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Science	Drivers	

•  Where	will	the	water	be?	
								-	when	will	it	come?	What	streets?	What	depth?	

•  How	will	the	urban	infrastructure	react?	
						-	transporta8on,	power	grid,	food,	water,	healthcare,	etc?	
•  How	best	to	communicate	risk	and	uncertainty?	
							-	visuals?	
•  What	will	be	people’s	percep8ons,	expecta8ons,	
and	inten8ons?	

								-	government?	industry?	the	public?	



Flood	Forecas0ng	on	the	Human	Scale	
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Move	from	the	sta0c,	area-wide	flood	eleva0on	forecasts	and	point	forecasts	to	
dynamic	flood	simula0ons	for	event	prepara0on/response	and	long-term	flood	
mi0ga0on.	

Flood	Pathway	Analysis	



Development	of	a	Dynamic	Overland	Inunda8on	
Modeling	System	for	Prepara8on,	Response	and	

Coastal	Resiliency	Planning	
•  Based	on	verified,	

opera8onal	ocean	
circula8on	model,	
NYHOPS	(NY	Harbor	
Observa8on	and	
Predic8on	System)	

•  Deriva8ve	of	the	
Princeton	Ocean	
Model	(POM)	

•  Verified	Opera8onal	
NOAA	IOOS	Forecast	
Model	
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Opera0onal	NYHOPS	Forecast	model	
3D	General	Circula0on	and	Surface	Wind-Wave	Model	

Input	forcing:	
ü 	Tides	
ü 	Offshore	Surge	and	Steric	
ü 	Offshore	Waves	
ü 	Surface	Winds/Pressure	
ü 	Hea8ng	and	Cooling	
ü 	239	Rivers	and	Streams	
ü 	280	Major	Dischargers	
ü 	River	Ice	

	
Output:		
hindcasts+72-hr	forecasts	4x/day	
Results	every	10min,	since	2006.	
Ø Total	water	level.	
Ø 3D	Currents,	Salinity,	
Temperature.	
Ø Significant	wave	height	and	wave	
period.						

NYHOPS	

+	 +	
Real	8me	

Observa8ons	
External	data	
and	models	

Distributed	
Inflows	and	

Effluents	



Exis0ng	Focused	Products	Supported	by	NYHOPS	



Exis8ng	MARCOOS	Storm	Surge	Products	

40	Exis8ng	Water		
Level	Gauges	in		
NYHOPS	Domain		
	
NOAA	NOS	
USGS	
Stevens	

STORM	SURGE		
WARNING	SYSTEM	



Storm	Surge	Warning	System	

•  SSWS	constantly	
ingests	and	
compares	observed	
and	NYHOPS	
forecasted	water	
eleva8ons	

•  If	water	eleva8on	is	
predicted	to	exceed	
a	set	threshold	over	
72	hr	forecast	
period,		web-based	
and	text	alerts	are	
automa8cally	
triggered	



Surge	Impact	Table	
•  OCEAN	COUNTY,	New	Jersey	
	
•  ALL	HEIGHTS	ARE	IN	MEAN	LOWER	LOW	WATER	(MLLW).	

		9.3	 	FT	— 	December	11,	1992.	
		9.2	 	FT	— 	September	14,	1944	(Hurricane).	
		8.9	 	FT	— 	September	27,	1985	(Hurricane	Gloria).	
		8.8	 	FT	— 	March	6,	1962;		August	9,	1976	(Hurricane	Belle)	and	October	31,									
		8.7	 	FT	— 	SEVERE	TIDAL	FLOODING	BEGINS.	
		8.4	 	FT	— 	March	29,	1984.	
		8.2 	FT	— 	October	25,	1980.	
		8.1 	FT	— 	January	4,	1992.	
		7.9 	FT	— 	March	19,	1996.	
		7.8 	FT	— 	March	2,	1994.	
		7.7	 	FT	— 	MODERATE	TIDAL	FLOODING	BEGINS.	
		7.6	 	FT	— 	Bay	View	Avenue	in	Seaside	Park	begins	to	flood.*	

	 	Local	roads	in	Ocean	Gate	(including	Bay	View	Avenue)	begin	to	flood.*	

Historic	water	level	observa8ons	and	impacts	tabulated	by	local	NWS	Forecast	Office	
for	each	coastal	county.	Allows	for	the	delinea8on	of	minor,	moderate	and	sever	flood		
levels	rela8ve	to	MLLW.		



Storm	Surge	Warning	Mode	

If	surge	levels	are	predicted	
To	exceed	minor,	moderate,	
or	severe	flood	level…	

