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Outline

1 Assessment of watershed loading between P6 and P7

O We are switching to a Phase 7 loading model from now on
o) MBM with hybrid P6-P7 loading (RIM from P6, rest from P7)
o) MBM with (pure) P7 loading (WSM, ATM, SHO)

1 Assessment of watershed Loading between P6 and P7
1 MBM calibration

o MBM-7 vs MBM-6

o MBM-7 vs CH3D
] Spatiotemporal variations of Chl-a and DO in MBM-7

J Summary and future work



Overview On MBM-7 Progress

**» We have calibrated the MBM with pure phase-7 nutrient inputs (MBM-7)
** The model skill of MBM-7 is consistent with both CH3D and MBM-6

MBM-7: 2-step Approach
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 Watershed flow

e Shoreline erosion  Watershed nutrient loading

* Boundary conditions of elevation,
velocity, TS and wave inputs

* Initial conditions of hydrodynamics * Atmospheric nutrient deposition
and sediment

 Atmospheric Forcing: ERAS

 Shoreline erosion for sediment and nutrients



Assessment of Watershed Loading between P6 and P7: Major Rivers

[ We assessed nutrient concentrations from watershed loadings against nearby downstream CBP observations

A P7 nutrient concentrations match better with observations at RIM stations than P6

O Note: P6 refers to the hybrid loading (20250101 P7beta_Hybrid).

RMSE between WSM nutrient conc. and the nearby CBP observations

Regions
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Patuxent
Potomac
Rappahannock
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Choptank
Mattaponi
Pamunkey

Appomattox

NH4

(0.0432,0.0437)
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(0.6864,0.3682)
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In brackets, the 15t number is P6 error, and 2" number is P7

error.
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(104.7578,97.1951)
(66.3107,73.1921)
(20.3460,8.3691)
(15.3698,17.6690)
(47.7405,53.3133)
(15.6633,13.1813)




O P7 generally matches nearby CBP data better than P6.

d For NO3, the RMSEs are mostly comparable between P6 and P7.
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Assessment of Watershed Loading between P6 and P7: Small Tributaries
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MBM-7 vs MBM-6



Comparison between MBM-6 and MBM-7 simulations

** MBM-7 results are mostly comparable to MBM-6.

3 For most variables, the RMSEs are very close between two MBM results.

d Compared to MBM-6, MBM-7 has slightly larger errors for TP and PO4. On the other hand, NO3, DOC and DON
has some improvements.

In brackets, the 15t number is MBM (P6) error, and 2" number is current MBM (P7)
error.

RMSE temp salt chla DO TN TP
surface MBM-7 better
bottom

wijor o)

Variables Bias DO TN TP
surface (-0.210, -0.153) |(-0.095, -0.005) _ _
bottom (0.469, 0.375)  |(-0.079, 0.021) |(-0.011, -0.004)
RMSE NO3 NH4 PO4 DOC DON DOP POC PON POP
surface (0.234,0.221) (2.016,1.908) |(0.170, 0.149)
bottom (1.932,1.819) |(0.176, 0.155)

Nutrients
Bias NO3 NH4 PO4 DOC DON DOP POC PON POP
surface (-0.082, -0.022) |(-0.013, -0.010) (-0.065, -0.053) |(-0.002, -0.002) |(-0.330,0.177) |(-0.078,-0.061) |(-0.013,-0.010)
bottom (-0.052,0.006) |(-0.015, -0.002) (-0.067, -0.056) |(-0.003,-0.002) |(-0.474,0.142) |(-0.089,-0.070) |(-0.026,-0.023)




A Variabilities of Chl-a and DO are similar at most stations.

