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On the succession dynamics of floodplain vegetation along the Middle Yangtze River in
response to the operation of the Three Gorges Project*

Shi Xi', Xia Junqiang'™* & Zhou Meirong'
(1: State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, P.R. China)

Abstract: Vegetation is a core component of riverine floodplain ecosystems. It performs key ecological and environmental functions and
serves as a major indicator of external disturbance. Dam regulation alters hydrogeomorphic processes and further changes the succession
trajectories of downstream floodplain vegetation. Existing global land-use datasets and vegetation maps have low spatiotemporal
resolution and coarse classification accuracy, which limits their use in fine-scale floodplain research. This study focuses on the floodplains
of the Middle Yangtze River (MYR) and develops a vegetation identification method based on high-resolution and long-term time-series
remote sensing images. This study reconstructs the spatiotemporal distribution of floodplain vegetation communities over the past 40
years and clarifies vegetation succession dynamics before and after the operation of the Three Gorges Project (TGP). The main results are
summarized as follows. First, the proportion of bare floodplain areas in the MYR decreased by 17.3% over the past 40 years, while the
area of vegetated floodplains increased by 13.0%. Second, the expansion of floodplain vegetation mainly occurred after the TGP operation
and before the impoundment of cascade reservoirs. Reduced inundation frequency during this period led to a net vegetation expansion of
approximately 91.0 km? in the MYR floodplains. Third, the progressive succession of vegetation communities from early-stage to late-
stage types increased significantly after the TGP operation and then gradually decreased. In contrast, retrogressive succession has shown
a continuous increasing trend due to persistent river bank collapse. Fourth, the succession direction of vegetation communities is mainly
controlled by variations in inundation frequency. Reduced inundation frequency, which is induced by stabilized flow regimes and

floodplain aggradation, promotes progressive vegetation succession. Increased inundation frequency caused by river bank collapse leads
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to retrogressive succession. This study provides a reliable scientific reference for the protection and ecological restoration of floodplain
ecosystems in the Middle Yangtze River basin.
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Fig.1 Distribution of riverine floodplains in the Middle Yangtze River
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Fig.2 Lateral zonation and community composition of floodplain vegetation in the Middle Yangtze River
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Fig. 3 Comparison of phenological processes among different vegetation communities based on in-situ biomass
and Landsat-derived OSAVI series

5 7 9 ap 1

A EIREMN BEFCCDCHBEERF D IER
/ Google Earth / / £ // T A / / Landsat % i 84% /
ﬂ%%éf#-%}@; Wilj ﬁfuﬂlill (1988-2023%)
ALRamE | [FRRABERE] | | -
v i [macng| [ 2wra]
YT E TR A 3 al I
Rk A 1 HRABRARH | eNDVIE | o g g |
TR FhA R 1 i
P T e 3t A AE A B SE ; c MNDWI | | weeee .
B KA B |oeGer | | EShEA
I . i

TR B BIRAF
- — v

AR |e i ; !

A ﬁjgﬂ%& B EETYT0N CCDC T AR
Fo|e sk [ ow) |

B e mmEERE {ELEIDY] ;

[ ]

[ ]

----------- v / 1988~2023 4 /
d J

R

CwEnEEn ) | REAR RAREREED

p v
1 2023444
[§K&§&%ﬂ] #EH AR “mcmﬁﬁiﬁ*

/ 20234 Planetscope® o~ 9 238 B3 4% / 1988~2023 SFAEdp B %
25 HFAFEFER

| ERMREENRE S KR e |
4 Fil& PlanetScope 15 Landsat 3 /&AAZ BN M P REVE R A JT 500

Fig. 4 Flowchart of floodplain vegetation community identification method integrating PlanetScope and Landsat

imagery




2.1.1 WRAMENAESRERANE FETHEEZ4MZ%R S PlanetScope m 7 HHERGE, 1275 4k
FE R TG [ o} R PRV RE VR - 2SR, DARI 2023 SFINPEREIRETE /> AT B, AR SR BN 7 43 AR B (A A
AEHRE, ORI =0 (F O:

(1) BEARMS . HedE Anderson 7324k 026, 4R 70 X 3R o AAREE I ME . AR SE P, AR 2
WIS K AR DU, 45 Set R S QR TTR R AR ARMAE (TD/T 1109-2025)), KAl i
PIAEAN 0 AFA . SR S ARAEBETE, NREBIMMERI D AL b S SR, A& AR5 A
. KYESEH0. B, SRFBEHR R oA BB S AR E R R 2 Y, R A H R PRI &
PERB BRI N B AINE . SREE NS A A MK AR, TR B8 LR 58T B P 45 SR B A B R 35 1

