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Comparative Study of KOMPSAT-1 EOC Images and SSM/I NASA Team
Sea Ice Concentration of the Arctic
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Abstract : Satellite passive microwave(PM) sensors have been observing polar sea ice
concentration(SIC), ice temperature, and snow depth since 1970s. Among them SIC is playing an
important role in the various studies as it is considered the first factor for the monitoring of global
climate and environment changes. Verification and correction of PM SIC is essential for this purpose.
In this study, we calculated SIC from KOMPSAT-1 EOC images obtained from Arctic sea ice edges
from July to August 2005 and compared with SSM/I SIC calculated from NASA Team(NT) algorithm.
When we have no consideration of sea ice types, EOC and SSM/I NT SIC showed low correlation
coefficient of 0.574. This is because there are differences in spatial resolution and observing time
between two sensors, and the temporal and spatial variation of sea ice was high in summer Arctic ice
edge. For the verification of SSM/I NT SIC according to sea ice types, we divided sea ice into land-fast
ice, pack ice, and drift ice from EOC images, and compared them with SSM/I NT SIC corresponding to
each ice type. The concentration of land-fast ice between EOC and SSM/I SIC were calculated very
similarly to each other with the mean difference of 0.38%. This is because the temporal and spatial
variation of land-fast ice is small, and the snow condition on the ice surface is relatively dry. In case of
pack ice, there were lots of ice ridge and new ice that are known to be underestimated by NT algorithm.
SSM/I NT SIC were lower than EOC SIC by 19.63% in average. In drift ice, SSM/I NT SIC showed
20.17% higher than EOC SIC in average. The sea ice with high concentration could be included inside
the wide IFOV of SSM/I because the drift ice was located near the edge of pack ice. It is also suggested
that SSM/I NT SIC overestimated the drift ice covered by wet snow.

Key Words : sea ice concentration, KOMPSAT-1 EOC, SSM/I, NASA Team algorithm, land-fast
ice, pack ice, drift ice.
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Table 1. Classification of sea ice types according to three classification systems (WMO, 1970).

Classification a ice types
. . accordiny cs of distribution, todistribution area
according to age,’:1 s, -and formation 1o properties - - centration
Frazil ice , . 10-30% ice
; Very open ice .
Grease ice Land-fastic Forms and remains concentration
P - e
Newice  |Slushand Shuga <10 cm fast along the coast enice 40-60% ice
Nilas Op concentration
Pancake ice . Close ice 70-80% ice
. Grey ice 10-15cm o <10% .1ce concentration
Young ice — Drift ice concentration and -
grey-white ice 15-30 cm Lo . 90-100% ice
_ : various size Very close ice .
Thin first-yearice|  30-70 cm concentration
First-year ice |Medium first-yearice]  70-120 cm >70% ice Consolidation | 100% ice concentration
Thick first-year ice >120 cm Packi concentration ice with little open water
ack ice
Multi-vear ice | S2cond-year ice 3m and forms Compact ice | 100%ice concentation
veart Multi-year ice wide ice floe P with no open water

W 250 = A V)& BE 9 o5 B4, 17
3 #y9) Aojtt, o] 7)ol wet 3% land—fast
ice, pack ice, drift iceZ E5%2 = ITHWMO,
1970). Land—fast icex ai¢tis wat F4€ &
UF = gol2 Faloletn ghoh A2 FiohA
I FE gEFl HEEo 49 oz Fhal
B3Pt A9 glet, dRtEoz 13 ojifel 24 7
7HIH, 2o 2 m oo FAE 71X A HE o
HW2(ce shelf)olzt gtct, Pack ice®} drift ice= 2%
Folgt o2 Wi g & glou} e7he] Aoz}t itk
TS e ol WA sl=g] sFolu vigof o5
ol Fdh= AW uiste=d], YA WA oA 44
o] 2R3k Aol 70% oY -9 015 pack iced}
B3, 70% °l3tY HL-E drift iced} it} o] o,
pack ice® §ol= 4 thAl B9 E= FHolahs &
o2 ¥9g 4 qlth, £ =EoAE pack ice® HH,
drift iceE w02k §ol2 AME3HElTh

