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The Modeling Gap
Total Phosphorus Total Nitrogen

Results from early CBP development models for P7, largely representing P6 inputs and predictors



Closing the Modeling Gap

• Improving P input data
• Better inclusion of wastewater 

sources
• Characterizing geogenic P
• Characterizing hydrologic 

connectivity
• Characterizing biogeochemical 

controls on sorption
• Salinity-driven desorption
• pH-driven desorption

Jiang Y, Yan Q, Liu T, Xu Y, Han X, Ma X and Wang Y (2023) Phosphorus adsorption 
characteristics and release risk in saline soils: a case study of Songnen Plain, 
China. Front. Plant Sci. 14:1302763. doi: 10.3389/fpls.2023.1302763



Model Testing and Implementation
• Implementation as transport factors

• Capture the emergent behavior at the watershed scale

Landscape properties -> pH/salinity/sediment -> sorption 
behavior -> stream P export

Loading 
rate

Phase 7 Model Structure



Two Potential Approaches for Geogenic Phosphorus
Hydrogeomorphic Region Approach (Ator et al. 2011 & Ator 2019)

• Erosion of minerals in crystalline and siliciclastic rocks is a natural 
source of P

https://pubs.usgs.gov/publication/sir20115167
https://pubs.usgs.gov/publication/sir20195118


Two Potential Approaches for Geogenic Phosphorus
Upland Geologic Approach (Wise 2020, Nardi 2014, Smith 1979)
Geogenic P is characterized by summarizing geochemical data from bed-sediment samples collected 
from first-order streams in relatively undisturbed watersheds to geologic mapping units.

Bed sediment concentrations

https://www.usgs.gov/publications/spatially-referenced-models-streamflow-and-nitrogen-phosphorus-and-suspended-3
https://www.sciencebase.gov/catalog/item/631405ccd34e36012efa32cf
https://www.usgs.gov/publications/national-geochemical-database-reformatted-data-national-uranium-resource-evaluation


Geogenic Phosphorus
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Saturation-excess 
runoff generation

Topographic 
controls

Hydrogeomorphic 
position

Critical source area

Ditches/artificial 
drainage

ConnectivityModel review, STAC, and 
literature review identify several 
processes related by their 
influence on landscape 
connectivity of sources to 
streams.

Particularly important for P 
because of high sorption 
potential.

Hydrologic Connectivity

LU/LC change



Michelle Katoski, USGS Lower Mississippi Gulf Water Science Center 

Hydrologic Connectivity



Factor Coef. sign

K factor +

Max 1-day precip. +
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Valley and Ridge -
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Baseflow index -

Euclidean distance to 
stream

+New landscape 
connectivity factor
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Hydrologic Connectivity



Salinization Effects on P Desorption

Ions from salty water and road salt displace bound P and increase 
loading. 

Examples of recent literature:

Lucas, E., Kennedy, B., Roswall, T. et al. Climate Change Effects on Phosphorus Loss from Agricultural Land to Water: A Review. 
Curr Pollution Rep 9, 623–645 (2023). https://doi.org/10.1007/s40726-023-00282-7

Weissman, D. S., & Tully, K. L. (2020). Saltwater intrusion affects nutrient concentrations in soil porewater and surface waters of 
coastal habitats. Ecosphere, 11(2), e03041.

Foley, E., & Steinman, A. D. (2023). Urban lake water quality responses to elevated road salt concentrations. Science of the Total 
Environment, 905, 167139.

Yin, Yuepeng, et al. "Effect of Ionic Strength and Electrolyte Type on Phosphorus Deposition and Release from the 
Sediments." Current Pollution Reports 11.1 (2025): 56.

Brown, Alexander H., Margaret C. Hoffman, and Lauren Elyse McPhillips. "Impacts of deicer salt on water quality performance of 
stormwater bioretention systems with varied vegetation and hydrology." ACS ES&T Water 4.7 (2024): 2882-2893.

https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7
https://doi.org/10.1007/s40726-023-00282-7


Predicted Salinity from Fanelli et al. 2024

Predictions from a random forest 
model show that elevated conductivity 
levels are widespread in the watershed 
(Fanelli et al. 2024).

Fanelli, R. M., Moore, J., Stillwell, C. C., Sekellick, A. J., & Walker, R. 

H. (2024). Predictive modeling reveals elevated conductivity 

relative to background levels in freshwater tributaries within the 

Chesapeake Bay Watershed, USA. ACS ES&T Water, 4(11), 4978-
4989.



Predicted Salinity Model Testing
Not a significant predictor in the full model, but…

Model subset to the most urbanized 50% 
of the watershed (134 monitoring stations) 

+ Predicted Salinity (from Fanelli et 
al. 2024)

Lose a lot of highly 
forested and intense 
ag. catchments with 
easily predicted loads

However, predicted salinity is highly correlated with % 
impervious cover.



pH-Driven Desorption of Legacy P



Trends in pH Across the Watershed, Data from the 
Water Quality Portal

pH observations in coal areas = 6,019
pH observations outside = 208,582



Acidity Increases with the Amount of Upstream 
Watershed Area in Coal Areas



TP and DRP Concentrations Increase with Alkalinity

TP DRP



TP and DRP Concentrations Increase with Alkalinity

TP DRP



A Spatial-Temporal Index of Coal Field pH 
Change
Generate an index of the trend in pH 
from coal areas

• Captures the effect of trend from changing pH driven by 
coal-field land and time.

𝑝𝐻 = 0.049 ∗ 𝑡 − 91.28

𝑃𝑑𝑖𝑠𝑠𝑓 =
1

1 + 𝑒−2.6∗(𝑝𝐻−7)

𝐼𝑛𝑑𝑒𝑥 = 𝐶𝑀𝐴𝑐𝑐𝐹𝑟𝑎𝑐 ∗ 𝑃𝑑𝑖𝑠𝑠𝑓

CMAccFrac: Fraction of upslope land area that is coal field 
land

Pdissf: P dissolution fraction, where minimum dissolution is 0 
and max dissolution is 1



pH Coal Field Index Model Testing
P6 Predictors, LU/LS
P7 Monitoring + Hydro Connectivity + pH/Coal Field Index

Tested several counterfactuals; the pH/Coal Field index is a significant predictor in both space and time.
But we may be seeing the effects of diminishing coal-field-driven legacies rather than pH-driven dissolution?



• Update P CalCAST model with P7 land use, sediment, stormflow, 
soil P, and direct loads.

• Note: Tillage BMPs have been associated with higher WEP, but 
they were not found to be a significant predictor of TP.

Next Steps
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  p H = 0 . 049 ∗ t − 91 . 28


  P d i s s f =  1  1 +  e  − 2 . 6 ∗ ( p H − 7 )


  I n d e x = C M A c c F r a c ∗ P d i s s f

