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Temperatures are rising in New Jersey 
faster than the global average.

In New Jersey, annual average temperature is now 
about 3.4°F higher than in the early 1900s.
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Rain and snowfall are becoming more intense 
in the US Northeast.

Over 1958-2016, the amount of 
precipitation falling in intense 
events (days exceeding the 
99th percentile) has grown  by 
55% in the Northeast. 

Fourth National Climate Assessment, volume 1 (2017)
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The ocean is rising globally.
Global mean sea-level rise (cm above year 2000 level)

Rutgers research indicates that the rate of global-mean sea-level rise in the 20th century 
(about 0.5 ft/century, 1.4 ± 0.2 mm/yr) was the fastest in at least 3000 years. The rate of rise 
over the last quarter century (1.0 ft/century, 3.0 ± 0.7 mm/yr) was about twice as fast.
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The ocean is rising even faster here in New Jersey.

Geological and tide gauge observations indicate that sea level along the Jersey Shore rose 
about 0.7 ft/century (2.1 mm/yr) in the 19th century and 1.1 ft/century (3.5 mm/yr) in the 
20th century. Since 1965, it has risen by about 1.5 ft/century (4.7 mm/yr).

Horton, Kopp et al (2018)
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Sea-level rise is already greatly increasing ‘nuisance’ flooding.

The number of ‘nuisance’ 
flooding days in Atlantic City 
increased from about 2/year in 
the 1950s to about 21/year in 
the 2000s.
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And sea-level rise contributed substantially to Sandy’s devastation.

Human-caused sea-level rise was 
responsible for about 18% ($5 billion) 

of the Sandy recovery costs in New 
Jersey; it exposed about 39 thousand 

people in New Jersey to Sandy’s 
flooding (Strauss et al., in prep.).
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Society’s choice: Global carbon dioxide emissions under 
three different “Representative Concentration Pathways”

2080-2099, likely global mean temperature increases relative to 19th century of 
RCP 8.5: 6-10°F (3.5-5.7°C) 
RCP 4.5: 3.5-6.0°F (2.0-3.3°C) 
RCP 2.6: 2.4–4.0°F (1.3–2.2°C) [consistent with nominal international target of 2°C]
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Our choice affects how hot it will be
Average summer temperatures in New Jersey, degrees Fahrenheit

Virginia 1981-2010 average

Under high emissions, about an 80% chance New Jersey summers will 
be hotter in mid-century than North Carolina was over 1981-2010. 

Under low emissions, about an 80% chance we will stay cooler than 
North Carolina was over 1981-2010.

Climate Impact Lab: Houser et al (2015)

ECONOMIC R SKS  
OF 

CL MATE CHANG E
An American Prospectus

Foreword by Michael R. Bloomberg,  
Henry M. Paulson, and Thomas F. Steyer 
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And how much rain-driven flooding there will be

Fourth National Climate Assessment, Vol. 1 (2017)

7 | Precipitation Change in the United States

220 Climate Science Special ReportU.S. Global Change Research Program 

projections, with increases of around 20% by 
late 21st century. No region in either scenario 
shows a decline in heavy precipitation. The 
increases in extreme precipitation tend to 
increase with return level, such that increases 
for the 100-year return level are about 30% by 
the end of the century under a higher scenario 
(RCP8.5).

Projections of changes in the distribution 
of daily precipitation amounts (Figure 7.8) 
indicate an overall more extreme precipitation 
climate. Specifically, the projections indicate a 
slight increase in the numbers of dry days and 
the very lightest precipitation days and a large 
increase in the heaviest days. The number of 
days with precipitation amounts greater than 
the 95th percentile of all non-zero precipita-

tion days increases by more than 25%. At the 
same time, the number of days with precipita-
tion amounts in the 10th–80th percentile range 
decreases.

Most global climate models lack sufficient 
resolution to project changes in mesoscale 
convective systems (MCSs) in a changing 
climate.64 However, research by Cook et al.65 
attempted to identify clues to changes in 
dynamical forcing that create MCSs. To do 
this, they examined the ability of 18 coupled 
ocean–atmosphere global climate models 
(GCMs) to simulate potential 21st century 
changes in warm-season flow and the associ-
ated U.S. Midwest hydrology resulting from 
increases in greenhouse gases. They selected 
a subset of six models that best captured the 

Figure 7.7: Projected change in the 20-year return period amount for daily precipitation for mid- (left maps) and late-21st 
century (right maps). Results are shown for a lower scenario (top maps; RCP4.5) and for a higher scenario (bottom maps, 
RCP8.5). These results are calculated from the LOCA downscaled data. (Figure source: CICS-NC and NOAA NCEI).
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But the biggest risks in New Jersey that we know how to quantify 
comes (perhaps unsurprisingly) from rising seas…
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About 600 thousands New Jerseyans (about 7% of the total state 
population) live within 10 feet (3 m) of the high tide line – areas 
potentially vulnerable to sea-level rise over the next century. About 
$190 billion of property is located there. 
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Probabilistic 21st and 22nd century sea-level projections
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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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Synthesizing multiple lines of information 
to project the processes driving 
global and local sea-level change
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This framework has been used, in part or whole, 
by a broad range of stakeholders.



