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AAGAL 7158 o] gato] Aol Aashs AMAES E7at Al 548 A8kt 2012 62, 2016 11
4, 2017 9Ll A3tE Fte] Ao WEHTE o] &st QANE AFTALE AAHL, & Al7]0l H5S 159
Ad 9973 (Sentinel-2A)¥} 32 2EFIH(CASI-1500)S B W3IRATE ZEFAGAL 201293 2016, $/9 942>
20170l 247+ B5318ItE Q2= 7850l thall A9 B e e Bt 50.3%, 2398 W 84%2] 4
s AT BR7IY e AgeE 94942 79 MDC (Mahalanobis Distance Classification) 71| 64.5%%
7P =9k, 23-4972] 79 SAM (Spectral Angle Mapper) 71H©] 91.9%% 71 958 277" S 2 LJERgT)
SAM 71912 A g-ato] GAAE xS 353 A7) 201297 201610 9] A E 359 B2 Z 0] 4,158 mPollA]
66,351 m*Z 57151t Q184 71522 DEM (Digital Elevation Model)S ©]-83}0] 7ZJ8liof| A2]sl= AA2&E
e, AT, FREARE, AA, AR, AW E, sle =) AL G, AR vlast Ay SR AR
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Abstract — This study aims to identify halophyte species and understand ecological characteristics of marsh plants
in tidal flat using remote sensing technique. In June 2012, Nov. 2016, and Sep. 2017, satellite (Sentinel-2A) and
hyper spectral (CASI-1500) images were taken and ground truth data were obtained at the same date in both years.
Accuracy of classification averaged 50.3% for the satellite image and 84% for the hyperspectral image. Mahalano-
bis distance classification showed the highest accuracy for the satellite image and SAM (spectral angle mapper)
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presented the highest accuracy for the hyperspectral image. Using SAM to extract halophyte distribution from the
hyperspectral image, the size of halophyte distribution increased from 4,158 m” to 66,351 m* from 2012 to 2016.
Seven species of halophyte were compared in terms of elevation and inclination angle in habitats. The highest ele-
vation was shown in Carex pumila that prefers sandy habitat and the most inclined angle was presented in Zoysia
sinica that prefers muddy habitat. Daily maximum current speed of seven species were not significantly different
(p=0.99), showing that current speed and halophyte distribution were not related. This study implied the applicabil-
ity of hyperspectral image to accurate habitat mapping of halophyte in salt marsh especially in the case that field
access was hard to do. Marine space data can be widely used for marine spatial planning such as tidal flat resto-
ration, habitat management of blue carbon and submersible aquatic vegetation.
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H A3t FAE sidabr] Q1F H o R S EEAl L
BS99 B57H2 (blue carbon)ol] thet #H4lo] olx] 11 itk
(Howard et al[2017]). EF7R2o| & "J 12 H (mangrove), A2
& (halophyte), 23] (seagrass) & A<tol] A4eh= 280 BAhs
3} B A-E-S 3l U] F 'hAE AEkE 2ol ti7]e AAl
7 &AaF dP=T EFTRE el t7 125 Y 573 o|alst
s B 9% (above ground)ell SIxISH= AE2] £71, 7], A
7} Bk o}#1Z(below ground)ell $1=|8k= Be], E|& & BhAE
Aheiet, 28, EF7HE Al 53 slid ) dld sl o
SRS A 28 9 Eekd 2 w9 2 ke FHE A
38 R opgt AS1E FA|7E & o T EE 710l A sl
AE] AR 9 M 21A] 3hE: b, AR ] T 5 Thekst
AHEA M| ~S Al FBHH(Crooks er al.[2017]). EF7HE2] Al 7}
A 58 2= A5A(tidal marsh), 23] ¥ (seagrass beds), W 1=
H<2(mangrove forestys & 7 310M, o] & A5AE A A
7ol F7121Q1 Al oJ3) alre] Jaks o ] &
At Aol ¥ 3Lo|tk(Shim er al [2002]). ZHL G443}
glerow e FuEE 7 9 A9 L Sste] oY
ol A 5 Badeol 7 =2 Ao] 52 o] th(Barbier et
al.[2011]; Costanza et al.[1997]). $-2lue} ZWH-S AjA] st 244
oL} APFSlIRE 7131l a8 THAIER Qlal AAHo] A}
AR Qlom, I A 539 =2 sl AAu A~ 7}
A& W Ego] FEyky glrt.

