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SUMMARY

(3 B 2 o B

[. Title

An optimization of sea ice/snow cover related spatial information : D/B

development and quality analysis

II. Purpose and Necessity of R&D

It is necessary to design the utilization plan of sea ice/snow spatial
information, and to construct D/B for initialization/validation of Arctic sea
ice/climate modeling in order to  ‘Development and Application of the
Korea Polar Prediction System (KPOPS) for Climate Change and Weather
Disaster’ . Also, we need to utilize systematic collection of sea ice /
snow cover data in Arctic, analyze the spatial and temporal characteristics
of data, and uncertainty as basic data for the development of prediction

system.

III. Contents and Extent of R&D
e Demand analysis on polar prediction model and climate researches of
sea ice / snow cover in Arctic
e Investigation Into application scope and observing source of sea

ice/snow cover in Arctic

_Vi_



* Collecting spatial information on Arctic sea ice/snow cover data

IV. R&D Results
e Demand analysis on polar prediction model and climate researches of
sea ice / snow cover in Arctic

— Selection of products with high priority

— Arranging requirements of spatial data among polar prediction models

e Investigation Iinto application scope and observing source of sea
ice/snow cover in Arctic

— Classification of spatial data according to observation source

— Investigate data for utilization of polar prediction modeling used in
advanced institutions

— Organizing the data provided by advanced institutions

* Collecting spatial information on Arctic sea ice/snow cover data

— Collection of sea ice concentration (SIC) data
— Analysis on spatial distribution of sea ice concentration by category
(characteristics analysis)

— Analysis on sea ice concentration characteristics by various conditions

V. Application Plans of R&D Results
e Application for study on correlation of the climatic variables analyzed

in previous researches with result of this study

- vii -
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A2 g =uUe ddE

Rivo Uiboupin et al. (2010)2 A 7Fx {YAd#5<l OSI SAF, AMSR-E
(Advanced Microwave Scanning Radiometer for EOS)<2} MODIS (MODerate
resolution Imaging Spectroradiometer) o] thal At=¥ W FTE=E H 713}

ShAIRE 9] A3 AFtelM =z vE SRR diste] vE il s R AbE W
He AEgdo=n, 2 Input datadl thah i s% 4E W A4 s HF

& slon, BV1A sl vl Bk o] Fo| XA gk

TESE Accuracy of OSI SAF ice product(2014)°|A= E1HE4- Ice Charts$} OSI
SAFE Hl1E T3] OSI SAFS &% A& E ﬂ%ffP AR E grbskslon, Azt
Al zpo] wAlE FelA AFAHN AH, deFHAA OSI SAFS Hgrr}
Hold= kvt sHARE Ice Charts= —4”310“51 ool Wzt Wy 5 wEel &
71Zb HlolE Aol M= FAEeE =elen, AV B4 e fdiA = vE Sl

WiEE AR W] WE OSI SAFS] AFol Bage Wt

Comjso and Nishio (2008)i= SMMR¥} SSM/I, AMSR-EZ At&% zg5e] 54
gAY wE AME gaEso] A8 Y AR AgEE 48t SMMR#H
SSM/I, SSM/1¢} AMSR-E®| W “sx 22gE vwst A3 Al A5 Jggw= v
Z5HAl YERRtTE shAIRE o] Ad AT AVITE w49 e W] whE Hlas o
Fo] A A okgkTh.

C. Lupkes et al. (2008) 7]% REE o]&sto] A A2 3|W] =
7l A= 9SS FAAT AW w2 1% s3tel wep 55 A9
3.5K Wsletdltt. s w%7t 715 oS ReE AFEEHE VY =2 e B
ojwl W w9 xzfolof wet 7|F Rl Auje] F JEFES 7|HS el
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Table 2.2.1. Previous studies of sea ice concentration

Ak

C. Lupkes et al.

Qiuhong Tang et

al.

Josefino C. Comiso

el al.

519

o
e} =

o
o

o]

’

Josefino C. Comiso

and FumigikoNishio

RivoUiboupin, Lars
Axell el al.

OSI SAF

aE

2008

2013

1997

2007

2008

2010

2014

A&

Influence of leads in sea ice on the temperature of

the atmospheric boundary layer during polar night

Cold winter extremes in northern continents linked to

Arctic sea ice loss

Passive Microwave Algorithms for Sea Ice

Concentration: A Comparison of Two Techniques

=29 KOMPSAT—1 EOC 94} SSMI NASA Team?l
vl An o] vl AT

Trends in the sea ice cover using enhanced and
compatible AMSR—-E, SSM/I and SMMR data

Comparison of operational ice charts with satellite

based ice concentration products in the Baltic Sea

Assessment of the Accuracy of OSI SAF ice product
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A9s THeE FHsH(Fig.2.1.1). A4 77 7FA79 7] /\lZ_P el

30 o] AFS BASH 95ke] 1980 1€ 193E 20109 12€ 3197k#4 = 314
o7 A3l dATE FHsr. B2 X9 HHZ 3§ (Laptev Sea), —Zrﬂi] el

