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Physical model: ROMS v3.0
Biological model: BIO_FENNEL with OXYGEN
Resolution: 1-20 km in horizontal, 20 or 30 vertical layers
Forcing: 3-hourly NCEP NARR winds; climatological surface heat and freshwater fluxes
River inputs: daily measurements of FW input by U.S. Army Corps of Engineers;
                       monthly estimates of nutrient and particulate matter loads from USGS
Horizontal b.c.s: climatology, operational HYCOM or IASNFS for physics; climatology for 
                       biology
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SOC 
treatment

# vertical 
layers

horizontal 
boundaries

IR 20 climatological

H&D 20 climatological

M&L 20 climatological

IR 30 climatological

H&D 30 climatological

IR 30 HYCOM

H&D 30 HYCOM

IR 30 IASNFS

H&D 30 IASNFS

Coastal & Ocean Modelling 
Testbed

http://testbed.sura.org

Shelf Hypoxia Team incl. collaborators 
from TAMU, NRL, FSU, NOAA CSDL, 

UDel, Dal

http://testbed.sura.org
http://testbed.sura.org
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Why are hypoxia predictions so sensitive to SOC treatment?

Why systematically higher for IASNFS boundaries?

Fennel et al. JGR-Oceans (2013) 



−16

−14

−12

−10

−8

−6

−4

−2

0

0 100 200 300

De
pt

h 
(m

)

Oxygen (mmol O2 m−3)

 

 

−16

−14

−12

−10

−8

−6

−4

−2

01021 1022 1023 1024
Density (kg m−3)

Hypoxic
Oxygen
Density

−10

−8

−6

−4

−2

0

0 100 200 300
De

pt
h 

(m
)

Oxygen (mmol O2 m−3)

 

 

−10

−8

−6

−4

−2

01010 1015 1020 1025
Density (kg m−3)

Hypoxic
Oxygen
DensityMay 13, 2004

July 21, 2004

Examples of LUMCON 
monitoring observations



−16

−14

−12

−10

−8

−6

−4

−2

0

0 100 200 300

De
pt

h 
(m

)

Oxygen (mmol O2 m−3)

 

 

−16

−14

−12

−10

−8

−6

−4

−2

01021 1022 1023 1024
Density (kg m−3)

Hypoxic
Oxygen
Density

−10

−8

−6

−4

−2

0

0 100 200 300
De

pt
h 

(m
)

Oxygen (mmol O2 m−3)

 

 

−10

−8

−6

−4

−2

01010 1015 1020 1025
Density (kg m−3)

Hypoxic
Oxygen
DensityMay 13, 2004

July 21, 2004

Examples of LUMCON 
monitoring observations

Wiseman et al., 
JMS (1997)

Th
ic

kn
es

s 
of

 h
yp

ox
ic

 la
ye

r

Thickness of the bottom boundary layer

Hypoxia is essentially constrained 
to bottom boundary layer (BBL). 
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month−1 (0.1 to 34.3 mmol O2 m−2 day−1), with highest
rates in January and lowest rates September. In contrast, our
estimates of TR were about 4-fold higher than those of the
Justić model. The reason for the difference is unclear, but
warrants further study.

In conclusion, we reported 31 measurements of coupled
below-pycnocline WR and SOC rates on the LCS. The

component measures, WR and SOC were similar to most
prior measurements, both from the LCS and from other
shallow estuarine and coastal environments. We consis-
tently found that WR was the major sink for dissolved
oxygen below the pycnocline, a finding that differed
from earlier LCS studies, but one that is well supported
from the broader estuarine and oceanic literature. We also
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Fig. 9 Relationship between SOC and initial DO concentration of the
overlying water at the beginning of the incubation, including box core
(open circles) and multi-corer (closed circles) collections Super-
imposed are curves showing model relationships from Rowe (2001),
Rowe et al. (2002), and Eldridge and Morse (2008). For this study:
SOC = 0.094 × DO − 1.35, R2 = 0.57
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Fig. 10 Ratio of SOC:TR plotted in relation to water depth. The open
circles represent study means reported by Kemp et al. (1992) from a
variety of coastal and estuarine systems during spring and summer.
The curve, also from Kemp et al. (1992), is described by the equation
y = 55.5–27.8 log(x). The mean from the present study for the below-
pycnocline portion of the water column is shown as a closed triangle.
The comparable mean for the entire water column, assuming WR was
vertically uniform, is shown as a closed circle. Error bars are the
standard error of the 31 observations

922 Estuaries and Coasts (2011) 34:912–924

Table 4 Summary of sediment (SOC) and bottom water (WR)
respiration rates reported for the Louisiana continental shelf region,
including mean, standard error (SE), range, and number of observa-
tions (n). When necessary, units were converted to mmol O2 m−2

day−1 for SOC and mmol O2 m−3 day−1 for WR to facilitate
comparisons. Also, when necessary, standard errors were calculated
from respective standard deviations

Month SOC (mmol O2 m
−2 day−1) WR (mmol O2 m

−3 day−1)

Mean SE Range n Mean SE Range n Source

July, Nov. – – – – 1.87 ±0.22 0.08–6.00 61 Turner and Allen 1982a

Oct. – – – – 3.28 – 3.09–3.46 2 Biddanda et al. 1994b

Mar., Apr., July, Aug. – – – – 15.9 ±2.82 0.60–75.0 36 Turner et al. 1998 (suppl.)

July – – – – 9.1 ±0.70 – 81 Fry and Boyd (2010)

May, June, July, Aug., Sep., Oct. 16.0 ±4.1 5.0–25 4 0.43 ±0.06 0.06–1.72 55 Dortch et al. 1994c

Apr. 6.3 – – 1 – – – – Miller-Way et al. 1994

Apr., Aug. 24.8 ±8.8 1.9–56.0 5 – – – – Morse and Rowe 1999

Apr., July, Aug. 19.2 ±4.7 0.8–56.4 12 – – – – Rowe et al. 2002

Mar., Apr., Jun., Aug., Sep. 11.6 ±1.4 1.3–23.3 31 6.45 ±0.54 1.4–14.0 31 This Studyd

aWeighted mean and standard deviation among sites distributed east and west of the Mississippi River delta
b Estimated from their Fig. 3
cWeighted mean and pooled standard deviation calculated from their Table 2; range estimated from their Fig. 3. SOC only from summer
d Statistics were calculated weighting all observations equally, thus do not perfectly match Table 2
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Conclusions

Hypoxia predictions are very sensitive to the 
parameterization of SOC.

Results because hypoxic conditions are 
restricted to a relatively thin layer above the 
bottom over most of the shelf. 

Strength of vertical stratification is an 
important predictor of oxygen in bottom 
waters. 

Modification of physical horizontal 
boundary conditions can have a large effect 
on hypoxia predictions.


