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Tab.1 Classification system of coral reef sediment types in the study area
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Fig.2 Spectral characteristic curves of coral reef sediments
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2.3.2 @ F G E

180y KITE R ZH T 8 —1800, AW T 214
I — P R BRI R o ARIER BDEIHE
FIGRAT L, T LN 18 B AR A T 4 B AL 3, 43 EE
BRGNS R AR 1 BAT = GG R AIE L SOy
EANZEAL o E S5 AR AL B8R A i AN T 58 4 ]
eCognition F X 8 B AR HEAT /1 HIAL 3L, 73 B3R
KM ZREEH ZF BT EE 3 S8 1 H
RE JEARA 7 1 2% 45 B REEPE M T A
ESP (estimation of scale parameter) & 12 i {43
REZH ZTREEHEARRSFRESET %
BB IR BV Y JR 8 5 22 (local variance, LV) 2
Sy G2 B AR UE 22, JF T LV 522 A RAE
ROC,, (rates of change of LV) 3£ /A% E fF
RESH HEARA:

ROC,, =

(Qi;ﬂiqx1m . (5)

L-1

K LV, ALY, nl s LA L -1 2R ERF
BIbRiEZE . 4 ROC,, S IV AE B, 2 s X Bz 1) 43 1
ROBEAE R Ay fe oy R o Hofh 2 8cmad 5 ] 51
OrEIRCR T E

h T W 2 R E 3 SRR O, B
FEAETE R 7 R U8 o BS54 5k
0.1 F10.5) [t T Ja#& o REE, L34k R 8k

SFEFER . KRBy EIREEAE 10 LR i 52 8 0L
W, XA BRI o Z R T @B AR
OIPRR Ay E R L 70 B4y E| 0 Goh A
AP BLR , P 73 5 R BEVE e 10 ~ 70
ZIa)o e id HhrEIRE (30) , BEBUEBRE N 0.5,
JERHFHE0.1 ~0. 8 WHEI N LA 0. 1 A2 KitEAT 70
WS, G H A R 2 TR R B
0.2 Fift)a [ 7 7 I B S AR -, i S E0U% 18
0.1~0.8 yEINLELO. 1 B RAEFT 70 FI S5, it
FIRLH A e 28 0 2 B BURE B E O 0.6, 3547 ESP L
H Rt RESRBCE O 10, 2 K 1 45 RN
BCE N 100, AR 1 R U 73500 0.2 F10. 6,
HHRARIEZ T ROC,, FERILIE 6,

B 6 ROC,EARRETELHE

Fig.6 ROC,, variation curve at different scales

B 5 38T nT L A AE 2 de A R - 30,



52

ZER 0,45 FET Landsat8 38 BB B9 VG VDR S K AR FRHE I T 40 28 S5 ML A0 i <75

40,43,49,63,75 4§, 2% [ H] UK — K T TE 28 Jk
B ETHOM, BB, AR RO R
AFT RGBT IR AR R S5 B
I, B 2 58 LA RUBE Dy 43, PRI [ % 52
AR B S BULE: P FIRE R 43 JB R 7H
0.2 XHUENO.5,
2.3.3 WEHE

T B UE R ) P SRR A R ] i A T )
XFRIIEMH AW FEA N T 3 FhEr i s o2k
BIJ7T B K B i 48 B & ( K - nearest neighbor,
KNN) | 5 [ BF 59 4325 ( Mahalanobis distance classifi-
cation, MDC) I 37 4[] £ #/1.43 25 (support vector ma-
chine, SVM) . BifiJi5 3 531 15 187 ) %o G2 R RS T80 is
S N IHT MR E 328, 45 00 2807 VR Il B 2R I REAR
PRAE— 350, 1T AR AS SR B S80I 43 A1 1 50 B Al i
AR DR A S U 30 4 DR AR 0 A S 181 52 i 3 28
5. 2% O STk 73 28 7 ik S HOE
KNN 732809 k 358 4 3, MDC Hp g K BR B158 22 LU
JCIEAR B E Hy 95, SVM % B HL +% Linear pRK,
HRZBIIRFFIN
2.4 SEBEEM

