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Presentation Outline 

1. Dynamic Watershed Model Overview 
2. Review of prior model development progress 
3. Linkage of the DWSM and Main Bay Model (MBM) 
▪ July 2025 beta version 
▪ Implementation of organic nitrogen and phosphorus scour 
▪ Adding a trend component to generalized stream network routing 
▪ Incorporation of BMPs with aggregated CAST removal efficiencies
▪Other general progress  

4. Summary and next steps 

Phase 7 Dynamic Watershed Model (DWSM) 
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Purpose

▪ Inputs for the estuarine models (MBM/MTMs) 

▪Watershed model calibration and scenario applications 

▪ Support research and collaboration activities 

NHD Scale Dynamic Watershed Model (DWSM) 
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▪ Data-driven CalCAST informs DWSM parameters and responses.

Framework: Statistical Model (CalCAST) → Dynamic Watershed Model (DWSM)

▪ NHD-scale Phase 7 DWSM is using CalCAST average annual (a) total flow, (b) 
stormflow, (c) sediment erosion and delivery factors, and (d) total nitrogen and 
total phosphorus loads and delivery factors. 
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▪ Year 2022: NHD-scale model structure and 
prototypes for hydrology, sediment, and nutrients. 
▪ Year 2023: Incremental refinements of model 

prototypes in terms of model segmentation, 
CalCAST→DWSM linkage, and simulation of the 
small streams. 
▪ Year 2024: stream water quality routing based on β 

parameters; refinements of small stream flow and 
water temperature routing modules; mechanics of 
riverine water quality calibrations. 
▪ Year 2025: Q1: development and testing of DWSM 

and MBM linkage through beta versions; Q2: April 
beta version, small stream routing with RF model 
estimated Beta-parameters, estimation of riverine 
transport parameters and further refinements of the 
DWSM calibration; Q3: organic scour in rivers, 
trend component in stream routing, BMPs, etc. 
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▪ At the July Quarterly meeting we reviewed isolated 
DWSM calibrations showing – 

[A] Generalized small stream routing for 
sediment; and Random Forest model estimated 
Beta parameters for TN, TP, and SS; 

[B] Estimation of riverine transport parameters in 
DWSM improved model performance; 
[C] Constraint of best available (WRTDS) loads in 
calibration further improved model performance; 

▪ We combined these elements in the July 2025 beta 
versions and produced 2 sets of MBM inputs – 
▪ Hybrid beta version with Phase 6 loads for 9 

RIM stations, and all else based on Phase 7. 
▪ Full Phase 7 beta version – i.e., Phase 7 for both 

RIM and all else. 

July 2025 Beta Version
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Rivers Flow Nitrogen Phosphorus Sediment

Susquehanna Conowingo MD +00.9% (+0.910) -01.1% (+0.723) +02.2% (+0.783) +04.3% (+0.808)

Susquehanna Marietta PA -00.9% (+0.944) +01.1% (+0.776) +04.4% (+0.840) +07.9% (-0.047)

Potomac Washington, DC +00.8% (+0.929) -01.6% (+0.817) +06.9% (+0.226) +10.1% (-0.623)

James Cartersville, VA +04.8% (+0.904) -01.2% (+0.902) +01.9% (+0.850) +08.0% (-2.613)

Rappa. Fredericksburg, VA +00.1% (+0.931) -05.8% (+0.854) -03.4% (+0.680) -04.1% (+0.474)

Appomattox Matoaca, VA +00.8% (+0.826) -12.0% (+0.755) -06.2% (+0.739) -06.4% (+0.449)

Pamunkey Hanover, VA +03.6% (+0.807) -07.4% (+0.771) -02.0% (+0.243) -02.4% (-0.024)

Mattaponi Beulahville, VA +09.3% (+0.789) -10.2% (+0.655) -07.3% (+0.237) -09.4% (-0.533)

Patuxent Bowie, MD +04.0% (+0.870) -04.0% (+0.300) -07.0% (-0.015) -11.0% (-0.134)

Choptank Greensboro, MD -05.3% (+0.721) -04.4% (+0.722) -02.3% (+0.501) +01.5% (-0.805)

RIM stations: Phase 7 loads vs. WRTDS
(a) biases in 1985-2014 average loads as compared to WRTDS; (b) NSE of annual loads in parentheses;

7→ some differences from CalCAST can be attributed to WRTDS method and DWSM loads for the 1985-2014 averaging period

CalCAST (v20250114) + SepticQ + PRISM + NO3 + βs + HSPF river + WRTDSJuly 2025 beta
Wq20250615cal



▪  Zhengui Wang (VIMS) and Wenfan Wu (VIMS) have developed tools for 
assessing and tracking watershed model outputs and estuarine model 
performance. 

