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Abstract

In order to obtain the long-term evolution of winter habitat and explore the driving
force in Poyang Lake, we use Landsat satellite imagery from 1990 to 2021 to
systematically assess habitat characteristic changes over the past decades. Four machine
learning methods including random forest, gradient boosting tree, support vector
machine and classification and regression trees and convolutional neural network are
analyzed by comparing the overall accuracy and Kappa -coefficients. NDVI
(Normalized Difference Vegetation)), MNDWI (Modified Normalized Difference
Water Index), NDBI (Normalized Difference Building Index), and EVI (Enhanced
Vegetation Index) are used to identify habitat types. We use the land type transfer
matrix to describe the land change. The landscape index was analyzed in the Fragstats
and ArcGIS. The results showed that:

(1) The overall classification accuracy of the four machine learning algorithms,
Random Forest, Support Vector Machine, Gradient Boosting Tree, and Classification
and Regression Tree, is above 98 %, and the Kappa coefficients are all greater than 0.98.
Among these four algorithms, Random Forest algorithm demonstrates the best
classification performance. Based on the aforementioned research, it was discovered
that the Convolutional Neural Network achieves higher classification accuracy than
Random Forest when applied to classify the ecological and economic area of Poyang
Lake. The accuracy on the training set remains above 99 % with minimal fluctuations.

(2) The Random Forest algorithm was employed to classify the winter habitat in
Poyang Lake using Landsat remote sensing images from 1990 to 2021. Based on the
percentage map of winter habitat types and the area change map from 1990 to 2021, it
was found that during periods of reduced water surface area in winter, mudflats were
the predominant habitat type.

(3) According to the thematic map of winter habitat types in Poyang Lake from
1990 to 2021, it was observed that grasslands generally appear surrounding mudflats,
while sandy areas are primarily distributed near the main river channel of Poyang Lake.
Cultivated land surrounding Poyang Lake is mainly concentrated in the southeastern
part of the study area, and there was a declining trend in the cultivated land area from
1998 to 2004, which may be associated with the local policy of “returning farmland to
lake”.

(4) In order to reveal the impact of the Three Gorges Dam on the ecological
11



environment of Poyang Lake, a comparative study was conducted on the habitat types
of Poyang Lake before and after dam construction. Through the analysis of land use
transition matrices, it was found that the mudflat area significantly increased before
dam construction during 1990-2002, while more mudflats were converted into
grasslands after the dam construction. Overall, the mudflat area decreased after the dam
construction compared to before.

(5) The changes in landscape pattern indices from 1990 to 2021 were analyzed.
The landscape patch density showed a fluctuating trend from 1990 to 1997, indicating
further dispersion of winter habitat types in Poyang Lake. However, from 1997 to 2021,
both the landscape patch density and landscape disturbance index exhibited a declining
trend, while the landscape aggregation index showed an increasing trend, indicating the
recovery of habitat integrity since 1997-1998.

(6) By studying the influence of water level variations on the classification results
of Poyang Lake habitats in different years, it was found that the long-term changes in
water surface area did not align with water level variations. This suggests that the water
surface area changes in the classification results of this study are unlikely to be
primarily influenced by water level fluctuations, indicating that water level is not the
main factor affecting the variation of different habitat types in Poyang Lake.

Key words: Poyang Lake; habitat; machine learning; Convolutional Neural
Network; landscape index
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— Poyang Lake area (Study area)

P 2-1 FSBH T o M 384 & DL Ve
Fig.2-1 The study area covering Poyang Lake and surrounding farmlands and other

regions.

2.2 AIRFE

2.2.1 EREGHHE

AHFFEFIH 1990-2021 4E 11 18 5K Landsat 5 TM A1 Landsat 8 OLI [ L2A 2%
To 5 G TR VR BH A 4 2 B b 2R T, Nk 2-1 ATz . Landsat %1 TR & “ HhEk
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FURHOR LR tH RIS B2, B DU T IR AEY K . 5 RAEY AT %
77, B ECHTHR B AR R F UL HIE & P E . Landsat 8 OLI A 8 M4 [A] 73
%iﬁwmm&&ﬂ14 A3 HE 3y 15m K4 (B Landsat 5 TM /2 H 6
I3y 30m IBBU 1 AN [0 7r #1409 120m H 3 BR4d . Landsat %
5JE$H’~@WH,HE%3 16 K. AHEFLITA Fili kb TR KR S 72 . GEE(Google Earth
Engine)*f- & 3431«
K 2-1 AW RS A ) i 1R R

