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Abstract: Groundwater dynamics in floodplains regulate the transfer and exchange of materials, energy, and information within
hydrological-environmental systems, serving as a key driver for maintaining the integrity of floodplain wetland ecosystems. This
study focuses on the groundwater system in the floodplain of Lake Poyang, located in the middle reaches of the Yangtze River.
Based on spatial zoning of hydrogeological parameters and vertical characterization of aquifer structures, a quasi-3D groundwater
flow numerical model was constructed using FEFLOW to simulate groundwater processes in the Lake Poyang floodplain. The
study quantitatively analyzes the spatiotemporal response characteristics of groundwater dynamics across different hydrological
stages in typical years, identifies the relative contributions of water balance components in the floodplain groundwater system,
and assesses the dynamics of groundwater storage throughout the year. Results demonstrate that the model performs well in
simulating spatiotemporal variations in groundwater levels, with coefficient of determination values exceeding 0.85 and Nash—
Sutcliffe efficiency values above 0.80 during both the calibration (2018) and validation (2019-2020) periods, and groundwater
level deviations generally remaining below 0.45 m. Influenced by the annual variation in Lake Poyang’s water level, the
floodplain groundwater level exhibits distinct seasonal fluctuations, with wet—dry season differences of approximately 2-3 m.
Owing to heterogeneous topography and geomorphology across the lake basin, groundwater levels display a spatially
differentiated pattern, generally higher in the south and lower in the north, and higher in the east and lower in the west. Under the
combined influence of lake level and topography, groundwater flow velocity in most areas of the floodplain is less than 0.1 m/d,
though in some regions it can reach up to 0.3 m/d during rising and high-water periods. The primary groundwater flow direction
is from the eastern main lake area toward the western floodplain, a pattern particularly pronounced during high lake levels. Water
budget analysis indicates that precipitation infiltration, evaporation, and groundwater—lake exchange are the main factors
governing the floodplain groundwater balance. Precipitation infiltration accounts for about 64%—65% of total recharge, lake water
contribution for about 29%-30%, and seasonal lake groups for only about 2%. Evaporation constitutes about 70%—73% of total
discharge, while aquifer discharge to the lake accounts for about 23%—26%. The Lake Poyang floodplain groundwater system is
generally in positive balance (receiving water) in spring and summer, and in negative balance (releasing water) in autumn and
winter. These findings provide a scientific basis and decision-making support for addressing seasonal droughts in Lake Poyang,
ensuring regional water supply security, and sustaining wetland ecosystem functioning.
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Fig.1 Distribution of river-lakes in the Lake Poyang basin and lake bottom elevation changes
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Tab.1 Basic data for the present study
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Tab.2 Hydrogeological parameters and associated values within the groundwater flow model
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12 22 3R 1R 22 32 12 22 3
I 0.15 12 40 0.02 0.18 0.26 0.08 9.5X10° 9.5X10° 1.3X10°%
11 0.20 12 50 0.02 0.15 0.25 0.19 9.5X10° 9.5X10° 1.3X10°%
I 0.15 10 45 002 015 022 0.10 9.5X 10 9.5X10° 13%10°%
v 0.12 10 35 001 012 020 0.08 9.5X 10 9.5X10° 13%10°5
\% 0.10 8 35 001 012 020 0.06 9.5X 10 9.5X10° 13%10°5
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Fig.6 Comparison of simulated and observed groundwater levels for the comprehensive effect of the vertical direction during the model

calibration(a-g) and validation period (h-k)
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Tab.2 Assessment of groundwater levels during the model calibration and validation periods

2018 4% 2019-2020 4
=LA
1# 2# 3# 4# 5# 6# 7# 6# 7# 6# 7#
R? 095 093 092 0.8 08 085 092 092 085 093 087
NSE 091 090 086 0.82 087 0.84 083 086 080 090 085

RMSE (m) 024 029 038 044 032 038 036 034 042 029 045
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) RIS (9~11 7)), ASCERE “Rli-ik-T-187 PUAS KSR IR e Btz DX R 7Kz I 25 3 A5 AR
(B 7)o BHEE R AT, ARG AL DA DO R KGR EE F 70 10.5~17 my 9.5~14.5m. 13~16
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Fig. 7 Distribution of layer 2 groundwater levels during the low, rising, high and falling water level periods of the Lake Poyang floodplain
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Fig. 8 Variation of layer 2 groundwater flow velocity (a-d) and streamline trajectory (e-h) during the low, rising, high and falling water

level periods of the Lake Poyang floodplain. Green lines in (e-h) represent the selected cross-sections, and red lines represent streamline

trajectories, with their starting points located on the cross-sections.

