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Spatial-temporal variation of Spartina alterniflora edge in Yancheng wetland based on
improved windows of opportunity theory
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Abstract: To analyze the spatial and temporal variation of the leading edge of Spartina alterniflora in Yancheng Wetland National
Reserve, Jiangsu Province, an improved window of opportunity model based on Spartina alterniflora reproduction mode and minimum
disturbance-free time of remote sensing inversion was proposed, and the evolution pattern of Spartina alterniflora leading edge and its
driving mechanism were analyzed through the correlation analysis and mean absolute error to verify the accuracy of the model. The
results showed that from 1998 to 2010, the front of Spartina alterniflora advanced to the sea. From 2010 to 2020, the foreedge presents
a W-shape trend of siltation-erosion-siltation-erosion-siltation from north to south. In 2020 and 2021, the Spartina alterniflora front
continued to erode and retreat in the north, remained relatively stable in the middle, and moved seaward in the south.
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Fig.2 Error verification diagram for forecasted tide level



553 1 B JETUCENL S D BE RO Eh IR T AR BT 2RI 23 AR TS 59

2.2 JKihZkiEHE DEM

TR 2R TR I B AR BRI /K T 2 ) MER B IUK G 2R A DEM. # E f0 C Ak, ) FH 28 R
HARIRIBUK L B ToK B33, B ATH R E B2 SR A 3 BE I F0E X Kk &
SIS EIAR AN T X Gk g Hor et I — 1k 25 S KRS #L ( modified normalized difference water
index, MNDWI) J&7E T —4k 2% T /K AKFE 0 ( normalized difference water index, NDWI) 83 A F 2o ik i) 7K AR 5
B0 AR K 0 267 B R B /D, SR Al e BAR Y SR 3R T MINDWI 8 50007 13 {5 3 31 32k i DA K e ik
(OTSU) BEAT KRB ER , 16 4% Landsat 5244 F1 Sentinel-2 5215 1 4551 B R 46 Ik 21 /M B 2 N0k B, #y d8E JK J

AR BRI KRG R

K GG IR 5125 K BE AR P 3R UK 1 2 38 i b (008l A AP 8 I b B MNDWIL K B s2 A%, 1E AR
FR T BB S RIS S T R e 7, i i OTSU SE3ATHAA B ML, X MNDWT K BE SR 4T —
{EAL 2058 PR E R RS IR J5 2 1% E*ﬁﬁf@@ff%@fﬁﬂi@% (B 0 0 B 330, BAT AR
PR AN AZ MR ST R FERESE A A S BRI A 2 B T, X A PO A2 B A BRI AT 32 B Ak
B, L BRUAME B A AN XK AR A K e S R A R R TR SE XA TPX09. 0 il I8 £ 5 4 % 4
WA KA DA i A8, DT AN TRl K 7 A — R A R 2, TR AreGIS Hiz T 2r B He b TIN 4 {8 2 e
AT DX W B0 R RS 28 DEM, (A5 13 A, AR S i 300 GGl 35112 MUK BE 5248 b F Sl B IBOK
LR PR Z IR T Landsat #BGEAR HE3 B UM ALY DEM KSEE R 30 m,,
2.3 MHNMSEOER

GAEK B B A RO 2 R AT IR MY 5k, {HJ2 Balke 5 BT A% & T HAEK

B P B ARG Y IR R A SRS B DR B R 2 8 T e B, OF HLAE ] R iE
B A AP B DAY S R AR e S R X B AR K BB Jy =X 2

ORIl B RN 3 7R, A, EARK BOE o AR T A R (A PR TERT 206 e
M, A S R/ NE AL R A A4 4 A 1 HE 10 A 1 B9 TPX09. 0 Tl i 7 £ 4 i A, i1 L2 7 1A
RUASADL 855 S A B A RS L BRI G0l A P SR A0 B sk RS X, . RS, BAE R Ryl it
Pag sy BERURLIR 258 4K (JOME S0 ) TE LB, 973K B 290 25 m/al™) | B I 3 o L i 0 oo ok S e ke
WEEYRIEES X, (X (1)) o Bn AR EALKR BRI 9K SRS X =X, +X, , A O RBP4 0152 22 X0
BRI EE R ER PR T8 S IPAG . A 2002 AERTRIFSE XA TR B8 3  BARK BRT 202k, - H. 2020 45
RIAE AR, BT A EE 2002—2010 4FF1 2010—2020 4F- 2 AN AL B AT 25 AR (L ITAL BRI BE