 15

This framework has been used, in part or whole, 
by a broad range of stakeholders. New Jersey Climate

Adaptation Alliance
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Sea-level rise along the New Jersey shore
Above 1991-2009 average
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Figures 3a and 3b: SLR Projections for New Jersey (Atlantic City): Figure 3a: SLR estimates for Atlantic City, based 
on Kopp et al., 2014, for 2030, 2050 and 2100. White Line = 50th percentile value. Boxes denote 17th – 83rd 
percentile, 5th – 95th percentile, and 1st – 99th percentiles. Red = high emissions (RCP 8.5); Blue = low emissions (RCP 
2.6). Figure 3b: Time series of tide-gauge observations (orange) and projections for high-emissions (red) and low-
emissions scenarios (blue), based on (Kopp et al., 2014). Solid Lines = 50th percentile; Shaded Area = likely ranges 
(17th – 83rd percentile); dotted lines denoted 5th – 95th percentile. All sea levels are with respect to a 1991-2009 
baseline. 
 
Considering the projections of Kopp et al. (2014), as summarized in Figures 3a and 3b and in Table 1, the 
STAP has reached the following conclusions: 
1. New Jersey coastal areas are likely (about 67% probability) to experience SLR of 0.6 to 1.0 ft. 

between 2000 and 2030, and 1.0 to 1.8 ft. between 2000 and 2050. There is about a 1-in-20 chance 
(5% probability) that SLR will exceed 1.1 ft. by 2030 and 2.0 ft. by 2050. 

2. While differences in SLR projections under different emissions scenarios before 2050 are minor 
(<0.1 feet), SLR projections after 2050 increasingly depend upon the evolution of future global 
greenhouse gas emissions over the current and future decades. 

3. Under a high-emissions scenario (RCP 8.5), coastal areas of New Jersey are likely (about 67% 
probability) to see SLR of 2.4 to 4.5 ft. between 2000 and 2100. There is about a 1-in-20 chance (5% 
probability) that SLR will exceed 5.3 ft.  

4. Under a low-emissions scenario (RCP 2.6), coastal areas of New Jersey are likely (about 67% 
probability) to see an increase in SLR of 1.7 to 3.1 ft. between 2000 and 2100. There is about a 1-in-
20 chance (5% probability) that SLR will exceed 3.8 ft. by 2100. 

5. A worst-case SLR of 2.8 ft. by 2050 and 10 ft. by 2100 in is physically possible in New Jersey.  

NJCAA STAP (2016)

Likely sea-level rise of 1.0-1.8 ft between 
2000 and 2050. 

Under RCP 8.5, likely 2.4-4.5 ft by 2100. 
Under RCP 2.6, likely 1.7-3.1 ft by 2100.

New Jersey Climate
Adaptation Alliance
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EXECUTIVE SUMMARY  

In response to a stakeholder engagement process between 2012 and 2014, Rutgers University, on behalf 
of the NJ Climate Adaptation Alliance (NJCAA), convened a Science and Technical Advisory Panel (STAP) 
to help identify planning options for practitioners to enhance the resilience of New Jersey’s people, 
places, and assets to regional sea-level rise (SLR), coastal storms, and the resulting flood risk. The STAP’s 
charge was to identify and evaluate the most current science on sea level rise projections and changing 
coastal storms, consider the implications for the practices and policies of local and regional 
stakeholders, and provide practical options for stakeholders to incorporate science into risk-based 
decision processes. 

The STAP concluded that practitioners should use a range of SLR estimates, given the range of future 
exposures and vulnerabilities that exist among people, places, and assets in New Jersey communities. 
The majority of practitioners indicated it would be practical to use two or three SLR scenarios for most 
of their work. Certain applications require more detailed analysis that considers the full range of 
projections. The SLR values in Table ES-1 represent projections under continued fossil-fuel-intensive 
global economic growth through 2050 because differences in SLR projections between emissions 
scenarios are minor in the first half of the century (with low-emissions projections for 2050 being about 
0.1 feet lower than high-emissions projections). Differences in projections related to greenhouse gas 
emissions are only germane for those practitioners with planning horizons that extend beyond 2050.  
 
Table ES-1: Projected SLR Estimates for New Jersey (ft.) 

Estimates are based on Kopp et al. ( 2014). Columns correspond to different projection probabilities. For example, 
the ‘Likely Range’ column corresponds to the range between the 17th and 83rd percentile; consistent with the terms 
used by the Intergovernmental Panel on Climate Change (Mastrandrea et al., 2010). All values are with respect to a 
1991-2009 baseline. Note that these results represent a single way of estimating the probability of different levels 
of SLR; alternative methods may yield higher or lower estimates of the probability of high-end outcomes. 
 
The STAP has reached the following conclusions on SLR: 
1. New Jersey coastal areas are likely (about 67% probability) to experience SLR of 0.6 to 1.0 ft. 

between 2000 and 2030, and 1.0 to 1.8 ft. between 2000 and 2050. There is about a 1-in-20 chance 
(5% probability) that SLR will exceed 1.1 ft. by 2030 and 2.0 ft. by 2050. 

2. While differences in SLR projections under different emissions scenarios before 2050 are minor 
(<0.1 feet), SLR projections after 2050 increasingly depend upon the evolution of future global 
greenhouse gas emissions over the current and future decades. 

 
Central Estimate Likely Range 1-in-20 Chance 1-in-200 Chance 

1-in-1000 

Chance 

Year 
50% probability SLR 
meets or exceeds… 

67% probability SLR 
is between… 

5% probability SLR 
meets or exceeds… 

0.5% probability SLR 
meets or exceeds… 

0.1% probability SLR 
meets or exceeds… 

2030  0.8 ft 0.6 – 1.0 ft 1.1 ft 1.3 ft 1.5 ft 
2050 1.4 ft 1.0 – 1.8 ft 2.0 ft 2.4 ft 2.8 ft 
2100 

Low emissions 
2.3 ft 1.7 – 3.1 ft 3.8 ft 5.9 ft 8.3 ft 

2100  

High 

emissions 

3.4 ft 2.4 – 4.5 ft 5.3 ft 7.2 ft 10 ft 



(photo: Knut Christianson)
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The physics of the interactions between ice sheets 
and the ocean is complex, and the state of scientific 
understanding is rapidly evolving!
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Alternative models with projections allowing for 
additional modes of instability in Antarctica
Sea-level rise in coastal New Jersey,  above 1991-2009 average levels

Likely sea-level rise of 1.0-1.8 ft between 2000 
and 2050. 

