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Outline

❑ Assessment of phase-7 (beta) nutrient loading on estuarine modeling

❑ Assessment in major rivers

❑ Assessment in smaller embayment

❑ Preliminary results of MBM model with phase-7 (beta) loading

• Hydrodynamics:  elevation, temperature, salinity

• Water quality: Chl-a, DO, nitrogen, phosphorus, etc. 

• Primary production, and sediment nutrient fluxes

❑ Summary



P7 watershed loading (beta)

• We began to receive preliminary P7 watershed loading since December 2024

• We worked closely with watershed modeling (WSM) team to develop the P7 loading linkage to 

the MBM, and have successfully completed the new MBM workflow.

• We have tested different versions of P7 watershed loadings. We decided to use the P7 version 

hybridized with P6 loading (P7 beta) at RIM stations for the new MBM calibration. 

• We will continue to test updated P7 (beta) watershed inputs from WSM, and provide feedback 

on WSM performance

○ Assessment of WSM results in some rivers and embayment



Assessment of P7 (beta) loading in major rivers (RIM)

❑ Analyzed how WSM input affects MBM simulation of nutrients 

near river boundary

❑ There are 9 big rivers with monitoring data (RIM stations)

❑ Compared 4 types of nutrient concentrations for these rivers

1. Observations at RIM stations (on watershed side)

2. Observations at CBP stations (on estuarine side) 

3. Simulated concentration from watershed model (WSM) 

4. Simulated concentration in MBM

Note: 
a. TF2.1, TF4.4, TF4.2, TF5.4 are downstream stations from the RIM 
stations

River Susquehanna Patuxent Potomac Rappahannock James Choptank Mattaponi Pamunkey Appomattox

CBP station CB1.1 TF1.0 TF2.1 TF3.1 TF5.2 ET5.0 TF4.4 TF4.2 TF5.4



Susquehanna River
• High correlation between WSM and MBM (except NH4)

• Good model skills between WSM and RIM

• Consistency between CBP and RIM data



Correlation between WSM and MBM

Correlation of nutrients between WSM and MBM  

CBP station is located 
far from P7 watershed

High correlation between WSM and MBM 
nutrients shows that MBM is correctly 
representing the nutrient input from WSM 

● For TN, TP and NH4, it shows the better performance 

of WSM led to better performance of MBM

● No evident correlation for NO3 and PO4

• The x-axis is correlation between WSM concentration and RIM data

• The y-axis is correlation between MBM concentration and CBP data



Assessment of P7 loading in 
small embayment

❑We selected 16 small embayments to check how P7 

WSM loading are related to the nearby MBM 

simulation 

❑ Compared 5 types of concentrations for nutrients

• Observations at CBP stations (on estuarine side)

• Simulated concentration from P6 WSM

• Simulated concentration from P7 WSM

• Simulated concentration from MBM (driven by P6 load)

• Simulated concentration from MBM (driven by P7 load)



Comparison of TN from P6 and P7 WSMs

• Overall, TN concentration in P7 matches nearby CBP observations better than P6

P6 P7 CBP Obs.



Comparison of TN simulated in MBM with P6 and P7 loads MBM(P7) CBP Obs.MBM(P6)

• For most embayment, TN simulation from MBM driven by either P6 or P6  is reasonable in terms of seasonal variation and 
magnitude. 



Watershed influence on the Bay

• A tracer study was conducted by continuously releasing 

tracers (of unit concentration) along with watershed 

flows

• Output tracer concentrations reflect the influence from 

watershed flow: 1 for full influence, 0 for no influence  

• The upper bay and upper reaches of tributaries are 

mainly controlled by watershed flows

• Tracer concentration in the 16 embayments can be 

used as indicator of watershed influence 

5-year (1991-1995) mean tracer concentration



WSM (RMSD)

MBM(RMSD)

1. In brackets, the 1st number is RMSD for P6 WSM, and 2nd number is for P7 WSM

2. Green color indicates smaller P7 error, while red means larger. Gray color means that P6 and P7 errors are 

close. 

