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Integrated model for estimation of the interaction between surface
water and groundwater based on in valley watershed
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(1. School of Earth Science and Engineering, Hohai University, Nanjing, Jiangsu 211100, China;
2. School of Earth Science and Engineering, Nanjing University, Nanjing, Jiangsu 210093, China)

Abstract: Previous studies on surface water-groundwater (SW-GW) interactions have primarily focused on plain
river networks, with limited understanding on hydrodynamic interactions in valley-type watersheds. This study
focuses on the Beishan Reservoir Basin (BRB) in Jurong, specifically investigating surface runoff and shallow
groundwater interactions in a valley-type watershed Jurong. A coupled SWAT-MODFLOW model was developed
to evaluate the spatiotemporal variations in SW-GW interaction processes. The results show that the interaction
between SW-GW varies both temporally and spatially. Temporally, the groundwater discharged into the surface
water during 2016—2019, while the surface water replenished the groundwater during certain periods of wet
season. Spatially, the mountainous areas in the northwest and northeast of the study area and the surrounding areas
of BRB in the south of the study area are characterized by groundwater discharge into surface water. The coupling

model effectively describes the surface water-groundwater (SW-GW) interaction, with groundwater contributing
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8.72% to the net replenishment of rivers in the basin. The western tributaries and central tributaries of the basin

receive 28.8% and 79.8% groundwater recharge in the whole basin, respectively. The eastern tributaries with

negative groundwater recharge rate of 8.6% exhibit surface water discharge into groundwater. This study provides

a technical support for joint scheduling and development and utilization of watershed water resources.

Keywords: valley watershed; surface water-groundwater; SWAT-MODFLOW model; coupling model; water

exchange
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Fig.1 The river system and the concept map of surface water-groundwater cycle in the study area

JER TS T B K A g b B BUZ . Wk
K F B2 KA AR, L Ry Ll X R b R 7K
A2 % 255 R0 TR 0T T8 A0 ) b 2555 HE D =2 L ) J 9 2
TSR TER A, MO HFET L.

2 mEMRAK-H T KBS EE

2.1 FET SWAT-MODFLOW {13 2 7K -Hi T /K #4550
VIR
SWAT-MODFLOW >y f= 43 #i 20l A A5 78, A A4
fﬁ%ﬂ( H R K B AR A 0K s R, Hor b 2R K
SCah PR SWAT B A A7 BAUL, 32 22 A0 45 4b 3% 7=
. BRI EAE, M /KA B MODFLOW #5 #Y iF

MODFLOW 7§

PR, GG K AN L IR L 28K L IR AE R E Y
Hb R K PEAC K A . R A Y KA PR A
ﬁzﬁnﬁl 1(b) iR, Hr 20 68 70103 SWAT # A 155
FL, i O340 0% MODFLOW # A1 i #2 . #4
ﬁcfmﬁﬂh SWAT #5271 & 23 (5] 5 4l F I 1 54l 1
T L R KA R R R AR R AR TR AN L
B i A 25 51433 3] MODFLOW (1) RCH 42 HP 7k Jy i
JKAR R (4 3 5L 4, F i MODFLOW H Y River £ 3
S F H R KK A S b K -3 R K A B AT e
i 1] SWAT Uit i id a8 v, DI EE 5 SWAT #52 A 4 A
A, PR MR B IR &, W EfCIT R . SWAT-
MODFLOW 75 7 i 122 7 35 (&1 4n 1] 2021 i

'
&&ms .
'

1 L 2 2

! 2272
SWAT 4 4 4 4 2

4 4 4 4 4

' )
Dok | Dot | emiait |

i ]
[smiamaa (Ren) Dokt | [Dtess it |

=

HRU-cell22 1 5t [fif

SWATHHRUHL T | [ SWATH i H553T ik fi7
RAN A A i AMODFLOW
MODFLOW/HRCHf1, ffRiverfd