QAR EL s ETt =2 Elijke] 5 A 7hsst 2
EE AU GRS AASHE BlAo] A AlaEe] =& A
ors fAeH= Ay A 7)%S 743 9ltk(Kong[2014]; Noe and
Zedler[2001]). A84E T2 =2 AAAAE S BT FAo

S-S 3BT Craft ef al.[2009]). BAAAE-LS FE-8 A EPAA
‘el AR E Foll uet Ao Sl Agst Y|z elA
AHYSHH(Lee[2003]). -F-2luetell E3Eshs GAAES 20134 71E
940 % 715G oM, o] F AFtelE 33F, AEAlddle 295l
X5 tHBRRD[2013]). 53] S &S A5A9] A7

UERE AR o] 8= = Qo] Exeda ddel djgt d3s}
o} 2|&AQ1 U] o] Alsalth(Hong et al[2015]).

FElvEtldE 1970 FE A8l gk A7) <3
o] gt AgxAtel] 71RksE 2 A3 (Thm[1987];
Kim[1971]; Oh and Roh[2013]), A}4Fd (Oh and Thm[1983]), &4
<=3k} 35873 (Lee er al.[2009]; Min[1985]) 5 AJEREHE] S]]
Hzwo] ltt. 1 o]% AYAES E83k= 584 (Park and Lee
[2018]), A8™8582 (Baek et al.[2015]; Jeong et al.[2017]; Kim et
al[2009])) A77F FE FFE L HF EFIHE Ee FHoR
A= R A 27 wigo] e H A, s ab-olA =
201795E] EF7RE ATIEAN S FaEoltt ey, vt
2ke] Bl St e ® Q=] AR S ArERAkehs
Z8 wig- o] Hoh 53] A4 Ee] FE ARE A= Al
Het o] pAlste] Hak 17} uikg- o2l 9] el S07kA &
Qo 2 M) i upEE: S AUE slelshs A2 g
ot} w3t AFAE TAshE TS A8 E =2 A7) vE
s 55 58S Holy| wiitel] TR Adgs SulEA A
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A g @5t
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B Ao AR 9GS e EHOE F SN e
Sentinel-2A S]A1SAFS ARG Z7MEIAE 10 mQ] GAFS &
£3}7] 915}, Blue W=, Green 1=, Red H1=, NIR WH=2 AR5}
Atk AR AT} 7|5 A0] H level-1C AHEE AR 0™ Table 1
2 Sentienl-2A AFe] A& veRdT),

g 224 A= At ITRESARS] CASI-1500 B2l AR
331, o] = 380 nm~1,050 nm&] -FIITE 7R 1 9o,
o) 288712 HHNEE 5T 7 UTH(Table 2). E3F, CASI-
1500 ZFAM = F51 825 A7)H (Pushbroom scanner)?] 2491
A o2 ieke] 1d BRICE #Y gidA s &
7ol e FSstaL, 71sH e W Ak T} -rah
RS E Y e FrlskAl 28 5 gl dRlo] Qi

J

T e 21

Table 1. Specification of Sentinel-2A video

Band Number SpaFial Central Bandwidth
Resolution (m) Wavelength (nm) (nm)
MS1 60 443 20
MS2 10 490 65
MS3 10 560 35
MS4 10 665 30
VNIR MS5 20 705 15
MS6 20 740 15
MS7 20 783 20
MS8 10 842 115
MS8a 20 865 20
MS9 60 945 20
MS10 60 1375 30
SWIR MSII 20 1610 90
MS12 20 2190 180

Table 2. Specification of CASI-1500

Ak 718kR g 7 HARE
9S EESE 2E4AA CASI-15000.% st ¢
AlHo]E (Raw data)=HFE] A= 241 93 AARA B BAjo)A
S 471 SsiME 2 DAY AAe] #go] Fasitt. Hiole] A
2] 2P Fig, 13} 2o A vrre] AT B2 (Radiometric Correction),
GPS/INS Ho]E] &7]3}(Navigation Data Synchronization), 7|3}
17d(Geometric Correction)®] 3HAIZ U-roix|u, Heizd o2 tff
7117 (Atmospheric Correction)ys X3+l AT}

Y| HE S0 B PIRY IS
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2.3 7 RHAHENA Z&IZAL Ktz

