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Sources of global sea-level change (and uncertainty)
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Sources of global sea-level change (and uncertainty)
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1.1 ± 0.3 mm/yr 0.4 ± 0.1 mm/yr

Glaciers: 0.9 ± 0.4 mm/yr
Antarctica: 0.3 ± 0.1 mm/yr
Greenland: 0.3 ± 0.1 mm/yr

Contributions over 1993–2010 (IPCC AR5) 
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Total Land Ice Hazard

Lemke et al. (2007); Bamber et al. (2001); Lythe et al. (2001) 
Harig & Simons (2012, 2015, polarice.princeton.edu)

Non-polar glaciers and ice caps ~26 cm [10”]

Greenland & Antarctic glaciers and ice caps ~46 cm [18”]

Greenland Ice Sheet 7 m [23’]

West Antarctic Ice Sheet 5 m [16’]

East Antarctic Ice Sheet 52 m [171’]

http://polarice.princeton.edu
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Total Land Ice Hazard

Lemke et al. (2007); Bamber et al. (2001); Lythe et al. (2001) 
Harig & Simons (2012, 2015, polarice.princeton.edu)

Non-polar glaciers and ice caps ~26 cm [10”]

Greenland & Antarctic glaciers and ice caps ~46 cm [18”]

Greenland Ice Sheet 7 m [23’]

West Antarctic Ice Sheet 5 m [16’]

East Antarctic Ice Sheet 52 m [171’]

2003-2013: 
0.7 mm/yr [0.3”/decade]

to GMSL

2003-2014:
0.3 mm/yr [0.1”/decade]

to GMSL

http://polarice.princeton.edu
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We need to synthesize multiple lines of knowledge to estimate future 
global sea-level rise

Earth’s Future
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Abstract Sea-level rise due to both climate change and non-climatic factors threatens coastal settle-
ments, infrastructure, and ecosystems. Projections of mean global sea-level (GSL) rise provide insufficient
information to plan adaptive responses; local decisions require local projections that accommodate dif-
ferent risk tolerances and time frames and that can be linked to storm surge projections. Here we present
a global set of local sea-level (LSL) projections to inform decisions on timescales ranging from the com-
ing decades through the 22nd century. We provide complete probability distributions, informed by a
combination of expert community assessment, expert elicitation, and process modeling. Between the
years 2000 and 2100, we project a very likely (90% probability) GSL rise of 0.5–1.2 m under representa-
tive concentration pathway (RCP) 8.5, 0.4–0.9 m under RCP 4.5, and 0.3–0.8 m under RCP 2.6. Site-to-site
differences in LSL projections are due to varying non-climatic background uplift or subsidence, oceano-
graphic effects, and spatially variable responses of the geoid and the lithosphere to shrinking land ice. The
Antarctic ice sheet (AIS) constitutes a growing share of variance in GSL and LSL projections. In the global
average and at many locations, it is the dominant source of variance in late 21st century projections,
though at some sites oceanographic processes contribute the largest share throughout the century. LSL
rise dramatically reshapes flood risk, greatly increasing the expected number of “1-in-10” and “1-in-100”
year events.

1. Introduction

Sea-level rise figures prominently among the consequences of climate change. It impacts settlements
and ecosystems both through permanent inundation of the lowest-lying areas and by increasing the
frequency and/or severity of storm surge over a much larger region. In Miami-Dade County, Florida, for
example, a uniform 90-cm sea-level rise would permanently inundate the residences of about 5% of the
county’s population, about the same fraction currently threatened by the storm tide of a 1-in-100 year
flood event [Tebaldi et al., 2012]. A 1-in-100 year flood on top of such a sea-level rise would, assuming geo-
graphically uniform flooding, expose an additional 35% of the population (Climate Central, Surging Seas,
2013, retrieved from SurgingSeas.org, updated November 2013).

The future rate of mean global sea-level (GSL) rise will be controlled primarily by the thermal expansion
of ocean water and by mass loss from glaciers, ice caps, and ice sheets [Church et al., 2013]. Changes in
land water storage, through groundwater depletion and reservoir impoundment, may have influenced
twentieth-century sea-level change [Gregory et al., 2013] but are expected to be relatively minor contribu-
tors compared to other factors in the current century [Church et al., 2013].

