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Outline

❑Overview on the phase-7 MBM status

▪ MBM incorporated pure P7 loading (beta version)

▪ Skill is comparable with CH3D-ICM

❑ Improvement on MBM-7 nutrient simulation on systematic 

biases 

❑POM (POC/PON/POP) simulation is improved

❑DOC simulation is greatly improved

❑DON/POP are also improved, but more improvement is needed

❑NH4/NO3 are also improved compared to baseline 



Phase-7 MBM Structure

MBM-7: 2-step Approach 

Hydrodynamics

• Watershed flow
• Shoreline erosion
• Boundary conditions of elevation, 

velocity, TS and wave inputs
• Initial conditions of hydrodynamics 

and sediment 
• Atmospheric Forcing: ERA5

Physical Biological

Wave Sediment ICM Core SAV Marsh Oyster Sediment

• Watershed nutrient loading

• Shoreline erosion for sediment and nutrients

• Atmospheric nutrient deposition

❖ Phase-7 MBM includes physical and biological components. 

❖ Each component also comprise several sub-modules. Note sediment module is activated at both steps

❖ We has established a compressive and streamlined modeling workflow.



❑ The hydrodynamics of MBM was well calibrated. Our current calibration focuses on

the ICM simulation.

❑MBM has completely switched to pure phase-7 nutrient loading (July 2025 beta):

watershed nutrient inputs, atmospheric nutrient deposition, and shoreline erosion.

We greatly thank WSM team (Gopal, Richard, et. al) for providing the MBM loadings.

❑We has established a MBM baseline (RUN14v) with model skill comparable to phase-

6 CH3D-ICM.

❑ Preliminary Internal review on the MBM performance was conducted (Thank Carl).

We got many constructive comments/suggestions. Based on these comments, we

further improved the MBM.

Overview On Phase-7 MBM Status



RMSE between WSM nutrient conc. and the nearby CBP observations Worse Better

Overview: Assessment of Watershed Loading between P6 and P7: Major Rivers

Close

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

❑ P7 (beta) nutrient concentrations match better with observations at RIM stations than P6

❑ Note: P6 refers to the hybrid loading (20250101_P7beta_Hybrid). 

In brackets, the 1st number is P6 error, and 2nd number is P7 error. 



Nutrients

Major
Variables

In brackets, the 1st number is MBM (P6) error, and 2nd number is current MBM (P7) 
error. 

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

Overview: comparison between CH3D-ICM (MBM-6) and MBM-7 simulations

MBM-7 better

Close (<5%)

MBM-6 better

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

❑ 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. 



Baseline: Surface Chl-a Simulation Along Main-Bay Channel

❑ MBM-7 generally capture the seasonal pattern of Chl-a with correct magnitude.
CH3D MBM-7 OBS



Baseline: Bottom Chl-a Simulation Along Main-Bay Channel

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

CH3D MBM-7 OBS



Baseline: Bottom DO Simulation Along Main-Bay Channel

❑ MBM-7 also did a good job in capturing the hypoxia events.

❑ In upper bay, lower DO was caused by DOC export from SAV bed, which is fixed now.  CH3D MBM-7 OBS



Problems in Baseline (RUN14v)

Snapshot of Carl’s review

❑ Although the baseline MBM generally achieved comparable model skill to CH3D, there exists some systematic 
biases in addition to  local problems.  

❑ Based on the Carl’s comments, we further tuned the model parameters to address the issues (ongoing). 

• Surface Chl-a bias high

• Dissolved Organic Matter bias low

• Particulate Organic Matter bias high

• NH4/PO4 bias high



CHLA Obs.

POC Obs.

PON Obs.

POP Obs
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winter CHLA peak

✔POC/PON/POP show highly 
similar behaviors

✔POC/PON/POP came from 
the decay of CHLA

Seasonality and vertical structure of POM (POC/PON/POP):  
Observation❑ Observations show that POM shares a similar seasonal variation and vertical structure with Chl-a. 

Station: CB4.4



Seasonal variation of Baseline 

POM (POC/PON/POP)
CH3D MBM-7 OBS

Surface
CH3D MBM-7 OBS

Bottom

❑ CH3D has large errors in simulating POM 

(POC/PON/POP)

❑ Baseline MBM can capture some seasonal 

variabilities of POM, but it has large biases 

for POP. Also, the correlation between 

Chla-a and POM is not very good. 



Improvement: 

Seasonal pattern of POM 

(POC/PON/POP)

CH3D New MBM OBS

Surface
CH3D New MBM OBS

Bottom

❑ By using consistent partition coefficient from 

phytoplankton biomass to POM among all 

POM, the seasonal variation of POM now 

closely follows that of Chl-a. The 

improvements on the bottom POM is 

evident. 
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Improvement:  vertical structure of POM (POC/PON/POP)

❑ The simulated POM now also shares a similar seasonal variation and vertical structure with Chl-a

Station: CB4.4CHLA

POC

PON

POP



Problems in Baseline DOM (DOC/DON/DOP)

CH3D MBM-7 OBS

Surface

CH3D MBM-7 OBS

Bottom

❑ Both CH3D and baseline MBM have 

difficultly in reproducing the 

seasonal variation of 

DOC/DON/DOP.

❑ DOM decay rate used to rely only 

on temperature. Our experiments 

show shat algal effect seems  to 

play a role on the decay rate of 

DOM. 



Improvement on DOC along main-bay channel 
❑ By modifying the decay rates of DOC, we are able to improve both 

on the seasonal variation and magnitude of DOC. CH3D MBM-7 OBSbottom

CH3D MBM-7 OBSsurface



Improvement on DOC in Potomac River

CH3D MBM-7 OBSbottom

CH3D MBM-7 OBSsurface

❑ DOC simulation is also greatly improved in tributaries.



Improvement on DON/DOP along main-bay channel 

❑ The seasonal variations of DON/DOP are improved. However, their 
magnitude is overestimated (todo for us). 

CH3D MBM-7 OBSbottom

CH3D MBM-7 OBSsurface



base new OBSbottom

base new OBSsurfaceImprovement on NH4 along main-bay channel 
❑ The NH4 in MBM baseline biases high. By adjusting the decay rate of DON, 

the simulated NH4 improved  in middle bay. However, the NH4 in lower bay 
still needs improvement. 



Improvement on NO3 simulation in summer

base new OBSbottom

base new OBSsurface

❑ Baseline MBM tends to have high NO3 in the summer period. By adding 
the denitrification term, NO3 simulation is improved. 

❑ NO3 simulation biases low in current simulation, which needs further 
improvement. 



Summary and future work

❑MBM now uses new, pure Phase-7 nutrient loadings. We established a baseline MBM calibration 
using P7 July 2025 beta.

❑Baseline MBM results are satisfactory for most variables, and the results are generally 
comparable to CH3D.

❑We are reviewing MBM, and received many useful comments/suggestions from Carl.  

❑Based on the review, we are fixing a few systematic biases in MBM simulation. 
○ Partitioning from phytoplankton biomass to POM is important to keep its consistency with Chl-a.

○ Algal effect seems to play a role on the decay rate of DOM.

❑ Future work
○ MBM documentation. 
○ Continue to improve MBM model skill (NO3/PO4; living resources). 
○ Continue to work with WSM team to test new April 2026 beta version. 


