3]

!
N
o
o
oF
el

BSPE22040-061-12

i

changes in the Arctic cryosphere
2023. 02. 28

A study on remote sensing for quantitativeanalysisof

4

o B
o X
o 1r
X
oo

o

MNAHNNOTO—OO© ——— N

Hir PREE P BT T PTET T

B 75 0 B o

=T Ar R B

Kk




g

Al

AA—RAL A7 A o] 184 HFHIAE ASdUT

1

9%

oju

i

28.

2.

2023.

U
el
N

0

_

e

ioo
el

—

N
N
.@.O
ma
o}

0

X

o

Bl

o

~
o

Iman Heidarpour Shahrezaei &

)

o



B

BIA 22

A B

PE20080
PE21040
PE22040

2020.01.01.

WA TR
~ 2022.12.31. AT

1/2

A

7185 A (20201 o] F)

o,

QA

A

< 3 A

r

TIHA

Al (29H) A =

re
2y
o

e
FolaTU%

4,752,547 9
A4

4,752,547 ¢

H4
SN2

B r2
AR
)

o, o,

OO]:

o171 &9 2
CEENEEE FRE

Fe71494

AETEAT

59

S =AF71 3 : Alfred Wegener Institute

w29 o]

4 =A 771" : Nansen Environmental and Remote Sensing Center

o5

A=A T-7] 3 : International Arctic Research Center

2

%

E}
EY

.?_

o

. #Ad%a

ATAYA

¢

: AZH

ATHYA -

AT
AT

L e ed
e e P e

of2 |2 |0t | ot
& [l 3o

B [0, |ofot

QAT A TS

= 3 m—

= ZAlo

2 7NZ4] 50070 )

o] 3%l thalM A&t s
of thall 71l e Alat 4t

of sl A7z ddd

k

= 7Y
AEES A

Sea ice, Permafrost, Satellite, Unmanned Aerial Vehicle, Remote Sensing




g

Qk

-

A

B!

gy
w

3
o
oF
el

i

Iz
= =

AT

.

el

i

T

TR

ofo

AFNEL] U

1.

EEARY

2

o [12A]

3} &2 71& A

&g TE W3 #= 7 AL

HAAE AR

g2

m

7% 914 A

3

o]

3

H s o34

i

q_mo

~
.UT
)

i
G
,...__|u0

T

I

AT, A7) 2% U3

I A1713

3]

2 29A A £y

o

3

i



dTAEE e A

V.

s
cua

T

|

At A

- R 27 o)

A AT SRAE S

ks

o Ag3AT

T

2

o
Ho

A

op

0
i
S

e

Nd



o

SUMMARY

Title

A study on remote sensing for quantitative analysis of changes in the Arctic

cryosphere

Purpose of R&D

Development of satellite remote sensing products for Arctic cryosphere
monitoring
Assessment influence on Arctic cryosphere by global warming using

quantitative analysis

Contents and Extent of R&D

[Phase I] Quantitative cryosphere variability detection by remote sensing

- Quantify Arctic sea ice and deep analysis on spatio-temporal variations

- Permafrost monitoring using UAV and satellite data

- CAL-VAL remote sensing data by field-expedition

[Phase II] Analysis of spatio-temporal variations and influence by climate

factors

- Understand interrelationships among sea ice and ocean (and potentially
permafrost) with climate factors

- Mutual influence analysis of changes in cryosphere to climate/environment
variations

- CAL-VAL remote sensing data by field-expedition

R&D Results

Development of satellite remote sensing products for Arctic cryosphere
monitoring

- Enhancements in spatio-temporal resolution of sea ice thickness, drift, and

_5_



type
- New product developments for sea ice flexural strength and roughness
- Continuous productions of sea ice deformation, lead, and melt pond
Laying the foundation for comprehensive analysis on changes in the cryosphere
by increasing the number of analyzable variables and their spatio-temporal

resolutions

Application Plans of R&D Results

Contribution to the improvement of climate prediction system through the
production of precise sea ice input data
Contribution to the development of the Arctic route prediction system through

the continuous production of precise Arctic sea ice data
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(Gray Level Co-occurrence Matrix) Al4bS 7IWEC. 2 &l o]= 7| Azt Ao A gk

AR, BFES 247 20T S 4Y APola, ol F 14 92A JAZ FAT 5 9

< (Haralick et al., 1973).
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wekA Sentinel-1A/1B9] o5 #Hup A 2g]e) zh #Hyp JHC2RE 13704, =9 2674 <]

924 A4S 5 /b5

7129l "2z 7|dk ¥ #3 EF (Aldenhoff et al, 2018: Hong and Yang, 2018 %)
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& 3-1-1. ALH 5% &7 A= W7t 2% (F54HF)
o=
F54%
Open water New ice Young ice |First-year ice Old ice

Open water 90.1 13 1.6 6.9 0.0

New ice 30.0 21.9 27.1 16.7 4.2

A A Young ice 37 51 58.8 24.3 8.1

First-year ice 5.0 1.7 18.7 64.4 10.1

Old ice 0.1 0.3 3.1 6.4 90.1

£ 312 ALE 5% BF AYE 7 A3 (599F)
o5
=943
Open water New ice Young ice |First-year ice Old ice

Open water 89.1 1.3 3.3 6.4 0.0

New ice 45.1 31.9 6.0 15.1 2.0

A A Young ice 71 6.3 47.6 28.7 10.4

First-year ice 5.6 3.8 32.8 38.4 19.3

Old ice 0.3 0.5 1.9 4.6 92.8
- AMAeR 25723 SYAZe AR Aot foldnz FARAAAe AAY
(overfitting) =A== gl A= ATE. sl (open water) 2t thdH (old ice) ol Wiali A=
0% T 52 AIdrE Holy Tddre HlEF{F F3E (new ice, young ice, F7

80cm ©] At first-year ice) & A2 FEo] X353 Ao UET
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W

DOPERNEEE New Ice _ First- Yearlce —m

% 3-1-6. 20199 2¢¥ 8¥ <9 Sentinel-1A/1B EAlola FAH(E%F ¢ HHHES, &
& 9 HVHEsH# 248 dY BF AR (LEF o), 193 3
NIC @ 58 AE (9% obd)

- 201683 201739 6~8Y(AFH) I 54 421739 Sentinel-1 EW-GRDM E2E 974
Z (FW AE} AF AT 2L £2F M) A

A=

923299 9L SUAZ (FA S 4F Ao
Kol
=]
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i}
ko
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m
N
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o
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=)
Iy
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N

o
i
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25 7H) el Abgste] o 7 RS o]l A8k HUME SR AF5H] Ae A %
Wl gl osl wel AEFRIF /Wl (AARIIA WaASE F3b 8 Ax
Lookd W H3 PRE AT @), B QAT EFVAEOR PR W7t
.
# 3-1-3. AFZH 3F &7 A¥g= HUt 24 (F5HF)
o
3243
Open water Mixed first-year ice Old ice
Open water 99.0 0.9 0.1
21 A Mixed first-year ice 47 60.6 34.7
Old ice 0.6 7.7 91.7
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Aot e 19% Zol 4 rEF APER 23 A9 & Y
Fogom, 94 Holg ol gstel AWl AiE $AYL & km HAE

(R. Kwok, 1996).

ok

o

Sentinel-1 Constellation Observation Scenario: -
Revisit & Coverage Frequency ﬁ“‘ sentinel-1

validity start: 05/2019

-
: " ALY - R
, * PR TR A 1! A

.q,.;;,;s;rf;:rmum;:flﬁM- — D DL
PASS ! REVISIT  FREQUENCY * COVERAGE FREQUENCY ** , REFERENCE DATA SITES (6d repeat)
NNN ASCENDING 1 WV Gdays  \\\ 12 days 1 days Highly active volcanism
W DESCENDING 3 11/ (i 1.3 days Fast subsidence

HR' 2-Adays Short growth cycle, intensive agriculture

. Fast changing wetlands

Fast moving outlet glaciers
Permafrost & glaciers

Brdp4p

% coverage ensured from same, repetitive relative orbits
** coverage not considering repetitiveness of relative orbits

19 3-1-8. Sentinel-1 dAd ol e AXF 25 5 F7]

o] mjAE& 1) ol (feature) F=3 Wl H S &3 coarse coregistration, 2) A1
= GAE AX7] g 94 A=

[e) -

[e}

QS WA QI ME Axto] 7}

R

3}= =3} fine coregistration? F
2. 2

g SA % ge/ES Wl

ZAFE5ATA MOSAICS E3 MOSAIC 94412 Polarsterng 422 ¥4 40km
| H 1009709 & &% Fo| (Surface Velocity Profiler (SVP) buoy)e <
HEo 2 3 o]lF WHE FE3= 7leS ASsi=d HHe ARE AT
A

F germg o AFgAE MOSAIC ZEI1HFH EA7]9 =9 Sentinel-1A/1B I 4+

- A4 -



FHAT  Sentinel-1A/1B GAd ol AL 400km Zo F9 EE=9< Extra
Wide-swath (EW)Z EZ3] A9 <
MNe A oF 239 JAE HAE.

MOSAIC A74e %9 85%, 574 135 B3e] Y @7tedd P58 EFE A7
ol B3W 2AT AU 2P AYOE WAl AR AAEPoH, A £F )
L E T

AlEHE

22875

e

HEHH

[TEE

Google Earth

19 3-1-9. MOSAIC d++41¢1 Polarstern® %538 &7 44

- ORb v 55 Alsts AR JAHY A4 Alxd e 54 &9 875
o #HZFo] EIbssty] il o] Aol MOSAIC wA Al#Sl 109 2%

S ES AYel Soi77] A& 14 FE7kA oF 100479 AErbs AREF

)
£

o] Ao A= Korosov and Rampal (2017)¢] 7j@st &g &<

o] &3 1) wiolAZ 3 YAatztel] ik i T Abek Ao o|EFAS HAEY] S8, o
A EHAC i E2]F<l sigma nought Al O/‘}Z‘Ji’_‘ﬁﬂ] o gk
nought< ©] &, i) 94 #Ho] A 2 Polarstern® W2 20km A &
= 9% GPS #x& 719 delHAl ¥, iii) °lF “—ﬂﬂ FZo A
kriging ®.7},

+ 92 3 olF #WH F&9 F 9AQ feature tracking® pattern matchingol <]
& ztz} &3 W olF WMEHE YelY. Feature trackings 533 (keypoint) = 7 A
} = z

HHow BFAW MEs LE ARE Q7]
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2019-12-11T04:00:00 - 2019-12-14T04:24:00, 57 bucys
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WEE AZ3te A7) AEELS £ 9 Copernicus Marine Environment Monitoring Service
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Buoy vs SAR (KOMPSAT-5), 1069 sets of positions

Buoy-SAR (KOMPSAT-5), 1069 sets of positions
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Buoy vs SAR (COSMO-SkyMed), 5339 sets of positions Lo Buoy-SAR (COSMO-SkyMed), 5339 sets of positions
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dAvtz 9.

Buoy vs SAR (cross-sensor), 1651 sets of positions o Buoy-SAR (cross-sensor), 1651 sets of positions
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First image Second image
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Type X&gs_ Unit Description Value Variable Type Note
0; degree Incidence angle 55° Constant
Central frequency of
Sensor | f GHz the observation band 6.925 GHz Constant
_ Ice-water spatial -
C fraction 0 1 Independent
Atmos- q Temperature at surface Cor
bhere T, C (2m air) 35 0 Independent
. _ o Freezing
Ocoan T, C Sea surface temperature 1.75 C Constant temperature
S, %o Sea surface salinity 32 %o Constant
. T.= T,(sea—ice)
T; C Sea uce temperature -35 ~ -15 Dependent or T (snow)
Sea ice salinity, Cox & Weeks
S; %o S = f(d,) 549 ~ 1424 | Dependent (1974)
Volume fraction of air
V, lem®/cm? inclusions, Dependent Cox (fzg%\geeks
V(z :f(Tl'ysi’pi)
Volume fraction of Cox & Weeks
Sea ice| ¢ |/ prine v, =7 (T, ) Dependent (1983)
Density of sea ice
sample . Timco &
b | g/cm® (b < biee = 0.917g/cm’,| 0.72 ~ 0.94 | Independent | g oiopine (1996)
;= 0.91)
d; cm Sea ice thickness 0 ~ 150 cm | Independent
: Thermal conductivity of] Mayvhut &
K, |W/m/K sea ice, K. = £(S. T 2.1 W/m/K| Dependent Untersteiner (1971)
7. | © SnOY IemBRrtute | g5 ~ 0 | Dependent
o Snow-ice interface _ar o e
Ta| T temperature 35 ~ 0 | Dependent |Ti;=f(dyK;,d,K,)
Density of sea ice
3 E ~
Show bs | g/cm (p. < pi. = 0.917g/cm®) 0.1 0.5 Independent
d cm Snow depth 0 ~ 50 Independent
Thermal conductivity of] Sturm et al.
K, |W/m/K snow, K.=/(p) 0024 ~ 08 Dependent (1997)
Vi lem3/cm? I;;S&lg nﬂiﬁ%g%ﬁg&? 001 ~ 012 | Independent | (Wet snow only)
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- AMSR29] 18.7GHz®} 365GHz AEdS o] &3 GR(36.518.7) E3 & F7 & &1
== MEe 71 dAFEo] EAsH, A3 AF+E F3d Kim et al., 2020014 6.9,
10.7, 18.7GHze}F 49 ¢ sy =ole Aol tis 7S AAS we2tA, &3 9 2
d Folot ¥ T HARE WY F A AEE GR36.5,18.7)% GR(10.7,6.9)9 ZFHE
gt 831 [CESat-2 #50] A&Esle 7Ad ol FEvlola=zZd 52 ax4Fo0F 2
Z3t= tsAd 3 A4 N

TB(6.9) TB.(10.7) TB(18.7) TEB,{36.5)
-~ | < 4 L
o= i %,
o i J_J N
@ = 25! 3 e 8 L
; Snow e A
3 0o G
o e ”
g -y L
= Freeboard LB
K ice i
pE | i —— 4 S L s e L S B s e T s ] u ...............................
Water lewel | S EEEE—
T} Snow grain
Ice () Air pocket
e . o .,
19 3-1-75. FEuiolazy =W iy g ojojol e WE oA EXE
- O EE B AFolA AR AR 9] Al A,
E 3-1-14. Aol A1&3 A5 5=
A8 EA T AR 24 712 =4
AMSR2 LA IR R ICESat-2¢} OIB9] #=7]
ICESat-2 A8 Eo 2018-2019, 2019-2020d = 11-3¢¥
5} 3L =
OIB ASE A8 =0 2013, 2014, 2015, 20179 % 3¥ ® ‘;]E”
OSISAF M &3 2018-2019, 2019-20203 = 11-3¢¥

- A8 =] (Freeboard, ©]3} FB)+~ AMSR29|A & GR(10.7, 69) % GR(36.5, 18.7) <}

o9 oAy BAZE o 7HgE.
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# 3-1-15.

Input feature

FeatureE7+2] “#” 94HS %53k augmentation
.. Number of
Description
features

TB(.p)

Original p polarized TB at a single frequency v

14

1/ TB(.p)

Inverse of TB(v,p)

14

log TB(v,p)

Logarithm of 7B(v,p)

14

1/log TB(v,p)

Inverse-logarithm of 7B(v,p)

14

TB(v,,p) o TB(vyp)

Hadamard product of two frequency channels

(vy,v,) for p polarization

105

1/(TB(vy.p) = TB(v,p))

Inverse of TB(v,,p) o TB(vyp)

105

TB(U1’P> - TB(Usz)
TB(vy,p)+ TB(v,,p)

Normalized difference TB between two different
frequencies (v,,v,) for the polarization p

91

- L& o = o ] ] [e] o] s - o Al = S o SO A Ao
Tk 357709 featureE 9] Aol7t Aol o E QIgk 1D-CNN9 A5Astet &2 AS
O] & 3 == oy LS 25 FELS Tzl OFALE. HFA
918l 7t augmentation IIHFEHE BY StFS Al 1 AdES FAE FHE B4
[e]
= Ak
TB(v, ) 1/TB(v,p) TBiv, p} = TB{v,p) LATBwp) © TB(vzp))
P g ?-{Nun:, 14,1 R E !_nqml (Noue, 14, 1) P gt | (Nowe, 105,00 | | ispur 6 input: | None. 105.1) |
Tnpuil ayer outpat: | (None, 14, 1) grulayer | quipue | (None, 14,1) Tapiatlyer output | (Noae, 105,17 | | putlayer output: | (None. 105, 1} |
| | l I
convld 1; mput- | (Nooe, 14, 1) comvld_3: | e | Newe, 14, 1) convld 9 _input- | (None, 103, 1) convid_L1: i (Mone, 105
ConvlD aupur. | (None, 14,32) ComlD | output: | (Nome, 14, 32) ConviD outpur: | (Nooe, 102 32) — output: | (Nane, 102,
. ot | dgut | (Sone, 14.32)| [ e a3 | ipur | (Nove, 14,32 | e do | ipat [one. 102 30)| |y poolimgtd 11 | inwut | Nove, 102.32) |
MuxPoolinglD | ouput: | (Nowe,7,32) | | MixPoolinglD | oupar: | Nene, 7.32) | MaxPoolingtD [ outpur | (Noue, $1.32) | | MosPoolinglD | onprt: | (None 51, 329 |
comvld_2: ingut | (Nane, 7,33 | convidd: | imput | (None 7.33) convid 10: input: | (Mone, 51, 32) comvld 12; input: | (Nome. 51,33 |
Conv D outgut: | (Nowe, 4, 18) Cowv1D | putpat: | (Nome, 4. 16) Comv1D oltpur | (Nene, 48, 18) | | ConviD output: | (None, 48, 16) |
von_pooling1d 3 | iput | (None, 4,16) | | mas poolingld 4 | it | (None, 4. 16) | s, poolingld_10: | input | (Noue, 45.16) | | mx poolingtd_12- | input: | (None, 45.16) |
MaxPoolingtD | putput: | (None. 2,16) | | MmPooling1D  |"guppur | (Noue, 2. 16) | MixPoolng 1D | gugpur | (Nowe 24, 16) | | MaPoolinglD [ ot | None, 24, 16) |
flntten_1: gt : {(None, 2, 16) finten_2: | fmput | (None, 2, 16) flaiten 4: Inwl (Nooe, 24, 16) flatten 5 _i!mul: ggu_@__:i_[g}'
Flatten output- | {Nene, 32) Flarten | owipur: | (Nooe 12) Flatten outpur | (None, 384) Flatten output: | (Nome, 384) |
| [
L ]
T T 1
[ SR A T S S
1o | mgur | [Nose, 16), O¥one, 16), (one, 16), (None. 16), (None, 384), (None, 384), (None. 320)] |
Concatenate | ougu: | (Rione, 1153 I
Hatten_3: ourpuiz | (Nome, 32) | | flatten_4: ouput: | (None, 32) dese 1: T it | o¥ome: 1152 | fttén_7: oupue: | (None, 320)
Flatten input: | (Nowe, 3, 16) | Flatten wput: | (Noue, 2, 16) Dease | output: | (Nowe, 1024) | Fiatian iogut: | (Nowe, 20, 16)
s pootingld 6 | ouyput | (one, 2.16) | | snmx pooting1d s: | owput: | (Nene, 2.16) dropout 1. |_input: | (Mane, 1024) | P 4 14 | owput: | (Noue, 20.16) |
MasPoolingl D mput: | (MNowe, 4, 16) | MixPoolingl D | gt | (None. 4. 16} Dropout | cutpur: | (Nowe, 1024} | MaxPoaling1 1 | ingut: | (Nome. 41. 16) |
convid 6 output: | (Nane, 4, 161 comvld_§: owtput: | (Nome, 4, 16) dense 2 ioput; | (MNowe. 1024}—i convid_L4: output: | (Noue, 41, 16)
ConvlD iput; | (Nowe, 7,32) | Couv 1Dy mput: | (None, 7, 32) | Derise output: | (None, 236) | ConviD mput: | (Nome. 44, 32)
max_pooling1d_5: | ewput: | (ove 7,33 | | . pootingtd_7. | oweur: | (Neue, 7,32) | dropour_2: anpw; | (None, 256) | mne_poolingid_t3: | owpur: | (Nee, 44.32) |
| MexPosliugtD [ igpur; | None, 14,32)| | MoxPoolinglD [ gur | oNone. 14,32} Dropout ourput. | (None, 256) | MaxPoolingID | mgu: | oNone, 88.32) |
convid_§ output: | (None. 14, 32) convld_T; dense 3: imput: | (None, 256) | convid_13 output: | (None. 88, 32)
ConvlD Cony1D Desise output: | (Noue, 64) ] ConvlD mput: | (Nome. 91, 1)
inpit_3: ‘ input_4: | denise 4 it | (Nome, 54| fuput_7: outpur: | (None. 91, 1)
InpLayer mput: | (None, 14, 1) InpulLayer Dense | output: | @ome, 1) | TputLayer iput: | (None. 91, 1)
log T8y, p) Senice thickness (TB{v,p} - TB(v;p}}

a9 3-1-77.
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B, p) _ID»

1/TB(v,p)

mmmmann

log TB(v,p) _IE

1/(TB(v,p) © TB(v,p))

(TB(vyp) — TB(v;p))

(TB(v4yp) + TB(v,p))

1D-CNN block

ConviD
(filters = 32;
kernel size = 4;
padding = same)

n: number of input features

eemmmmmmmn
L RGN

Max pooling

(pool size=2) -

[n, 32] [(n/2),32]

Dropout
20%

1256, 1]

| Seaice thickness

Max pooling

(pool size = 2)

[(n/2-4+1),16]

Flatten

[(n/2-4+1)/2,16]

[(n/2-4+1)/2x16]

19 3-1-82. FEvulola =z 71k s FA AHES 9% GAE vk 13Y AT AAY 2y
- ArE 9A SFHA FFE EHL 71E9 Random forest W 1A Sl A7 el
Hlg] o 1ol =8k} Zo] EAIFOCE US =2 AIdEE BHAFIL AS. JF
A5 2 AFE3% CryoSat-2 A= W FA S vl A& Al HF oF 12 cm A= AW 2
7S HolF e,
% 3-1-16. W FA 2= 2y 279 g Ao MedE EAFH AYx zfo] v
Number of MAE RMSE Bias ‘ Computation
Model input Correlation .
(m) (m) (m) run-time
features
14 0.3435 0.4601 0.1274 08728 | ~ 02 h (CPU)
Random
Forest
ores 357 0.3216 0.4359 0.1007 08842 | ~ 02 h (CPU)
14 0.2500 0.3533 0.0561 0.9267 ~ 3 h (GPU)
1D-CNN
357 02115 0.3063 0.0767 09464 | ~ 22 h (GPU)
Ensemble 357 0.1199 0.1838 0.0187 09800 | ~ 20 h (GPU)
1D-CNN : : : :
- o] AFANA AtH FFulol|AZ7|NE FHFA AEF A= US IHAA EHxo] 2
FTH AFEEA] S AL AR YA E HwE dHAH SAY AYLEE HAF

- 114 -



F 3-1-17. W FA AE Ao dxd, 49 A4 Foe v

MAE Seasonal
(unit: m) average Oct Nov Dec Jan Feb Mar Apr

2012-2013 0.1219 0.1387 0.1138 0.1157 0.1124 0.1094 0.1227 0.1407

2013-2014° | 0.1334 0.1282 0.1174 0.1176 0.1244 0.1347 0.1403 0.1710

2014-2015° 0.1405 0.1569 0.1247 0.1275 0.1238 0.1296 0.1410 0.1804

2015-2016" 0.0370 0.0474 0.0268 0.0234 0.0363 0.0283 0.0368 0.0599

2016-2017" | 0.0335 0.0462 0.0293 0.0250 0.0249 0.0221 0.0286 0.0587

2017-2018° 0.0513 0.0604 0.0433 0.0390 0.0425 0.0565 0.0509 0.0668

2018-2019" | 0.1343 0.1586 0.1202 0.1221 0.1178 0.1240 0.1313 0.1659

2019-2020° | 0.1340 0.1447 0.1265 0.1225 0.1279 0.1289 0.1321 0.1551

Unseen
average 0.1328 0.1454 0.1205 0.1211 0.1213 0.1253 0.1335 0.1626

RMSE Seasonal
(unit: m) average Oct Nov Dec Jan Feb Mar Apr

2012-2013 0.1658 0.1834 0.1566 0.1586 0.1553 0.1516 0.1676 0.1876

2013-2014 | 0.1810 0.1684 0.1582 0.1635 0.1735 0.1838 0.1909 0.2286

2014-2015" 0.1927 0.2064 0.1716 0.1776 0.1721 0.1819 0.1957 0.2440

2015-2016" 0.0859 0.0915 0.0717 0.0685 0.0848 0.0773 0.0925 0.1148

2016-2017" | 0.0828 0.0917 0.0787 0.0747 0.0758 0.0731 0.0788 0.1072

2017-2018° 0.1066 0.1143 0.0974 0.0923 0.0935 0.1178 0.1068 0.1240

2018-2019" | 0.1823 0.2060 0.1658 0.1709 0.1614 0.1742 0.1802 0.2173

2019-2020° | 0.1818 0.1892 0.1726 0.1685 0.1747 0.1794 0.1827 0.2053

Unseen
average 0.1807 0.1907 0.1650 0.1678 0.1674 0.1742 0.1834 0.2165

. Seasonal
Correlation average Oct Nov Dec Jan Feb Mar Apr

2012-2013 0.9764 0.9697 0.9783 0.9764 0.9813 0.9811 0.9759 0.9718

2013-2014 | 0.9838 0.9836 0.9867 0.9866 0.9824 0.9829 0.9841 0.9807

2014-2015" 0.9798 0.9714 0.9845 0.9841 0.9837 0.9804 0.9785 0.9763

2015-2016" 0.9922 0.9784 0.9949 0.9967 0.9895 0.9969 0.9963 0.9929

2016-2017" | 0.9938 0.9899 0.9971 0.9975 0.9948 0.9936 0.9921 0.9914

2017-2018° 0.9891 0.9849 0.9942 0.9938 0.9940 0.9866 0.9838 0.9868

2018-2019" | 0.9816 0.9729 0.9892 0.9861 0.9845 0.9795 0.9805 0.9786

2019-2020° | 0.9784 0.9711 0.9821 0.9827 0.9794 0.9790 0.9774 0.9771

Unseen
average 0.9800 0.9737 0.9842 0.9832 0.9823 0.9806 0.9793 0.9769

"Training data: ?Validation data: *Test data: “Unseen data

Oe 192 Fartelaz o AEd 57 () o L=AdMAA 2tEE i 57
(%) BEE IceBridge A4 #5 AF 9 vl AAE, N s FASE 4= H
WA AAR FEvie]l AR vel IEA F AAMAM AAEE oY "ol FASA e
© As & 7 UL F AAMCAAN AEE deEHe #e A% vXEA(E) A HoE
FErtelAz st 719 W FA AE AG=TE FAHE AS AU F de
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CS2 sea ice thickness (m)
w

AMSR2 sea ice thickness (m)
w
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-

AMSR2 sea ice thickness (m)
i "

+ 2013
.+ 2014
v 2015
+ 2016
= 2017
« 2018
a 2019

ion: 0.9783
0.9036
0.1330 m

0.1757 m
0.0348 m

3

1
e
-
w
@
o
o

2 3
OIB sea ice thickness (m)

2 3 4
0IB sea ice thickness (m)

€52 sea ice thickness (m)

a9 3-1-83. 914 sIWFA A& AH9 IceBridge A #S Am 9] vlu. () alol A2
vs IceBridge. () Z%A vs IceBridge. (%) FEuvlolaE vs I XA
- U ¥ Fevto]laz g EE ud 159 A B AW FA A=,

o~

9 3-1-84. %

FrtelAzs AREF

- FEviolaEs AREYEH Yy RUS ol§stel nEA 4E AYTA ARG wP
F ABAS AUE AWEA AR Y] AEFL HAFYL. AW TEANM 2
FHE e Wl BF FA 4F PRE AL B LS e 1Y SMOSERE
AZE 19E ols e SMEAS WL ARE 2em o 4o BFE A LAE Hol
3 Qov, FRAE 2A "Boi,
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o YAZe] W SN EW FHABAS 54

- el ANARE BES] AW 54 A AAY BHL
WE FUARAF QA BAS WEE Ak s #gelw 538 Sentinel-l Extra
Wide Swath (EW) ZAEAH FHkme Fos= dAH2 £ ©
B 2 WAE YAl THE BT A5 el A AT

- E% HH# SIS HVASS] 0&2 ALgsts 2ol & aAle Sxolr] WFel 2 Astd
29 AHAL Fole Aol AF Ao AFzo A F§F

- o2 dFA o]n Fram Strait, Canadian Arctic Archipelago, 5 TH%¥3H B X o A
By AAAE JAHAEA S dFedoy FE FRekA v AER e g A
T7F "o B Ao Axxdgel HAESF AJoHE W EC] ANEHEHoE FFEH]

Hitoll AAIE #S5o] ofE g #AE A7 AHAt Yl dEe.