Local sea-level (LSL) change can differ significantly from GSL rise [Milne et al., 2009; Stammer et al., 2013],
so for adaptation planning and risk management, localized assessments are critical. The spatial variability
of LSL change arises from: (1) non-uniform changes in ocean dynamics, heat content, and salinity [Lev-
ermann et al., 2005; Yin et al., 2009], (2) perturbations in the Earth’s gravitational field and crustal height
(together known as static-equilibrium effects) associated with the redistribution of mass between the
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Projected GMSL rise and sources of uncertainty
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Figure 3. Projections of GSL rise for the three RCPs.
Heavy = median; dashed = 5th–95th percentile, dotted
= 0.5th–99.5th percentiles.
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Figure 4. Sources of variance in raw (a,c) and fractional
terms (b,d), globally (a-b) and at New York City (c-d)
in RCP 8.5. AIS: Antarctic ice sheet; GIS: Greenland
ice sheet; TE: thermal expansion; Ocean: oceanographic
processes; GIC: glaciers and ice caps; LWS: land water
storage; Bkgd: local background e↵ects.
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One alternative approach: Semi-empirical models look at past 
relationship between temperature, GSL

C

Marcott et al. (2013)Global sea level (this study) Mann et al. (2009)
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Broad agreement with semi-empirical estimates based on the Common Era 
record – which either increases confidence in projections or raises concern 
that expert PDFs are overly narrow

Kopp et al. 2014 and Kopp et al., 2016

GMSL rise from 2000 to: Likely (17-83%) 1-in-20 (95%) 1-in-200 (99.5%) Max. poss. (99.9%)

2100, RCP 8.5 
(high emissions)

24”-39” 
(62-100 cm)

48” 
(121 cm)

69” 
(176 cm) 

(69”)

96” 
(245 cm)

semi-empirical 23”-41” 
(59–105 cm)

52” 
(131 cm)

2100, RCP 2.6 
(low emissions)

14”-26” 
(37-65 cm)

32” 
(82 cm)

56” 
(141 cm)

83” 
(210 cm)

semi-empirical 11”-20” 
(28–51 cm)

24” 
(61 cm)



But this is an area of deep uncertainty – our knowledge is still evolving! 
Preliminary updates based on DeConto & Pollard (2016) projections of 
Antarctic contribution (interim product – final expected 2017)

Kopp et al. 2014 and Kopp and DeConto, in prep.

GMSL rise from 2000 to: Likely (17-83%) 1-in-20 (95%) 1-in-200 (99.5%) Max. poss. (99.9%)
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9

Comparison to CARSWG global mean projections

Rutgers Earth System Science & Policy Lab
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Comparison to CARSWG global mean projections

Rutgers Earth System Science & Policy Lab

Dark = likely (17th-83rd percentile range)
Medium = 5th-95th percentile range
Medium-Light = 0.5th-99.5th percentile range
Very light = 0.1st-99.9th percentile range
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Localizing projections



Local sea-level rise projections show significant spatial variability

12Kopp et al. 2014

Median projection: RCP 8.5
GSL = 0.79 m
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Spatial variability in Chesapeake Bay projections
Uniformly higher than global mean due primarily to glacial-isostatic adjustment, 
and secondarily to ocean dynamics and ice-sheet fingerprints 
Variability within region fairly small (~1 mm/yr), dominated by effects of 
groundwater withdrawal

Rutgers Earth System Science & Policy Lab
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2020 2040 2060 2080 2100
0

0.01

0.02

0.03

0.04

0.05

0.06 GSL

m
2

 

 
LWS
GIC
TE
GIS
AIS

2020 2040 2060 2080 2100
0

0.2

0.4

0.6

0.8

1

Fr
ac

tio
n 

of
 v

ar
ia

nc
e

2020 2040 2060 2080 2100
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

m
2

 

 
Bkgd
LWS
GIC
Ocean
GIS
AIS

2020 2040 2060 2080 2100
0

0.2

0.4

0.6

0.8

1

Fr
ac

tio
n 

of
 v

ar
ia

nc
e

a b

c d

New York

Global mean sea level, RCP 8.5 Baltimore sea level, RCP 8.5

AIS

thermal expansion
GIS

glaciers

LWS

AIS

thermal expansion 
+ ocean dynamics

Kopp et al. 2014

In the Chesapeake Bay area, sea-level uncertainty is dominated by the contributions 
of the Antarctic ice sheet and ocean dynamics.
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Projections for 2020
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 5 6 7 9 10 11 12 12 13