Under low emissions, likely 1.7-3.1 ft by 2100. 

Under high emissions, likely 2.4-4.5 ft by 2100.

Consistent w/2013 IPCC Report
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Alternative models with projections allowing for 
additional modes of instability in Antarctica
Sea-level rise in coastal New Jersey,  above 1991-2009 average levels

Likely sea-level rise of 1.0-1.8 ft between 2000 
and 2050. 

Under low emissions, likely 1.7-3.1 ft by 2100. 

Under high emissions, likely 2.4-4.5 ft by 2100.

Consistent w/2013 IPCC Report Alternative, less stable Antarctic
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2050.
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Alternative models with projections allowing for 
additional modes of instability in Antarctica
Sea-level rise in coastal New Jersey,  above 1991-2009 average levels

Likely sea-level rise of 1.0-1.8 ft between 2000 
and 2050. 

Under low emissions, likely 1.7-3.1 ft by 2100. 

Under high emissions, likely 2.4-4.5 ft by 2100.

Consistent w/2013 IPCC Report

Likely sea-level rise of 0.9-1.9 ft between 2000 and 
2050.

Under low emissions, likely 1.6-3.5 ft by 2100.

Alternative, less stable Antarctic
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Alternative models with projections allowing for 
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Sea-level rise in coastal New Jersey,  above 1991-2009 average levels
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Likely sea-level rise of 1.0-1.8 ft between 2000 
and 2050. 

Under low emissions, likely 1.7-3.1 ft by 2100. 

Under high emissions, likely 2.4-4.5 ft by 2100.

Consistent w/2013 IPCC Report

Likely sea-level rise of 0.9-1.9 ft between 2000 and 
2050. 

Under low emissions, likely 1.6-3.5 ft by 2100. 

Under high emissions, likely 4.4-8.3 ft by 2100.

Alternative, less stable Antarctic

Alternative models with projections allowing for 
additional modes of instability in Antarctica
Sea-level rise in coastal New Jersey,  above 1991-2009 average levels
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The alternative projections aren’t necessarily more correct than older one; the science 
is evolving toward a position that appears to be in between. Considering the two 
together gives a better sense of the true uncertainty. 

This shows that projections for 2050 and for low-emissions futures are relatively 
stable, but the difference in projections for 2100 under high emissions points to the 
need to give special consideration to projections that are physically plausible but 
nominally very unlikely.

Likely sea-level rise of 1.0-1.8 ft between 2000 
and 2050. 

Under low emissions, likely 1.7-3.1 ft by 2100. 

Under high emissions, likely 2.4-4.5 ft by 2100.

Consistent w/2013 IPCC Report

Likely sea-level rise of 0.9-1.9 ft between 2000 and 
2050. 

Under low emissions, likely 1.6-3.5 ft by 2100. 

Under high emissions, likely 4.4-8.3 ft by 2100.

Alternative, less stable Antarctic

Alternative models with projections allowing for 
additional modes of instability in Antarctica
Sea-level rise in coastal New Jersey,  above 1991-2009 average levels
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NJCAA STAP Total Water Level Approach

17 
 

PART 2: Examples Illustrating the Effects of SLR on future Flood Exposure Assessment 
in New Jersey 
 
The STAP has provided illustrative examples of different methods for applying the SLR projections, in 
response to feedback from the meeting of practitioners. The following section provides example 
methods for incorporating SLR into flood exposure assessments for people, places, and assets in New 
Jersey. Figure 5 depicts the sequence of questions that practitioners will need to consider for exposure 
assessment, and are used to develop an example herein for illustrative purposes only. The example 
methods do not account for local environmental or physical infrastructure conditions (e.g., shoreline 
erosion, wetland migration, presence of floodwalls / levees, etc.). The first example approach illustrates 
community level exposure assessment consistent with federal guidance (Eastern Research Group & 
NOAA, 2013; United States Army Corps of Engineers, 2016). In Appendix B, we also present an emerging 
approach under development for decisions using the concept of 'sea-level rise allowances’ in Atlantic 
City, NJ (Buchanan, et al., 2016; Hunter, 2012).  
 

. 
Figure 5: A Sequence of Important Questions for Exposure Assessment 

WHAT CONDITIONS SHOULD PRACTITIONERS EVALUATE TO ASSESS EXPOSURE? 
 
Practitioners should evaluate at least one water level that is representative of each of three flooding 
conditions: permanent inundation, tidal flooding, and coastal storms. Practitioners suggested that 
using the three different types of flood hazards allows them to talk about future flooding that might 
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This approach was designed in consultation with the STAP’s practitioner 
panel, and is intended for first-order flood exposure assessment. It does not 
consider future changes in storm intensity (for hurricanes, likely to increase) 
and tracks (highly uncertain), which have an uncertain impact on flood 
probabilities. It is not intended to substitute for more detailed analysis at the 
project level.
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PART 2: Examples Illustrating the Effects of SLR on future Flood Exposure Assessment 
in New Jersey 
 
The STAP has provided illustrative examples of different methods for applying the SLR projections, in 
response to feedback from the meeting of practitioners. The following section provides example 
methods for incorporating SLR into flood exposure assessments for people, places, and assets in New 
Jersey. Figure 5 depicts the sequence of questions that practitioners will need to consider for exposure 
assessment, and are used to develop an example herein for illustrative purposes only. The example 
methods do not account for local environmental or physical infrastructure conditions (e.g., shoreline 
erosion, wetland migration, presence of floodwalls / levees, etc.). The first example approach illustrates 
community level exposure assessment consistent with federal guidance (Eastern Research Group & 
NOAA, 2013; United States Army Corps of Engineers, 2016). In Appendix B, we also present an emerging 
approach under development for decisions using the concept of 'sea-level rise allowances’ in Atlantic 
City, NJ (Buchanan, et al., 2016; Hunter, 2012).  
 

