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Abstract: (Purpose) The Four-Lake Basin in the Jianghan Plain is a typical river-lake-wetland-farmland
multi-element system in the middle reaches of the Yangtze River, facing prominent eco-environmental challenges.
To accurately quantify the exchange rates between major water systems and groundwater in the basin and to
analyze the main factors influencing the degree of soil gleyization, (Method) this study constructed a loosely
coupled surface water-groundwater model for the Four-Lake Basin using SWAT-MODFLOW. Based on the
simulation results, the spatiotemporal variation in surface water-groundwater exchange rates and the distribution of
cold waterlogged paddy field were systematically examined. (Results and Conclusion) The results show that the
coupled model performs well in simulating both runoff and groundwater dynamics. The exchange between the
Yangtze River and groundwater exhibits clear seasonal reversals: river water recharges groundwater in spring and
summer, while groundwater discharges into the river in autumn and winter. Within the basin, the interaction
intensity of Chang Lake is higher than that of Hong Lake, and the main canal shows different exchange patterns
between its upstream and downstream sections.The risk areas of soil gleyization (groundwater depth <3 m) are
mainly distributed around Honghu Lake, along the Four-Lake main canal, and in the northwest of Jianli City,
influenced jointly by rainfall infiltration, topography, and land-soil types. This study provides a quantitative basis
for understanding water exchange processes and soil waterlogging risks in the Four-Lake Basin, offering scientific
support for regional water resources management and ecological conservation.
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Figure 1 Overview of the Four-Lake Basin with distribution of groundwater monitoring Wwells and core borings
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Figure 1 Maps of the Four-Lake Basin: (a) Elevation, stream network, and main sluices; (b) SWAT Model
subbasins division; (¢) Land use classification; (d) Soil classification; (e) SWAT Model HRUs and (f)

Hydrogeological parameters zonation and boundary condition configuration for the groundwater model
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Table 2 Hydrogeological parameters and zonation for the MODFLOW model of the Four-Lake Basin

T R o 2 N P 7K 2%
PO okeokE RESKE WKAOKE  REAKE WKSKE REGKE
1 1.00 9.75 0.150 1.1 0.021 0.0004
2 1.5 16 0.302 1.6 0.0022
3 0.79 7.7 0.120 0.85 0.001
4 0.54 4.9 0.081 0.57 0.0023
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Figure 3 Comparison of observed and simulated monthly runoff at the Xintankou station
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Figure 4 Comparison of observed and simulated groundwater levels in monitoring wells
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Figure 5 Interaction rates between major surface water bodies (Yangtze River, Four-Lake Main Canal,

Honghu Lake, Changhu Lake) and groundwater across seasons in the Four-Lake Basin
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Figure 6 Annual average (2011-2013) interaction rates between the Yangtze River (the entire, upper, and
lower reaches) and riparian groundwater in the Four-Lake Basin
(Positive values indicate recharge from the river to groundwater; negative values indicate discharge from

groundwater to the river)
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Figure 7 Lithologic logs of boreholes along the Yangtze River in the Four-Lake Basin

3.3 MR B | (i [E & 5 XU X e 70
3.3.1 P&kt i it T K SO R H S

AR KA BERAE VPN T 588 & A0 A L e bR . TREEIMNE, WE LR
BRKIIBUKIS AR, MAR I8 & TR DD R R I Bk, N TR
PRI N KRR AR AR, AHIF AU EL T A7 TR i 55 L b 30 R BRI (0 7 A M 0
(Obs04 5 Obs06, HEILE 1) o B 8 @R T 2011 4FZ 2013 SEHAIE, AN il H- R 7K
PLIRIR 5 B R B R G R

2011-2013 4F[H], WM A5 Obs04 A1 Obs06 i N /KIFIRASLIEE LN 1-1.5 K, HAME
B R R K B SRR & . ERIX KR EES T S HE 8 H, FNSMEKRNE
W BIETEAS . 52 MM, H RKASERBAR RIS JFARRES, HiTHT
AN T R 3 5 0N, LRGSR ZK (e B A7 AE — 58 RN (] B3R . 24047, Obs04 FlT Obs06
Qb T KA R 5 B 7K B 1) R ZR A5G R B9 -0.67 F1-0.57, R /K 53R 2 (Al f7 4R
W AERE R I A G

B 7K 2 IR Bl VAR B T R SRR IR R 1 2 — o TEVUMBIR I, b fiK 2 S B R UK
S R KL PRIE AT, (15 KA TR s ACIRZS « HEZKAR N 2 -4 IR IR B 1)
RS, NIEENRAECIE T %M. XIS CAM AL R 8, RIVREH T /K S B3N
IR SR 8] 59 H LXK (Hagage et al., 2024; Miguez-Macho and Fan, 2012; Z=VF
=, 2021) o Rk, S BEK SIS SN KHERAR AL 2 (8] (35 25 ORIk, PO Xk 145
BB EEE RN R R 2 —. S0, AT 2R, DO Ny SRR X, A H
TEIEIENRT SRR AR NIB —HE,  [RIREX IR P S 3 (1 R 7K A MR AR



| (a) Obs04 —— MR

>0 ek o 400

a5k 300 =
—_
E z
£ a0 200 %
B B

35} ‘ | | - 100

0 .HJ |”I|”M . ||J h,ll L.l o

o N I\ N J\;) ® IS » »
f'LQ\\' ')Q\\ 'LQ\\ o) VQ\FL 'LQ\rl "LQ\’L 'LQ\% 'LQ\?J PLQ\?J
60k (b) Obs06 —— g 3%
[ WEFIN

55}
—_ 200 ‘g
E sof g
% %
=4 -
= 45 -

100 &
35 [ | I | T | T I s T I I I T I 1 I T 1 I | T T 0
o I\e) I\ o fap) I\ o I\p »
'LQ\\ r)Q\\ qp\\ -'LQ\n’ -')Q\q’ 5 VQ\’L @Q\,b @Q\% q_Q\'b

Bl 8 # T AKAER SR B RRE

Figure 8 Relation diagram of groundwater level depth and rainfall variation
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Figure 9 Distribution of groundwater recharge in the Four-Lake Basin (2011-2013)
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