A comparison of the CESM-LE sea ice winter growth with PIOMAS (an ice-ocean model) and
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Improving snow & ice thickness estimates with NESOSIM (v1.0 out now!) Look, we can use NESOSIM snow depth/density to derive new ice thickness estimates!

As snow is the key cource of uncertainity in satellite estimates of sea ice thickness, we recently developed a new two-layer eulerian snow budget model - the NASA Euelerian Snow on Sea Ice Model (NESO- ICESG"—] (Feb/M ar, 2003-2 008) CF)’OSG"—Q (OC"—APT’, 20 1 0-20 1 6)
SIM) - with the primary aim of improving satellite altimetry derived estimates of sea ice thickness from NASA’s ICESat and the upcoming ICESat-2, and ESA’s CryoSat-2. NESOSIM is forced by reanalysis de- (a) Warren snow depth FM-20* (b) NESOSIM_SPRINGDIST (c) difference (a)v2 d pth (b) v2.1: NESOSIM snow depths (b) - (a)
rived snowfall & winds, and satellite derived ice drift & concentration. A model schematic is shown in Flgure 5. The model has been calibrated with in-situ data of Arctic snow depth and density collected by NP~ s 4 o . [/ {0 N | - S

T

drifiting Soviet stations (various data through the 1980s). The model shows good agreement with the regional Arctic snow depths derived from NASA's Operation IceBridge snow depth data, giving RMSE
values of ~10 cm, implying the expected level of accuracy of our product. Unfortunately not much better than the commonly used Warren climatology. The seasonal evolution of the snow depth and density
estimtaes are shown below (Figure 5). Improvements to NESOSIM are planned and expected to lower these RMSEs and increase their utility, especially into the melt season. Community engagement in these
efforts is desired!

—— On the right we demonstrate the impact of this new snow depth data on estimtes of Arctic sea ice thickness. The thickness
Precipitation (snowfal) NESOSIM data are based on updated NASA GSFC CS-2 and IS2 freeboard datasets, which feature improved input data and waveform |4 T o, PR M| | [ #0we. ol EOR <
retrackers for more reliable freeboard retrievals. We apply the daily NESOSIM snow depth data to these new freeboard data
to produce a further enhancement to the original thickness datasets. A preliminary comparison of the new CS-2 v2.1 thick-
ness data with ice draft data collected by upward looking sonars in the Beaufort Sea shows promising improvements.
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Sea ice We are improving both direct observations of winter Arctic sea ice thickness, primarily thorough improved representation of snow on sea ice, and our understading of winter Arctic sea ice thickness variabili-
lce drift 12°0 ty using both models and observations. Our new snow on sea ice model NESOSIM (v1.0) produces reliable seasonal Arctic snow depth estimates and is now being used to improve sea ice thickness estimates
* = = from ICESat-1 and CryoSat-2 (updated near real-time thickness data forthcoming). Plans are in place to derive sea ice thickness from the upcoming ICESat-2 mission, with a product release expected some-
time midway through 2019.
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Figure 5: Schematic of the two-layer eulerian snow budget model. The red Figure 6: Seaonsal snow depth and density evolution across four study regions averaged over the period 2000 to 2015. doi: 10.5194/gmd-11-4577-2018. Code available at: www.github.com/akpetty/NESOSIM

(blue) text indicates processes that result in a loss (gain) of snow depth. The shading represents the interannual variability (one standard deviation).




