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Motivation

Why are Sea ice roughness(SIR)
& Sea Ice thickness(SIT) information important?

e Essential climate variables

* Impacts on climate change, Earth’s surface energy budget, atmospheric
circulation , water budget, global temperature and commercial human activity

Sea ice roughness (SIR) « Affects on the surfa(?e reflection o
« A fundamental physical parameter for estimating SIC and SIT

. . * High sensitivity to heat flux and radiative balance
Sea ice thickness (SIT) : /

« Especially, thin SIT is important for understanding sea ice-atmosphere-
ocean interaction and for operational and commercial purposes



Motivation

Monitoring SIR & SIT using satellite remote sensing

* Global observation
« Plenty of long-term observation data of sea ice
 Sufficient spectral, spatial, and temporal coverage

SIR & Thin SIT are difficult parameters to be retrieved from satellite
remote sensors

Thickness classsification Ice thickness d [m]

. . . . . Young ice 01 <d<03

« The SIT estimation using satellite radar altimeters . ;
.. ) Thin first-year ice 03 <d<07

(Laxon et al., 2003), is disadvantageous owing to the S ,

e - i Medium first-year ice 07 <d <12

validation issue and large uncertainty for SIT < 1.0 m. —— _
Thick first-year ice 12 <d <20

Multiyear ice d> 20



Motivation

v" Availability of L-band radiometer satellites (SMAP &SMOS) data

« The L-band is sensitive to thin SIT variations and the large penetration depth (Matzler, 2001).

Key ldea | « The SMOS with its Microwave Imaging Radiometer using Aperture Synthesis (MIRAS)
sensor (L-band (frequency=1.4 GHz, wavelength=21 cm) radiometer) has a lower
uncertainty in estimating thin SIT about 0.5 m under ideal cold conditions

v" For thin SIT lower than 0.5m, there may be a correlation between SIT and SIR.
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Data & Area

Period | December 2015~2018

Data | SMAP L3 polarized brightness temperatures (T, Tg y and T's)

« Spatial coverage: global
« Spatial resolution: 9km x 9km
» Temporal resolution: 1day

SMOS L3C Sea Ice Thickness (SIT)

- Spatial coverage: latitude: 50 to 90" N, longitude: 0 to 360" E
- Spatial resolution: 12.5km x 12.5km
- Temporal resolution: 1day

Area | Arctic region within latitude 70° N to 90° N



Method & Procedure

Input Data SMAP:Tgy, Tpy, Ts SMOS: Di¢e smos
Rough
surface reflectivity Rry, Rpu
| ,
Roughness/Thickness OsM AP D;ce smos

|

Conversion Osmap - Dice smos relationship

!
| }

Output Data Dice smap Osmos




Method :SMAP-retrieved small-scale SIR
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* e.g. SMAP-retrieved SIR on December 3 of (a) 2015, (b) 2016, (c) 2017, and (d) 2018
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Tg p = brightness temperatures (polarization P =V or H)

Ts = surface temperature
A = SMAP wavelength; 21.43cm

68 = SMAP incidence angle;40o
(Hong et al. 2014)
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Method :Conversion relationship between SIR & SIT

SMAP Surface Roughness VS. SMOS SIT

(December 2017)
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Results :SMAP-estimated SIT

SMOS SIT VS. SMAP SIT
(December (a) 2015, (b) 2016, (c) 2017, and (d) 2018)
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Kaleschke el al. (2009): using the aircraft equipped with the L-band Radiometer and coordinated with helicopter
based electromagnetic induction (EM) ice thickness measurements vs. SMOS SIT

CC=0.5,0.82+£0.4 mand 0.65x0.3 m

« Bias=-2.268 cm

e RMSE =15.919cm Patilea et al. (2019) : SMOS-SMAP-derived SIT and the ship-observed SIT during the period October 5 to
November 4, 2015 in the Beaufort and Chukchi seas

« CC=0414 CC=0.58

Williams et al. (2019) : comparison between the OSISAF and SMOS SIT during November to December 2018
Bias=-0.12m , RMSE=0.26 m



(December (a) 2015, (b) 2016, (c) 2017, and (d) 2018)

(a)__SMOS Sea Ice Thickness SMAP Sea Ice Thickness
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(c) SMOS Sea Ice Thickness SMAP Sea Ice Thickness
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Results :SMOS SIT vs. SMAP-estimated SIT
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Results :SMOS-estimated SIR

Bias-correctied SMOS Sea Ice Roughness

SMAP SIR VS. SMOS SIR

(December (a) 2015, (b) 2016, (c) 2017, and (d) 2018)
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(b)

Corr=0.542
Bias=0.069
RMSE=0.223;
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Bias = 0.03 cm

RMSE =0.228 cm

CC=0.496
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Results :SMAP-derived SIR vs. SMOS-estimated SIR

(December (a) 2015, (b) 2016, (c) 2017, and (d) 2018)
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Summary & Conclusions

v Assumption: a correlation between SIT and SIR derived from L-band radiometer, due to its high sensitivity to SIT variations and

large penetration depth.

v We presented a novel method to estimate thin SIT and SIR using a conversion relationship between them, using the data of SMAP-
retrieved SIR and SMOS-provided thin SIT.

v Advantage of this study:
(1) provide the SMAP thin SIT and SMOS SIR, which are not available.

(2) High accuracy (from the comparison results in the Arctic sea ice during winter)

 SMAP-estimated SIT | bias =-2.268 cm, RMSE = 15.919 cm, and CC=0.414
(Average of four month)
« SMOS-estimated SIR | bias = 0.03 cm, RMSE =0.228 cm, and CC = 0.496
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