2019.08.12

. Ice camp (8.14)

9 3-1-87. & Wl AX® GPS 914 w3t
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2019/08/16 |% 2019/08/16

2019/08/15 ||~ 2019/08/15

S1B 40°

S1B 33°
-13.47 dB

-12.65dB

2019/08/22 2019/08/23

2019/08/30

S1B 44°
-13.06 dB

Bl s s

9 3-1-83. dAMzel WE Fd Y R Ak 54 Al

d Y mHelgts YAz wreld k@A SrE A

B FRABAL A A

2 835t FAHE AW 1lkm x lkm GG thak ZTHa
o vlwst A3 YJAtZe] 1°F7kste] whel HH H3= 0.24dB 9] 71712 A
sgom HV #shE 010 dB 712712 ZAss 2AS 313
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Backscattering coefficient [dB]
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1% 3-1-89.
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-0.10 dB/deg

| i L
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Incidence Angle

QA ZEel W2 HH HV ®5 Faaais ds

PR E BT AFRAM HHE AR ¥ FRENS T
A

Sentinel-1 T wWakebA| 429} 20179 FE 2018W71A &
A5 ZF A E4S Y

o E (salinity) & &% ABo)H o]= &85l brine

20173 470, 20181 870 ¢] siW) Fol S+ Sentinel-1 914 G A4 AF A AR
SE A 7] g=7] wiEo] vz 1g 1 o] =7k

55 dAAZA DA W floe o olgt2357F AulyEo] A7) wlFol DADIS GPS A&
31 3lo] Sentinel-1 94 A #Fel Al 7lo) oz} QA& Folsle] 174 500m W =

[e]

=
=
WABAS BEFS FHF
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#® 3-1-18. 2017\ 3% 2018l SE ¥ iR Fo] Ay A

Date # of points Note
2018/08/20~22 2 KOPRI
2018/08/18 3 KRISO
2018/08/17~19 3 KOPRI
2017/08/13 2 KRISO
2017/08/13~15 1 KOPRI
2017/08/16~18 1 KOPRI

Y
.
y

@ GPS (2018/08/18)
@ Araon (@ Sentinel-1A 18:03:32)
® (ce Camp

———)
-20 -18 ~16 -14 -12 -10

39 3-1-00. obehe GPS HE Bt AFIAS AHIAY b ARl
e 94 gu 27

- Sentinel-1 C-¥"1= SAR A& = sl W] dE(brine) o]y 3712 (air bubble)dl A 2AY
5= o4& (volume  scattering)oll ®17+eEtw  E3]  thE# 9] (depolarization  ratio,

HV/HH) = ol gaatete] A7ls 48t 82 & U=,

- AFEA Al s FEte vhe o)
volume ©| root # ZI3| 71K

{fin}
M
1

o, = 1.76([HV/HH|"" —**)
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2018. 8. 17.~ 8. 23. 2019. 8. 11.-~ 8. 16.
(100 m resolution, 7-day, 75 files) (100 m resolution, 6-day, 97 files)

130°W

Flexural Strength (MPa)
km 00 05 10 5

——— IBRV ARAON tracks (2016-19)

®  ce Camps

9 3-1-91. A= AEHS &t AR B W AR AR (20184, 20199)

AW AR R dmol NeA WSt CWE SAR BEAAARYG F7A BT o)
AEAN AEH AWT] FEG FRES BAH gErong 2R InIES
g

- AAOE SARSIAC] obd B9I4 ARE Bl SJHOE A4 WEEF M

o FuEL AAFLA F.

MEES FEutolAZ g AR AA HEE Y FA ek ERAS 7]
S 2 m temperature® &-&ste] A& HYFAE

= o] bulk salinityZ7b AIRFEAIT, 2 m EHE
Hol Hd 252 AE.

=
o

of
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ice Alr

Thickness Temperature
< 2m 5 9m cseC o2
i + Empirical
R Timeo & {inearly appr
Kovacs (1986) Frederking Frederking y appr.
{1580) {1990} te-1.8 at the
bottom}
temperature
Brine volume
(Frankenstein
and Garnet,
Flexural
strength
{Timeo &
\ Orien 1994)

19 3-1-92. HijhEE AR SA L

oft

npo] AR 5k 7%k S FA AEE 20108 FE @AZIA 10€FE 4974 7FE-AL-
A7 ARE 4dFY 7HFHe 2 AF3. SMOS FErlolazZut AR A AAbs gk
WA A3 CryoSat-2 dlold I =4 AE 7§k A4t T e A o] HAEAoH,
] gF2 e FA a7 ¥ AHE HA. ERAS5 2 m temperature A5 = 19799

=7 AES e A7 AL e E PGH

L w4
Y

o

AA7FA A AR AT S

2 4r
o

m{o
N

Tkl AFER HF 9 @A E AEE2 25 km x 25 km AXE A #HL

e,
o
)
lo
f
—
(@]
r o
N

©,
o,
=l
ol
oo
o
ki
i
[
i
%
rg
o,

2010 10€ € 20209 4L7HA ] 74
& Aat Al A sFE o)A slWe] T HAS ALY HF AA Hae A =

A
oA g Ao B
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2010-11-15 ~ 2011-04-09

2011-10-15 ~ 2012-04-09 2012-10-15 — 2013-04-09

2013-10-15 ~ 2014-04-09

2014-10-15 ~ 2015-04-09

B

- 7AYol Ellsmere Island9t Z1H &=

2z i) 92a

el Arert 7hE Aslen,

ol v el FE SAske Faek YA 2011, 2015, 20199, 49 FE AW
FE7F 7P wekom, I Abolol] FHAel Frhske Aol B

- RANEEL HAES el 1996 FEH 2006359 vl s F A s wHoA
AP E AFzA 2345 7123 =25 Frsdoen, F2 540 13d = 1095 &
e Y F37=e] Had B4k 7hz 0252 MPa € 0.084 MPa 2 7] 5%,

- HANEEANA v =8 Fd s FAAESY 3, 4 A ALtst HwE A
1996~2006d H Rtk 2011~2022d ol =%ouh, o #gdAeE AIZEA7E 10 €]
W AL o]H R 5YFHE WY el AlAste S XHFAES W AGEE
o] Ayt HaRlolA AA HouR FeEvty BuE,

Flexurai Strength [MPa]

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Comparison with in-situ measurements

0.285 279
Mean
m11~20 {Mar) [O11~20 {Apr) ROl {(Mar) [@ROI {Apr)
9 3-1-94. wpl=s] E3d Ha
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4 2+. (Choudhury et al.,

g At (Ulaby et al,. 1982)

exp(—h « cos’d)

-empirical model®l A

1 (o)) A=A A719k wl&ol wel

2 7
x(h)
t semi
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s

°
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471 5he] g (33} 7]
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A
1979: Wu and Fung, 1972)
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- ¢ Aol oFef ¢ Hong approximations 2 &3},
(RS,H)SECZQ

R,y

—_—
o

)
=

o
A

=3

He

)
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o= A * (/In
4mcosf Ty v
TS

3) B ey AR -FA HEBA Y

- 05 m °l3ste gk dA dlwe FA (D)% Y AZ7 (6.2 ALH (10
4~49) Bt AAAL 2o AAXSRE FdE F d2. (Jo et al, 2019)

= h=
D, =a-so, (a=1327,b=4)

&} A F=38 nlo]ma 23 A2l Soil Moisture and Ocean Salinity (SMOS)
oil Moisture Active Passive (SMAP)<¢] sj®]l FA < A&7 A5E 7|Hto g2 A
9 e g F A o] SMAP $1A4 719t s FA SMOS 914 71k

%

1>
rlo

oX,

©

7l A=A e E vEd 4 A, 7H7F 8.034 cm, -0.139 cm¥HE o] 24 B A

i

ol
==

o
H
s
e

Dio sapap = @ % Ooyap +8.034 (a=13.27,b=4)

1

D sr0s | v
Ts1085 = (a —0.139

4) Empirical Orthogonal Function (EOF)

- EOF #4 & Alzte] wel Wstsle A&5ZQ yxkde FUASEEREH o2 /e =

HOE AlF MEAdES A AT
T A, FBATAA Wol AgEE FAE B4 (Principal Component Analysis,
AT Me= WslsteE F2F i o A 7he] wWE

<
5
WalE ATels W ALE. FaEHE EOFY ¥28 BF daw 948e %

: O
3 BU A, YuHOEE ANE FAS YREe A9sE @ ) EOFE Ea
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& (Singular Value Decomposition, SVD)

A=UxSxV’

As Al Jhe FER 18 7hesty, 338 U do] EOFolx S¢ o

- 9 A A=
Zb @ 4a7F 7 Ao A AWE S onlske Al gk, V] del EOF9 AlzhA wist
= YyElE EOF A AIEol a9t (Hannachi et al., 2022; 224 and 24, 2020)
U A7 s

1) SMAP 914 &A=

- L-band (1.41GHz, A= 21.4lcm) "lo]=Z =23} Soil Moisture Active Passive (SMAP)

£ Aol Enhanced L3 Radiometer Global Daily 9km EASE-Grid Soil Moisture,
Version 4 (SPL3SMP_E) A& & A}-&3H

At 558 ANE BF gAstn gom ¥ A £53

- SMAP2 59 Al
b dlld A5+ SMAP Level-1Co] ¥7] 2% 7]

Hko] Lelvel-2 A
gt dd A7F FEEE . Y A RE

o
T oEYW 9Y FAAE FATY EGFE dAER dkmx9kme| T3
)| 7 = 2
20159 49¥ 1¥4%-8 20194 12€¥€ 31¥47HA

0154 3¢ 31¥ o|FHYH A7~

=4
o AFHa i, dgels

HDF5 &2 2R
of 57, 4% WF W7) LR(T,,.7,,)% FALE(T) ARE A&

- %38 nlolmaxE v A<l Advanced Microwave Scanning Radiometer 2 (AMSR2)

9] Unified L3 Daily 12.5km Brightness Temperatures, Sea Ice Concentration, Motion
= = A

now Depth Polar Grids, Version 1 (AU__SI12) AF A Al 3= =

Bl e
wn

_

- Y ARE 125kmx125kme] F7F AR} dd A7 SAER 20129 79 29 o

78 AA7A HDF-EOS5 F4O0E AFHI Y& Aol 201564 49 19%H

20199 129 31 717+e] A87F AREH.

3) ECMWF ERA5 A&
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140°E 160°E  180*  160°W 140°W

19 3-1-96. SMAP 9km model frozen ground flag A&

o
kS
=)

odel frozen ground flag A EE YT+ EZEZ9 freeze/thaw B ©A <1
7o 2 7] wimol gk iy J9S AFs Jukr B o ol

1

=0 [e=]

7 =2 -1

3, 53] B8 5~999 AL, e 2FF 2ol AW FGS A9 oA E
3

wetA] Al gEks WA 4y dd s o
T 22 A AMSR29 &Y

3 Fopge] W) £x7F 100% W I 100% 3
gkoll 7]nkste] ofe] Ay T3 WS T AEH. (Zwally et al., 1983)

T,=T,C;+ T,(1— C,)

rir

o
off
H

7= 100% e WALE, 7= 100% AW P BreE, ¢

dutx oz FH] WA Ak Al SN FE 15%S JAGe R At 1 oAt F
st (Meier et al., 2019) W&t AMSR2 s|H
2 ) sld dede] SMAP ARE AHY
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o 4 Vv 0.8 428

- H 0.6 112.9

. \i 15 -140.5

H 0.6 126.1
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- D2D EEE AAE JHge 3 9 £y dHg vy 234 ARHH HU A=
i Deviation (RMSE),

= Pearson correlation coefficient (CC)<¢} Root Mean Square

BiasE AI&35t9y BEde A: 97 AZ2E g9 T A3 7o) relative Mean

Bias Error (rMBE), relative RMSE (rRMSE)<S A}-&73}

rMBE = 100* =Y (Pi— 0i)
1=1 Oi
rRMSE = 1@* %E(Pz— 0i)?
(3 i=1

- tIMBE$ t1RMSE+ &9 #9 7ol Adlglo] =+
v, zt7t 3%} 5% ©13H Y W wl$ o5E Tdolaly A,

# 3-1-21. rMBE® rRMSE®] 249 4% #H7 A&

Model Skill rMBE rRMSE
Poor rMBE >[+5|% rRMSE >15%
Good |£31% <rMBE < [+5|% 5% <rRMSE <15%
Excellent rMBE < [+3]% rRMSE <5%

1) 7Hgel SMAP 4% #% %7 ex

b %A 57

- AEgH Hride HAE 259 202099 94 W A dAEE ALY U 19
D2DE AAE 7HYe] SMAPH YA 8 SMAP 4£73 #H3 w7 A3 Axeg.
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25| FRMSE:2.73 % N 25| FRMSE:2.25 % o,
z = 1.0x + 0.6 : p = 1.0x + 2.0 e
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% 3-1-111. SMAP 9xt85¢9} 7Hde] D2D AAE A3 Ax% (£7 A3 #rlex)

- AA GAoNM e FAFA= CC7F 099, Biase 0.62 kelvin, RMSEE 5.76 kelvin® 2
el AE S AAETE A diid WSl JHAA dA st AHE B W 99
ANx e FAFA JA A gl 77he AAE rEIWen, CC7F 098, Biase
0.88 kelvin (K), RMSEE 522 K& 2 £ Ax4E B, £3 #3F 9k #
A9 rMBE®} rRMSE= ZtzF ¢F 03%, ¢F 2%2 B9 AdFo] wl$ 34

o] 2= o]
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o 2
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- g IE2 HZAE 717k 20209 1€ 69, 1099 15Y dAFE AME3te] 9
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A FJolM el SAFA = CC7F 0.99, Biase 0.54 K, RMSE+

7.38

K

o2, FA G FANM HHo] EAs stk e AR AR A9 L

d 3ol 77bE AHE B, s gl SAFAE CCr7F 098, Biase 1.03
K, RMSE+= 758 K&2 A £ A34E HAJoH, rMBES rRMSEE= 27t 1% v
who4% VIO R wE A% w3 ¢ ¢4 g
A& off
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bolz Azt Sgeld #4=E 94 95 A4 L7

A 58 4 AAe w3
A 5 YIAE ofgdle AL o]&35te] X, Y, Z, XY ¥ XYZ (total) Wk s v
shed B 7bk TPs
X€1’1’07’: /Z(‘X; esti‘XVi in)z ’ Y€1’7’01’: \/Z(Y;,est Y;,in)z ’ 267’1’07’: /Z(Zi,estzi,m)z
i= iz i1
n 2
XY error= / D (X e —X;,m) + (Yo = Vi)’
i=1
. 2
TOtaZ error = \/Z (‘X—z est ‘X;,in) + (Y; est Y; m)z + (Zi,est Zz m)z
- e Z5S HAYSY JA EARolAE A s Ay FA 5 A FHA Ui A A
7} 22 X (total error) 2] A < 4% 4
® 3-1-23. dW &5 EA AFe I BEAeola AFE fg I FE5 AH A LA Ht
Camera location | X error (m) | Y error (m) | Z error (m) | XY error (m) | Total error (m)
Before sea ice 25.0 28.2 6.1 377 38.2
drift compensation
After sea ice 2538 25.3 6.1 36.2 36.7
drift compensation

vl o

?ié?— 2435
A3 FdE" A (area)

2015), 71A <

¢

Eff
2 (Miao et al,
3to] 3 %F(open sea), w/<

F70 3" (submerged ice) 9

nlo

compactnessE Egslo] ol Fo} 7+

syl @iy ¥ ¥ AE (Random Forest

w9
o2 FAHE & H (snow/ice), MH SGA A

V) FH2E BRE ST
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® 3-1-24. WS BFE AT I A4A 54 A
Feature Name Number Description
Average brightness 3 Ba= 2. Brightness value / n, where n is the
value (Ba) number of pixels within an object
Band standard _ L .
deviation (Bstd) 3 Bstd= standard deviation (brightness value)
Spectral ['p 4 ratio 1 (BR1) 1 BRl1= (B -R) / (B + R)
Band ratio 2 (BR2) 1 BR2= (B -G) / (B + G)
. BR3=[(B-R)-B-G)]1/[(B - RM)+(B - G)]
Band ratio 3 (BR3) 1 “G-R) /OB -R-G
Variance (Tv) 1 Tv= variance (brightness value) within a 3 x 3
kernel
Texture ;
Te= - X p-log2(p), where p is the frequency of
Entropy (Te) 1 .
histogram counts
sh Compactness (C) 1 C = 4n-A/P2, where P is the perimeter
ape
b Area (A) 1 A = nc2, where c is the pixel size
AA 719k P AT Zapold J BRE Y8 £ 4 FH(EAY /AR A4
Y, AW =9AY, 2ol 7 siH)el s g 2 HASAE AL A
3 3-1-25. §WNE £/ A &Y I A4A FHE HY 2 gF/ATAE A
Number of objects
Class .
Train Test
Snow/ice 110 67
Shadow 102 67
Submerged ice 134 94
Open sea 95 59
Total 441 287
Y EApola FAol tis) 47 FHEAE BRF T w/Ewo2 FAAE &l W (snow/ice)
29t 9A Y (shadow) FW=E HHFetd TAS
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B 2 oubet pxo] v AR FH7F 7 ds ol

164°21'22"W 164°21'22"W
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79°0'35"N

164°28'24"W 4"W

19 3-1-124. AR FQ17] 9 7k R W AY B

st $Aje] B

- THAAE FUE HRAE GAE, 20 AP A7
AP PN B3 Aol d Fust A
So sl AEE FHRT 1 AL HALEA

- B3e dele]l U@ §UE AEEY AZE Rosel 59 201240] $EF EOS-MODIS
A FWE EF 5SS o &8 £33A &7 (Spectral unmixing) & g AF oW,
o] MODIS & Azl 20009%8 i = By AA7A A 201197HA] AEE
Algstil A
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- Istomina &< 2015d9] ENVISAT-MERIS 94 % §W3e #3 &2 54 ol &3
AA BFE FHPoH, o] MERIS +&717F AA QD 2002@FE 201197kA1 €] A5
Z ATy . T3 Istomina 59 2020 A7l E FY 71A ¢l ENVISATO A€
OE AAl AATSRE ol&3 5 BAE Aststy 1 545 MERIS #5999 AAE
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0.4 0.40

0.30
a2 0.16
0.20 : 0.11
| 0.10 0.06 0.07
0 . "
I SIC msl| strd tZm tee tcwvs 0.00
5 SIC msl strd tZm tee tewvs
-0.2 0.10 s
-0.20 -0.14
0k -0.30
M May ®June ®July © August = September -0.40

19 3-1-145. 20199 () €9 (%) 5~9¢ AA melt pond fraction¥} #HH HE 7+ AAA S

AFE= F7HH O Z WH3le] Yg3kS mA= Q& 4 o] g
$8ted @A melt pond fraction 1719 A #HA WHEole] AAAAE EAF (d: 2019
|

W 5499 dlw 2 7% A3 699 melt pond fractionte] A

24 A3 119 A SIC7F 5= melt pond fraction®] &2 A Z Yegow o=
A go] ¥ sl srE 7= JAdo] §H7|7F A Hol wat Fof gloA s AH=E
o]o} A melt pond A7} A HA| = AHAE oI ASE Kl A FAg A}
= & d8E HolH, #A SIC, MSLe| &5, 34 STRD, T2M, TCC, TCWVS7}
254 E melt pond fraction®] & Ao =2 YElH,
0.4 0.30 0.27
0.19
020
0.2
0.10
o ™ - - - - 0.00
SicC msl strd 2m tee towvs SIC msl strel 2m tcc tawvs
-0.10 : | -0.06 I
-0.2
-0.20
04 -0.30 =
0 0.30
W June July = August September -0.40 -0.34

9 3-1-146. 20199 () €99 (%) 5~9¢ HAA melt pond fraction® 171¥€ oA #&H

1w
=
Hap ZF A

gl

th 715 -al W] A melt pond fraction#eo] @A o] thak AMagAFL FL HW-HAS

-

- 2 AP 4% 7158 AL melt pond fraction#He] FA A Q1 AFddA A o &)
of AedTold B Aosh vwE Foke] PHHOE PEE +U .
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i) A <1z} (sea ice concentration, sea ice extent) 9] 7% Flocco et al. (2012)2 5€
FE A7) AlZetE melt pond7F A FFE ] 899 maximum fractions Ho|H,
6~9€el Az oA5H sy WA Faol Vv B, 2dyelA FEHAA
Ebd b 813, Schroder et al. (2014)2 #32(5€9)FH YeElYE melt pond7t 9€9] 3l
W FHAEAS ZFeteddd Ade ARAACE vy wRoew, 535 2dW 3 gk S
el mA o] 7o gv iy 9el.

ol B Ao B a9 %2 melt pond fraction?} U3 Aoz Ho
9 | 7]1%3%F melt pond distribution % melt pond evolution?]

p
Bol Aol 2AR E4ojur AFAR] vlals oy A

-l [ [ ]

5 10 15 20 25 30 35 40
Mean melt-pond fraction (percentage)

19 3-1-147. 20129 E= melt pond fraction ¥ 3% (Schroder et al. (2014) 2] Figure 2b)

712k A, del g vkl Zo] 852 % (T2m, STRD) % albedo (proxy
variable: TCC) ¢t Fong FAAAE 7HA= A2 dHAUe™ (Malinka et al,
2016: Zege et al., 2015: Istomina et al, 2015), ¥ AFoA =Z3 ATFaAA 9} o] &
W 7)o &ate] 29 AABAZ Holx AOE Uebd T3 MSL WFo A9, sea ice
thinningE °F7lste AxZ= 42 &38A do™ (Kwok and Untersteiner, 2011) €71
o AA HolAE= melt pond7t albedod] ZH4AE 7FA 2.3 surface runoff @ water vapor

(TCWVS)9 8Ad &3S mA= Ao dEx Y2 (Kwok and Untersteiner, 2011).
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ki3
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o AFAE
7}. Surface Albedo

- CM SAFdA AlFst= CLARA-A2-SAL (CLARA Dataset, AVHRR 2nd release,
Surface albedo) AEE &% £ AEE CLARA-A1-SAL Dataset (Riiheld et al.
2013)S 7§43 x5 Z, National Oceanic and Atmospheric Administration (NOAA) and
Meteorological Operational (METOP) $14¢ Advanced Very High Resolution
Radiometer (AVHRR)®] Red ¥ NIR A A5 & ntgfo =z AT

- 7] ®A L2 Simplified method for the atmospheric correction of satellite measurements
in the solar spectrum(SMAC) algorithm (Rahman and Dedieu, 1994), Bidirectional
Reflectance Distribution Function(BRDF) algorithm< Roujean et al. (1992) 3 Wu et al.
(1995) & wtgo g 33t

- 7 EE 0.25%¢1H, 1982 K-8 2015W@7HA] siHlo] EAlstE XY9S ez ddd
H (85 AL B AFEE surface albedo, insolation(SIS), incoming(SDL)/ outgoing
long wave(SOL) ¢} 22 th¥st oyA F£X HEFE A3 dld A5 24 AFE=Z o

=

G A A EE AFHT Jdow, 7|2AcE RE Mae d¥d AEE ATH.

o}

- AT A5 AFE+= Greenland Summit A A= zx7 e v wd A3 RMSE 0.044,
Mean relative retrieval difference [%] -3.882 el S ™ (Karlsson et al, 2017), =<
surface albedo A-TFAAME &83F3L A=(Cao et al, 2015: Xiao et al., 2017).