. 
Figure 5: A Sequence of Important Questions for Exposure Assessment 

WHAT CONDITIONS SHOULD PRACTITIONERS EVALUATE TO ASSESS EXPOSURE? 
 
Practitioners should evaluate at least one water level that is representative of each of three flooding 
conditions: permanent inundation, tidal flooding, and coastal storms. Practitioners suggested that 
using the three different types of flood hazards allows them to talk about future flooding that might 
occur on a daily basis, in addition to the larger impacts of coastal storms that may occur less frequently. 
The practitioners also desired more consistency in the measurement and communication of water level 
heights that are used in real-time forecasting (i.e., flood forecasts) and scientific communications. 
 

What 
conditions 

should 
practitioners 
evaluate to 

assess 
exposure? 

What SLR 
projection(s) 

should 
practitioners 

use? 

How can 
practitioners 
project the 

water levels for 
evaluated 

conditions into 
the future? 

What water 
levels should 
practitioners 
use to assess 

exposure? 

Practitioners should evaluate at least one water level that is representative 
of each of three flooding conditions:

• Permanent inundation
• Tidal flooding
• Coastal storms

NJCAA STAP (2016)

New Jersey Climate
Adaptation Alliance



 24

NJCAA STAP Total Water Level Approach

17 
 

PART 2: Examples Illustrating the Effects of SLR on future Flood Exposure Assessment 
in New Jersey 
 
The STAP has provided illustrative examples of different methods for applying the SLR projections, in 
response to feedback from the meeting of practitioners. The following section provides example 
methods for incorporating SLR into flood exposure assessments for people, places, and assets in New 
Jersey. Figure 5 depicts the sequence of questions that practitioners will need to consider for exposure 
assessment, and are used to develop an example herein for illustrative purposes only. The example 
methods do not account for local environmental or physical infrastructure conditions (e.g., shoreline 
erosion, wetland migration, presence of floodwalls / levees, etc.). The first example approach illustrates 
community level exposure assessment consistent with federal guidance (Eastern Research Group & 
NOAA, 2013; United States Army Corps of Engineers, 2016). In Appendix B, we also present an emerging 
approach under development for decisions using the concept of 'sea-level rise allowances’ in Atlantic 
City, NJ (Buchanan, et al., 2016; Hunter, 2012).  
 

. 
Figure 5: A Sequence of Important Questions for Exposure Assessment 

WHAT CONDITIONS SHOULD PRACTITIONERS EVALUATE TO ASSESS EXPOSURE? 
 
Practitioners should evaluate at least one water level that is representative of each of three flooding 
conditions: permanent inundation, tidal flooding, and coastal storms. Practitioners suggested that 
using the three different types of flood hazards allows them to talk about future flooding that might 
occur on a daily basis, in addition to the larger impacts of coastal storms that may occur less frequently. 
The practitioners also desired more consistency in the measurement and communication of water level 
heights that are used in real-time forecasting (i.e., flood forecasts) and scientific communications. 
 

What 
conditions 

should 
practitioners 
evaluate to 

assess 
exposure? 

What SLR 
projection(s) 

should 
practitioners 

use? 

How can 
practitioners 
project the 

water levels for 
evaluated 

conditions into 
the future? 

What water 
levels should 
practitioners 
use to assess 

exposure? 

A practical approach practitioners can choose is to use at least two 
projections, with one being a SLR estimate in the likely range and one 
being a high-end estimate, in order to assess exposure to a range of 
future flood conditions.

NJCAA STAP (2016)

New Jersey Climate
Adaptation Alliance

2 
 

EXECUTIVE SUMMARY  

In response to a stakeholder engagement process between 2012 and 2014, Rutgers University, on behalf 
of the NJ Climate Adaptation Alliance (NJCAA), convened a Science and Technical Advisory Panel (STAP) 
to help identify planning options for practitioners to enhance the resilience of New Jersey’s people, 
places, and assets to regional sea-level rise (SLR), coastal storms, and the resulting flood risk. The STAP’s 
charge was to identify and evaluate the most current science on sea level rise projections and changing 
coastal storms, consider the implications for the practices and policies of local and regional 
stakeholders, and provide practical options for stakeholders to incorporate science into risk-based 
decision processes. 

The STAP concluded that practitioners should use a range of SLR estimates, given the range of future 
exposures and vulnerabilities that exist among people, places, and assets in New Jersey communities. 
The majority of practitioners indicated it would be practical to use two or three SLR scenarios for most 
of their work. Certain applications require more detailed analysis that considers the full range of 
projections. The SLR values in Table ES-1 represent projections under continued fossil-fuel-intensive 
global economic growth through 2050 because differences in SLR projections between emissions 
scenarios are minor in the first half of the century (with low-emissions projections for 2050 being about 
0.1 feet lower than high-emissions projections). Differences in projections related to greenhouse gas 
emissions are only germane for those practitioners with planning horizons that extend beyond 2050.  
 
Table ES-1: Projected SLR Estimates for New Jersey (ft.) 