P7 (July 2025 beta) loads are working well in the MBM 

Table: Comparison of Phase 6 and Phase 7β July 2025 watershed loads in main rivers. Data in parenthesis show RMSD of 
watershed model loads (Phase 6, Phase 7β v7) as compared to that of immediately downstream tidal monitoring stations.

Zhengui Wang & Wenfan Wu (VIMS)

Embayment Ammonia Nitrate Phosphate Nitrogen Phosphorus Sediment
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P7 (July 2025 beta) loads are working well in the MBM 

Table 1: Comparison of Phase 6 and Phase 7β (Jan 2025 
Hybrid) watershed loads in small embayment. Data in 
parenthesis show RMSD of watershed model loads (Phase 
6, Phase 7β v3) as compared to that of immediately 
downstream tidal monitoring stations.

Embayment Ammonia Nitrate Phosphate Nitrogen Phosphorus Sediment

Zhengui Wang & Wenfan Wu (VIMS)
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Zhengui Wang & Wenfan Wu (VIMS)

Table 2: Comparison of Phase 7β (April 2025 Hybrid) and 
Phase 7β (July 2025 Hybrid) watershed loads in small 
embayments. Data in parenthesis show RMSD of watershed 
model loads (Phase 7β v4, Phase 7β v7) as compared to 
that of immediately downstream tidal monitoring stations.

Embayment River Impact Salinity Ammonia Nitrate Phosphate Nitrogen Phosphorus Sediment



We implemented an organic source module 
within P7 DWSM water quality calibration 
framework to improve agreement in cumulative 
frequency distribution (CFD) of observed and 
simulated high flow concentrations. 

→ The module includes 2 parameters for 
concentrations of organic N and organic P in the  
scoured sediment: 
▪ HSPF estimated net hourly scoured sediment 

flux is used 
▪ Calibration v1: organic N and organic P scour 

model parameters are independently calibrated 
▪ Calibration v2: organic N is calibrated and 

Redfield N:P ratio is maintained 

Implementation of organic nitrogen and phosphorus scour 
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CONCENTRATION IN MG/L

Figure: Cumulative distribution of concentrations at a monitoring station 



NitrogenJames River at Cartersville, VARiverine simulation without organic scour
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NitrogenJames River at Cartersville, VA

12

Riverine simulation with organic scour



NitrogenJames River at Cartersville, VA1985 – 2014 Monthly loads

Without Organic Scour Module With Organic Scour Module
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Monitored and Expected Total Reduction Indicator for the Chesapeake (METRIC) 
https://metric.chesapeakebay.net/metric/

>> for comparing the monitored load trend and CAST-estimated load trend

14

Adding a trend component to generalized stream network routing 

(Phase 6)



Adding a trend component to generalized stream network routing 

Sketch showing the 
network of small stream 

segments and water 
quality and streamflow 

monitoring stations 

1 2 3
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[FluxMaster]𝑙𝑛 𝑐 = 𝛽𝑜 + 𝜷𝟏𝒕 + 𝜷𝟐𝑙𝑛 𝑄 + 𝜷𝟑𝑠𝑖𝑛 2𝜋𝑡 + 𝜷𝟒𝑐𝑜𝑠 2𝜋𝑡 + 𝜀
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HSPF model: hourly surface and groundwater 
hydrology of land uses

UNEC model: annual surface and groundwater 
concentrations as a function of input history 

and estimates of lag-times

https://www.freepik.com/

https://www.freepik.com/

https://www.freepik.com/

https://www.freepik.com/

Variability in Concentration

Biogeochemical processing, 
Storage/deposition, Scour, etc. 

