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I, V195 m AT 210029; 3. B LT fa MK PRz 17 Ha0s, TTRE 3E S5 463000)

TEE: JET 8 SRl BRI LT AN Bt i 3K o0 RS R 22 57, SRR il A — kK (A5 B (NDWD) K et
B M Fe oK AR Ak . R 2018—2022 4 1) Z B A Sentinel-2 62452 4%, i NDWI [ % BI{E }y 0 F1
OTSU F & [ {E% (Otsu's thresholding method) ZE KA FRE H SR, #E— 2542 H B P —{Efk NDWI 25 {EF5 %%
(NDWlp-ger) « JH—1k NDWI 22 {EF8 50 (NNDWae)) F T HUMNAK AR B 2 3 5 1 32K 73 sh 2828 4k, I LUAE RS IR
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JR B KA K FEHOK S TR KR AL AR, 40, 2T NDWI B/K 52850 S iy
3200210 SR R T T B A B U S B K R AR A PR, DL K 412 Fingerlake WTH 7K 5 2= 5 A8 LR AE
SR, WFFEIH, NDWI 548 [A) JERIAR Bl A5 7K B 2 TE A D229, Sk KA R i AS SRR, I RE st 35 7 A
PEAYIK A CY AN, NDWI iS4 F T3 78 A R i) 396 5K ke H R = 2B e f A 4%
NDWI F85GHA T 5 7K 53 A AR S A 52 b, L B 285 6 S DR cH 004 7 o W o

NDWT 1k — Fft i B 2 55 B K R 5, RES U M S K o BURY 2257, o0 T35 Hote B 2R 55 T Y
TSR0 R i 2 7K A3 AR AR W P (R R 7, AT S BRI T 3 TR 22 3R A NDWI P 5L, LASE IS
Y A S W, 3 e BRI W oK o LATE M 7K 28 M ], 04 S AT A 75 TR S EUE IX s & A
AL, W TR T s R R G 4%, G I F BRI R G NDWI 8 81 7 3%
TR W, ASASURT H TH WA FE RO, 3 AT Ay At TR X a4 2 S s I A 2 2

AT 2018—2022 4 () Z B A Sentinel-2 J2E R A%, Xt H 4 Hr NDWI [ 2 BI{E 7L A OTSU A 3 1
1) P 32 14 I S5 R L AR A T W 2 SR ) 52 o 3 R S — (LA NDWIT 22 (7 3 —1k NDWI 228 $5
O, SEEUKPE KRGS AR S WE I . KRS JE KR S A e B ad R L o i R AE K oy i s AR A R
fiE o 254 T A MRt b, 2B BT 7 X s sh A A8 f A A 5k
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7 8 1) 7K e e A U T 3 Ui, AR AT R
W IR I, R LABHEh 32, R A HEE . K F75 . ik
WA R (D) BUKOR) T2, PR, &R 113°19'~114°19"
E, 32°34'~33°11' N, JEX 3mSR, EL RS
A0, R EE YT e R0 45 ST AR K I X KA 5
P R R K ERE SRR A 4 498 km?, )&
K it PR i Al A, 2 AR B R K i 962 mm,
6—8 J BTN 7 & 4F K i 1Y 60%, B AETAE LR
sJUAN NN o KRR LU 2%, FE TR AR, &K
Tk BT hEE R, KRR X, REUE
PRIBFRE 5, ARG A0/, KGR AR 1, 7K A
KRV I, KIFEZTTH 60 47, R T Bl A X R &
U A AR IR, T R T K A K BT SR A B
P IBE, T 2019 4R AR5 IR, B 7ETH BR AR 4 Uit
Wy, 38 S R 7 P28 . XL R R I 200 m
SN X AT IR Y 2%, 7E 50.34 m =R DL R IR,
£ 50.34 m = FRAME FEIERS K, SR AR A2 e it
T, 50.34~ 51.84 m {=y FEAGH 2% T A% D01 SR FH i b v it
T, $248 A 1 iz i 2 A e A B HER, eAh, FE
PR X HE AR 3 JRE AT 290, e AVl 3 148 s R 5 VR 1 EMS K PR T 2 TR A
W 1EHUS K A B RN . TSR T H £ Hi Fig. 1 g;/:;':\l;z\i: of dredging and expansion works at Suyahu
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2.1 Sentinel-2 38 & T4 IE