Estimates are based on Kopp et al. ( 2014). Columns correspond to different projection probabilities. For example, 
the ‘Likely Range’ column corresponds to the range between the 17th and 83rd percentile; consistent with the terms 
used by the Intergovernmental Panel on Climate Change (Mastrandrea et al., 2010). All values are with respect to a 
1991-2009 baseline. Note that these results represent a single way of estimating the probability of different levels 
of SLR; alternative methods may yield higher or lower estimates of the probability of high-end outcomes. 
 
The STAP has reached the following conclusions on SLR: 
1. New Jersey coastal areas are likely (about 67% probability) to experience SLR of 0.6 to 1.0 ft. 

between 2000 and 2030, and 1.0 to 1.8 ft. between 2000 and 2050. There is about a 1-in-20 chance 
(5% probability) that SLR will exceed 1.1 ft. by 2030 and 2.0 ft. by 2050. 

2. While differences in SLR projections under different emissions scenarios before 2050 are minor 
(<0.1 feet), SLR projections after 2050 increasingly depend upon the evolution of future global 
greenhouse gas emissions over the current and future decades. 

 
Central Estimate Likely Range 1-in-20 Chance 1-in-200 Chance 

1-in-1000 

Chance 

Year 
50% probability SLR 
meets or exceeds… 

67% probability SLR 
is between… 

5% probability SLR 
meets or exceeds… 

0.5% probability SLR 
meets or exceeds… 

0.1% probability SLR 
meets or exceeds… 

2030  0.8 ft 0.6 – 1.0 ft 1.1 ft 1.3 ft 1.5 ft 
2050 1.4 ft 1.0 – 1.8 ft 2.0 ft 2.4 ft 2.8 ft 
2100 

Low emissions 
2.3 ft 1.7 – 3.1 ft 3.8 ft 5.9 ft 8.3 ft 

2100  

High 

emissions 

3.4 ft 2.4 – 4.5 ft 5.3 ft 7.2 ft 10 ft 
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PART 2: Examples Illustrating the Effects of SLR on future Flood Exposure Assessment 
in New Jersey 
 
The STAP has provided illustrative examples of different methods for applying the SLR projections, in 
response to feedback from the meeting of practitioners. The following section provides example 
methods for incorporating SLR into flood exposure assessments for people, places, and assets in New 
Jersey. Figure 5 depicts the sequence of questions that practitioners will need to consider for exposure 
assessment, and are used to develop an example herein for illustrative purposes only. The example 
methods do not account for local environmental or physical infrastructure conditions (e.g., shoreline 
erosion, wetland migration, presence of floodwalls / levees, etc.). The first example approach illustrates 
community level exposure assessment consistent with federal guidance (Eastern Research Group & 
NOAA, 2013; United States Army Corps of Engineers, 2016). In Appendix B, we also present an emerging 
approach under development for decisions using the concept of 'sea-level rise allowances’ in Atlantic 
City, NJ (Buchanan, et al., 2016; Hunter, 2012).  
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occur on a daily basis, in addition to the larger impacts of coastal storms that may occur less frequently. 
The practitioners also desired more consistency in the measurement and communication of water level 
heights that are used in real-time forecasting (i.e., flood forecasts) and scientific communications. 
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Expected number of flood events changes 
significantly with sea-level rise

Expected number of floods events at Atlantic City  
Water level: 6’ NAVD88  
SLR: NJCAA central estimate, high emissions (1.4’ by 2050, 3.4’ by 2100)

New Jersey Climate
Adaptation Alliance
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Table 7: Atlantic City Example Table of Water-Level Projections by Year (ft. above NAVD88)  

 
Table 7 provides an example summary of the water level projections discussed above through 2100 for 
the two sea-level rise scenarios given permanent inundation, tidal flooding, and coastal storm 
conditions. To reiterate, a 3.4 foot rise by 2100 (High Emissions Central Estimate) scenario demonstrates 
the ‘likely’ range of SLR, while a 5.3 foot rise by 2100 (High Emissions 1-in-20 Chance Estimate) scenario 
demonstrates a high-end scenario, to determine differences in exposure under possible future 
conditions (Table 6). There are a total of 48 current and projected water levels provided for comparison. 
This table represents only the effects of SLR on the height of a given event, with all other variables and 
modeling conditions held constant. In order to calculate the water level for each year, one must add the 
projected estimate for that year to the present water level.  
 
As an example, Row 1B represents the projected height of floodwaters for the Annual Flood level (99% 
AEP) that is currently 4.0 ft. above NAVD88 in Atlantic City. To project this value forward to 2030 using 
the Central Estimate, one would add 0.8 ft. (see Table 6) to the present value of 4.0 ft. to arrive at a 4.8 
foot estimated water level for the Annual Flood in 2030. Similarly, to project this value forward to 2050 
using the Central Estimate one would add 1.4 ft. (see Table 6) to the present value of 4.0 ft. to arrive at a 
5.4 ft. estimated water level for the Annual Flood in 2050.  All else equal, Table 7 suggests that an 
Annual Flood event in 2100 would result in a water height of 7.4 ft. above NAVD88, assuming the High 
Emissions Central Estimate (of 3.4 ft) for SLR. However, practitioners should note that the planning 
scenarios above represent an approach that accounts for the additive effect of SLR onto current flood 
levels. The calculation of actual future AEP levels consists of a detailed statistical methodology that 
incorporates many other variable in addition to rising sea levels (Lin et al., 2012; Tebaldi et al., 2012), 
and may differ from the values in Table 7. 
 