Table 2-1 Landsat images used in this study

2/? j:jlij([gz 84]0
TR M ERIR BRI BRI B AR

H 3 DA HEE (m)
1990.01.23 Landsat5 TM 30
1993.12.17 Landsat5 TM 30
1995.12.07 Landsat5 TM 30
1997.01.10 Landsat5 TM 30
1999.12.18 Landsat5 TM 30
2002.01.08 Landsat5 TM 30
2004.12.15 Landsat5 TM 30
2006.12.21 Landsat5 TM 30
2008.12.10 Landsat5 TM 30
2009.01.11 Landsat5 TM 30
2010.01.14 Landsat5 TM 30
2013.12.24 Landsat8 OLI 30
2015.01.13 Landsat8 OLI 30
2016.12.16 Landsat8 OLI 30
2017.12.19 Landsat8 OLI 30
2018.02.05 Landsat8 OLI 30
2019.01.23 Landsat8 OLI 30
2021.01.12 Landsat8 OLI 30

BRI AR KR F &

/E?EZ*E*ETEEEH/&IE 0 N2 FH 5 Tl A RG0S AR S S £

BRATWE . ALHE, AR RAG JE 0 b T A A S5O0 HEAT BRI A0 1 F — T

B MNIE TR, LB AR AT 2% BB F bn i B R
ATV BA AR St @

JCUE IR B R —44k, T ORBDEI A AR, e R e
WA S AR ™, X AT “ AR, RIS R . R AR
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AR 30 1 JE 3 S AT (X 5

YE AL BRAR VR Ay 25, R4 RSN B AN BB IR . K PR R
S R BRI SR B BB s 5 Sl R P TR 11 A0 SRR P8 S R L 30
VIR, 6 R — MR S K B SR A 1 S R B R IR . BT LR
1510 7 1) 53 2R T DA TR R B, FLIN 1) 49 2 BT R BN 2, S5
DLTE 25 LA BELTA B, AL E 3 U EEE, e g B IR 5 A
SRAMEIIREN, AREREE SR, SRGERIEEEAZ, 5 A G096 ATl
Ho HILEDEFEBE EEANE. SOBE. TIDERER UL S/ Eikpg s,
2.2.3 ERFIGTAIE

TEFI P AR AT — T BB BT A0, B AIE R 2.
B AR IE A AT IE A0 TR ™, S BISA0 F F i, 30 75 0 AL B 1
SERARAT FARIRIN . AR 25, AR S Sl A B . 3 = Fh i b 8 7 X
[ A% 0 KB REL S 2 R M P FYO L 25 S5, 308 3 o A $50 g ek T8 T B S [ A 1)
BTN BT, MBI RRAE 25 5 o T R UE S DR RN 2R AR AE L

e ISR R T A B IR ST R R, 2B R R S . KSR A
JL GRS S, B I IR A R SR DI 5 Ml S e v R — B R
BB, AT AR A o AR WA A I TR AT AR R AR R IE ™, ek
[ SR TE LA : TR IRARE . KAURIE LUR AR RH B BRI AR IE . (1) %
BEIE, KR SR B I B A R A S B (AR ERR) Bkl
e S S L T IR S B A SRR AR E R AR AR . AR
ERGE AL IR, (2) KEKIE. 1 PEBRAIZ AR, BT KA i R
B, FEREKSPKES. AR AL TR A SR L,
DU T A RS RO M T S S R R, (A RS B 2R AR A M T L e £ A
2 P 5 8 S BRI AR ], S R A SR R S 50 i R P
RN . KARIERT IR A T ST Wl RO iR, 5
1R B 205 I W R DG IR RS 00, AT RIS R B ™ (3D K BH s i
I A TF 2 B T MO Bk T A AL T 7= 2R 1« 5 2 M T RSB ISR 2 A SR 88
SRR . 7RI, 3R] i R P A R R T . A
T ARARAG MG T B S S ST I, 20 1o e S A R T A PR 3 R 4
3 BT R PH BRI IE ™ o AR I A 3 1 % P A e, A 1R T 1A
G R A B — BB GERIUKCET, AT T B AR AR 1 5
L AR S P AR AL, AR T A 3 S W) B G