- g s

Jm

48 ANE ol E 8 a9 2

# 3-1-29. CM SAF CLARA-A2-SAL

Sensor/Platform AVHRR

Spatial resolution 0.25 degree

Spatial coverage N: 90, S: -90, E: 180, W: -180
Temporal resolution Monthly
Temporal coverage 1982~2015

- 188 -



surface albedo ()

43 187 3y 301 653 305

19 3-1-149. CM SAF surface albedo AFE 2] o

1}, Skin Temperature

I
1

FH

= %9 fluxe| W3t F7}
o] 2 & yehd, E AFd A= European Centre for Medium-Range Weather
%

|
Forecasts (ECWMF)ol A Al &3k ERASS] A5 E AL&3

2~

£ = (Skin Temperature) oZ W F A= HAAE

rg
ol\

ERAS(ECMWEF ReAnalysis 5)5 ECMWE?] 5At) A 71&)7] Q&S A5=2, 2017
9 ECMWF+ ERA-Interims tAI8H7] 93] 93 A4S MAdsts A Al-F3F 34
T % =9 5Ad AEAAEQ] ERASE 2 AS= w237 Al&3s. ERASE 7]
& ERA-Interimel Hl3] thFsk Zob7k /A= AS. HA o €L A4 A5E vgo=R
AEERoH, EgAdS JdBAEHA AAEH, AR Al FHEA TR WY o}

Ueb AIZE s 4= 6A17F = (R AR A 3AHES w9 Fokxl 1 A7 7HA
L

N

%

B Ao A AFE3F Skin temperatures= ERA5 monthly averaged data on single levels
from 1979 to present®] AtEE F SIUEA AEIAE € HiF, FEIAE 0.25° x
0.25°F AH&ster sld AsEE 559 715 WHsE olsisted T3 A4S 3 sl
3 25+ the International Arctic Buoy Programme (IABP), Multidisciplinary Drifting
Observatory for the study of Arctic Climate (MOSAIC), Cold Regions Research and
Engineering Laboratory (CRREL) % <A buoy ZEZIHA 9HIT d+= AEEFH
ASS Tt FBAF 082 =2 A2 E YEE (Yu et al, 2021).
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3 3-1-30. ERAS skin temperature

Sensor/Platform AVHRR

Spatial resolution 0.25 degree

Spatial coverage N: 90, S: -90, E: 180, W: -180
Temporal resolution Monthly
Temporal coverage 1982~2015

Skin temperature (K)

>

A 2405 259.0 2774 2958 3143

A
(]

M

19 3-1-150. ERAS5 Skin temperature < Al

t}. Sea Ice Concentration

- 3l FX(Sea Ice Concentration)= @971 9le FdolH, dFo] ¥9des= 9 44
Ql oz Aus HEAHoz 7R s FEs T AR ol duly sl 9o

=l
AEAE e Frv AYHoE AHNE(%) B2 AT (0~100%: 15% °13t9]
H

- £ <dFoA+= Sea Ice Concentrations from Nimbus-7 SMMR and DMSP
SSM/1-SSMIS Passive Microwave Data, Version 2 (NSIDC-0051) #A&& &&3. a9
A&+ Scanning Multichannel Microwave Radiometer (SMMR) onboard Nimbus-7,
Special Sensor Microwave/Imagers (SSM/I) onboard the Defense Meteorological
Satellite Program (DMSP)-F8, -F11, and -F13, and Special Sensor Microwave
Imager/Sounder (SSMIS) on DMSP-F17 % th%3F passive microwave AAEE 83}

of AAHE. o A5+ ALH 5%, J5F melt pond 54 15% o BEFHYS 7HF

- 190 -



(Cavalieri, et al., 1996). 31T AE= A B 55 dAFolA &&= T 5 (Ivanova

et al., 2014: Meier 2005).

3 3-1-31. NSIDC Sea Ice Concentration

Sensor/Platform Multi Microwave sensors
Spatial resolution 0.25 degree
Spatial coverage N: 90, S: -90, E: 180, W: -180
Temporal resolution daily
Temporal coverage 1982~2015

Daily Sea Ice Concentration (percent)

<4EEENT | g

0.0 02 04 06 08 10

13 3-1-151. NSIDC Sea Ice Concentration o A]

2}. Radiative Kernel

- 52} A (Radiative Kernel HAF #& e W4 22 Aol AT YA #39
AwA FFE nx=A A

- Bl A9 general circulation models (GCMs)< 71¥te 2 AASH T8y GCME]
gt EAF Ad S Atskes dH AREEE t7] AE 71F delE e 7 FRe W o
kA 2 AFdAE AR EE GCMO wE BSAAAE AAFZA F 57FA ¢
GCM 7149t EAF AYS £33 Community Atmosphere Model version 5 (CAMS),
Hadley Centre Global Environment Model version 2 (HadGEM2), Hadley Centre Global

rtr

Environment Model version 3 (HadGEMS3), Geophysical Fluid Dynamics ILaboratory
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(GFDL), European Center and Hamburg model version 6 (ECHAMSG).

- B Ao e all-sky 71522 surface albedo®} skin temperature & £/ EAF A
o

kel /\]—% <}

.

- surface albedo E-AF AGL FW O albedo’} 1% W3t W, radiative fluxel Tl & oY
2k (W/m2)S 9ng. & I1d8E GCMol WE surface albedo BAF AGE9 93+
NAY BEXE Ve,

& 0.0 A

£

=

< —0.2 A

=

(V]

4

v —0.4 1

=

©

2 —0.6

[a'

S del
Mode

[ i

g 08 1 _o cams

P —A— HadGEM2

® —1.0 4 —¥ HadGEM3

t GFDL

n —- ECHAM6

_1.2 T T T T T T
2 4 6 8 10 12

Month

1% 3-1-152. GCMol w2 surface albedo EAF A1 EE9] €T AAE X

S AAH O FAH EEEQ] UEIA D, 5~620lE GOMel w ohE 540 e,
CAMS model® oBdo] Swmel Q&g /b4 A Wb Aoz dehie, vz
GFDLE A4 o2 albedo | %ol ThE 2elo wla] ol vhebd,

o=

- o 1¥ surface albedo HAFAE S Aol7t 7HE AA A= 69 7l CAMSS
GFDL®] #}ol¢] 37+ x5 Wetd. 29 AYeA CAMS surface albedo HAFA
Jo] ve zlo] A=, Chukchi, Laptev, East Siberian seas @l oA °F 2 W/m?2
2ol 7F AN
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Differences between CAMS5 and GFDL (W/m?)

a4 3-1-153. 69 7I¥ GCM(CAMS, GFDL)ol w& surface
albedo HAFAYE Apolo] F3hA FAE.

- surface temperature SAF AGS W %7} 1K W3 o, radiative fluxel 7] x]+= o
YA (W/m2)S 9m . surface temperature 7122 surface albedo 7#del vla] A
o7 ¢ & FFES HAAR v I"H Zo] ARE WedS A vEe 1 F
oAM= CAMS5SS GFDLe 7% Adel wE ®wEdol H& A7 yebd. HadGEM2,
HadGEM3, ECHAM6+= H]5=38F AHS &
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£

.g 0.0 4 Model

= ~8— CAMS5

D —&— HadGEM2

E —0.2 4 =¥ HadGEM3

v —&— GFDL

v -8~ ECHAM6

o~ . - L

2

&

E _0.6 =

=

o

Q —-0.8

5

|_

(7]} '_]..0 T

(o)

[

=

n —-1.2 T T T T T T
2 4 6 8 10 12

Month

i)

13 3-1-154. GCM W surface temperature EAF AEE9 47 AAE

M

- O I¥2 Zol7k 7k AA BASt= 8¥7|F HadGEM39+ CAMS  surface
temperature EAF #Ade] zo|E F7HE EXxZ RHF EF HdFo] thste] HadGEMS3
surface temperature BAF #Ado] 055 W/m2 274 Jetus A gz EML eh)A

0} O
S| .

0°wW

0°

—B.5

-2.0

Differences between HadGEM3 and CAMS5 (W/m?)

14 3-1-155. 849 7lF GCM(HadGEM3, CAMS5)l w& surface

albedo HAHAE zFele] F2hA F 3,
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% 3132 B A7ol $8F doH 54

Variables Datasets I;Ieosr;lzl(jggjll Temporal resolution| Time span

Surface Albedo CLARA-A2 25 km Monthly 1982-2015

Skin Temperature ERAS 0.25° Monthly 1982-2015

Sea Ice Concentration NECI 0.25° Daily 1982-2015
CAMb5 1.25°
HadGEM?2 1.88°

Radiative Kernels HadGEMS3 1.88° Monthly -
GFDL 2.5°
ECHAMG6 1.88°
A

=
= =X =
980l FREFE AT 7Y A5 & At 71H, AMEE = sensor
A
o

o€ A B}HHE RFE HE O Z shortwave, longwave %4 9
o A

= al
2 55 duA g T2 A 559 AGS e FHeH, dAAA 4F=
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Ae ot HAH WMFE ARG & dFdAe A oA #d A7 § o

A+ Deep Neural Network (DNN)7]8Fe] IST 4H& EdS 753 4AH=49 IST+ E
4 (MODIS IST) A#t% % CREEL-Mass Balance Buoy #At5¢ ZH2E 59 HIFE
.

b

e
-

)

HF At=E ISTE HM" S E Temperature-SIRFE 4F&3F3l ERAS skin temperatureE ©]
Temperature-SIRF¢} Bl 4t HF2 o2 Albedo-SIRFoF Afstd H= i
Hsto] e EAGAE S A=

o]:ojﬁ

ok

o] ] Al&&t= el W] EAFFA| H (Sea Ice Radiative Forcing, SIRF)E 31 w317}
o7 HAE JFW/mHS Jug B AFdxs F7}

L
-
O

e

r\-ﬂ

]
(albedo-SIRF, temperature-SIRF) = AlAtg grid cell 12 T
W A A ‘Zi:r"oo‘%ﬂ Rl dial AlZH(t) ol F4 5= SIRF= o3 o] 23849,

1 oa JF
SIRFILR) = 7 f S.(07) S G dAW)
AN SEr)e Bwrpelel sd EwE oushn ;—;(t,r)—t— suwste] W o
oF

(surface albedo T+ skin temperature) 9] WH3&S Yebd. —(¢,7)= surface albedo W

da
3tol] WE TOA ©@y} EAlg T skin temperature ¥ 3to] WE longwave EAFZ<

Flannet et al.(2011)o] |34, j—gg} %ﬂ NEA W87t 247 A %S9 daol

o - - 0 - ) -
d x| stk 7H g %-‘E "] W3alo) W2 surface albedo(¥+= skin temperature) ¥ 3}
olm, ol 7+aEA W §Fo| wWE surface albedo(HEE skin temperature) &) o]l 2

Awd, o] SRR &= MY ts A, surface albedo® ZA-F o] A+ (Cao
et al, 2015)E FZ3J o™, skin temperatures= Optimum Interpolation Sea Surface
Temperature (OISST) AFEE &3 OISST AEE aHo] EA3E=E Yo A=

1] T 9 sea surface temperature®] A& FAA XS E3}e] sea surface temperatureE
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A ¥ (Reynolds et al., 2007). 3—5 + surface albedo(XE+ skin temperature) EAF #E

9/] 7r o

=

Y

&

- surface albedo HAF AEel kol +d A% YA fluxel HIF> 15 FetM, skin
temperature FAF AE> 19 WS 9w (Soden et al, 2008). wEbA 2 AFol A=
albedo®} temperatures Z @3t I JFHS H 713 AF temperature kerneldll -2
of SIRFE A4eh ®istsS 2837 flste] & AFoA s 71&71d AF H4 &

of Attek & A&l p-values 0.05 °l&t=z AEH.

o
ok ol
ol
-1

ol
o

- F7IE A Y] wE SIRFO 5AS #4317 fste 2 dAFoAMes v 1834 7o
National Centers for Environmental Information (NCEI) oA Al &Fsl= BF A EE ute

©2 Aoje] wWE SIRFE 747 A2

Central Arctic
Canadian Islands
Beaufort Sea

4 Chukchi Sea
East Siberian Sea
Laptev Sea

Kara Sea
Barents Sea

East Greenland Sea

St.Lawrence
Hudson Bay
Bering Sea

Sea of Okhotsk

29 3-1-156. B3 e A9y Ak

7F. SIRFs¢] A7r 54

AL ME EAL AEE o] 8319 albedo-SIRF, temperature-SIRFE &3 0w, o]
SIRF®] 3< net-SIRFZ £@F. ths 172 19829 H-E 2015714 71 Edd w

A% SIRFE Yehd.

v 41 e
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(@),

Model

1 —e— cams

—4&— HadGEM2

~¥— HadGEM3
GFDL

—#— ECHAMG

Net-SIRF (W/m?)
L oL & B
o o o o

|
=)
o

1
~
o

1985 1990 1995

(b)_,, |
-20 S —
£ W
S
= -30 4
w
& W
wn —40 A
)
°
2
< -20 Model
—o— CAMS
~h— HadGEM2
60 1 —— HadGEM3
~— GFDL
—=— ECHAMG
=70

1985 1990

14 3-1-157.

o= ]
=

- 71FRdd AAglol

ol WA st A

2E 7F

W/m?2 A2rg.

temperature-SIRF 7}

o
X,

H 4 temperature-SIRF&= 71%
714ke]  temperature-SIRF7} -28.60

2000 2005 2010 2015

Year

1995

B 2o e 1982WRE 2015971%] 71%

(a) net-SIRF,

net-SIRF&= 57t

49l A

she

=
[}

e

=
2+

7 )
B

Rde we

+

-2419 £ 229 W/m* 2
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2000
Year

(

(b) albedo-SIRF,

1A

g

2.75 W/m?

2005 2010 2015

(g}

) s

U
N
o

~30

Model
—e— CAM5
—A— HadGEM2
1 = HadGEm3

GFDL
—#-~ ECHAM6

Temperature-SIRF (W/m?)

=70

20b0 2 0‘05

Year

19‘85 19‘90 19‘95

Fdo mE A A SIRF
(¢) temperature-SIRF.

Aol vy

AF

i,

Ao

=5
E

net-SIRF+= GFDL, ECHAMS6, HadGEM3, HadGEM2, CAM5 22 =&
FRae] BAA Y

7+

W, H+ net-SIRF& -54.57
# net-SIRF& 715 Edo] wa} Hd) 1264 W/m* xtel7h 2A 3

20‘10 20‘15

=9 A

GCMel we} gte)

ghol ebd
3.84

+

- g2 71% 24 7)wte] SIRFE#H @8 GFDL net-SIRFE= AUldg oz & xjo]7} Uet
. albedo-SIRF ¢} temperature-SIRF G A] A3t 7|3 2do] AA Qo] 5% =71 A
gko] Ueld. F SIRFES ¢F -30 ~ -20 W/m? 2 2&3.

- B albedo-SIRFE 7152 do] wat A 1294 W/m® ¢ xpo)7F velron, CAMS 7]
Hke] albedo-SIRF7F -35.14 + 1.88 W/m*Z 7bd W& o]l A&= 0¥, GFDL 7]1uHe]
albedo-SIRFE -22.17 £ 1.09 W/m*E 7Fd =& 3ho] A&d.



= A7 022 + 014 W/m? A ¥3sty ded o= albedo-SIRF A7k W3t=(0.12 +
0.12 W/m?) o A9l 2ujo] sl FgxE F£x9.

- AgE GOMel #Aglel SIRFSL AMAon Ws A% 5% fAas el
Mol B Ayl Aeje] ME SIRFES WsE 2487 st 74 L4¥E GCM

- O I92 7 840 wE SIRFe Az Wase ¥7hd B & dErd. sl gd uE
Hal A EE SIRFoIA FAMSHA Yeld. old IdelA yerd
temperature-SIRF 7} albedo-SIRFel vl3] Adld o=z A W3l 7d3Fo] e,

15

0.0

SIRF chnage (W/m?)

—0.5

Net:

15

s
o

=4
5}

|
(=4
n

o
o
Albedo-SIRF chnage (W/m?)
|
o
w

o
o
Temperature-SIRF chnage (W/m?)

|
Ll
o

|
=
o

=1.5,

19 3-1-158. 71%& Et‘j—_]l:égl Eg—a—%}\——% o]_g_z:s} 97+ SIRF %ﬁ]—%hl] %7&@ BT (a)
net-SIRF, (b) albedo-SIRF, (c) temperature-SIRF.

v
o
=]
rr
%
12
e
<2
=
=S|
wn

lo
re
=
3
e
oftt
o
AW
o,
Y

- 200 -



# 3-1-33. Aol W& SIRF ¢ A7 wstz (W/m2)

Net Albedo Temperature

Arctic Ocean(All) 0.34 + 0.24 0.12 + 0.12 022 = 0.14
Baffin 0.41 + 0.17 0.14 = 0.10 027 £ 012
Barents 0.58 = 0.36 0.24 = 017 035 = 0.21
Kara 0.62 = 0.25 0.24 = 0.14 0.38 = 0.11
Laptev 0.50 = 0.10 0.18 = 0.08 0.31 = 0.04
Beaufort 042 = 012 0.19 = 0.09 0.24 = 0.05
Chukchi 049 = 0.14 0.21 = 0.07 0.28 = 0.07

Kara #l9ellX net-SIRF 062 + 025 W/m? albedo-SIRF 024 + 0.14 W/m?
temperature-SIRF 0.38 + 0.11 W/m2& AAFE, o] X9& BE & ZoA 713 43
=7} 739l net-SIRF W37t @A S= Y. Temperature-SIRF HE3F o] 3] oA 713
< FFES 7AT A% AY A+ (Kumar et al, 2020: Parkinson et al, 2008:
Smedsrud et al, 2013: Boisvert et al, 2016)olA % &= thE A e H|3| Barents$}
Kara s oA w43 wst7t Aty B33 Kumar et al.(2020) 9] A&
Aol FA43 Wyt st Zlol] tial s kel 7R FgE @ AERE s u

A5l outgoing longwave radiation (OLR)2] =7} wj Folztx A st

i

o

-

Baffin, Chukchi, Beaufort, Laptev sl o= B=F ¥ net-SIRFe] W3tz By 3435
A WH3hrE @A o]y st A= albedo-SIRF 7]Wke] M) AFoAME FL3A YE

o

55 A9 g SIRF #te< EF 57F 4o Yetue e, Baring 319 2
East Greenland a9 4R A AJoxe= A Ao verd, ol AL o] &A=
Baring @ East Greenladn A9 ¢ surface albedo @ skin temperature®] %ol sjHo] &

AstA e AY BR g TA Aok UA 27 WEY,

B AFgres 3
NSIDCel A = 3l
AdE GEAY HEH 1d W sigel SAlste thdXo] obd, Aol we A%
= | F2 A dE AYGA. AEAY S thdwel
8] surface albedo?] %IO] dHAor vrg EI AEA sy ohdd
temperature®} o}F LI AA I d+= WEE, microwave backscatteringdl = & 2]
7F vebd. ol#ld 54 Wl 5= uE A3 2o Baring 3l 93 East Greenland
ol M= thE W3t Aol EH

2ol WHE g

rlo
w
23
]

. SIRFse] Alde] wE 54
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- 55 A FoF d4eE Qste HdE AFEdAE 39FE 9¥7FA T surface albedo
71\re] EALZA E S AE3sgoH 2 €9 A$ surface albedo radiative kernel X
T 0°] At

- AR BG4 AT mde] B2 AP B SIRFE 4 19F 2e

5 5
(a) (b)
— o m Fali =y 0 —_
& | b = B ~ |
c O o S s "
= =
= =
2~ Z
O < o
S 5
L 10 = O -10+
[ (9]
2 2
E -15 E; -154
kel el
© © P~
= o T 04
g mm CAMS5 g mm CAMS
© = HadGEM2 © = HadGEM2
g —25 mm HadGEM3 % -25 B HadGEM3
m GFDL mm GFDL
=== ECHAM6 === ECHAM6
-30 T T T =30 T T T
net albedo temperature net albedo temperature
5 5
(0 (d)
s X ¥g o
& o e i e - i & ol o od Sl
2 S
o =51 o =51
£ 3=
[} o
G 5
il —10 A ir -10
(] (9]
2 2
_‘@‘ —15 E; -15 4
el el
© ©
< -20 « -20
g B CAM5 ij s CAMS
© = HadGEM2 © = HadGEM2
$ —25 = HadGEM3 g -25 = HadGEM3
e GFDL e GFDL
W ECHAM6 s ECHAM6
=30 T T T =30 T T T
net albedo temperature net albedo temperature

a9 3-1-159. 71¥=dd mE P AAE SIRF. (a) DIF, (b) MAM, (c) JJA, (d) SON

- Decemper-January-February (DJF) 717Fell= S net-SIRF7F -1257 W/m? o] AAtE
Rom 7zt 71Zrdo] wgl 083 W/m® ZE o]zt @Ag o83 o)yt A stE A
2 X% temperature-SIRFQ] G8F W&, o] Al7|ol+ hEEL] B g oA surface
albedo”} #5= 7] Wil albedo-SIRfS] J&FH-> Ao EAEA &+, HadGEM3 7]
7o net-SIRF7F 7H¢ & 938 7HAX dom I #e ¥+ -1337  10.65 W/m® 9]
™, CAMS 7I%te] net-SIRF7F 7Hd &2 932 7183w 1 b F+ -11.68 £ 9.26
W/m? o2 2&4

- March-April-May (MAM) 71Ztell= HF net-SIRF7} -24.34 W/m*Z A= loH, 7]
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rlo

TR wat FgF 1.92 W/m* Zel7k #A AR AZFTAN MAM 717+ 7h &
H 1 net-SIRF7} 4+& . o] Al71& albedo’t #ZH 7] AFste AU, AA 7NFED
tall, HF albedo-SIRF (-16.09 + 192 W/m?» 7} temperature-SIRF (-8.27 + 0.83
W/m?) Bk @A A", CAMS 7]1¥He] net-SIRF (-25.83 + 19.64 W/m?) ¢+ HadGEM2
714k9] net-SIRF  (-26.00 = 19.64 W/m?®) 7} A8t A== ew, GFDL 7]4He]
net-SIRF (-21.27 + 1648 W/m*) 7} 7} ¥ ol veld. CAM59 7%, albedo-SIRF
£ -1854 + 1428 W/m® 2 AA 7NFEY T g @2 ol Admdon,

temperature-SIRFE= -7.32 + 580 W/m’E 718 =& %

f
o
o
o
ot

June-July-August (JJA) 717+ellE= B net-SIRF7F -10.86 W/m?E A oH, 713
Bdo] wal HF 3.09 W/m® ztel7b #Ag, o] A7l 71F Edo] wel net-SIRF
2pol 7} 7b AA WA stE AE Y. olE albedo-SIRF (H# -11.53 + 3.07 W/m?) ol <
3 9. CAMS 71¥+e] albedo-SIRF7} -16.04 = 1562 W/m*Z 7} @& gro]l uvehydt

o™, GFDL 7%} albedo-SIRF7} -747+ 741 W/m’E 714 =& zlo] 2l=% T SIRF
9 ol 857 W/m® 22X B AT ANE 715rd o] F spF & 3y
temperature-SIRF= 3+ 0.67 + 0.10 W/m?Z albedo-SIRFo| H|&] uwj-$ =& o 3k o]

Ueld. 2 & temperature-SIRF= £ A-7olAl AlEgk ztg 9] 5 2 <

& Ftol A=EHE. o] A7 MWL FANA Fo. & AFolA &3 ERAS skin
temperature= €=°l =+ Al7]e] Lol SAlstE =5 FAS] Adtd 1 s 0
of 7PA AR ol A ol EAFAE

oA €] skin temperature’t © HA AEEHE @FS oF1F wEkA o] A7 RE

temperature-SIRF= &9 ko]l YEld.

September-October-November (SON) 7]7+ell= ## net-SIRF7F -5.86 W/m’Z A Atg]
qom, ZlFRde wat i 059 W/m® xel7b wARE o] A7l net-SIRF 7+ 743
=A AEH+e AZEY. SON 717kl & surface albedo’t #HZH A 7] wEo HF
albedo-SIRF7} ¢ -030 + 0.05 W/m?’e2 I JFFo] wj$ *g GFDL 714te]
net-SIRF7} -5.14 + 472 W/m* 22 7}& =& zt, HadGEM2 714 net-SIRF7} -6.35 +
579 W/m?2o 2 7pa vr& gro] 2& g, g AZY ¥se] SON 7|72 7| F R4

w2 SIRFE9] zkel7F 71 2 2T 7174,

SIRF= Al wE zolol wls] 7|5 Edo wE =
SIRFE9 Aldd mE s EE 7|FRdoA FdsiA vebd. wapa 2 Aol A
Zt 299 SIRFE 4=¢ 715D Ade Hatste] AEE s

T4 $EE 02 299 2L
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net-SIRF
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19 3-1-160 = A

- MAM % JJA 7|7}l T Agel 94 FdHe=
5 9F albedo-SIRF7F &=
2 3L albedo-SIRF+= DJFeF SON 717F &<t surface-albedo”} 713
ol  albedo-SIRFE 022  Axs 299 (o) #ol
temperature-SIRF= JJA 717+ &< 2 A FolA ko] ol

A w7 R ERAS skin temperature®] §4 i <d. ol#ldt @GS AlQlsty AA

AT 717bE A-e @& SIRFE A94 5Ao] deuA %+

£ net-SIRF9} albedo-SIRFIIA &= =
e A9z FiEEs @4 AR ol o AZld dF 717

94 ) gEd. 1
SEEERE I

A2, ol

- g EE 94 BHE A9% U A9 AR S Ad B2 SIRF WP
S vehd A9
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3 3-1-34. A9 AH SIRF ®istak

Axctic Ocean

Period (Al Baffin Barents Kara Laptev Beaufort Chukchi

Net 0344028 062028 078+042  060£029  028L£006  024L£007 0.27 £0.06

DJE* Albedo - - - - - - -
Temperature 0.34+028 062028 078+042  060£029 028L£006  024L£007 0.27 £0.06
Net 0414039 061+£037 096£066  078£036  061£015 033+£013 0.48 £0.12
MAM# Albedo 0164+ 0.26 0.32 £ 0.29 0.59 + 041 0.34 +0.26 020+£017 0.114+0.12 0.17 £0.13
Temperature 0.25+019 030+£014 038£027 045+006 041£004  023£0.06 0.30 £ 0.06
Net 0354028 041027 048+036  063+034  051+£023  051X£022 0.56 £0.20
JJA* Albedo 0.354+0.31 041 £0.28 049 +0.39 0.63 +0.40 0.51+0.26 0.55+0.24 0.60 £0.23
Temperature 0.00 £ 0.05 000002 000x=004 —001x007 000004 0042003 —0.04£0.03
Net 0414022 032011 038+£024  051£021 0.56 £0.1 0.51£016 073 £022

SON * Albedo - - - 5 = = .
Temperature 041+£022 032+£011 038+£024  051+021 0.56 £0.1 0.51£0.16 0.73+£0.22

* DJF: December—January—February; MAM: March—April—May; JJA: June—July—August; SON: September—
October—November.

