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Enhancement of Coupling between Soil Water and Groundwater
in Integrated SWAT-MODFLOW Model
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Abstract

This study presents the effects of temporally varied groundwater table on hydrological components
such as surface runoff, evapotranspiration, and soil water content. To this end, the
SWAT-MODFLOW model in which the groundwater module of SWAT is replaced with MODFLOW
model has been used with a modification to enhance the coupling between the water content in soil
profile and the groundwater in shallow aquifer. The variable soil layer construction technique (VSLT)
is developed in the present work to represent the direct interaction of soil water and groundwater
more realistically, and then the VSLT is incorporated into SWAT-MODFLOW model. In VSLT, when
the simulated groundwater table rises within the soil zone, the soil layers below the water table is
regarded as a portion of the shallow aquifer, so that those layers are excluded from the initially
defined soil zone and are governed by the MODFLOW. From the simulation tests for the Musim river
basin, the improved SWAT-MODFLOW model with VSLT is found to correctly evaluate the spatial
distributions of overland flow, soil moisture, evapotranspiration according to the groundwater table

variation.
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Fig. 1. Imporvement of Interaction between Soil Water and Groundwater
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Table 1. Modification of Hydrological Mechanism for Soil Water—-Groundwater Interaction

Domain

Mechanism

within overlapped zone

- no vertical and lateral subsurface flows
- groundwater evapotranspiration

soil water layer on the
overlapped zone

- no vertical flow
- adjustment of layer depth
- adjustment of wilting point, field capacity, water content

: HRH Soil water content
iqyer '__/‘—:/

layer 2= -

¢ . [Initial soil layers

la.uver T

Run

Celll """ Cellm

Averaging

Cell based GW level

L HNEW SO IdYE

Re-
initialize

HRU hased GW level

Fig. 3. Time Variant Soil Layer Construction Method
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Table 2. Algorithm for Soil Water and Groundwater Interaction

Step 1. Initialize surface water and groundwater parameters

Step 2. Estimate HRU based hydrological components such as surface flow, evapotranspiration, lateral
flow, percolation, groundwater recharge by SWAT

Step 3. Convert HRU based groundwater recharge to cell based one

Step 4. Impose cell based groundater recharge to MODFLOW upper boundary condition

Step 5. Compute cell based groundwater level by MODFLOW

Step 6. Convert cell based groundwater level to HRU based by averaging

Step 7. Compare HRU based groundwater level and the bottom of each soil layer

Step 8. Start mechanism of Table 1 when HRU based groundwater level is within root zone

Step 9. Calculate maximum groundwater uptake for input data of MODFLOW EVT package by
subtracting actual evapotranspiration from potential evapotranspiration simulated by SWAT

Step 10. Calculate groundwater uptake by linearly interpolating maximum groundwater uptake
according to HRU based groundwater level (MODFLOW EVT package starting)

Step 11. Repeat Step 2 to Step 11 on a daily basis
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Table 3. Land Use Classes for Musim River Basin

Land use Item Discription Area (km?) Percentage (%)

AGRC Agricultural Land-Close-grown 474 2.39

AGRR Agricultural Land-Row Crops 18.42 9.29

FRSD Forest-Deciduous 38.80 19.58

FRSE Forest-Evergreen 46.63 23.852

FRST Forest-Mixed 12.68 6.40

ORCD Orchard 0.71 0.36

PAST Pasture 3.95 1.99

RICE Rice 38.18 19.26

UCOM Commercial 3.52 1.78

UIDU Industrial 1.40 0.70

UINS Institutional 3.34 1.68

URLD Residential-Low Density 17.77 8.96

UTRN Transportation 4.46 2.25

WATR Water 1.79 0.90

WETL Wetlands-Mixed 1.84 0.93
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