(Chukchi Sea), FAIHlZlo} 3l (East Siberian Sea), X¥E & (Beaufort Sea), 1
AA= 3 (Greenland Sea), 3 =< WH(Hudson Bay)S X3t} 53] x9S A
Aol e PR A q7EA bl Helel AHA o] FESHARE o 5 A
© W o] ol A BEE Hole AEA A ajdEh A
A2 Aol whel sy o] AR Wshrh Asky] wiitel SSM/I NASA Team
dugFe T ANE AsEE AA s Aol exrt sy Hu

(Markus et al., 2003; Markus and Dokken, 2002). OSI SAFolA Az #H4d-S

Fol AEF oY HEO F9E NASA team FnE} AR ADA YA

Ao F2 A E HAY(Accuracy of OSI SAF ice product, 2014).
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Fig. 3.1.1. Study area of this research.



A 2Ad AR
1. SMMR, SSM/I & SSMIS
SMMR (Scanning Multichannel Microwave Radiometer)< 1978%d 10¥€%-H
19879 8€¥E7HA 9% ZAE YA Nimbus—7° BA%E passive microwave
sensor®|th. SMMR2 A|st4Ql d¥ Fgo=m & AA At EE 7HA L §
o oAl Jlel F34(6.6, 10.7, 18.0, 21.0, 37.0 GHz)9 <233 (vertical
polarization) % <% 3% (horizontal polarization) €< 7FA 22 At} T3k 18.0,

21.0, 37.0 GHzY F345 o] g3l 7] =& #AF3

Table 3.2.1. Characteristics of the Numbus—7/SMMR channels (Gloersen and
Marath, 1977)

Field of View

Frequency (GHz) Polarization
Along—track Cross—track
6.6 H, V 148 km 95 km
10.7 H, V 91 km 59 km
18.0 H, V 55 km 41 km
21.0 H, V 46 km 30 km
37.0 H, V 27 km 18 km

Special Sensor Microwave/Imager (SSM/D+= 1987d 7€ 9UFE &9
DMSP-F8, F11, F13, F15° SA=3 o §14d9 87|k Table 3.2.29 Lt}
SSM/I&= 19.35, 37.0, 85.5 GHz% <& 3% (vertical polarization) % 43533
(horizontal polarization) 2jE 3} 22.235 GHz] FFHS A(EZ F 4719 F3,
708 AEd=E FAAHIU S (Derksen and walker, 2003; Stroeve et al.,, 1998),
s AEelE 3704 AY(19.35, 22.235, 37.0 GHz) & ©]4 dtth(Table 3.2.3).

oiN
o

g

DMSP—-17¢9 %A= o]
(SSMIS) = 19, 37 GHzY]
71 A% s #5 sk, Al
SSMIS?] 7} AEL A= o
A, U EHES] EAGEE ¥

J+= Special Sensor Microwave Imager Sounder
F A, 37GHzE 3 HF AdES o] &sto] vt
é%—o T SSM/1C] Fakeb FrAFsktE. SSM/ISE

b Alokztat dlo]E A EE 714 (grid spacing) = 7}
%

&
rg

SSM/I AlA ¢} SSMIS AlA+= SMMRY tt274 4 A5E A A
Ams= ol&dte], 1987dFH AAZMA H=3 F=9] daily siWEEE AT
(Cavalieri et al., 1997).
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Table 3.2.2. Period coverage of DMSP satellite series

Satellite Period covered
FO8 Jul 1987 — Dec 1991
F11 Dec 1991 — May 2000
F13 Dec 1995 — Oct 2009
F14 May 1997 — Aug 2008
F15 Dec 1999 — Jan 2013

Table 3.2.3. Characteristics of the DMSP SSM/I channels(Gloersen
and Marath, 1977)

o Field of View
Frequency (GHz) Polarization

Along—track Cross—track
19.35 H, V 69 km 43 km
22.235 \Y 50 km 40 km
37.0 H, V 37 km 28 km
85.5 H, V 15 km 13 km

2. NASA Team ¥igls&

w53k e W ERYEH s EE Artsty] 98 AREEH = NASA team
R R e SMMRoﬂ AgHon, fss AN dugses dF HAE NASA
team Yalg]FS SSM/ISE SSMISel| 2] &-3akglth(Cavalieri et al,, 1991; Cavalieri
et al., 1984), NASA team L 1|FOZHE &F Fet #=3 o s
ol g3l dFF HWEEE AAketh NASA team 18] FS AW EHY] A3 &
H] &S o] 83t thd® (multi—year ice) 9 YW (first—year ice) & TF&¥3t1, F+
A FRFe WAHHE dAkete] AA s EE AArEt olE 25km AL AR
FHE YEA =, oo wet Al 7HA AME F&l AbEd diRs e 3t s
i 25km7) Evh Ak o® SSM/T Alde] theh NASA team €aie]Fe] hatst
ArEA 2 obef o} et

