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Fig. 1 Hydrological process simulated by SWAT-MODFLOW
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Table 1 Variables passed by SWAT-MODFLOW
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Table 2 Land use types in the small river basin
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Fig. 2 Grid partition diagram of selected sub-basin and

groundwater flow model
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Table 3  Error analysis of groundwater recharge (unit: mm)

H5 MR R/NMm I 1993 1994 1995 1996 1997 1998 1999 2000 2001 ]
SWAT 281.92 417.84 148.54 160.65 32296 22936 103.80 254.44 231.60 239.01
| " MODFLOW 277.01 41220 14630 157.71 314.76 228.73 102.64 245.75 232.56 235.30
1R 4.90 5.64 224 2.94 8.20 0.64 1.16 8.69  —0.96 3.72
5 s MODFLOW  271.41 403.84 14332 15449 308.43 224.15 100.54 240.94 227.76 230.54
R 10.51  14.00 522 6.16  14.53 521 326 13.50 3.85 8.47
; 100 MODFLOW  269.05 400.40 142.06 152.90 305.76 222.08 99.51 238.67 225.79 228.47
2z 12.86  17.44 6.47 776  17.20 7.28 428 1578 581  10.54
A 150 MODFLOW 26840 399.20 141.52 153.27 304.61 22138  99.67 23834 22541 227.98
W 1352 18.64 7.02 738  18.35 7.99 413 16.10 6.19 11.04
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W 15.17 2104 7.49 844 2037 9.31 463  18.78 719  12.49
; 200 MODFLOW 283.49 418.63 15037 158.93 320.69 23638 104.96 238.88 241.06 239.27
R 0.69 0.52 —0.14 0.86 137 086 0.15 0.93 0.04 0.40
N e 1 e 14
NG R OB R T, — T
SWAT i3 iy A K & /K 2 ) 7K i (PERC) 274 12 ’
KFIZBE BRI E K S KZRMAE AN E . 24 Y
, e s 10 -
A 104 5 F i T /K B ARLEE, A 3 el L £
B, PRSHEUCR, P R TR 2= W, Y RMAg KR irﬂkj 8 4
N N Ay N e
200 m B, P By iR 228 Bl i K, O 12,49 mm, K ;
AN 5.5% . XFHLES 6 4L SAET S5 AR T LA :
He N A N .'; M=)
Fth, M R KRR L 4 A 7 R, b R Ak 4y o be

TK R RN 25 iR 22 Fe /NN 0.4 mm, 5 LR 2K #b 45 B Y
0.16%, JLF-ToiR 2= .

32 MEEANBHETEENRF
IR PR AT S B 52 PO s R /INSE Wi ik 52 HoAh 22 Fof

0 20 40 60 80 100 120 140 160 180 200 220
RIA% K/ Ivm
3 HITRKAMABIRZEREMAR KN (LT
Fig. 3 Variation curve of groundwater recharge error with the

change of grid sizes
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Table 4 Equalization table of groundwater flow model before coupling (unit: 10* m®)
Tt 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

bEM 6.00 539 542 396 446 447 405 444 506 490 419 515 528 4.6l

WA BEH 9551 106.89 99.73 132.19 105.53 109.14 141.48 80.55 94.97 119.34 105.56 77.89 105.85 101.00
SURA 10151 112.28 105.15 136.15 109.99 113.61 14553  84.99 100.03 124.24 109.76 83.04 111.14 105.60

WH 36,60 3650 365 3650 36.60 3650 36.50 3650 36.60 36.50 36.50 36.50 36.50 36.50

i M 6057 6539 6470 8431 7681 7597 8522 79.15 67.58 6891 80.96 6522 6440 72.41
R 034 037 036 049 044 043 049 045 037 038 046 036 036 041

SURH 9751 102.26 101.57 121.30 113.85 112.90 122.21 116.10 104.55 105.80 117.92 102.08 101.36 109.32

yft 400 10.02 358 1485 -3.86 0.71 2332 -31.11 —-452 1844 -8.16 —-19.05 9.77 -3.71

SR} 14.28
®5 WABHTKRERSER (24 10'm°)
Table 5 Equilibrium table of groundwater flow model after coupling (unit: 10*'m’)
Tt 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

SN 075 099 076 070 057 0.65 064 043 070 093 054 072 111 0.78

WA FEF 102.80 109.61 87.05 214.65 135.54 141.00 209.76 74.45 8033 160.17 116.36 52.15 12539 118.29
SIRA 10354 11059 87.82 21535 136.12 141.65 21039 74.88 81.02 161.1 11690 52.87 126.50 119.07

WH 3660 365 3650 3650 36.60 36.50 3650 3650 36.60 36.50 36.50 36.50 36.60 36.50

- T 8198 5920 71.96 117.54 101.81 100.52 118.00 107.79 70.73 70.99 107.99 60.90 5520 82.76
Fi¥a .05 066 1.10 192 150 157 1.6l 183 099 0.8 1.8 081 068 123