 

Scenario / Year 2015 2030 2050 2100 
High-Emissions Central Estimate - 3.4 Ft. SLR by 2100     
1F: 100-year flood (1% AEP) 7.2 8.0 8.6 10.6 
1E: 1992 Nor’easter Storm Tide (Atlantic City, NJ) 6.7 7.5 8.1 10.1 
1D: Sandy Storm Tide (Atlantic City, NJ) 6.1 6.9 7.5 9.5 
1C: 10-year flood (10% AEP) 5.7 6.5 7.1 9.1 
1B: Annual flood (99% AEP) 4.0 4.8 5.4 7.4 
1A: Permanent Inundation (MHHW) 2.4 3.2 3.8 5.8 
High-Emissions 1-in-20 Chance Estimate - 5.3 Ft. SLR by 2100 

    
2F: 100-year flood (1% AEP) 7.2 8.3 9.2 12.5 
2E: 1992 Nor’easter Storm Tide (Atlantic City, NJ) 6.7 7.8 8.7 12 
2D: Sandy Storm Tide (Atlantic City, NJ) 6.1 7.2 8.1 11.4 
2C: 10-year flood (10% AEP) 5.7 6.8 7.7 11.0 
2B: Annual flood (99% AEP) 4.0 5.1 6.0 9.3 
2A: Permanent Inundation (MHHW) 2.4 3.5 4.4 7.7 
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nuisance flooding threshold level is 3.7 ft. above NAVD88 as determined by the National Weather Service (Sweet et 
al., 2014).  
 
When MHHW levels surpass the nuisance flooding threshold, one can infer the communities will 
experience recurring flood impacts during normal tidal cycles. In our examples, projected MHHW levels, 
reflective of daily inundation, surpass the current nuisance flooding threshold level (3.7 ft.) between 
2030 and 2050 (Figures 7a and 7b). Regardless of the process used to generate projected water levels 
through 2100, practitioners suggested that using increments of whole ft. would be an appropriate level 
of resolution for planning purposes. These water levels could represent several different conditions 
based on the four methods for generating the projections above (See Table 8). 

WHAT WATER LEVELS SHOULD PRACTITIONERS USE TO ASSESS THE EXPOSURE OF PEOPLE, 
PLACES, AND ASSETS TO SLR AND COASTAL STORMS? 

 
Table 7 and Figures 7a and 7b above demonstrate different projections of approximate water levels that 
reflect tidal flooding and coastal storm conditions accounting for two sea-level rise projections (a likely 
estimate and a conservative estimate). Given the range of values in Table 7, practitioners in this Atlantic 
City example would need to map the extent of water levels for each whole foot increment between 2 ft. 
and 12 ft. above NAVD88 to assess exposure to the various conditions through 2100. As an alternative, 
practitioners could also demonstrate several different future conditions using a subset of maps. Table 8 
demonstrates an example of a subset of water levels that could be mapped to assess exposure, for cases 
where time or money to create analyses or conduct planning discussions is limited.  

Table 8: Atlantic City Example Table of Selected Water Levels for Exposure Assessment 

Water Level  Height Above 

NAVD88 at Tide Gauge 
What Does This Height Represent? 

4 ft. 
x Permanent inundation (MHHW) in 2050 (Central Estimate) 
x Current Annual Flood (no additional sea-level rise) 

7 ft. 

x Annual flood in 2100 (Central Estimate) 
x 10-year flood in 2050 (Central Estimate) 
x Sandy Storm Tide in 2030 (Central Estimate) 
x Current 100-year flood (Central Estimate) 

12 ft. 
x 100-year flood in 2100 (1-in-20 Chance estimate of sea-level rise) 
x 1992 Nor’easter in 2100 (1-in-20 Chance estimate of sea-level rise) 

 
Summarizing the scenarios in this manner will help practitioners assess the common water level 
characteristics of different events to draw comparisons during planning discussions. Practitioners 
thought it would be important to have methods that reference past, present, and future conditions to 
make resilience discussions more relatable for participants. For example, a water height of 4 ft. above 
NAVD88 at the Atlantic City tide gauge is close to the current nuisance flooding threshold. Practitioners 
near Atlantic City, in this example, might expect to experience such impacts as a more regular part of 
the daily tidal cycles between 2030 and 2050 because of the MHHW level surpassing the nuisance 
flooding threshold level as a result of SLR. A water height of 7 ft. above NAVD88 also allows for 
comparisons across event types and time horizons. A 7 foot water level represents the current 100-year 

New Jersey Climate
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So what do we do?



 30Tony Cenicola, The New York Times (https://www.nytimes.com/2017/06/16/realestate/hurricane-sandy-rebuilding-jersey-shore-towns.html)

Do we modify our communities to accommodate occasional flooding?

https://www.nytimes.com/2017/06/16/realestate/hurricane-sandy-rebuilding-jersey-shore-towns.html


 30Tony Cenicola, The New York Times (https://www.nytimes.com/2017/06/16/realestate/hurricane-sandy-rebuilding-jersey-shore-towns.html)

Remember:  elevating houses is of limited value 
if you don’t also protect critical infrastructure!

Do we modify our communities to accommodate occasional flooding?

https://www.nytimes.com/2017/06/16/realestate/hurricane-sandy-rebuilding-jersey-shore-towns.html
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Do we harden?

BIG-Bjarke Ingels Group (2017)

Proposed East Side Coastal Resiliency Project
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Do we harden?

BIG-Bjarke Ingels Group (2017)

But remember:  you also need to plan for those 
occasions when hard protection fails.

Proposed East Side Coastal Resiliency Project
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Do we expand protective natural infrastructure?

Photo: Jamaica Bay Ecowatchers

New oyster beds in Jamaica Bay
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Do we relocate to higher ground?

Nathan Kensinger, Curbed (https://ny.curbed.com/2016/10/27/13431288/hurricane-sandy-staten-island-wetlands-climate-change)

Oakwood Beach, Staten Island

https://ny.curbed.com/2016/10/27/13431288/hurricane-sandy-staten-island-wetlands-climate-change


�34

For decision execution, flexible adaptation pathways 
may be a key approach to plan for the ambiguous long-term. 