= [TB(19V)-TM(19H)]/[TB(19V)+TB(19H)] (2] 3.2.1)
= [TB(37V)=TM19V)]/[TB(37V)+TB(19V)] (2] 3.2.2)

(2] 3.2.1)9 PR ¥33H] (Polarization Ratio), (3.2.2)¢] GRS AFHEHS] Fuj
H] (Gradient ratio)® Ado¥t. 81 TBE 2z Fu5zZ d3d 9|2 %

_’]1_



(Brightness Temperature) & &|u|stty, o714 A oH F 71X HE4E o] &3t t}
ARl F=(CM) & €dnle] =% (CF)E ofdiet & A3 o] &3to] -3ty

CF = (a0 + alPR + a2GR + a3PR+*GR) / D (4 3.2.3)
CM = (bO + bIPR + b2GR + b3PR*GR) / D (A 3.2.4)
where D = cO + clPR +c2GR + c3PR*GR (2 3.2.5)

T A FECD = ddnle thanl el oz ofgol o] yERt)
CT = CF + CM (2 3.2.6)

ai, bi, ¢i (1=0,3)¢ AFES 99 WrleEe] FFE AL, W LEES A
242k9) A ) AEE elgstel oln] & Y= o

=2 yeEld o (Donald J and Cavalieri, 1992). NASA team <31

X
1o

ol et HA 2t
P95 W Ede] BAHE B&S AR wie] W25 JFE wol ¥X
o)1=

135

Fol v a2y HBARSACl & F 7HA ol s FdEes 7EE Al

AHow Wstet= fUEAY] YAMES 1T 7 T EHEA et al,
2007). EE?’(_P M9 (open water) 9] W2 WS At e WFEG Y
7R Aol v FEete] el wo] Aofsl= ald, 18l FATE gAY el
o]l EAeke el diside exE dEhdua dE A Aok (Comiso et al,.
1997; Meier, 2005). SMMRell tfgt Nimbus—73 SSM/I¢} SSMISe|| ojst DMSP
o] Ak FAbskARE bS] AX|EHA = =t (Cavalieri et al,, 1999). whehA
NASA Goddard Space Filght Center (GSFC)<2] Cavalieri et al.(1997,1999)
NASA Team@ i #|F& AHE-3te] SMMR¥ SSM/I & SSMISZHFH o] v

e E AEEY] A el

R
2
2
)
A

NASA Goddard Space Flight Center (GSFC) 9|4+ SMMR 27] &5 & HlE O
2 3 NASA team <YrugFo= A FeE AFEsta ATES

NSIDC (National Sea Ice Data Center) |45 SSM/I¢} SSMIS ¥V % AR E ©|
&3to] NASA team g5 WUFEE A= ARE sty 3tk NASA
team FAE|FS o] &t AEE MWEE AXHA Wl Table 3 o YEFA
o &2 AFelA = Nimbus—72 SMMR¥} DMSPE SSM/I7F 3= &9 € 1987
d7d 9d%E 1987d 8¢ 20247h41 9 dW s ol tisiA= Nimbus—72] SMMR
o] Hlo|H & o] &3ttt
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Table 4. Temporal range of input data of NASA team algorithm

Platform/Instrument Time Period
Nimbus—7 SMMR 1978. 10. 26 ~ 1987. 08. 20
DMSP-F8 SSM/I 1987. 08. 21 ~ 1991. 12. 18
DMSP-F11 SSM/I 1991. 12. 19 ~ 1995. 09. 29
DMSP-F13 SSM/I 1995. 09. 30 ~ 2007. 12. 31
DMSP-F17 SSMIS 2008. 01. 01 ~ &~

3. OSI SAF Sea Ice Concentration Reprocessing Project

OSI SAF (Ocean and Sea Ice Satellite Application Facility)+ 1997l A]Zt#
EUMETSATS] ZAERH, 0 54, s+ 259 vtga 22 ti7]9 ek
ATAA A= AEEES AF
Ak, S FE, e olE R WAREE o] FolA <tk OSI SAF JE*“E

+ CMS¢} Meteo—Franceel 2lall #hejH v, el 2= w290l 713749
dulg 7|AAFLoA FEOR 9% OSI SAF High Latitude processing 7]
ol A AbEstoh 20020 s AFEE =9 oldlE o] &Tbs st sWAtEE el
ZHAE 9o #A9 FE wolaRs AAME SHE A5 AAYE skl
OSI SAFelld= Z717te] sisx At=s $13 Nimbus—7¢ SMMR¥} DMSP?
SSM/I9} SSMIS?| dolEl& AF&-3k3lom, Table 3.2.5% OSI SAFe] o] &% AlA]
2=l AIZEA WS AFyst Aolth. OSI SAFOA dWs% A& Al SMMR}
SSM/19] F3H¥ 7]3te] tialA] NASA team &ilg]lFolA SMMRS ARE3E A=
Hbt] 2 SSM/1€] HolB & ARE-sH3it.

