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I.   What and Why  the unstructured grid modeling? 

Unstructured grid  has the  Flexibility  to fit the boundary better and  allows 
locally refinable resolution    !!!!!



SCHIMSM – mixed triangular and quadrilateral 

unstructured grid  
CHES_ROMS  - Structured  orthogonal grid CH3D   - Structured  curvilinear 

coordinate  

Horizontal unstructured-grid resolves tributaries 



New vertical coordinate resolves  cross-sectional geometry

SCHISM

CH3D

CHES-ROMS

Field measurement



Description of a New Localized Sigma Coordinate with shaved cell (LSC2 )

Vertical z-coordinate model Vertical sigma coordinate LSC2



A cross channel transect at mid-Bay using LSC  coordinate  

Cutting off connections between deep and 
shallow depths, reducing unphysical 
diapycnal mixing

Nearly-horizontal layers,
reducing pressure gradient error.



Original 

bathymetry

Saltier

Less channel-shoal 
difference

Cross section residual velocity Cross section salinity distribution

*Fei et al.  (2018):”A 3D unstructured-grid model for Chesapeake Bay”, Ocean modeling
Vol. 127,p16-39. 



SCHISM (Semi-implicit Cross-scale Hydroscience Integrated System Model) is a new generation 3D 
baroclinic, unstructured grid, coastal ocean model with the following unique properties:   

 It uses finite element formulation that allows locally refinement of the grid as it needs; 

 Allows mixed triangular and quadrilateral horizontal grids and flexible vertical grid for

discretization;

 Includes higher-order schemes for advection in momentum and transport;

 Fully parallelized with domain decomposition (MPI) with good scalability;

 Well-benchmarked inundation scheme for wetting and drying;

 Operationally tested and proven (NOAA, DWR, CWB…)

 Driven by user community needs with Open source http://ccrm.vims.edu/schism/.

Our mission is to develop a verifiable and comprehensive modeling system for    
use in the estuarine and coastal ocean application.

II.  Examples of cross-scale applications by SCHISM

http://ccrm.vims.edu/schism/


Indian River, DE 

Beaufort, NC

A. Impacts of bridge structure on estuarine circulation in the lower James River 



I-664

I-64

I-64

Bridge-resolved grid



I-64

I-64

I-664

Highest resolution: 1-2 m
Resolve bridge pilings

Highest resolution: 1-2 m
Resolve bridge pilings



a. Model domain:
Coupled Chesapeake Bay and the continental shelf model 
domain with 3000 m along the east open boundary 
condition
North cross-shore boundary: adjacent to Indian River Bay, 
DE
South cross-shore boundary: adjacent to Beaufort, NC, 
including a small portion of the Gulf Stream

b.  Grid:
Total 37450 elements, 22552 nodes, 25 s-layers

c. Forcing:
NOAA NARR wind;
Major river discharges in Chesapeake Bay obtained from 
USGS
Tidal elevation reconstructed from NOAA observations at 
Beaufort, NC and Lewes, DE;
Open boundary condition:  3D velocity  and 3D salinity, 
temperature obtained from HYCOM

d.  Performance:
About 20 hours for a 1-year simulation with 64 CPUs on a 
HPC computer cluster 

Model  setup and performance



Velocity  profile comparison 
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Lower Chesapeake Bay

Salinity comparison 
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Lower James River 

Salinity comparison (con’t) 



Deep 

hole 

Deep 

hole 

Narrow 

spit

Resolution: 

200 m

Resolution: 

50 m

Resolution: 

20 m

Resolution: 40 m

Upper Chesapeake Bay Chester River tributary

B. Hydrodynamic and water quality modeling in Chester River

Corsica sub-tributary 
(or triblet)



Chester River

Corsica River

(b)

(c)

Upper Chesapeake Bay

Typical grid size in the 

main channel: 105 m3

Typical grid size:

5×102 m3

Typical grid size:

2×104 m3

(a)

10 km

5 km

1 km

Corsica R.

Chester R.

Main 
channel

(d)

Cross-scale: main stem                 tributary  sub-tributary (triblet)

horizontal length: 

330 m 

vertical layer 

thickness: 0.9 m

horizontal: 60 m 

vertical: 0.14 m

a. Hydrodynamic model



Chester River watershed delineation

Example of watershed daily flow distribution  

50 cfs



Sediment 

process model

3D Water 

column WQ

model

Algae

Nitrogen

Phosphorus

Carbon

DO…

OMsSediment fluxes 

(nutrients and SOD)

Hydrodynamic 

model

Tide

Temperature

Salinity

Solar radiation

Wind…

Watershed model

HSPF

Nutrients and 

Carbon loads

Flow

SCHISM

HEM3D

b. Water quality modeling framework



c.  Water quality modeling results
1.  The water quality model is executed directly coupling with SCHISM.  The time step used for both model is 120 sec.   
2.  Water quality model has been verified by simulating consecutive years of 2003 and 2004

Morgan Creek

Stations selected in Tidal fresh and middle 
Chester River stations 



Morgan Creek

Stations selected in Corsica River and lower 
Chester River 

Corsica River



Salinity in the tidal fresh and middle Chester River 

Salt intrusion prediction was better 



Salinity in the Corsica River and lower  Chester River 

Salt intrusion prediction was better 



Temperature  in the tidal fresh and middle Chester River 



Temperature in the Corsica River and lower  Chester River 



Chlorophyll in the tidal fresh and middle Chester River 



Chlorophyll in the Corsica River and lower Chester River 



Dissolve oxygen in the tidal fresh and middle Chester River 



Dissolve oxygen in the Corsica River and lower  Chester River 



Ammonia in the tidal fresh and middle Chester River 



Nitrite/nitrate in the tidal fresh and middle Chester River 



Nitrite/nitrate in the Corsica River and lower  Chester River 



Phosphate in the tidal fresh and middle Chester River 



Phosphate in the Corsica River and lower  Chester River 



III.  Summary 

1. Unstructured grid, compared with the structured grid, has the  flexibility  to fit the complicated boundary (e.g. 
shore line) and, at the same time,  allows locally refinable resolution as it needs.   

2.    The SCHISM model, a cross-scale estuarine/coastal model using finite element and semi-implicit schemes, has been 
applied in the Chesapeake Bay and tributaries including impact of fine scale structure in the James and water
quality simulation in the Chester River.  It is operational and well-benchmarked. 

3. A new vertical coordinate developed recently further  improves the simulation of vertical stratification and the 
channel versus shoal lateral dynamics. 

4. With parallelization computational framework, triblets are feasible to be connected to the main Bay model to allow 
interactions between triblet-tributary, and tributary-main bay



Future work

a. Model domain:
Coupled Chesapeake Bay and the continental shelf model domain 
aligned with the 3500 m bathymetry line at the east boundary
North cross-shore boundary: adjacent to Indian River Bay, DE
South cross-shore boundary: adjacent to Beaufort, NC, including a 
small portion of the Gulf Stream

b.  Grid:
Total 42289 elements, 26631 nodes, 25.0 vertical layers on average 
(16-67 layers depending on depth)

c. Time step: 120 seconds

d. Forcing:
Atmospheric forcing: NARR+NOAA observation
Freshwater discharges: USGS+Watershed model
Open boundary condition:  3D salinity from climatology, with nudging; 
3D temperature from HYCOM, with nudging; elevation, 3D velocity 
(hybrid: sub-tidal HYCOM + tidal signals from larger domain 
barotropic model);