2—25(T3_T2) (1)
A s 7, D A WA R AR i GO GIE L e AR ) Bzt B 2 HH B A0 T 9 SR EE AR 17y o
‘ %Mff SOMIRAE G LA

: (/J\?S/d)
(a) BRUALERTZOCRE IR

X, X
“%@ﬁ&‘ i SRR %f/ﬁ:fﬁﬁ#ﬁiﬁﬁ Rt

TAIRTS Q)
(b)) BEFAATERTGOEHE L E H I

3 MM SEORBERETER

Fig.3 Schematic diagram of improved windows of opportunity model



60 WK E el (AR RS R ) 5551 &

2.4 RNETFHEEFHE

R T R R T B R/ N TP [R] B — PP TR BRSO R TS . DL 2020—2021 ARERIFSE X SRS
TR BACK B F G, BT SCRp I ALY W o3 250 8 B AR K BE A L s A T i 1 de /N T
PerstiE A 3d 4d.5d.6d,i8id 2021 4 4—10 H KA ECHE A AL 2 7 O TR N R, 43 Bilie A
hy hy hs b ARE DEM A5 20550 45 @48, i /NG E]

3 #ERESH

3.1 EEREEUNELKRENEZNZETN

PRI X H AR RT3 ) 25 AR A0 T 3R 3 A B B, B B B AR AL R B DL I 4, A AL R LR 5, 1998—
2010 4F, T E & A DTSR IE " R B A6 K B A AR AR DA T R 0 | AR 9% X3 A8 K s 4 1 1) YA ¢ o, 5
fihpe I A B2 — 2 @ i SRR IR B O 561 m, SEIHEDE RN 47 m/a, Hod 19 ST
B B K, T MR B R 1259 m, HESEE R 105 m/a, 1 12 50 13 5 W i i 5 25 d5e /N | 1) T e ok
FEESA3 R 72 m F1 65 m, HEFEH R K 6 m/a 15 m/a, 2010—2020 4%, jiZk K BRI %, Hod 3 S W=
™ AR B A 405 m, (R IB RN 41 m/a, AT RE S5 55 PR 00U 32 (0 8 B0 B0 T WU Y R IR
P AR, ATk F b 1) R AR S BRI Y WO AR (R 1 5 28 5 29 51 30 S T )
AbTF Y SRS T RE S 32 BB i v A e s AR Vb R AR I, 2020—2021 4F, B 5T X 4k L
kLRl IR TR IR BEES R 84 m, A% .0 X s £R VA T2 10 457 AR X AR , A5 DX 3l g 8 6 A K 1T L ) ¥
et S HEDEIE BT 1A 319 m

1500 1 wm 1998—20104F
== 2010—2020 4
| == 2020—20214F
£ 1 000
1%@
i,—‘] 500
=i
0
e e S S S S S S S S S S S S S S S SR S S
1 23 45 6 7 8 9 10111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
W 2
B4 ERXEANGLNELES
Fig.4 Variation distance along the front of Spartina alterniflora
BOr 1998201048
= = 2010—2020 4F
= 3001 mm2020—20214F
<
& 150t
b
==
£ -150

Bl
123 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Wi TH 5
5 HRREMGHRNEHLER
Fig.5 Change rate along the front of Spartina alterniflora

