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Outline of Presentation

1. Salinity Problems

2. SWAT+ Salinity Module: 1) basic; 2) with gwflow

3. Application to Fountain Creek Watershed (Colorado)
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Salinity Problems

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

“Anthropogenic Salt Cycle”

Kaushal, S.S., Likens, G.E., Mayer, P.M., Shatkay, R.R., Shelton, S.A., Grant, S.B., Utz, R.M., Yaculak, A.M., Maas, C.M., 
Reimer, J.E. and Bhide, S.V., 2023. The anthropogenic salt cycle. Nature Reviews Earth & Environment, 4(11), pp.770-784.

Salt pollution in watersheds:

• Wastewater effluent

• Industry discharge

• Stormwater

• Mining

• Road salt applications (Na, Cl, Mg)

• Salt minerals in soils & aquifers 
(runoff, groundwater loading)



Salinity Problems

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

The results…

60 years of road salt application…

Dugan, H.A., Skaff, N.K., Doubek, J.P., Bartlett, S.L., Burke, S.M., Krivak-
Tetley, F.E., Summers, J.C., Hanson, P.C. and Weathers, K.C., 2020. Lakes at 
risk of chloride contamination. Environmental science & 
technology, 54(11), pp.6639-6650.

Irrigating in arid regions…(soil salinity → crop yield decrease)
Photo shows a heavily salted field. http://www.foodnavigator.com/var/plain_site/storage/images/publications/food-beverage-nutrition/foodnavigator.com/science-nutrition/could-salt-tolerant-crops-be-solution-to-sustainable-food-production/9414616-1-eng-GB/Could-salt-tolerant-crops-be-solution-to-sustainable-food-production.jpg
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.foodnavigator.com/Science/Could-salt-tolerant-crops-be-solution-to-sustainable-food-production&ei=fwoWVYaxHYaXyQSK0oLABw&bvm=bv.89381419,d.cGU&psig=AFQjCNEv8h8RulkcU0rMljOTcDXILqERxA&ust=1427594203164565


Salinity Problems

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

• 230 million ha of irrigated land → 20-25% severe salinity

• Salt-affected area increases by 1-1.5 million ha each year

• 30% of irrigated land → decline in crop productivity

Wicke, B., Smeets, E., Dornburg, V., Vashev, B., Gaiser, T., 
Turkenburg, W. and Faaij, A., 2011. The global technical 
and economic potential of bioenergy from salt-affected 
soils. Energy & Environmental Science, 4(8), pp.2669-2681.



Salinity Problems

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

Objective for the SWAT+ community: 

• Use SWAT+ to simulate the fate and transport of salinity in watersheds; account for point 
sources and non-point sources 

• Use SWAT+ to determine the causes of salinity, and attribute portion of in-stream salinity 
loadings to each source

• Use SWAT+ to assess background salinity conditions and quantify the effect of salinity 
management practices

White, M.J., Arnold, J.G., Bieger, K., Allen, P.M., Gao, J., 
Čerkasova, N., Gambone, M., Park, S., Bosch, D.D., Yen, H. 
and Osorio, J.M., 2022. Development of a field scale 
SWAT+ modeling framework for the contiguous US. JAWRA 
Journal of the American Water Resources 
Association, 58(6), pp.1545-1560.
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Daily mass balance for each salt ion:

• HRU soil profile

• Aquifer

• Reservoir

• Wetland

• Channel

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

SWAT+ Salinity Module



SWAT+ Salinity Module

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

If the gwflow module is used…

salt ion mass balance 
for each grid cell



Watershed features:

• 2,305 km2 (Rocky Mountains, high desert, 
urban, shrub, agriculture)

• Elevation: 1,420 m – 4,090 m

• Colorado Springs (500,000 residents); 
precipitation = 410 mm/yr

• Road salt application during winter months

• Salt discharge from WWTFs

• Irrigation in downstream areas (canals)

• 6 streamflow/sampling sites along Fountain 
Creek

Application to Fountain Creek Watershed



• channels
• gwflow grid cells
• irrigation canals (red)
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SWAT+ (with gwflow) setup…

Application to Fountain Creek Watershed



Salinity module inputs…

Starting groundwater concentration and 
salt mineral mass (USGS, SSURGO)

Road Salt Application
(USGS national dataset)

2006 2002

Application to Fountain Creek Watershed



SWAT+ modeling results…

In-stream flow and salt ion loading

m3/sec kg/day kg/day kg/day

SO4 Na Cl

Application to Fountain Creek Watershed



SWAT+ modeling results…

Groundwater head and salt ion concentrations

SO4
Ca Cl

Application to Fountain Creek Watershed



SWAT+ modeling results…

Soil and groundwater fluxes

Application to Fountain Creek Watershed



SWAT+ modeling results…

Testing (streamflow; salt ion loads at outlet)

NSE = 0.74
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SWAT+ modeling results…

Testing (streamflow; salt ion loads at outlet)
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Salt mass in channel network is governed by 
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Application to Fountain Creek Watershed



SWAT+ modeling results…

Testing (streamflow; salt ion loads at outlet)
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Application to Fountain Creek Watershed

SWAT+ modeling results…

Testing (concentrations along stream)



SWAT+ modeling results…

In-stream flow and salt ion loading
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Key Results:

• Salt mineral dissolution within the aquifer 
is the dominant source (85%) of salinity.

• 75% of salt in Fountain Creek is from 
groundwater loading.

• 80% of salt loading to Fountain Creek 
occurs in the regions downstream from the 
urban area of Colorado Springs.

• Fountain Creek is a significant contributor 
of salt to the Arkansas River (affects 
downstream irrigated regions).

Application to Fountain Creek Watershed
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Summary

1. New salinity module for SWAT+ (with and without gwflow)

2. Include point sources and non-point sources of salinity

3. Application to mixed watersheds (urban, natural, agriculture)

4. Model can be used to quantify relative contribution of salinity 
sources to watershed salinity yield; can then be used to assess 
scenarios / management practices.
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