- A9 g5 97 SIRF Wst &> 55 AA HAEo =74 vebd, AE %+ SIRF
10

= o] Ao LehbA @kgton}, SIRFe| Ade] we maze Ao m
gt UE S g9 1A B AFoA= DIF 7172 SON 7] 7bell albedo-SIRFl o 3}
Adel WE wWalRs AESA GRS ot o A7 G d o)A albedo-SIRF
7b AFEE A 7] Wi, 28 EE ST A7) net-SIRF 9} albedo-SIRF+= €3 #e

7k, DJF 7175 <t net-SIRF& 0.34 + 028 W/m” © ws}gFo] 4+& ¥, Barents 39l
A] temperature-SIRF7} 0.78 + 042 W/m? & 7}3 =& zho] Uelwon Beaufort A<
o] 024 + 0.07 W/m? ©2 B3 Ao 714 e wslako] A,

MAM 717t & net-SIRF7F 041 + 039 W/m? albedo-SIRF 0.16 * 026 W/m?
temperature-SIRF7} 0.25 + 0.19 W/m? 22 A", AA net-SIRF W3tk Ake] glo]
A temperature-SIRF+= albedo-SIRFRUT =& 7| E g AT o]# 3t A A9
wet 24 yetd.  albedo-SIRFE  Baffin - A9 (net-SIRF 061 + 037 W/m?
albedo-SIRF 0.32 + 0.29 W/m? temperature-SIRF 0.30 = 0.14 W/m?) 2} Barents A%
(net-SIRF 0.96 + 0.66 W/m? albedo-SIRF 0.59 + 0.41 W/m? temperature-SIRF 0.38 +
027 W/m*) el A tr2s) ool wls) F74357A Wasta A+, Barents A9 net-SIRF H
g EE A7 2 A9 559 /Hg F435H Wsete A9, v E Beaufort
A 9L& net-SIRF 033 + 013 W/m*? 22 7}% o] Al7]]
albedo-SIRF ®W3t#Z%=(0.11 = 012 W/m? 7% &A% AAFoR Ao wE i
albedo-SIRF (0.16 W/m?) ¢ Z}o]l+& temperature-SIRF (0.08 W/m?) 2] zto]lBt} =LA
Eb

ﬁd
O
piv
rlo
B
o
2
i
i
32
[o
g

JJA 717+ellE= net-SIRF 035 + 028 W/m?% albedo-SIRF 035 + 031 W/m?
temperature-SIRF 0.00 + 0.05 W/m*Z W3}sko] 2&4¥ ERAS skin temperature®] &%
wji=o temperature-SIRF+= ®W3taFo] A YeluxA &5 oS AdIg= 2 o] A7)
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T AZE AE A5l 5F HA Htol ¥ net-SIRFO wWstakol AA yebd.
Kara A 9o] A net-SIRF¢] W3at&e] 063 + 034 W/m*2 7} IA Uers o™, Baffin

Aol AU H o2 041 + 027 W/m’E 22 ¥Halaro] ag,

- SON 7]17Fell &= net-SIRF7F B3 4 041 £ 022 W/m*E A2rE, A7 net-SIRF] 7}
4 & Wste Barents AGolA Yetgon, b2 Ado s o] A Yol HEF9 thE AAHH
&/ o 2 net-SIRF ®stE Bl 2]y SON 7|7kl &= net-SIRFe] ®stsFo] .38
+ 024 W/m* 2 55 FHgd vls @& walsgke] Yebg ol AA A 717 F 29A

1

v
<2
=0
T
w

1o
5
e
Jm
oX,

- 2 AFdME v 29I 3ol AA A7l el 579 HAF A1E ] Hapes ol &

3o €W net-SIRFE 4=}

Month

—20 -+ 1
[@)] —— 2
= 3
'O —40 1
—— 4
2 5
O —60 - 6
>
] 7
o —807 —— 8
©
© 9
o -100 A —e— 10
Q 11
O
— -120 —— 12
©
()]
N 140

_160_ T T T T T T T
(W/m2) 1985 1990 1995 2000 2005 2010 2015

Year
1% 3-1-161. 571 AE LS o183 ¥4 net-SIRF AAIE X
- go me Waste A¥dS tUEA YeHoy ARFoez BE U FHE B 4~6

7] A#ale 7% o A71oE albedo-SIRF7} net-SIRFo] 2
CHEASE J1% BE net-SIRFE 99% ANE. B AFAE dWe] =

° X
= AYel @3] SIRFE AEstA=d o A7l HF=o04 e A7y 71 2
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714, ERAS skin temperature®] 524 wjZol o] 7|7+ = temperature-SIRF&= # <]

-t 192 349 Fete 5 AYe e ®E AEE net-SIRFO] €4 ®stEs uE
1o}
=

0.8
SIRF
1 =& Net

07 —— Albedo
&\ —— Temperature
c 0.6
~~
% 0.5 -
>
c 0.4
Z
U 0.3 A
>
= 0.2
)
c
O 0.1
=

0.0

\(
_0.1 T T T T T T
2 4 6 8 10 12
Month

9 3-1-162. 1982 dF-E 20159 &<t 7t 84 SIRF €99 Wk

- o] wW BAAGE 5 1S Rde] HF3tS AFESle] AE WHEES =g RE Z2dE
0.05 o]3te] §AL =3 B A7 albedo-SIRFY €W WS Ma) A3 v)S
A A== 28U net-SIRF albedo-SIRFE &7 v|wd of, & Axe AxE= A3

Ao} zol7t WA A AFolE SIRFQ 7Hd & wW3brk 5~69o] @Ag v, 2
AFolE 5~69 B oYzt 10~11€e%: 2 W3yt 24 599 net-SIRFE
albedo-SIRF(0.37 = 0.07 W/m? 3 temperature-SIRF(0.13 + 0.05 W/m? % SIRF¢| <
gS BF IS 692 UFEE albedo-SIRFS WagFe]l 71903 10¥€34 11¥€S
temperature-SIRF(ZtzF 050 + 0.08 W/m? 051 + 010 W/m» 9 9&Foz 5~6¥€9
net-SIRF ®stgF FA-g B2 &5 uebd, 7Hd ®istyt 42 71702 9901, 6978 8
A7+A temperature-SIRF] W 3tE= A9 YdelUA &8 (037 £ 0.07 W/m? p-value )=
03). o818 EAo =z <lale] temperature-SIRFE el EZ (003 ~ 051 W/mH)+
albedo-SIRF k¢l H3(0.05 ~ 049 W/m*) Xt WA Jerd

ol
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N
ot
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i)
lo
ol
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e
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e
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2 AEE net-SIRFO €¥ W3t
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1% 3-1-163. net-SIRF €

- albedo-SIRF¢] W37t A Yetus= 6~899] A5 tE dol vla)

A

WA S o] 717k St net-SIRF9] W3} &2 Barents, Laptev, Kara A9 ¥

.

o
net-SIRF (W/m?)

Ao 7}
o}u 2}

Ao u}

i

a

Baffin Baye] 9% A oA 15 W/m? o|o 2 Aid. v 2 499 East Greenland 2

Arctic Central sl9e] dF A M= net-SIRF7} ZastE 74 8o
%

Central | G = A

ol wEH,

ErE. 8¢ Arctic

- 10937 119< temperature-SIRFS] 930 2 23] net-SIRFE wWslako] IA Yed. o
| net-SIRF9] Wtz 4~69 3 FAbstu 4~69 Hla} A H %<
o]213t Z3}+= Bintanja and Krikken (2016) d-7dA % YeERUYE A

R

B ATsh BUT PUS AEse] BAGAGYS AL g3
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A temperature-SIRF2] zke] 00 7HgAl 2= 5+ 7 o] A2,

- O 19 200098 20159 7+A] 69 ¥+t ERA59F MODIS®
28

2
)
rfo
ki
L
A

]
i
iy

FO ERAS
MODIS

5000
5000

i

% AGG

=]

3

wf T 3 b 3 G
Dafference from the freeging point of te Arctic Goean iK}

i
3
=3
53

K e = e e e iy oy e i e

19 3-1-164. 2000-20159 715 6¥€ ¥+t ERAS5 % MODIS®| W2k &X 54

- 91% 9= ERAS skin temperature®] 69 H#F3kelw, L% 9 192 MODIS IST9

S vEhd, 9% ofgl & MODIS ISTel sl 649 7% FH# A2 FHEE pixeld

HAES Yetd, T 169 §<F EF SASA L™ 100%, SAHA %= AFde 0%

ofgf I¥2 dWe o= (Y3t 1.8%) 72 = ERA59 MODIS®

T8t flell A At

A3 vp7A 2 oF 02 ALY & UL o] A& oy, MODISe A f-ol=
%

ERASe] Hla] it 4% @2 o] £ 5 yeby. A ERASSHE 28 BE

é

AZde A5 29 249 o]l yetdt oFH 3 dE=2A AA A x5 AAeole

AAT AFHAETE FASE X5 ¥ AW MODIS® 7d$ Brightness Temperature
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o
oL

]
- A, Tetzlaff et al., (2013) AFolA+= 7]12-IST-NW 5= AAAH B4 53,
o

Eo] uhe 02 WHPAS BeiE A Fed

- Chistopher A. et al., (2104) AFolA+= 7|20

| £258 ISTSE 7129 Hol7t 27
A S, S FH 2] met 7] L-IST 2ol <] e

- Maikynen, M., and Karvonen, J. (2017)¢] oA+ MODIS ISTE 7]wre

A HEW

fr
%
oL

- olHg A AFE wE R off ok o] #HF DNN 7IvE IST A& dygF9 o
3

g W5 AT BE ARE 3UIA AT BAZAGSD FAW AFPANYER

(7}) Ice Surface Temperature (IST)

- Terra 914 ¢ MODIS A lA #H 5=+ MOD29EID A& 2X FZHeidE 4
2T daily A Y. ©] AFE ISTS SSTE 34 A ¥ty oy, dlst AR

oj&stel Y E=TE 15% ©13d AGRt siAGer HdAgste] & Aol &&

il

R

(W}) Sea Ice Concentration (SIC)

- NOAAJA AFs= Ol (Optimal Interpolation) A&5E 83 o AFE
AMSR-E, AVHRR, Ships, Buoy & Wt 2R &S 74 AMEste] Aqksh 37F sl
AE 0.25° A7t A EE daily Y.

(th) Sea Ice Age (SIA)

- NSIDCoA AFEst= AFZZE, AMSR-E, AVHRR, Buoy 5 tedl x5& Agsto

AR F7AE 125 km, 79 F712 AAH.
(2}) 2 m air Temperature (Ta), Total column Water Vapor (TCWV)

- §A7IHke] AR EL B AP EASRE Qe B2 YoM ASHE HE. 0
A B A= o)lg st EAE s 25t A ERA-Interim A &4 (52 83 3
2 BS A (PreuBer, A. etal, 2016: Paul et al, 2020)91A A5 A&

AARAEE A AL S B Aol es FEIAAE 0.25°, AR daily AHE
(7}) Solar Zenith Angle (SZA)
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- SZAE HE-BHA-AA ] oF = AEE guF ol HduAY Hatdd & ¥
& Fv 24 F 4 (Florent et al, 2016). Christopher et al.(2014)°] °]&t™
SZAC wet Tash IST ztke] sjdo] WMsbst=dl, SZAZ} S5 Tast ISTE Ao|7}

(A}) Ta climatology

- Hall et al.(2013)ell €3}9 200128 20129 74x) Z2A@E= A Jel| A Tazk ~2°C/10
d F7rgel whet IST= ~251°C/10d S71g th7] 2= W3k 4% 234 o
gz A4 & d7elMs 1982978 20159 7kA 34 F<9ke] ERA-Interim

Ta daily AR E B8t daily 71 715%k= =3
(o}) Latitude

- A S@ate BFAUAE A2 me FolsA e Seo et al (2020) A
of ostw flmol mek IR A LE Aok Fas #EHI U 53 nIE
2 A5E QAsE quA g BEeE uAgel Botd 2E9 7ast 39

&7l LEbE.

(2) &4 IST A=2 ¢3% Case

A
40

- &2 MODIS IST ATBD(Algorithm Theoretical Basis Document) ol 41+ 11 um<e] &
712E(TIDE 7122 IST cold (T11 < 240 K), IST moderate (240 K < T11 <
260 K), IST warm (T11 ) 260 K) & 37FA A& wro] &3 A&, ©]
Al A gt A m7EAIE Key el al. (1997) 014 AlA e g FEET %0
ISTE A&dte Zlol ¥ ax4dd. o8 "o 2 AFdAes F43 H

T |

ag Z&ote] 2=l wet IST 2d S 7N

rr

N8
tlo i HS

)
N

npElo 2 Hog A3

- F712 SIAE 83ty sy i) s ¥ 2dS AAE SIAE 319
AEHE el = T8 AgxE, 93 9 4984 HlE AYgdS = FE3% A%
2 2837 A4S (Korosov et al, 2018). ©] A8+ Sea Ice Thickness®tx= =43 A
#AAdo) low, thdH (Mult Year Ice, MYD) & 934 (First Year Ice, FYDE &&/F7}
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o oy wHE @ AT Sl e FReel A7E SUHL o)
& Weh HE BRE Case: & 6N e 2E

FYI & IST cold

- FYI & IST moderate

FYI & IST warm

MYI & IST cold

MYI & IST moderate

MYI & IST warm

(3) DNN 29 44 3 38%% 37}

- DNN2 ¢ &= (input layer) @ &3 % (output layer) Alelol o2 719 &Y= (hidden
layer) 52 ©] A ol F A1 W (Artificial Neural Network, ANN)¢., A= 24T o
WA QL QIFA AW mpztA = H34sk vl A3 #7] (non-linear relationship) < &
998 + A+

o

- B A A E Google Colab &7 Keras 2.9.0 W AolA DNN 7|9 IST &3g=

75 243 I Relu, wE Vol A= Adame A&

- FHEHoE AAY JEWHSI = Ta, SZA. LSN, Ta cliamatology, Latitude, TCWV

oM, & d¥W = MinMaxScalerE #8359 0~1% Afststo] &3

)
i

- A% H%E HlABNYUEE GridSearchCVE F&3te] o4 b o] A
GridSearchCVE steldstelnlHE A4 &A1 F F49 g2 ©3

s
2olm, HA GRS 913t EarlyStopping -5 &3
# 3-1-35. & A7 A& DNN sto] sehr g
Hyper- Layer, Node Batch size Epoch Loss Function
parameter
. Mse
Setting value (128,128,128) 32 100 (Mean Squared Error)
- 231 %2 AFHCOlH, HlE HolH+ StratifiedShuffleSplitE AHgstd w43 €&

NECE 7+ 60%, 20%, 20% = sk ARES
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- U 2" B A9 DNN x5 =243 3 A<l

Input layer Hidden layer Output layer

N |
% \\'ll; :
Nz @ :
S =\l |
S0 S s
é‘?\; AN

KR
DN
(\ (

/A
Lo o

2m air temperature
(Ta)

Ta Climatology

Total Column Water Vapour A‘W /
ey “‘3’?'&!{ LA
- A IsT

Solar Zenith Angle
(szA)

Vs

Local Solar Noon angle
(LSN)

Latitude

1% 3-1-166. ¥ Aol A3 DNN +x

- AFelAE AnE B dstel tewt 2 ANALE BEY

(7}) A3FA 4 (R, correlation coefficient)

- 7 W Afele] FAA FAE A A& 5T Ad BAC) AEE FAH
ekl Al & Aol ARERE AaAlsE dols AR Ao, 7 s X
Zre] A A BAE AR FAY. o A A IA-FHEZ B F
ofsll +13 -1 Abole] F= 7HAIW, +12 &3 o] A A3 84, 02 AF
AA gl -1 ST 5o A9 Ad dAE A9

(th) Relative Root Mean Square Error (RRMSE)
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RRMSE+= 7+ ztap7p A gholl tiel 245 o Aad #ez Aqstd Ja A

a LAE 9u| . RMSE+ &8 534 R4 o8 A=A RRMSEE theFst
=4 7S st b AMEE A dSo] AFex] o™ RRMSEZF Z7F3g
9. RRMSEE 278 Atidow wt wig Y408 mdd

Z}) bias

bias, & Mean Bias Error(MBE) = o S&3t3F AA] 79 =ole] HiFS 9ud biase
o

Y EE 55 T U @S 7HE. 49 biase AE7F AU HUMEASS 9 v 8}
o S5e A4 H7EATE AES 9uish SR T %9 erroret 9] error7t A E
T UE 7HeAel AT

T 192 & dAFolA A4ds DNN 7|8k ISTS MODIS ISTE Hlxd A%, &
T Cased £F2Z F 384628709 HI2E AEE U422 RS 094, RMSEE 346
K, RRMSE+ 1.35 %, Bias 029 K¢ ZA#E A4g. AAH = MODIS ISTS A
Hog FASE ExE Y, F718 S22 Cold Regions Research and Engineering
Laboratory (CRREL)IA A|&3l+= Ice Mass Balance (IMB) buoy #A&5¢ HA=E <
g% A5 A% MODIS ISTE A5 AE & 657l R 092, RMSE 451 K,
RRMSE 1.7%, Bias -281 K= 4t&%. & AFoA 4=3% DNN 7|8k ISTE A5
X}E 173709 disl R 098, RMSE 3.85 K, RRMSE 1.47 %, Bias -2.89 K7} Y€}k
w. Bouy #F= ¢ vl A3, MODIS IST Hl&] =2 A&7 &=+ Ae g9

(@) 280 7 200 (h) T 285
R :0.94 /- = + DNN
RMSE :3.46 K 175 £ YT
2704 RRMSE :1.35 % E 275 A RB;IS.E 13.85 K
Bias :0.29 K i 150 @ -
pes 4 <% RRMSE :1.47 % #4
¥ Count :384628 g £ ; " X
= 125 o Bias :-2.89 K
= 260 & 265 x +% X
w0 = - Count :173 + ++
& 100 5 g N g s s(
= o t % J* X MODIS
Q 250 + K X
] & li = i ’f’* * i R :0.92
s0 o o RMSE :4.51 K
240 4 2 245 1-?*'.,* p RRMSE :1.7 %
25 2 g+ Bias :-2.81 K
/ @ A Count :65
230 ¥ - r - : 0 = 235 - - - -
230 240 250 260 270 280 235 245 255 265 275 285
Estimated IST using DNN (K) Ice Surface Temperature (K)

1% 3-1-167. MODIS IST % IMB bouy Hl°lH & &3 DNN 7|¥t IST #Z5 A (a)
DNN7I®F ISTS MODIS IST¢ #=. (b) DNN 7]¥F IST % MODIS IST
¢} IMB buoy IST¢ vl
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rlo

IYe 7 AR 2o dxd g %
2 Ue. AAASR MODIS ISTS AwHoR §A8 274 2271 Yedz
. MODIS ISTlA+= pole holes E33 G A GoA A= °
. DNN 713 ISTOlAE 227 glo] BE Aoy 428 2L 83

K

A

(a) MODIS IST (2015.02.11)  (a) DNN IST (2015.02.11)  (b) MODIS IST (2015.03.24) (b") DNN IST (2015.03.24)
A 1 T e/ F 7 1

Ice Swrface Temperature (K)

U522 Cased WE #45 33 ts 199 (a)~ DNN ISTe A=A H7t
A3 F FYI caseol tigt 232, RS 079 ~ 089, RMSE 277 ~ 387 K, Bias
0.606 ~ 1352 A&FE Q2™ IST warm caseolA A3 vl A& EE Aol el
2. (b)= MYI caseoll Wist A=, FYI case?t w9 v]=gh £ <ol YErdE. R
0.81 ~ 0.88, RMSE 2.69 ~ 3.77K, Bias -0.53 ~ -0.202.2 uEld. Bias’l FYI case
ol @ 52 U Aol 5o, IST warm casedllA FYI< wp7ix 2 dF

MAYH BE S9o] by
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(a)

(b)

FYI & IST cold MYI & IST cold
300 30 30
R:0.8082 R:0.8101
290 4 RMSE:2.7713 2904 RMSE:2.6952
Bias:1.3504 25 Bias:-0.5345 25
2804 Count:17711 2804 Count:15099
e =
& 20 & 20
o 270 1 ;’ 270 4
= &
c b=
& 260 - 15 5 260 4 15
3 : 9
e 250 y =3 250
2 | o )
a A 10 & 2 10
240 1 =g 240
;. § j
230 - 230 n .-'..": 5
220 " T T 0 220 + ! : 0
220 240 260 280 300 220 240 260 280 300
IST MODIS o
FYI & IST moderate - MY1 & IST moderate o
300 TR0 8898 - R:0.8831
2904 RMSE:2.9175 200 { RMSE:3.0707
Bias:0.6727 40 Bias:-0.4613 40
280 - Count:111005 280 - Count:62669
— =
o @
2 270 == 36 2 270 30
E S ] c 4
% 260 - P 5 260 2 :
@ 4 L7
- i =3 -
§ 250 il 2 20 g 250 20
o . 7 a b/
240 4T 240 4
10 e F. 10
230 4 230
220 ' ' ! 0 220 ; : ! 0
220 240 260 280 300 220 240 260 280 300
IST_MODIS IST_MODIS
FY1 & IST warm 00 MY1 & IST warm .
300 T 5789 30 R:0.8453
2904 RMSE:3.8697 290 —BMSE:3.7741
Bias:-0.606 - g'as--?é%%i 40
2804 Count:101999 280 1 Count:
=
5] " 2270 i 2 30
2 b 30 £ e
c S = 3
5 260 1 _'- 3 260
= a 20
3 250 4 20 % 250
& o
240 -
240 16 10
230 230 -
22 : : ! 0
22020 240 260 280 00 220 240 260 280 300
IST MODIS IST_MODIS
13 3-1-169. Case ¥ MODIS IST¢e] A= A3
- T ¥ DNN R z Wy B2 7ostes dTFE S Hr7is A4, & A+

ol 1= SHAP (Shapley Additive exPlanations) #< &

AHS-8F= Shapley ValueE 7IRWES 2 oS A3

A, SHAP dHgto]l =5 Rdd 2 7|d=

of mel Mol 7Tt Aol Ae & S
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o) Mod 44 AL BTG cased] Wt Wae F2ws} wl Aola] w)
Fo Moo WE PR BEHolRt Ao 4 s

FY & IST cold case SHAP value MYl & IST cold case SHAP value

0.00 0.25 0.50 0.75 100 1.25 1.50 1.75 2.00

X 0.2 (i} 7 1.0 1.2 3 5 .00 . 2
0.00 3 39 .25 0 2 3.30 173 20 mean(|SHAP value|) (average impact on model output magnitude)

mean(|SHAP value|) (average impact on model output magnitude)
FYl & IST moderate case SHAP value MYI & IST moderate case SHAP value

Isn

L — at [

w
N
o

tewy
000 025 050 075 100 L25 150 175 200 000 025 050 075 100 125 150 175 200
mean(|SHAP value|) (average impact on madel output magnitude) mean(|SHAP value|) (average impact on model output magnitude)
FY1 & IST warm case SHAP value MYI & IST warm case SHAP value

« I -~ [
o [ g |

lat
000 0325 050 075 100 125 150 175  2.00 000 025 050 075 100 125 150 L75 200
mean(|SHAP value|) (average impact on model output magnitude) mean(|SHAP value|) (average impact on model output magnitude)

1% 3-1-170. SHAPZ &83% Casedl W2 W4y =9% Hrt A3

ro

1. DNN 7%F ISTE &-&3 SAPAIY A& 3 37}

- 9 HAHNA AAE DNN 719ke] IST AFE vlE S 2 temperature-SIRFE AH&3t3 1

= 7€ AR vud

- e O¥E& 3FdA AFE3 ERAS5  skin temperatureE® vl o ® AEH
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¥ 3-1-171. ERAS5-SIRF$ DNN-SIRF®| A%+ AA<E

A

Fr

AAAcZE F A+ WS yebd. DNN-SIRF7F ERAS-SIRFel Hlal °F 10
F =7 A=, 183 ERAS-SIRF= S7F 4% wdol, DNN-SIRF= 57t
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The 19e ¥ SIRFY ALY 74 PEE ek,
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A DIF 717k ©h& A& vl o]zt &<ds] =2ld, DNN-SIRFS 79 Chukchi 3
Barents 319 & WA o2 <Fo] SIRF7F AFEH A Yol HWA +x3

of ¥ DNN-SIRFAIAE ERA5-SIRFel wlal =4 2=d. ¥dH 7|7+
ERAS-SIRF&= A el wg ztole AdF oz v A7 ety dAwzos
W/m2e] #x2 5o vetd. MAM 717+ o & Ald] HsiA = zpol7t 4
4 DNN-SIRF7} =2 3ol A&, JJA 7172 49 o

Z
U)

DNN-SIRF¢} ERA-SIRF EF Ao wg ztol= AA vetuAl et shAY i3
Alde) A DNN-SIRF& dlFi A FgoA 59 SIRF7F A& 5+ HtA ERAS-SIRF+= 49
SIRF7} A& 4. SON 7|7k MAM7Z| 73} v 23k fd2 Uebd. &+ SIRF 25 00 7H7)
£ Fko] A&EHAoH, DNN-SIRF9 9 Baring ¥ Laptev a9 dFo A ko] SIRF7}
e
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flel o A afol A <}

25 AFHOE T

GHA 9 ray tracingl ® FAE

Rectified
strip__ =

Image strip ‘ |

v 1N T
i N N Y
Determlr.watlon of Rz.iy ke R:’:i‘{ Ray Allplxels _._ Rustasiz kG
search height range |—. tracing | tracing Il tracing Il ’—' complete'f’
Y Y T

19 3-2-2. APYHe APt

- A WA dANAE ray tracing®] &4 P
At 2 HA EZo|gto 2 RE Al W E

& DSM €] =
de ZERAS HEFY F, GATRS =
;P‘ —_ - HSM
LOS yLOS LOS ax
gProfile T P'(X' Yf . Z™)
Max

— Line of sight vector
Profile for the PsPg

Z,E[I{ﬁﬁle i
A

- Ray tracing 1@4l= T3 7] &4 Zolgts AIFO 2 ¥HE A9l ray tracing 3. <

oA 7ol AWM EGe] Zolef DSMAY Zo|7 dXxd o $5. I2X &3, &
Mol QA 7F HiEE T R

- Ray tracing 294l &= ©¢ ray tracings 53 FIHES &4, ofg] I1H ()M 7

Hellx 5 dA7AcR BP9 EA FFE dAdetH, g4 7Aoo

tracing 1&2VAZE F

A FIPES oW 25, %A &
FEE 2R 2 AS, £ v 29U 7HH S 7 ray tracing 39A A A
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— Line of sight vector | o — precison of the DSM

— Interpolated DSM ki =g, %10
h; = ey x 0.1
LOS LOS »LOS
) i Pi(X{O% 1195, 2198 )
Profile Profile - / o
ZMax dhy | Z)Max -:__;f_'/)
X P, o
- - Ay - B
Bt 7 = ?Pl:ofi]e . il L L) I
‘ W | “Min . L\ LZi]_:lsl\ﬂ
= N &
Profile ‘ | . ‘ ‘ | | ‘
Zyin | '

o ar =
Zole okl 193 EAMS o] FYIEE Delste] ASY sle] 2RY 2EY

X Study area <= Strip A <= StripB <= Strip C

“. [m]
. =% N
510
505
E 1] 5 10 15m igg
a9 3-2-5. A¥AE HE K8 (a) dFAY, (b) 283 2EH
55 H¢ vigAZ, (¢) AEl¥ LIDAR DSM.
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X 3-2-1. 94 2EYE #FJI%, FEAE, 93 27
FID Flight height (m) GSD (cm) Strip size (pixels)
A-1 113 6.6 640 x 1632
A-2 114 6.6 640 x 1616
B-1 50 2.9 640 x 2816
B-2 50 2.9 640 x 2864
B-3 49 2.9 640 x 2912
C-1 27 15 640 x 5616
C-2 26 15 640 x 5648
C-3 26 15 640 x 5696
- AHHoZ AHEsk 7SRy AFye ol IEH Fo] UEHE. EY =3 Al 9
AW AN WHE A8 AEHE 59 Dee Jed ANARL 14 Ba 75
o7 Z AEdE AL Fod & Qg dAdA AP GPS A4S 53 #A5S A7

=3 10" el 718t e
9.4cme RMSE 25 YER S,

FHE A% X, YH B2 747 34em,

19 3-2-6.