Ranger et al. (2013)

cope with greater than expected sea level rise. This category could also include
safety margins, where infrastructure is over-engineered to cope with greater than
expected change; this approach is effective where the marginal cost is low.
Another approach considered by TE2100 was the purchase of land to build
infrastructure upon in the future (EA 2012a, b).

• Thirdly, pathway flexibility. TE2100 adopted a dynamic adaptive planning
approach (also known as iterative risk management, adaptive management or
managed adaptive) where plans are implemented iteratively and are designed to
be adjusted over time as more is learnt about the future. In this way, flexibility is
built into the long-term strategy—the timing of new interventions and the
interventions themselves can be changed over time.

TE2100 utilised an innovative approach to constructing a dynamic adaptive
strategy known as the ‘Adaptation Pathways’ approach, also known as the ‘route-
map’ or ‘decision pathways’ approach (Fig. 5). This approach helps the decision
maker to identify the timing and sequencing of possible pathways of adaptation over
time under different scenarios. Each pathway incorporates a package of individual
measures. For example, the ‘route-map’ (Fig. 5) can indicate how measures can be
implemented iteratively over time to maintain risk below target levels cost-
effectively (Fig. 4), while keeping open options to manage future risks.

Fig. 5 High-level options and pathways developed by TE2100 (on the y-axis) shown relative to
threshold levels increase in extreme water level (on the x-axis). For example, the blue line illustrates a
possible ‘route’ where a decision maker would initially follow HLO2 then switch to HLO4 if sea level
was found to increase faster than predicted. The sea level rise shown incorporates all components of sea
level rise, not just mean sea level

Four innovations of the Thames Estuary 2100 Project 249

123
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Coastal Climate Risk & Resilience Initiative

c2r2.rutgers.edu

http://c2r2.rutgers.edu


 36Kopp et al. (2017)
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However we chose to adapt, the starting point is 
climate change mitigation.

Sea-level rise in coastal New Jersey,  above year 2000 levels

Likely sea-level rise of about 1-2 ft between 2000 and 2050. 

Under high emissions, likely  about 4.5-8 ft by 2100 if Antarctica is fairly unstable. 
Under high emissions, likely  about 2.5-4.5 ft by 2100 if Antarctica is fairly stable. 
Under low emissions, likely  about 1.5-3.5 ft by 2100.



Climate risk in New Jersey: 
A scientific update

2018 New Jersey Coastal Resilience Summit: Charting a Course for the Future  
October 9, 2018

Rutgers University–New Brunswick 
robert.kopp@rutgers.edu / Twitter: @bobkopp

Robert Kopp
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Probabilistic versus scenario-based projections

The projection framework used by NJCAA is a probabilistic framework – it 
aims to estimate a single, comprehensive estimate of the likelihoods of 
different levels of sea-level rise (under different emissions scenarios) from 
a bottom-up accounting of different components.

10 
 

 

 
Figures 3a and 3b: SLR Projections for New Jersey (Atlantic City): Figure 3a: SLR estimates for Atlantic City, based 
on Kopp et al., 2014, for 2030, 2050 and 2100. White Line = 50th percentile value. Boxes denote 17th – 83rd 
percentile, 5th – 95th percentile, and 1st – 99th percentiles. Red = high emissions (RCP 8.5); Blue = low emissions (RCP 
2.6). Figure 3b: Time series of tide-gauge observations (orange) and projections for high-emissions (red) and low-
emissions scenarios (blue), based on (Kopp et al., 2014). Solid Lines = 50th percentile; Shaded Area = likely ranges 
(17th – 83rd percentile); dotted lines denoted 5th – 95th percentile. All sea levels are with respect to a 1991-2009 
baseline. 
 
Considering the projections of Kopp et al. (2014), as summarized in Figures 3a and 3b and in Table 1, the 
STAP has reached the following conclusions: 
1. New Jersey coastal areas are likely (about 67% probability) to experience SLR of 0.6 to 1.0 ft. 

between 2000 and 2030, and 1.0 to 1.8 ft. between 2000 and 2050. There is about a 1-in-20 chance 
(5% probability) that SLR will exceed 1.1 ft. by 2030 and 2.0 ft. by 2050. 

2. While differences in SLR projections under different emissions scenarios before 2050 are minor 
(<0.1 feet), SLR projections after 2050 increasingly depend upon the evolution of future global 
greenhouse gas emissions over the current and future decades. 

3. Under a high-emissions scenario (RCP 8.5), coastal areas of New Jersey are likely (about 67% 
probability) to see SLR of 2.4 to 4.5 ft. between 2000 and 2100. There is about a 1-in-20 chance (5% 
probability) that SLR will exceed 5.3 ft.  

4. Under a low-emissions scenario (RCP 2.6), coastal areas of New Jersey are likely (about 67% 
probability) to see an increase in SLR of 1.7 to 3.1 ft. between 2000 and 2100. There is about a 1-in-
20 chance (5% probability) that SLR will exceed 3.8 ft. by 2100. 

