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High Resolution Ocean Color Products Estimation in Fjord of Svalbard,
Arctic Sea using Landsat-8 OLI
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Abstract : Ocean Color products have been used to understand marine ecosystem. In high latitude
region, ice melting optically influences the ocean color products. In this study, we assessed optical
properties in fjord around Svalbard Arctic sea, and estimated distribution of chlorophyll-a and suspended
sediment by using high resolution satellite data, Landsat-8 Operational Land Imager (OLI). To estimate
chlorophyll-a and suspended sediment concentrations, various regression models were tested with different
band ratio. The regression models were not shown high correlation because of temporal difference between
satellite data and in-situ data. However, model-derived distribution of ocean color products from OLI
showed a possibility that fjord and coastal areas around Arctic Sea can be monitored with high resolution
satellite data. To understand climate change pattern around Arctic Sea, we need to understand ice meting
influences on marine ecosystem change. Results of this study will be used to high resolution monitoring
of ice melting and its influences on the marine ecosystem change at high latitude. KOPRI (Korea Polar
Research Institute) has been operated the Dasan station on Svalbard since 2002, and study was conducted
using Arctic station.
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1. Introduction

A& -Ax-a(chlorophyll-a) 2+ 4722 (suspended sediment)
2512 9} 70 ocean color productS-2 S| FAYENAI S o] 55t
Lo 203 AR o]t B3] 9= A% 9T i
melting:- ocean color products®]] 33+ E4dof G2 1A
2|9} Moderate Resolution Imaging Spectroradiometer (MODIS)
9} Sea-Viewing Wide Field-of-View Sensor (SeaWiFS)2} 2+
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2. Study area and data sets

1) Study area
71 271 A 8] Q)= B A1) 8 28l (Kongsfjorden)
3} 32 A1) @ 2l(Krossfjorden) (74'N - 81°N and 10°E -
35°E)2 Lo 2 go] 5 AMHEE 1= (Svalbard Archipelago)
o] A 3] 2| 2 A (Spitsbergen) 41 U &<>(Ny-Alesund) Z]
oof YAIsf Jlom Atz XL 4o X 8>
o] Al&EaL, 100l Al 28714 = o] Al E= g
= 7HAAL Stk ERE o5 0] Hat 7|22 5T IHQ]O]
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Fig. 1. Location of the study area: (a) Red box indicates the study area and (b) points on the fjord area refer to sampling locations on
Landsat-8 OLI multispectral image data acquired on June 9, 2013.
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2) Datasets and method

(1) Ground reference data

HAAZ glolHE2 A A EFAPLE Q5]
shepAlel o] st 4
= 300177}11 B ‘3}’&71 A —ﬂ‘—tﬂ TAme i 32

]o

ERIE tlo] B vk o]-&-5to] A5 3513 th(Fig.
1(b). =5 PE2a HE4 5= gh2 Table 13}
Zom JE4a 50 A GA= 33 mgm? A=
0.2 mg m*7} T=0] B HHEA 5= 174 mgl!
o)A 51.6 mg I'7}A] = =] ik

Table 1. Descriptive statistics quantity of chlorophyll-a and
suspended sediment over the field survey

Chlorophyll-a (mg m?) | suspended sediment (mg 1)
Max. 32651 51.6
Min. 0.2023 20.0
Med. 1.1239 18.6
Mean 1.2507 174

(2) Satellite data: Landsat—8 OLI
H Aol A 20134 29 11200] 2AFE Landsac-8
OLI {7382 9142 ol g3lof 4175 2 35}5.2 o)
144 9] A2 Table 29} e
Landsat-8 $]4J-2 27l 2] Al 4| (Operational Land Imager,
OLL Thermal InfraRed Sensor, TIRS) #|0] 2 =& 0]-8-3}
of gole] o] 2142191 2 7HAd S 7HAI 271 2] All
Ae 242971 thak i =0 271 ©f A WHE o o of o
Eis EﬂO]E']E TR 3L 7] E Aol A AR HIE
Ba0) S 0 AR 7158 sk B3
—ﬂi 21 400 nmoj| 4] 900 nm Ato]of| &g 5}= Band 2,
Band 3, Band 49} Band 5 A} 2 & ©]-&5}9 A9t costal ¥R
9] Band 10] 37}150] 2} 2 9] $h8-0] ] Lo|3}c} E
@%01] A] A8 Landsat-8 OLI 94 419 XLHP% 49
2 9T BET AL AT
| 2] 5517 w50l (Bilge er al., 2003; Dekker et al.,
2002) 2 A-9] 245 3] Band 1-55 o]-8-3rh