Ak A2l 23 (a)
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33.98
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1.59

duyg Az
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of loops

2.00 | 9.77 | 32.72| 5 | 38 (399| 9.97
A 2 Al Zke]

2.00 | 41.28|163.84| 5 |198|999|15.52
2.00 |21.30 | 91.66| 5 | 92 |959|11.94
2.00 |14.94|58.98| 5 | 62|670/10.69
2.00 | 11.58 | 42.54| 5 |47 [501|10.34

Average number

=

489k DSM ol

| Ao ARE
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292
35
2
0
0
31,942 2.00
32,241

Failed| R1

30,484
31,419
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31,502

R3

1,044,283| 197

ray tracing WY AHAM7]

R2
002
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=]
1,012,239

ok 71
Number of pixels

ok

R1

Total

3 S geArt Goldss AP s A%

1 10.11,044,480(1,012,538
3 10.3(1,044,480|1,012,538

3 10.3 (1,044,480

(cm)

2| 210.2]1,044,480|1,012,538
4|4 10.4/1,044,480/1,012,538
5| 5]0.5(1,044,480|1,012,538
3] 31{0.3]1,044.480/1.012,538

31 3 ]0.3]1,044.,480
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HEESl =2 X glA|7ke] A F7H s, Alth7E R3 A= oF7ke] A H A &8 stasS
GAE. o] AfES /N ray tracing GAIEC] FIEAT F A5S BHAFH, AHTH
o] Bl S AR E. mEtA AH S e gEY AHYLEE SH EFANA =2
As GH7T 7hsett & ¢ A&

- O 3 FJALE GA|EEAY AHE RAE A¥AFHE EYIET GolE T E
BIFZ AolA7F 78S eI S, F3FZ Alo]AEL FE elevation discontinuity
Aol HAFTH=. olv FAAE FAo] FAFZ AolAEe 7R oo Aolgts
29 FES THIe 2344d

¥ 3-2-3. #9Ix W3l wE YAzt A3

Average number Maximum ni
| Gsp Number of pixels (pixels) ofgloous number of | [nfinite
Strip (cm) p 100DS loop
ratio
Total R1 R2 R3 Failed | R1 R2 R3 |R1|R2|R3

Strip A| 6.60 |1,039,360 (1,011,685 340 27,333 3 1.95 | 16.58 |54.73| 5 | 65|661|2.66 %
Strip B| 2.88 |1,832,960 [1,754,689| 2,019 | 76,241 11 2.04 114.2373.73| 6 | 69|6904.27 %
Strip C| 1.63 |3,618,133 3,450,807 7,040 | 160,249 | 37 | 2.03 |17.67|102.34] 6 | 63 [651]4.63 %

- webA ASPEE S FEAT, YA, FWATSE gol EI WEI 2 Aol A a4
EAPYARES 934 T W 0 ZRHY A0E oY

e 2=

- BEAG] AF 2L A4 W8 BHS Areuse] BE G@S e dol W F
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2, Zd9d B9 /188 2= 9EEF AAE AYPIERS 8¢ 2HAA WA
GNSS/INSE &3 HPAA w2 EF7t A& 7bsd v

222 WA 2ol

)
A= 2 & A ¢l vF2luto] 71538,

r)v

AMAZ, 719 o]fF=2 AA AFZEQ georeferencing= A2 #H2loZ Fd3n 3=
GNSS/INS A &%, boresight parameters, AloFZf 9] x}o]Z <¢ls)f AMAMABEELS F7HF
o2 Ags] A7 oHR.

olof] o] AFAx = AMMAEES AF 5AS AEste] F @AY AAYE Tl LT
715kstd AEs FPstra s, 1 A dAR, AAME boresight calibrations 43 &t
R

o] 98] T 1ol 9 7] checkerboard B hut BFAlS A4t A A3 ¥,
FIALE FEstd AEE FAS5EAeH, BAE dg ARG AR HEE 9
23} boresight parameters 4332,
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v H!gg - Ii_,_.;

{Fiag

Target deployment Flight mission

19 3-2-7. Boresight calibrationS 13 b2l A= 2 H|g) AFY =9

- 1 A#E groltt DSM (digital surface model) & RGB 4
o] F71A¢l A Qlolx 7dsty oz Z FHHE AL Fal

2ot} DSME ol &ato] 44H RGB el AL EAol

td
>

o]Z Aolel I o]
FoANe. obd 1¥e
A%E BAF

et

oY

- 227 -



LiDAR DSM
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A Ar W Y 54

= %8 d ZAF (2020)

gk

i

83t EFlddA AT
- Underway 70839 a8 Z A

: Chlorophyll-a, Suspended
Sediments, Inherent Optical Properties(Ap. Ad, Colored Dissolved Organic Matter)

#  Cruise station

19 3-3-1. 2020 % otk stAl HESE Fell T g AR AEE HA
o BF 8% A% 3 F B A (202D)
- 8870 Underway #5383 4070 482 £9% F 128 ZAEAA 815 F 54 A48 o
4 ARE A5
- A BE AHANE 1% light depth 744 Aol 3wlel WS o) F3hg
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800 N 2 2 Il
O Underway
@® Station

70°N

o

o BZ FF AF ¢ F EA FAF (2022)

- 2022 749 20€FE 8€ 2297bA] A E otk HEFE ®AF 2
0

Zol 61} AFHY EE o) ARAAM A5 AES A5
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170°W
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- CTD AMFe T, ol 952 HAYS (SCM), 733 4A9] Al %%0101]*1 ol F o H L
% A s

underway S &3 £ 131709 dl= =S H53

N

- ZF AZ2 1,000 mi® Al AME UFo] 2t FEEH-a, 5 HAYE (SS), FHEERT]
E (CDOM)el 9Jgt FF=e ZA37] A 2" setxg & AF.

B 5AS 250~800 nme] EAWel N SAHYCR, e AT 108N HE
B oEe T 54 BA A%E Jepd,

ARA13B Acpon UV-VIS Scan ST-10 ” ARA13B A, UV-VIS Scan ST-10 ARA13B Ay, UV-VIS Scan ST-10
—m —m —m
—um —2m — 2m

0.

300 400 500 600 700 800 300 400 500 600 700 800 : 300 400 600 700 80O

Wavelength (nm) Wavelength (nm) Wﬂva!angth (nm)
9 3-3-4. AFAA 10%A A5 s AEe] F3 54, (3 9 () HEE (%) F
AEER/F7T=
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nm EEESNAY £F HAL ZES AShE B4} AEE 2R A5 BV
H #9247 @7 2% 30 mo S22 WY 44 Was d5H0% 24
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= .
- O AR 23 A HASTS TriOSe] ZolE AFAE e
ST023, Tri0s SAM 8426 ST023, Tri0S SAM_841D
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300 400 500 600 700 800 900 300 400 500 600 700 800 900
Wavelength {nm) Wavelength (nm})
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a9 3-3-5. AFAA 23Wo A9 TriOS #= 23
2. AFAE W olF
) EfGA 2AF (2020)
i o] olFol that JEE= FAAAANA AYH R F3H 59 AAE 9494 A5
o 45 &3 2 %%‘
ARG ARE /VOE AFH H3 S o5 WMEE EA sy A8
Ice-Tethered Profiler (ITP) &3 #Z< slW Folo olF AXF} vugdozi HIgr H
7} 2 AFo] 7Fe & (Hyun and Kim, 2017)
FdEely 7Rk ) olF F4 G Fe AR HATe A WY Fol(EHA) AR
| gRE Bedeld 20208 Ee] ALE) U AR A BE ALHo] RSola
201990 SRFNY HA Y EHA AEE BASIE HA A3 HSo=2 7E AF
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% 3-3-2. R=E FA Y Fo BE

Date: 2019/08/14 Alaska time | Date: 2019/08/17 Date: 2019/08/17
Time: 14:19 Time: 10:36 Time: 11:37
Longitude: 161.33599 Longitude: 163.6711167 Longitude: 163.6380472
Latitude: 79.49332 Latitude: 78.45011389 Latitude: 78.45090556
Piece # Tkélscskn Salinity| Temp. Piece #| Depth |Salinity| Temp. Piece #| Depth [Salinity| Temp.
SNOW 6 SNOW 8.3 snow | 6.5
. 1 10 0.2 -0.9 1 10 0.279 1 10 0.257 | -1.0
- 2 10 0.2 -1.1 2 10 0227 | -09 2 10 0204 | -1.0
= 3 10 0.3 -1.0 3 10 0194 | -1.1 3 10 0207 | -1.0
= 4 10 0.6 -1.2 4 10 0353 | -1.2 4 10 0418 | -1.0
= 5 10 0.5 -14 |5 5 10 0.608 | -12 |5 5 10 0695 | -1.1
6 10 | 06 | -14 || 6 10 | 085 | -14 || 6 10 [1014] -12
7 10 1.1 -1.5 8 7 10 0988 | -16 8 7 10 1268 | -14
8 11.5 0.8 -1.7 |=2 ] 10 1.53 -1.7 |8 ] 10 1373 | -14
Piece #| Depth [Salinity| Temp. 9 10 -19 9 10 1.208 | -1.3
snow | 6.5 10 10 2097 | -19 10 10 1.247 | -14
1 10 0.2 -0.7 11 10 2216 | -19 11 10 1.107 | -1.7
O 2 10 0.2 -0.9 12 10 2246 | -2.0 12 10 1.186 | -15
: 3 10 0.3 -0.9 13 10 2531 | -2.1 13 10 0672 | -14
% 4 10 0.6 -1.0 14 10 3.165 | -2.1 14 10 -1.8
N 5 10 04 -1.0 15 45 12869 | -2.0 15 4.5 1.13 -1.7
6 10 0.7 -1.1
7 10 1.7 -14

8 12.8 1.2 -1.5

Piece #| Depth [Salinity| Temp.
SNOW 6.6

1 10 01 | -09
| 2 10 01 | -10
el 3 10 | 03 | -10
= 4 10 05 | -10
g 5 10 07 | -11
6 10 05 | -12
7 10 12 | -13
8 9 15 | -15
9 5.5 11 | -15

Basts AGAel don g FAS
(510]

=7b %54 -18 °C Bt ¥9

[¢}
S9 Wi LE = -168 = 020 °C). BF MLE E ZEsdL Hols] WEe] e
dgol FAL deuT Fi#F L} S
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=
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- WroE Bl ekl A 20219 5
A7k A HAEE ofd woh 2L

K 9= =
2021/05/07 73.1308 80.05113
2021/05/11 73.88283 83.48533

74 53.659 83 29.192
73 54.403 83 33.225
73 54.938 83 36.172
73 52.551 84 55.637
73 52.960 84 57.878
73 53.596 84 56.424
2021/05/12~16 73 53.659 83 29.192
73 54.403 83 33.225
73 54.938 83 36.172
73 54.948 83 36.163
73 54501 84 45.132
73 54.087 84 46.993
73 53.170 84 50.657
- E3E AAARAL V13l Bt aEAdE95s F9s 8 R AR FEsS

- 2022 ofgbZe SHAl E=eSl |AF 23be] i A= 7|7 (2022 8Y 3Y~5d) F¢
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Salinity (psu) Temperature (°C)
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RGB (0.6 cm)

RGB + LiDAR Point Cloud

19 3-3-17.

LiDAR Point Cloud
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VALIDITY TIME RANGE

AREA OF INTEREST

LoakAngie Mir

ORANEE Max

19 3-3-19.

History

7/29/20 12:14 AM

Order 1766 SUBMITTED

7/30/20 1:45 PM
PR 4742 ACCEPTED.
7/30/20 5:25 PM
PR 4742 ACCEPTED.
8/3/20 5:05 PM

PR 4742 ACCEPTED.
8/4/20 3:59 PM

PR 4742 ACCEPTED.
8/9/20 5:01 PM

PR 4742 ACCEPTED.
8/10/20 3:15 PM
PR 4742 ACCEPTED.
8/15/20 9:50 PM
PR 4742 ACCEPTED.
8/16/20 3:09 PM
PR 4742 ACCEPTED.
8/21/20 3:33 PM
PR 4742 ACCEPTED.
8/22/20 3:22 PM
PR 4742 ACCEPTED.
8/26/20 3:34 PM

null

Request not geometrically feasible

Request not plannable for bad weather forecast
Request not geometrically feasible

Request not plannable for bad weather forecast
Request not geometrically feasible

Request not plannable for bad weather forecast
Request not geometrically feasible

Request not plannable for bad weather forecast

Request not geometrically feasible

PR 4742 REJECTED. Request not geometrically feasible

8/26/20 3:34 PM

Order 1766 COMPLETED.

Hyperspectral

- 250 -
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Ll
PRODUCT DATA SHEET \
THE FUTURE OF POSSIBLE

DJI MATRICE™ M600 Pro

1133mm Wavelength range 4001000 nm

Diagon:

1668 mmx 1 727 Spatial bands 640

pectral bands 270

Dispersion/Pixel (nmpixel)

Integrated 2+ order fiter Yes

— Layout
Hovering Accuracy (P-GPS) eizent
Entrance Sit widt
Max Angular Velocity o
Camera technology cMos
Max Pitch Angle
Bit depth 12t
tax wine &m
ko me Rate (H2) | 350
cent speed Smis 74 um
21708 propel

Max speed 40 mp Weight without lens, GPS (1b / kg) 1270

Depe
onditions

Operating Temperature

Standard

Retractable landing gear

Nano-Hyperspec®

Gimbal + Also available in sensor-only
S vy configurations
‘ o ?m..”ﬁ;;ﬁﬁ
9 3-3-20. & AFelA
%A 2] (Post-processed kinematic: PPK) &
EASEE FFE AT BY A XL
7} 0.04, 0.04, 0.30. oA BA F 9122

0.025, 0.080, o & =AA

A= 2%k 15 - 30m, X, Y, Z% 3]
ZF 0.02 ~ 0.05 m, X,
kAF o]+= pushbroom scan

AAE FE TFFA

High Resolution Real-Time Lidar Sensor

The Puck Hi-Res provides high definition about the

*+ 16 Channels

* Measurement Range: 100 m

« Range Accuracy: Up to +3 cm (Typical)'

* Field of View (Vertical): +10.0° to -10.0° (20°)

+ Angular Resolution (Vertical): 1.33°

* Field of View (Horizontal): 360"

« Angular Resolution (Horizontal/Azimuth): 0.1° - 0.4°

« Rotation Rate: 5 Hz - 20 Hz

+ Integrated Web Server for Easy Monitoring and Configuration

« Laser Product Classification: Class 1 Eye-safe per IEC 60825-1:2007 & 2014
« Wavelength: 903 nm

Mechanical/
Electrical/
Operational

+ Power Consumption: 8 W (Typical)?

+ Operating Voltage: 9V - 18 V (with Interface Box and Regulated Power Supply)
* Weight: ~830 g (without Cabling and Interface Box)

« Dimensions: See diagram on previous page

« Environmental Protection: IP67

+ Operating Temperature: -10°C to +60°C*

« Storage Temperature: -40°C to +105°C

-3D Lidar Data Points Generated:
- Single Return Mode: ~300,000 points per second
Dual Return Mode:  ~600,000 points per second
* 100 Mbps Ethernet Connection
* UDP Packets Contain:
~Time of Flight Distance Measurement
- Calibrated Reflectivity Measurement
- Rotation Angles.
- Synchronized Time Stamps (us resolution)
* GPS: $GPRMC and $GPGGA NMEA Sentences from GPS Receiver (GPS not included)

35mm lens
O 7rm

42.4MP
10 fps
1SO 32000

GNSS/IMU =
A 7+
3] 2 2k= 0.025,
ZEFAA ] 7stEA
S

Y,
)
MEe A4 1EH 5% glol 718

T HPABE, A AR F

HN'
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Altitude: 44 m
Speed: 3 m/s
Side overlap: 60%

19 3-3-22.
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LiDAR: 2.48 cm x 1.61 cm > 316 points/m? (Single pass)

1% 3-3-25. Council Site 1¢] #to|th XRJIE F& 9

RGB mosaic: 0.6 cm GSD

14 3-3-26. Council Site 1¢] ¥ 3l4= RGB =A< G4

VNIR mosaic: 4 cm GSD,
273 spectral bands from 400 — 1000 hm

19 3-3-27. Council Site 19 ZE34 229 A
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19 3-3-28. RGBFAA 223349 sty 4 &<l

9 3-3-29. AGAM I5FT #HAxE, A ARI(F)F FA7 AN D G v ()

o WABAE RE AY LAY F3 AAYA AAD FoHA 75

-3 R AN Y $9 BEE(active layer) 2ol Z7k Au B WAL A
al

, OIZHE AVI2 WES YO E HIFEE(thermokarst) 7F HEE,

B2 dede gr2see] 445 A8 Agd e Y RIS 9

K
Sl el d® ek AAGA AAE HolHA 750 8%

- 2L 98 AAHE 94 AEE Global Fiducials Library (GFL) A& t4e 32 X
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Aol sl e A A F714 A 52 FI HA5HIL AL ZAL(US.

Geological Survey, USGS)ol A &7 =9,

GHE2E AR 4Y BAG Qs Y TUHPL A8 Lej27 W2 $ (Barow) ¢
T 9AEAE BE A I m AP FAYE ARE FHAT o F FHOU

1
b g AL F F 10d 717 5k 51719 AIAIE dHelEAl

# 3-3-4. E7IEZRE BAHZ 93 ZdE AAE 94 dHolEAl 5 WY

Year Number of data
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
Total

ol — —
2o B[N w|w = w | D e

AN

- FEE AAL doBEAS wer dsEAE AF F DIEAE S (thermokarst
lake) & #4 Ao ®late] QBAE vk EF AAE A FAH AL 2 g
] o)A o g

= — ‘l‘—zl'" = 5]
gk Wt §A o] JhEetH, AR 4 A AIEAE AY FFek 2
il
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S | S

A1 A

APNU=E LHE I f27|0=

ATAY e WHE U 944

1. 958 AAA
® 4-1-1. AFSge gFHA
(55 3% EYUHHES A3 0594 A5 B4 767l ]
o dAdely #=F 7Nk HF3) dlYy olF ¥WE AEF U M
- 71E PSS NAGEte ol WEH F&F, B, £5F vlolazEy B Ao}
o] ANA, AAHS GPS EHAZE o|£3 A HES FPst, F7182 NEE
S AAsE NS e
- (71E A Ele F49 Y AT VBl AFEeE olF WEHE 25 kmdF A
AR ole EWzE AdE 5k £, BE)A o3 dwyel W3 A (pressure
ridge, lead) S #FT 4 U3, LY FAd ey Zwte g B3] AA 9 v o
T WEHE AFsts A7 AEES =64 ES)
o gAY &= hk B3 Y F3 R 1E AN
- gAY oY AEY "gAx AL blo® NIC siW AEE &83 7ASs 91
=< MEetz, AssE AZAAS 5l F718 AFEES A EE 7NE

12 =

(2020)

tlo M o

(71E @A sy e] fred2 A48 3 dold wet o8 JHAR 2REY e &
]

o aW AT BN AFAE AxE F 18] A W A MIZ 3

-
B
of g AR ARV FFE Aue] b Y-S fd sy AA AXI AA
AAHET HEHow #7]H dF)
o FEy dA4HA 7Rt 558 fFdH FA4 E 7 N

- WS I AS HYE B8 &2 ABS FUE HAE T vtelaRs Y #S
AR5 E o] &35ty e E2d EA9 Wl wE e WEES E93 4shy
EAo #3g o] AFE Fd s FA AE V1ES NEstL o9 BHES gt
2 g9 g SH.

- (71F Al sy ] A FAGo M Bol ol&EHE A9 AEAE ZYPRE F
Aol o] gk FddA s A 27 A3 FESF wiHd 199 A7to] i
2)

o Y ol I A/FErtelaR g AAAE §F S MHFA E B d

- AFA T 7R HEd S o)ty s FAC FEute]AE T HolH e FAAAE
EA 5] 2EAW oYzt fdA NFAE &S 4 e EE S R stE vk
ZNes M

- (71 Al S A FHE skt As HEFdA FAE s el tid Ay I
A 719 #ASF F710 INEH gF2 siHel digh F vlolaEs 7uk #5 F7
Q1 1de zhFo] AX FFAQA A0 AHR)

o SAR AL &3 55 W #3AE A4E AT (5AF 27E)

- 55 dFA g A9 W2 F9dd dEl sy A FAHS A% AR R
AHSEZ AFAAN AFE T Y TW AV 2 dxd ugsA wkgste C-H
E SARE o]&£39 ¢Ewg FAdelre = 34| (depolarization ratio,

|
HV/HH)= a1 W A& (brine) ©lY 3719 (air bubble) A A E = thFikst
]

(volume scattering)®] A7 E 3y U A vEs gxg ¢ JdE
AFF I AE g sl J&ste e AT E FYs= VNS N
B AAYA 7le Zuk Sl 2 g 548 A7

Wz Bx WAy gdn/gdid 37 B A 9 g 7ak Zo] 4
Al HF38 W 2WH §HS FX XY Ui VAT YA AE 5 7




Al (object) 71wt W&l 543 7Ivt7]=

- (71 A sy BHd EIIE F melt pond) #X& 3%
24 s st & J3 U F2 F-AMGE 2 34 dely 7
o] ¥% WA (fraction) AT+7F <),

[TE BEUHHE AT 94 € FA7] A5 4 7[d71€ AE]
o FEAY FAAE FHFS AT #AF AAME 7EY JE A
- 2834 9 LIDAR AAMEe #8072 A5 g8 AMARDS QGeA FHs L
olg 7|Rte 2 3t 7SR A JNbr|ES Y
- (71 @A BV #F UEAYY 548 AA4AH 2 AFHoZ B4 f8iA
= A5 MMM A2 AE] FES 7|stE Aol MA HojoF F)
o FTE HUHHEL A% gdAMARE §F 71E N
- data-to-data®} data-to-reference ¥ e A& 7|&S /.
- (71 A 0 LAY S ZIT o)lF 9 tF AMAEES FFeA ALEE7] flEl
FTHE EAAE A gHs|oF 3
o FEZ AF " A Wi FUHFY
- ZEFAAME AE5E ARG A F3F onAE 5T F Qo] A THEE
Y el E NDVI (Normalized Difference Vegetation Index) S H] &3t thekst 97
AL A g o] ThEEE R, olF o] &3t FES AWt i JHH A
92 vy E F9.
[B5 U384 94 33 AL 93 dFFA 2 A8 73, #4]
o AL AFS A=A FHRE ] ALATA olg R E EEst HEF3 <F 30
7 €] AEE A FsHL HSASE ol &3t dl 3 5EAS S48t A E-

% 54 AaFy 2 #4 59
- (1E B A g AR WAE A AAYHAN ABHE GRE FE GO

of A,
[FATEATE 5 97 9% 28 (I3 A FIATSRIASAT BF &
g Fel)]

0 5o YEAZ WAY ATLAWDE AN F 200F 79 B FATEATY
of Al A Hu) e BFe) B3 ZzI99 MOSAICH #3% WER 2
sl B3e) A%A ARAS 2L ANVAYAL AR 52 wgoE BIe 0r1-2
- ZR Ao O F Al FATE AT 4
- U1E @A AR B B3I 99 B30 AYHOR REsn, o AAe 3

W zAol WS Ystel AL Ao AWATH 23 Aol Tekss] W] =
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Azol e BRRS glolt AATA e B4 ARE AFY 5 99
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Satellite SAR data-based sea ice drift vectors in Fram Strait (2019-2020)

Sea ice drift vectors retrieved from Sentinel-1 SAR EW mode images.

Processing details, expected accuracy, and potential error sources are described in the following articles:
https://doi.org/10.3390/rs9030258

https://doi.org/10.3390/rs13204038

For each date, there are two kinds of vectors: black colored vectors from Sentinel-1 and red colored vectors from NSIDC Polar
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High-resolution melt pond image from UAV

High-resolution melt pond images for investigation of detailed melt pond structure
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This dataset consists of a multispectral remote sensing image and digital surface model over Council, Alaska. Images were
acquired from the Pleiades satellite at 50cm spatial resolution. This data Is used for change detection and monitoring of the
permafrost area.
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Satellite SAR data-based sea ice types in Fram Strait (2019)

Q
Sea ice type classification of Sentinel-1 SAR EW mode dual polarization (HH/HV) images.
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For each date, there are five images: Radar backscattering intensity in HH-polarization, radar backscattering intensity in HV-
polarization, 5-1 retrieved three-class ice type map, 5-1 retrieved five-class ice type map, and reprojected OS| SAF OS1-403-c ice
type map.