_

Table 3.2.5. Temporal range of input data of OSI SAF SIC algorithm

Platform/Instrument Time Period

Nimbus—7 SMMR 1978. 10. 26 ~ 1987. 07. 09
DMSP SSM/I 1987. 08. 21 ~ 2013. 01. 18
DMSP SSMIS 2013. 01. 19 ~ €A

_’]3_



Fig. 3.2.1:= OSI SAF #Ys%
woltt, A WAl dANA Level 12 AA A5 52 Bristol 2
7} Bootstap & 11#% (Comiso, 1986; Comiso et al.,
Hybrid ice concentration

AFaAZE 7T (A 3.2.7).

Cte= AA sy
water) &) B2 %

=0
o=

Bootstrap il

o] oltt.

calc_tiepoints

55 YE Y, Th+= S3¥ H
T4 (ice) 2
Elk R

convert +
select data

atm_corr +
calc_conc

calc_uncert

Thl+=
Ahgaha,

Hybrid ice concentration

== 9 A

= (Tb=Tb")/(Tb" + Tb")

grid+average

coastal corr

climatology mask

T2m check

U=

th el M =

SIS

Al A A AH e B F
2k 18] 5 (Smith, 1996)
1997) 9] xF o7 o]Fofxl
o W EEE ArEET ofge] Ay e

(2 3.2.7)

%, Tbwe 7B 44 (open
TN - ol A
Brostol&igl&5& AF&-3t=
5o AHE sk Aol NASA team¥e] 7Hd & A+

apply masks
and corrections

gap filling by
interpolation

final formatting

Fig. 3.2.1. Three main steps in calculation of the daily sea ice
concentration from OSI SAF (Global Sea Ice Concentration

Reprocessing Product User Manual, 2015).

OSI SAFoA+= Fig 3.2.1°14 A WHA HF4HE& E3 Level 29 sjUEEE A=
3t} Level 2 product® WY OS2 griding, 174, status flag %—94 Level 3
productE AAtstt}, mpx|wto g A= g st UiHE

49 W AEES 9A FvH(0SI SAF ATBD, 2014). # Oﬂ?oﬂﬁ 54%—319&
AHEF level 4 Y FE AEE AFESETE Table 3.2.62 OSI SAFY] dW&s%
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Table 3.2.6. Description of OSI SAF Sea ice concentration product

grid_spacing Valid Fill_value

Variables Type Unit . .
/ grid_mapping Range /scale_factor

Lambert_Azi
. long
muthal_Grid
seconds since
time 1978—-01-01

00:00:00
seconds since

time_bnds  double  1978-01-01

00:00:00
XC
km 12.5334 km
ycC
lat degrees North
float
lon degrees East
ice_conc

standard_err

or

. i —32767
smearing sta  jn¢ percent(%) ~ CAmPErtAzim 5544
ndard_error uthal_Grid /0.01

) (Iat/lon)
algorithm_st
andard_error
status_flag byte 0—101 128

22 NEE 156 % ol A siwHAor Fofdt 15%0]7d2 @i
el &= "8 S 25 43t A8 W 99 (ce extent)olgt ki, v 94
ol AAR AAst= WA (HA WAXHW5E) S s HE (ice area)o]2kal 3+
CH(Serreze et al., 2003; Vinnikov et al., 1999). ¥ AT oA ajv]l Jdo 2AH
A HuE 98 F dugEs 48 AWEEE ol&sto] U IS AtEsto

LIRSS
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Category 7= source

Category 1 A8 AREHH AES A m

Category 2 UsAAd/2d/35 ARE st AlEAE 2=
Category 3 nds Foto 49 A=

2. A4 AAg

Table 3.3.2<2

OSI SAF 7
W laLE

NASA Team SICE #x 54
SIC+ scale factor® 2.5, OSI SAF+ 100
ARE3FSlth. OSI SAFA] A&
SICY A= 9 v=ZA A7kl interpolations

o] circular maskgs % -&3}7]

S
=

UEbd Alojtk. NASA Team
Agstol AA AWBER At

3l SIC A&+ circular mask”’}F 99+ NASA team

Ageto] AlFetar Qv Fig. 49 &
A/5o] mYEe Ht SIC7E A tE27] wji-of
o circular maskE A &3}y F+ Am BT SIC7F A3t FEo®

S shel .

Table 3.3.2 Description of NASA Team sea ice concentration product

Data Value
0 — 250

251

252
253
254
255

Description

Sea ice concentration (fractional coverage scaled by 250)

Circular mask wused in the Arctic to cover the
irregularly —shaped data gap around the pole (caused by
the orbit inclination and instrument swath)

Unused
Coastlines
Superimposed land mask

Missing data

_’]6_



Fig. 3.3.1. Distribution of sea ice concentration (1980—2010)
from OSI SAF (a) before applying circular mask, (b) after
applying circular mask and (c) NASA team.