Sentinel-2 i Sentinel-2A Fl1 Sentinel-2B I 5 2K FH [7] 25 A 0 13 & 20 A%, 43 00l & 55 T 2015 4F 6 J1 A1l
2017 4 3 A, HA 290 km 55 SE iR . 416 AL RE 5 d BYEE DA IE], $E4E 10~60 m BY25[E]) 430 FE% . 13 6
T B R, i RGN K R 8 1 65 e 2 BRI (https://scihub.copernicus.eu/dhus/#/home ) . H1 T G245 dE 5
Z W RA, % &4 H B 56 Tt it 98 XK PR K IR X To = P9 515, 36 50 391, B 2018 4F6k 1. 7. 8 H,
2019 4FGk 2 A, 2020 456 8, 12 H,2021 46k 8 A, 2022 4E6k 1. 8 A, HAMAE S 11EGE 1), HI9RA
Sentinel-2A/B [ L1C Fll L2A 7=, Level-1C k28 1E S8 1E FNEAR R 22 1 B 1 A2 T S8R 080 =
fir, Level-2A Wi — 25347 KARIE, SCHL T AR R 26 Z B AHECHE . 2R 10 m 43 FF309 1% (B2) | 4%
(B3). £1.(B4) ALLLIAMNBS) FROE B, BN, fha . ERE | B0 S WAk B FRA5 00 3 B AR Tk
— 5307 o

#F 1 FR5FTA Sentinel-2 G HIE
Tab. 1 Sentinel-2 imagery data used in the study

GEOVIGEY B ]

20184F%/94] 20180212, 20180309, 20180428, 20180523, 20180612, 20180930, 20181010, 20181104, 20181214
20194F/113] 20190123, 20190319, 20190418, 20190523, 20190607, 20190707, 20190816, 20190930, 20191015, 20191114, 20191209
20204F/103] 20200128, 20200222, 20200318, 20200412, 20200512, 20200601 20200706, 20200924 20201029, 20201113
20214F/108)] 20210112, 20210221, 20210328, 20210412, 20210522, 20210611, 20210731, 20210929, 20211123, 20211228
20224F/1038 20220201, 20220308, 20220407, 20220517, 20220616, 20220721, 20220904, 20221019, 20221123, 20221218

2.2 ETHEHIRNKG AR 5
BEALARAR 7 V52— B )32 B T4 2R EE
BLER 2 20 T kBN, 3% 0 A0 FH 224~ DL SRR A B i) 43
25, Horp B R AR AR S Y .l B A
AT BN SR AR B K BEAIL TR %15 A5 10 70 245 10E, Bl
MLAR AR BE S 1 43 AR 2 18] (1) 2 R, DA T 2 T
R 327 AL RE 7 AN F0I v A M2 AR5 b, AR
TR XA M R o, SRR AR SR i I b L
Bt RIS 5 Rt FEARSE, JETREHL
FRMTT AR BOE Tt TR TR X i 9 8 0 A3 15 O
TEILE 2,
23 ET NDWI ElE H{EF OTSU & HY7k &
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[ LN

. %#lg
=40 i)
A *EH’R ‘ ‘ — Pij(iﬂ_ﬂ‘

NDWI & T 7K AR T8 AT UL I B AR S i R RN BT
2T AN B 1) 1o S S 3R i e 2 S R A A 71 0 2 4km
W, 2SR

B2 i TR S o A
Inpwi= (Rgreen—RNIR)/(RGREEN +RNIR) (D

Fig. 2 Distribution of major land features prior to construction
o H: Roreen. RNR 73 T2 7R SRGIR BFIVT 21 AN BEAY SOSR o Inpwr (B T [—1, 1], 38 5 A X 38 0 Sk 1
(B, KA DA (R, T8 A i {52 IR AR 5 H A DX o0 ) i RS ) J7 22 % (Otsu's thresholding
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method, OTSU) > H i 1 BB 5 43 B 7 09, siad 4R 3] 1 A~ BUEK 254 i B AR A S A~ 2800, IR
AR Z A 2 i KAk

