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Outline of Presentation

1. Overview: watershed modeling with SWAT+ and the new groundwater module (gwflow)

2. Recent developments

a) Groundwater pumping for irrigation

b) Using an unstructured grid

c) Salt transport (surface/subsurface)

d) Selenium transport (surface/subsurface)
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gwflow : new module that replaces original groundwater routine

• Physically based spatially distributed (PBSD) approach

• Spatio-temporal groundwater storage, head, fluxes
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Pumping
Discharge to streams
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Transfer to soil profile

https://swat.tamu.edu/software/plus/gwflow/

Groundwater Module for SWAT+



Groundwater Module for SWAT+

X X

gwflow : new module that replaces original groundwater routine

• Physically based spatially distributed (PBSD) approach

• Spatio-temporal groundwater storage, head, fluxes

• Datasets on aquifer thickness, aquifer permeability
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Creating gwflow inputs using QSWAT+

Previously: create connection between cells and HRUs, channels, reservoirs manually 
using QGIS, spreadsheets, and text files.

Now: use QSWAT+ and SWAT+Editor (thank you, Chris George and Jaclyn!!)

Tordera, Spain
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Groundwater Pumping for Irrigation

soybean, corn, cotton, and rice 

Mississippi Alluvial Plain (NW Mississippi)

Daily Crop Growth
(weather, crop type, mgt)

Check Irrigation Source
(source: channel, reservoir, aquifer)

(check against available water)

Daily Irrigation Demand

If water stress

Apply irrigation water
(include irrigation efficiency)

(remove water from source  add to field surface)

Daily loop during simulation period:
(water allocation in SWAT+)



Groundwater Pumping for Irrigation

soybean, corn, cotton, and rice 

Mississippi Alluvial Plain (NW Mississippi)



Groundwater Pumping for Irrigation

66.1 ac-ft
69.9 ac-ft

2017
Mississippi Department of 
Environmental Quality 



Groundwater Pumping for Irrigation

USGS 
(2000-2015 levels)

SWAT+ simulated
(2000-2015 levels)

Other points of model corroboration:

• Streamflow (USGS gages)

• OpenET

• Average annual fluxes (ET, runoff, 
baseflow)



Groundwater Pumping for Irrigation

Irrigation Pumping (m3/day)



Groundwater Pumping for Irrigation
Irrigation 
Pumping (m3/day)

High Plains Aquifer Central Valley

Snake River Valley (Idaho)
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Using an Unstructured Grid



Using an Unstructured Grid

Fountain Creek Watershed (Colorado, USA)

Colorado 
Springs

Arkansas River

Simulated Head (m)
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Salt Transport (surface-subsurface)

Salinity module for SWAT+

Groundwater 
discharge

Uptake

ET
Plant 

Growth

Saltgw

Saltperc

Percolation

Bedrock

SaltC
Saltstream

,Salt gwC

,Salt soilC
• Precipitation-Dissolution
• Complexation
• Cation Exchange

• Precipitation-Dissolution
• Complexation
• Cation Exchange

Salinity stress on crop growth

(Salt = SO4, Ca, Mg, Na, K, Cl, CO3, HCO3)

Saltirrig



Salt Transport (surface-subsurface)

Salinity module for SWAT+

Road Salt Application
WWTP effluent

Runoff
Recharge
GW discharge

Precipitation-
dissolution

SWAT+ model:

Simulate streamflow
• ET from crops and vegetation
• Runoff from rainfall
• Runoff from irrigation
• Groundwater discharge to streams

Simulate salt mass transport in water
(Salt = SO4, Ca, Mg, Na, K, Cl, CO3, HCO3)

Test the model against measured streamflow and salt loadings (kg/day) in 
Fountain Creek; groundwater salt ion concentrations.

Use the model to determine where salt is being transported, and build-up of salt in 
the soil profile.

(Arkansas River Basin; South Platte River Basin; Central Valley of California)
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Selenium Transport (surface-subsurface)

Selenium module for SWAT+



Selenium Transport (surface-subsurface)

Selenium module for SWAT+

kg/day 

Upper Arkansas River Basin (Colorado, USA)
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Thank you!
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