SR 119.62 9636 109.57 15596 139.91 138.58 156.11 146.12 108.32 10838 14573 9821 92.49 120.49

i -16.08 1424 —21.75 5939 -3.80 3.06 5428 —7124 —27.29 52.72 —28.82 —4534 3401 -1.42

JSslin 1.96
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Structure and application of SWAT-MODFLOW coupling model for
surface-groundwater
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Abstract  Surface water and ground water is a unified whole in the water circulation system, and there is a close
relationship between them. Especially in the areas where karst surfaces such as drop holes and funnels are developed,
surface water and groundwater can form a direct connection. The interactions between surface water and groundwater
have been a hot topic in research. A great deal of research has been carried out both nationally and internationally. The
SWAT-MODFLOW coupling procedure developed by Seonggyu park and Ryan T. Peley is a beneficial tool for
studying surface-groundwater interactions. This coupling procedure establishes the link between the Hydrological
Response Unit (HRUs) in SWAT model and the spatial grid in MODFLOW through the ARCGIS platform in order to
achieve a loose coupling of the model. A number of applications of this program have been carried out abroad.
However, no relevant studies have used this procedure to achieve model coupling in different ranges of surface and
subsurface. As far as the actual situation is concerned, often the plains are the focus of extraction and their groundwater

dynamic field needs to be detailed delineated. However, the scope of SWAT model covers the overall basin, which is
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not consistent with the scope of groundwater flow model. Considering the running time and the accuracy of the model,
it is necessary to explore the model coupling process in different ranges of surface-groundwater.

In this study, the SWAT-MODFLOW coupling program of Seonggyu park and Ryan T. Bailey was used to
implement the coupling of models at different scales of the surface and subsurface, and to investigate the differences
between the groundwater recharge calculated in SWAT and that calculated in the MODFLOW grid output of the
coupling program. Then the advantages of the coupling program for relevant studies on surface water and groundwater
were analyzed. Taking this coupling procedure model of the Little River Watershed (LRW) in southern Georgia, USA
as an example, this study selected Sub-basin 104 divided by the SWAT in the model as the boundary, and built the
groundwater flow model with GMS10.4 based on the data of the original example model. According to the coupling
model manual, ARCGIS platform and EXCEL platform, four link files required by the coupling model were
completed: swatmf dhru2grid, swatmf dhru2hru, swatmf grid2dhru, and swatmf river2grid. A coupling model of Sub-
basin 104 water flow model and the overall SWAT model was further developed, and the format of the model output
results was controlled through its link files. On the basis of calculation results of the model, its multi-year equilibrium
condition was calculated in EXCEL to judge its rationality so that the model can be calibrated. After the calibration,
the accuracy of each equilibrium item was compared between the coupling model and the independent groundwater
flow model.

Study results show as follows. (1) The coupling procedure enables the coupling of the SWAT model naturally
bounded by the surface watershed with the small-scale MODFLOW model divided by the sub-basin boundary.
However, because the grid boundary of the groundwater flow model and that of sub-basin cannot be completely
matched, there is a difference between MODFLOW and SWAT in terms of the calculation of rainfall recharge for
groundwater. In general, the calculation volume of SWAT is larger than that of MODFLOW grid. The calculations
clearly indicate that the error margin becomes smaller as the grid gets smaller because the smaller the grid area is, the
more exact the match between the grid and the boundary becomes. (2) Each equilibrium item has changed after
coupling. Because the river depth in GMS is taken as the empirical value, and it is taken as the confluence evolution
value in SWAT, calculations show that the groundwater recharge of the river before and after the model coupling is
significantly different, and the total recharge from the river to the groundwater reduces to 15.25% of that before the
coupling. On the other hand, the total discharge from groundwater to river increases 19.29% after coupling. The
rainfall recharge of the model before coupling is calculated by infiltration coefficient method, and the groundwater
recharge after coupling is the seepage of the soil bottom of the SWAT model. The calculations show that the total
rainfall recharge increases 17.07% after coupling. The groundwater evaporation before model coupling is calculated by
the Avyanov formula, and the groundwater evaporation after coupling was calculated according to the potential
evapotranspiration and the actual evapotranspiration calculated by SWAT. The calculations show that the total
evapotranspiration is 3.08 times larger than that before coupling. It is found that the coupling model can simulate the
surface-subsurface hydrological process more accurately, and can reflect the relationship between precipitation and

groundwater, surface water and groundwater transformation.

Key words SWAT-MODFLOW, coupling model, surface-groundwater

(%% ¥ 4 )



	0 引　言
	1 耦合模型原理
	1.1 水文过程及传递的变量
	1.2 耦合程序对地下水流模型数据的替换

	2 应　用
	2.1 流域基本条件
	2.2 耦合模型

	3 结果分析
	3.1 网格剖分对模型精度的影响
	3.2 耦合模型对均衡项精度的提升

	4 结　论
	参考文献

