
SWEM Sensitivity 

1. Model is insensitive to discharge magnitude 

2. Model has no vertical turbulent flux in hypoxic zone
 

3. Respiration is too small 

4. Production is too small 
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SWEM Overview – the grid 



Insensitivity to Discharges 
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Double Point Source Discharges and Set them to Zero 

Very small change 
in bottom DO 



Why is SWEM Insensitivity to
 
Discharge Magnitudes?
 

•	 When discharge is • When the discharges 
increased production is are reduced there is a 
quickly Si limited reduction in 

productivity in the 
surface but there is still 
POC formation using 
recycled and boundary 
flux nutrients. 
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Distortion of physics 

Data 



Distortion of physics 

Data 
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Measured Vertical Eddy diffusion coefficient ~10- (3-5) m2/s 
structure and variability at WLIS (CTDEP C2) in 2006 
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The major issues 
- Production understimated 
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Buoy estimates 

Buoy estimates 

The major issues
 
- SWEM Respiration is underestimated relative to
 

the LISICOS (Kremer) range
 



Respiration is underestimated 

SWEM Model mean and std 
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Performance: DO at C2 
SWEM, SWEM+Mixing, SWEM+Mixing+P&R 

Surface 

Bottom 
UConn mods 



Number of days that the solution at station C2 falls below a threshold. 
blue line represents SWEM 
green shows the SWEM mixing 
red line show increased production, respiration and mixing. 

Performance: DO at C2 
SWEM, SWEM+Mixing, SWEM+Mixing+P&R 

Duration of exceedance: more sensitive measure 

Threshold (mg/l) 



Conclusions
 

1. SWEM can be substantially improved through
quantitative skill assessment and comparison
to observations. 

2.	 We recommend measurements of carbon 
biomass and the rates of production and
respiration to constrain the parameter choices
in RCA 

3. Some reformulation may be warranted.
Several parameters that have very poor skill.
Should these be simulated or just prescribed? 
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Measuring Change in 
Long Island Sound 

Central 

West 

East 
narrows West 

narrows 



Long Term Trends in WQ 



Western Narrows Nitrogen 





Nitrogen reduction is working, but
 
hypoxia persists ?
 

•	 There is evidence of this in other area 

•	 Nutrient ratio changes allow other species to 
bloom 

•	 Nitrogen fixation? 

•	 Climate shifts have led to more stratification and 
less ventilation. 

•	 We are not measuring accurately enough 
–	 Aliasing of high frequencies 

–	 Amplitude of inter-annual modulation is large 
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How does the error influence the
 
uncertainty in the hypoxic area?
 

Monte Carlo Simulation 

1.	 Assume the statistics of the error - gaussian normal with 
zero mean and std specified 

2.	 Generate sample with these characteristics and add it to the 
data –compute Ai. 

3.	 Repeat a large number (1000) times. 

4.	 Compute standard deviation of Ai. 

Need procedure to make contour maps and compute 
areas in the same way as CTDEP. 



1.	 Download cruise data 
2.	 Make Map with inverse WQAUG07 distance weighting 
3.	 Compute area <3.5 
4.	 Compare to CTDEP 
5.	 Do MC simulation to get 

uncertainty 



Uncertainty in the Area of hypoxia due to 2mg/l 
uncertainty in the survey data ~45 square miles 

or 15%. 
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Note the median is 
significanlty lower than the 
data alone value 

This is a consequence of the 
sensitivity of the mapping 
algorithm to station spacing 

N=4 makes maps lumpy when
stations are widely spaced. 

Map depends on the units 
chosen for the x&y 
dimensions. 

 



Gauss Markov/Krigging
 
in space and time.
 

• This approach has a lot of advantages 

– Uses more data 

– Doesn’t require repeated stations 

– Can look for the largest areas if they occur 
between cruises. 

– This is what I used for the Temperature Stress 
Index 



Other Mapping Approaches 
•	 IDW with N=2 

•	 Krigging/Gauss Markov 
Estimation/Objective Analysis 

•	 They don’t make much difference to 

the A but they do change the structure. 



Area of Hypoxia with uncertainty intervals of 68 and 99% 

1994-5 and 2003 were bad, 97 was good 



Other more precise metric – duration 
of hypoxia at EXRK buoy 
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Recommendations 
•	 Establish the consequences of the errors on SWEM in 

management decisions. 

•	 Commit to support greater access to model code, 
parameter choices and results. 

•	 Support greater data sharing. 

• Develop analysis tools for hypoxic area, volume and
 
duration with objective analysis and uncertainties.
 

•	 Commit to support sustained buoy observations and 
expanded instrument deployment (nutrients) 

•	 Consider upgrades to ship surveys- production and 
respiration, species, currents, towed vehicles 

•	 Integrate buoy observations to WQ goals. 