5. A worst-case SLR of 2.8 ft. by 2050 and 10 ft. by 2100 in is physically possible in New Jersey.  

NJCAA STAP (2016)
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Probabilistic versus scenario-based projections

It contrasts with scenario-based projections (such as those used by USACE 
or the National Climate Assessment), which define a plausible range of 
sea-level rise and construct discrete pathways within that range. Scenarios 
are a tool for using sea-level rise projections that leverage the scientific 
literature assessing the likelihoods of different outcomes. 
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Figure 8. This study’s six representative GMSL rise scenarios for 2100 (6 colored lines) relative to historical geological, tide 
gauge and satellite altimeter GMSL reconstructions from 1800–2015 (black and magenta lines; as in Figure 3a) and central 
90% conditional probability ranges (colored boxes) of RCP-based GMSL projections of recent studies (Church et al., 2013a; 
Kopp et al., 2014; 2016a; Slangen et al., 2014; Grinsted et al., 2015; Mengel et al., 2016). These central 90% probability 
ranges are augmented (dashed lines) by the difference between the median Antarctic contribution of Kopp et al. (2014) 
probabilistic GMSL/RSL study and the median Antarctic projections of DeConto and Pollard (2016), which have not yet 
been incorporated into a probabilistic assessment of future GMSL. (A labeling error in the x-axis was corrected on January 
30, 2017).  

Table 4. Probability of exceeding GMSL (median value) scenarios in 2100 based upon Kopp et al. (2014).   

GMSL rise Scenario RCP2.6 RCP4.5 RCP8.5 
Low (0.3 m) 94% 98% 100% 
Intermediate-Low (0.5 m) 49% 73% 96% 
Intermediate (1.0 m) 2% 3% 17% 
Intermediate-High (1.5 m) 0.4% 0.5% 1.3% 
High (2.0 m) 0.1% 0.1% 0.3% 
Extreme (2.5 m) 0.05% 0.05% 0.1% 

 

5.2 GMSL Rise Rates this Century and Rise Beyond 2100 

Though the GMSL rise scenarios are primarily framed for overall changes occurring by 2100, it is 
important to recognize that GMSL rise will not stop at 2100; rather, it will continue to rise for 
centuries afterwards (Levermann et al., 2013; Kopp et al., 2014). By 2200, the 0.3–2.5 m range 
spanned by the six GMSL rise scenarios increases to 0.4–9.7 m, as shown in Table 5. It can be seen 
(Figure 8) that deceleration of GMSL occurs under the Low scenario with only slight increases 
through 2200. Continued acceleration is modest under the Intermediate-Low scenario and pronounced 
under all other scenarios (Table 6). The amount of GMSL rise by 2200 does not necessarily represent 
the maximum physically possible contributions from ice-sheet, ice-cliff or ice-shelf feedback 
processes, which, as discussed in section 3, may significantly increase contributions to overall GMSL 
rise amounts (DeConto and Pollard, 2016).  

Sweet et al. (2017)
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Probabilistic versus scenario-based projections

The current best practice for probabilistic projections is to either use 
multiple probability distributions with different assumptions, or to give 
special consideration to high-end outcomes (e.g., as in California 2017 
report and forthcoming New York City Panel on Climate Change). 

Table 1. Projected sea-level rise (measured in feet) for three tide gauge locations 

in California: (a) Crescent City (b) San Francisco, Golden Gate, and (c) La Jolla.

Projections are based on the methodology of Kopp et al., 2014 with the exception of the H++ 
scenario. The ‘likely range’ is consistent with the terms used by the IPCC meaning that it has 
about a 2-in-3 chance of containing the correct value. All values are with respect to a 1991-
2009 baseline. The H++ scenario is a single scenario, not a probabilistic projection, and does 
not have an associated distribution in the same sense as the other projections; it is presented 
in the same column for ease of comparison.

(a) Crescent City

(b) San Francisco, Golden Gate

Feet above  
1991-2009 mean MEDIAN LIKELY 

RANGE
1-IN-20 

CHANCE
1-IN-200 
CHANCE

Year / Percentile
50% probability 

SLR meets or 
exceeds…

67% proba-
bility SLR is 
between…

5% probability 
SLR meets or 

exceeds…

0.5% probability 
SLR meets or 

exceeds…

2030 0.1 0.0 — 0.3 0.4 0.5

2050 0.4 0.2 — 0.7 0.9 1.5

2100 (RCP 2.6) 0.7 0.1 — 1.5 2.3 4.8

2100 (RCP 4.5) 1.0 0.3 — 1.8 2.6 5.0

2100 (RCP 8.5) 1.5 0.7 — 2.5 3.4 5.9

2100 (H++) 9.3    

2150 (RCP 2.6) 1.0 0.0 — 2.4 4.2 9.6

2150 (RCP 4.5) 1.6 0.3 — 3.2 5.0 10.4

2150 (RCP 8.5) 2.6 1.3 — 4.4 6.2 11.6

2150 (H++) 21    

Feet above  
1991-2009 mean MEDIAN LIKELY 

RANGE
1-IN-20 

CHANCE
1-IN-200 
CHANCE

Year / Percentile
50% probability 

SLR meets or 
exceeds…

67% proba-
bility SLR is 
between…

5% probability 
SLR meets or 

exceeds…

0.5% probability 
SLR meets or 

exceeds…

2030 0.4 0.3 — 0.5 0.6 0.8

2050 0.9 0.6 — 1.1 1.4 1.9

2100 (RCP 2.6) 1.6 1.0 — 2.4 3.2 5.7

2100 (RCP 4.5) 1.9 1.2 — 2.7 3.5 5.9

2100 (RCP 8.5) 2.5 1.6 — 3.4 4.4 6.9

2100 (H++) 10   

2150 (RCP 2.6) 2.4 1.3 — 3.8 5.5 11.0

2150 (RCP 4.5) 3.0 1.7 — 4.6 6.4 11.7

2150 (RCP 8.5) 4.1 2.8 — 5.8 7.7 13.0

2150 (H++) 22   

S E A - L E V E L  R I S E  P R O J E C T I O N S   |   2 6

R I S I N G  S E A S  I N  C A L I F O R N I A

Griggs et al. (2017)