Comparison for Chl-a and DO time series

A Minor differences in the bottom DO can be identified in the MBM-7, in part due to recent calibration

s VIBM-6 = VIBM-7 A OBS
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Improvements in Phase-7 nutrient loadings

1 Phase-7 WSM loading removes some unrealistic nutrient spikes. This improvement is evident in DOC simulation,
but can be also seen for other variables in other regions (not shown here)

d Some improvement on NO3 is also observed
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MBM-7 vs CH3D



Comparison between CH3D and MBM-7: Major Variables

d We comprehensively reviewed all WQ variables and processes to ensure MBM represents well the physical and WQ
processes

d Overall, MBM-7 skill is satisfactory, and comparable to CH3D-ICM

MBM-7 better

RMSE temp salt chla DO TN TP
surface (1.668,0.770)  |(2.074, 1.082) (1.413,1.175)  |(0.370,0.319)
. bottom (1.858,0.987) |(2.193, 1.602) (1.837,1.504) |(0.489, 0.370)
All CBP Stations (115)
| Bias temp salt chla DO TN TP
surface (0.140,-0.212) {(0.664,-0.372) |(-2.065,0.606) |(0.204,-0.153) [(0.051,-0.005) |(0.011,0.007)
bottom (0.312,0.085) |(-0.045,-0.781) |(-2.010,2.211) ((0.538,0.375) |(0.187,0.021) |(0.002, -0.004)
| RMSE temp salt chla DO TN TP
surface (1.484,0.588) ((2.574,0.927) (1.238, 1.106) (0.025, 0.033)
Main-Bay Channel bottom (1.819,0.962) |(2.256, 1.574) (0.029, 0.035)
stations (24)
| Bias temp salt chla DO TN TP
surface (0.505,-0.108) [(1.811,-0.017) |(1.184, 1.445) |(-0.405, -0.488) |(-0.020, 0.077) |(0.015, 0.025)
bottom (0.753,0.294)  [(0.193,-0.263) |(-0.525,2.002) |(0.299,-0.071) |(0.050,0.136) |(0.005, 0.018)

In brackets, the 15t number is CH3D error, and 2"9 number is MBM-7




Comparison between CH3D and MBM-7: Nutrient Species

d The two models produced comparable results for nutrient species

All CBP
Stations
(115)

Main-Bay
Channel
stations (24)

MBM-7 better

RMSE NO3 NH4 PO4 DOC DON DOP PON POP
surface (0.069, 0.059) (0.179,0.149)  (0.018, 0.012) (0.206,0.173) |(0.044,0.038)
bottom (0.110, 0.088) (0.180,0.155)  (0.017, 0.012) (0.066, 0.058)

Bias NO3 NH4 DON DOP POC PON POP
surface (-0.028, -0.022) (0.008,-0.002) (-0.980,0.177) |(-0.145,-0.061) |(-0.034,-0.010)
bottom (-0.011, 0.006) |(0.022, -0.002) (0.006,-0.002) (-0.916,0.142) |(-0.123,-0.070) |(-0.047,-0.023)

RMSE NO3 NH4 PO4 DOC DON DOP POC PON POP
surface (0.009, 0.007) (0.126,0.084) {(0.019, 0.017)
bottom (0.093, 0.083) (0.155,0.133)  {(0.030, 0.022)

Bias NO3 NH4 DON DOP POC PON POP
surface (-0.044, -0.004) |(-0.005, 0.002) (-0.051, -0.044) |(0.005,-0.001) |(-0.678,0.168) |(-0.100,0.004) |(-0.016,0.010)
bottom (-0.574,0.342) |(-0.079,0.015) |(-0.023,0.003)

In brackets, the 15t number is CH3D error, and 2" number is MBM-7

AV Yy




Spatial comparison between CH3D and MBM-7: Chl-a

Chl-a Error
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Chl-a simulation in the MBM is comparable to
CH3D both surface and bottom.

The spatial distributions of errors between
the two models are also similar.

In the shallow regions of upper bay, large
errors are found for both models.

Along the main-bay channel, some
overestimation of Chl-a is found in the CH3D
surface and MBM bottom.

In the upper reach of most tributaries, CH3D
tends to underestimate, while MBM tends to
overestimate.