MODFLOW 1) MODFLOW
Riverfufifilitht || R AKAL
A SWAT{iH fil AHRU

1/1/2/2 3737
MODFLOW “"ﬁilllﬂlma

WETETETETETETAVAT/

|:| MODFLOW
SWAT cells

. HRU MODFLOW
river cells

o SWAT river

2 SWAT-MODFLOW #ZB & REE
Fig. 2 Schematic diagram of SWAT-MODFLOW model coupling

A G BEYE T SWAT A% B 55 MODFLOW A5 !
Bl i A% 1 o B 1L o 30 ik SWAT A 3 43 1) 7K 3¢
AH N 6 (HRUs ) 5 MODFLOW #1431 B 7T (Cells) 2
(] (B S S B . SWAT BRI 4311 HRUs ot %A

25 (AL B A5 B, 77 J0K HRUs 4k 2295 43 b B =5 A5

KL ) DHRUs, #X J5 Ut i DHRUs 5 MODFLOW #.¢,
HEATBOHE A% iy LA 52 RS RO R 52, [’ 2(b) it

SWAT ‘5 MODFLOW f HRU-cell FFE& 78 2 14 .



2025 4

o g, A WA BN S 3K 5 T KO S 28 AR5 - 35 -

2.2 JbiliK FE 3 SWAT-MODFLOW #5571
2.2.1 SWAT-MODFLOW #5i %I #4 7t
(1) SWAT A5 7 5 ft 50 4 12 A 76 Ay 3
SWAT #5752 X5 AN [) 25 (] S50 408 0 I 1k 0 i 4 7

mo —BEERAA
oK E 132

(a) mf

0 2 4 km
| IS I |
— R XA
W R RLT £ HARIEE 1
B AR kRSt
| Py ki L)
(¢) HHesmy

e Horp, SR AR LHARE -
BRI AE (1 3), J& P A 3 2 A 4 - S HAL R 1 |
TEWIAE K RO B KU R B R S5

n

— R X5

— WFFE X
0 2 4 km LK
—_— Tk

(b) Tkl sy

— WX i m SCHE i
piis:) m R m KR
L m T A %% i R IX
RN AR R X
(d) HuAFHZER

B3 SWAT B L% E
Fig.3 Raster graph of SWAT model data

Ot

& H NASADEM(NASA digital elevation model) #
A 30 mx30 m Y DEM 07 & AR BE R

@+ F A

AT AR IR R AR AR 12 5000 1 b A 2
AUEUHE, AR SWAT - Hb A1 &t e, il 3 11 3
FIFIZERY, 4y 50 A #F . S0 Mo, TR, 5838
M, KR SR AL B IR R X AR
JERX ., Tl HH .

@ HEA

FIFH SPAW A1 SWC BEH I T5RH 3¢ - e 12
SRR, JERTBIEGE X+ e F 47 43 28 R0 M IR

@F sk 3

1P 3 T ) B0 A 100 ha, Kb 1L K 2 i e

K53 33 AT UK 3b), 458 T b LA . +
S8 53 A R BE SR R0 43 T 2 030 /) HRUs,

(2) MODFLOW #5154 #4) 7

WFFE X MEAL Sy b 008 /K & 7K 2 R B8 5L 59 35
K2, WK B 7K 2 R R T 2 FL R K R Ry 3 1 % 5 XL
3L 2A SRR B, TSRO FLBRA BT, TR S 2
AL A A S BUR S Z L, AR R, BN
55, CARAEAL S B K i S AR R 2 R L 2R
K, WK B K LR K 43 7K 0 5 b 28 3 7K U i R T A
Sk — 25, SR A ) 2 K 0 A A B AL 3 AL Ak B Ky
L3l S R P VA S R U S M R K R AR K
A, WEAL IR R . S5 G B KR A AR AT KR
6 A5 KB B 6T 9 X AT 7K SC b B 2 50k
5y, B R BUE ST X DL 4,



- 36 - 7K SC L T o551

)

— BFFE X 5

P —" K2 (4m/d) K6 (1m/d)
K3 (5m/d) K7 (12m/d)
K4 (1.5m/d)

