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Historical	Sea	Level	Rise	in	NYC
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New	York	City	Panel	on	Climate	Change	(NPCC2)
§ After	Hurricane	Sandy,	Mayor	Bloomberg	
convened	the	second	New	York	City	Panel	
on	Climate	Change	(NPCC2),	January	
2013.

§ Climate	Risk	Information	2013 provides	
climate	change	projections	and	future	
coastal	flood	risk	maps	for	NYC’s	Special	
Initiative	for	Rebuilding	and	Resiliency
(SIRR).

§ Building	the	Knowledge	Base	for	Climate	
Resiliency. New	York	City	Panel	on	
Climate	Change	2015	Report.	Final	report	
includes	latest	findings.
§ Available	online	at	the	New	York	
Academy	of	Sciences	
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Overview	of	New	NPCC2	Sea	Level	Rise	and	
Coastal	Flood	Methodology

• CMIP5	GCMs	and	IPCC	RCP	scenarios—oceanic	components:	
thermal	expansion	(global)	and	dynamic	sea	height	(local)

• Updated	rates	of	ice	mass	loss	from	glaciers,	small	ice	caps,	and	
ice	sheets	(global)

• Latest	GIA	and	gravitational/rotational	corrections	(local)
• Land	water	storage	contributions	to	sea	level	rise	(global)
• Coupled	sea	level	rise	and	FEMA	ADCIRC/SWAN	model	
simulations	of	tropical	and	extra-tropical	cyclones	for	100-year	
flood	zones	(local).
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Mass	redistribution	from	ice	loss	creates	a	“fingerprint”	

§ At	the	Battery:
• 1	m	SLR	equivalent	ice	loss	from	Greenland=~0.6	m	SLR
• 1	m	SLR	from	Antarctica	=	~1.2m	SLR

740 J. X. Mitrovica et al.

Figure 7. Normalized sea level fingerprints computed using melt models
(a) G-U, (b) G-V and (c) their difference (i.e. frame b minus a). The melt
model G-V is shown in Fig. 6(b).

respectively) the amplitude of the difference is ∼0.4, or 40 per cent
of the eustatic value. Closer to, but outside Antarctica, the difference
exceeds the eustatic value, and within the melt zone the difference
can be over an order of magnitude greater than the eustatic value.

4 F I NA L R E M A R K S

We have presented a comparative analysis of the sea level finger-
prints of rapid ice sheet melting computed using a number of nu-
merical methods and based on earth models and sea level theories
of varying complexity.

As an example, a comparison of a pseudo-spectral calculation
of the sea level change in a global (i.e. no continent) ocean due to
rapid melting of the WAIS with an analytic solution demonstrated
that pseudo-spectral sea level solvers, which are the most common
algorithms for computing deglaciation-induced sea level change,
converge to the correct solution (Fig. 3). Furthermore, we were able
to reproduce to within ∼1 per cent accuracy peak values of the

Figure 8. Normalized sea level fingerprints computed using melt models
(a) WA-U, (b) WA-V and (c) their difference (i.e. frame b minus a). The
melt model WA-V is shown in Fig. 6(a).

sea level fingerprint associated with uniform melting of the WAIS
published by Clark & Lingle (1977) for the case of a non-rotating,
1-D elastic earth model with fixed, present-day ocean geometry and
a Green’s function sea level solver (Fig. 1). The agreement was
evident in comparisons with solutions computed using a pseudo-
spectral solver based on both a 1-D Love number formulation and
a space-domain solver based on a 3-D finite volume code for pre-
dicting the Earth’s elastic response to loading.

One of the most pressing applications of fingerprint studies is
the projection of future sea level changes following the collapse of
existing reservoirs of ice. We have presented a detailed comparison
of two recent projections involving the potential collapse of the
WAIS (Bamber et al. 2009; Mitrovica et al. 2009; Gomez et al.
2010) which were based on rotating earth models with evolving
shoreline geometry. The projections by Mitrovica et al. (2009) and
Gomez et al. (2010) are characterized by a peak far field sea level
amplification relative to the eustatic trend of ∼37 per cent, which
is significantly higher than the 25 per cent amplification factor

C⃝ 2011 The Authors, GJI, 187, 729–742
Geophysical Journal International C⃝ 2011 RAS

Greenland Antarctica
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• 24	CMIP5	GCMs	(oceanic	components—thermal	expansion,	
dynamic	ocean	height)

• 2	IPCC	Representative	Concentration	Pathway	scenarios:	RCP	
4.5	and	RCP	8.5

• 10th,	25th,	75th,	and	90th percentiles	from	model-based	
distribution,	literature	survey,	expert	judgment

• 1	or	more	grid	boxes	per	model	cover	the	study	area
• Time	slices:	2020s,	2050s,	2080s,	2100	(10-year	averages	
centered	on	decadal	mid-point)

• Sea	level	rise	relative	to	base	period	2000-2004

New	York	City	Panel	on	Climate	Change,	Climate	Risk	Information	2013;	Building	the	Climate	Base	for	Climate	
Resiliency	2015 www.nyc.gov/planyc,	www.nyc.gov/resiliency,	www.ccrun.org,	
www.cunysustainablecities.org,	www.nyas.org/Publications/Annals/

Climate	Models	and	Emissions	Scenarios
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Treatment	of	Uncertainty

§ NPCC2	uncertainty	distributions	are	
based	on	ranges	of	climate	model	
outputs	and	literature-derived	
likelihoods	for	different	future	
greenhouse	gas	emission	scenarios

§ Model-based	results	may	not	
encompass	the	full	range	of	possible	
future	outcomes
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Idealized	model-based	output	distribution	for	2050s	sea	level	rise	
relative	to	the	2000-2004	base	period.	Based	on	24	global	climate	
models	and	2	representative	concentrations	pathways.	The	10th,	
25th,	75th,	and	90th	percentiles	of	the	distribution	are	illustrated.