2.3 HLEE
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B8 50 2 R T B 0 18 IR UG & SR A D i A JE AT A (]
&R AT T LR, A T BOR R A R 4 A BEANE S 1
], AR5 K G P 0 S AME T R BS80Sl i o 207 ik
& ARG SR AE AT 7328, 5 — Fh 3 2RI R N2 AE 25 i B A IR R Al k2%
FEAZ L2 A 25 [H] o R EAT 02K . ARG —Fh 207 BB 2, (22 H sk
P00 A P2 A B R — 6 43 2 (1) S R AR R D' v = B A AR BE R AN R 5 o A BAS [
Ay I e R £ Wi B e el B R S B A = N A R R | 3 A =3 N
2.3.1 FEERRFEZX

R B RPN R E T, —RAERGHIT . @ CH AR A
R FE" o AEMB A R T BB GRREA, SRR A% 0 [R5 HE AR & AR BLRE K
ANHEAT RIS, TR IR — g BN B 2h AR IR AR o 1l 5 (R RFAE 2H AR
I AR B 5 R K-HMET%. ISODATA 5ik%.

1. K-S 52

K-PME5E (K-means) &SRRk, H 32 Sdad AN bode B &5
T BOEIE " FIL R EOD R B, MR IR K AN RAE ARG R
Kl FIMEESMEARS XN REPOZEPEER, B MEAD IS S E
BT R PR RO R B BIIX AN SR A AR A s B
B D, IPEARHEN R, BERARR KGR KL, BRP AT
k. FESEBRN R, HE IR Z A (Sum of Squared Errors, SSE) 425 &R
% (Silhouette Coefficient) &5 10 H RV RIS BIRR . Hrp, wZEFITH
TN, R RO, BRI LT . K- B — M AR B R, A
AUURRR A (D JFRERER, RS, S5 E, WSCEED; (2) 4UiKE
AR AR IR, RRROREA; (3) MR R, (4 S A FEEH
KAE, SERRER: (5) FEALBEREAR SRR, 2505 AT DAORIE AT H i1 4
Mo HE A SRR B (D KEFENNEE, H KAERERR
IR, AR K AR R AR, (2) EEMYILE RS OEUR, RNRIEET
KB RARLGER: (3 MREH FEARLRAFE TR 7328, Hork
ZERAHAE,

2. ISODATA Hik

T E YRR R AR LR, K FIRMRMEA NEfE . 17 ISODATA 5
W GEAR A HLREIR 12D IR T KA TR ZENN I BE X — skl 154X
AR K- AR 3R b, B xS 2 4 BRI & 9 A0 40 43 i A
BRAEN, TG R BB B D« 210 B B I SR A R i 22 iR AT
B HRRERP R FBEARRR L . RN E T RKKIFEARI B 347 5
Ko EREHRBEEP AR AP IR (D ERIGHE. 7 A vig#Eeifz
S HARTR, AR N MR IR PR BL R &AM R RO % (2 1R
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R EFEANER IR R EG (3) MBS E I ZRAT, KAl — UORAS I AKX
AT /P BRI AE T, AT SRAF B R Sy (4) BRI ATIRARE s, 1H5
FUHRRR, FIWERRAIRE B GEKR, & ZU0EN)E, HE RS, Wik

2.3.2 WESAEE

W B 3 R F R A S I AR G 25 IR ) B AR B R G g A2
FERX P26, B SRR B — B E I R4, AR R &R — 2R84 2R 1 Zm Gl
SREET G IR TR, IR HTENSHFE KB o E R, A
ARHEZEA BB ICE B CARAME BT RS IR AR SR AIESE . B 728
A R FEA D B EEIINGREARI SIS B B 273" s IIRREA
A B R O, FEAIGE A — Lok s [RS8 B I SRR A 0 2 2
BB, Asetl & HAb 2R KN TARANAL B 0 20 e [F] I A2 RO S b 25 5 4
WRIANE AL,

BRI WS B oy 2 WA N DA BENLARAR . SCRERIENL. PRI A
BEEETRTIN S . N R EN A TN SRR B ST A1 7328 5 (]
AR RS, AR SOl X YRR T AT IR 0 28, FFR T T — R840 .