➔ Fate and Transport
?
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Stream Transport Factor (STF)

natural

𝒍𝒏 𝒄 = 𝜷𝒐 + 𝒍𝒏 𝒄𝒊𝒏,𝒚𝒓 × 𝑺𝑻𝑭 + 𝜷𝟐𝒍𝒏 𝑸 + 𝜷𝟑𝒔𝒊𝒏 𝟐𝝅𝒕 + 𝜷𝟒𝒄𝒐𝒔 𝟐𝝅𝒕 + 𝜺

where, 𝒄𝒊𝒏,𝒚𝒓 vary annually, and 𝑺𝑻𝑭, stream transport factor is provided by CalCAST 

Adding a trend component to generalized stream network routing 



A 1st order NHD MR stream EM2_009405936

Trend is an integration of history of inputs, sensitivities, lags, land use change, climate/hydrology, BMPs, … 17
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A 1st order NHD MR stream EM2_009405936 (58% Crops)
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+ ~ 12% per decade

+ ~ 7% per decade

(Phase 6 data for grain with manure)



A 1st order NHD MR stream EM2_009405936 (58% Crops)
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GSN routing without trend
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We incorporated BMPs in the Phase 7 DWSM 

→ Removal efficiencies are provided by CAST: 
▪ Annual time step for the model calibration 
▪ Removal factors for TN, TP, and SS
▪NHD catchments and land segments 
▪ Aggregated up to key load sources 
    (currently 11) 

Incorporation of BMPs as aggregated CAST removal efficiencies

20

… work in collaboration with Jessica Rigelman (CBPO)



Monitored and Expected Total Reduction Indicator for the 
Chesapeake (METRIC) https://metric.chesapeakebay.net/metric/

>> for comparing the monitored load trend and CAST-estimated load trend

21

(Phase 6)



[1] July 2025

[2] Scour

[3] Trend

[4] BMPs +

Tracking model performance at Choptank River, TP

22

Wq20250615cal

Wq20250816cal

Wq20250902cal

Wq20250920cal



Monitored and Expected Total Reduction Indicator for the 
Chesapeake (METRIC) https://metric.chesapeakebay.net/metric/

>> for comparing the monitored load trend and CAST-estimated load trend
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(Phase 6)



[1] July 2025

[2] Scour

[3] Trend

[4] BMPs +

Tracking model performance at Patuxent River, TN
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Wq20250615cal

Wq20250816cal

Wq20250902cal

Wq20250920cal



[1] July 2025

[2] Scour

[3] Trend

[4] BMPs +

Tracking model performance at Young Womans Creek, TN
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Wq20250615cal

Wq20250816cal

Wq20250902cal

Wq20250920cal

A 9th order NHD MR stream
~ 44 sq. miles drainage area 



Rivers Phase 6 April 2025 July 2025 Scour Trend BMPs +

Susquehanna Conowingo MD -05.0% (+0.836) -09.2% (+0.665) -01.1% (+0.723) -00.8% (+0.727) -03.1% (+0.537) -02.5% (+0.548)

Susquehanna Marietta PA +00.9% (+0.694) -09.9% (+0.687) +01.1% (+0.776) +01.3% (+0.769) +01.3% (+0.474) +01.8% (+0.489)

Potomac Washington, DC -03.1% (+0.797) -20.9% (+0.670) -01.6% (+0.817) -00.9% (+0.764) -00.9% (+0.789) +00.2% (+0.693)

James Cartersville, VA +00.2% (+0.731) -22.8% (+0.632) -01.2% (+0.902) +00.1% (+0.104) +00.3% (-0.067) +00.9% (+0.241)

Rappa. Fredericksburg, VA +01.1% (+0.595) -05.7% (+0.853) -05.8% (+0.854) -05.7% (+0.858) -07.3% (+0.807) -06.4% (+0.813)

Appomattox Matoaca, VA +03.2% (+0.285) +10.2% (+0.702) -12.0% (+0.755) -12.6% (+0.749) -15.1% (+0.636) -13.2% (+0.663)

Pamunkey Hanover, VA +03.1% (+0.338) +04.9% (+0.786) -07.4% (+0.771) -07.4% (+0.735) -07.2% (+0.648) -06.8% (+0.670)

Mattaponi Beulahville, VA +06.8% (+0.511) +19.9% (+0.378) -10.2% (+0.655) -10.7% (+0.628) -13.8% (+0.245) -13.0% (+0.270)

Patuxent Bowie, MD +04.1% (+0.721) -01.6% (+0.308) -04.0% (+0.300) -04.1% (-0.019) -01.3% (+0.467) +00.1% (+0.619)

Choptank Greensboro, MD -04.7% (+0.565) -03.1% (+0.732) -04.4% (+0.722) -04.2% (+0.696) -07.5% (+0.602) -04.2% (+0.660)