B 7ol QlojA Al "R 7)&o] S A2 sH)
o) #Z WA Yilteolr}, A WA oA o]
A8l WA Wt very open ice(10-30%), open
ice(40~60%), close ice(70-80%), very close ice(90~
100%), consolidation ice(100%), 2|1 compact ice
(10072 AlE8 4= YTHWMO, 1970). Consolidation
ice¥} compact icew 257 YHEZT100%3] L 9

S BB % ofRo] weh FRET,

—~

Compact icet el BH Ei= Ujblo] ujtEo] A
& A ghe 9ol ARBE = gololtt,

Sea ice concentration(SIC)S 31 HAH] -2 3
W B g, 93 WA ol A sfulo] Akx|s}
© WA S WESE Vehd Ao E Ao, Uyt
2 15% oV SIC7H AgE = Y= +A= Agdrt
15% °14¢] SICE Uehlie gAY Has =E vt
& W A Y(ce extent)ol2t 3FIL, B FH SholA
gfdo] AARE AA|ehe HA(HA HA XSICHE 3
W& (ice area)o|et etH(Serreze et al., 2003;
Vinnikov et al,, 1999).

3. ATAY Y YRR

o] =79 ATAYL HE|Z df(Laptev Sea), 3
A #(Chukchi Sea), FAI¥IZ]o} s(East Siberian
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(Greenland Sea), 283 3] E< "HHudson Bay) 22
of AREL HE B39 7Pt el YAjgict, o]
3 5539 7PgRkE] A9 AL ol W #
Qo A BN AF A= dio] H= AE
2 YA Ao gt ARA YA G2 AR uf
2t 3 EHO] HAkE ¥t sy wiEe] SSM/1
NT &32e)5S 53 AL SICeF AA] SIC Ato]o] &
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Fa1 SR e] {3 FEo] 73t 97l A=) 7o719) o
S Aol ARE3FATHTable 2).
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Resolution Imaging Spectroradiometer) GArz
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9] §& swath® 7H]7] W&ol EOC %9AYoll uisf R}
Q2 N9 JrE mpolshed] 4831tk ENVISAT
ASAR @A sl mHQ) Atha]l A7 ARE A
S350, MODIS B4ollA] 522 Ql3) 29ls17] of
2 EOC 94 F9 7l &9 YA ARE A3t

A4 SR

(<3

LI
)

>~&o

o

0 1000 2000 3000
- —

- o - [ Kilomesters

Fig. 1. KOMPSAT-1 EOC orbits overlying SSM/l NASA Team
sea ice concentration image(5 August 2005, 6000 km x
6000 km). The orbit numbers are listed in Table 2.

SSM/I NT SIC ZA# &= NSIDC(National
Snow and Ice Data Center)ollA] A2ttt NSIDC
= SSM/IE BIES thekst PM AlA 9] SIC AI=E A
T Qlon, 1 Yo S2|9F BAH thst 4
R 3131 Qe B3 SSM/I NT
SIC A=) 37IL 7600 km><11200 kmEX 22 A

< Yehin], KOMPSAT-1 EOC Aol %03% o
A ARE BESIYTH B3 EOC 949 &9 A, &
2l¢] SSM/I NT SIC A2 & ZHo| 3E3}9ic},

Table 2. KOMPSAT-1 EOC images obtained from July to August 2005 in the Arctic sea ice edges.

No. ?
1 2005/07/12 Laptev Sea
2 2005/07/15 72.95N/168.65W Chukchi Sea
3 2005/08/05 73.05N/179.76E East Siberian Sea 61
4 2005/08/06 76.44N/143.04E Laptev Sea 4
5 2005/08/07 74.92N/159.60E East Siberian Sea 62 25
6 2005/08/11 71.86N/130.01W Beaufort Sea 62 4
7 2005/08/14 72.18N/157.59W Hudson Bay 62 0
8 2005/08/22 73.89N/128.60W Beaufort Sea 63 2
9 2005/08/25 76.66N/14.23W Greenland Sea 64 14
10 2005/08/27 75.7IN/17921W East Siberian Sea 61 1
Total e 10 orbits 624 72
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FEo| e r EREHE T £F Aol AdE 3
E]A] Z81gltt, ol2fst dudel dteiA e Steg o4t
£ BAsI Crocs 24 F3Art,