3. SIC vlw ¥ #2 A3 74
7 H A

T Aol e A713E AAE

oA ArEe SIC ARE Axd, AAE, AEE
w/EAeRT 3k A4S AEE 540 dehts 7os AdAFste] giAow
SICSE s d & wawshleh. 42 SIC7F 15% o173l 39 WAooz AhEs)

it

Fig. 3.3.2. The East Greenland, Svalbard, Northern

Barents areas in this research.
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A 4 A FASE/IF FA Lof aL/Ad AR $8 £

134 el 2 F 30 AR 2F A FY

A5 E S5 AW/ AE FEEY HS5F A FHE He =24
1. AR 7)felA o] &5 FA odF Zd" &85 A% A5 A 9 A
TheFst A 7o o] H = WH gk AR AR st ARE A 2 A
stk ZAReE W EE KPOPS—Weatherd] 27] ti7|2d WA S 194
T 7|Wt dl" 5% (sea ice concentration), W &% (sea surface temperature)
= AR A ok 3 sjA = Aol 21 5, W oS5 B4 =
1 75 2D AFo FEAAS Yste] A Zlo] (Ice depth/ Thickness, snow
depth on sea ice) ARE Attt SAYE 75 =52 flste] A A5 A
3713, A 3 IR, Ale IR, ARl AR olF, ARE As NS deekid
ok A= AlY WHS FTP NSIDCO FTP AME o2 = 7bash 2k5, HTTPE
NASA EARTH DATA webollA AlFats A8, O B2 A4 glo] http 7|NES
2 SA URE 7te ARE Yu|sth il s As7F Ao R beketA 5
Hof Ao, s & B vkt AR AleH I AARE SAY (FHSA ) 7

A AFEH= A5+ tAh A Ice depth / thickness A59 AF STl E Y4
270 A AFEHE 7|Zke] o, AU S5 A5 AF 50 kmo 3t A
Lo 9 AEE AFHY] witel A Bde o] §x7] fleliAe TheEge]l &

st AR E
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(1) Sea Ice Concentration

7880855(6);;8?)05 1015 Temporal | Spatial Product Name Access
Daily 25 km NOAA | Sea Ice Index 0]
. NOAA/NSIDC Climate Data Record of Passive
Daily 25 km NOAA . . FTP
Microwave Sea Ice Concentration
Daily Sea Ice Concentrations from Nimbus—7 SMMR and
25 km NASA ) ] 0O
1 month DMSP SSM/I-SSMIS Passive Microwave Data
Dail AMSR—-E/Aqua Daily L3 125 km Brightness
5a:1y, 12.5 km | NASA | Temperature, Sea Ice Concentration, & Snow Depth 0]
ay Polar Grids
) AMSR—-E/Aqua = Daily L3 25 km  Brightness
Daily 25'km NASA ] ] O
Temperature & Sea Ice Concentration Polar Grids
Daily, Bootstrap Sea Ice Concentrations from Nimbus—7
25 km NASA HTTP
1 month SMMR and DMSP SSM/I-SSMIS
Sea Ice Trends and Climatologies from SMMR and
X 25 km NASA HTTP
SSM/I-SSMIS
) Near—Real—-Time SSM/I-SSMIS EASE-Grid Daily
Daily X NASA ] HTTP
Global Ice Concentration and Snow Extent
] Near—Real—Time DMSP SSMIS Daily Polar Gridded
Daily 25 km NASA ] 0]
Sea Ice Concentrations
Dail 12.5km 05! Global Sea Ice Concentration reprocessing datase 0]
ary 10.0km SAF oba P &

FTP : FTP AHZ 22t 715 |

HTTP : NASA EARTH DATA web / 7}9] @

| O :
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(2) Sea Surface Temperature

Periods :
~SRORE9095 00051015 Temporal | Spatial Product Name Access
. i GHRSST Level 4 OSTIA Global Foundation Sea Surface
Daily 0.054 GRSST ] O
Temperature Analysis
i Reynolds NCEP Level 4 Optimally Interpolated SST
1 week 1 NOAA ) FTP
Weekly Version 2
(3) Ice Depth / Thickness
Periods :
ZSR0R5909500051015 Temporal | Spatial Product Name Access
IceBridge L4 Sea Ice Freeboard, Snow Depth, and
X X NASA : ] O
Thickness (+ sea Ice Elevation, Snow Depth)
* 1 day 70 m NASA Arctic Sea Ice Freeboard and Thickness FTP
Dail AMSR—-E/Aqua Daily L3 125 km  Brightness
5a:1y, 12.5 km NASA Temperature, Sea Ice Concentration, & Snow Depth 0]
ay Polar Grids
Unified Sea Ice Thickness Climate Data Record
1 month 50 km NOAA ) ) FTP
Collection Spanning 1947—-2012

FTP : FTP AHZ 22t 715 |

HTTP : NASA EARTH DATA web / 7}9] @
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2. ¥ source°l| Wt ¥R g T