3.2 ERAXEEEMEN&RNTFHRIE

AT KL AR A ME DEM (8 6 (a) ) FIBCHER L2 B0 RS 8 5E 1 /N E T4 )2 3d 4 d
5d.6 d %R AR EFE hy by s AT 0.74m 0.91m 0.93m 1.05m(E 6(b)), HE 6(b) W HEAL
KFE AR XS AR R T 0. 93 m, Al LUACH BLAEK REEAR T 0 F/ NG AU 8]0 5 d o ZERUTGT-H0As 8] 19
BfE | 17 222 380 3o 7R o 0 0 M 0 250 124 B 6 A B fie /N T TR (B8 2 ~ 3 MY ¥ 58 5 e /N T
LTI 5 dM 2 LR bR R/ N T T 5d 2




553 1 BB JET UGN NS IR M AR K B G

SASALI 5 61

&1
— 2021-10-05
— 2021-11-04
— 2021-14-14
— 2021-12-04
R /m
m>1~1.14
>0.8~1
>0.6~0.8
>0.4~0.6
>0.2~0.4
>0~0.2
i >-0.2~0
e >-0.4~-0.2
Bl >-0.437~-04

(a) idKEH: MR R (b)) E ALK E A B B B R R A
Be KivkiEZRENBESEREEREEENFHNRESE

Fig.6 Inversed elevation of tidal flat by water edge method and minimum elevation required for Spartina alterniflora

3.3 BENHENNSEORENERERENSENZEL

2002—2010 4EF1 2010—2020 4F 2 A4 Asf &) B 3l & 5 48 2K 50 2 M BT 7 9 e A0 s A 43 31 0. 930 1 m Al
0. 947 0m, HELAYEFEIST 54 2007 455 H 25 HA12020 456 H 14 H, Kk, £ 2007 4EH12020 4E4516 4% 2 MEiE
ISR IE I ArcGIS HiY TIN 16 (D REAFH BB AT (1] 7) , ITTBLAEL 2 AN [R] B N Tk AR a3

20074F: mm@fm/\ﬁ m

RAAL AR AT 2R

S IE I RS

—20204FHi %% e
— 20105z S

F7 BEM#ENNSEOERENERAENSZNEZTL

Fig.7 Spatial-temporal variation of Spartina alterniflora front modelled by improved windows of opportunity model

H1 &l 7 AT, 2007 AEOFFE XBCE AR AR FERTZ A0OGRE B AR B YL 8 11,2020 4ERTZOEHE B2



62 WK E el (AR RS R ) 5551 &

AR A I 2002—2010 4FEBF5Y X 38k B ALK FOBE TR AR [a) W9 5K HEE , 2010—2020 4F AT iR . Lk
PO s 55 3. 1 Ay Fpo i i B AR LI 4 i a3 AR A i 2% S — 3

3.4 BHRNSE REBETEFEXES T 750 - 120,99, p<0.05. MEA 728.83 m
XS X B AR 20 25 25 {025 — By 099 p<005 MEAJI667m

r=0.99, p<0.05, MEA 417.00 m
BE(2002—2010 4F) | F ALK 5@ i 50k Wik tens O !

ZEEME I e A A Bt B S H BRLAE 2007 4F, 2 )5 3 a B

£ 250 |
0 L A SR S 5 75 m. R Balke %0 E :
R e L e e o I B I s e

s |

7 BUHRTHLA DR AT T A

—— MR P AR R KA

— MR P DRI R 2R 5 1R B
1 L 1 '

=500 -250 0 250 500 750

8) , MIAS STl B ML 23 17 10 5 TR0 ) SF 25 46 Xof 452 25 g
28.83m, AKX T 37. 84 m, BFEW/N TIREIFEE T
Plata FBRIARE R, T B 2 P38 4ot 825

=250}

/NTF Landsat 5% & 1) — MR R RS (BRI XL /m
30m) , 2 PR AR S I H LA A 2 I Y B AR 8 MEBIMEHEENLNE ERENES
TR S 2 18] B9 T 34 46 SR 2 FAE SEAE 4 4T