RIM stations: Phase 7 Nitrogen loads vs. WRTDS

26→ some differences from CalCAST can be attributed to WRTDS method and DWSM loads for the 1985-2014 averaging period

(a) biases in 1985-2014 average loads as compared to WRTDS; (b) NSE of annual loads in parentheses;



Rivers Phase 6 April 2025 July 2025 Scour Trend BMPs +

Susquehanna Conowingo MD +07.1% (+0.496) -12.6% (+0.528) +11.3% (+0.501) +15.1% (+0.361) +01.5% (+0.183) +03.7% (+0.183)

Susquehanna Marietta PA +03.1% (+0.764) -11.9% (+0.637) +07.4% (+0.745) +08.6% (+0.730) +09.4% (+0.376) +10.3% (+0.394)

Potomac Washington, DC -04.6% (+0.846) -14.7% (+0.700) +13.7% (+0.771) +05.9% (+0.817) +07.5% (+0.805) +01.2% (+0.856)

James Cartersville, VA +09.4% (-0.380) -21.2% (-0.051) +36.7% (-0.131) -04.6% (+0.531) -05.8% (+0.336) +02.4% (+0.427)

Rappa. Fredericksburg, VA +03.2% (+0.524) +25.0% (+0.260) +32.8% (-0.002) +19.8% (+0.441) +16.7% (+0.384) +17.1% (+0.385)

Appomattox Matoaca, VA +10.1% (-0.824) +130.0% (-11.669) -07.8% (+0.095) -24.9% (+0.039) -21.7% (+0.172) -21.1% (+0.252)

Pamunkey Hanover, VA +09.0% (+0.067) +38.7% (-0.418) +21.8% (+0.169) +11.5% (+0.436) +11.2% (+0.266) +11.9% (+0.283)

Mattaponi Beulahville, VA +11.0% (-1.751) +93.8% (-8.730) +32.7% (-0.751) +17.9% (+0.124) +19.8% (-0.742) +15.4% (-0.417)

Patuxent Bowie, MD +00.8% (+0.629) -08.3% (+0.076) -03.8% (+0.079) -15.4% (-0.113) -10.2% (+0.528) -07.3% (+0.666)

Choptank Greensboro, MD -01.9% (+0.437) +14.2% (+0.613) +13.6% (+0.637) +09.6% (+0.707) +10.1% (+0.555) +15.0% (+0.487)

RIM stations: Phase 7 Nitrate loads vs. WRTDS

27→ some differences from CalCAST can be attributed to WRTDS method and DWSM loads for the 1985-2014 averaging period

(a) biases in 1985-2014 average loads as compared to WRTDS; (b) NSE of annual loads in parentheses;



Rivers Phase 6 April 2025 July 2025 Scour Trend BMPs +

Susquehanna Conowingo MD +02.0% (+0.944) +18.2% (+0.763) +02.2% (+0.783) +02.1% (+0.796) +01.8% (+0.868) +02.4% (+0.853)

Susquehanna Marietta PA +04.2% (+0.858) -13.9% (+0.789) +04.4% (+0.840) +04.1% (+0.847) +05.7% (+0.606) +06.0% (+0.641)

Potomac Washington, DC +01.0% (+0.877) -05.5% (+0.541) +06.9% (+0.226) +07.0% (+0.197) +06.0% (+0.306) +06.4% (+0.336)

James Cartersville, VA -04.7% (+0.558) -21.8% (+0.615) +01.9% (+0.850) +02.8% (+0.522) +03.5% (+0.385) +04.1% (+0.481)

Rappa. Fredericksburg, VA -03.6% (+0.309) -11.3% (+0.732) -03.4% (+0.680) -03.5% (+0.669) -05.6% (+0.473) -05.2% (+0.496)

Appomattox Matoaca, VA -01.5% (+0.678) +12.8% (+0.713) -06.2% (+0.739) -07.1% (+0.747) -10.5% (+0.005) -10.2% (+0.039)

Pamunkey Hanover, VA +00.0% (+0.622) +04.2% (+0.506) -02.0% (+0.243) -02.4% (+0.305) +00.3% (+0.180) -00.1% (+0.275)

Mattaponi Beulahville, VA +01.6% (+0.214) +11.2% (-0.035) -07.3% (+0.237) -07.2% (+0.237) -11.4% (-0.256) -11.2% (-0.234)

Patuxent Bowie, MD +02.5% (+0.688) -11.8% (+0.348) -07.0% (-0.015) -06.4% (-0.206) -07.3% (-0.249) -06.0% (-0.058)