7Vl EA TRAE AR 5 AP AL AR E AME-SH
S Th(http://www.ecosea.go.kr, MOF[2015]). AR&-3F ZNHAY e A}
Ab5+= AR QA E ZAPE B QXA o] Foz] AF
< O R ST, X4 Hele A7 RI-AAYGE tdoe = 3
Stk A} X}Eoﬂ’ﬂ% A ARE HASE 919}-1«, A4
g AL A=A = s GANEY F
ASlLh ARYAES oo R 1 FEENS -4’043]'7 ] Slate] 77H

A st SHE, A3 e, st gsle, s shl <1
13HE, AAE, MY AF-E)E ooz F7E| A EA T3
AF AR E o] &3kitt.

2.4 HARM 7[HE FYAE 2R UY

=
 ArelM= ARbA o R ARRH I Q= AR daelE 5
EAR] dugF THE A8 ozA GAAE el AEe
=0

duefFS gofstaat el AR AT S
Parallelepiped, SAM (Spectral Angle Mapper, Jensen[2006]), Minimum
Distance (Pandya et al.[2013]), Mahalanobis Distance, SID (Spectral
Information Divergence, Van der Meer[2006]; Zhang et al.[2014])°]T}.
AP E HAAFAR= 7] Fgd ey 25494 2152} YA Y
A0 GAE H5 A3l PoE AFS s Slal AAEg,
AL P 2k A Asle] A9 By
HolEl S THala FFUEAAE ol o) Q& 2RPYY AR
S w51 34jskeleh, 0, vk, SR 5 Pl ke

AE AP TRl AT PAES Yslglon] o5

L

A G} FAAER o] S5 velslarl 2pEE FElsigin)
AE Fo] TH o= )32 E =T (Lee[1999]), SHAE =7

Instrument Specification Detail
Spectral range 380 - 1,050 nm
Spectral channel 36 - 288 band
Spectral resolution 2.4-9.6 nm
Radiation fraction 14-bit (16,384:1)
Pixel number 1,500 pix
Pixel size 20 x 20 micron
Viewing angle 40°
Data storage speed 10.9 Mpix/sec
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Reflectance data

Wavelength (um)

DN— Radiance (W/m?sr/um)

*
Regression
I

o i . e ©@

wavelength (um)

Radiance — Reflectance (%)

(Lee[1996]), 5+ 21 E- =7 (Park and Lee[2009])S Farslich. 7 7 W BREe] HECE EES] A8l S g idelA
HAEO] FELE AR NS S04 (http//www.nature.go.kr) AT (Phragmites communis), 7% (Spartina alterniflora), 2%
oF F gy AEYS s A E R RSN E Farste] 43Il (Suaeda japonica)ell et &4 A4 B A5 ARE FHSI &
o} AR oM st AAAE TR W5 (quadrat method),  WEE 8~9€0] JEA]7]0]7] wlEel 20121d 6€ AR elME 2

o]

21 EA8|8H4 W (Braun-Branquet[1964])2 W 3isto] 248150, H

29 APV A o) ER ARE ASE 5 YoM, ALELS

22o] GFsg Aol WS AAsl] FAE, AR, 2 5wl XRIE, A= 570 IRIES 53l 20164 ARlM=

[]
F 98 J1=asinh AN 0505 m 7] WHTE 83 5 A
Fatol SgwAo] 22 mrt H=% Sk =

AHZE= 367 ZRIE, A= 387 ZE, AEL 40709 Z9)
EQ] 272 5315 Fig. 25 GAellA E53 24, AE,

Spectral Profile Spectral Profile

900 1000

a0 Jooo | T %0 hoo 6 5005007000

(a) Phragmites communis (b) Spartina alterniflora (¢) Suaeda japonica

Fig. 2. The spectral profile of halophytes such as (a) Phragmites communis

, (b) Spartina alterniflora, and (c) Sueda japonica in the study area.
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Fig. 3 9 Table 32 Sentinel-2A %4¢] 7t /F71H2] &7 4
e} e tjgt Axjo|t}. Sentinel-2A $/d 942 5+ A
7}, e} FHAGT SHA vgker, 58] 3% AksTt vt
¥ FHAs eRd A7) gkt A e MDC7F 63.8%
7P =okom| HaAg R FH, PallaelPiped, SAM=SID <A1 &