FH 12 B2 A% 1) L s SRR HL 21 O AR A ) Fig.8 Mean absolute error and correlation analysis
FRADEL AT AH S4B, RS0 55 WA ) A 6 2R 48K between simulated and observed values of window
BAES 23 Y (p<0.05), o 23453 0. 99 , S model before and after opportunities improvement
PIHEXTR 2255 28. 83 m H117.00 m, B A I 405 1R 22 22. 92 m,/NT Landsat R — MR M
ROF (O HE3 0 30 m) o 2 b ik s iOBL 2 B DR RLA RO/ 1P 4 0 i 22 | 2 —F il AT I BF S B4R
KR TR 2 AR T o
3.5 HitRENEBHEEEY

LA, AR K REAIG I TAR C 73R 45 T, By 1 008 Ok 8 A 4 BEAH R ) S i PR T 1) Jm) FR 1
IR T AR RS PG AV PR XERE . AR B ARA) ) 32 SR 0 52 A 1 A4 ORI E AL, 8 ML i
A2 B AR K E LATC I BB A J7 3580 o5 UGHE , TS B AR o S A v L 9 A 2 3 3 R ke )
e R A AT R X IR P i e A AR AR I Lt A S A T A R 6 T S 1 B AR OK B ORI A
MR A B2 5

RSO APl 2 o DR R 25 8 T e R AR/ NG P ], FF MU 1 B AEK SR 2R
2SR, EHAEKRERTZOEME L R R E R A mA M T HAER T 5K, Besh, s/ NG
I I) -t B e R T 92 A BT W E ) e R RE T, DTS2 ) AR OK B A M B sk R R . BT
e g I A0 ARG L e/ N JC 40 o TR A DX RS 3 R Ay L A oK e A 4 14 B DX, 5 i s L 4
R PEA , LAB BLAEK R R DR, Ald e AR SC A4 77 ik B /NG I Ik 1) - ELASEAUL B AR K i
2t 2 AR A, T BAEK REAE AR A R AR A S 2%

4 # it

=A

a. TGN LIRER IR S & [ SRS X B ALK BT SR NI 25 28 AT W, A2 i 25 2246 53 3 B
BB Be(1998—2010 4F) |, BALKRL A HESE PSS 38 47 m/a; 25 —FrBe (2010—2020 4F) ,
5% DX IR AL RN R 0 IR B B4, Wi 2% 1 b ) R 2 B TR kR A WOIB AR A B 5 = B (2020—
2021 4F) 5T XIRALFR Ak SR il SR | %0 DX 3 56 T BT 2% 10 AR XS , T 5 DX 38 e S ek VA R T AR
TR S HESE IR 5 AT 5K 319 m,

b. B ALK EE AR T 1 55/ NJG TP (]2 i FH el A B2 1 RS RURTHDL T 28 B 23 AR 10 9 OC | AR Sl
b 7K v b T MR e AR DEM, 254 2020—2021 4EBF5% X 5k 1 308 1) B AR K B A3 B, Bz 3 HL e
FE T B S/ N TE TR R 5 d

. AR SCERRTE ALK R M BB RN JC M B 25 A i B Oy = B T —Fh G AL B R A
2002—2010 4FF12010—2020 4F 2 A~ [a] Be i % 0 B 25 A8 4k, I HLi 30 AH 5 22 BORIT- 349 2 X6 152 22 0 esee L 25
T USSR T 45 S A vE B PR A7 VA, 25 SR o, Bt 5 ML 2 7 AR X 2002—2010 4FERT 204 5K (1)



553 1 B JETUCENL S D BE RO Eh IR T AR BT 2RI 23 AR TS 63

TR -2 46 %F 5 2% 0 28. 83 m, L EF AT T 37. 84 m, Xf 2010—2020 4FFif 4% J IR AL 191 341 446 %of
RZR17.00m, BAK_F R4 X228 22. 92 m, /NF—MEEM AR ST . LSt DA g E i S
TR B — Rl AT BRI AR K B RTGN AS AR R T I