DO Error

@® 2.0(mg/L) ”q e®
mean(RMSD)=1.413 @™ 0@~ ~ _
mean(Bias)=0.204 Y @ '
{0 ®
&9 & Hhelo
P 4 ‘ ¢ \’ S .
® ¢ e @ €
® ) 2
Y L\ O ‘
P o e §
B \‘\, ) @ ® ®
®. <8 o 5.
® e
Ve ¢ e

® (",\ & © @
®

CH3D Surface  °e¢ ©

RMSD+Bias: RUN14t, layer=S, DO

@® 2.0(mg/L)

mean(RMSD)=1.175
mean(Bias)=-0.153
/ om ® &
4 ® o®@'e
@ 0®g
() | (&5 ¢ O . (
o ° 8
) @ .53@ 5) ®e
® 8«

Pac S

MBM Surface © o

Comparison between CH3D and MBM-7: DO

2.0
I 15
- 1.0
- 0.5

0.0

F—0.5

-1.0
-1.5
-2.0

2.0
I 15
- 1.0
0.5

r 0.0

F—0.5

-1.0

-1.5

-2.0

size: RMSE color: Bias

2.0 (mg/L) 9 e
° ’ ~® @ ©
mean(RMSD)=1.837 39" ©
mean(Bias)=0.538 ; .. S

°® ® 8¢ ©

L ®:
b &) gy O L ..
®s., @ ® @
: ‘ | k:' ‘V E’:’:") ﬂ§
fJ @ ] b ,3 o)
.‘ ® @ ('). (& @)
‘
CH3D Bottom “¢
RMSD+Bias: RUN14t, layer=B, DO
@® 2.0 (mg/L) X
mean(RMSD)=1.504 _ g5 @
mean(Bias)=0.375
D) ‘
‘ Iz @ “. ®
& R @&
1 - “:Jb : ’
. @
@ = <« (23]
0. -8 %
4 ©
2 ) CL )
MBM Bottom = ¢

2.0

15

r 1.0

0.5

0.0

-1.0

-1.5

2.0

15

1.0

0.5

r 0.0

-1.0

=15

-2.0

Overall, MBM-7 vyielded comparable DO
results to CH3D. The spatial distributions of
errors between two models are also similar.

In MBM, surface DO is underestimated for
mainstem stations, but overestimated in
tributaries.

In MBM, bottom DO along mainstem is well
simulated.

In most tributaries, MBM seems to have
smaller errors for DO simulation compared
to CH3D.



Comparison between CH3D and MBM-7 at key stations: Chl-a

A For surface Chl-a, both models got the magnitude correct, but had some challenges in capturing the variability.
J For bottom Chl-a, MBM simulates well the seasonal variation. At CB3.2, MBM overestimates. At CB4.3C and CB6.3, MBM
performance is rather satisfactory.
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[ For bottom DO at CB4.3C, earlier MBM had phase-lag issue for hypoxia simulation, while the current MBM-7 shows significant improvement

Comparison between CH3D and MBM-7 at key stations:

[ Both models reproduced the correct seasonal variation of DO variations on the surface and bottom.
[ At CB3.2, surface DO of MBM was underestimated. It is likely related to the overestimation of Chl-a simulation.
A For bottom DO at CB3.2 and CB6.3, MBM seems to capture the hypoxia better.
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Spatial Distribution of MBM-7 Errors: Chl-a and DO
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3 Along main channel, Chl-a simulation has
relatively small errors with some overestimation
in the upper Bay region.

J Overestimation of Chl-a is found in upper
tributaries. Large underestimation mainly
concentrated in the shallow regions of upper
Bay.

3 Surface DO tends to be underestimated in the
mainstem, and slightly overestimated in the
tributaries.

d Overall, bottom DO is well simulated in the
mainstem. In the tributaries and shallow
regions, bottom DO tends to be overestimated
(which may be related to living resources).



Spatial Distribution Of MBM-7 Errors: TN and TP

@ 1.0(mg/L) oV
@ (9 =
& -
mean(RMSD)=0.319 @ A,
mean(Bias)=-0.005 . o
&
'__‘f_'. Q0 [ )
i
0@ .‘
“'\(—) v o @
(j = i) E‘ (:;'_; ":," S~
*\ T R0 o 'y & .t;\." .
. @ 1 - @
[ ] @
. ® 0 o
\"1;- _ Q@ i
g T 0
g% :
Cw'lf;;_. - 5] 00
@ o
F 8- _— e o o
Surface TN g
® 0.1 (mg/L) E
mean(RMSD)=0.047 @y SR
mean(Bias)=0.007 @
©--@, .0
o®m ° .
& @ 3
@) b e® ©
) . 0@ o
~& 0 - Revo
) ®
@
@ 16}
'®) o
®
®
3 o
© ®
& &)
(& d