1. BEALARK

BENLARAR (Random Forest, RF) & H T 7328 [BIAAIH A AT 55 B2 il 2% 21 J7 1
L R TE VIR 2 A PSR IR R AR R RN (32 BT T
CEDED HZERARAEAN AR . FEHLARMR GG 2 T R A B o, K 5%
PR AN AR, AT A B AR R, 0 TR BRI B . Sk
M EARS IR BEA— DR N BIZGREIRSE, RN ZEHEE A
PIEHBCR/AN N M I FEEESE, —3RiE Kk, RIBX K ANFEIESE, NIg%H
K AR O AR, (IR K AR T TN, P BT 48 51
T ZH RN, BRI RTINS R . FEVLARR ] s AEIR 2 07, okt
EHUER IS SIESHEREE, T s S AR S &

BENLRMREEZ R AR Z A (D ATRMSRER&4EE CRIEIRZ) H%dE,
HHAFBEYE, o MEF RS (20 AT LARIWTRRAE ) 25 TR B F 0 H R ]
FHIEZ AN AR E M (3) XA EER A kUL, 7T LA #TiR 2 (4) Wi
FARK o RFAE I 2, A1 nT DAAERFHERAFE . STk LU T 5, IRk FE EE
B, ARGENE . BRIV EEA X A 20, BT AR E
PRI E LT o (HAEANIRAFAE—eEh s (1) 78RR EE0E 75 BRI 43 2R B3 [l A AT
R SRR ABLR"™ s (20 ST R R HUE 18 1 5 BEHLAR MO IX Rl £
P A S5 7 ) SR PEAUE A TS

2. CRFEHL
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S FrAEHL (Support Vector Machine, SVM) i /& —FF 438, & 1)3%
A 32 T8 SCAERFAE 2 (8] b 1) 18] B fie R PRI B 1tk 0 S 8 » TR i KA & A Jnll T Ik
PL e SVM IR EFERZE TS, XA RO SE EI R 2R . SCRERIEAL
127 > W af A (R g B R AL, AT A — AN SR AT — ORI B [l R, 5500 T
TE AL A T 2 B B B M R R SRR LG H AR R B R A,
SRR 2 AL 43 B B R AR BT DA S 3 ) B ML R SR AR 4 s s TR P i
e R B s R RN GREAS o SRR IR BN LR AIRE BT TR0 et 2R ia 5 (AP
HSFTED, T ARLES RS AT o H S 1) B s ST ™, e — 41l
SRS, A NZRSEBIARIC N E T PR b —AS, SRS ISR E LB
— ARG S S L 28 P R 2 — B A, A O AR R T At o 2R A
SRR A R USRS S R A s 1] R ) A, TR B 5 7 B S 1 I
B4 R AT e B B B TRIBE 43 TF e SRJE KT I Sep e B[R — == 1), SRR e
V5 A 18 g 1100 A0S — M0 SR T v J 2 ) o A Ak W R A0 2 [ 45 B B T A T, AR AR
YRR 2 [A] AT REAEAE AR MR G D0 T, Mk 1~ TR A PR Al o X ) B 1y
YEFE B FR AL T TS o 7R 2R B F % 72 2 A AR ) i pR B . SCRF
[ FEEATL 75 B — N3G 2 A% o BIKE v A b A S8 S TR R 7 SR 22 fe /M o SCRE )
FHLI) BT RE IR T A% BN, T G HE R Th1 PR A AL IO ke T B B S PR A% %

XFFRENMILAA: (1D X EEA BT &EE: (2) EmdgesEh R
AR EIERE; (3) WTLUA RO EE R B BE; (4) HEELESIMN
AR ) o (BRI ENWAAELL TR (1D IR, Rl R
BmAE b (2) 0 T3 L S AR eR B R B R UG (3) X T RE s
mYEEYE, SVM A S MBI A IS . (HEMEXTE, SVM IATEF 2 50 KAT
FRIRLE . th4h, SVM B — MoK ERHE, BPgIN 7RSI, AT RO iR
SPRIIFEAR AT IR, $R 2 RUEmZE . SVM 7S PR FH A 288 SR FH — IR
QISR . FEVEENE, EH SYM BN, FEXTHEE T, DL
B R AR B 2k v A0 P BRERPE AN o] 2k o b, 3B 7 TS5 R B Al A B AL
TR HAT IS, DL R 70 R BCR

3. Bh EESE T

BEEEFRTIH (Gradient Boosting Decision Tree, GBDT)A& —Fi AR ¥ b
R, AR ARG ALK, BT WSS BN R M R A = . PR
FHA B SBAR A BB RARR AT LUR B Fh A X 0 MR I DL R R AE AL 57
R AR P SO A R X Y W NS QI OE v T & w4 OB b i
N FE SR A RS (I 2R E ™ o B0 FE SR TR e (B2 (R U OS2 40 28R,
ForT FHRAS RN A 0, R S B nT A 028 BREERR TR I s (D W]
DLR VA FE & PR R e, B FRESME A B HUE; (2) FHXT SVM, FEAHXT L
B BT SR TR R, TR0 0 v 2% 2Rt AT LR A s (3) A A — st
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[P35 2% BR AL, N i (B B AR 5. bLan Huber 3325 BT Quantile 32K R
o AR ST AR — S0k A, G0 T % S AR A AEAR B OC &R, MELUIF:
ATINGREE ™ . i T Ul B RFER SGBT Kk 243 I:47 .

