


 3-25

 
Figure 3.20 Sea surface elevation, salinity and currents on May 11, 2005.  Left: sea surface 

elevation (color) and currents (arrows).  Right: surface salinity (color) and currents 
(arrows).  Wind vector (big arrow in upper right corner) and speed are also shown. 
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4. SUMMARY AND RECOMMENDATIONS 

4.1 Summary 

This report presents the validation of MBS hydrodynamic model results for 2005.  Overall, 

modeled temperature, salinity and currents compared well with observations from moorings and 

surveys in terms of overall values, spatial patterns, and temporal evolution in response to both 

short-term and seasonal changes in meteorological forcing, freshwater inputs and boundary 

forcing.  The validation and analysis of modeled results indicates again that the MB 

hydrodynamic model is robust and ready for applications in various environmental studies. 

The model continues to experience difficulties in simulation of (1) summer processes 

including bottom currents and the response to upwelling/downwelling and (2) the magnitude, 

spatial pattern, and timing of responses to short-term events.   

The discrepancies between model results and observations in temperature, salinity and 

currents in western MB suggest the need of more detailed open boundary conditions.  The 

paucity of available data results in over-smoothed open boundary conditions which is likely the 

major cause of uncertainty in the modeled water exchanges between MB and the GOM.  This 

can further lead to inaccurate simulation of the freshwater plume from the Merrimack River and 

other upstream rivers, and hence surface salinity in western MB.  In 2005, more data were 

available during the spring when enhanced field surveys of MWRA and WHOI were conducted 

in response to the red-tide bloom.  This allowed us to construct better boundary conditions and 

hence improve the simulation results.   

This and previous analysis also suggest the need for studies on the freshwater plume 

dynamics near Cape Ann.  Interactions between the topography, coastal currents, surface winds 

and freshwater plume are likely controlling the bifurcation and intrusion of WMCC near Cape 

Ann. Better simulation of this process will also improve the model capability in simulating the 

boundary exchange.  Overall, a better understanding of this process and a model with higher 

resolution are needed to improve the simulation.  

4.2 Recommendations 

Improving open boundary conditions.  The lack of short-term variability in the open 

boundary conditions will cause 1) weaker short-term variability in modeled currents, and 2) 

inaccuracy of salinity in western MB due to inaccurate simulation of freshwater plume from the 
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Merrimack River and other upstream rivers.  Assimilation of measurements at GoMOOS buoy B 

has significantly improved the modeled salinity and currents.  However, information along most 

of the open boundary is still lacking.  Nesting the MB model in a GOM model may improve 

open boundary conditions and hence model results.    

Improving both vertical and horizontal grid resolutions.  The increase in horizontal resolution 

can lead to a decrease in grid-related horizontal numerical diffusion, an increase in horizontal 

density gradient, a better representation of baroclinic instability, and current-topographic 

interactions.  For example, dynamic processes near Cape Ann may be improved with higher grid 

resolution that better resolves the bathymetry and frontal structure.  Also, as noted before (Jiang 

and Zhou, 2006a), a higher resolution may improve the simulation of upwelling/downwelling 

front during upwelling/downwelling events, which is critical in simulating the strength, area 

extent, and timing of the responses. 

Process studies.  Analyses of model results and observations again suggests the needs for 

more process studies including (1) studies of meso-scale processes, (2) dynamic processes near 

Cape Ann, which is critical in the boundary exchange between the GOM and MB. 

Application of the MB forecast.  A near real-time forecast system has been developed by the 

UMB modeling team (http://www.harbor1.umb.edu/forecast).  The system has been run 

successfully in the last two years and is being continuously improved.  This system will be useful 

for the better design of field surveys during both scientific studies and emergency management 

responses to unexpected events because oceanic conditions are highly dynamic and constantly 

evolving.
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