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Presentation Outline
Phase 7 Dynamic Watershed Model (DWM)

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

3. Water quality calibration
= Revisions to streamflow simulations
" [mplementations of water temperature module
= \Water quality calibration approaches
= Review of October 2024 version of the model

4. Summary and next steps



Purpose

NHD Scale Dynamic Watershed Model (DWM)

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

= Support research and collaboration activities



Framework: Statistical Model (CalCAST) = Dynamic Watershed Model (DWM)

X0 CalCAST statistical DWM process-based
P
B L o spatial estimate hourlv estimates
R Monitoring P A y >
L7 S o Q ¢
.: v -';;:’, Data §gﬁ [ Meteorological inputs, o
bliei T 55 . DWM t
s + s Time averaged l PaTamETers 5
» NS ,;,-f._" .

G L'fhﬁ"_:.?.- 1 » Watershed 5o estimates at land Temporal disaggregation
,.-¥aiin"  characteristics 5e / use & NHD ——
':-'.\'.": . 3 S, & inputs ( catchment scale — Simulated
o 5

Calibration of
event scale DWM
response using
monitoring data

CUY

= Data-driven CalCAST informs DWM parameters and responses.

= NHD-scale DWM prototype is now 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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Dynamic Watershed Model (DWM) Development

=" Year 2022: NHD-scale model structure

100K NHD

and prototypes for hydrology, sediment,
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respect to stopmflow; 14

= Operational prototypes with reasonable
runtime and on the graph paper model
results.

= Year 2023: Incremental refinements of e Sy it e e
model prototypes in terms of model

segmentation, CalCAST->DWM linkage, A
and simulation of the small streams.

MHD-scale model structure; Hydrology prototype; Expanded

imitizl testing of numearical simplifications for flow routing; 1

°
a n d n ut rI e nts. Sediment madel; Hydrology model callbration updates with

="Year 2024: (Q1) stream water quality routing based on 8 parameters;

(Q2) mechanics of water quality calibrations (step 1 of 2)



Streamflow (ft3/s)

Flow refinements

= \We implemented changes for addressing instability issues
= A constrain of slow Astorage when itis greater than the storage

= A constrain for slow flow release after reaching a low volume threshold
= A few bug fixes were made
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= We implemented a routing module while ensuring heat-balance

1985

= A constrain for idle water volume was added to overcome precision loss

= A few bug fixes were made
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(1) It offers potential for including emergent behavior of small streams processes, e.g., as a function of shading.
(2) Groundwater temperature currently isn’t sensitive to changes in future climate so that could be included in Phase 7 for completeness.
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Water quality calibration methods

Figure: Cumulative distribution of concentrations at a monitoring station
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We calibrate model parameters to improve agreement in cumulative
frequency distribution (CFD) of observed and simulated concentrations



Water quality calibration methods

SW2_0880_0930

SW3_0930 1110

Question: How should

the CFDs of unmonitored
. segments be calibrated?

considering 3 options
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Water quality calibration methods

N

Adjustment Factors for Sediment CFDs
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Terminal and Tidal loadings
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It translates to greater spatial specificity.
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Phase 6: Terminal and Tidal loadings
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Nitrogen Ib/yr

() 3,133,261 - 11,261,402
O 11,261,403 - 40,472,430 (s

Q 40,472,431 - 145,451,420

Phase 7: Terminal and Tidal loadings
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Summary of Average Annual Loads

=" We examined Phase 7 (October 2024 version) as compared to
Phase 6 and WRTDS
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Phase 7 (October 2024) RIM stations loads vs. WRTDS

Flow

Susquehanna Conowingo MD

+00.0% (+0.946)

+05.1% (+0.773)

+68.1% (-0.954)

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

+18.1% (+0.452)

Susquehanna Marietta PA

-01.2% (+0.938)

+04.2% (+0.641)

+26.3% (-0.529)

+02.8% (-0.129)

Potomac Washington, DC

+00.3% (+0.885)

-35.2% (+0.228)

+24.3% (+0.262)

-08.5% (-0.461)

James Cartersville, VA

+03.7% (+0.891)

-39.1% (+0.219)

_06.2% (+0.800)

-36.0% (+0.625)

Rappa. Fredericksburg, VA | -01.3% (+0.903) -19.0% (+0.673) -13.8% (-2.679) | -41.9% (-0.737)
Appomattox Matoaca, VA 00.0% (+0.903) -18.2% (+0.743) -01.1% (+0.555) | -32.9% (+0.526)
Pamunkey Hanover, VA +03.6% (+0.815) -14.1% (+0.684) -09.4% (+0.020) | -44.2% (+0.229)
Mattaponi Beulahville, VA | +11.0% (+0.714) +61.6% (-2.501) | +01.8% (+0.272) [+101.7% (-10.449)
Patuxent Bowie, MD +03.8% (+0.857) | +06.8% (+0.821) | -04.8% (+0.641) | +26.9% (+0.496)
Choptank Greensboro, MD | -05.4% (+0.730) | +103.2% (-6.738) | +11.0% (+0.562) | -19.3% (+0.106)




TOTAL NITROGEN (in Ib/year)

All 9 RIM Stations Combined

TOTAL FLOW (in Ib/year)
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Susquehanna River at Marietta, PA
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Potomac River at Washington,

DC
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Susquehanna River at Marietta, PA

%10° SUSQUEHANNA RIVER AT MARIETTA, PA: FLOW TIME-SERIES
\ \ |
8l Simulated | |
Observed
71— on O (o) : i ]
8 N g o o

wn — <2} o o o~ o
S 6 — o - N N QAN —]
S 5 Z 5 E -
= < b < ) 2 = | »
5] 51— - |
o
% ]
w4 -
[a)
_
g 3— 0] |
= D