YY MM DD hh WD WSP D GST WVHT DPD APD MWD BAR ATMP WTMP
91 4 29 21 79 5.6 6.9 1.1 6.7 4.9 999 1022.6 8.9 8.6
91 4 29 22 90 3.5 4.3 1.2 5.9 5 999 1022.8 8.7 8.6
91 4 29 23 79 3.6 4.3 1.2 6.7 5.2 999 1022.1 8.7 8.6
91 4 30 0 75 3.4 4 1.1 6.7 5.2 999 1021.9 8.7 8.6
91 4 30 1 71 4.5 5.6 1 7.1 5.1 999 1022 8.9 8.6
91 4 30 2 76 4 4.6 1 7.1 5.1 999 1022.5 9 8.6
91 4 30 3 82 4 4.6 0.9 7.1 5.2 999 1021.9 8.9 8.6
91 4 30 4 82 4.8 5.5 0.8 6.7 5 999 1021.2 8.9 8.6
91 4 30 5 112 4.1 4.9 0.8 6.7 5.1 999 1020.4 9 8.6
91 4 30 6 111 2.6 3 0.8 6.2 5.1 999 1019.9 9 8.6
91 4 30 7 82 1.5 2 0.8 6.7 5.2 999 1019.6 9 8.6
91 4 30 8 48 2.8 3.3 0.9 7.1 5.3 999 1019.8 9 8.6
91 4 30 9 73 5.3 6.2 0.8 5.9 5.3 999 1019.1 8.7 8.6
91 4 30 10 93 3.4 4.1 0.8 7.1 5.3 999 1019.1 8.9 8.6
91 4 30 12 111 6.3 7 0.8 7.7 5.3 999 1017.3 9 8.6
91 4 30 13 113 5.7 6.7 0.8 6.7 5.1 999 1016.5 9.7 8.6
91 4 30 14 131 4.1 4.8 0.8 5.9 4.9 999 1015.9 9.7 8.6
91 4 30 15 123 1.6 1.9 0.8 6.2 5 999 1016.4 9.8 8.7
91 4 30 16 131 4.1 4.6 0.8 5.9 5.2 999 1015 10.3 8.7
91 4 30 17 132 4.9 5.5 0.8 7.7 5.3 999 1014.4 10.9 8.7
91 4 30 18 170 3.9 4.4 0.8 8.3 5.3 999 1013.9 10.8 8.7
91 4 30 19 169 3.1 3.5 99 99 99 999 1013.3 10.3 8.7
91 4 30 20 222 3.6 4.3 0.9 6.2 5.5 999 1012.7 10.5 8.9
91 4 30 21 261 2.9 3.5 0.9 6.2 5.6 999 1012.7 10.2 8.9
91 4 30 22 308 3.1 3.8 0.8 7.7 5.4 999 1012.6 11.2 8.9
91 4 30 23 349 2.5 2.8 0.8 6.7 5.6 999 1011.8 11.3 8.9
91 5 1 0 210 2.1 2.6 0.8 6.7 5.5 999 1012.5 10.3 8.9
91 5 1 1 200 1.5 1.9 0.8 6.2 5.4 999 1012.6 9.8 8.9
91 5 1 2 218 1 1.5 0.8 7.7 5.4 999 1012.9 9.9 8.9
91 5 1 3 28 1 1.6 0.8 8.3 5.3 999 1012.6 10.3 8.8
91 5 1 4 308 1 1.3 0.7 7.1 5.2 999 1012.7 9.5 8.7
91 5 1 5 28 3.1 3.4 0.7 5.9 5.2 999 1013.3 10.2 8.7
91 5 1 6 75 2.1 2.4 0.7 6.7 5.3 999 1013.5 10.3 8.7
91 5 1 7 114 0.9 1.7 0.7 6.7 5.4 999 1013.7 10.2 8.7

..	a		subscriber	database	of	contact		
informa8on	is	accessed	and	…	

..	a	tailored	text	message	
is	transmieed	via	email			

Pager	



www.stevens.edu/SSWS 



Overland	Inunda8on	Forecas8ng	

•  Model	grid	was	expanded	
to	include	overland	areas	
along	NY	Harbor	urban	
coast.	

•  High-resolu8on	LiDAR	
derived	DEMs	used	define	
topography.	

•  Inundated	model	cells	
employ	depth	averaged	
flow	equa8ons	to	predict	
water	levels	and	overland	
currents	



The	NJ	
Hudson	
River	
Waterfront	
Model	
Domain	



3m	horizontal	resolu8on		
Digital	Eleva8on	Model	
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Model	Calibra8on	

•  Model	calibrated	with	
Sandy	hindcast	wind	
and	pressure	fields.		

•  Baeery	8de	gauge	used	
as	calibra8on	point	in	
Upper	Harbor.	

•  Available	NOAA	and	
USGS	regional	water	
level	data	used	for	NY	
Bight		



Model	Valida8on	

•  Peak	over	ground	water	levels	predicted	by	
the	model	were	compared	to	maximum	storm	
surge	extents	published	by	USGS.	

•  Local	water	level	data	recorded	by	USGS	
water	level	sensors	used	for	point	verifica8on	

•  Crowed	sourcing	used	to	es8mate	peak	water	
levels.	



Model	Valida8on	

USGS	Peak	Surge	Extent	 Predicted	overland	surge	depth	





Model	Valida8on	Points	

The	correla8on	coefficient	(R2)	between	the	water	mark	observa8ons	and	the	model	is	0.93.		
The	standard	devia8on	of	the	residual	error	is	0.07	m.		
The	simulated	inunda8on	levels	at	78%	of	the	data	measurement	loca8ons	have	<20%	error.		



Model	Applica8on	







Flood	Pathways	





Where	are	we	Headed?	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Uncertainty Envelope 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

3 ft 

Forecasted Water Level +8 ft NAVD 88  

Ground Elevation +5 ft NAVD 88 

Translating Flood Information 
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Ensemble	Modeling:	North	Atlan0c	Forecasts	



Research	on	Forecasts	and	Ensembles	




