Fram Strait Sea Ice Thickness from ICESat-2 and CryoSat-2 Freeboards

Christopher J. Picard and Waleed Abdalati
University of Colorado Boulder, Department of Geography; Cooperative Institute for Research in Environmental Sciences

Contact: chris.picard@colorado.edu

Research Questions | Freeboard, Snow Depth, and Sea Ice Thickness | Key Findings }
1. Can we accurately constrain sea ice thickness (SIT) Freeboard . i
using Cryo2lce within Fram Strait? 064 ULS ST 186 m i
° ° . O
2. Which CryoSat-2 (CS2) product, when combined with 1.2- FSAE & A% STy 234 m
. 8 1 S . £ m
ICESat-2 (1S2), yields the most accurate SITs? ° © %7 LARM & Afs SIT: 190 m /
1.0 = |
™ 4(7") |
Fram Strait ] ; 8 oa- /"
A 2019-2020 | 08 ° 2 i
..... . \ 2021-2022 £ O =
~~~~~~~~ . 12022-2023 5 06° : S i
......... ‘ ) § o 8 504) 0.2 1 :
.................................. 2 :
N,/ o .......... SR A WAL/ AN S \ VN 2 0.4 :
...................................... A TA e Nt o E
......................... |
.............................................. . . i .
- .................................................................. 00 0 1 y 3 4 5
................................... Sea ice thickness (m)
........................... 0.0 - : : : :
.......................................... 7o © Fig. 5: Kernel density estimates of daily mean SIT for and total Cryo2Ice SIT
o ~0.21 distributions using ESA-E, AWI, and LARM over 2020-2022. The shaded region is the
N | , , , , distribution used for validation, and the dashed line corresponds to its modal peak.
@ ...................................................................................... : .............................................................................. Fig. 2: Boxplots of total freeboard (h;) for IS2 and the ice-only freeboard (h;) for the T | [ (b) | (@ .
7eN | [ ESA-E, AWI, and LARM products. P|RMSE=087m 7 [ RMSE=180m 7 | JRMSE=047m -
..................... . 5 -
’: I Snow De p th E 4 -
zoiw 101\,\, ________________________________________________________________________ ) Distributions ) Monthly Timeseries N 3 -
o . . 0.22 A c 2 -
Fig. 1: Cryo2lce observations within Fram Strait from November to April, S ESE AT -
2019-2024. Observations are colored by winter season, and the upward boes 2.1e -
looking sonar (ULS) mooring is shown by the black star. o 41 AWials 020 1 3 7
(© de: 0. i 7|7 7|7 7
Data } £ St 0.00 | = = N (d) pas (e) s (f) P
0 ; L,IA\\ARM Af(s) . — i RMSE = 0.55m ’ RMSE = 1.02m ’ RMSE = 0.69m ’
eah—- _E 0.18
Product Parameter Citation g g"t%{j%: 8917 & >
IS2 ATL10 Lidar freeboard ~ Kwok et al. (2023) o - 2 =4
CS2 ESA-E Level 2 Radar freeboard  ESA (2019) D 2 % 01c = 3-
CS2 AWI Level 2 Radar freeboard  Hendricks et al. (2024) E) | 5 -
CS2 LARM Level 2 Radar freeboard Landy et al. (2019) N 1 -
Upward-looking sonar Sea ice thickness  Dmitry Divine, Svetlana Divina 014 - 0 -
Modified Warren Snow Climatology (mW99) Snow depth Warren et al. (1999) i > o . 5 U H . 3 y H ;
SnowModel-LG (SMLG) Snow depth Liston et al. (2020) O S—— —— — - — —— - LARM & SMLG SIT (m)  LARM & NESOSIM SIT (m) ~ LARM & mW99 SIT (m)
NASA Eulerian Snow on Sea Ice Model (NESOSIM)  Snow depth Petty et al. (2018) | | | Snow Dépth (rﬁ) | | | Month

MOSAIC Snow Density Snow density

Macfarlane et al. (2022)

EUMETSAT OSI SAF Global Sea Ice Type Sea ice age

EUMETSAT OSI SAF (2021)

Methods } Takeaways
. . . . 0.741 a) ESA-E & Afs SIT odal Peak: 2.38 m . . . . .
1. Bin observations: CS2flight direction - Seq Ice Thickness os] A3 Hodal Peak: 2.38 * The optimal Cryo2Ice combination is IS2 with CS2 LARM
rredenshorg Hansen et 2l (202 Fig. 4: Kernel density . e SIT can be accurately constrained using Cryo2lce within Fram Strait
| estimates (2013-2024) for: o » Cryo2lce distributions using IS2 and CS2 LARM agree closely
@ CS2 observation a) ESA-E & Afs SIT, o +h
?leZ observatipré b) AWI & Afs SIT, and 00 with ULS | | |
; 5T< mg,v'”s W'“d‘?"" c) LARM & Afs SIT. 2 1 o awt s afe sit * Modeled and climatological snow depths lead to SIT overestimates
.2 Km pIinning radius S :2.27m Modal Peak: 2.21 m . . . .
Fo¢] fhaseh e ULS provides more continuous sampling than Cryo2lce and remains
'Vl'le.a” (SngS akr)efr,’r(iv'ded for 2. the best method for estimating SIT within Fram Strait
dall ICe dCK), Tirst-year ice A 0.3
hISZ - CSZ O 0.2-
2. Estimate snow depth:  Afs = -2 It (FYl), and Sor. References
n in the top left of each 0.0 ,
S | 08 1. Kwok, R. et al. (2023) 6. Liston, G. et al. (2021)
3 C f h pane * 0.74 ) LA.RM & Afs SIT Modal Peak: 1.91 m
. Correct 1or the oo ve]  Ali216m 2. European Space Agency. (2019) 7. Petty, A. (2024)
ce-only freeboard: ~ Pri = hfi* + A5 (s — 1) The dashed lines 0> 3. Hendricks, S. et al. (2024) 8. EUMfETISAT OSI SAF. (2/025)
correspond to the modal o 4. Landy, J. C. et al. JGR Oceans 125, 9. Macfarlane, A. R. et al. (2022)
o, o, veaks for all ice 0.2 e2019JC015820 (2020) 10. Fredensborg Hansen, R. M. et al. Earth
4. Estimate SIT: SIT = ( w ) hfi + ( > ) Afs | Z; . | | L | . | . 5. Warren, S. G. et al. J. Climate 12, 1814- and Space Science 11, e2023EA003313
pW o pl pW — pl 0.0 0.5 1.0 1.5 e I2(.:0e Thickr?esss - 3.0 3.5 4.0 4.5 1829 (1999) (2024)

Fig. 3: Plots of (a) kernel density estimates and (b) monthly timeseries of snow depth
from November to April for each CS2 product over 2019-2024.

Fig. 6: Scatterplots comparing LARM & Afs SITs with (a,d) LARM & SMLG SITs, (b,e) LARM &
NESOSIM SITs, and (c,f) LARM and m\W99 SITs over 2019-2021. The first row of plots (a-c) is

for FYI and the second row (d-f) is for MYI. The dashed black lines represent 1:1 slopes.
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