FIFH I E B E 0 A1 OTSU A 15 FE (43 51iE A NDWIre Hl NDWlorsu), X Felal % OTSU HIfE Y
0 {225, DA RAE ARSI b ) 22 5 5 0, 0 3 B AR K AR B IO T 1k, BRAS AN [ s 30T 18 7K A 43 A 5 7K A
T RS
24 ETBIFZ{EX NDWI ZEEH (NDWIpqa) BIKIESIEKAREEF) S

R T AT KR AR A, 45 G BE X I A NDWISZAR SEAT KA L R KR (AR ab 38 (A =0(2)) . LU
2019 4E R, 4 1 A ARG T RIRIER AR, THE AR T 52 R Z 0 25 55, AR [R] A
) NDWI bR 22 AKX WK (3) o it 7153 ZE Ak 22 (E % 1% (the Binary Image of NDWI Difference
Index, A=HIE K Inpwi, ., ) » RIBOR [RIHA A 7K AR AR L0 5343, A58 A Bp A AR AR X3, K AR SRy A K AR X
B AEARARAR KR X S5

I = 1, INnpWinny > T @
NDWI(m,n) 0, Inowigngy <T
INDWI, o (mon) = INDWI,(m>n) —INDWI,(msn) (3)

o (m,m) FTRFARIIEE m 1755 n 5 T R BUAE; § F1j 53 313 P B B NDWI Z(HAGAR
25 ETEF)I— NDWI ZEIEH (NNDWl4) BIEFRKSEETHFIH

HR A NDWI X 75 7K 2 SRR, oF— 20 48 10 13— fk NDWI 2% {B 45 %4 (Normalized NDWI Difference
Index, A HIE N Inwowr,, ) V5 5 S8 T HRAE B P BH A NDWI SR 2518, 2455 22 (R0 i R i
MBI TIH— AL BE, SRAFIH—1k NDWI 225458 . BARAZR:

INpwi,, =INDW1, — INDWI, “4)

InnDwi, = (INpwi, —INDwi, )/ (INDWI,,, .. —INDWL,, ,..) (5)

A i B FRIR I BS AR NDWI 82145 Inpwi,, ., « INpwi,, . 75 R ZE(E SR 0 e/ IMBE AT KA. 15
—ALJE B Innpwi,, THAE 0 3] 1 2Z (8], Innpwi, #3237 0.5, 278 IS5 1) 5 7K {5 B AR/ )N, Innpwi,, TELEK
et 0 s T | SRR U KA AR AR BA B, et 0 FRR SKAR B Wb, B 1 RS KIE R
iRTE i1
2.6 Bt EBEREFNALXSEM

T Python & T H sML AL PR P, SCEL T Sentinel-2 TLR LG WAL T 2% . FiiAb B AIH8 B0 18 1) 4
WA A ZRR T R BB, AR B AR R P | A BRSO T8 B0 SR o T B A 0
g1 Horh, B AR BTG i I ] Copernicus FREUCEHESE: 1, S0 AR A SRR 5T 2k Flab BB
BT EMEFREY | BN . Rl DIRE; T8RO TS BT B H ) S =R B B S S A, FEALFRAL
5, FEXTIFFEIX 300 km? 7 BB EC2AR, RIA S T 2080 4 g R 0 2 B2V T 8 min, BAR M EdE
T#LFT 2 min, TALEEIATY 2~3 min, T8E0 TR G4 E N 2 min, FEFRSCHL T ZEHHEERE Y A Skt
Fe BT UIRE, LA SO RIFE B nT R4k IR, wT PR A oK (R T AR AR A e 1R 2, 8 TR B EDI A BT s SR o