NPCC, 2015



New	York	City	Sea	Level	Rise	Projections	(NPCC,	2015)



Observed	and	projected	sea	level	rise,	New	
York	City



Sea	level	rise	projections	by	component,	2080s	(NPCC,	2015)

Component Low-estimate Middle	Range High-estimate

Local	Ocean	Height	+	Global	

Thermal	Expansion	

15.4	cm 18.1	to	37.0	cm 50.7	cm

Total	Ice	loss	(with	fingerprint) 7.6	cm 14.6	to	46.7	cm 79.0		cm

---- Greenland	Ice		

Sheet

7.6	cm 8.8	to	14.2	cm 18.5	cm

----West	Antarctic	Ice	

Sheet

2.5	cm 3.4	to	12.9	cm 27.1	cm

---- East	Antarctic	Ice	

Sheet

-4.5	cm -2.9	to	5.8	cm 14.1	cm

----Glaciers	and	Ice	

Caps

6.6	cm 10.6	to	19.7	cm 23.7	cm

Land	Subsidence 10.5	cm 10.5	to	10.5	cm 10.5	cm

Land	Water	Storage 0.04	cm 1.6	to	5	cm 6.5	cm

Total	Sea	Level	Rise	 33.5	cm 44.7	to	99.2	cm 146.7	cm

2080s



Sea	level	rise	projections	by	component,	2100	(Kopp	et	al.,	2014)

RCP4.5   2100   0.06--0.15 m  (GIC) (5%--95%)
0.01—0.10 m (GIS)
-0.09—0.38 m (AIS)
-0.02—0.63 m (all ice)
0.01—0.70 m (all ocean)
0.02—0.08 m (LWS)
0.12—0.15 m (GIA/tect.)

Total SLR 0.35—1.23 m

RCP8.5   2100   0.09—0.19 m (GIC) (5%--95%)
0.02—0.17 m (GIS)
-0.12—0.38 m (AIS)
-0.01—0.74 m (all ice)
0.05—0.98 m (all ocean)

0.02-0.08 m (LWS)
0.12—0.15 m (GIA/tect.)

Total SLR 0.44—1.54 m 



Historical	Storms	in	New	York	City	Area
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NPCC2	Coastal	Flood	Heights	and	Recurrence	Periods	
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Annual Likelihood	(1%	Chance)	of	Today’s	100-year	flood
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Coastal	flooding	is	very	likely	to	increase	in	frequency,	extent,	and	height	as	a	
result	of	increased	sea	levels

Annual chance 
of 100-year 
flood (1%)

Low estimate 
(10th

percentile)

Middle range 
(25th to 75th

percentile)

High estimate 
(90th

percentile) 
2020s 1.1% 1.1 – 1.4% 1.5%

2050s 1.4% 1.6 – 2.4% 3.6%

2080s 1.7% 2.0 – 5.4% 12.7%



NPCC2	Future	Coastal	Flood	Risk	Maps
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Flood	Return	Curves:	Comparison	Between	Static	vs	Hydrodynamic	
Flooding	Methods

• “FEMA-style”
flood	hazard	
assessments	
with	sea	level	
rise—static	vs	
hydrodynamic	
modeling

• 100-year,	500-
year	flood	
heights;	return	
periods
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Increasing	New	York	City’s	Coastal	Resilience	

• New	LIDAR	mapping	to	identify	high	risk	flood-prone	areas	
• Incorporate	sea	level	rise	data	into FEMA’s	new	100-year	flood	maps	
• Adapt	existing	storm	emergency	preparations	to	climate	change
• Improve	coastal	defenses:	strengthen	and	raise	seawalls;	build	more	
dikes,	levees,	floodgates

• Raise	land	elevation,	strengthen	building	codes,	avoid	new	construction	
in	flood-prone	areas

• Create	“soft	edges” to	dampen	wave	and	tide	energy	– re-plant	native	
vegetation;	reduce	land-sea	slope

• Create	series	of	parks	along	waterfront	as	buffer	zones
• Restore	or	construct	new	wetlands	and	offshore	reefs	
• Widen	beaches,	rebuild	and	re-vegetate	beach	dunes.	
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‘Hard’	Coastal	Defenses

20Source: Gornitz (2013); Rising Seas Fig. 8.11



Hurricane	Irene	overtops	seawall,	Battery	Park	City,	lower	
Manhattan
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Sea	wall	construction	in	Queens	following	
Hurricane	Sandy
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Creating	a	soft	edge	shoreline,	Brooklyn	Bridge	Park,	
New	York	City

Source:	Department	of	City	Planning,	City	of	New	York	City,	2011. 23



Brooklyn	Bridge	Park,	
New	York	City
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Planned	Berm	and	Park,	Lower	East	Side	of	Manhattan



Berm	and	Sea	wall,	West	Side,	Manhattan

26



Salt	Marsh	Restoration,	Jamaica	Bay

27Source: Galvin Brothers, Inc. http://chl.erdc.usace.mil/Articles/7/5/4/JamaicaBay.Grasses.jpg


