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Presentation Outline
Phase 7 Dynamic Watershed Model (DWSM)

1. Dynamic Watershed Model overview
2. Overview of prior model development progress

3. (a) Hydrology and (b) Edge of field (EOF) sediment calibration
" [nputs and model setup
= Calibration method
= Results

4. Summary and next steps



Purpose

NHD Scale Dynamic Watershed Model (DWSM)

" [nputs for the estuarine models (MBM/MTMs)
= \Watershed model calibration and scenario applications

= Support research and collaboration activities



Phase 7 watershed models and structure

CAST - Chesapeake Assessment Scenario Tool
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Dynamic Watershed Model (DWSM) development

= 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.

= Year 2024: stream water quality routing based on B parameters;
refinements of small stream flow and water temperature
routing modules; mechanics of riverine water quality
calibrations.

= Year 2025: development and testing of DWSM and MBM
linkage through beta versions; stream routing with RF model
estimated B parameters, sediment routing, estimation of
riverine transport parameters and further refinements of the
DWSM calibration; organic scour in rivers, trend component in
stream routin%, BMPs, etc. Q4: P7 land use; extend simulation
period to 2024; monitoring data; and GSN trends.

= Year 2026: Q1: improved calibration of 1985-2024 hydrology
and sediment using initial P7 land use and mapping CalCAST
data; refined simulations of small streams and improved water
guality calibration of rivers; Q2: hydrology and EOF sediment
calibrations — Draft 2026 Beta;



Aggregation of P7 CAST land uses was revised for the DWSM

1. Impervious Roads
MS4 Roads

Non-Regulated Roads

2. Impervious Non-Roads

MS4 Buildings and Other
Non-Regulated Buildings and Other

3. Tree Canopy over Impervious

MS4 Tree Canopy over Impervious
Non-Regulated Tree Canopy over Impervious

4. Turfgrass

MS4 Turf Grass
Non-Regulated Turf Grass

5. Tree Canopy Over Turfgrass

MS4 Tree Canopy over Turf Grass
Non-Regulated Tree Canopy over Turf Grass

6. Solar Infrastructure

MS4 Solar Infrastructure
Non-Regulated Solar Infrastructure

7. Solar Pervious

MS4 Solar Pervious
Non-Regulated Solar Pervious

8. Compacted Pervious

MS4 Compacted Pervious
Non-Regulated Compacted Pervious

9. Construction

Full Season Soybeans
Grain with Manure
Grain without Manure
Silage with Manure
Silage without Manure
SmallGrains and Grains
Double Cropped Land
Specialty Crop High
Specialty Crop Low
Other Agronomic Crops

- Combined Sewer System land use was separated.

Ag Open Space
Leguminous Hay
Hay Low

Pasture Low
Hay High
Pasture High

Permitted Feeding Space
Non-Permitted Feeding Space

18. Combined Sewer System

CSSRoads

CSS Buildings and Other

CSS Tree Canopy over Impervious
CSSTurfGrass

CSS Tree Canopy over Turf Grass
CSS Solar Infrastructure

CSS Solar Pervious

CSS Compacted Pervious

CSS Construction

CSS Forest

CSS Harvested Forest

Thanks to Jessica, Sarah, and Peter!
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Framework: Statistical model (CalCAST) = Dynamic Watershed Model (DWSM)

Hydrology

CAST
= Annual land use data for 18 core land use types
= Direct loads: municipal, industrial, septic, rapid

infiltration

CalCAST

= Average annualyield of flow and stormflow >
P7 land catchment
segment land use

scale
[ :)
CAST

=  Monthly estimates of detached sediment (land segments)
= Monthly estimates of cover fraction (land segments)

CalCAST

= Average annualyield of sediment

=  Aggregated to land segment for model calibration
=  Catchment scale data for sub-county spatial variability

DWSM process-based
hourly estimates

Q% 0,
Q o
Meteorologicalinputs, S

DWSM parameters
dddd

temporal disaggregation

— Observed
— Simulated

Calibration of event
scale DWSM to
monitoring data of
flow, sediment, @
nitrogen and
phosphorus species
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Following updates were made to the hydrology model

= We are using 1985-2024 P7 land use data replacing previously used pre-BMP land use
= Solar infrastructure land use was converted from pervious to impervious.
= CSSland use was added. It does not yield EOS flow.