3 X500
3.1 NDWI S{& 0 5 OTSU & R4 a7k i3ttt

%f 2018—2022 4FE4L 50 MEAZHEAT AT, XL OTSU B 3@ 5 B{E 7 5 [ {E 0 m/K AR BIRCR . 18
Y it T XA T i DX 3, o 35 T AS [ [ (i 4 B KA (s £2,) 5 843 I BEIBCE (4 2 R HEAT B I 1
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( 3). AIUL, FME 0 BESERL IR B A ZE K AT AL, (R T4/ B S BN 58 2%, 78 2019 4F 3 H L 6 A I
WK TR AR B S; 7E 2019 4F 6 H L 2020 4F 7 H | 2021 4F 6 A M1 2022 4F 9 H, XFAIHE AT 3 59353
ANGERE, AT RESE BT K A I s B 5 S B R (U AR TR IR (A 22 5. BE T OTSU BI{ERETE LN
SR 30 BN INK AR, SRATTAEAE AT B2 S R B2 I, 91 Qg e T DXy ) R A V2 ikt e b 10 kg AR AR, DA R A
2020 4F 7 H 12022 4F 11 H¥E0 5 2= XR Gk Ak

(al) AR (a2) OTSURIE—0.03 (a3) H{EO0 { ) BZGAEM  (b2) OTSUR{H-0.03 (b3) [HEO
(a) = F N T 5B T.IX (20204F1H) () BUFHER—IX . X EKEDIAIX (20204E1 )

e &

() AR (c2) OTSURI{E—0.04 (c3) Hfi50 d) BZ A (d2) OTSURIH—0.04 (d3) [H{E0
(o) BUFHET —IX . =X SRR (20214E6 H) (d) —F AT IX (20214E6 H)

3 3T NDWIro Al NDWlosty BUE A R K AP A SRR L
Fig.3 Comparison of local water body extraction results based on NDWIto and NDWIosty thresholds

2B TR W, 24 OTSU B AE [0.10,0.05] I, AR A FRICHCR L o 7ESIBRI iR ZE R, #
F OTSU FIEAMEE 0 XEART 23 WA /K IR IEF T ot THR P A A IR T AR 22 e, o T BR 22 e Bk LA
T S BE O SRR AR, A5 20 22 5 LU AR BRI IAN, 2 Bt 0 22 53 LU ELTE 3% 2, it T
AT (A PO S e T TR, PRILEER 2.

2 HBAHERN OTSU SIERSEESE 0 RIHKFERER
Tab. 2 Differences in water body area extraction between OTSU thresholds and the fixed threshold (/npwi=0) at various periods

A 20184 20194 20204 20214 20224F
& 5 {E 5 /% [ {E 5 WE% S {E 25 /% [ {E 25 W AEH % EES 25 Wi /%
1 -0.009 0.17 -0.03 6.73 —0.03 1.31
2 0.03 —0.88 —0.07 325 -0.05 1.02
3 -0.02 2.46
4
5 -0.09 6.09
6 —0.04 3.60
7
8
9 -0.08 291 -0.07 1.62 0.03 -2.19 0.03 -0.92
10 -0.06 1.69 -0.06 1.44 0.05 -2.75 -0.07 1.75
11 0.01 -0.51 0.04 -1.62 —0.04 -1.64
12 —0.02 0.61 —0.05 1.90 0.07 —2.65

32 ET NDWI HIKEY B LIERIER/KAERESTL S
2O NDWlro BI{E 7 R 22 R8T 5% 19 NDWlorsy BEEUZE 5, A2 pk 2018—2020 4F3% H /K445
i 4). L2018 4545 H AR AE S 3k, THEHAL A0 4 A 53 A iz 5 (8 5) .
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B 20184F4 H - - [020194F5 1 20204727
[ 20184F5 5] | 201946 /] 202043
CEm20i846 o Em2019%7H [ 20204F5 1
W 2018%E9 ] . . - I 20194E8 H [ 20204761
 Em20184E10 1 / -~ 201949 7] S 2020471
OB ] B 2019%10 1 00
- 0i84F TS . 20194¢11 A B 20204:10/]
0 12 A km ) W 20194F12 1 2020411
e e 0 2 4 km 0 2 4 km
[ S E—| PR I T
(a) 20184F (b) 20194F (c) 20204F