(2) 185 %]. KM eCognition 10.3 H 2 RUE /> EIH %, # PlanetScope f4145 7 #1015 S 3 4F
AE 73 B [ SR AR X 52 o 40 BT R G A AE L3 8 AN B I3 [ B 38 % NDVI. GCI. NDWI = Fhf %%,
Sy T IR A 1 S S AR R R R G R B D B N K AR 27290,

PRI R ERS, % NDVI. GCI. NDWI B REH 0.2, HAREWRBAERHW N 0.05; 1T
HIRF TR, RN R F RN R 2 RATIR, BEEERBNPE R 0.1. i
SRS TR R R E e N 7:3. B FIRESECRA Dragut & (2014) BT /& 25K
) ESP2 T HFaff a0,

(3) JFMEFRARIREL . 7EXF BN FEFEE LU R U AFIEFadn: OIGIAFIE: SR WG 8 WS =
FRFRHOI P IME . drdE e ST, ROKME S HR/MA: @ZURHIE: %X R NDVI 5 NDWI /K & LA 4 R 7E
0°. 45°, 90°, 135°UUANTs [ B e AR, RS KT 2 OFREFE: SXTREH. K%
L AR BRI s @2 8] 26 RAFAE: 5 0F 55 530 AT T8 7K A4 52 1) T K EC R 5

VR 0 A1 SR B AL AR AR AR, W R AR B ] B A 55 LU 481K 2 I 94 ( 80%0 ) FIRHIF AR (20% ) o
B S BEIE A R ). e, FIRIIZR R B 2023 4F 3 m o HF R MR B 7%
5B %R, FHRAABE RS Landsat 30 m #.

2.1.2 ¥F CODC WAt F o RAEA M Z ST EEYETHEZER Y Landsat K JFEREGE, LL §2.1.1
TRELHIRE R o AT B REAR SR, TERT RI4E RS T CCDC MR 7 7 808, FEEAFEL M
& (E 4):

(1) Z=7A8R 2R SR CCDC i AR el & Landsat B 5408, 456K sims) L E
M RBRARRS i, KB FEAR S FONE T FF 5. &7 55 W BRAR A A A U AR 84K 1 1
BT TR R FIR A TR E B R S, KRR B0k e N 3. BT B Aok
MO W B M AN B R R H RS OSAVI. GCI M1 MNDWIBY, Bh4h, # CCDC Hik
(https://github.com/GERSL/CCDC) #4144 Landsat THEAF, DIScBURHIAM 5347403 S BEEA
RER, ¥ CCDC HkH B MME RN 5, RARRBMERN 0.99, FRHIER/NMERN 2 al'4l,

(2) WFRAr MmNy . RS TR 2 B 5 £ A0 78, SR XGBoost B M E LIS I
53 FEAGERIB2 B DL EAG T IR BB B TR B0 F 8 &, DU R L S 55 SR RO R & .

BRI 25 556 LA 2023 4 30 m PNFERBETE 5 3078 25 2 S5 RONAEA B . N BRAAZ TR & RSt
SN IR, 5 IR B SRR AR b e W A DL _b B o SRR BRI TR S TC, R K A kI S 4R
PO I KA o A4 RE A B F T B 43 A 55 LRI 3 R IR AR (80%) FIERIELR (20%), FERH YT X
IR B S, Bk, FIRIISR B R AL Y 1988—2023 LEK I A i MR IR 74 5 BB 76 7y
FHE.

2.2 NMEERE KRS A

AR Shi £ I Eh AW RETE, 454 Landsat BBIRFAG5 - H 5 25 265 B SR O ¥ e 4% 7 Bl
1331, ZJ7 AR A — G oeEAR A B 35 2820 R (5—10 AD S53EMET (11—24 4 A) MNDWI (1)
R, GG TGS T A M A, 2T A ) S B A A G R BOIRAS . BEJS, TS A [ A
AR BRI, SR )\ )32 88 P V2 D A0 1) e 3 B R 5 = T 2 ] R /K SRS, A kA RI8 Mkt K 5 | AR i e
WX g T, T 2SR SE i AN RN B A (R M A



3 HRAMETHE

3.1 INMEMESE IR 5 AR E TN

PR B 2 B 7 53 SR B PR I GRS IR E AR 13RI st i RG2S RS 15 2 7 0.78 1 0.75
MAFRE L KRG, BB RREEEE - EER (K D AW R R, IGEMRIE4E F1-
score 431N 0.84 5 0.82; ARAEMIK L, IGEMIIUEEE Fl-score 43718 0.68 5 0.62, R IR # &
WIHETT R I AR RE RE ) B8