S ZLHK -
[ 1] JEBUR, JRIZEES e, WEURIR T iR A AR R WK S R 3K A8 e [ )] /K IR AR ,2020,36 (4) 8792, (TANG

Honggen, ZHOU Tingzhang, XIN Pei. Stimulation of sediment deposition to root water uptake and soil water change in wetland
near sea[ J]. Water Resources Protection,2020,36(4) :87-92. (in Chinese) )

[ 2] WAER, BV, R , 4. I 40 2 V8 T X i i iR ok Eh 2 e iy s mm [ 1] K BE IR 14,2021 ,37 (3) 1 152-157. (YING
Zhengtao, ZHAN Lucheng, TANG Honggen, et al. Effects of crab disturbance on water and salt exchange in coastal wetlands
[J]. Water Resources Protection,2021,37(3) :152-157. (in Chinese) )

[ 3] BALKE T,BOUMA T J,HORSTMAN E M, et al. Windows of opportunity: thresholds to mangrove seedling establishment on tidal
flats[ J]. Marine Ecology Progress Series,2011,440.1-9.

[ 4 ] BALKE T,HERMAN P M J,BOUMA T J. Critical transitions in disturbance-driven ecosystems :identifying windows of opportunity
for recovery[ J]. Journal of Ecology,2014,102(3) ;700-708.

[ 5] CAO H,ZHU Z,BALKE T,et al. Effects of sediment disturbance regimes on Spartina seedling establishment ; Implications for salt
marsh creation and restoration[ J ]. Limnology and Oceanography,2018,63(2) :647-659.

[6 ] HUZJ,GE Z M, MA Q, et al. Revegetation of a native species in a newly formed tidal marsh under varying hydrological
conditions and planting densities in the Yangtze Estuary[ J]. Ecological Engineering,2015,83.:354-363.

[ 7] POPPEMA D W,WILLEMSEN P W J M, DE VRIES M B, et al. Experiment-supported modelling of salt marsh establishment
[J]. Ocean & Coastal Management,2019,168 :238-250.

[ 8] YUAN L, CHEN Y H, WANG H, et al. Windows of opportunity for salt marsh establishment; the importance for salt marsh
restoration in the Yangtze Estuary[ J]. Ecosphere,2020, 11(7) : e03180.

[ 9] PRHERE. RILE = bR A REAY A BT FE[ D). i AR R R 27, 2020.

[10] HUZJ, GE Z M, MA Q,et al. Revegetation of a native species in a newly formed tidal marsh under varying hydrological
conditions and planting densities in the Yangtze Estuary[ J]. Ecological Engineering, 2015, 83 354-363.

[11] WIEHE P O. A quantitative study of the influence of tide upon populations of Salicornia europea[ J]. Ecological Applications,
1935,23(2) :323-333.

[12] BOORMAN L A, HAZELDEN J, BOORMAN M. The effect of rates of sedimentation and tidal submersion regimes on the growth
of salt marsh plants[ J]. Continental Shelf Research,2001,21(18/19) :2155-2165.

[13] RABINOWITZ D. Dispersal properties of mangrove propagules[ J]. Biotropica,1978,10.:47-57.

[14] W& T B0, F BT RIS DREBEGRMIM SR o BEWRBE R[], iR (B ARBIEM) ,

2021,49(1) :50-56. (PAN Xin, YANG Zi, YANG Yingbao, et al. Mass concentration inversion analysis of chlorophyll a in

Taihu Lake based on GF-6 satellite data[J]. Journal of Hohai University ( Natural Sciences),2021,49 (1):50-56. (in

Chinese) )

Wrga 3L BRAL BT, Eho5Ha , 25, B T 807 18 L AR I A W K 4P A 20 BT [ )] K B8 IR 4R 47,2020, 36 (6) : 73-79. ( CHEN

Jiagi, CHEN Shiqi, MA Fenyan, et al. Analysis of water balance of Hulun Lake based on digital remote sensing images[ J].