S X g
ke K
B ECEY “'4{; . 202242 )
— -2t f] e . 20224F3 1
20203 e I 202244 1
W 20204F4 W 20184F 121 ¢
2021485 1 I 2022485 1 el 20094128 T
e | 202_2%6)% } 2020411 5 = t
S 202147 B 20224E7H - 02141 ] /
. 202149 ] . 20224F9 .m0 ) |
N0 B 20224¢10 B e Y A dap l’ g -
-0 . 2022411 D — : FHLY
0 2 4km . 20224F12 e vl 3
E—— 0 2 4km : TN
(d) 20214F () 20224F () 2018—20224F

Kl 4 2018—2022 4E7% H K AR IAS
Fig. 4 Monthly water body extraction results from 2018 to 2022

FERE T-RTAY 2018 45, /K AAR AL FZER BN PEALH , Vo R AR BN AR 1k, Horp 3 3 ik iR A K, 6 H
By, RS 14.31 km?. Jili T, 2019 4545 A KRR L 2018 4R34 AN R RR D, b 2~5 km?,
FEH TP AXA LI, 2020 4EH1 2021 4F, AR ETBE 2018 4F W21 A0, 340 4~23 km?, F2RHTHK
W 1S TS BT DL SIS HEE XK AR 5 . 2022 4, KRR AR R SE38 i, 3800 9~31 km?, JEHAEGRIK
3 AN TS UG HEVR IX F B0 H 38 Ak ARk

M 2019 4F 2= 2022 4, KRS A il T 1% S8 UIAH G . 2019 4R K ARFE D™ 25 X M b 1] g 22 R0 0 gk 20>,
5 Iy =5 N S B K 2 DR L 4 o B304 7 A Bk 5 SR A K AR AR AR K AR, 45 T
55 BRF AT K S By B 45 8 H Oy i o B 2R 4 & — 5 N T i 12 A 4 B — 5 A T 55 BRI K AR S R K A
2020 4, AR IIEE, 1 AR BEHRK A ARG IN; 2 &2 6 H o8 4k; 7 A A3 —5F1 =5 N T8 RGoKAE
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XK RS, 9 A F 10 A 4kZesthn, 11 A, 2021 48, 28 b — S5/ =9 A T8 RIUSHERIX, 1 H
2 6 AW Bk 7 AR 9 ARSI, 12 ARl 2022 4, 372 X UG HEVR X KRS0, Tk K A
PR e qe, RUAEVIRACH B SARSER, 7 A E 12 A, 29 F =9 A TR MK A hn, 915 HER X 44
AeAk, FEWATHINEE . FETE R T, 2020 4R 2021 4F TAEGEEE W, 3020 A AR AR T AE 1k, ELARAKIAAS fhk
I 3 7K AR TR S R A S

L 40
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S 20

2 10

X

E 0
— NN T VO —~—AN—T AN T VOO AN VO~ Al TV OO0 O — A
OO NN 60000060ttt AR D OB
DDA AN AN OO OO OO OO0 O ™ m m et [SESESEsEsEsEsEsEsEsEs B
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S OO0 OO0 OO0 OO O OO0 OO0 O0CODCODODDDODDO OO
(o I o I I o B o Y o I o I o N o I o Y o B o I o I o IS I oS IS NS Ao I o I o I o I o I o I o I o I o I o I o I o I o I o NS IO o I o I o B o IS IR & I o I o I o I B o B o I o I o oS |

Hi

Fls  2019—2022 4% A KR AL
Fig. 5 Monthly variations in water body area from 2019 to 2022