= \We tested corrections for precipitation in Potomac during Nov 1-4, 1985, hurricane Juan. It
improved the model performance for Potomac river near Washington DC, but the
performance deteriorated at a few upstream stations, and so it was excluded.

= Previously tested refinement of Ftables of terminal HSPF river segments for better handling
of extremely low flow condition was imported.

- {-Iyoélrology code base was updated for using native P7 land uses rather than using proxy of P6
and uses.

= We fixed an error related to how evaporation parameters are updated during calibration.
= Assignment of a couple of stations to river mainstems were corrected.

= Regression between flow observations at USGS 01575585 (1985-01-01 to 2021-11-15) &

USl%S 01575598 (2019-10-01 to 2024-12-31) was used for reconstructing flow data for model
calibration.

= An adjustment factor of 0.8829 was applied to all land uses above Mattaponi RIM station for
constraining currently remaining bias in estimated average annual flow.

®" Improved data for CalCAST total flow yield and fraction stormflow.



Key hydrology model parameters that were calibrated

Parameter Description Permitted range
LAND EVAP | PET adjustment (similar to pan evaporation coefficient) [ 0.01-2.50
INFILT Infiltration rate 0.001 - 1.181
LZSN Lower zone soil moisture storage index 1.0-20.0
AGWR Baseflow recession coefficient 0.92 - 0.995
INTFW Ratio of interflow to surface runoff 1.0-5.0

IRC Interflow recession coefficient 0.3-0.85
AGWTP Evapotranspiration from groundwater storage 0.0001-0.6
KVARY Non-exponential groundwater recession 0.000001 -2.0

Table: Relationship applied between land use parameters

Land use Crops Pasture Forest & Harvested Solar & Construction | Other
wetlands forest compacted developed

INFILT 1 1.5 1.6 1.3 1.5 0.4 0.8

INTFW 1 1.0 1.25 1.0 1.0 0.5 0.7

AGWETP 1 1.5 6.0 3.0 1.5 0.5 2.0

UZSN 0.14 0.10 0.12 0.10 0.10 0.07 0.08

LAND EVAP | - - - - - - -




Calibration procedures have been updated ...

= LAND_EVAP parameters (coefficients to land use

evapotranspiration) are adjusted during calibration to minimize
bias (LQbias) between DWSM and CalCAST water yields.

" [andevap =landevap *2/(2 - LQbias )

=" INFILT parameters are adjusted to minimize stormflow bias.
= INFILT = INFILT * LSstat
= | Sstat represents stormflow bias normalized to total flow bias (sbias/LQbias)



flow monitoring stations and upstream land segments

=" Model performance statistics at flow
monitoring stations are used for calibrating

model parameters of upstream land segments.

" A land segment is related to flow monitoring
stations based on importance scores defined
as the percent of a station’s drainage area
covered by that land segment.

" [mportance score of each land segment is
scaled to 100%.

" [mportance score of less than 10% is dropped,
and the process is repeated.

Land segment L1

DA% Norm Impo
S1100% = 62.5% = 66.7%
S2 50% = 31.2% = 33.3%
S3 10% 2> 6.2% > 0.0%



=) ¢== Closerto 0 is better

We have a ‘as good or better’ hydrology calibration

Total flow bias
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We examined the outliers ...

" There are a total of 5 stations with bias more
than £30%

Drainage area

USGS Station Name (sq. mi.) CalCAST DWSM

01643580 | Monocacy River Near Dickerson, MD 961 | notused new in P7; has only 1.5 years of data
01617800 | Marsh Run at Grimes, MD 18.9 | has large bias new in P7; 40 years

01642600 | Linganore Creek at Linganore RD Near Frederick, MD 88.2 | notused new in P7; has a total of 4 months of data
01621410 | Blacks Run atRT 726 at Harrisonburg, VA 10.9 | notused Nov 2000 to Sep 2002

01671025 | North Anna River Above Little River NR Doswell, VA 467 | notused new in P7; 2005-2020
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=) ¢== Closerto 0 is better