4 dblkERBARREERBEIRIS
Fig.4 Boundary condition division and permeability coefficient
division of Beishan reservoir watershed

2.2.2 SWAT-MODFLOW #5 # £5 ik

A BIRLEE 2016 4715 & R W, 2017—2019 4F
WO e W, 2020 4F N I UEH . EBCR 2 SHOLE 1,
TR E REL(R) . AT R BU(NSE) . @ 43 L
22 (PBIAS) " ME R g H6 bR . R SO ELA 5 52
B B4 R, HLARDRCRE T 1, B3 & AR M NSE
W B AR S S E LA R, iR T
iF, LA R e . PBIAS [ WLAR 4D 25 TR 11 3 A # $
KT BT LM SR, 0 hyfefd:, FAE 3R B
1%, U RSB R = o HH3EA25 0

Z (Qobs,i - @obs) (Qsim.i - ésim)

R=—- : (D
(Quss =) Y (Quni = O)
i= =1

1 i

i

Z (Qobs,i - Qsim.i)2
NSE=1-+- (2)

> (s~ 0)’

i=1

Z (Qobs,i - Qsim.i)
PBIAS = 2 — (3)

n
Z Qobs,i
i=1

K Quogi v Quimi— 1 UL 2t 1Y S AL 5
Qs+ Qi1 T F2 14 ST (L RS DU 14 F- 4941
L0 ) B R JE

A A5 AU FL 5 U1 5 6 I 00 b 3 AR I AR A 5 R D

F2, LA, BLA IR R=0.98, NSE=0.89, PBIAS-

0.79, 5 UE 1 A9 R*=0.99, NSE=0.90. PBIAS=0.77, 4% B}

IO 48 bR B AT A U 2K, R IWIBER a] DU 4y

x1 BAENERSH

Table 1 Selection parameters of coupling model

ZH R g
SCSHE MR AL SWAT 0.16
B Ay R REL SWAT 0.55
H IR AEIR FREL SWAT 126.83
XU T KBE R (med™) MODFLOW 5.00
X 2H T KB % R (m-d ™) MODFLOW 4.00
X3 T KB %R AU (m-d™) MODFLOW 5.00
XA T KB %R AU (m-d™) MODFLOW 1.50
X SHT KB E R B (med ™) MODFLOW 8.00
SrIX6HL KB E R B (m-d ™) MODFLOW 1.00
SrIXTHL T KB E R B (med ™) MODFLOW 12.00

B WA Ll K 2 i A i B ARt L . 1] 5(a) R

b A I AR ADL(EL 5 S I B M) 5 B, REAE S b A

PR L ek ) AL A A e, FLAR U IS (L RE 5 B KRR XS
®2 BAENXEHESRITHMRERRELSR

Table 2 Coupling model verifies the calibration results of
periodic and periodic surface runoff

REW (201741 15H— IEI (20204E1 H 15H—
20194E1215H) 9A15H)
WIESH R NSE PBIAS R NSE PBIAS
LETH 0.98 0.89 0.79 0.99 0.90 0.77

HiL T 7K K 7 B8R ] 2019 4F 4 A BFFE XN 14 4
Bl LS00 bR AR A AT ARG, 7K ST A R HE TR 7K K
AU L 43 A1 WL 1(a), BRI G 45 3 LI 5(b) o 5
A AL T KK AL LG HRE R ECH 0.99, AR R
R 0.95, A 5 bl 22 4 0.52, 45 A iF 58 X 2 bR B,
A MR K BHLER 4338 31 T R MRS FE

i F oK LT 7K 3 07 it R R A BAR G A, MR AR
it £ R b K AR AR AP 55 000 AR L S B ) 2 D
R B4, AT 6 D PR A 7R R UK A8 i AT I A1, R
T B B N 1 2 PR 3 BUBE 0L 45 R AFTE — 8 AR MR Y
P25 o RV b, i AR R A IE A58 AR S A R S
(P00 G B TR 31 T ORG B R, TR A AT R e
FEIK I HL T 7K (7K £ 28 B S 28 A 9