TR VA M PR IR 250, & — A T b o3 A

ELIHE 5 3 R A R A ) LR S, AT
M B — 21 ) 2 A O 218 B LR Dy Ho A
FEN IGO0 o T8 RV A P AT TR R 2 2ok
PEMTEER: BRI 2505 B (overall accuracy, OA) 35
BIERA 7 2R BT b Ay LSRR 4ot S8 e
9] ; Kappa RECEM 5/ KL R 5 HL B & &
A — bR, HYE AL 0 ~ 15 il KK B2 (producer” s
accuracy, PA)$&HE—2R B4 E# r KR Boc S
RN B IR IE R OT B H (R, KSR R
(omission error, OE) Z A1k 15 F P RS B (user’ s
accuracy, UA) $5 5 — 2 I8 IE 8 3 2 13 o8 5
I REERIZE T A BT BN e, H 5585k 2=
( commission error, CE) Zfi2k 177 4 0A, Kappa,
PA F UA I, 15 B 73 2 25 kG B2 bl vy, 70 2807
AR

3 HRGAA

3.1 P#REIRRS EKER
HHTRG A 7 DS A 3 b B 0 26 T7 %,

3 AT [ X R ANHE TEOTHY 251 T4 2018 4F 1B

SAGHAT A28 AR E XA 2R 45 8, I 7 TR o

(a) TR X LR 232

(b) T[4 SVM 732

() TEA A5 KNN /328

(d) ZETHRIGRAR 732

(e) HETHBICSVM 532

(f) FT4oC MDC 432

B7 BEEMKIXSETRITISLERL

Fig.7 Comparison of between object — oriented classification and pixel based classification

1P 7 Al A BIE AL S 1) 2R SRR 0 BR3¢
U, R 3 DA A A7 R B S TR R RE A B0 A
Ko B T(b) ME T (e) ok AR A SRS 7>
A DU, THG 3] X R 1Y) SVM 73 RS ST 2 il 1 fE il
AR DX IR o SR TR T ROC ) SVM 23R fig
K R M PR B Ok o T[] X 42 KNN B 73 2R 25
HRET(c)) 5 SVM 73 JE5 R AL, HUSTE iR
WO7 T KNN Zp 2885 /AT SVM, 817 (f) 5 HAt 73

IR HCRCR 22 , T8 73 R MRS 73 0 B A AR
A, T EYP PR XS 2 Ix Se 25 R bl LUR
AT BT R AR B MER" R, 02k
ER PR Z ; T )X R 73S LA HIR R A
Hehit, IR 5 R T RO A FrelE . (Hi T
TG R A B  BER AN R  AEIR G500, S A5
OP R BDERERFAEAR AR, 25 70 A5 R FFAE R 70
HUBZE S8



- 76 - H % %

2023 4§

22 MRG0 & 0 ROk 4
Fro RTINS G50 25051, 3 OA F1 Kappa & 4§
Sy IAE70.64% ~77.33% F10. 595 ~0. 681 [ P4 , i
STty KI5 E 1 OA I Kappa 8043 5| 78
66.07% ~74.25% F10.541 ~0.631 i [Hl , i &% 1k
KRR TIE 4 o HA A SCRE A HR SRR 43 20KS B A
&, H OA Fl Kappa %055 77.33% #11 0. 681,

B ARG B YA T A E 4 SR 0,08, 17 H3EF
TG ITT I PSR 3 ZERS B QAL F 1 ) 0 R 4% G Bt
oy BEAh, E XS SVM 4328 5 JEF 40 SVM
FEEEAH T, OA 1 Kappa REUAE 71% F1 0.6 £ 47,
FETFARITH) MDC 2328 B 5 fIK, L OA 2 66.07% ,
AT 1T ) X G2 PR 4325 24 10 AN EH 431