Water Resources Protection,2020,36(6) :73-79. (in Chinese) )

[16] XIA L,YANG W,GENG Q, et al. Research on Spartina alterniflora using molecular biological techniques:an overview[ J].
Marine and Freshwater Research,2020,71(12) :1564-1571.

(17] BRETT, 5oos. REGIF IR QP[] MR A M (A AR , 1985, 40(2): 212-225. (XU
Guowan, ZHUO Rongzong. A preliminary study on introducing Spartina alterniflora in China[ J]. Journal of Nanjing University
( Natural Science) ,1985, 40(2) : 212-225. (in Chinese) )

[18] 47, ok, JORBARE W =+ ZAE[J]. R KE¥ M ( ARBEM) ,1985,40(2) :31-35. (ZHONG Chongxin,
ZHUO Rongzong. Spartina anglica in the 22 years of China[]J]. Journal of Nanjing University ( Natural Science), 1985, 40
(2): 31-35. (in Chinese) )

(197 SRZM, WK B | BEiWR 2 , 25 VLIV TAF HAE K B ( Spartina alterniflora) TRVAHITE Mt #2[ 1] . ¥ FE 5W1VH ,2005 ,36(4) :358-
366. (ZHANG Renshun, SHEN Yongming, LU Liyun, et al. The formation process of Spartina alteruiflora salt marsh along the
coast of Jiangsu[ J]. Ocean and Limnology,2005,36(4) :358-366. (in Chinese) )

[20] 4. SRS VR 50 Ml ALK R AR TR A A 35 B JE A FFE [ D] B At < P A DY R 27, 2020.

[

[15

(-



64 WK E el (AR RS R ) 5551 &

[21 ] 5/NE 78, AR5, 5. LRV VR DU 3 2% ) vl Bt JE TR K Va2 sh AR SR [ 1] ARAKTT,2014,45(19) :9-12. (MA
Xiaoxue, YANG Jun, ZENG Chunfen, et al. Characteristics of water and sediment movement in non-flood season in tidal reach
of four ports in coastal Jiangsu Province[ J]. Yangtze River,2014,45(19) :9-12. (in Chinese) )

[22] &M, ER. H T Landsat IRESAR I = M R B BOE R 4B 0 A [ ], KB IEAR S, 2020,36 (4) :26-33. (NIU
Mingxiang, WANG Jun. Analysis of coastline variations in Dongying section of Yellow River Delta based on Landsat remote
sensing image[ J ]. Water Resources Protection,2020,36(4) :26-33. (in Chinese) )

[23] KB, Rm, IRE S, 5. GF-1 BESEARE G ER AR S 2 T ES AR T AL, iR AARREM) ,

2021,49(4) :295-302. (ZHANG Ke, WU Nan, XU Guoxin, et al. An extraction method for continuous water body through

cloud interference removal using GF-1 remote sensing and DEM[J]. Journal of Hohai University ( Natural Sciences) ,2021,49

(4):295-302. (in Chinese) )

Ak T ok HE 0 T — 4k 225 K AR 48 50 ( MNDW) 48 UK R (5 B BT 22 [ 1], 38R 4], 2005,9 (5) :589-595. ( XU

Hangiu. A study on Information extraction of water body with the modified normalized difference water index ( MNDWI) [ J].

Journal of Remote Sensing,2005,9(5) :589-595. (iin Chinese) )

[25] OTSU N. A threshold selection method from gray-level histograms[ J]. IEEE Transactions on Systems, Man, and Cybernetics,
1979,9(1) :62-66.