W Suaeda japonica
W Phragmites communis
W Spartina alternifiora

B Suaeda japonica
W Phragmites communis
W Spartina alterniflora

Fig. 3. The satellite image (Sentinel-2A) of Spartina alterniflora, Suaeda japonica, and Phragmites communis by SAM, MDC, ParallelPiped, Min-

imum distance, and SID techniques in September 2017.
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Table 3. The error matrix of satellite image (Sentinel-2A, S-2A) of Spartina alterniflora, Suaeda japonica, and Phragmites communis by
SAM, MDC, ParallelPiped, Minimum distance, and SID techniques in September 2017

SAM Reference data Overall Kappa
S. alterniflora S. japonica P. communis Total accuracy coefficient
S-2A Unidentified 8 11 10 29 (26/58) 0.34
S. alterniflora 8 1 0 9 44.8%
S. japonica 2 9 0 11
P. communis 0 0 9 9
Total 18 21 19 58
MDC
S-2A Unidentified 3 4 7 13 (37/58) 0.52
S. alterniflora 12 4 0 16 63.8%
S. japonica 3 13 0 16
P. communis 0 0 12 12
Total 18 21 19 58
ParallelPiped
S-2A Unidentified 8 12 10 30 (28/58) 0.38
S. alterniflora 10 0 0 10 48.3%
S. japonica 0 9 0 9
P. communis 0 0 9 9
Total 18 21 19 58
Minimum distance
S-2A Unidentified 7 12 10 29 (29/58) 0.41
S. alterniflora 11 0 0 11 50.0%
S. japonica 0 9 0 9
P. communis 0 0 9 9
Total 18 21 19 58
SID
S-2A Unidentified 10 8 10 28 (26/58) 0.33
S. alterniflora 6 2 0 8 44.83%
S. japonica 2 11 0 13
P. communis 0 0 9 9
Total 18 21 19 58
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A= glglon, ﬂﬂgol Az, Aw

S AokE 1T 4 Yk o1 Bal e B )
GYNE F RFE S DA Ak A0 BE
e,

QAN E FFE el BT =2 E"ﬁr%o 4 %%O] g
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Fig. 4. The hyperspectral image of Spartina alterniflora, Suaeda japonica, and Phragmites communis by SAM, MDC, ParallelPiped, Minimum

distance, and SID techniques in June 2012.
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oA SAM 71He] 71§t 7ol Sdsisith. 2012 6
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Table 4. The error matrix of hyperspectral image (HI) of Spartina alterniflora, Suaeda japonica, and Phragmites communis by SAM, MDC,

ParallelPiped, Minimum distance, and SID techniques in June 2012

SAM Reference data Overall Kappa
S. alterniflora S. japonica P. communis Total accuracy coefficient
HI Unidentified 2 0 2 4 (57/62) 0.85
S. alterniflora 31 0 1 32 91.9%
S. japonica 0 0 0 0
P. communis 0 0 26 26
Total 33 0 29 62
MDC
HI Unidentified 4 0 17 21 (40/62) 0.46
S. alterniflora 29 0 1 30 64.5%
S. japonica 0 0 0 21
P. communis 0 0 11 11
Total 33 0 29 62
ParallelPiped
HI Unidentified 4 0 5 9 (54/62) 0.75
S. alterniflora 29 0 29 87.1%
S. japonica 0 0 0 0
P. communis 0 0 24 24
Total 33 0 29 62
Minimum distance
HI Unidentified 6 0 12 18 (44/62) 0.55
S. alterniflora 27 0 0 27 71.0%
S. japonica 0 0 0 0
P. communis 0 0 17 17
Total 33 0 29 62
SID
HI Unidentified 0 5 7 (54/62) 0.77
S. alterniflora 31 0 1 32 87.1%
S. japonica 0 0 0
P. communis 0 0 23 23
Total 33 0 29 62
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2012 6ol EFE Az} 20161@ 1€ H57% Azl o
ot A E k] WAL A9, F WA 4,158 m? o|glem, &
the] AAL 1,332 m?, AEES 2,826 PR F-H-E Q1) o= 2016
1€l 7% A3 2012 6€0l 7% Aye} vlwste] F
wHAo] ok 1500% S/} Zlo|t}. 20169] thEk g1 Ee] & W
2L 66,383 m> o] o, A0 By WAo] 39,527 m? 7HE
A YT 201293 20168 ARE niwsh B GA2E S
28] Wigle] 7%, 20129 At Ede F 1332709 s 7}
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Fig. 5. The hyperspectral image of Spartina alterniflora, Suaeda japonica, and Phragmites communis by SAM, MDC, ParallelPiped, Min-