B ool s

Luy

r0.25

r—0.25

—0.50

-0.75

-1.00

0.100

0.075

+ 0.050

I 0.025

I 0.000

F—0.025

-0.050

-0.075

-0.100

@® 1.0(mg/)

mean(RMSD)=0.370 ©
) S) @ S
mean(Bias)=0.021 - @
8
Ny 5 C}) - (O I
{ Cew 7 ®
& ¢ o S
["\ gj'_' Y
Yo 0 R0 _
3 w0 e .,) o &
® ® o e
Y @
. (o] - o
6] o 0
= ol ) 8 ) & 5 )
el — 7 ¢
oW g @ " o oo
28— ) ‘
e Y K
O\ s o Jf
Bottom TN S :
@ 0.1(mg/L) o7 @
© & R
mean(RMSD)=0.063 .
mean(Bias)=-0.004 = @
’:—' ‘f@ S
[ ‘o® :
’ l@ o® © 3
z C o i ®

@
‘®
®

0

. d

@0‘ ‘
Bottom TP

R0 o/ ®

Luu

- 0.50

F0.25

F—0.25

—0.50

-0.75

-1.00

0.100

0.075

+ 0.050

 0.025

I 0.000

F—0.025

-0.050

-0.075

-0.100

3 TN simulation is satisfactory, particularly in the
lower Bay region.

A TN overestimation is mainly found around upper
and mid bay. TN underestimation is mainly
found in the tributaries.

A TP is generally overestimated in the mainstem,
and underestimated in some tributaries.



Spatial Distribution Of MBM-7 Errors: NO3, NH4, and PO4
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d NO3 is well simulated. Underestimation is found in some
upper tributaries.

A Overestimation of bottom NH4 is found in the upper and
mid bay, and underestimation is found in some shallow

areas.
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d For PO4, the MBM simulation tends to be generally
overestimated, which warrants further investigation.
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Chl-a Simulation Along Main-Bay Channel

d MBM-7 did a good job in capturing the high Chl-a concentrations in the bottom during spring, which helps
capture the hypoxia timing.

mmmCH3D = VIBM-7 H OBS




Chl-a Simulation In James River

1 MBM also captured the occurrence of the large Chl-a blooms in the mid reach of James River.

A Chl-a simulation is also generally satisfactory in other rivers.
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Grid comparison between CH3D and MBM in James River

d Compared to CH3D, MBM grid has higher resolution in James River. Both the channels and shallow regions are well represented in
MBM grid.

A This pays off in the simulation of productive shallows (including living resources), and helps refine the new TMDL




Spatial Distribution of Bottom DO in Chesapeake Bay

d We interpolated CBP DO observations inside the Bay, and compared with MBM simulation. Overall, the
summer hypoxia pattern matches between model and data.
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Vertical Profile Of DO Along Main-Bay Channel

[ Along the main-bay channel, MBM also captures the hypoxic region fine (model has higher spatial variability

due to resolution)

3 In the upper bay, there is some underestimation.
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Vertical Profile Of DO Along Potomac River Channel

4 In Potomac River, the vertical profile of DO is also well simulated
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Summary and future work

JIn the last quarter, we finished the calibration of the 15t baseline MBM version using a hybrid WSM
loading. Then, we switched to pure Phase-7 nutrient loadings.

J The latest MBM results are satisfactory for most variables, and they are generally comparable to
CH3D results.

J We compared the MBM simulations with Phase-6 and Phase-7 nutrient inputs. Overall, the results
are similar. We also noticed some improvement with the “pure” Phase-7 loading.

J MBM captured the spatial variations Chl-a and DO well, and showed improvement in the tributaries
and shallows

J Future work
o MBM documentation.
o Continue to improve MBM model skill (PO4; living resources).
o Continue to work with WSM team to test new beta versions of WSM loadings.