Comparison of WSM loads

• Compared with observations at 

nearby CBP stations, P7 WSM loading 

generally has smaller error than P6 

WSM for most variables for all 

stations

• For most embayments, the difference 

of RMSD values between P6 and P7 is 

relatively small, which suggests that 

estuarine processes also play an 

important role besides the WSM 

nutrient load 



Revised MBM workflow with P7 (beta) watershed loading

• Worked with Gopal and Richard in changing the format of WSM load to netCDF, which is self 

describing 

• Streamlined the mapping method of WSM loading onto MBM grid,  and removed the middle 

step using CH3D grid

• Optimized the MBM workflow by incorporating the processing of WSM loading, airshed 

loading and shoreline erosion

• The new workflow is seamless and fully automatic (thus less error prone)! 



Watershed flow into the MBM (mean=2249m3/s)

Averaged condition 
in 1991-2000

Susquehanna River
(mean=1121 m3/s)

James River
(mean=218 m3/s)

A GUI-app (schismcheck) was developed to visualize 
the loading input and other SCHISM inputs. note: 

Mapping of P7 watershed flow to MBM grid
• A robust algorithm was developed to seamlessly distribute the loading from watershed to MBM grid, 

without the need for intermediary as before



TN load into the MBM,    size: flow (m3/s),  color: concentration (mg/L)

Averaged condition 
in 1991-2000

Susquehanna River

James River

• In MBM, watershed nutrient loadings were converted to nutrient concentrations

• TN concentrations generally decrease from north to south 

Mapping of P7 watershed nutrient loading to MBM grid

TN 



MBM re-calibration with P7 (beta) watershed loading

• We have begun to re-calibrate the MBM with new P7 (beta) loading

• Results are still preliminary; we are systematically examining all WQ parameters against CBP 

observations at long-term monitoring stations 

• Overall, the current model skill of P7 MBM is comparable to CH3D-ICM, consistent with 

previous MBM as driven by P6 loading 

• We continue to improve MBM water quality simulation, particularly in the tributaries 

• Also, we will soon add living resources modules (Oyster, SAV, Tidal marsh) in this new version 



MBM re-calibration: elevation

• Elevation are well simulated in both sub-tidal signals and tidal harmonics (not shown for 
brevity), in terms of long-term trend and event scales

○ Great potential for future inundation studies
• Mean RMSE of sub-tidals is about 10 cm  



MBM re-calibration: Temperature

CH3D

MBM

size: RMSD color: Bias

• Temperature is well simulated in 
MBM. The model skill is generally 
better than CH3D for both surface and 
bottom 

• In MBM, bottom temperature has 
slightly larger error than the surface. 

• Along the Bay channel, bottom 
temperature in MBM tends to be 
overestimated 

• In some tributaries and shallow 
regions, temperature tends to 
underestimated. 

Surface

Surface

Bottom

Bottom

❖ CH3D-ICM model is used for 
reference



MBM re-calibration: Salinity

CH3D

MBM

size: RMSD color: Bias

• Salinity is also well simulated in 
MBM. The model skill is generally 
better than CH3D for both surface 
and bottom. 

• In the mainstem, salinity is 
overestimated, particularly towards 
the lower Bay. 

• The bottom salinity has larger error 
than the surface. 

• In tributaries, salinity is generally 
underestimated. 

Surface

Surface

Bottom

Bottom



MBM re-calibration: Chl-a

CH3D

MBM

size: RMSD color: Bias

• Overall, Chl-a simulation in the MBM is 
comparable to CH3D in both RMSD and 
Bias at both surface and bottom. 

• The special distributions of errors 
between two models are very similar 
with larger errors appearing in the 
shallow region and tributaries. 

• One possible reason for the large error 
in shallow region is due to high bloom 
peaks. For example, at WT4.1 (Back 
River), Chl-a can be over 200 ug/L, and 
both models underestimated the 
blooms. 