3 BEIMERSN

3.0 YRR IK - R K S H A AR AR AL

RETRYB i Ml 7K 55 L B K AMHE B AR AR 1 4, R
JEARM RIS i o P BLADLEE S T A, A R
N OK UL 32 S P ), WA AR AR PG S
TR 2O AL K P o DA 24 48 B2 b Ll K PR i
S 2 R K RD 4 M K R, (B TR — S B )
23 [ 22 5k o



2025 4F o g, A WA BN S 3K 5 T KO S 28 AR5 - 37 -

400 0 85
350 80
O Kk 1200 .
300 —— S 75}
g 250 —=— BHIE g £
E 400 £ 707 *
o5 200 i
= % el ¢
¥ 150 ¥
4600 =
60+
100 1 (4
50 K 800 55+F
,\‘) '\‘3 I\") I\") >") ,\6 '\‘3 ,\6 '\‘3 ;\‘) ,\6 I\fg '\5 ,\5 '\5 \5 50 55 60 6§ 70 75 80 85
A VA QY ¥ VA Y ¥V Y X Sz 7K A37/m
N NN AN A AN AN A AN A O
ATARTA ARTAR AN AR TAR AN AN AR AN AR AR DD
(a) RTINS LT (b) MR AKAKN A2,

B 5 MERABREREBMMBTKKMCMSER

Fig.5 Surface runoff and groundwater level in the coupling model
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Table 3 Interannual recharge relationship between surface and groundwater
o Wk e /mm UK K K ) T K R K ) K R KA bR HFAKAHT
e b4 fi/mm b4 ik /mm GeEbgy fik/mm KR km? K i km’®
2016 1807.70 -194.17 97.15 -97.02 34.33 21.00
2017 1 464.80 —157.34 66.54 —90.80 33.06 22.27
2018 1226.90 —148.97 64.32 —84.65 31.84 23.49
2019 743.00 —136.90 59.45 —77.45 31.66 23.67
AR 1310.60 -161.65 71.87 —87.48 32.72 22.61
N N
20164 T-Jiksk A 201747k A

KM MR K DX R R, R TP AR L X P
WO BEUR, K 5 H R K Z e K kR, S I Ay
TR S i 2 K 55 MR K S A i 2R DA
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Table 4 Topographic elevation of surface-groundwater recharge
in the study area
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Fig. 7 Relationship between surface and groundwater recharge in each sub-basin of the study area
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Table S Annual surface-groundwater exchange capacity

WTRKANG  HIFKENE  HFRAKHN of tributaries

EGy HFOKECN  HWFOKEKR O HWFKE/N HURKECK - - - -

2 /m 2 /m 2 /m 2 /m Y IR /mm PR mm A /mm A /mm
2016 48.41 225.88 47.50 171.31 2016 -1411.03 1085.58 ~3586.80 -3912.25
2017 4835 222.12 47.45 175.31 2017 ~3937.60 672.16 -10498.98  —13 764.40
2018 48.63 227.63 4735 172.88 2018 —3586.05 901.70 -10144.49  —12828.80
2019 47.44 21425 48.47 185.47 2019 ~3223.45 981.01 -949633  —11738.80
ALY 4821 22247 47.69 176.24 AELY -3039.53 910.11 —8 431.65 -10561.10
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Fig. 8 Monthly average water balance in the simulation period
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Table 6 Inter-annual average water balance in the simulation period
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/mm i H/mm N /mm M5 i /mm /mm /mm A /mm B /mm
2016 1807.7 1047.97 194.17 97.15 13 304.95 655.76 116.39 113.87
2017 1464.8 813.2 157.34 66.54 14 220.41 539.44 90.45 78.97
2018 12269 619.62 148.97 64.32 14 758.89 459.66 80.23 70.34
2019 743.00 309.13 136.90 59.45 15 078.01 408.13 48.75 24.92
2020 975.00 476.18 97.62 49.41 11 457.97 307.52 63.62 47.01
AEFY 1243.48 653.22 147.00 67.37 13 764.05 474.10 78.89 67.02
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