4. 7y 2R 5 [E AR

725 BIHM (Classification and Regression Tree, CART) & —F bL — XA Ay
RS A ) SR () PSR, AT DU R AR ER P R R 1) o SR AT A
R B AR LA T 5L, 5, BIRRIE R ], Bl e A A e
B HFEAR S — AN TUIME: facfa, AR TR BONREARSR 2] 20 A A - R ik
TRIAT 55 (1) R A\ 2 B HIUEL, FRATTAT DL B B DURHAE 1 25N BB A (5 128 7351
ST CREXSYNGRAEA 3 20D, AT YRS A, Xl X B BB I 73 S i 3k
B o IR NES AR B ROV IE SR &, TR EAEH 2K 5 BER . EXt
B HUE PP SERAEXT N SRR A AT 20 I, — RSO0 R AN R vr EE R A A — AMRHALE
T BEJJAb B E S AR B (1) 73 I8 5 [ml A Fo v s F — MRAIE . M — AN mT FH Y
535 BB ) B 2 BTt — MR iR 48 AL S 2 M A A TR T B R AL &
TR 73 RS (8] —fROR UL, ERIHRAES T, RAMEAFT7 % (Mean
Square Error, MSE) fE Y “ = 2 7 I B 4abn . i HIX MBI AR 2
A A B PN AR RN L SAE R EAA i B 15 0 s F BLAEAE A FE T X SR T VA AL I
A, S IFREBON T E™ . T RMEBUE S S, FN R EEEH, 5%
S aER AT DU BIHEE R, B35 — DM FEAER A — % T TR g4
—— B AR P B A . A TR IS IR, AT ELE I ik
R AR XS 3 S [l A B 3R AT BY

Sk, B REERAWM TR (DD RE%HIE KRN, ARE
H3: (2) Beg 780 F R SE50 i iR ™Y . FERFIEIR B« VI ZRRE AL 350 A ] 5 2%
FHHEA I (3) gt e st R IZEAR, _EmarBEE; (DA
SRR B — M) “E2)T Be . (R IR R BRI e (D) B
Fh RIS SURE 75 R E AR EIR; (2) PR3 ik S/ E it 40w T
AT, Rl NFMAIW s RSP N IRZE, RS8R (3) Kbk
FEARK, FEAEMHN T4250; (4) —LREX R 4E T S 2R AR R 2R LR
PR, TRESEERIT, RAMEHE; (5) BRALEE —Em “5 27 5e), (HE,
EEI TSR VAR = /A P L Y R TS V25 Ny = S
2.3.3 HIRMWEMBK D LKE X

HFFN 2 M 2% (Convolutional Neural Network, CNN) 42 24 57 i B A LA 5 6F 7
QBN EE RN T H . W, B NG A EAELE, RIEE T 4b
TR (BRBME ). GRS M2 AR TR R G SUE BT 7
K. T BRI TES, RASEH M (Fully Convolutional Network, FCN)
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B R 45— O L) 4 HE SR AR ) Sy N B R ) m] e 2 S FE TR T IR IE
FIH/NE R KAIZR CNN 2 38 1RdERE,  FE0E M 3l & D 2ok T A M5 2= 1)
335. MIXFFAE G ML S 21 5920 KNN. K-Means 25 757%, CNN [IILHET
REAE SRR T 1T M AR AR 36 2% 21 1, BRRSSRBCSI4ERE . IRZ IRFFIE, J7 (8t
SNLERME, WifESE00 R EN TR HRBURRE ", RRIE, H R BN
S.