K2 ARSGEFEBENL

Tab.2 Comparison of accuracy of different classification methods

i ) X 4 ST BT
JR R S IS SVM KNN SIS SVM MDC
UA/ % PA/ % UA/ % PA/ % UA/ % PA/ % UA/ % PA/ % UA/ % PA/ % UA/ % PA/ %
TfEBE 83.79 75.17 87.83 70.46 85.42 71.01 77.56 76.75 87.47 72.60 84.41 61.78
TR AR 86. 69 83.56 84.97 72.95 81.92 74.70 86.43 79.39 72.92 85.92 85.72 72.97
S 74.34 75.02 44.08 73.04 42.98 57.32 71.27 67.51 38.61 70.04 45.37 51.93
SR 91.35 71.84 84.32 75.76 83.47 75.97 90.34 69.28 85.06 78.06 83.96 78.87
U 71.84 69. 16 67.75 68.01 66.36 67.34 56.22 62.09 60.23 78.42 43.46 77.72
WA 47.15 74.43 40.53 71.75 38.11 67.65 42.57 59.24 39.58 64.14 28.54 66.22
O0A/ % 77.33 71.69 70. 64 74.25 71.14 66.07
Kappa Z % 0.681 0.614 0.595 0.631 0.594 0.541

3.2 WMMHENZESHTHSN
TR RS JEE o ey (14 ER SR 0 288 0030 AS [ 0T
1 G AT IR AR B R IRl AHLAE 177 X

B — LB R R o A R AT B OE, A 2R
PRfE X 3 2013—2021 AR iR B 0 SR 25 2R A&
8 Fline

(a) 2013 4

(b)2015 4

(¢) 2018 4

& 8

(d) 2021 4

RIS K ER

Fig.8 Classification results of coral reefs in different periods
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Tab.3 Variation of sediment area in each

period of the study area (km®)
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Fig.9 Changes of coral clusters in some islands
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Classification and change analysis of the substrate of the Yongle Atoll
in the Xisha Islands based on Landsat8 remote sensing data

LI Tianchi', WANG Daoru®, ZHAO Liang', FAN Renfu’
(1. College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457,
China; 2. Hainan Academy of Ocean and Fisheries Sciences, Haikou 571126, China)

Abstract; In view of the drastic changes in the ocean — atmosphere environment, the accurate and efficient
identification of coral reef substrate information is essential for the dynamic monitoring of coral reefs. Based on the
Landsat8 satellite data of the Yongle Atoll in the Xisha Islands of four periods during 2013—2021, this study
proposed a decision tree classification model using spectral and texture indices according to the spectral and texture
differences between different substrates. Then, the coral information was extracted using object — oriented and pixel —
based classification methods. In addition, the changes in the substrate of the Yongle Atoll were quantitatively
analyzed. The results are as follows: (1) The results of the object — oriented classification are superior to those of
pixel — based classification overall. Moreover, the decision tree classification results yielded Kappa coefficients of
0.63 ~0. 68, with classification accuracy about 7 ~ 10 percentage points higher than that of conventional supervised
classification; (2) Coral thickets are mostly distributed in the central, weakly — hydrodynamic parts of islands and
reefs. The corals in the Yinyu Reef and the Jinyin Island exhibit a planar distribution pattern, while those in other
islands and reefs mostly show a zonal distribution pattern; ) The areas of coral thickets and sandbanks in the
Yongle Atoll changed significantly overall. Although the total area of coral thickets increased by 1.689 km®, the
coral thickets in the Shiyu, Jinqing, Quanfu, and Shanhu islands and the Lingyang reef were severely degraded,
with areas decreasing by 0. 107 ~0.892 km’. This study verified that the substrate index established using medium
spatial resolution images is reliable and can be applied to remote sensing information extraction of corals.
Therefore, this study will provide technical support for the investigation and scientific management of coral reef re-
sources.

Keywords: remote sensing; Yongle Atoll; spectral characteristics; decision tree; object — oriented classification
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