Choptank Greensboro, MD -01.7% (+0.395) +06.6% (+0.499) -02.3% (+0.501) -01.8% (+0.456) -00.3% (+0.311) +01.5% (+0.298)

RIM stations: Phase 7 Phosphorus loads vs. WRTDS

28→ some differences from CalCAST can be attributed to WRTDS method and DWSM loads for the 1985-2014 averaging period

(a) biases in 1985-2014 average loads as compared to WRTDS; (b) NSE of annual loads in parentheses;



Rivers Phase 6 April 2025 July 2025 Scour Trend BMPs +

Susquehanna Conowingo MD +08.0% (+0.963) +18.0% (+0.433) +04.3% (+0.808) +04.6% (+0.837) +05.8% (+0.881) +06.2% (+0.875)

Susquehanna Marietta PA -00.9% (+0.833) +02.6% (-0.115) +07.9% (-0.047) +07.7% (-0.047) +11.2% (-0.986) +11.7% (-0.903)

Potomac Washington, DC +03.2% (+0.827) -08.4% (-0.503) +10.1% (-0.623) +10.0% (-0.596) +07.9% (-0.658) +09.2% (-0.713)

James Cartersville, VA +01.1% (+0.384) -36.0% (+0.627) +08.0% (-2.613) +07.2% (-2.166) +06.2% (-2.536) +02.9% (-0.674)

Rappa. Fredericksburg, VA +00.1% (-0.356) -41.9% (-0.750) -04.1% (+0.474) -04.1% (+0.476) -06.2% (+0.411) -04.9% (+0.329)

Appomattox Matoaca, VA +13.8% (-0.567) -32.7% (+0.534) -06.4% (+0.449) -11.2% (+0.423) -12.3% (-0.171) -12.3% (-0.181)

Pamunkey Hanover, VA +01.7% (-1.143) -44.2% (+0.229) -02.4% (-0.024) -02.6% (+0.027) -01.4% (-0.110) -02.3% (-0.034)

Mattaponi Beulahville, VA -00.9% (-0.120) +101.3% (-10.342) -09.4% (-0.533) -09.4% (-0.532) -12.1% (-0.804) -11.7% (-0.769)

Patuxent Bowie, MD +10.3% (+0.678) +28.7% (+0.501) -11.0% (-0.134) -11.0% (-0.134) -15.3% (-0.425) -14.0% (-0.283)

Choptank Greensboro, MD +15.9% (+0.424) -19.4% (+0.116) +01.5% (-0.805) +01.5% (-0.803) +06.1% (-1.995) +10.0% (-2.118)

RIM stations: Phase 7 Sediment loads vs. WRTDS

29→ some differences from CalCAST can be attributed to WRTDS method and DWSM loads for the 1985-2014 averaging period

(a) biases in 1985-2014 average loads as compared to WRTDS; (b) NSE of annual loads in parentheses;



Summary

1. We updated beta versions and linkage of incrementally refined 
watershed model flows and loads with the estuarine model. 

2. We have shifted towards completeness of the model: (a) model 
parameters (Beta parameters) and trends; (b) calibration methods (RIM 
loads); (c) incorporation of inputs (BMPs; afo/cfo loads); (d) linkage with the 
MBM and MTMs (atmospheric inputs, tracking progress). 

>> Next Steps for the Phase 7 Dynamic Watershed Model (DWSM) 

3. (a) deeper/systematic investigation of model calibration to identify 
opportunities for improving model performance (GSN trends, lags, transport 
pathways, sensitivities, inputs); (b) Phase 7 land uses including combined 
sewer system system and feeding operations; (c) surface water withdrawals; 
and (d) expanded monitoring and WRTDS-K data in model calibration; 
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Appendices



James River at Cartersville, VARiverine simulation without Organic Scour Organic Nitrogen



Organic NitrogenJames River at Cartersville, VARiverine simulation without Organic Scour



Monitored and Expected Total Reduction Indicator for the 
Chesapeake (METRIC) https://metric.chesapeakebay.net/metric/

>> for comparing the monitored load trend and CAST-estimated load trend

34

(Phase 6)



[1] July 2025

[2] Scour

[3] Trend

[4] BMPs +

Tracking model performance at Conestoga River, TN
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Wq20250615cal

Wq20250816cal

Wq20250902cal

Wq20250920cal
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