[24

—

[26] HfEZR. KITH MR SR YA AR B BT S PLBERESE[ D] . R AR AR IR ,2010.
[27] Fille, B, & 4T. W SRR AE TR A s VLI R E s A I S5 R [ ], B Rt R Al ( A AR |

2014,50(5) :626-635. (YU Qian, WANG Yunwei, GAO Shu. Suspended sediment transport under the action of tidal and shelf
circulation; winter observation of Xinyang Port coast, Jiangsu Province[ J]. Journal of Nanjing University ( Natural Sciences) ,
2014,50(5) :626-635. (in Chinese) )

[28] WRAMR. KK B XL 9548 i U6 BV W SR 4 A 2 i [ ) ). Ve 50 B2l JF &, 1988 (3) : 7-10. ( CHEN Caijun. Effects of
Spartina anglica on the environment of silt beach in Jiangsu Province[ J]. Marine and Coastal Zone Development,1988(3) .7-
10. (in Chinese) )

[29] BB, Y5 b it 2 R TE AT A AR 3 i 2 D). B Rt B HUR% 2015,

[30] ﬁfﬁﬂ%&,Iﬁﬁ”ﬁ,@@%,fﬁ SSFPRA 21TV 8 A v T AR AR S K YRR S AT [0 ] i TR, 2018,36 (4) £ 129-137.
(CHEN Kefeng, WANG Nairui, XU Junhui, et al. Analysis of water and sediment characteristics before and after construction
of ganmensha channel regulation project in sheyang port[ J]. Ocean Engineering,2018,36(4) :129-137. (in Chinese) )

(ke F91:2022 -06 - 10 Fhide . X e )
S S U S
(E#% 30 W)

[20] KARLSSON M, YAKOWITZ S. Nearest-neighbor methods for Nonparametric rainfall-runoff forecasting[ J]. Water Resources
Research,1987(7) :1300-1308.

[21] XIJT, BBOR, AR, 45, FE T k-l SR 26 19 BMA 4R & BB BE ST [ 1], K F %741k, 2017, 48 (4) :390-397. (LIU
Kailei, LI Zhijia, YAO Cheng,et al. Study on the Bayesian model averaging coupling with the k-nearest neighbor selection[ J].
Journal of Hydraulic Engineering,2017,48(4) :390-397. (in Chinese) )

[22] XWHFah, 2280 W, 3. AR SC# 5K 754 07 IR AR HE T vh e B R A5 [ 0. 7K ) A2 a4, 2013,32.(6) :5-10. (LIU
Kailei, LI Zhijia, YAO Cheng, et al. Study on hydrology and hydraulic methods applied to the middle Huai River Basin[J].
Journal of Hydroelectric Engineering,2013,32(6) ;:5-10. (in Chinese) )

(23] #—7, A, R R, A, BRI SE A IEBORFFE LI [ T]. R /K I 5K MR 4,2021,19 (1) :12-35. (HUANG
Yixin, WANG Qinzhao, LIANG Zhongmin, et al. Research advances on real-time correction methods for flood forecasting[ J].
South-to-North Water Transfers and Water Science & Technology,2021,19(1) :12-35. (in Chinese) )

[24] EdRE, sk g, 5 b Ae. Z8E I IR K SO SR FH [ D] KR40, 2004 ,35(4) :42-47. (WANG Jianqun, ZHANG
Xianyang, LU Zhihua. Digital hydrological model of Qinhuai River Basin and its application [ J ]. Journal of Hydraulic
Engineering,2004 ,35(4) :42-47. (in Chinese) )

[25] 28k, Whol, K65, 55, MM BB VLA B B 5T [ J ] /K 1 & i 2% 47, 2009,28 (2) :25-34. (LI Zhijia, YAO Cheng,

ZHANG Yuxia, et al. Study on grid-based Xin’ anjiang model[ J]. Journal of Hydroelectric Engineering,2009,28(2) :25-34. (in

Chinese) )

RN B BRSO A5 A U A AR T 2 I A IE D 3 PR A [0 ] 09 R~ 24l ( A SRR 1) ,2019,47 (4) :317-

322. (XU Jie, LI Zhijia, HUO Wenbo, et al. Comparison of real-time correction methods of flood forecasting in semi-humid

watershed[ J . Journal of Hohai University( Natural Sciences) ,2019,47(4) :317-322. (in Chinese) )

(ks H9:2022-06 - 21 Ziffi BT F)

[26

[