3.3.1%A #5 sourced WE ¥ AR EF Vs Ak oW AelA
= ;T 7S ol&ste]l AR P A5EY EReth g ARES kel
M AdFstadxe] W v, dlW 2%, A4 ZolE FAHOE £y oty
Table 3.5.12 A HFES category® 573t Zolth 72 A 59 category 9 A=
g, Al - 33 SN E, AE 7R d e #ste] gkt

it 2o B4 37HA category ARE At on 7t AR vhefel &Y=t

Table 3.5.1. Classification of key parameters into categories

Sea Surface Temperature (SST)

Resolution .
Data Spatial | Temporal Periods Accuracy
NOAA AVHRR L2P 2007.9
Category 1 9km _
GHRSST ~3& 7Y
NOAA OI SST V2
] ] 0.25 ] 1981.9
Category 2 | High Resolution Daily _
degree ~& A
Dataset
L4 OSTIA Global
] 0.054 ] 2006.4
Category 3 | Foundation SST Daily B 04 K
. degree ~3 7
Analysis
Sea Ice Concentration (SIC)
AMSR—-E/Aqua L3 25
) . 2002.6
km SIC Polar Grids, 25 km Daily
~2011.10.4
Cat ry 1 V3
ale8OrY * 'SIC from Nimbus—7 L0801
and DMSP Passive 25 km Daily ' +5~15%
) ~2010.12
Microwave
] 1980.1
Category 3 | OSI SAF SIC 10 km Daily £10%
~2015.4
Ice & snow Depth
AMSR—-E/Aqua Daily
2002.6.1.
Category 1 |L3 12.5 km Snow 12.5 km 5—Day
) ~2011.10.4
Depth Polar Grids
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A 68 B3 YA 98 BEARE TY TRAH 44
1. OSI SAFS} Nimbus/DMSP #t& H] i

2 Ao M= category ®H AW EE wAS 989 category 1E /¥ NATA

team®  ‘SIC from Nimbus—7 and DMSP  Passive Microwave A= $}

category 3°0.% ®F¥ ‘OSI SAF SIC’ A8 9] xpo] W EA BXS S35}

jus

(1) Z713 L3 d7t EAsk= F ARE o450 4
T ARG 3196z g7 ARE B4 (19809 1€ ~ 20109 12€9)E #4135
govl, sy #E A A =3}

574 @l sy wA A, 94l H)o] F
1 TS £ E £453id Fig 3.6.12 A

e
H 559 zko] olm xzFo]= OSI mean SIC - Nimbus/DMSP mean SIC =

i

Howg JHUPE BZ A o)A = Nimbus/DMSP7} =4 =5l =3 95
Aol o5} 72 OSIVF =4 #=HJoH, AL EHoe=
Nimbus/DMSP #|W 5 %7} =4 #=5 Ao}

Summer Autumn

_|

-. ..
e deetration (]

Frw L o - W W
inter

= .
]

Fig. 3.6.1. Seasonal distribution of difference between
OSI SAF SIC and Nimbus/DMSP SIC.
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A A7 73 T F AR Tl B2 20039 VIR Y

TSR}, Fig.3.6.2% OSI SAF9} NASA team A}e|9] density plot= WER
o% 3 AT Izl T s sEe AdAlT 0.988389 =2 AHA =
o 2ol 7 A= ARolel oF 8 % JEe] Afo] EAfsiH, Iz oA ThEE &
ol EAjs=d], o= Nimbus/DMSP #A=°] A-¢ &dAHAol A4S o s
sk OSI SAFJ SIC7} 0%l 7V7k A& elA NASA team® SIC7F 0~ 20%7}+A]
bogkol Exetet], e Fae dlg/a BAMY dEE FEoRE AR ET

3t
SR Q7 Sasolel # old

¢
r g
X
lf
Sh
>

e 5
Aox2 e

O

:L

0Os1 SAF SIC vs Nlmbus?IDMSP
R—s uare : 0.9679 ; g

100

200

RMS Diff : 8.41 9_.-
_ -,,Elas -3.4007
£ Slope : 1.039 ' -< 180
= pof intergept 1 -5.7 54
L H'D Q'f FFDI!'IES 160
= y ;
;"": 1440
g
{-L; 1120 4
& =
2 1100 S
Wn
< 80
=]
E
E
=

051 SAF Sea ice Concentration (%)

Fig. 3.6.2. Density plot between OSI SAF and
Nimbus/DMSP (200).

