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Coastal	Ocean	Modeling	Testbed:	Chesapeake	Bay	Estuarine	Hypoxia		
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Chesapeake	Bay		

•  Water	Quality	Issues	

•  Regulatory	Actions	
•  Dissolved	Oxygen	

•  Modeling	Efforts	
•  Government	
•  Academia	
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Chesapeake	Bay		
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Long	term	research	goal:	
	

Repeat	the	regulatory	water	quality	
modeling	process	used	to	define	
nutrient	loading	regulations	with	

an	academic	model	
	
	

•  Assess	skill	of	regulatory	and	
academic	models	
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Prior	Research	

Biogeosciences	
doi:	10.5194/bg-13-2011-2016	
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Prior	Research	
8	Water	Quality	Models	

	

13	Observa6on	Sta6ons	

	

2004	–	2005	

	

•  All	models	exhibited	skill	in	simula6ng	

seasonal	DO	variability	

•  Independent	of	BGC	complexity		

•  Physical	processes	(wind-mixing,	

advec6on,	solubility)	influence	seasonal	

DO	cycle	
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What	about	interannual	

variability?	

What	about	the	rest	of	the	Bay?	



Current	Research		
Models	

Regulatory:	CH3D-ICM	

Academic:	ChesROMS-ECB	
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Regulatory	

--	 	 		
1km	xy-resolu3on 	 		

z-grid	
Extensive	Calibra3on	
High	Complexity	BGC	

	
	
	

Academic	

--	
1.8km	xy-resolu3on	

sigma-grid	
Community	Model	

Intermediate	Complexity	BGC	
	
	

--	
Regulatory	Watershed	Model	Forcing	



Current	Research		
Models	

Regulatory:	CH3D-ICM	

Academic:	ChesROMS-ECB	

	

Years	

2001	–	2005	

~16	Profiles/Sta6on/Year	
	

Sta6ons	

50	Observa6on	Sta6ons	

•  25	Mains	Stem	

•  25	Tributary	
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Current	Research		

!(

!(

!(

!(
!(
!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

0 10 20 30 405
Miles

±

Stations for use in Model Comparison

!(

!(

!(

!(
!(
!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(
!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

0 10 20 30 405
Miles

±

Stations for use in Model Comparison

Main	Stem	Avg:	12%	

Tributary	Avg:	28%	

Main	Stem	Avg:	24%	

Tributary	Avg:	54%	

%	Difference	between	

Observed	Depth	and	

Model	Depth	
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Current	Research		
Models	

Regulatory:	CH3D-ICM	

Academic:	ChesROMS-ECB	

	

Years	

2001	–	2005	

~16	Profiles/Sta6on/Year	
	

Sta6ons	

50	Observa6on	Sta6ons	

•  25	Mains	Stem	

•  25	Tributary	

25	Calibra6on	Sta6ons	

25	No-data	Sta6ons	
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Skill	Assessment	
Target	Diagram	 		 		
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*Normalized	



Skill	Assessment	
Target	Diagram	 		 		
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Skill	Assessment	
Target	Diagram	 		 		
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Bottom	Temperature	

Regulatory	Model																																																														Academic	Model	

1	

Unbiased	
RMSD	

Bias	 Bias	

Unbiased	
RMSD	
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Main	Stem	Observa6on	

Sta6ons	

Tributary	Observa6on	

Sta6ons	



Bottom	Temperature	

Unbiased	
RMSD	

Bias	 Bias	

Unbiased	
RMSD	

%	Difference	between	

Sta6on	Depth	and	

Model	Grid		
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Regulatory	Model																																																														Academic	Model	



Bottom	Salinity	

Unbiased	
RMSD	

Bias	 Bias	

Unbiased	
RMSD	

Main	Stem	Observa6on	

Sta6ons	
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Regulatory	Model																																																														Academic	Model	

Tributary	Observa6on	

Sta6ons	



Bottom	Salinity	
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Regulatory	Model																																																														Academic	Model	



Bottom	Dissolved	Oxygen	

Unbiased	
RMSD	

Bias	 Bias	

Unbiased	
RMSD	
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Bottom	Dissolved	Oxygen	
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Regulatory	Model																																																														Academic	Model	



Model-Model	Comparison	

•  Move	from	model-data	
comparison	to	model-model	
comparison	
•  How	similar	are	the	two	

models?	
•  Target	now	iden3fies	

similarity	
•  Regulatory	model	

“observa3ons”	taken	as	the	
first	hour	of	every	month		
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25	Calibra6on	Sta6ons	

25	No-data	Sta6ons	

	



Bottom	Temperature	
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Unbiased	
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Bottom	Salinity	
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Surface	Salinity	
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Bottom	Dissolved	Oxygen	
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Conclusions	
•  Both	models	simulate	temperature,	salinity,	and	

dissolved	oxygen	along	the	main	stem	sta3ons	similarly	
•  The	grid	bathymetry,	as	a	result	of	low	resolu3on,	of	the	

academic	model	is	a	limi3ng	factor	in	the	tributaries	
•  There	is	evidence	for	over-calibra3on	as	Model-Model	

differences	are	less	at	loca3ons	where	there	is	no	data	
than	they	are	at	regulatory	model	calibra3on	sta3ons	

	

Future	Work	
•  Extend	model	comparison	to	1985	–	2005	
•  Apply	regulatory	nutrient	reduc3on	
•  Compare	dissolved	oxygen	concentra3ons	between	

standard	run	and	nutrient	reduc3on	run	
•  Compare	models	a^er	nutrient	reduc3on	
	

19/20	



Questions?	
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