33 ET NDWlhaa IEBRIKESIEK AR IREHE D

L 2019 4R, B 7 NDWly-ger 878 7K AR B 2848 A BAT 85— Bk, FERINKARL A R KK,
M6 7HZEI12H 9 H, KKK AR KA, IR EV REETmR %, 2] 12 A 9 H, X eEK Ak
XIERFR M. 75 8 A 16 HIE, AEAKMAFEAS S /K A A DX sl 3 28 Hh IR AE 25 X A UK A RN HE e
5 X 456 2018 AERYKIR AR EOR T, IX U XN AR 22 AR R G . 5t T 2h S a4 UaAH
Lb, 5T NDWly-ge H 7725 BEAE TR PR 51 /K AR AR RN LA DX S5, (E6 T ) 2 R AR A B A8 AL AN I i
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Monitoring surface moisture changes using NDWI and extended indices: a case
study of Suyahu Reservoir

LIU Suyi', HUANG Dui’>, WANG Jianjun’, YU Zhongbo'

(1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. The National Key
Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China; 3. Zhumadian City Suyahu
Reservoir Operation Center, Zhumadian 46300, China)

Abstract: Based on the differential reflectance of surface moisture in the green and near-infrared bands observed via
remote sensing, this study explores the use of the Normalized Difference Water Index (NDWTI) and its extended indices
to monitor surface moisture changes. Multi-temporal Sentinel-2 optical imagery from 2018 to 2022 was utilized to
compare the performance of water body extraction methods using a fixed NDWI threshold of 0 and Otsu's adaptive
thresholding method. Furthermore, two novel indices —the Binary NDWI Difference Index (NDWIy.ge1) and the
Normalized NDWI Difference Index (NNDWIg) —were proposed for identifying dynamic water transitions and
surface moisture changes. The study analyzed these indices using Suyahu Reservoir as a case study. Results indicate
that the fixed NDWI threshold of 0 outperformed Otsu's thresholding method, which had an effective period of less than
50%. Water distribution closely aligned with dredging and expansion activities. In 2018, natural changes in water
bodies were mainly observed in the northwest and western areas. Post-construction, the water area in the western
reservoir decreased in 2019, while increases in the deep-water zones, areas near Artificial Island No. 1, and post-dam
dredging zones were observed in 2020-2021. By 2022, water bodies around Artificial Islands No. 2 and No. 3
continued to expand. The NDWIy_g¢1 index identified significant water transitions in construction fill zones, deep-water
zones, and post-dam dredging zones from 2019 to 2022. The NNDWIg index revealed extreme changes corresponding
to transitions between water and non-water states, while moderate drying and wetting changes corresponded to
precursor phases of extreme changes, including water body reductions due to earthworks and water accumulation from
silt deposition in less apparent transition zones. This study extends the NDWI framework by proposing two remote
sensing indices, providing a novel and efficient method for automated monitoring of surface moisture and

environmental changes.

Key words: optical remote sensing; NDWI; NDWIy_ge1; NNDWlgej; surface moisture; Suyahu Reservoir


https://doi.org/10.7606/j.issn.1000-7601.2020.06.28
https://doi.org/10.3964/j.issn.1000-0593(2014)06-1649-07
https://doi.org/10.3964/j.issn.1000-0593(2014)06-1649-07
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.3969/j.issn.1673-8853.2022.04.021
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.12082/dqxxkx.2021.200474
https://doi.org/10.12082/dqxxkx.2021.200474
https://doi.org/10.12082/dqxxkx.2021.200474
https://doi.org/10.12082/dqxxkx.2021.200474

	1 研究区概况
	2 数据与方法
	2.1 Sentinel-2数据及预处理
	2.2 基于随机森林方法的地物判别
	2.3 基于NDWI固定阈值和OTSU阈值的水体信息提取
	2.4 基于时序二值化NDWI差值指数（NDWIb-del）的水体与非水体转换判别
	2.5 基于时序归一化NDWI差值指数(NNDWIdel)的地表水分信息变化判别
	2.6 自动化处理程序的开发与实现

	3 结果与分析
	3.1 NDWI阈值0与OTSU阈值及生成的水体对比
	3.2 基于NDWI的水库扩容工程前后的水体面积动态变化分析
	3.3 基于NDWIb-del指数的水体与非水体转换特征分析
	3.4 基于NNDWIdel指数的地表水分信息变化与施工动态分析

	4 结　语
	参考文献