Processing details, expected accuracy, and potential error sources are described in the following article: https://doi.org/10.5194/tc-
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Sea ice drift vectors retrieved from Sentinel-1 SAR EW mode images.

Processing details, expected accuracy, and potential error sources are described in the following articles:
https://dol.org/10.3390/rs9030258

https://doi.org/10.3390/rs13204038

For each date, there are two kinds of vectors: black colored vectors from Sentinel-1 and red colored vectors from NSIDC Polar
Pathfinder Daily 25 km EASE-Grid Sea Ice Motion.
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Arctic Sea Ice Flexural Strength
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Flexural strength of Arctic sea ice using Sentinel-1 synthetic aperture radar
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Satellite SAR data-based sea ice total deformation rate in the Arctic Ocean (2020)
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Arctic Sea Ice Flexural Strength

Flexural strength of Arctic sea ice using Sentinel-1 synthetic aperture radar

GlOJE A

guzusnazed (w1 )
N b,
< ojg 28 A am )
S HoIE 3R NE ¥ 2 )
PDE D)
N J

£ 2020.09-17- 352l

Entry ID
KOPRI-KPDC-00001459

Dol
https://dx.doi.org/doi:10.22663/KOPRI-KPDC-00001459.1

GlolE] 22

Science Keyword

EARTH SCIENCE > CRYOSPHERE > SEA ICE
Hlojg| 28 EARTH SCIENCE > CRYOSPHERE > SEA ICE > ICE DEPTH/THICKNESS
150 Topic

GlolEf 22| Ai&omP) Oceans
Personnel

Seung Hee Kim (seunghee@kopri.re.k)
Hyun-cheol Kim (Kimhc@kopri.re.kr)

Project
PE20080, 5 W75 Ba &

of UZEA 67, pLYEH
HAMZtelolE =3

Research period

2018-08-16 - 2018-08-23

A28 HIAR] 5418 2019-08-11-2019-08-16
Create/Update Date
20200917/ 2020-09-17

Location
GEOGRAPHIC REGION > ARCTIC

Citation
O] MM/ R0 SR ARL00M F8E ALY (PE20080) M 25 E T O F(KOPRI-KPDC-00001459)7H A2 5]

=
o
=

ek
o

EN

>~
=

- 2AAR: Y Zo A 2 I B (FA, 9E 2%
- 235 370
- 24 44, 100%
-2 A dE
20223 5= sy zoq thdwe] A 1m
4L 75

r 3
re
i
M

P g
R ENE e
2% 23
A
mrnlF

40 o7
80 ==k

PN
=T T

- 2ARE: AA 715 (DOl AAHA 23
- Z2%:3d ¥4 54
- 94 87, 160% (2FHEA)

- 280 -




r 3
re
i
M

s =&, A& 3 DOoD AR | FEAY | AAY| mmlF
Robu§t Mosaicking of nghtwelght UAV Images Using 242 | Remote | 2020.

1 [Hybrid Image Transformation Modeling 9 2 Sens 03.20 79.3
(https://doi.org/10.3390/rs12061002) ) o
[Evolution of Backscattering Coefficients of Drifting

o Multi-Year Sea Ice during End of Melting and Onset of Z<3] | Remote | 2020. 793
Freeze-up in the Western Beaufort Sea £ 10 Sens. | 04.27. '
(https://doi.org/10.3390/rs12091378)

Surface roughness signatures of summer arctic Srapa GISci. 2020

3 snow-covered sea ice in X-band dual-polarimetric SAR “94 8L Remote 05 22' 72.4
(https://doi.org/10.1080/15481603.2020.1767857) Sens. o
Characteristics of the Reanalysis and Satellite-Based A7) 2020

4 Surface Net Radiation Data in the Arctic QL 6 J. Sens. 09 17' 51.6
(https://doi.org/10.1155/2020/8825870) T
Spatial and Temporal Variability of Minimum Brightness

5 Temperature at the 6.925 GHz Band of AMSR2 for the | ¥ <%+ | Remote | 2021. 794
IArctic and Antarctic Oceans 215 Sens. | 05.28. '
(https://doi.org/10.3390/rs13112122)

Retrieval of Summer Sea Ice Concentration in the Pacific

6 IArctic Ocean from AMSR2 Observations and Numerical 3k | Remote | 2021. 794
\Weather Data Using Random Forest Regression 9l 3 Sens. | 06.10. '
(https://doi.org/10.3390/rs13122283)

Phytoplankton Bloom Changes under Extreme Geophysical

7 Conditions in the Northern Bering Sea and the Southern | ¥%15* | Remote | 2021. 79.4
Chukchi Sea 913 Sens. | 10.09. :
(https://doi.org/10.3390/rs13204035)

[Feasibility Study on Estimation of Sea Ice Drift from —
8 [KOMPSAT-5 and COSMO-SkyMed SAR Images a8 Rse:;gte 128%3 72.4
(https://doi.org/10.3390/rs13204038) i -
- 2AAE: AA 715 (DOl AALE A 29
- 2¥: 39 ¥4 47
- 94 47, 100%
EES =29 AR [ Bt&A [AAL] mrlF

[Fractal Analysis and Texture Classification of

High-Frequency Multiplicative Noise in SAR Sea-Ice Iman H.| IEEE 92020

1 [Images Based on a Transform-Domain Image 85.7
o S. ¢ 1| Access |02.27.

IDecomposition Method

(https://doi.org/10.1109/ACCESS.2020.2976815)

mrolF IEEE J.
o] A
80 <1 A Novel SAR Fractal Roughness Modeling of Complex Sek Tlo p-
90 =%t 9 Random Polar Media and Textural Synthesis Based on a | Iman H. Eprpéh 2021. 857
= T Numerical Scattering Distribution Function Processing S. 91 Obzerv 05.28.| °
(https://doi.org/10.1109/JSTARS.2021.3084822) )
Remote
Sens.
[Evaluation of Sea Ice Radiative Forcing according to
3 Surface Albedo and Skin Temperature over the Arctic 4=F | Remote | 2022. 86.9
from 1982-2015 <] 10 Sens. | 05.24. '
(https://doi.org/10.3390/rs14112512)
IVariability of Near-Surface Salinity in the Nordic Seas wAe | Front. | 2022,
4 Over the Past Three Decades (1991-2019) 88.6

(https://doi.org/10.3389/fmars.2022.969159) 12 | Mar. Sci.| 09.14.

r 3
ri
I
M

mrlF |- 2ARE: AA 715 (DOl AAh A 23
90 o1 |- Hx: 343 73 14
= T |- g4 67, 600% (23E4)

- 281 -



https://doi.org/10.3390/rs12061002
https://doi.org/10.3390/rs12091378
https://doi.org/10.1080/15481603.2020.1767857
https://doi.org/10.1155/2020/8825870
https://doi.org/10.3390/rs13112122
https://doi.org/10.3390/rs13122283
https://doi.org/10.3390/rs13204035
https://doi.org/10.3390/rs13204038
https://doi.org/10.1109/ACCESS.2020.2976815
https://doi.org/10.1109/JSTARS.2021.3084822
https://doi.org/10.3390/rs14112512
https://doi.org/10.3389/fmars.2022.969159

W3 =59 A A} k] Al A Y| mrnlF
Object-based landfast sea ice detection over West| .,
1 |Antarctica using time series ALOS PALSAR data “;]ZH Regr?\t;ieros;lens. (ig ?2(31 97.6
(https://doi.org/10.1016/j.rse.2020.111782) : o
Prediction of monthly Arctic sea ice
concentrations using satellite and reanalysis data | A 9% 2020.
2 based on convolutional neural networks 4 Cryosphere 03.25. 94.3
(https://doi.org/10.5194/tc-14-1083-2020)
Class1f1§at1on of sea ice types in Sentinel-1 4 9] 2020,
3 synthetic aperture radar images 9 5 Cryosphere 08.20 94.3
(https://doi.org/10.5194/tc-14-2629-2020) e
Digital surface model generation for drifting Arctig ISPRS-]
sea ice with low-textured surfaces based on drong A<l ) 2020.
4 | Photogramm. 100.0
[Mages 3 Remote Sens 12.31.
(https://doi.org/10.1016/j.isprsjprs.2020.12.008) )
Retrieval of daily sea ice thickness from AMSR2
5 passive microwave data using ensemble A &3} | GISci. Remote | 2021. 93.2
convolutional neural networks 91 Sens. 07.14. '
(https://doi.org/10.1080/15481603.2021.1943213)
Ross Sea Dissolved Organic Matter Optical Euroco J
6 Properties During an Austral Summer: Biophysical D'Sa 9 | Front. Mar. Sci. 2021. 933
Influences 3 10.27.
(https://doi.org/10.3389/fmars.2021.749096)
. KPDC 5% o|g 44
¥ 4-1-11. KPDC &5 o|gAd A
dol g o] & d et o] g ID? e g ol e A& AAH ol E S2oj it
Satellite SAR data-based
_ e e KOPRI-KPDC- . . .
H o]y A= 00001467 sea ice types in Fram ==
Strait (2019)
Satellite SAR data-based
S o E = KOPRI-KPDC- . . ) e =
Y 73 A= 00001468 sea ice drift vectors in ==
Fram Strait (2019-2020)
Satellite SAR data-based
S WE A% KOPRI-KPDC- sea 1§e total defprmatlon ==
00001974 rate in the Arctic Ocean
(2020)
A TR E KOPRI-KPDC- Arctic Sea Ice Flexural =
A% 00001459 Strength °
q44 BES 5 | .
;——‘5 ;}' Z}i KOPRI-KPDC- High-resolution melt pond =
© 41 o° 00001559 image from UAV °
==
Multispectral satellite
UGG KOPRI-KPDC- image arlljd digital surface =5
FRAEATY 00001470 g stal, o
model for Council, AK
‘ - KOPRI-KPDC- Daily sea ice thickness -
Y FA A= ¥ ==
00002033 maps from 2018 to 2019
AA gy 525" 100 %

T 1) FAAZGAH AEA HFE deoldAeAG A 7142 Hely o5

2) 3) KPDCell 5% dWEHdHelE ID ¥ A&

- 282 -



https://doi.org/10.1016/j.rse.2020.111782
https://doi.org/10.5194/tc-14-1083-2020
https://doi.org/10.5194/tc-14-2629-2020
https://doi.org/10.1016/j.isprsjprs.2020.12.008
https://doi.org/10.1080/15481603.2021.1943213
https://doi.org/10.3389/fmars.2021.749096

4) KPDCel

v &

5) &l H

6. 71e} A=

RERE

oo
o
T

0

73

INEEE

71 BbA o

15

el
B

]
o

13

11

17

SA4)
7

2,
1

B (3l

15

A9
BpA}

28

—

AR BrALE FA A e FQ

2]

?.

Al A

o
=

Ao A1AAZ 29

2=
=

=4

e

\

0

A

Al A <

KeX
=

Aol A1A AR 237

=27 54

=
=

74 3

™,

—_—
o

Gl

Aol ANAAZ 1

= FA e

Bor, A4y

TE 5

wpA 2
b glow,

3|

2]

q_

Bl
&+
Bl

Al

°
ks

Y2

A Aol ALARE 1

=
=

SEE!

R

=z 2=
= T

i

o?

R

K

pri
o

o

or

Zoj st

1 (FA et 59, Al

[e]
3
R Y

- wpAber el Sy sl 179 A

[e]

Gl

AVete 7 sty 79 A

S|
~

- 283 -



R EY CICE!

~

D =W-9 35 d798 24 (A"gd+ A9

£ 4-1-12. F9-9) FF A7EY

9788 A=Y [ 93H | A7 RE(EH)

v ¥ A Polarstern®]
?4]751:3: mel ojEl &

501 AWI ul ——o
MOSAIC 2% el °“t" el A
AnEe e °° dst RUE Y F3 L :
AAEEETE v A49E ARt AA Y ckElF 55 I ey olEA B4,
= B3 AW 54 A A TE ATES B4 AR 2@

= o o
drgF NE/AS v oolglgt 55 % COSMO-SkyMed 9
4 71HE s ol s MOSAIC #
olske] MAZ A&l olekelo} €
% SCI =& 19 AA

v EU¢ INTAROS (FA3% B3#
ﬁ) I & AFHATE =

v &8 94AE 6 o

A o= 7 EE Fo]

2 9]o] NERSC ]
i H
INTAROS

okl
of
iy M
ol
Jo
oL M

v 3 AP AY(SONAR) #35 A

n = JARC 2z | %i}i}%ﬁj—iﬁ:é A8 = %j& B g (x{]j]eq;o]:xﬂ:a]:

AL AF = AR BZE dol) FuFd T 2
1=
2) AYxF A
F 4-1-13. AHEF 43
o= A2 A e A
TR )| =4 St A ([FA72(E)| FAF St 9] A
0.2 SR HpAL ARG

o 9% AR f4 14

- 20223 9€¥€ 19¥H%H 24L7A A+
/2498 AE7F Anton Korosov HFAMS

A4 ZF AvuE A9

SBEYS 290 NERSCY w4 EAt
=3 1y F4gA A3 7lEd g

of
=L
&
ofr



3) st=3e ME A
% 4-1-14. =39 MA A3
) T+ B ) 292
m =] ZHo AN —
°% 1eRet e s 1K) El (] 1)
a3 9F 5t 3] sl ¥ st
2o ota) PRRE 1 300 |2020.07.22.~23. (2) | R 1
912 gt s}
m$§]§}€m}ﬂﬁ AA A} 1 300 |2020.11.04.~06. (32) | <& 2
SInterngtional 14a
VIIPOSUI O @iAga | (3 | 400 | 2021.05.26.-28. (3%) | &gkl 15
Remote Sensing ERSE
(ISRS) e
A oA 787l Infor]frll(;tion g
§33te 3 BIEN ) ) 15 300 | 2021.08.18.-20. (3Y) = 2 (1)
Environment, /22l
2021
Nano
GeoAl HlolE33] | <AgA% i o aa |3 (5EAA
=7 st 9 PP 1 300 | 2021.11.24.-26. (3Y) B ) (Emm
GeoAlH] o] €] &3] Al FA
291 24 PP 1 200 | 2022.06.15.-16. (2) By 1
5+ A A} 83
m;ﬁg%q};ﬂ QA AL 1 300 | 202211.07.-09. (3%) | % 2 (%)
GeoAl ©| o] ¥ &3] Ol FA T =
2 52 5] S AT 1 300 | 2022.11.15.-18. (4<) | Al 2 (17)
o M3 29 2 a3}
- A AE AF 3 A FHRE 5 FAAFLNAAM FIF FA FAA TH
- 55 W d5S A% 94/RdE A A48 et rtd 9 SX S FHAL
of e A+ UMEH]A 75

- 285 -




EREl R

=4 2 55

:ﬂ

u 2 38 ¢
Bt ¥y =2
M AT
N o = BIX 5
RO | & v ZEB £
- yooaEr w
& | D dw &
w T o mTaw
i P 2 zgd 2
E “AmoﬂL
N p 88y ¢
?lem - by B3z B
o | ArE mﬁwM%mﬂM%
4
o
4 o
%o e
- o
£y <0 h, < d
— X T X =0
SRR Slad | JF
HW mm.lo E_l ‘”A_.“_u 17_A| 1rOH.Os ﬂA-O
i ~ o xr X
Tyl # | 4 T N[ | =
< el BNE M s G " - _ﬂ s -
g ~ ~|* ®" o | B
< | Bo e | 4 A3 B | ~o M,ﬂ i = T 2w <
m.ﬂwm%wvﬂgﬂr%i_/A% ﬁu_.%iﬁuo%% mymxxﬂ F
0
oor.‘._.oATwr | E 1.|M0Mon_rm_14_ou HT}HOLOMOoﬂLU |
= X %o | 7 B < m = o B | ®o “d
0| e 5 o <1 £ D ol s iy P
HTc_o%&%zo%ﬂmAmﬂw%%m,A%,Am ol | | Z| |
uTZZTATHTHT;ﬂolHer @é%iﬂmﬂ.nﬁﬂﬂraT mm%%ﬂaﬁﬂ
- m%oﬂﬂu#::w%ﬂiE_HTVﬂoafﬂﬁZE n_rm%uv_wowlu‘ﬂﬁ_i
m | s |7 | 4 W=l e % E Tl = w2 = | X T 4 5| =
o _ (| ok ™ | N o o | <A S| By B (T A ™
;Hwhm@mrﬁwowoE@@wmhﬁimnaoﬂ?ﬂaf%m,ﬂatﬂmnutzfzuﬂﬁg_
o= jor | " o !
u.tE;oLm.ou_nnng Zaooﬂ%&ﬁﬁoﬂa_ﬂ}k}io | ok | B |
e R e R R N[N TN | B o || % _ULOO_ULMHS_A?% o]w_rtu
Plo.znmw%.m.o.z.ﬁpo.o..j.zfﬂzr_ﬂzrﬂmﬂiwﬁﬁﬂi%
RMZO.I.I.Z...2.022332.3.6.7.... o | o | ok
%0.%.1.1.11%%57.7.7..1.2.2.10%754.0.5.....
INERSRRN S|lolo INIENIEN 1111...0.0.00 > x| D
zzzzmmmmmwwwwmmmmmzzzmmo.o.o.
SRR AR 000022222222
22222%%000%22

- 286 -



o) ¢)

=1
=

AT A4

4-2-1.

-
E=3

ALY 43 @ 2]

ofo

o3
N~

=

Mooy o T T

o 219z As Fue] AT

Bl
K g

d
N B

A
s

N

5}44.3] o

1 ola g,

4%

=

=3
il 2] 71 & (NSIDC) €]

I

71

= 100%

3z

a1
C 7S

gxo| Ans

<]

24

PR AR

K

o

0°

<

An 7=

o

Y
%o

e
TO oM

FU

Ay 93

L
s

\

A EHN A o v A <
3] 9] 71 #(CMEMS) ¢ 10km ¥

1 o5 HE A

— Sentinel-1 GA# o]y 7]wr

o

i 7]

ol & :

]
=
S

[e}
KN
=

— Sentinel-1
1=]

N 3 BN
Ey - o
_ il
T o um
o
— .
c -
=T
~ @n o
T Nr %u
|
L T oo
i
o) i M
F T w =
—_
=~ 3y
o W oy o U
™ o B/e
%mﬂ@ﬂWQ
X% gy of oy
o|i
T
= ) Ma <) =< oo BP
%&ﬂg%%é
"y ™
~
wuu zwﬁ E Jﬂ Jl ,.WM
eaCly S
,m.ﬂ X7 m ﬂAl ;O._
- E Ho o T
B Ho %
I —
Mo AN 2
— ~ 0
o —N° ol A
o~ MiE _ Y
Jo] =

o mmE Cl ZT

A 2 A

)

(2020)

5

Aol W3 AF

w4

o
=
ZTEZ AY

ur
=
hy R

7H

=
=

2
=

7]
AN o8

o &g A8

Q.

o

A&
h=4}
=

Ay ol% wE A
- 287 -

&l

9|

EENE
— 7047°)

o SIHEHA:
— 271 EA A

o sfH Fo:

9|

o




00
fei
!

~X

_UT

00
)
o
ol

|
2

!

o

w®E ]
{ o

2 7ol

=

=

SRR

1=]
4]
o]% )

1

=

3

=]
H

h

I3

g
h=4}
=

=13

=

7h

2~
Z2EZE A

=

&t "l HFol 7

S

R

[e)

| BFAAM & 7]

YA

o
RUNNS)

i3

0] AR G W] 7

]

— MOSAIC m]Ade A 100470 EefjA A5 gFH

wR T o 1

7 T

il

It R

it

% 1 ooomh T oso !

O

27}
(2021)

24
o BE 7.

=

CEEREIRE:
ar

1

9
pl

]

Ra

P AAIE A A

el
gl

47 dolHA FE2

- 288 -

— 6142

SEECEE

o % ZAF:
[¢)

o

3

L
RIS

32+
(2022)




H 5 &

A1 A

“mje] A (Future Earth)”& ¢

!

JJo
~_

4r

olo
o

Bl
ol

—_

o
o
-
o

R

o

o 94 EfFFLEAY

T Eok A A4 AL

B/

o chele 9

olo
Tom

vae)

N

)
el
20
—_
1o

=
o

o)

=i
=

o FAA s 4B AT

Mo

Mo

=
o

2

Bl

e-navigation &=

e
i

)

_Z__l
o

)

!
=
o
e

Bo

AR

o

g
mjJ

(=)
el

G
o

o
ol
\zlvo

—

i)

Y
B

ﬁo
ool
Gl

g
mjJ

(=}
gea)

Ho
=K
Gl
e

g

Tl AF

7HE 7hol

- 289 -



o =¥ F7tel E&o] HE 7]

7F7HA A B ALk

-
™

;.01_
o7
Gl

i

4 FH 2

2

w

il

N

B

_El

- 290 -



Aeigst 2 sl

A 2 A

o] Mg AA

00

_
o

- @

=13
=

AAYA 7% )

A}

Mo
L

ﬂ

Mo

- F7} 9

—_
110

ar
Mo
_2__1
)

—_
[
i

33 53

3

- F9 34

v}l

Gl

B

A A4 7]

5 A
T

]

K

44 g

o)
oF
oj
o

- 71 2

A" &= AMEEAN ZA A QA

At WA EA TS

2

R CEE

A 7

o AYS/AA A Eok

o
L

N
)

=
o

!

o
)
Ho
7
__OT

hin
i

,ao
iy
u
Ho
i
g
nr
g

-

;oL
o

Y

-

45 A7E Fal A

1 3}

ﬁo
)

ol
oo
o

T

H

ol ANE

HA =™,

S

=
[}

A LDAGAA 7L 7}

ojn

R

+

ol

o
.
Mo

ol

%

=

S
5]

Szt o

PO ZH 7]

0} §]
2

3}

12

HE 29

|
——
fi%e)
e
&+
oj
m-

!

X

- 291 -



- i 9l
914
J2tg &8
= O }\]
A
o

~NH

\

wAO

1 <]
94 %
bR o) S
B &
& 90%
5 O]

9|

7

-39 34

=
_iﬁ

—~
LOL

il

—~
LOL

iy
;OO
Bo
L]t

SERRESS

L
;OE

&3l
= A 87 o]
Frol
o

=
=

o)
Ay 2
2}

- 292 -



Aol B, AFH, &9, 2017, FF8A g8 ARE & T2, AW FE
2 EF2E2de 7] wsl, 33(6), 901-915.

ew7), A, 2018, MG Y g BN Y wek 2o AR BH: YR A=
B2, A GALTI, 34(6), 1229-1238,

Aagaard, K. and Carmack, E.C., 1989. The role of sea ice and other fresh water in the
Arctic circulation. Journal of Geophysical Research: Oceans, 94(C10), pp.14485-14498.

Ackley, S., Hibler, W., Kugzruk, F., Kovacs, A. and Weeks, W., 1974, August. Thickness
and roughness variations of Arctic multi-year sea ice. In Ocean 74-IEEE International

Conference on Engineering in the Ocean Environment (pp. 109-117). IEEE.

AlJassar, HK., Temimi, M., Entekhabi, D., Petrov, P., AlSarraf, H., Kokkalis, P. and Roshni,
N., 2019. Forward simulation of multi-frequency microwave brightness temperature
over desert soils in Kuwait and comparison with satellite observations. Remote

Sensing, 11(14), p.1647.

Andersen, S., Tonboe, R., Kaleschke, L. Heygster, G. and Pedersen, L.T., 2007.
Intercomparison of passive microwave sea ice concentration retrievals over the high

concentration Arctic sea ice. Journal of Geophysical Research: Oceans, 112(C8).

Antipov, G., Baccouche, M. and Dugelay, J.L., 2017, September. Face aging with conditional
generative adversarial networks. In 2017 [EEE international conference on I1mage

processing (ICIP) (pp. 2089-2093). IEEE.

Archer, K.J. and Kimes, R.V. 2008. Empirical characterization of random forest variable

importance measures. Computational statistics & data analysis, 52(4), pp.2249-2260.

Arrigo, K.R. and van Dijken, G.L., 2004. Annual cycles of sea ice and phytoplankton in
Cape Bathurst polynya, southeastern Beaufort Sea, Canadian Arctic. Geophysical
Research Letters, 31(8).

Arrigo, K.R. and van Dijken, G.L., 2011. Secular trends in Arctic Ocean net primary
production. Journal of Geophysical Research: Oceans, 116(C9).

- 293 -



Arrigo, K.R. and van Dijken, G.L., 2015. Continued increases in Arctic Ocean primary

production. FProgress in oceanography, 136, pp.60-70.

Arthun, M. Eldevik, T. Smedsrud, L.H. Skagseth, @. and Ingvaldsen, R.B. 2012
Quantifying the influence of Atlantic heat on Barents Sea ice variability and retreat.

Journal of Climate, 25(13), pp.4736-4743.

Baldwin, D., Tschudi, M., Pacifici, F. and Liu, Y., 2017. Validation of Suomi-NPP VIIRS
sea ice concentration with very high-resolution satellite and airborne camera imagery.

ISPRS Journal of Photogrammetry and Remote Sensing, 130, pp.122-138.

Beitsch, A., Kaleschke, L. and Kern, S., 2014. Investigating high-resolution AMSRZ2 sea ice
concentrations during the February 2013 fracture event in the Beaufort Sea. Remote

Sensing, 6(5), pp.3841-3856.

Belchansky, G.I., Douglas, D.C. and Platonov, N.G., 2004. Duration of the Arctic sea ice melt

season: Regional and interannual wvariability, 1979-2001. Journal of Climate, 17(1),
pp.67-80.

Beszczynska-Moller, A., Fahrbach, E., Schauer, U. and Hansen, E., 2012. Variability in
Atlantic water temperature and transport at the entrance to the Arctic Ocean,

1997-2010. ICES Journal of Marine Science, 69(5), pp.852-863.

Bintanja, R. and Van der Linden, E.C., 2013. The changing seasonal climate in the Arctic.
Scientific reports, 3(1), pp.1-8.

Bintanja, R. and Krikken, F., 2016. Magnitude and pattern of Arctic warming governed by
the seasonality of radiative forcing. Scientific Reports, 6(1), p.38287.

Bliss, A.C., Steele, M., Peng, G., Meier, W.N. and Dickinson, S., 2019. Regional variability of
Arctic sea ice seasonal change climate indicators from a passive microwave climate

data record. Environmental Research Letters, 14(4), p.045003.

Block, K. and Mauritsen, T., 2013. Forcing and feedback in the MPI ESM LR coupled
model under abruptly quadrupled COZ2. Journal of Advances in Modeling FEarth
Systems, 5(4), pp.676-691.