BRHE N 2% i BRI MBEGIE, KEGTZE, MRS
BRI R IE . AEIX AT, W2 ME R AS R A IE BRI, BIAEAN 4 G AT
HeMEIn miEs. RiNEEZMEMENSEER. F 28R, 3 25
WARTIRG], KHAE S AR RXREEBZ . T CNN A 7EREE, AR
Je IR A B RIS AL S 4 A, RIS I S B st b TIRZ, HiE SR
RGBS, itz b, BRAHEMGIEGLE, LA I KRB 1K
ZHF RN T AR LR B0 B BT LS NARZRMERAE, R SR 4 (1 AR 2 i
RIEREST o B FRARTTIGARIRAN BB A 2% ) 354 AR

1. BEHZE

AR N 2% b 1K) AR 2 B A 4 L 22 o s 4R I S B i NI — 4t
S SRR IR AR AT B AR o L 3 B SR B R B R R T R AL R RN
A, BIE BB Hh i X 3ad it e ) % 9 v 2 20 3 B R M AE R O B8 43 B TR
— R G SR LI AR IR 2. RIFZAPE, E— kI o 2 2] B B RRAE
A e A E A R AT RE SR . FEBRR R L, 5 SR I I AR A R
TR BALEAT “RbyE”. MR B ESEFEE, BRI AE B X
FREAE R OR B AN SR, JC = SRR 2 58 AN — MR E T A 2600,
R T 2 A AR BORRAE, H— LR, BRI E R TTRE ™. B
JZ BN WL (%0, F 3 B RE 2 SRBUR N B HRE™ . BB
JEHIZ A, BAREAE R R B N R BT ERUS 5, J s E g
S B E U R A B R G i sh, RGN SRR E S B
R0 B BB AR TR, SR 5K B BE AR IV E N R-EAE, a1 3 5E B BUE 15
F R B A BRI MR, BRER 2B, Ak
ALY, T USRELZ FRHIE, BRI R RHIE, SORRHIESE, SRR A TH
FIRFIE G RN T — 2N X TEBERT S, SHRRK/NEE 2wt
DNETEL, XA T A 2 T DASR S R ) I (1 B oA AE A i s 1)
FRIEME, T TER&E A SRR B R SESNITHE, —Ra&F. MG
LR AEAEBARLAE BRI S H I, A5 I 55 ZE A 4 N G S tHRFAE R/ MESE,
DR e 2 e ot BB S AT I 7, @ 7y SO SR R e

LRUZ RE S I I S I S FIREAE, ¥R E B RAT DA 3] B ] B U AR AE, IR
JEA5 FUAT DL2E B BE N 44 S REAE , IX 875 CNN 7T DL E Sh3 BB MG H RAE .
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BeAt, BREE R ERABUE IR A, X KKPRE T MR SHE .

2. Witk 2

FEMZEH, i RS R AR mTR N BGOEAT B 4 R A IR AR SR, (H2
S IR AR R AEEERORR & o RO AU 2R B v AR 2 77, T HARR
Dy 23 AR AL I FEAUL G, AT H A 503 () SR IR 22, (A5 802 A R ) e
R TERBIRRIXIEE, SINT R ORFEEIAR, BRI ik 2 2
CNN 3 W/ 2 —, WA —MRAEBR G, Akt R A 7 Aok %
IRERRIE B RSE, AT AT BAE— 080 48 I S5 IR B, 7EZiibibZ
YERZ G, W DK N RRAE B 0 R 4 /N — 5 B T, B R4/ G BRFAE 4T
TR IR AR RRE B B OSBAE, HOR LB 7 H AR — S8R NEZERFFE, M
MAE—EREE B T 2% Jb 7 la K. RIS, 2 it 5
[RIRFAE B, AR AT DA S8 )

Mk 25 F 77 20 R R4k o S AL R FERRAE B ik e — A
[ e RF B 1, AR AN D RGO s BRI E 1, S5 % L e
BRAEFHEE AT ISR, DA BRI R i34k 2 F & 1
H BT 15 TC I P SE SRAREE B 117, Ak 2 — R R AE R AR ST B —2F, IR
A DA — B DY R B 25 R . SERBURIEAIE, WAL)Z5 HRHE R R 2 3
HAGRZ R ST b2 s K S g ge )y S0 m . Wik 2 32 B LR LA
BE: (1) FE4E, g TAEBU /DN, $8E TR (2) BT BRELS B4
FLE, =Tt TREERREE BN (3 X TP M) AU,

U-Net A% T 2015 £, J&T FCN HJ—Fh3eik. U-Net FIHIZE 1 gk
s 2 G T ) 1) R, EH T R0 R S AR A S SRR )32 0 B A 18 S 3 &
AT, Eein TR EG A E], TS . U-Net 36F Encoder-Decoder
gEh, a0 SL IR ERL &, 450918 B B AR € - Encoder £ 57 FFAEHEHN,
H AR E AT RAF AR . A ST U-Net 199 25 568 380 BH A7 2 i AT 70258,
F S BEHLARFRI 73 S 45 AT % L
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B 3T E T SIR0ERBRAIM 2 1th 73 2K 53

