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Outline

❑ Previously: preliminarily calibrated P6 and first beta version of P7

❑ This quarter: calibrated baseline for MBM using a beta version P7

❑ Collaboration with watershed modeling team

○ Help assess beta versions of P7 WSM

❑ Current MBM status and latest modeling workflow

❑ Latest MBM modeling results

❑ Assessment of the sediment diagenesis and living resources

❑ Summary



Recap of last quarterly meeting (Apr 2025)

Building on previous work, in this quarter we produced first calibrated baseline for 

MBM using Jan25 beta version of P7 



Collaboration with watershed modeling team

▪ We hold regular weekly meeting with watershed modeling (WSM) team and 
CBPO to coordinate our work on coupling between WSM and MBM.

▪ During the last quarter, we successfully converted the format of new watershed 
loading from ASCII to NetCDF, which greatly facilitated the coupling and 
simplifies the MBM workflow. 

▪ MBM results are sensitive to watershed loading (Gopal), atmospheric deposition 
(Gopal) and shoreline erosion (Richard). We closely work with other teams to 
keep our MBM progress on track. 



New Format of Watershed Loading

Old WSM Format: ASCII files

watershed segment nutrient

• One file only contains one nutrient loading from one segment

• There are over 220 K files. Parallel post-processing (multiple 
CPUs) is needed, and is very time consuming. 

• Transfer of watershed loading is cumbersome. 

New WSM Format: NetCDF

• One file contains everything. There is no need for post-processing. 
Transfer of watershed loading becomes easy. 

• All nutrient variables are well organized, which allows us to perform 
different operations (nutrient analysis, search, mapping, etc.)

# of watershed 
segment
time dimension

(1985 – 2020)



New Format of Shoreline Erosion and Atmospheric Loadings

• Thanks to Richard, the nutrient loading from shoreline erosion was also converted to NetCDF 
format

• Gopal is still working on P7 atmospheric deposition, we will work with him to convert the final 
product to NetCDF format as well. 

# of nutrients sources

time dimension

(1991 – 2014)

nutrient variables

Shoreline Erosion: NetCDF



Cross Assessment of Different Beta Versions of WSM Loading

• Here, we compare the April WSM version with January version regarding flow, N and P from 1991 to 2000.

• Overall, the changes on the flow, TN and TP loadings are small. 

• There is about 15% increase in NO3, accompanied with 11% decrease in organic nitrogen. This might have localized impact



Assessment of P7 WSM loading in 
small embayment

❑We selected 16 small embayments to check how P7 WSM 

loading impacts the nearby MBM simulation.

❑ The assessment on WSM loading through MBM simulation 

provides additional information to the WSM team, which 

can help to further improve the WSM, and in turn improve 

MBM simulation (positive feedback). 



Comparison of NO3 simulation between Jan and Apr WSMs
• Overall, NO3 simulation in MBM with April version was improved at small embayments

Jan Apr CBP Obs.



MBM(RMSD)

Comparison of nutrient simulations between Jan and Apr WSMs

• Compared with observations at nearby CBP stations, the nutrient simulations in MBM are similar 

for NH4, TN and TP at most locations between two WSMs.

• NO3 and PO4 are generally improved with April WSM loading. 

Apr.  is better Similar Jan.  is better



Current status of MBM

❑ Currently, the MBM is calibrated with P7_hybrid WSM loading (January version)

• P7 shoreline erosion data is applied.

• P6 atmospheric deposition data is used.

❑ The MBM has all the modeling components, and a two-step model approach is used

• Physical (1st step): Hydrodynamics, Wave, Sediment Transport, SAV.

• Biological (2nd step): Water Quality (sediment diagenesis), Living resources.

❑ The MBM model skill is generally satisfactory

• Compared with P6, salinity and temperature are better simulated.