Boé, J., Hall, A. and Qu, X., 2009. September sea-ice cover in the Arctic Ocean projected to
vanish by 2100. Nature Geoscience, 2(5), pp.341-343.

Boisvert, L.N., Petty, A.A. and Stroeve, J.C., 2016. The impact of the extreme winter
2015/16 Arctic cyclone on the Barents-Kara Seas. Monthly Weather Review, 144(11),

- 294 -



pp.4279-4287.

Bony, S., Colman, R., Kattsov, V.M., Allan, R.P., Bretherton, C.S., Dufresne, J.L., Hall, A,
Hallegatte, S., Holland, M.M., Ingram, W. and Randall, D.A., 2006. How well do we

understand and evaluate climate change feedback processes?. Journal of Climate,

19(15), pp.3445-3482.

Bright, R.M. and O'Halloran, T.L., 2019. Developing a monthly radiative kernel for surface
albedo{(? xmltex\break?) change from satellite climatologies of Earth’s shortwave(?
xmltex\break?) radiation budget: CACK vl. 0. Geoscientific Model Development,
12(9), pp.3975-3990.

Brohan, D. and Kaleschke, L. 2014. A nine-year climatology of Arctic sea ice lead
orientation and frequency from AMSR-E. Remote Sensing, 6(2), pp.1451-1475.

Cao, Y. Liang, S.,, Chen, X. and He, T. 2015. Assessment of sea ice albedo radiative
forcing and feedback over the Northern Hemisphere from 1982 to 2009 using satellite
and reanalysis data. Journal of Climate, 28(3), pp.1248-1259.

Cao, Y., Liang, S., He, T. and Chen, X., 2016. Evaluation of four reanalysis surface albedo
data sets in Arctic using a satellite product. /EEE Geoscience and Remote Sensing

Letters, 13(3), pp.384-388.

Cavalieri, D.J., Gloersen, P. and Campbell, W.J., 1984. Determination of sea ice parameters
with the Nimbus 7 SMMR. Journal of Geophysical Research: Atmospheres, 89(D4),
pp.5355-5369.

Cavalieri, D.J., Crawford, J.P., Drinkwater, M.R., Eppler, D.T., Farmer, L.D., Jentz, R.R. and
Wackerman, C.C., 1991. Aircraft active and passive microwave validation of sea ice
concentration from the Defense Meteorological Satellite Program Special Sensor

Microwave Imager. Journal of Geophysical Research: Oceans, 96(C12), pp.21989-22008.

Cavalieri, D.J., 1994. A microwave technique for mapping thin sea ice. Journal of

Geophysical Research: Oceans, 99(C6), pp.12561-12572.

Cavalieri, D.J. and Parkinson, C.L., 2012. Arctic sea ice variability and trends, 1979-2010.
The Cryosphere, 6(4), pp.881-889.

Chase, J.R. and Holyer, R.J., 1990. Estimation of sea ice type and concentration by linear
unmixing of Geosat altimeter waveforms. Journal of Geophysical Research: Oceans,

95(C10), pp.18015-18025.

- 295 -



Chen, K., Wang, J., Chen, L.C., Gao, H., Xu, W. and Nevatia, R., 2015. Abc-cnn: An
attention based convolutional neural network for visual question answering. arXiv
preprint arXiv:1511.05960.

Chen, X., Liang, S., Cao, Y., He, T. and Wang, D., 2015. Observed contrast changes in
snow cover phenology in northern middle and high latitudes from 2001-2014. Screntific
reports, 5(1), pp.1-9.

Chen, X. Liang, S. and Cao, Y. 2016. Satellite observed changes in the Northern
Hemisphere snow cover phenology and the associated radiative forcing and feedback

between 1982 and 2013. Environmental Research Letters, 11(8), p.084002.

Chen, X., Long, D., Hong, Y., Liang, S. and Hou, A., 2017. Observed radiative cooling over
the Tibetan Plateau for the past three decades driven by snow cover induced

surface albedo anomaly. Journal of Geophysical Research: Atmospheres, 122(12),
pp.6170-6185.

Chen, X., Yang, Y. and Yin, C., 2021. Contribution of Changes in Snow Cover Extent to
Shortwave Radiation Perturbations at the Top of the Atmosphere over the Northern
Hemisphere during 2000-2019. Remote Sensing, 13(23), p.4938.

Cheng, S., Aydogdu, A., Rampal, P., Carrassi, A. and Bertino, L., 2020, December.
Probabilistic forecasts of sea ice trajectories in the Arctic: impact of uncertainties in

surface wind and ice cohesion. In Oceans (Vol. 1, No. 4, pp. 326-342). MDPI.

Chi, J., Kim, H.C. and Kang, S.H., 2016. Machine learning-based temporal mixture analysis
of hypertemporal Antarctic sea ice data. Remote Sensing Letters, 7(2), pp.190-199.

Chi, J. and Kim, H.C., 2017. Prediction of arctic sea ice concentration using a fully data

driven deep neural network. Remote Sensing, 9(12), p.1305.

Chi, J, Kim, H.C., Lee, S. and Crawford, M.M., 2019. Deep learning based retrieval
algorithm for Arctic sea ice concentration from AMSR?2 passive microwave and

MODIS optical data. Femote Sensing of Environment, 231, p.111204.

Cho, K. and Naoki, K., 2015, October. Advantages of AMSR?2 for monitoring sea ice from
space. In Asian Conference on Remote Sensing, Manila, Philippines (pp. 19-23).

Choudhury, B.J., Schmugge, T.J., Chang, A. and Newton, R.'W., 1979. Effect of surface
roughness on the microwave emission from soils. Journal of Geophysical KResearch:

Oceans, §4(C9), pp.5699-5706.

- 296 -



Chouzenoux, E., Legendre, M. Moussaoui, S. and Idier, J., 2013. Fast constrained least
squares spectral unmixing using primal-dual interior-point optimization. /EEE Journal

of Selected Topics in Applied Earth Observations and Remote Sensing, 7(1), pp.59-69.

Christiansen, B., 2001. Downward propagation of zonal mean zonal wind anomalies from the
stratosphere to the troposphere: Model and reanalysis. Journal of Geophysical

Research: Atmospheres, 106(D21), pp.27307-27322.

Chu, C., Chen, C., Nolte, L. P. and Zheng, G., 2014. Fully automatic cephalometric x-ray
landmark detection using random forest regression and sparse shape composition.

submitted to Automatic Cephalometric X-ray Landmark Detection Challenge.

Cohen, J., Screen, J.A., Furtado, J.C., Barlow, M. Wahittleston, D., Coumou, D., Francis, J.,
Dethloff, K., Entekhabi, D., Overland, J. and Jones, J., 2014. Recent Arctic

amplification and extreme mid-latitude weather. Nature geoscience, 7(9), pp.627-637.

Comeau, D., Giannakis, D., Zhao, Z. and Majda, A.J.,, 2019. Predicting regional and
pan-Arctic sea ice anomalies with kernel analog forecasting. Climate Dynamics, 52,

pp.5507-5525.

Comiso, J.C., 1986. Characteristics of Arctic winter sea ice from satellite multispectral

microwave observations. Journal of Geophysical Research: Oceans, 91(Cl), pp.975-994.

Comiso, J.C., 1995. SSM/I sea ice concentrations using the bootstrap algorithm (Vol. 1380).
National Aeronautics and Space Administration, Goddard Space Flight Center.

Comiso, J.C., Cavalieri, D.J., Parkinson, C.L. and Gloersen, P., 1997. Passive microwave
algorithms for sea ice concentration: A comparison of two techniques. Remote sensing

of Environment, 60(3), pp.357-384.

Comiso, J.C., 2003. Warming trends in the Arctic from clear sky satellite observations.

Journal of Climate, 16(21), pp.3498-3510.

Comiso, J.C., Cavalieri, D.J. and Markus, T., 2003. Sea ice concentration, ice temperature,
and snow depth using AMSR-E data. /EEE 7Transactions on Geoscience and Remote
Sensing, 41(2), pp.243-252.

Comiso, J.C., 2006. Abrupt decline in the Arctic winter sea ice cover. Geophysical Research

Letters, 33(18).

Comiso, J.C., 2012. Large decadal decline of the Arctic multivear ice cover. Journal of

climate, 25(4), pp.1176-1193.

- 297 -



Cooke, C.L. and Scott, K.A., 2019. Estimating sea ice concentration from SAR: Training
convolutional neural networks with passive microwave data. /EEE 7Transactions on

Geoscience and Remote Sensing, 57(7), pp.4735-4747.

Crane, R.G., 1978. Seasonal variations of sea ice extent in the Davis Strait-Labrador Sea

area and relationships with synoptic-scale atmospheric circulation. Arctic, pp.434-447.

Dai, M., Arbetter, T.E. and Meier, W.N., 2006. Data assimilation of sea-ice motion vectors:
sensitivity to the parameterization of sea-ice strength. Annals of Glaciology, 44,

pp.357-360,

Dawson, A., 2016. eofs: A library for EOF analysis of meteorological, oceanographic, and

climate data. Journal of Open Research Software, 4(1).

Dee, D.P., Uppala, SM. Simmons, A.J., Berrisford, P., Poli, P., Kobayashi, S., Andrae, U,
Balmaseda, M.A., Balsamo, G., Bauer, D.P. and Bechtold, P., 2011. The ERA Interim
reanalysis: Configuration and performance of the data assimilation system. Quarterly

Journal of the royal meteorological society, 137(656), pp.553-597.

Deser, C., Tomas, R.A. and Peng, S., 2007. The transient atmospheric circulation response to

North Atlantic SST and sea ice anomalies. Journal of Climate, 20(18), pp.4751-4767.

Deser, C. and Teng, H., 2008. Evolution of Arctic sea ice concentration trends and the role

of atmospheric circulation forcing, 1979-2007. Geophysical Research Letters, 35(2).

Devasthale, A., Sedlar, J., Koenigk, T. and Fetzer, E.J., 2013. The thermodynamic state of
the Arctic atmosphere observed by AIRS: comparisons during the record minimum
sea ice extents of 2007 and 2012. Atmospheric Chemistry and Physics, 13(15),
pp.7441-7450.,

Dierking, W., 1995. Laser profiling of the ice surface topography during the Winter Weddell
Gyre Study 1992. Journal of Geophysical Research: Oceans, 100(C3), pp.4807-4820.

Dierking, W., 2009. Mapping of different sea ice regimes using images from Sentinel-1 and
ALOS synthetic aperture radar. /EEE Transactions on Geoscience and Remole

Sensing, 48(3), pp.1045-1058.

Dierking, W., 2013. Sea ice monitoring by synthetic aperture radar. Oceanography, 26(2),
pp.100-111.

Ding, Q., Wallace, J M., Battisti, D.S., Steig, E.J, Gallant, A.J., Kim, H.J. and Geng, L.,

2014. Tropical forcing of the recent rapid Arctic warming in northeastern Canada and

- 298 -



Greenland. Nature, 509(7499), pp.209-212.

Doble, M.J., Skourup, H., Wadhams, P. and Geiger, C.A., 2011. The relation between Arctic
sea ice surface elevation and draft: A case study using coincident AUV sonar and

airborne scanning laser. Journal of Geophysical Research: Oceans, 116(C8).

Dokken, T.M. and Jansen, E., 1999. Rapid changes in the mechanism of ocean convection

during the last glacial period. Nature, 401(6752), pp.458-461.

Doney, S.C., Ruckelshaus, M., Emmett Duffy, J, Barry, J.P., Chan, F., English, C.A,,
Galindo, H.M., Grebmeier, J.M., Hollowed, A.B., Knowlton, N. and Polovina, J., 2012.

Climate change impacts on marine ecosystems. Annual review of marine science, 4,

pp.11-37.

Donoser, M., Riemenschneider, H. and Bischof, H., 2010, August. Shape guided maximally
stable extremal region (mser) tracking. In 2010 20th international conference on

pattern recognition (pp. 1800-1803). IEEE.

Drobot, S., 2003. Long-range statistical forecasting of ice severity in the Beaufort-Chukchi
Sea. Weather and Forecasting, 158(6), pp.1161-1176.

Drobot, S.D., Maslanik, J.A. and Fowler, C., 2006. A long range forecast of Arctic summer

sea Iice minimum extent. Geophysical Research Letters, 33(10).

Driie, C. and Heinemann, G., 2004. High resolution maps of the sea ice concentration from

MODIS satellite data. Geophysical research letters, 31(20).

Eicken, H. and Salganek, M. eds., 2010. Field techniques for Sea-ice Research. University of
Alaska Press.

El Askary, H., Allalii M., Rakovski, C., Prasad, A., Kafatos, M. and Struppa, D., 2012.
Computational methods for «climate data. Wiy Interdisciplinary  Reviews:

Computational Statistics, 4(4), pp.359-374.

Emery, W.J., Fowler, C. and Maslanik, J., 1994. Arctic sea ice concentrations from special
sensor microwave imager and advanced very high resolution radiometer satellite data.

Journal of Geophysical Research: Oceans, 99(C9), pp.18329-18342.

Emery, W.J., Fowler, C.W. and Maslanik, J.A., 1997. Satellite derived maps of Arctic and
Antarctic sea ice motion: 1988 to 1994. Geophysical Research Letters, 24(8),
pp.897-900,

- 299 -



Erturk, A. and Plaza, A., 2015. Informative change detection by unmixing for hyperspectral
images. /[EEE Geoscience and Remote Sensing Letters, 12(6), pp.1252-1256.

Farooq, U., Rack, W., McDonald, A. and Howell, S., 2020. Long-term analysis of sea ice
drift in the western Ross Sea, Antarctica, at high and low spatial resolution. Remote
Sensing, 12(9), p.1402.

Flanner, M.G., Shell, K.M., Barlage, M., Perovich, D.K. and Tschudi, M.A., 2011. Radiative
forcing and albedo feedback from the Northern Hemisphere cryosphere between 1979
and 2008. Nature Geoscience, 4(3), pp.151-155.

Forkuor, G., Dimobe, K. Serme, I. and Tondoh, JE. 2018. Landsat-8 vs. Sentinel-2:
examining the added wvalue of sentinel-2's red-edge bands to land-use and land-cover

mapping in Burkina Faso. G/Science & remote sensing, 55(3), pp.331-354.

Fors, A.S., Brekke, C., Gerland, S., Doulgeris, A.P. and Beckers, J.F., 2015. Late summer
Arctic sea ice surface roughness signatures in C-band SAR data. /EEE Journal of
Selected Topics in Applied FEarth Observations and FRemote Sensing, 9(3),
pp.1199-1215.

Francis, J.A. and Hunter, E., 2006. New insight into the disappearing Arctic sea ice. Eovs,
Transactions American Geophysical Union, 87(46), pp.509-511.

Francis, J.A. and Vavrus, S.J., 2015. Evidence for a wavier jet stream in response to rapid

Arctic warming. Environmental Research Letters, 10(1), p.014005.

Ghimire, B., Rogan, J. and Miller, J., 2010. Contextual land-cover classification: incorporating
spatial dependence in land-cover classification models using random forests and the

Getis statistic. Remote Sensing Letters, 1(1), pp.45-54.

Gignac, C., Bernier, M., Chokmani, K. and Poulin, J., 2017. IceMap250-Automatic 250 m sea
ice extent mapping using MODIS data. Remote Sensing, 9(1), p.70.

Giles, K.A., Laxon, S.W. and Ridout, A.L., 2008. Circumpolar thinning of Arctic sea ice
following the 2007 record ice extent minimum. Geophysical Research Letters, 35(22).

Girard-Ardhuin, F. and Ezraty, R., 2012. Enhanced Arctic sea ice drift estimation merging
radiometer and scatterometer data. /EEE Transactions on Geoscience and Remote

Sensing, 50(7), pp.2639-2648.

Gloersen, P. and Cavalieri, D.J., 1986. Reduction of weather effects in the calculation of sea

ice concentration from microwave radiances. Journal of Geophysical Research: Oceans,

- 300 -



91(C3). pp.3913-3919.

Gong, D. and Wang, S., 1999. Definition of Antarctic oscillation index. Geophysical research
letters, 26(4), pp.459-462.

Goosse, H., Kay, JE., Armour, K.C,, Bodas-Salcedo, A., Chepfer, H., Docquier, D., Jonko, A.,
Kushner, P.J., Lecomte, O., Massonnet, F. and Park, H.S., 2018. Quantifying climate

feedbacks in polar regions. Nature communications, 9(1), p.1919.

Gorodetskaya, 1.V., Tremblay, L.B., Liepert, B., Cane, M.A. and Cullather, R.I, 2008. The
influence of cloud and surface properties on the Arctic Ocean shortwave radiation

budget in coupled models. Journal of Climate, 21(5), pp.866-882.

Groves, D.G. and Francis, J.A., 2002. Variability of the Arctic atmospheric moisture budget
from TOVS satellite data. Journal of Geophysical Research: Atmospheres, 107(D24),
pp.ACL-18.

Grumbine, R.W., 1998. Virtual floe ice drift forecast model intercomparison. Weather and

forecasting, 13(3), pp.886-890.

Guemas, V., Blanchard Wrigglesworth, E., Chevallier, M., Day, J.J., Déqué, M., Doblas
Reyes, F.J., Fuckar, N.S., Germe, A., Hawkins, E., Keeley, S. and Koenigk, T., 2016.
A review on Arctic sea ice predictability and prediction on seasonal to decadal time

scales. Quarterly Journal of the Royal Meteorological Society, 142(695), pp.546-561.

Guidotti, R., Monreale, A., Ruggieri, S., Turini, F., Giannotti, F. and Pedreschi, D., 2018. A
survey of methods for explaining black box models. ACM computing surveys

(CSUR), 51(5), pp.1-42.

Guo, Z. and Du, S., 2017. Mining parameter information for building extraction and change
detection with very high-resolution imagery and GIS data. GIScience & Remote
Sensing, 54(1), pp.38-63.

Gutowski, W.J., Wei, H., Vorosmarty, C.J. and Fekete, B.M., 2007. Influence of Arctic
wetlands on Arctic atmospheric circulation. Journal of Climate, 20(16), pp.4243-4254.

Haas, C., 1998. Evaluation of ship-based electromagnetic-inductive thickness measurements
of summer sea-ice in the Bellingshausen and Amundsen Seas, Antarctica. Cold

Regions Science and Technology, 27(1), pp.1-16.

Haine, T.W. and Martin, T., 2017. The Arctic-Subarctic sea ice system is entering a

seasonal regime: Implications for future Arctic amplification. Scientific Reports, 7(1),

- 301 -



p.4618.

Hakkinen, S., Proshutinsky, A. and Ashik, I, 2008. Sea ice drift in the Arctic since the
1950s. Geophysical Research Letters, 35(19).

Hall, A., 2004. The role of surface albedo feedback in climate. Journal of climate, 177),
pp.1550-1568.

Hall, D.K., Key, JR. Casey, K.A., Riggs, G.A. and Cavalieri, D.J., 2004. Sea ice surface
temperature product from MODIS. [EEE transactions on geoscience and remote

sensing, 42(5), pp.1076-1087.

Han, H., Lei, R, Lu, P. and Li, Z., 2020. Features of sea ice motion observed with ice

buoys from the central Arctic Ocean to Fram Strait. Advances in Folar Science.

Han, H., Hong, S.H., Kim, H.C., Chae, T.B. and Choi, H.J., 2017. A study of the feasibility
of using KOMPSAT-5 SAR data to map sea ice in the Chukchi Sea in late summer.
Remote Sensing Letters, 8(5), pp.468-477.

Han, H. and Kim, H.C., 2018. Evaluation of summer passive microwave sea ice
concentrations in the Chukchi Sea based on KOMPSAT-5 SAR and numerical
weather prediction data. Remote Sensing of Environment, 209, pp.343-362.

Han, K.H., Jang, J.C., Ryu, S., Sohn, E.H. and Hong, S., 2022. Hypothetical Visible Bands of
Advanced Meteorological Imager Onboard the Geostationary Korea Multi-Purpose
Satellite-2A Using Data-To-Data Translation. /EEE Journal of Selected 7Topics iIn
Applied Earth Observations and Remote Sensing, 15, pp.8378-8388.

Hanna, E., Cropper, T.E., Jones, P.D., Scaife, A.A. and Allan, R., 2015. Recent seasonal
asymmetric changes in the NAO (a marked summer decline and increased winter

variability) and associated changes in the AO and Greenland Blocking Index.

International Journal of Climatology, 35(9), pp.2540-2554.

Hannachi, A., 2007. Pattern hunting in climate: a new method for finding trends in gridded
climate data. International Journal of Climatology: A Journal of the Royal
Meteorological Society, 27(1), pp.1-15.

Hannachi, A., 2004. A primer for EOF analysis of climate data. Department of Meteorology,
University of Reading, 1, p.29.

Hannachi, A., Finke, K. and Trendafilov, N, 2022. Common EOFs: a tool for multi-model

comparison and evaluation. Climate Dynamics, pp.1-15.

- 302 -



Hassol, S., 2004. /mpacts of a warming Arctic-Arctic climate impact assessment. Cambridge

University Press.

Heorton, H.D., Tsamados, M., Cole, S.T., Ferreira, A.M., Berbellini, A., Fox, M. and
Armitage, T.W., 2019. Retrieving sea ice drag coefficients and turning angles from in
situ and satellite observations wusing an inverse modeling framework. Journal of

Geophysical Research: Oceans, 124(8), pp.6388-6413.

Heygster, G., Hendricks, S., Kaleschke, L., Mills, P., Stammer, D., Tonboe, R. and Haas, C,,
2009. L-band radiometry for sea-ice applications. Final Report for ESA, SMOSIce.

Hibler III, W.D., 1972. Removal of aircraft altitude variation from laser profiles of the Arctic
ice pack. Journal of Geophysical Research, 77(36), pp.7190-7195.

Holland, M.M. and Stroeve, J., 2011. Changing seasonal sea ice predictor relationships in a

changing Arctic climate. Geophysical Research Letters, 38(18).

Hong, D.B. and Yang, C.S., 2018. Automatic discrimination approach of sea ice in the Arctic
Ocean using Sentinel-1 Extra Wide Swath dual-polarized SAR data. International
Journal of remote sensing, 39(13), pp.4469-4483.

Hong, S., 2009. Detection of Asian dust (Hwangsa) over the Yellow Sea by decomposition
of unpolarized infrared reflectivity. Atmospheric Environment, 43(37), pp.5887-5893.

Hong, S., 2009. Retrieval of refractive index over specular surfaces for remote sensing

applications. Journal of Applied Remote Sensing, 3(1), p.033560.

Hong, S., Shin, I. and Ou, M.L., 2010. Comparison of the infrared surface emissivity model
(ISEM) with a physical emissivity model. Journal of Atmospheric and Oceanic

Technology, 27(2), pp.345-352.

Hong, S. and Shin, I, 2010. Global trends of sea ice: Small-scale roughness and refractive

index. Journal of Climate, 23(17), pp.4669-4676.

Hong, S., 2010. Decomposition of unpolarized emissivity. International Journal of Kemote

Sensing, 31(8), pp.2109-2114.

Hong, S., 2010. Detection of small-scale roughness and refractive index of sea ice in passive
satellite microwave remote sensing. Remote sensing of FEnvironment, 114(5),

pp.1136-1140.

Hong, S., 2010. Surface roughness and polarization ratio in microwave remote sensing.

- 303 -



International Journal of Remote Sensing, 31(10), pp.2709-2716.

Hong, S. and Shin, I, 2011. A physically-based inversion algorithm for retrieving soil
moisture in passive microwave remote sensing. Journal of hydrology, 405(1-2),

pp.24-30.

Hong, S., 2013. Polarization conversion for specular components of surface reflection. /EEE

Geoscience and Remote Sensing Letters, 10(6), pp.1469-1472.

Hong, S. and Shin, I, 2013. Wind speed retrieval based on sea surface roughness
measurements from spaceborne microwave radiometers. Journal of applied meteorology

and climatology, 52(2), pp.507-516.

Hong, S., Shin, I, Byun, Y., Seo, H.J. and Kim, Y., 2014. Analysis of sea ice surface
properties using ASH and Hong approximations in satellifte remote sensing. Remote

Sensing Letters, 5(2), pp.139-147.

Huiying, L., Huadong, G. and Lu, Z., 2014, March. Sea ice classification using dual
polarization SAR data. In [/OFP Conference Series: Earth and Environmental Science

(Vol. 17, No. 1, p. 012115). IOP Publishing.

Howell, S.E. and Brady, M., 2019. The dynamic response of sea ice to warming in the

Canadian Arctic Archipelago. Geophysical Research Letters, 46(22), pp.13119-13125.

lordache, M.D., Bioucas-Dias, J.M. and Plaza, A., 2011. Sparse unmixing of hyperspectral
data. IEEE Transactions on Geoscience and Remote Sensing, 49(6), pp.2014-2039.

Isola, P., Zhu, J.Y., Zhou, T. and Efros, A.A. 2017. Image-to-image translation with
conditional adversarial networks. In PFProceedings of the [EEE conference on computer

vision and pattern recognition (pp. 1125-1134).

Ivanova, N., Johannessen, O.M., Pedersen, L.T. and Tonboe, R.T., 2014. Retrieval of Arctic
sea ice parameters by satellite passive microwave sensors: A comparison of eleven sea

ice concentration algorithms. /EEE Transactions on Geoscience and Remote Sensing,
52(11), pp.7233-7246.

Janout, M.A., Aksenov, Y., Holemann, J.A., Rabe, B., Schauer, U., Polyakov, 1.V, Bacon, S,
Coward, A.C., Karcher, M., Lenn, Y.D. and Kassens, H., 2015. Kara S ea freshwater
transport through V ilkitsky S ftrait: Variability, forcing, and further pathways toward
the western A rctic O cean from a model and observations. Journal of Geophysical

Research: Oceans, 120(7), pp.4925-4944.

- 304 -



Ji, L., Geng, X., Sun, K. Zhao, Y. and Gong, P., 2015. Modified N-FINDR endmember
extraction algorithm for remote-sensing imagery. International Journal of Remote

Sensing, 36(8), pp.2148-2162.

Jo, S., Kim, H.C., Kwon, Y.J. and Hong, S., 2019. Circumpolar Thin Arctic Sea Ice
Thickness and Small-Scale Roughness Retrieval Using Soil Moisture and Ocean
Salinity and Soil Moisture Active Passive Observations. Remote Sensing, 11(23),

p.2835.

