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‘Z o | Sea Ice Concentration Estimates from ICESat-2 |

Linear Ice Fraction.

Buckley et al., Part 1: Multi-sensor Comparison of
Sea Ice Concentration Products.
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d Horvat et al., Part 2: Gridded Data Comparison and
Bias Estimation. ‘
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1.  New Models Means New Observations.
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Sea Ice MOdeling iS HaVing aA § Roach et al., 2018. An emergent sea ice floe size distribution

in a global coupled ocean-sea ice model

Moment RO TS |

Boutin et al., 2020. Towards a coupled model to investigate

. . . wave—sea ice interactions in the Arctic rnargmal icc zone £
Sea ice is a fractured composite. T Y o

Bateson et al., 2022. Sea ice floe size: its impact on pan-Arctic ;

: : : 3 and local ice mass and required model complexlty
The next generation of sea ice models includes . g
lﬂfOf mation abOut graHUIar behaVIOf Dansereau et al., 2016. A MaX\x;ell elasto-brittle rheology for ’

sea ice rnode]hng
. . : r SRR S o el
¢ BCIOW the gfld scale via the floe size . Broudeau et al,, 2024. Implementation of a brittle sea-ice
. . .  rheology in an Eulerian, tinite-difference, C-grid modeling
distribution >

* At resolved scales using brittle physics and

the Arctic
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diSC]fete element mOdehng‘ 3 Brenner et al., 2023 Scale-Dependent Air-Sea Exchange in

2 the Polar Oceans Floe-Floe and Floe-Flow Coupling in the ;
Generation of Ice-Ocean Boundary Layer Turbulence ¥
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Observations should evolve with models! & = < ST (Fl Ve S j

« Moncada et al.; 2023. Level set discrete element method for
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modeling sea ice floes l




New Gridded Observations for Comparison to New Models

See Tilling et al (2018), Horvat et al (2019)
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Gridded wave energy and attenuation
from ICESat-2 (and ALtiKa)

See Horvat et al (2020),
Brouwer et al (2022), Hell

Gridded data on sea ice concentration and Horvat (2023)

from ICESat-2.

Arctic wave-

affected areas
in 2021.

Why this one?



Sea ice geometry can affect our best observations

Continuum models use,
compare, and assimilate
sea 1ce concentration
data.

But this data is

challenged by fracture

features.

True SIC: 97.5% e B e
NSIDC-CDR: 100%  |meiem =p = = JE50"

(L) Sea ice in the Beaufort Sea from Worldview-3 Satellite. (R) Same image classified via Buckley
et al (2020)



Optical Sea Ice Data from NASA’s Operation Icebridge

”* b \ — July 2016
R { ~ July 2017
= March/April 2018

Evaluate PM biases using more than

70,000 visual images from Operation
Icebridge in 2016-2018.

= WV 07-Apr-2020
= §2 25-Apr-2022
“ 82 25-Apr-2022
= S2 07-May-2022

\; |

Roughly 20,000 independent passive

microwave returns.

JGR Oceans

Research Article @ Open Access @ @

Classification of Sea Ice Summer Melt Features in High-

Resolution IceBridge Imagery Classified by Buckley et al (2020)

Ellen M. Buckley B Sinéad L. Farrell, Kyle Duncan, Laurence N. Connor, John M. Kuhn

CoseAnne T Domingue algorithm into ice/new ice/pond/ocean



Comparison of PM data to optical data in close ice.

a) - Sampled at OIB image location
When pond fraction is zero, and |
: : 0154 — | | |
visual analysis confirms SIC < 100%.
0.10 -
S 0.05-
PM SIC = 97.2% - 98.6% :
§ ~0.05 -
Actual SIC: 96.6% -0.10 -
~0-1571 'Ni5228  N=5228 N=5228 N=5228 N=5228 N=5228
~0.20

Mean errors in open water fraction of
200%. Mean absolute biases of 2.5-
3%b.

CDR BT NT AMSR-NT 0S| AMSR-ASI
PM SIC Product

Ditference in PM-SIC value from visually-classified “ground
truth” for winter scenes with SIC < 100%



ICESat-2 “Linear Ice Fraction”

Can altimetry improve SIC in compact ice?

Length of ice segments

LIF =
Length of all segments

++ quality controls.

Benefits: SIC € [0,1], high sampling of ice

surface. Fasy to conceptualize.

¢ i
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Drawbacks: 1-D measurements. Need

constraints on applicability with data. ;A—L':fsgg‘";“\_
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WorldView 2 « April 7, 2020
DigitalGlobe « Polar Geospatial Center



LIF can improve on passive microwave in compact ice

True SIC: 97.5%
NSIDC-CDR: 100%
LIF: 97.5%

In a series of

1S2: 1.0% = @ Er

Il Open Water

PM: 2.80/0 : > ' o 5 I New Ice

(L) Sea ice in the Beaufort Sea from Worldview-3 Satellite. (R) Same image classified via Buckley
et al (2020)




ICESat-2 bias estimates constrained via emulation

WV Image 20200407221636

How do we quantify error for
an unsupervised IS2 product?