2 ocean color product AH&
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Table 2. Landsat OLI and TIRS band designations

Spectral bands Wavelength(micrometers) Resolution(meters)
Band 1 Coastal/aerosol 0.433-0.453 30
Band 2 Blue 0.450-0.515 30
Band 3 Green 0.525-0.600 30
Band 4 Red 0.630-0.680 30
OL Specta Band 5 NIR 0.845.0.885 30
Band 6 Short Wavelength Infrared 1.560-1.660 30
Band 7 Short Wavelength Infrared 2.100-2.300 30
Band 8 panchromatic 0.500-0.680 15
Band 9 cirrus 1.360-1.390 30

AA 7 Yo 2 o 7] B A2 Dark Object Subtraction
technique (DOS) W 0.2 =3 &| ¢l 0.0 o] &= tfj 7] B A
= He3HA717] 8f A ofm| x| 7|9k rellojo), E
3 Zh2ke) WA B2 U0l S E TolES] 0 XS
%0]7] $18f Landsat-8 OLI /ol 4] sfjg A1) =1
3x3 AL B3] A]——g—é‘]—‘}ii}(\xfang et al., 2006). &=
Aol A= ol d A5 7IREe & FetEA o wE
band ratio KL @2 0]-8-5}0] A5 35kl o A9t
RIS S 9l v 317 wela) o 517 el
O] BAIEAE =Yt T3 Aol AFE-3 Landsat-8
OLI S SAH2: 142 ghak v)egt A1719] 2013 6% 9
o) A2 WA B2 220 71 2| 2 gelstol A

2 s

(3) Auxiliary data

BxAR 2 ARS8 MODIS Al A= Terra/Aqua 9173
of &A= o] A FHSA]AHE (Earth Observing System,
EOS)9| dgto = 3-8 Folth. ¢15-of| 4= MODIS Aqua
L3 Seasonal composite Sea Surface Temperature (SST)E ©]
o157 St A 41715 Eeket o]l 717he 2013
d 69 214 5E 20134 9 209 AR R o F-713]
AL flanol,

3. Result and Discussion

Band ratio= Landsat-8 OLI GAMA} = of| 3|5} A
B UG} B AT S aat) $ 52T
%594 AR =3)3}%1 0.1, ocean color products

AHEE 918 Landast-8 OLI H| o] E 2} A H 37} mel

Table 3. Bivariate regression models and Determination

Coefficients (R?)
Parameters | Independent (Landsat OLI Bands) R?
Bandl / Band 2 0.511
Chlorophyll-a Band 2 /Band 1 0.512
Band 2/Band 3 0.426
Band 2 / Band 4 0.559
Suspended Band 2/Band 5 0.508
Sediment
Band 3/ Band 4 0.510
AT} Table 37} Table 42} 7tk Table 32 Wi E AHS:
54w 8914 =d 2ol wheio] Table 4= o
#5718 28 232 ey,

o 3 A 2P band 1 - band 5] band ratio &
9 5 HBWAZL 52 3 742 Table 30 hehf gl
71 % g2 4-a=band 17} band 29] HH = 74?5"01]/\‘] A
2o 2 R} 0.5 o]Ae] AH THA S H 93 band 1/

band 212 TH= band 2 / band 10 4] +Eﬂ =2 A
R2=0.512)5 Rt 2954 %= band 22} band 4
ofl Al BF e 23}oflA] Bt =2 AT E EATHR
= 0.559). B3 T 324 RdoA & o 3o
Landsat-8 OLI®] band 2(0.450-0.515 ym) 2] -3 A 5 7}
HEAa9} HFEE w20l e 932 vA=
Rt

Table 42 THEF 3] E4] WS thse 3] 84 1
A3l 02 7] G2 4-a 5% band 29} band 4©] band
ratio?} =714 © & band 292} band 58] 23O & E ¢ =
2 ATHAIR? = 0.601) 5 B oH F3E4 s rollA
= band 22} band 5] band ratio?} band 1, band 22} band
39 2o & A O 7 =& AT (R=651)F &
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tlo

-812-



High Resolution Ocean Color Products Estimation in Fjord of Svalbard, Arctic Sea using Landsat-8 OLI

Table 4. Multiple regression equations and Determination Coefficients (R?)