We have a ‘as good or better’ hydrology calibration

Summer (JJA) flow bias
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=) ¢== Closerto 0 is better

We have a ‘as good or better’ hydrology calibration

Baseflow bias
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=

Closerto 1 is better

We have a ‘as good or better’ hydrology calibration

Nash-Sutcliffe Efficiency NSE of daily streamflow
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=

Closerto 1 is better

We have a ‘as good or better’ hydrology calibration

Nas
1
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=

Closerto 1 is better

We have a ‘as good or better’ hydrology calibration

Nash-Sutcliffe Efficiency NSE of monthly streamflow

0.7 - ! o

0.6

0.4

Phase 6
[1985-2014; 216 stations]

1

0.7

0.6

0.5

0.4

0.3

0.2

0.1

P78 April 2026

1

0.7 -

06

05~

0.4

03

0.2

01

|,4444444

- -

0.7 -

0.6

0.4

New Baseline

Updated CalCAST

[1985-2020; 216 stations] [1985-2024; 232 stations] [1985-2024; 232 stations]

18



RIM stations and Marietta

Bias Phase 6 April 2026 Baseline + CalCAST
Conowingo 2% 2% 2% -1%
Marietta 0% 1% 0% -3%
Potomac -4% 3% 4% 3%
James 1% 8% 8% -3%
Rappahannock 1% -2% 0% 2%
Appomattox -4% 3% 4% 8%
Pamunkey -3% 3% 5% 7%
Mattaponi * -1% 10% 9% 3%
Patuxent -1% 8% 9% 4%
Choptank -3% -13% -12% 0%

*with adjusted water yield
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RIM stations and Marietta

NSE daily flow Phase 6 April 2026 Baseline + CalCAST
Conowingo 0.836 0.845 0.847 0.851
Marietta 0.854 0.876 0.877 0.879
Potomac 0.844 0.816 0.849 0.865
James 0.841 0.881 0.883 0.880
Rappahannock 0.786 0.861 0.859 0.863
Appomattox 0.621 0.674 0.637 0.658
Pamunkey 0.679 0.778 0.758 0.768
Mattaponi * 0.262 0.253 0.201 0.341
Patuxent 0.531 0.633 0.628 0.674
Choptank 0.504 0.704 0.674 0.693

*with adjusted water yield

20



RIM stations and Marietta

NSE monthly flow Phase 6 April 2026 Baseline + CalCAST
Conowingo 0.879 0.906 0.906 0.914
Marietta 0.873 0.908 0.908 0.916
Potomac 0.903 0.896 0.909 0.927
James 0.919 0.927 0.924 0.941
Rappahannock 0.896 0.910 0.915 0.918
Appomattox 0.915 0.902 0.906 0.898
Pamunkey 0.894 0.892 0.897 0.900
Mattaponi * 0.846 0.810 0.813 0.855
Patuxent 0.899 0.869 0.866 0.886
Choptank 0.774 0.809 0.823 0.848

*with adjusted water yield
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Rule based calibration of EOF sediment model parameters

Hydrology

CAST
= Annual land use data for 18 core land use types
= Direct loads: municipal, industrial, septic, rapid

infiltration

CalCAST

= Average annualyield of flow and stormflow >
P7 land catchment
segment land use

scale
[ :)
CAST

=  Monthly estimates of detached sediment (land segments)
= Monthly estimates of cover fraction (land segments)

CalCAST

= Average annualyield of sediment

=  Aggregated to land segment for model calibration
=  Catchment scale data for sub-county spatial variability

DWSM process-based
hourly estimates

990,
Q

o
Meteorologicalinputs, S

DWSM parameters
dddd

temporal disaggregation

— Observed
— Simulated

Calibration of event
scale DWSM to

monitoring data of
flow, sediment,

\’ nitrogen and

phosphorus species
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Rule based calibration of EOF sediment model parameters

Parameter Description

KRER Coefficient that determines how much sediment is detaches from the soil matrix
as a function of rainfall.

JRER Exponent that determines how much sediment is detaches from the soil matrix
as a function of rainfall.

KSER Coefficient that determines the sediment transport capacity as a function of
surface outflow.

JSER Exponent that determines the sediment transport capacity as a function of
surface outflow.