Surface

Surface

Bottom

Bottom



MBM re-calibration: DO

CH3D

MBM

size: RMSD color: Bias

• Overall, the MBM is comparable to 
CH3D for DO simulation. 

• The special distributions of errors 
between two models are similar, except 
in lower Bay, where MBM captured the 
hypoxia better

• In general, both surface and bottom DO 
are underestimated in MBM for 
mainstem stations, but overestimated in 
tributaries. 

• On average, the RMSD of simulated DO 
is about 1.2 mg/L for the surface, and 
1.6 mg/L for the bottom.  

Surface

Surface

Bottom

Bottom



MBM re-calibration: TN

CH3D

MBM

size: RMSD color: Bias

• MBM is comparable to CH3D for TN 
simulation. 

• Both models well simulated the TN in 
the mainstem stations with small RMSD 
and Bias. 

• MBM also performs better than CH3D in 
tributaries; both have slightly larger 
errors than at mainstem stations. 

• On average, the RMSD of TN simulation 
is about 0.33 mg/L for the surface, and 
0.37 mg/L for the bottom. 

Surface

Surface

Bottom

Bottom



MBM re-calibration: TP

CH3D

MBM

size: RMSD color: Bias

• At mainstem stations, both models show 
good model skills. MBM seems to 
perform slightly better than CH3D. 

• At tributary station, both models have 
larger errors.

• In some rivers (Potomac, Rappahannock, 
James), CH3D tends to overestimate the 
surface TP, but MBM tends to 
underestimate. 

• On average, the RMSD of TP simulation 
is about 0.04 mg/L for the surface, and 
0.06 mg/L for the bottom. 

Surface

Surface

Bottom

Bottom



Summer Hypoxia

● Both CH3D and MBM correctly capture the summer hypoxia at CB4.3C

● Both models also correctly capture the variation of bottom DO along bay channel

● MBM captures DO (hypoxia) better in lower bay

Bottom DO @CB4.3C Bottom DO along Bay channel (June-Sep)

hypoxia threshold



Statistics for MBM re-calibration

Nutrients

Major
Variable

s

1. In brackets, the 1st number is CH3D error, and 2nd number is MBM error. 2. Green color indicates MBM error is smaller , while red means larger.

❖ Overall, the MBM model skill is comparable to CH3D 

❖ For many variables, the RMSDs in MBM are slightly better

❖ For most variables in both models, the errors at bottom are generally larger than those on surface

❖ Also, the errors in tributaries are generally larger than those in mainstem regions

○ MBM has the potential to drastically improve in shallow areas due to its flexibility



MBM 

1 g C m-2 d-1

3 g C m-2 d-1

1.5 g C m-2 d-1

1.5 g C m-2 d-1

3 g C m-2 d-1

1 g C m-2 d-1

GPP peaks in the middle bay

Primary Production

CH3D 

• Simulated GPP in MBM is reasonable, which resembles the 
seasonal and spatial variations in CH3D 

Cerco, C. F., & Noel, M. R. (2004). Process-based primary 
production modeling in Chesapeake Bay. Marine Ecology 
Progress Series, 282, 45-58.



SOD and sediment nutrient flux

MBMCH3D
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CH3D MBM
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SOD JNH4

JNO3 JPO4

• Sediment fluxes in MBM were assessed against obs from https://gonzo.cbl.umces.edu/data.htm (Boynton)
• Generally, simulated sediment fluxes are reasonable in magnitude and seasonal variation 

https://gonzo.cbl.umces.edu/data.htm


❑ We have successfully upgraded the new MBM workflow with P7 loading

❑ An assessment on WSM nutrient loadings was conducted against CBP observation 

○ At RIM stations, P7 (beta) WSM has good model skill for major rivers 

○ In small embayments, the P7 (beta) WSM is generally better than P6 model 

❑ We have begun the re-calibration of MBM hydro and water quality with P7 (beta) loading 

❑ Water quality simulation in MBM are comprehensively assessed with CBP observations. 

The preliminary results confirm that MBM is as good or better than CH3D

Summary