Crocs SSM/I NT SIC &&ellA EOC gAte] E54
ARl Fgshs PAlol SIC(Cssmpet B3I E
T EOC 949 9 4A 2 A, $Y9) SsM/I =2

-‘-oR r|

He EOC 94tol #9d Az 2 ¥ HM(cubic
pixel, 3x3x 3 pixels)®] SICE 8ttt 18]l cubic
pixel SICO| EFEHXHObic) T AL B AlFZE
Aol BgAS shedtpet, ouncol &S Y
o] Al EZFE 0 2 ¢ A o)1 FUsith= AL _‘]u]ﬂ-];],.

Fig. 2= 539 Croc® Cssurs HIL3H 4THeo)
o, 15% o449 & 7Hxje dlolelwt ZAEIGTE 2
Z}o] glojg] EQIEo| HAIH MZ D= oupics LHEH
Weh Croc®t Cssmyrs 15-95% Aol 9] thakst ke 7F
A1 9o, AAHORE oupic0]l A UEtde 2e
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Table 3. Classification Accuracies of KOMPSAT-1 EOC images.
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Fig. 2. The relationship between EQC sea ice concentration (Croc) and SSM/I NASA Team
sea ice concentration (Cssus) of the Arctic sea ice edges. The vertical bars are the
spatio-temporal standard deviation of sea ice concentration for SSM/l cubic pixels
(o cubic)- The black points are snow covered land-fast ice identified from EOC images.
The white points are pack ice while grey points indicate drift ice. The black line is linear

regression line for all data

points.
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Fig. 3. (a) The relationship between EOC sea ice concentration (Czoc) and SSM/I NASA Team
sea ice concentration (Cssyy) of land-fast ice. The vertical bars are spatio-temporal
standard deviation of sea ice concentration for SSM/l cubic pixels (cubic)- The outliers
outside 2 from the AC were removed. The black line is the linear regression line after
the outlier removal. (b} A portion of KOMPSAT-1 EOC sea ice image (Greenland Sea, 2
kmx 2 km) on 25 August 2005. The snow covered surface of land-fast ice is relatively
smooth with cracks and leads. (c) ENVISAT ASAR sea ice image (Greenland Sea, 100
km x 100 km) on 25 August 2005 is overlaid by KOMPSAT-1 EOC images obtained on
the same day. The land-fast ice is widespread on the locations between Greenland
eastern seashore and small islands. The box corresponds to the location of (b).
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Fig. 4. (a) The relationship between EOC sea ice concentration (Czoc) and SSMA NASA
Team sea ice concentration (Cgsmy) of pack ice. The vertical bars are spatio-
temporal standard deviation of sea ice concentration for SSM/I cubic pixels (G cubic)-
The outliers outside 20, from the AC were removed. (b) A portion of KOMPSAT-1
EOC sea ice image (Laptev Sea, 2 kmx 2 km) on 12 July 2005. The small ice ridges
and open water on top of ice floe are observed. (c) ENVISAT ASAR sea ice image
(Laptev Sea, 100 km > 100 km) on 11 July 2005 overlaid by KOMPSAT-1 EOC
images obtained on 12 July 2005. The ice floe of rough surface is widespread on the
ENVISAT image while a thick cloud cover is observed on EQC image. The box

corresponds to the location of (b).
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Fig. 5. (a) The relationship between EOC sea ice concentration (Ceoc) and SSM/I NASA
Team sea ice concentration (Cssuy) of drift ice. The vertical bars are spatio-temporal
standard deviation of sea ice concentration for SSM/I cubic pixels (0 cypic)- The
outliers outside 20, from the AC were removed. (b) A portion of KOMPSAT-1 EOC
sea ice image (Greenland Sea, 2 km x2 km) on 25 August 2005. The pack ice of
various size and wide open water are observed. (c) ENVISAT ASAR sea ice image
(Greenland Sea, 100 km x 100 km) on 25 August 2005 overlaid by KOMPSAT-1
EOC images obtained on the same day. Many chunks of ‘very open pack ice’ and
‘open pack ice’ are observed. The box corresponds to the location of (b).
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