3.1 SR

A T LRGSR, DURBINLES 7 2] 70 38 . XL B e ds 10— ka4
8 %t (Normalized Difference Vegetation Index, NDVI) . 2 B V3 — fb /K /K 5 %L
(Modified Normalized Difference Water Index, MNDWI) . 3 — 4k % 51 ¥5 3
(Normalized Difference Building Index, NDBI) il 34 5 #& #¥ & %% (Enhanced
Vegetation Index, EVI) , X 845535 7] FH TR0 LM e B AR AL . NDVI AT SR
TR o A, R AR ™

NIR—Red
NIR+Red

Hrh, NIR ForiE b Bl (4378 Landsat 5 H1f¢) B4 A1 Landsat 8 H1 [
B5), Red F/N4l ) BxfE (43525 Landsat 5 H1[1) B3 11 Landsat 8 Hf] B4) .
MNDWI $5507] H TR 51 T2 EHG b ik i 4s B,

(P(Green)—-p(SWIR))
(p(Green)+p(SWIR))

Hrp Green NS Bl (i, Landsat 5 25 B1 B, Landsat 8 4 B2 Ji%
BY), SWIR AR 4M kBl (Landsat 5 4 B5 2 E%, Landsat 8 24 B6 2 E%) , Py
HH . NDBIFEEAT LR A @ 3,

SWIR—-NIR
SWIR+NIR

o SWIR %8 3 20 A B AE (43 314 Landsat 5 H 1) BS 3 Bt A1 Landsat 8
[¥) B6 %), NIR T4 4 BiAE (Landsat 5 AR ) B4 J% EX AT Landsat 8 #1¢) B5
BB o EVI 4854k 7 NDVI 880 AL, o868 TR R . RAEEIZ IEA
SE4r. LIRS B A R Y . R, EVI SR T A B U, B
fIC 7 38 SRR . EVIFR B0 I MR 4 A8 A0 (0 B B4R hs , B RO R
S AR

NDVI= (3-1)

MNDWI= (3-2)

NDBI= (3-3)

(NIR—Red)
(NIR+6*Red—7.5«Blue+1)

Hrp, 20403 Landsat 5 HHHIZL (A B B3 Al Landsat8 H1 41 () Bt B4,
W 4R Landsat 5 H 1 B1 3 BOR Landsat 8 F11#) B2 kBt IT4L41 2 Landsat 5
HHIEZE A B4 A Landsat 8 I ZL 41 B5.

75 T2 PG A 3 18 B RE AR 55 AR 5 2 o v A b SR DU L b A5 S P AR AR K
o, DRI S e 38 ML AR ) | AR AR AR A RS i DRI, A4 — M GEE
SREUF) Landsat BUE R #EFEAS Al IXEUREAR s g BEALHES), 428 7:3 Byl 5
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RNGREARFIMARFEA . B )5/ RF. SVM. GTB fl CART #4742, 537
TRVEFE R SRS A Kappa 240

3.2 EBEVNFH A

BRI RIS FE VPN 2N =AN B R IEAT VRO, 70 i R IRIE FE P &
Gy Z5 G A Kappa 23107,

1. JBVEFEFE (Confusion Matrix)

VR HEL B SUFR A 0T R 1 R B B R HE B o VRVE FE R B A2 20 ) G vt o3 SR 2 A
B JEXF SR AN K, SRS S e — AR B R OR R ™Y E RS BT
Yreb, FEH T O R4 AL R IASAE, AT DA 3 S8 45 SR ik B BoRfE— A
TRVE AR BT MR, B SN RE FOn B A AR R bR N2
MR, 17 NESEFRIC NIRRT R R NSRRI E

2. BARS RS L (Overall Accuracy, OA)

SRR LR T FRoR R R B R e Rm AN EOE S0 BT m A
RIECA, — R AR N SR A 70 VAN ARt o B A4 73 JHE B 55 T B 70 2R IR
TG LU R e Horr, $EAA 20 2R B8 o H VR TRVE R R B0 M 22 03 A
BB U TR B A