PHILADELPHIA 1 5 8 13 18 21 25 26 29

REEDY	POINT 2 6 9 13 18 21 24 26 28

BALTIMORE 4 6 9 13 17 20 23 24 26

ANNAPOLIS 4 7 10 14 18 21 24 25 26

WASHINGTON 4 7 9 13 17 19 22 23 25

LEWES 3 6 9 14 18 22 25 26 28

CAMBRIDGE	II 5 8 10 14 18 20 23 24 26

SOLOMON'S	ISLAND 5 8 11 14 18 21 23 24 26

RICHMOND 3 6 9 13 16 19 22 23 25

GLOUCESTER	POINT 5 8 11 15 18 21 24 25 27

KIPTOPEKE	BEACH 5 8 10 14 18 20 23 24 26
CHESAPEAKE	BAY	
BR.	TUN. 6 8 11 15 18 21 24 25 27

SEWELLS	POINT 6 9 12 15 19 22 24 25 27

PORTSMOUTH 6 8 11 15 19 21 24 25 27

DUCK	PIER	OUTSIDE 5 8 11 15 18 21 24 25 27

WILMINGTON 2 5 8 11 15 17 20 21 22

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Projections for 2030
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 9 11 12 14 17 18 20 21 24

PHILADELPHIA 4 9 14 21 27 32 38 39 43

REEDY	POINT 6 10 15 21 27 32 37 38 42

BALTIMORE 6 11 15 21 27 31 36 37 41

ANNAPOLIS 7 11 15 21 27 32 37 38 41

WASHINGTON 7 11 15 21 26 30 35 36 39

LEWES 7 11 16 22 28 33 38 39 43

CAMBRIDGE	II 8 12 16 22 27 31 36 37 41

SOLOMON'S	ISLAND 9 13 17 22 28 32 36 37 41

RICHMOND 6 10 14 20 26 30 35 36 40

GLOUCESTER	POINT 9 13 17 23 28 33 37 38 42

KIPTOPEKE	BEACH 8 12 16 22 28 32 36 38 41
CHESAPEAKE	BAY	
BR.	TUN. 9 13 17 23 29 33 38 39 42

SEWELLS	POINT 10 14 18 24 30 34 38 40 43

PORTSMOUTH 9 13 17 23 29 34 38 39 43

DUCK	PIER	OUTSIDE 8 12 17 23 29 33 38 39 44

WILMINGTON 4 8 12 18 23 27 31 33 36

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Projections for 2050, high emissions (RCP 8.5)
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 17 21 24 29 34 38 45 49 62

PHILADELPHIA 11 19 27 38 49 57 67 71 80

REEDY	POINT 14 21 28 39 49 56 66 70 80

BALTIMORE 14 21 28 38 48 56 65 69 80

ANNAPOLIS 15 22 29 39 49 57 66 70 81

WASHINGTON 16 22 28 38 47 54 63 67 79

LEWES 15 22 30 40 50 58 68 72 82

CAMBRIDGE	II 18 24 31 40 49 56 65 69 82

SOLOMON'S	ISLAND 19 25 31 41 50 57 65 69 82

RICHMOND 13 20 27 37 47 54 63 67 78

GLOUCESTER	POINT 19 25 32 41 51 58 67 71 83

KIPTOPEKE	BEACH 17 23 30 40 50 57 66 70 82
CHESAPEAKE	BAY	
BR.	TUN. 19 26 33 42 52 59 68 72 84

SEWELLS	POINT 20 27 34 43 53 60 69 73 85

PORTSMOUTH 19 26 33 42 52 60 69 73 84

DUCK	PIER	OUTSIDE 18 24 31 41 51 59 68 72 83

WILMINGTON 12 18 24 33 42 48 57 61 75

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Projections for 2050, low emissions (RCP 2.6)
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 15 18 21 25 29 33 39 43 56

PHILADELPHIA 8 16 23 34 44 52 62 66 76

REEDY	POINT 13 19 26 35 44 51 60 63 76

BALTIMORE 12 19 25 34 44 51 60 64 76

ANNAPOLIS 13 20 26 36 45 52 61 65 77

WASHINGTON 12 19 25 34 43 50 58 62 75

LEWES 13 20 27 36 45 53 62 66 78

CAMBRIDGE	II 15 21 27 36 45 52 60 64 78

SOLOMON'S	ISLAND 16 22 28 37 46 53 61 65 78

RICHMOND 10 16 23 33 43 50 59 63 74

GLOUCESTER	POINT 16 22 29 38 47 54 62 66 79

KIPTOPEKE	BEACH 14 21 27 36 46 53 61 66 78
CHESAPEAKE	BAY	
BR.	TUN. 17 23 30 38 47 54 63 67 80

SEWELLS	POINT 18 24 31 40 48 55 64 68 81

PORTSMOUTH 17 23 30 39 48 54 63 67 80

DUCK	PIER	OUTSIDE 16 22 28 37 46 53 62 66 79

WILMINGTON 11 16 21 29 36 42 50 55 69

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Projections for 2100, high emissions (RCP 8.5)
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 42 52 62 79 100 121 155 176 247