3.4 HTKISEMEI D4

7 A SO N K IR BB BRI K 8 A R, R 4 4 T —BEFE T GEIL 2018-2019 4, 2020
FERBUKFEAR I BT B F 1T KBTS TS SR, it — P2l 7 H T K8 2 3R WA X 5T
R TR (9 o IRIER 4 BUBLE R TR, XTI KLEANA BN 2.6x108m?, BHEIEE RN 2.4x108
m?, WK RSB RIUNIEKIERRAS . THEA A R K RS KHME & O, FIZE R HRILE Q. 251N
1.6x108m? Fl 1.7x10%m’. PG EL S PIH R KRN & NBim A H & NBow 73728 0.1x108m? F1 0.09%108
m?, ZRMK kil AR R KNG B DB FHEME R DBow 535104 0.8x108 m3 F1 0.6x108 m®. B4k, BEFEMAME
T X TR KRG — AN R E B S HMATR O HAERMAEZIN 0.05x108 m3. 3£ 4 iFHEBINE A /K
MR K R AEILAS SO 0 IE SO EARLE. BART S, 94 2~7 HONIESHET (AS>0) , HiHh Rk
fEEEN, M4 S~IREE 1 A AR (AS<0) , B R/KMEERD . X0 55 E T KA _ Bk,
KR ZAKAL BRI AR — 3, R ZAT, WKL LT E R KA 3R, KO R K A &
RE, R KNS AN EAE BT, BT 7TIX 1 fheh 280 Bk T A HeiltE, BRI B3 4
MAERKAZZENT, WKL T B IR B i /KA BE R, MR K ik HEtb =38 0, BB K NS AR B B R0
A, U IX I H HRE R T H A G &, BPRDUN M. kol 2, ESBHMIEZ X R K REAE
HFREVTERICNESM (BZANRANED , MITEKLTT FERICN A8 (st .
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Tab.4 Water budget analysis of the studied groundwater system (Unit: 10° m?)

FAT HEH
VEE7 AS
0 O NB;, DB, 0. NBu DBou
1 8.31 0.60 0.67 3.02 5.29 0.53 8.55 -1.77
2 19.71 0.50 0.67 4.60 5.85 0.53 7.05 12.05
3 22.13 0.60 0.79 6.71 8.80 0.65 3.15 17.63
4 2232 0.60 0.78 6.55 10.68 0.64 2.50 16.43
5 19.56 0.60 0.84 6.96 13.59 0.70 1.62 12.05
6 20.05 0.60 0.85 9.50 15.09 0.72 1.85 13.34
7 22.13 0 0.86 11.50 20.37 0.86 1.52 11.74
8 321 0 0.76 7.15 27.61 0.78 1.62 -18.89
9 425 0 0.70 5.69 2523 0.71 7.15 2245
10 4.65 0.60 1.40 5.79 17.51 1.25 8.70 -15.02
11 9.91 0.60 112 4.57 12.30 0.99 6.85 -3.94
12 8.51 0.60 0.81 3.72 7.84 0.68 8.09 2.97
Nz 164.74 5.30 10.25 75.76 170.16 9.04 58.65 18.20

B 9 R KT FARR TTER AT AT R, K NIB EL) S SAMA B 64%-65%, H1/KAD
HEL L EAMAER 29%-30%, ZKHPIEL G EHEE R 70%-73%, S K)Z m X HEE G e
(11 23%-26%. BEAL, RMKSIA A HFEASE (EEFEHRRED AT oM TR EL S, R 3]
DORTRIT T DX K 2R G 50 2 25 5 T P A3 N /K AZ EAR . i TR R S A A2 E 208 0.3~0.6 m
HR IR R S5 IE KR, ZMMRAK T S AR BRIZBI I NS AN A BE TS, DU AR 2%, XTHTRK
ARG TIRRAIXT BN o E8 ERTAL, K 28R LK -5 3 7K A8 AR FH A S 3 SH Iz DX R oK B4y
AL BRI R K .

(a) (b)

WivtEna Mermen

a8 Vet asa
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O VB P H T KBTI AR TR A L () I IE X K SR (b

Fig. 9 Relative contribution ratio of groundwater budget components (a) and corresponding conceptual diagram of the study area (b)

during the calculation period



41718

RSO T TR A AR P AE (X 2t R AR, RS X = B 2 . H R K 3 3%
HREAE LA K A0 67 43 7 25 TR A T AR SR 9 4 SR o S0 b o S 000 B R e 1T T bt R /KR, B
MR T[] _b R FEREAL A | 2, AT SO = SRR A R T BB R T M X K S R S 5 A
APAIX, B A TR R LR AR 19 MU IIRES P R, SN Sl T & /K R HaE R 3
BEAAHHAE (K 2) , SERB T IZ X E S KEE T RKRIES . =4 R AKBRITE b7 &
Ty AN A R KA R E T R (50.85) AT HER AL (50.80) Bk LR T2 4 — e b
TAKMR (B RE0.74, G BERE0.71) , RIS =GR AR UREE T BIRSBE, RIN4h
JE TGRS . ASCR R KB % E R A, BT R mdbG . ARE TR 5 AL A
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