(3) A3 sy AAYE +32 (1980 - 2010)

Fig 3.6.3% 99 3 74 AAeAe w29 AAYL +x25 Yepd Zolth 4g

Sk AR A= T E Aol EA silewn HE AL OSI SAFE] SIC, w7t
<& NASA team?| SICE <oJv]sitt.
5 ET AEA 5o NtgdE AAE FEE HolA R NASA team®| SIC]
71Zke] OSI SAFe] il @A etA s SICE Hol=t, 9% 55° N 9]
Ao A 7 A5 Zolzk BF A el vl o]l gt Aol Fhe XA vERd
o AgEY 2ol W FETF 52 ATledAE T AR Aol7t AA vERH
57 H47) He A7l 0SI SAFSE Nimbus/DMSP Apo] o] Zpo] 7} Z:7} $hoh,

S|
=i

-{0 41
>

o,
oéi

=
-

o
o,
X

M
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Sea lce Concentration (%) Sea lce Concentration (%)

Sea Ice Concentration (%)

g
-
=
P

¢ 8 8o, ¥ &5 g B

1

)

2000 2010

Fig. 3.6.3. A& OSI SAF 3|5 %= 2 Nimbus/DMSP 3|15 % 9
AL B (g& AA : OSI SAF, Wz A4 Nuimbus/DMSP).
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A7 A vt 2AE vIRS R SIC 5 124
1. A SIC v
Sensor®] AW wAE f1a F 7HA o] AE7E SHEE Al71elA OSI SAF$}
NATA teamol|A A= t}E passive microwave AFE3F 7]7Fo] EA 3t} B I o
Mz FL3E 7] bE A E AREE A T 718N AleE s AEES] Aot
oAEA Watet=A], AME At WA ETL ofEA EAet=AE flste] 7IIPEE Bl
= Sh3ith Fig. 3.7.19F o] 9¥ SIC B #S &S w, 2008 o] F Aol
7 Eole AE ¢ 7 vk Table 3.7.12 F A= Zpolo] BFgk, Hug, AL
vebdl Eolrh. 74z SSM/ISE SSMR AlM S AHE Fe wWi7h Hd 1.4% 7P w2
= HATh SpARE F3bo] Aolst AAE 2008 o] F zpole] o] T A
XS BT o] SSMReA tha AldE dojzd o AAe] xol7} A &4 st
Ao v A SSM/I9F SSMIS Abel 8] AlA 54 8] Aol= A2 Z1s & 4 Uth

40 Y .
Il |
Q i |
p F i
e 30 '
'g i
© 1
-t Il
S i I
G 20 i |
c | :
o
o Vo gy v ‘ . i :
8 10 | — A1V SN RN R
—_ Il | ()
-4 — OsI SAF l
n —— NASAlTeam :
0 ; i
1987.7.9 Date 2008.1.1
1987.8.20

Fig. 3.7.1. Average of daily SIC data from OSI SAF(red) and
NASA team(blue) (1980—-2010)

Table 3.7.1. Difference value according to sensor

oo 0SI SAF NASA Difference
Team Mean Max Min
~1?Sg-7'1-7.18 SMMR 0.8085  3.238  0.0032
) 11998877-. 7é. 920 SSM/I SMMR  1.4032 2473  0.0748
) 12908077-. 81-2?131 SSM/T 0.9070  3.064  0.0002
) 38?(8): 1'2'131 SSM/T SSMIS  0.6328 2770 0.0003
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2. A& SIC vl

OSI SAF SIC¢ NASA team SICE &ag|F zto]= <lal /sl F FAAAS A
ol & zo]lE Btk NASA team¥} Ml S w, OSI SAFY] o)
+ NASA teamol ®l& &2 /a7 BAE Bl F A5 F&E Ao]
< fgte]l F duEgFelA BF dWo] EAlsteE 7oe wEoR AdY I3t
£ 438t (Fig. 3.7.2). Fig. 3.7.2& R9, i OSI SAF SIC7} =2
Helth oS niEgog U ¥7t ¥ E Holud, 747 sy 542 338 (D)
E Agek & e (2, 3, 4, 5) AY HFAEGY G §X9 "y s Y
oty tfF- OSI SAF? SIC7F o, B9l 1ge Fal (5) = NASA team
SIC7} =ttt Bl = A& (@) & (b) ol NASA team SIC, 95 (c) % 7F
(d)> OSI SAF9 SIC7F =7 AdEE & SAo] #5HUth

Fig. 3.7.2. SIC difference according to each season
(1980—-2010) (a) winter, (b) spring, (c) summer and (d)
autumn (1) Arctic Ocean, (2) Okhotsk Sea, (3) Bering
Sea, (4) Hudson Bay and (5) Lincoln Sea.
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3. 799 SIC vl

Fig. 3.7.2°14 a8 723 =5 Aoz AAd £4e F3s3i.

(1) H=3l

53 (Arctic Ocean, Fig. 3.7.2(1))+ o953 7= OSI SAF, ALy B
NASA team SIC7} #=A #FHALH vlud o2 Fut o537 712 o & &
o]zt HU}t. Fig. 3.7.3% X, NASA team SIC7} & AL3 EHT} OSI SAF
SIC7F & A& 7h&ell #kel7t ¥ & A& & 5 ok

Difference of SIC (OSI SAF-NASA Team)

Sea Ice Concentration(%)

Date

Fig. 3.7.3. Time series of difference SIC between OSI SAF and
NASA team in Arctic Ocean.