Parameters Regression equations R?
Chl-a=0.103 + 175.115 x band 2 — 694.261 x band 4 + 415.173 x band 5 0.534
Chlé’é‘fﬁ’igu'a Chl-a=—22.853 +6.756 x (band 2 / band 4) + 194.08 x band$ 0.530
Chl-a=-27.904 +9.17 x (band 2 / band 4) —48.736 x band 2 + 386.495 x band 5 0.601
SS=0.003 +0.002 x (band 2 / band 5) — 0.522 x band 1 + 0.839 x band 2 — 0.288 x band 3 0.651
Suspended SS=0.003 +0.002 x (band 2 / band 5) — 0.489 x band 1 + 0.622 x band 2 0.637
Sediment(SS) | SS=0.017 - 0.552 x band 1 +0.785 x band 2 - 0.589 x band 5 0.616
SS=0.016—0.555 x band 1 +0.932 x band 2 —0.205 x band 3 —0.156 x band 4 — 0.405 x band 5 0.626
At} v 3] 784 w3} npalybR) 2 thEk 578 SS =0.003 +0.002 x (band 2 / band 5)
. —0.522 x band 1 +0.839 x band 2 2)
A e of| A &= band 2(0.450-0.515 /4[11)9/] B A5 7} —0.288 x band 3
o2 H O X 7] - AL p)z] L AL oF A
QLS E3 €Ol W= 2] B9 RV pEY R
6] Landsat-8 OLI G4 2 E] —a9]- HOEA =
0.5345 X 911 band ratioS 0|83} v}

o
= S5 A5 AcHFig 2).
70,601 B B-9EA SrEol it T W 2

= % 3= 717} Landsac-8 OLI o] A] AFZH 719] 93¢
31o] A2 0.6167} 0.6262] R? 712 H %12 ™ band ratio LR s Tl 2036 mgmd, HOEA Er L
E o8 A= R7F0.6517 06375 BT T 37 mg[10] 9 348 HojZQint P24 H S 0,69
b4 band ratio 0] 83 HhHo] £ EL ATHMIE  gulAs 240 OB ki 0640] AFTAL ZHS
el AabA o 2 ohi s 3l Bdol g Hglom Ank o 2 gk 60%2] =S R AT o]
SASH R Ho E g2 AU T A g = AR BSE AS gk AREE ]l Afe b2
A THEbA & Aol M A 0 w2 g8 o AHgE 3R] &2 FUUAE 7HAIA] FE3H
= 7P o A 3 2 A o) s A AL, g 717ke] 5 AFE 2} Landsar-89) A|l7H] 714

alo] A2 et on 1 4L ofef Pk Atolel] ofgh dFo] 9o Ao 7T,
, §41< ©]-8-2F Landsat-8 OLI

]
a=— +
Chl-a==27.904+9.17 (band 2 /band 4) ) ol 561 2150] Bl G a2 0] A0 0]
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Fig. 2. Comparison of in-situ measured and satellite-estimated ocean color products using Landsat-8 OLI image: (a) chlorophyll-a
and (b) suspended sediment.
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Fig. 3. Distribution of suspended sediment and chlorophyll-a parameters over the study area (Kongsfjorden and Krossfjorden around
Arctic Dasan station in Svalbard) using Landsat-8 OLI image acquired on Jun 9, 2013: (a) chlorophyll-a and (b) suspended

sediment.
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Fig. 4. (a) MODIS Aqua L3 Seasonal composite SST (Sea Surface Temperature): Jun 21,2013 - Sep 20, 2013. (b) Map of Svalbard
showing the sea bottom topography and major currents. Off the coast currents of western Spitsbergen are the West Spitsbergen
Current (thick red) and the Arctic-type coastal water (blue). (c) detailed sea bottom topography map of Konsfjorden and-
Krossfijorden area.
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