• For most of water quality variables, P7 model skills are comparable to P6. Bottom 

DO/hypoxia are improved



New MBM Workflow

❑ During the last quarter, we updated the MBM workflow

• We updated the workflow to accommodate to the new NetCDF format of  P7 WSM loading

• We added the configurations of living resource modules (oyster, marsh, sav) into the workflow

• We refactored the MBM workflow with better structure and more efficiency

❑ The new workflow is updated with latest model configurations (e.g. watertype, drag -

see Wenfan’s talk)

❑ We created new databases for initial and boundary conditions, and model parameters

• Water Quality Variables

• Sediment Nutrients Concentrations (no need 10-year warm-up)

• Living Resources

• Temperature

• Salinity

• Sediment Transport Model



The structure of MBM Workflow

• The python-based MBM workflow supports from grid generation all the way to model setup

• The workflow provides flexibility for different types of model configurations

• All functionalities are integrated in one python script, which can be launched at any location (tested on sciclone)

set simulation time

choose model grid

select models

select sub-modules

choose your 
model inputs

databases



Summary for MBM calibration

Nutrient
Species

Major
Variable

s

1. In brackets, the 1st number is CH3D error, and 2nd number is MBM error. 

❖ Overall, the MBM model skill is comparable to Phase 6 (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 gridding flexibility

CH3D is betterMBM is better

RMSD

RMSD

Bias

Bias



Error Distribution: Surface Chla and Bottom DO size: RMSD color: Bias

• Overall, the MBM model skill is 
comparable to CH3D for both surface 
Chla and bottom DO. 

• The error distributions are also similar 
between these two models. 

• For Chla along main-bay channel, 
CH3D overestimates while MBM 
underestimates. 

• MBM has better model skills at some 
tribs (e.g. James River).

CH3D

CH3D

MBM

MBM

❖ CH3D-ICM model is used for 
reference

Surface
Chla

Bottom
DO

better performance 
in MBM: James 
River



Error Distribution: Surface TN and TP size: RMSD color: Bias

• For surface TN and TP, CH3D 
tends to overestimate, while 
MBM tends to underestimate.

• For TP in the mainstem, MBM has 
better model skill than CH3D. 

CH3D

CH3D

MBM

MBM

❖ CH3D-ICM model is used for 
reference

Surface
TN

Surface
TP

better performance 
in MBM



Comparison of time series of Chla and DO at CB4.4

• Both models have large errors for surface Chla, while the comparisons are better for bottom Chla

• For DO, both models did a good job in simulating the seasonal variation and hypoxia. 



Animation of Bottom DO in summer, 1993

• 1993 was a high-flow year, and 
relatively severe hypoxic condition 
was observed.



Sediment Diagenesis: SOD 
• In shallow water systems like Chesapeake Bay, the tight coupling between water column processes and 

sediment diagenesis processes is a fundamental process. 

• Therefore, it is important to make sure the simulated SOD and sediment nutrient fluxes are correct.

• MBM correctly simulated SOD for both oxic and anoxic conditions. 

oxic

oxic

anoxic

anoxic



Sediment Diagenesis:  NH4 flux 

• MBM well captures the seasonal variation of sediment NH4 fluxes in Chesapeake Bay



Sediment Concentrations: POC and PON

Average Semi-Refractory POC (g.m-3) Average Semi-Refractory PON (g.m-3)

POC2: R-64 PON2: R-64

• We also checked the sediment POM concentrations to make sure they reach quasi-equilibrium state



Oyster Simulation
• The new MBM workflow includes the Living resource modules. Below shows the comparison of 

Reef oyster with observations in different regions. 

• In general, the Reef oyster is underestimated , which needs further improvement. 



SAV Simulation

• MBM simulates the SAV canopy height (sht), and the biomass of SAV leaf/stem/root/tuber. 

• The SAV biomass simulated at Choptank River mouth shows a reasonable seasonal pattern. 

• However, it seems that SAV biomass might be underestimated. More observational data is 
needed to validate the model. 



❑ We closely collaborated with WSM team on coupling between MBM and watershed loading

❑ We have successfully updated the MBM workflow to use the new NetCDF format of P7 WSM 

loading and shoreline erosion. 

❑ MBM now includes all planned modeling components for both physical (1st step) and biological 

(2nd step) simulations.

❑ Overall, the MBM results are satisfactory, and the water quality results are comparable or 

better than P6, with great potential for further improvement in shallows.

❑ Re-assessed sediment diagenesis, primary production (not shown in this report) and living-

resource modules. The results are generally reasonable, but some need further improvement. 

Summary