FMHZN, BARREY ., Aol FIH 5 8 D) A B ZRAX AR, FEFEFRMT: (1D fFIEREHKE
W5 AR B AW IR A 1% 0, BT b s, SR T 2 A () RS
Al i Hb R BF 7 R B RRAE e E AR, B P RS Ay SR . SR, ST AW A S HEK . BAKE ) 18] (1)
AR B TN B SR IR, MO 7 L A O I

R 1 MHMEAEIREE U TR RS R VR

Tab. 1 Accuracy assessment of floodplain vegetation community identification method

_ HEYRES B HER
FEERR — " " " -
R I LWN L] HEKEY) RAEY) Ak s AR A
. FhHER 0.83 0.62 0.75 0.84 0.75 0.83
I RtE
HER 0.66 0.30 0.97 0.57 0.45 0.93
(80%)
F1-score 0.73 0.39 0.84 0.68 0.56 0.88
R 0.75 0.52 0.72 0.77 0.70 0.79
I )
BER 0.59 0.26 0.95 0.52 0.40 0.83
(20%)
F1-score 0.65 0.34 0.82 0.62 051 0.81

3.2 i 40 FEACIT A B 2E BY M 3 E AR A9 B AL AHE

T 40 fESk, KITHRGRINME. R E SIS AR RN HAREES 1110 km?, H=3# 5
PERESRAAL . MK RS SRS, PREE IR & LU Rr S TR, ARG 2 35 P 5 E AR BT, AR 5
Eo/NESE R (& 5): #REEINME S EL Y 1988 4R 32.1%% & 2023 4EM1 14.8%, MR 187.8 km?;
A5 78 T I o Ll E 1988 2R 56.7%38 % 2023 511 69.7%, MAEY 7KL 142.5 km?. H, K, HA
EORAEMRET G L) 2 KEH: HKEARAEDRE IR, &0 H 1988 41 29.6%F1 13.3%
W4 2023 4K 37.9%A1 17.3%, A HIEY TKZA 90.6 km? Fil 44.0 km?; BAAEYIRER BEIERL /)N, B 1988
FH) 13.8% I E 2023 FH 14.5%, TS 5L 7.9 km?,

B R FERT S BB BEAN, AT B AN & LU AR R AE S KT i ok — 5, (HARH
B R RG 7 25 I TR IR AR R ZE 57 DU B AR e PIPR I 2 AR IR FE B K, 1988—2023 4RI 44
62.8 km?, TIHEHHEHE 555 AR EIMER R KIS AR, 40504 30.0 km? Fl 29.5 km?; VLA Bt
DO B AE B 7 S5 N TR R S R R T RN S RN, T ] B T R N O v R £
62.3 km? i1 50.1 km?, T EHEMMENY KL 1.9 km? 5 7.3 km?. MHLZ R, DO B R EMMEY KAz
KT FRILS PO B, 32 BRI B 52wkt B2 5 2 15 T ) 1) B2 I BE R R 35
3.3 =BT 215 ARG A B S MY SRk #L 2

SN BB = e TREZ FH A PR B I Tk e, THE ST B B BB s DI TRI A A7 Lk, RAH Dynp
ARG WL AT HAEBRBRRAE (B 6). Z5RFRM, BREBIMTBAL, A5l BOE B 26 PR AR & Th 3
BBk, RASER LN 1998 S 2013 4E: (1) 1998 SR i, T B 1 7 s MM |5 LRI, M
B MAREARYERR RS E s (2) 1998—2013 #F, MHEE 25 PHIME b ELIR IR, MR8 (m R R e P, A
BERE A AR INZ) 91.0 km?; (3)2013 2 )5, MM 25 IHME 5 EL4ERFAE B m A, BRI I R 2,
A W 7 6 T AR B TR 8



[ iz ] EXIEIE
13 7 A A

AV AV A A AL hi, i
10 1\ DA 92 o A
b 5 H~69.7%

%@E&%ﬁiﬂf& 0 SORHURGE W AR EE T W
| -7% B EOKHMEEE FZA Aol B R

TR e

(b) FLEE B

A A A YA Y A A A A A A YA A Y

i M L 3
o icsnne LU TPV 5% S0t
100'288 1993 1998 2003 2008 2013 2018 2023

(e) TRl B

ﬂﬂzznnznmunu

40

RS E%

ﬁnuuﬁuzﬁmwnulullnllﬂl

fa'e #. 4 AV | 1 1 | 1
b o~ 76.1% 7 i~ 66.0%
IIIIIIIIIIIIIIIIIIIIIIIIIIlI

0 0
1988 1993 1998 2003 2008 2013 2018 2023 1988 1993 1998 2003 2008 2013 2018

'V id

[IEATEE

Bl 5 1988—2023 4P HH il 449 B AN [F) S R A o LU AR AL ARFAE
Fig.5 Proportions of different floodplains among reaches in the Middle Yangtze River from 1988 to 2023
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