imum distance, and SID techniques in November 2016.
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Table 5. The error matrix of hyperspectral image (HI) of Spartina alterniflora, Suaeda japonica, and Phragmites communis by SAM, MDC,
ParallelPiped, Minimum distance, and SID techniques in November 2016
SAM Reference data Overall Kappa
S. alterniflora S. japonica P. communis Total accuracy coefficient
HI Unidentified 4 0 3 7 (47/58) 0.69
S. alterniflora 14 0 4 18 81.0%
S. japonica 0 21 0 21
P. communis 0 0 12 12
Total 18 21 19 58
MDC
HI Unidentified 2 0 2 4 (50/58) 0.79
Spartina 16 0 4 23 86.2%
Sueda 0 21 0 21
Phragmites 0 0 13 13
Total 18 21 19 58
ParallelPiped
HI Unidentified 2 0 1 3 (52/58) 0.86
Spartina 14 0 1 14 89.7%
Sueda 0 21 0 14
Phragmites 2 0 17 19
Total 18 21 19 58
Minimum distance
HI Unidentified 2 0 3 5 (49/58) 0.78
Spartina 16 0 4 20 84.5%
Sueda 0 21 0 21
Phragmites 0 0 12 12
Total 18 21 19 58
SID
HI Unidentified 0 0 0 (46/58) 0.69
Spartina 13 0 5 18 79.3%
Sueda 4 21 27
Phragmites 1 0 12 13
Total 18 21 19 58
Table 6. The comparison of satellite (Sentinel-2A) and hyperspectral (CASI-1500) image
Sentinel-2A CASI-1500
Technique Sep. 2017 (n=58) Jun. 2012 (n=62) Nov. 2016 (n=58)
Accuracy (%) Kappa coefficient Accuracy (%) Kappa coefficient Accuracy (%) Kappa coefficient
SAM 44.8 0.34 91.9 0.85 81.0 0.69
MDC 63.8 0.52 64.5 0.46 86.2 0.79
ParallelPiped 48.3 0.38 87.1 0.75 89.7 0.86
Min. distance 50.0 0.40 71.0 0.55 84.5 0.78
SID 44.8 0.33 87.1 0.77 79.3 0.69
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(a) Spamna a/tern/f/ora

Fig. 6. The change of halophyte habitat such as Spartina alterniflora,
Phragmites communis, and Suaeda japonica in mudflat between 2012
to 2016.
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Fig. 7. The distribution characteristic of halophyte habitats depend-
ing on elevation and inclination angle.
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Table 7. The types of sediment by halophyte habitats

S QRN QS R 0 A 45

Species Location Sediment type Folk (1954)
Phragmites communis Donggum Is. silt zZ
Dongmak-ri slightly gravelly mud (gM
Janghwa-ri silt zZ
Gojan-dong silt z
Sunjae Is. gravelly mud M
Zoysia sinica Donggum Is. silt zZ
Dongmak-ri slightly gravelly mud (gM
Janghwa-ri silt Z
Hanagae silty sand zS
Gojan-dong silt Z
Sunjae Is. gravelly mud M
Carex pumila Donggum Is. silt z
Dongmak-ri slightly gravelly mud (gM
Janghwa-ri silt zZ
Hanagae silty sand zS
Sunjae Is. gravelly mud M
Jeabu Is slightly gravelly muddy sand (g)mS
Triglochin maritima Donggum Is. silt zZ
Dongmak-ri slightly gravelly mud (gM
Janghwa-ri silt zZ
Hanagae silty sand zS
Gojan-dong silt zZ
Sunjae Is. gravelly mud M
Carex scabrifolia Janghwa-ri silt zZ
Hanagae silty sand zS
Gojan-dong silt z
Sunjae Is. gravelly mud M
Suaeda japonica Donggum Is. silt zZ
Dongmak-ri slightly gravelly mud (gM
Hanagae silty sand zS
Gojan-dong silt V4
Sunjae Is. gravelly mud M
Suaeda maritima Donggum Is. silt z
Dongmak-ri slightly gravelly mud (gM
Janghwa-ri silt Z
Hanagae silty sand zS
Gojan-dong silt zZ
Sunjae Is. gravelly mud M
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