Build an ICESat-2 emulator!
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ICESat-2 bias estimates constrained via emulation

With the emulator we can

] . '[1(‘51-(_‘&5(,' bias Bj -}L[ ‘1"-‘ == ‘SI C Path-based variance in B,
constrain sources of unsupervise : — ‘
error by pairing RGTs with all & -

70,000 IceBridge surtfaces L | i
E 0 5 0 I 2
B. . i ) Bi

* Sampling error (due to fixed
RGT azimuths): (-.6,.6)

Mean Biases and Confidence Intervals

10 1
* Path error due to unknown
otdering of RGTs : (0.25, 1.01) 0F
* Bias a strong function of # 10

overtlights. % 4 60 30 100



A gridded linear ice fraction product

Build 25km monthly “LIF” product — requiring > 6 RGTs per month.
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(L) Total coverage of the LIF product vs standard PM-SIC products. (R) Fraction of months since 2018 where all PM-SIC products have
data and IS2 has data.



Global SIC Product Comparison

Generally: as seen —in the study region, PM products are systematically 2-5%

higher in winter, 3-12% in summer.

Hootstrap NASATeam NSIDC-CDR OSE4300 AMRS2Z-NT AMRS2Z-ASI
, x ! |
g ——
= S Watter |
2 IS2-LIF
(Top) is distribution of SIC =
tor PM-SIC products. w
(Bottom) is difference from as e = l
IS2-LLIF — vertical lines are
median difference. = "
" ’
E".'
-

0.2 (M} 2 H2 ) 0.2



Some Development Highlights!
We developed code bases 6o:

1) Emulate IS2 overtlights over any surface over time, drawmg |
from RGT azimuths to bound unsupervised uncertainty .

{a) n (S 18426509 00 11 nu 1|.'.::;-‘,m|;t

2) Modularly build gridded products by

If you like this — use them! Name

Computing along-track statistics JEZaEulCCI LR

Gflddlﬁ iﬂ tirne and Space to a cl An emulation scheme for ICESat-2 over heterogeneous sea ice
g ® MATLAB - ¥ 0 - Y0 - ()0 - §90 . Updated last month

resolution
IS2-Gridded-Products Public

Code for analyzing tracks and converting to a specified gridded product

Outputting in desired formats wit

® MATLAB - ¥ 0 . o - @1 . §9 0 - Updated last month



Wrap up
Models are moving to represent sea ice a fragmented

composite granular material.

We have exciting new observational datasets. We’d
like to find use cases and ways to bias-correct PM.

fz{, from ICESat-2 Linear Ice Fraction. pfs

Altimeters are perfect when coupled with techniques

Buckley et al., Part 1: Multi-sensor -~ % for unsupervised error estimation.
Comparison of Sea Ice Concentration §

Products.

Horvat et al., Part 2: Gridded Data

polar-oceans.com




Comparison of PM data to optical data with ponds present.

a)0.4 Sampled at OIB image location

0.3 1

When pond fraction is nonzero, —
- - S 014
differences are overestimates of SIC & -
. X 0.0 :
in most cases. ¥ .
g —0.14
, —02+—] | 1
Mean absolute biases of 20-25% .
| N=15270 N=15270 N_=;270 N=15270 N=15270 N=15270
-0.4

CDR BT NT AMSR-NT 0Ssl AMSR-ASI
PM SIC Product

Ditference in PM-SIC value from visually-classified “ground
truth” for summer with MPF > 0%



1)

2)

3)

Why are these small errors important?

Rep. Radius
10 \ Sl
: |
HR-PM is at 6 km. The scale Jun 20 2015 | |
. N Arctic mean floe
of typical floes/lead N | sizes. From Horvat et
- |
spacings. | 12020
S
Lead distribution is red. o M

Mixed Layer KE. Day 0 1073

More variability at smaller ; o
scales. ' : z

102 B .
Input of PE/PAR in small 3 1
leads has significant '*"-1::.:. ﬁ
influence on under-ice ocean LR LI W

and ecology (see later)

o0 o o~ N o

Antarctic lead spacing distribution. From
10! 102 10° Muchow et al (2021)

apparent lead width [m]

1073



Key observable for polar
change. Generally

observed via passive
microwave satellites

PM senses the brightness

temperature, related to
surface temperature.
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Figure 5. Monthly Antarctic sea ice concentrations derived from SSM/I data, using the Bootstrap al-
gorithm, presented for every other month from January through November 1992,

T}y the weighted sum of brightness temperatures of
other surfaces in the satellite footprint

TB:(l—C)Tw+ Z

ice types



PM Overestimates of Sea Ice Concentration

Uncertainty in T values leads to SIC > 1!

- Tp—1T,
T —T

C

For ”close ice” measurements (SIC =~

100%0), NSIDC benchmark SIC product
overestimates S1C by 3.5%b.

Probability

0.301 C,o0a1= 103.5% || §
0.25t6.=5.0% g (c)
0.20 FRMSD = 0.0023 | :
0.15 [ Fog = 0.213 -
- AFgo < 0.001 |

0.10 -

X L™ N _
0.05 ;- A/V E \ -:'
0.00 e _L_,_;-,s/ ! G N 3

80 90 100 110 120
NOAA—CDR SIC distribution [%]

Distributions of estimated SIC from the NSIDC-CDR
SIC product for sea ice known to have SIC > 99%.
From Kern et al (2020)