2 |

1 : i l —

01-Jan-1991 01-Jan-1995 01-Jan-1999 01-Jan-2003 31-Dec-2006 31-Dec-2010 31-Dec-2014

There were 6 events when flow exceeded 400,000 cfs and most of them were under simulated, except for 2004

«10% SUSQUEHANNA RIVER AT MARIETTA, PA: FLOW TIME-SERIES «10% SUSQUEHANNA RIVER AT MARIETTA, PA: FLOW TIME-SERIES 10° SUSQUEHANNA RIVER AT MARIETTA, PA: FLOW TIME-SERIES
55F T T T T 3 : . - 4 . T T T T
6F A m
/ Simulated 8 Simulated Simulated
5f It ——— Observed || \ Observed / ——— Observed
1A \ | \
ss- JAN 1996 I\ ;. SEP 2004 / ] st [\ SEP 2011 i
2 4 I/ @ 2 |
[} Gs S
Z 350 I .| F4 Z4
w i W o
£ 3- N 1 g3 [ 1 4
2 ; 2 [ 2
& 2sf ‘ 1 G4t ' 1 5°
a ’ 8 a
2 2r 1 2 2
5 # 5° et ]
F15 - =4 3
sl J
1 | -
: . 1k | i
0.5 [ . 1 / S ~—— / — . y.
—— = N — — 1 il = — ~ L 1 : L = 1 1 1 — ) IV
01-Jan-1996  06-Jan-1996  11-Jan-1996  16-Jan-1996  21-Jan-1996  26-Jan-1986  31-Jan-1996 01-Sep-2004  06-Sep-2004  11-Sep-2004  16-Sep-2004  20-Sep-2004  25-Sep-2004  30-Sep-2004 01-Sep-2011  06-Sep-2011  11-Sep-2011  16-Sep-2011  20-Sep-2011  25-Sep-2011  30-Sep-2011




Potomac River near Washington, DC

x10° POTOMAC RIVER NEAR WASH, DC: FLOW TIME-SERIES
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Nitrogen
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Nitrogen
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Other stations — Simulated vs. WRTDS average loads

Total Nitrogen
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SIMULATED LOAD ( Ibs/year)

Other stations — Simulated vs. WRTDS average loads
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SIMULATED LOAD ( Ibs/year)

Other stations — Simulated vs. WRTDS average loads

Suspended Sediment
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Summary

1. Our model calibration of flow, nutrients, and sediment maybe
reasonable for linking watershed model flows and loads with
the estuarine model given the stage of our models and inputs.

" we expect to perform a few additional fine tunings
® and collaborate with the MBM team on model linkages

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

2. We need to incrementally improve the model on multiple fronts:
(a) incorporation of new inputs where appropriate; (b) model
parameters; (c) calibration methods and processes.




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

1. Inputs:

. Direct loads — change point sources, diversions/withdrawals, and septic

from P6 river se§ment scale to NHD (missing tidal direct loads); add flow

with sei,otic (load sensitivity to future climate); treatment of withdrawals
in sma

Effect of best management practices; - Replace use of 12 landcover
classes fixed in time (inputs do change over time); - Water quality
monitoring data and WRTDS (WRTDS-K);

2. Model parameters:

* Beta parameters for flow and seasonal variability; transfer of loading
trends from land to stream routing modules; CalCAST parameters;

3. Calibration:

= Calibration methods and watershed Flrlocesses (e.g., hydrologic
|

simulation anomalies; Conowingo intill; module for source of organic
nutrients);

stream modules and tidal areas with direct discharge to the Bay;-

31
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Susquehanna River at Marietta, PA
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Potomac River at Washington,

DC
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James River at Cartersville, VA
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Rappahannock River near Fredericksburg, VA
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Appomattox River at Matoaca, VA
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Pamunkey River near Hanover, VA
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Mattaponi River near Beulahville, VA
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Patuxent River near Bowie, MD
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Choptank River near Greensboro, MD
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Small-stream flow and concentration (Q-C) relationship

HSPF: hourly surface and groundwater
G ’ hydrology of land uses
UNEC: annual surface and groundwater Stream Transport Factor (STF)
concentrations as a function of input history
D and estimates of lag-times ‘
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Small-stream flow and concentration (Q-C) relationship

> data at a monitoring station
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Nitrogen flow variability, B, _ Phosphorus flow variability, B,
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Generalization of B parameters — Qian Zhang

An initial Random Forest model was
developed:

* The model links 8, parameter with
watershed attributes

= Performance of the model for training
datais shown in the figure

= Currently using data for NTN stations;
an expansion would require watershed
attributes for additional stations

0.4

B, parameter (modeled)
0.2

0.0

Training data

RMSE = 0.049 ; R2 = 0.93

l | I
0.0 0.2 0.4

B, parameter (observed)




Generalization of B parameters — Qian Zhang

Importance of watershed attributes

Wetness Index

Baseflow Index
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cale and Simulation of Small Streams

nested model

segmentation of streams
and river mainstems -2
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Flow variability, B, parameter

Nitrogen vs. Nitrate
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Nitrogen seasonality

TN Seasonal Peak (month)
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Phosphorus seasonality
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Susquehanna River at Marietta, PA

%10° SUSQUEHANNA RIVER AT MARIETTA, PA: FLOW TIME-SERIES
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There were 6 events when flow exceeded 400,000 cfs and most of them were under simulated, except for 2004
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Susquehanna River at Conowingo, MD

«10° SUSQUEHANNA RIVER AT CONOWINGO, MD: FLOW TIME-SERIES
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