PHILADELPHIA 21 43 64 93 126 151 190 209 300

REEDY	POINT 28 48 67 95 125 150 190 208 295

BALTIMORE 28 48 67 94 124 148 188 207 294

ANNAPOLIS 30 50 69 97 127 151 190 210 297

WASHINGTON 28 48 66 93 122 146 186 205 292

LEWES 31 52 71 99 129 153 193 213 301

CAMBRIDGE	II 34 53 71 98 127 150 190 210 296

SOLOMON'S	ISLAND 35 54 72 99 128 152 192 212 298

RICHMOND 25 44 63 91 121 146 187 203 292

GLOUCESTER	POINT 35 54 73 101 130 155 195 214 303

KIPTOPEKE	BEACH 33 52 71 98 128 152 193 212 302
CHESAPEAKE	BAY	
BR.	TUN. 37 57 75 102 132 156 196 216 305

SEWELLS	POINT 40 59 77 105 134 158 198 219 307

PORTSMOUTH 38 57 75 103 132 156 196 216 305

DUCK	PIER	OUTSIDE 35 54 73 100 130 154 195 214 304

WILMINGTON 26 42 58 82 109 132 170 194 281

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Projections for 2100, low emissions (RCP 2.6)
cm relative to 1991-2009 mean sea level, by percentile of projection

Site 1 5 16.7 50 83.3 95 99 99.5 99.9

Global 22 29 37 50 65 82 118 141 210

PHILADELPHIA 12 27 41 62 85 106 145 170 242

REEDY	POINT 17 30 44 63 85 105 143 171 244

BALTIMORE 17 31 44 63 85 106 144 171 242

ANNAPOLIS 20 33 46 66 88 108 146 174 245

WASHINGTON 18 31 43 62 84 104 142 170 241

LEWES 20 33 47 66 89 109 148 176 248

CAMBRIDGE	II 22 34 47 66 88 108 146 175 248

SOLOMON'S	ISLAND 23 36 49 68 90 110 148 176 248

RICHMOND 15 28 42 61 83 103 141 169 242

GLOUCESTER	POINT 24 37 50 70 92 112 150 178 251

KIPTOPEKE	BEACH 21 34 47 67 90 110 149 177 250
CHESAPEAKE	BAY	
BR.	TUN. 26 39 52 71 94 114 152 181 254

SEWELLS	POINT 29 42 55 74 96 116 155 183 255

PORTSMOUTH 27 40 53 72 94 114 153 181 254

DUCK	PIER	OUTSIDE 23 36 50 70 93 113 152 181 256

WILMINGTON 13 24 36 54 74 94 134 162 237

likely range (2-in-3 chance)

very likely range (9-in-10 chance)

worst 
case
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Summary projections: Baltimore, MD

RSL rise from 2000 to: Likely (17-83%) 1-in-20 (95%) 1-in-200 (99.5%) Max. poss. (99.9%)

2020 4”-7” (9-17 cm) 8” (20 cm) 9” (24 cm) 10” (26 cm)

2030 6”-11” (15-27 cm) 12” (31 cm) 15” (37 cm) 16” (41 cm)

2050 11”-19” (28-48 cm) 22” (56 cm) 27” (69 cm) 31” (80 cm)

2100, RCP 8.5 
(high emissions)

26”-49” (67-124 cm) 58” (148 cm) 82” (207 cm) 116” (294 cm)

2100, RCP 2.6 
(low emissions)

17”-34” (44-85 cm) 42” (106 cm) 67” (171 cm) 95” (242 cm)

Projections through to 2050 use RCP 8.5, since difference between emissions pathways is 
minimal (<2”) until second half of the century.

RSL rise from 2000 to: Likely (17-83%) 1-in-20 (95%) 1-in-200 (99.5%) Max. poss. (99.9%)

2020 5”-7” (12-19 cm) 9” (19 cm) 10” (24 cm) 11” (27 cm)

2030 7”-12” (18-30 cm) 13” (34 cm) 16” (40 cm) 17” (43 cm)

2050 13”-21” (34-53 cm) 24” (60 cm) 29” (73 cm) 33” (85 cm)

2100, RCP 8.5 
(high emissions)

30”-53” (77-134 cm) 62” (158 cm) 86” (219 cm) 121” (307 cm)

2100, RCP 2.6 
(low emissions)

21”-38” (55-96 cm) 46” (116 cm) 72” (183 cm) 101” (255 cm)

Summary projections: Sewells Point, VA

Rutgers Earth System Science & Policy Lab
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Baltimore, MD – comparison to VLM-adjusted CARSWG
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Baltimore, MD – comparison to VLM-adjusted CARSWG

Rutgers Earth System Science & Policy Lab
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