3. Kappa &%

Kappa Z402 —H T8 70 BRI — BRI 4805 « X T 70 8 ) @i
FH— SO AGE 360 3 A A U0 &5 SRR S B oy R A LR A — 5 e R E e T
LS H PG ICEE (ND R LURIEFEFEX ML (XKK) HIH, B &RH R
LB FEHB TG LIPS RGN R G, B MR T BB R 2 %
K BSE S AR U MBS %2 0 B T B U BT AT 2R AR A 25
HEEATXE -1, LD N, @ 1 g Jker, — il KT 0.8 Bk
e —BISER . F IR B AR S SR BE VAN U7V BT DU SO g3 SRR I
e, TR, (HSE T R R R AN RE AR AN, A ) SR R v R I i
Er AT REIRAR, Kappa ZRECAE X — o) i, 2502458 %, Kappa
B2 W 2 A1

3.3 BEXNLERERSIR

3.3.1 TARBELLR

FIFH X DUFRHLES 2 > 7 vETHSRAR B A S 7 2k S A Kappa REULER 3-
1o IS HTRAG I, X DUFR 7SR 7 R UER 263575 98 % LA |, Kappa R4
BIRT0.98. K 3-1 A1, FEALRMREIERSAREER 2N 99.6 %, kappa R
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790.994, 7rRPERERUS

VORI AR 5 ) BVEHRIE H MR ISR 3-2 FvR, MRAPTTLLE Y, BENLARM T
R RN, KRR G 3R R G R FE AR A . 72 H BENL AR AR
JIEREAT 7 2RI, FEUNANYR ME R A 70 1% 22 KT K TRV 3, 33X 2 D] D 3 Y MEA
ELPNAEZS (8] ERAHER o BEALARAREIE BN P A& AR MEAA7E — 7€ 17028
7, (HFEALARMS BT 78 DX Al S b 1) 73 S8 45 SRR T A 3R B i) FAh AL 28 5 21 72
# 3-1 PUBRHLAS 2 ) 5200t 2021 4 1 H 12 H Rl T2 BRI Sk 7 SR 2 AN

Kappa :%
Table 3-1 Overall accuracies and Kappa coefficients of the four machine learning

algorithms for the Landsat image of 12 January 2021

‘ 43285 Al g
G SENLARAR | BRREIRTHR | SckmEmL | o
SR 0. 9960 0. 9952 0. 9930 0. 9934
Kappa 2% 0.9941 0. 9930 0. 9896 0. 9902

R 3-2a 2021 5 1 H 12 H it T2 BRI BENLAR MRS 3R TH W S K TRVE AR

ke
Table 3-2 Confusion matrices of RF and GTB for the Landsat image of 12 January
2021
BEALARAR
VN BN JeHE 7o R H Hopth
IKAR 8636 0 0 0 0 2
e 0 3448 10 0 1 2
Ve 0 0 6635 1 2 3
Pl 0 0 0 1295 0 2
AR H 0 2 8 7 50 1
oAt 4 5 8 0 3 176
Tf FE B TH A
IKAR 8635 0 0 0 0 3
e 0 3443 16 0 1 1
Te i 2 1 6632 0 0 7
Pl 0 0 27 1270 0 0
AR H 0 2 8 6 51 1
oA 5 4 11 0 3 173
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Table 3-2b Confusion matrices of SVM and CART for the Landsat image of 12

January 2021

SCRF R AL
KA B e Vo K H Hoptn
IKAA 8635 0 1 0 0 2
ELYN 0 3449 9 0 1 2
Je 0 0 6634 5 2 0
b Hh 0 0 60 1236 1 0
A H 0 0 12 0 56 0
oA 20 7 18 0 3 148

[ U R SRR
KAk 8636 0 0 0 0 2
E PN 0 3445 11 0 1 4
YR 0 3 6598 17 11 12
o 0 0 30 1267 0 0
7 H 0 2 11 6 49 0
oAb 4 4 11 0 6 171

3.3. 2 W St R B KT

FRPE F NG FEAIVRIE FE PRI 25 R, AR SCR A BENLARFRTT72:%) 1990-2021
SR Landsat 28 8% 5245 3047 5 BH 90 4 2 AT 2 PG 24 43 25 o ) FH B BL AR AR R
Landsat TM 1 OLI B{% 53 50 73 2aE . B AR 43 205 2 Al Kappa R Ein# 3-3
Fiise IF 3-3 T LG th, BENLARARTS 2 S 40k FE AT Kappa 2 ECKE 4 99 %
KA. BT 2006 K AR A FEAD Kappa 225070 14 98.78 %A1 0.9828., X
Se gk AR, BENLARME L & LML A8 2% >1 S0 50 38 FH T 43 B 605 B 080 3 [X A 2= A7

ISS:LESH
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