(2) L5 ==3)

2% =33)] (Okhotsk Sea, Fig. 3.7.2(2)) & o5l W AL EAHA &+
Aol AAZ o2 OSI SAF7} ¥ 9907 Fig. 3.7.45 B HIse 2y
oA 5ol Hlwa Aozt A, Aol zte]7t ¥ Ak o Fo AU NASA team SIC
7} =4 B2 He], R OSI SAF A9 AZo] whAst 7]7ko] gt}

Difference of SIC (OSI SAF-NASA Team)

12
S
€ 8
)

i
g
£ 4
"]
Q
5 0
o
[<F]
L
5 4
[
n
-8

Date

Fig. 3.7.4. Time series of difference between OSI SAF SIC and
NASA team SIC in Okhotsk Sea.
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(3) HlH s

H = 3l (Bering Sea, Fig. 3.7.2(3)) & 2e=339 vlx7IX 2 oJF5+= 3|H <]
A EASAE o). AAAH oz OSI SAFZ} 0™ Fig.3.7.50142 zo] &
T2 B 93289 o] oFo|= Aozt A, AL o)zt Ak &I} 7}
Sof A% NASA team SIC7} & o] #AZEHQEW, Q=39 npatAz
OSI SAF #=8] AZo] EA8tUd 7]1kolt}.

Difference of SIC (OSI SAF-NASA Team)

Sea Ice Concentration(%)
N

Date

Fig. 3.7.5. Time series of difference between OSI SAF SIC and
NASA team SIC in Bering Sea.

1F(Hudson Bay, Fig. 3.7.2(4))+ t& F9rt vlwd 55X LA s
=Hto] glow, AAF e ® OSI SAF7F &2 7-9olm ofFolk 4 o]l =4
sith of Foll Apol7b A3 Agel vlwd zto]7t At} Jel dF NASA team SIC7F
=7 #5H A

N

Difference of SIC (OSI SAF-NASA Team)

Sea Ice Concentration(%)

Date

Fig. 3.7.6. Time series of difference between OSI SAF SIC and
NASA team SIC in Hudson Bay.
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(5) B3|

g A8 (Lincoln Sea, Fig. 3.7.2(5)) & IHHE 529 Qfa|odoln] AAxo=z
NASA team SIC7F =2 F9o|th 441" Ul SIC7F 70% ©]% #x3stH, o5l
OSI SAF SIC7}F =31, YA AlEE NASA team SIC7} =t}

Difference of SIC (OSI SAF-NASA Team)

15
S 10
c
S
T 5
c
S o
c
8 |
> 5
o
S -10
n

15

Date

Fig. 3.7.7. Time series of difference between OSI SAF SIC and
NASA team SIC in Lincoln Sea.

o~
o
o
ne)

Zji}ol 224 (OSI SAF - NASA team)
HAw ¥

i u=
Ad e} k=gl 7k iiéifﬂ]% 7|Zo® 9oy BAS ¢ag»a}Mn}_

(1) AA A+ 4

OSI SAF+ interpolations AE3t 2tg 2 A4 o2 OSI SAFY & HZA o] ¥
A #ZEh Fig. 3.7.8% W WAL zo]& AALE e Zo|th @ zol &
By v 7~11¥9e] #ol7k A1 1~5€ Aozt AA #ZHrh 1986, 1989
d, 1994l Z4zb 74 OSI SAF @™ Hzle] w45 A dad Al717F =,
e Al7lell OSI SAF Atz ol W2 A5o] MAFTE 1987d ¥ 2008 NASA
Team® AFE A4 WA (SSMR —SSM/I, SSM/I —»SSMIS) 2 <13t A= 747}t
WEASESl AL o] = 1Sl siv] WA o] o]t HAS Tt NASA teams 7] C= Al
Aol wEbd £ oW WH e Aol SMMRE A & w H 1969 km? , SSM/I
S AHE & o], 1607 km? SSMIS AFS-& wf 619 km? OS2 F<£3] FAaskqltt.

_29_



SMMR i« SSM/I  SSMIS

Sea lce Extent(10°km’)
-

| — 5| SAFSHASA Team
& v & & & & FV P
Date

Eglgag 134 | | 1994.7.21 [ 0S| SAFSNASA Toam |

Fig. 3.7.8. Time series of difference between OSI SAF sea ice extent and

NASA team Sea ice extent in Arctic.

(2) 73

Fig. 3.7.9% #A& o149 OSI SAFS NATA team?] WA o] xpo]= A|AA
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Fig. 3.7.9. Time series of difference between OSI SAF sea ice extent and

NASA team Sea ice extent in Lincoln Sea.
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Fig. 3.7.10. Time series of difference between OSI SAF sea ice extent and
NASA team Sea ice extent in Okhotsk Sea.
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Fig. 3.7.11. Time series of sea ice extent per each threshold from
OSI SAF.
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Sea Ice Extent(NASA Team)
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Fig. 3.7.12. Time series of sea ice extent per each threshold from
NASA team.
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Fig. 5.1.1. Future plan.
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