Johannessen, O.M., Bengtsson, L., Miles, M.W., Kuzmina, S.I., Semenov, V.A. Alekseev,
G.V., Nagurnyi, A.P., Zakharov, V.F., Bobylev, L.P., Pettersson, L.H. and
Hasselmann, K., 2004. Arctic climate change: observed and modelled temperature and
sea-ice variability. 7Zellus A: Dynamic Meteorology and Oceanography, 56(4),
pp.328-341,

Jonko, A.K., Shell, K.M., Sanderson, B.M. and Danabasoglu, G., 2012. Climate feedbacks in
CCSM3 under changing CO 2 forcing. Part I: Adapting the linear radiative kernel

technique to feedback calculations for a broad range of forcings. Journal of Climate,

25(15), pp.5260-5272.

Kaleschke, L. Lipkes, C., Vihma, T. Haarpaintner, J., Bochert, A., Hartmann, J. and
Heygster, G., 2001. SSM/I sea ice remote sensing for mesoscale ocean-atmosphere

interaction analysis. Canadian journal of remote sensing, 27(5), pp.526-537.

Kaleschke, L., Maal}, N., Haas, C., Hendricks, S., Heygster, G. and Tonboe, R.T., 2010. A
sea-ice thickness retrieval model for 1.4 GHz radiometry and application to airborne

measurements over low salinity sea-ice. 7he Cryosphere, 4(4), pp.583-592.

Kang, D, Im, J, Lee, MI and Quackenbush, L.J., 2014. The MODIS ice surface
temperature product as an indicator of sea ice minimum over the Arctic Ocean.

Remote sensing of environment, 152, pp.99-108.

Karlsson, K.G., Anttila, K., Trentmann, J., Stengel, M., Fokke Meirink, J., Devasthale, A.,
Hanschmann, T., Kothe, S., JJfiskeldinen, E., Sedlar, J. and Benas, N., 2017.
CLARA-A2: the second edition of the CM SAF cloud and radiation data record
from 34 years of global AVHRR data. Atmospheric Chemistry and Physics, 17(9),
pp.o809-5828.

Karvonen, J., Simila, M. and Makynen, M., 2005. Open water detection from Baltic Sea ice
Radarsat-1 SAR imagery. [EEE Geoscience and Remote Sensing Letters, 2(3),

- 305 -



pp.275-279.

Karvonen, J., 2012. Operational SAR-based sea ice drift monitoring over the Baltic Sea.

Ocean Science, 8(4), pp.473-483.

Karvonen, J., 2014. A sea ice concentration estimation algorithm utilizing radiometer and

SAR data. The Cryosphere, 8(5), pp.1639-1650.

Karvonen, J., 2017. Baltic sea ice concentration estimation using SENTINEL-1 SAR and
AMSR?2 microwave radiometer data. /EEE Transactions on Geoscience and Remote

Sensing, 55(5), pp.2871-2883.

Kauker, F., Kaminski, T., Karcher, M., Giering, R., Gerdes, R. and VoBlbeck, M.: Adjoint
analysis of the 2007 all time Arctic sea-ice minimum, Geophys. Res. Lett., 36(3),
doi:10.1029/2008g1036323, 2009.

Kay, JE., L'Ecuyer, T., Gettelman, A., Stephens, G. and O'Dell, C., 2008. The contribution
of cloud and radiation anomalies to the 2007 Arctic sea ice extent minimum.

Geophysical Research Letters, 35(8).

Kern, S., Kaleschke, L. and Clausi, D.A., 2003. A comparison of two 85-GHz SSM/I ice
concentration algorithms with AVHRR and ERS-2 SAR imagery. /[EEE Transactions
on Geoscience and Remote Sensing, 41(10), pp.2294-2306.

Kern, S., Rosel, A., Pedersen, L.T. Ivanova, N., Saldo, R. and Tonboe, R.T. 2016. The
impact of melt ponds on summertime microwave brightness temperatures and sea-ice

concentrations. 7he Cryosphere, 10(5), pp.2217-2239.

King, J.C. and Comiso, J.C., 2003. The spatial coherence of interannual temperature

variations in the Antarctic Peninsula. Geophysical Research Letters, 30(2).

Komarov, A.S. and Barber, D.G., 2013. Sea ice motion tracking {from sequential
dual-polarization RADARSAT-2 images. [EEE Transactions on Geoscience and
Remote Sensing, 52(1), pp.121-136.

Korosov, A., Hansen, M., Dagestad, K.F., Yamakawa, A., Vines, A. and Riechert, M., 2016.
Nansat: A scientist-orientated python package for geospatial data processing. Journal

of Open Research Software, 4(1).

Korosov, A.A. and Rampal, P., 2017. A combination of feature tracking and pattern
matching with optimal parametrization for sea ice drift retrieval from SAR data.

Remote Sensing, 9(3), p.258.

- 306 -



Kumar, A., Perlwitz, J., Eischeid, J., Quan, X., Xu, T., Zhang, T., Hoerling, M., Jha, B. and
Wang, W., 2010. Contribution of sea ice loss to Arctic amplification. Geophysical
Research Letters, 37(21).

Kumar, A., Yadav, J. and Mohan, R., 2021. Spatio-temporal change and variability of
Barents-Kara sea ice, in the Arctic: Ocean and atmospheric implications. Scrence of

The Total Environment, 753, p.142046.

Kwok, R., Curlander, J.C., McConnell, R. and Pang, S.S., 1990. An ice-motion tracking
system at the Alaska SAR facility. /EEE Journal of Oceanic Engineering, 15(1),
pp.44-54.

Kwok, R., Cunningham, G.F., Wensnahan, M., Rigor, 1., Zwally, H.J. and Yi, D., 2009.
Thinning and volume loss of the Arctic Ocean sea ice cover: 2003-2008. Journal of

Geophysical Research: Oceans, 114(C7).

Kwok, R., Spreen, G. and Pang, S., 2013. Arctic sea ice circulation and drift speed: Decadal
trends and ocean currents. Journal of Geophysical Research: Oceans, 118(5),

pp.2408-2425.

Lavelle, J., Tonboe, R., Tian, T., Pfeiffer, R.H. and Howe, E., 2016. Product user manual for
the OSI SAF AMSR-2 global sea ice concentration. Product OS[-408. Copenhagen,

Denmark: Danish Meteorological Institute.

Lavergne, T. FEastwood, S., Teffah, Z., Schyberg, H. and Breivik, L.A., 2010. Sea ice
motion from low resolution satellite sensors: An alternative method and its validation

in the Arctic. Journal of Geophysical Research: Oceans, 115(C10).

Laxon, S., Peacock, N. and Smith, D., 2003. High interannual variability of sea ice thickness
in the Arctic region. Nature, 425(6961), pp.947-950.

Lee, S.M., Sohn, B.J. and Kim, S.J., 2017. Differentiating between first year and multiyear
sea ice in the Arctic using microwave retrieved ice emissivities. Journal of

Geophysical Research: Atmospheres, 122(10), pp.5097-5112.

Lei, R., Gui, D., Hutchings, J K., Wang, J. and Pang, X., 2019. Backward and forward drift
trajectories of sea ice in the northwestern Arctic Ocean in response to changing

atmospheric circulation. International Journal of Climatology, 39(11), pp.4372-4391.

Li, Z., Zhang, W., Stuecker, M.F., Xu, H., Jin, F.F. and Liu, C., 2019. Different effects of

two ENSO types on Arctic surface temperature in boreal winter. Journal of Climate,

- 307 -



32(16), pp.4943-4961.

Lind, S., Ingvaldsen, R.B. and Furevik, T. 2018. Arctic warming hotspot in the northern
Barents Sea linked to declining sea-ice import. Nature climate change, &8(7),

pp.634-639.

Lindsay, R., Wensnahan, M., Schweiger, A. and Zhang, J., 2014. Evaluation of seven
different atmospheric reanalysis products in the Arctic. Journal of Climate, 27(7),

pp.2588-2606.

Lindsey, R. and Scott, M., 2019. Climate Change: Arctic sea ice summer minimum. Climate,

gov. September, 26.

Manak, D.K. and Mysak, L.A., 1989. On the relationship between arctic sea ice anomalies
and fluctuations in Northern Canadian air temperature and river discharge.

Atmosphere-Ocean, 27(4), pp.682-691.

Manninen, A.T., 1997. Surface roughness of Baltic sea ice. Journal of Geophysical Research:

Oceans, 102(C1), pp.1119-1139.

Marcianesi, F., Aulicino, G. and Wadhams, P., 2021. Arctic sea ice and snow cover albedo

variability and trends during the last three decades. FPolar Science, 28, p.100617.

Markus, T. and Cavalieri, D.J., 2000. An enhancement of the NASA Team sea ice
algorithm. /EEE Transactions on Geoscience and Remote Sensing, 38(3), pp.1387-1398.

Maslanik, J.A., 1992. Effects of weather on the retrieval of sea ice concentration and ice
type from passive microwave data. International Journal of Remote Sensing, 13(1),

pp.37-54.

Meier, W.N., 2005. Comparison of passive microwave ice concentration algorithm retrievals
with AVHRR imagery in Arctic peripheral seas. /[EEE Transactions on geoscience and

remote sensing, 43(6), pp.1324-1337.

Meier, W.N. and Stewart, J.S., 2019. Assessing uncertainties in sea ice extent climate

indicators. Environmental Research Letters, 14(3), p.035005.

Meissner, T. and Manaster, A., 2021. SMAP salinity retrievals near the sea-ice edge using

multi-channel AMSR2 brightness temperatures. Remote sensing, 13(24), p.5120.

Miernecki, M., Kaleschke, L., Maal}, N., Hendricks, S. and Sebjerg, S.S., 2020. Effects of

decimetre-scale surface roughness on L-band brightness temperature of sea ice. 7he

- 308 -



Cryosphere, 14(2), pp.461-476.

Miller, P.A., Laxon, S.W., Feltham, D.L.. and Cresswell, D.J., 2006. Optimization of a sea ice
model using basinwide observations of Arctic sea ice thickness, extent, and velocity.

Journal of Climate, 19(7), pp.1089-1108,

Moore, G.K., Holdsworth, G. and Alverson, K., 2002. Climate change in the North Pacific
region over the past three centuries. Nature, 420(6914), pp.401-403.

Muckenhuber, S., Korosov, A.A. and Sandven, S., 2016. Open-source feature-tracking
algorithm for sea ice drift retrieval from Sentinel-1 SAR imagery. 7he Cryosphere,

10(2), pp.913-925.

Muckenhuber, S. and Sandven, S., 2017. Open-source sea ice drift algorithm for Sentinel-1
SAR imagery using a combination of feature tracking and pattern matching. 7he

Cryosphere, 11(4), pp.1835-1850.

Nolin, A.W. and Mar, E., 2018. Arctic sea ice surface roughness estimated from

multi-angular reflectance satellite imagery. Kemote Sensing, 11(1), p.50.

Olason, E. and Notz, D., 2014. Drivers of variability in A rctic sea ice drift speed. Journal

of Geophysical Research: Oceans, 119(9), pp.5755-5775.

Pabi, S., van Dijken, G.L. and Arrigo, K.R., 2008. Primary production in the Arctic Ocean,
1998-2006. Journal of Geophysical Research: Oceans, 113(C8).

Parkinson, C.L. and Cavalieri, D.J., 2008. Arctic sea ice variability and trends, 1979-2006.
Journal of Geophysical Research: Oceans, 113(C7).

Parkinson, C.L. and Comiso, J.C., 2013. On the 2012 record low Arctic sea ice cover:
Combined impact of preconditioning and an August storm. Geophysical Research

Letters, 40(7), pp.1356-1361.

Patilea, C., Heygster, G., Huntemann, M. and Spreen, G., 2019. Combined SMAP-SMOS
thin sea ice thickness retrieval. 7he Cryosphere, 13(2), pp.675-691.

Pendergrass, A.G., Conley, A. and Vitt, F.M., 2018. Surface and top-of-atmosphere radiative
feedback kernels for CESM-CAMS. Earth System Science Data, 10(1), pp.317-324.

Perovich, DK. and Polashenski, C., 2012. Albedo evolution of seasonal Arctic sea ice.

Geophysical Research Letters, 39(8).

Peterson, B.J., Holmes, R.M., McClelland, JW. Vorosmarty, C.J., Lammers, R.B.,

- 309 -



Shiklomanov, A.., Shiklomanov, I.A. and Rahmstorf, S., 2002. Increasing river

discharge to the Arctic Ocean. science, 298(5601), pp.2171-2173.

Peterson, 1.K., Prinsenberg, S.J. and Holladay, J.S., 2008. Observations of sea ice thickness,

surface roughness and ice motion in Amundsen Gulf. Journal of Geophysical
Research: Oceans, 113(C6).

Pistone, K., Eisenman, I. and Ramanathan, V., 2014. Observational determination of albedo

decrease caused by vanishing Arctic sea ice. Proceedings of the National Academy of
Sciences, 111(9), pp.3322-3326.

Pithan, F. and Mauritsen, T., 2014. Arctic amplification dominated by temperature feedbacks

in contemporary climate models. Nature geoscience, 7(3), pp.181-184.

Plueddemann, A.J., Krishfield, R., Takizawa, T., Hatakeyama, K. and Honjo, S., 1998. Upper

ocean velocities in the Beaufort Gyre. Geophysical research letters, 25(2), pp.183-186.

Post, E., Forchhammer, M.C., Bret-Harte, M.S., Callaghan, T.V., Christensen, T.R., Elberling,
B., Fox, AD., Gilg, O, Hik, DS. Hgye, T.T. and Ims, R.A. 2009. Ecological

dynamics across the Arctic associated with recent climate change. science, 325(5946),
pp.1355-1358.

Rainville, L. and Woodgate, R.A., 2009. Observations of internal wave generation in the

seasonally ice free Arctic. Geophysical Research Letters, 36(23).

Rampal, P., Weiss, J. and Marsan, D., 2009. Positive trend in the mean speed and

deformation rate of Arctic sea ice, 1979-2007. Journal of Geophysical KResearch:
Oceans, 114(C5).

Rampal, P., Weiss, J., Marsan, D. and Bourgoin, M., 2009. Arctic sea ice velocity field:

General circulation and turbulent like fluctuations. Journal of Geophysical Research:
Oceans, 114(C10).

Reynolds, R.W., Smith, T.M., Liu, C., Chelton, D.B., Casey, K.S. and Schlax, M.G., 2007.

Daily high-resolution-blended analyses for sea surface temperature. Journal of climate,
20(22), pp.5473-5496.

Rithela, A., Laine, V. Manninen, T. Palo, T. and Vihma, T. 2010. Validation of the
Climate-SAF surface broadband albedo product: Comparisons with in situ observations

over Greenland and the ice-covered Arctic Ocean. Femote Sensing of Environment,
114(11), pp.2779-2790.

- 310 -



dos Santos, C.M., Escobedo, J.F., Teramoto, E.T. and da Silva, SH.M.G., 2016. Assessment
of ANN and SVM models for estimating normal direct irradiation (Hb). Energy
Conversion and Management, 126. pp.826-836.

Screen, J.A., Deser, C. and Simmonds, I, 2012. Local and remote controls on observed

Arctic warming. Geophysical Research Letters, 39(10).

Seo, M., Kim, H.C., Lee, K.S, Seong, N.H., Lee, E. Kim, J. and Han, K.S., 2020.
Characteristics of the Reanalysis and Satellite-Based Surface Net Radiation Data in

the Arctic. Journal of Sensors, 2020, pp.1-13.

Serreze, M.C., Holland, M.M. and Stroeve, J., 2007. Perspectives on the Arctic’s shrinking
sea-ice cover. science, 315(5818), pp.1533-1536.

Serreze, M.C. and Barry, R.G., 2011. Processes and impacts of Arctic amplification: A
research synthesis. Global and planetary change, 77(1-2), pp.85-96.

Shell, K.M., Kiehl, J.T. and Shields, C.A., 2008. Using the radiative kernel technique to
calculate climate feedbacks in NCAR’'s Community Atmospheric Model. Journal of
Climate, 21(10), pp.2269-2282.

Shimada, K., Kamoshida, T. Itoh, M. Nishino, S., Carmack, E., McLaughlin, F.,
Zimmermann, S. and Proshutinsky, A., 2006. Pacific Ocean inflow: Influence on

catastrophic reduction of sea ice cover in the Arctic Ocean. Geophysical Research

Letters, 33(8).

Sigmond, M., Fyfe, J.C. and Swart, N.C., 2018. Ice-free Arctic projections under the Paris
Agreement. Nature Climate Change, 8(5). pp.404-408.

Simila, M., Arjas, E., Makynen, M. and Hallikainen, M.T., 2001. A Bayesian classification
model for sea ice roughness from scatterometer data. /EEE (ransactions on geoscience

and remote sensing, 39(7), pp.1586-1595.

Smedsrud, L.H., Esau, I, Ingvaldsen, R.B., Eldevik, T., Haugan, P.M. Li, C, Lien, V.S,
Olsen, A., Omar, A.M., Ottera, O.H. and Risebrobakken, B., 2013. The role of the
Barents Sea in the Arctic climate system. Reviews of Geophysics, 51(3), pp.415-449.

Smedsrud, L.H., Halvorsen, M.H., Stroeve, J.C., Zhang, R. and Kloster, K., 2017. Fram Strait
sea ice export variability and September Arctic sea ice extent over the last 80 years.

The Cryosphere, 11(1), pp.65-79.
Smith, C.J., Kramer, R.J., Myhre, G., Forster, P.M., Soden, B.J., Andrews, T., Boucher, O,

- 311 -



Faluvegi, G., Flaschner, D., Hodnebrog, @. and Kasoar, M., 2018. Understanding rapid
adjustments to diverse forcing agents. Geophysical Research Letters, 45(21),

pp.12-023.

Smith, C.J., Kramer, R.J. and Sima, A., 2020. The HadGEM3-GA7. 1 radiative kernel: the
importance of a well-resolved stratosphere. FEarth System Science Data, 12(3),

pp.2157-2168.

Soden, B.J., Held, ILM., Colman, R., Shell, KM, Kiehl, J.T. and Shields, C.A. 2008.
Quantifying climate feedbacks using radiative kernels. Journal of Climate, 21(14),

pp.3504-3520.

Son, Y.S., Kim, H.C. and Lee, S.J, 2018. ASTER-Derived High-Resolution Ice Surface
Temperature for the Arctic Coast. Remote Sensing, 10(5), p.662.

Spreen, G., Kwok, R. and Menemenlis, D., 2011. Trends in Arctic sea ice drift and role of
wind forcing: 1992-2009. Geophysical Research Letters, 35(19).

Steffen, K. and Schweiger, A., 1991. NASA team algorithm for sea ice concentration
retrieval from Defense Meteorological Satellite Program special sensor microwave
imager: Comparison with Landsat satellite imagery. Journal of Geophysical Research:

Oceans, 96(C12), pp.21971-21987.

Stevens, B., Giorgetta, M., Esch, M., Mauritsen, T., Crueger, T. Rast, S., Salzmann, M.,
Schmidt, H., Bader, J., Block, K. and Brokopf, R., 2013. Atmospheric component of
the MPI M Earth system model: ECHAMO6. Journal of Advances in Modeling Earth
Systems, 5(2), pp.146-172.

Sumata, H., Lavergne, T. Girard Ardhuin, F., Kimura, N., Tschudi, M.A. Kauker, F,
Karcher, M. and Gerdes, R., 2014. An intercomparison of A rctic ice drift products to
deduce uncertainty estimates. Journal of Geophysical Research: Oceans, 119(8),

pp.4887-4921.
Talley, L.D., 2011. Descriptive physical oceanography: an introduction. Academic press.

Thackeray, C.W. and Hall, A., 2019. An emergent constraint on future Arctic sea-ice albedo
feedback. Nature Climate Change, 9(12), pp.972-978.

Thomas, M., France, J, Crabeck, O. Hall, B. Hof, V. Notz, D., Rampai, T,
Riemenschneider, L., Tooth, O.J., Tranter, M. and Kaiser, J., 2021. The Roland von
Glasow Air-Sea-Ice Chamber (RvG-ASIC): an experimental facility for studying

- 312 -



ocean-sea-ice-atmosphere interactions. Atmospheric Measurement Techniques, 14(3),

pp.1833-1849.

Thomas, M., Geiger, C.A. and Kambhamettu, C., 2008. High resolution (400 m) motion
characterization of sea ice using ERS-1 SAR imagery. Cold regions science and

technology, 52(2), pp.207-223.

Thompson, D.W. and Wallace, J.M., 1998. The Arctic Oscillation signature in the wintertime
geopotential height and temperature fields. Geophysical research letters, 25(9),
pp.1297-1300.

Thompson, D.W., Lee, S. and Baldwin, M.P., 2003. Atmospheric processes governing the
northern hemisphere annular mode/North Atlantic oscillation. 7he North Atlantic

Oscillation: climatic significance and environmental impact, 134, pp.81-112.

Tian-Kunze, X., Kaleschke, L., Maal}, N., Maiakynen, M., Serra, N., Drusch, M. and
Krumpen, T., 2014. SMOS-derived thin sea ice thickness: algorithm baseline, product
specifications and initial verification. 7he Cryosphere, 8(3), pp.997-1018.

Tietsche, S., Alonso-Balmaseda, M., Rosnay, P., Zuo, H., Tian-Kunze, X. and Kaleschke, L.,
2018. Thin Arctic sea ice in L-band observations and an ocean reanalysis. 7he
Cryosphere, 12(6), pp.2051-2072.

Timmermans, M.L., Toole, J., Proshutinsky, A., Krishfield, R. and Plueddemann, A., 2008.
Eddies in the Canada Basin, Arctic Ocean, observed from ice-tethered profilers.

Journal of Physical Oceanography, 358(1), pp.133-145.

Ulaby, F.T., Moore, R.K. and Fung, A.K. 1981. Microwave remote sensing: Active and

passive. volume l-microwave remote sensing fundamentals and radiometry.

Ulaby, F.T., Moore, R K. and Fung, A.K. 1986. Microwave remote sensing: Active and

passive. Volume 3-From theory to applications.

Von Saldern, C., Haas, C. and Dierking, W., 2006. Parameterization of Arctic sea-ice surface
roughness for application in ice type classification. Annals of glaciology, 44,

pp.224-230.

Walsh, J.E., 1978. Temporal and spatial scales of the Arctic circulation. Monthly Weather
Review, 106(11), pp.1532-1544.

Wang, Q., Wekerle, C., Danilov, S., Wang, X. and Jung, T. 2018. A 45 km resolution
Arctic Ocean simulation with the global multi-resolution model FESOM 1.4.

- 313 -



Geoscientific Model Development, 11(4), pp.1229-1255.

Wang, X. and Key, J.R., 2005. Arctic surface, cloud, and radiation properties based on the
AVHRR Polar Pathfinder dataset. Part II: Recent trends. Journal of Climate, 18(14),
pp.2575-2593.

Wielicki, B.A., Wong, T., Loeb, N., Minnis, P., Priestley, K. and Kandel, R., 2005. Changes
in Earth’s albedo measured by satellite. Science, 308(5723), pp.825-825.

Winton, M., 2006. Amplified Arctic climate change: What does surface albedo feedback
have to do with it?. Geophysical Research Letters, 33(3).

Winton, M., 2008. Sea ice-albedo feedback and nonlinear Arctic climate change. Arctic sea
ice decline: Observations, projections, mechanisms, and implications, Geophys. Monogr,

180, pp.111-131.

Woodgate, R.A., Aagaard, K. and Weingartner, T.J., 2006. Interannual changes in the
Bering Strait fluxes of volume, heat and {freshwater between 1991 and 2004.

Geophysical Research Letters, 33(15).

Wu, S.T. and Fung, AK. 1972. A noncoherent model for microwave emissions and
backscattering from the sea surface. Journal of Geophysical Research, 77(30),

pp.o917-5929.

Xiao, L., Che, T., Chen, L., Xie, H. and Dai, L., 2017. Quantifying snow albedo radiative
forcing and its feedback during 2003-2016. Remote Sensing, 9(9), p.883.

Zhu, X.X., Montazeri, S., Ali, M., Hua, Y., Wang, Y., Mou, L., Shi, Y., Xu, F. and Bamler,
R., 2021. Deep learning meets SAR: Concepts, models, pitfalls, and perspectives. /EEFE
Geoscience and Remote Sensing Magazine, 9(4), pp.143-172.

Yu, Y., Xiao, W., Zhang, Z., Cheng, X., Hui, F. and Zhao, J., 2021. Evaluation of 2-m air
temperature and surface temperature from ERAS5 and ERA-I using buoy observations

in the arctic during 2010-2020. Remote Sensing, 13(14), p.2813.

Zhang, J., Rothrock, D.A. and Steele, M., 2017. Projections of an ice-diminished Arctic
Ocean-retrospection and future projection. Folar Science Center. Washington
University of Washington. Disponivel e m: http://psc. apl. uw.

edu/research/projects/projections-of-an-ice-diminished-arctic-ocean/. Acesso em, 5.

Zhang, M., An, J., Zhang, J, Yu, D., Wang, J. and Lv, X, 2020. Enhanced delaunay

triangulation sea ice tracking algorithm with combining feature tracking and pattern

- 314 -



matching. Remote Sensing, 12(3), p.581.

Zhou, X., Yang, X., Li, Z., Yu, Y., Bi, H, Ma, S. and Li, X., 2013. Estimation of tropical
cyclone parameters and wind fields from SAR images. Science China FEarth Sciences,

56, pp.1977-1987.

Zuidema, P., Baker, B., Han, Y., Intrieri, J., Key, J., Lawson, P., Matrosov, S., Shupe, M.,
Stone, R. and Uttal, T. 2005. An Arctic springtime mixed-phase cloudy boundary
layer observed during SHEBA. Journal of the atmospheric sciences, 62(1), pp.160-176.

Zwally, H.J., 1983. Antarctic sea ice, 1973-1976: Satellite passive-microwave observations
(Vol. 459). Scientific and Technical Information Branch, National Aeronautics and

Space Administration.

Zwally, H.J., Comiso, J.C., Parkinson, C.L., Cavalieri, D.J. and Gloersen, P., 2002. Variability
of Antarctic sea ice 1979-1998. Journal of Geophysical Research: Oceans, 107(C5),
pp.9-1.

- 315 -



)
g

(U 7hA &)

* o]
col BIAE IAAFLAA FRT A BAFAY] AFATFRTAYY
oh.

Col R e BEF golt v FHATLNN $HF S RATA
Qo) AFAze waok gt

L EARE ) AdRAY B g UeHos B =E FH e

Ae ek gyt




	NTF000020e82821.hw
	책갈피
	OLE_LINK80