NVSI Rate at which sediment is added to detached soil from atmosphere; Negative
values can simulate removal of sediment by wind or human activities.

COVER Fraction of soil surface in vegetative cover and unavailable for erosion by
rainfall, COVER varies monthly by land use.

AFFIX Rate at which detached sediment is re-attached to soil matrix due to

compaction.

NVSI = 1.5 X EOF sediment yield
KRER = 0.075 X KSER
JRER = JSER = 6 X exp(—KSER%?°)
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Detached sediment and calibrated washoff
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Average annual fraction cover
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Callbratlon target VS. S|mulated EOF sedlment yield

IRX Impervious Roads
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Calibrated average annual EOF sedimentyield.
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Annual summary of hourly simulation

Process-based sediment model tracks storage of detached sediment
(from rainfall, field operations, production/reattachment rates, etc.) and
transport potential (surface flow) to estimate event scale storage and
transport limiting conditions (e.g., higher concentration on the rising limb
of the hydrograph than on the receding limb).
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Summary and next steps

1. Draft 2026 beta calibrations of hydrology and EOF sediment
models were completed. Hydrology model is performing as good or
better to that of Phase 6 model. Model is using P7 CAST inputs for
land use and sediment (detached sediment and fraction cover). It is
based on the improved CalCAST 1985-2021 flow and stormflow
data. The DWSM calibration uses 1985-2024 daily observations of
streamflow at 232 stations.

2. Use the calibrated hydrology and EOF sediment models for
developing APLE and water quality models, while integrating P/
CAST nutrient and BMP inputs.
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Requesting Modeling Workgroup ...

... to approve draft 2026 beta hydrology and edge of field sediment
calibrations for water quality modeling.
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Susquehanna River at Conowingo, MD

1985-2005
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Draft P7 2026

DATA SELECTION
scenario file name
DyHM20260625¢al S§L9_2720_0001
plot data
FLOW - total discharge
Dates 111996 12/30/1996
Drive Directory Observed Data
NA Aolumes/clo DyHM20260201cal
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observed simulated
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Potomac River Near Wash D.C.

P7B April 2025
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DATA SELECTION
scenario file name
Wq20250615cal PM7_4820_0001
plot data
FLOW - total discharge
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Drive Directory Observed Data
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- Observation has flow greater than 200,000 ft3/s on 1-day vs. 4-days in the April 2025 P7B hydrology calibration.
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-2 We are likely to end up with something like this.
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More monitoring data is being used in Phase 7

#Stations in #Stationsin | #Observationin | #Observationin

Streamflow 2,749,709 3,245,529 +18%
Nitrogen 184 223 48,634 66,393 +37%
Phosphorus 211 244 55,115 66,136 +20%
Nitrate 217 245 56,514 66,045 +17%
Ammonia 212 245 54,904 66,260 +21%
Dissolve Phosphate 172 204 43,777 59,088 +35%
Suspended Sediment 164 223 57,814 68,970 +19%

-2 In Q2, we will start using concentrations data beyond 2014 for (a) riverine water quality calibration, and (b) verification in small
streams.



Geography Flow (ac-feet) Percent
Susquehanna 29,104,202 50%
Potomac 8,854,962 15%
James 5,238,615 9%
Rappahannock 1,281,614 2%
Appomattox 883,402 2%
Pamunkey 793,500 1%
Mattaponi 517,263 1%
Patuxent 294,536 1%
Choptank 110,873 0%
Other Terminal 8,322,492 14%
Tidal 2,583,911 4%

The DWSM with CalCAST total flow and
stormflow inputs

Flow (ac-feet)

®m Susquehanna

0% m Potomac
19% \
" James
N\
1%_§|\ ®m Rappahannock
2% \ ®m Appomattox
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B Mattaponi

m Patuxent

® Choptank

® Other Terminal

m Tidal

20260701 summary DyHM20260625cal.xlsx
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We revised mapping of monitoring stations and confluences
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- We have a total of 78 monitored mainstem confluences with as many as 6 tributaries (as compared to 31 confluences in Phase 6).
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Codorus Creek in York County, PA
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Drainage area of #3b is~1.04x of #3a

Streamflow of #3b is ~1.13x of #3a
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