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• Sea-level rise implications in WG1, WG2, SR1.5°C and 
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Recent changes in the climate 
are widespread, rapid, and 
intensifying, and unprecedented 
in thousands of years.

[Credit: NASA]



SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Global sea level has been rising at an accelerating rate since about 1970, and 
over the last century it’s risen more than in any century in at least 3000 years.
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Heating of the climate system has caused global mean sea level rise through 
ice loss on land and thermal expansion from ocean warming.

2.3 mm/yr (0.9 in/decade) over 1971-2018

AR6	WGI	CCB	9.1,	FAQ	9.2
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Heating of the climate system has caused global mean sea level rise through 
ice loss on land and thermal expansion from ocean warming.

2.3 mm/yr (0.9 in/decade) over 1971-2018 Human influence was very 
likely the main driver of 
global mean sea-level 
increases since at least 
1971. 

AR6	WGI	Ch	9
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Sea level is rising even faster here in New Jersey 
than in the global average.

Since 1911, sea level in coastal New Jersey has risen by about 18 inches, compared to about 8 
inches in the global average. The difference is largely due to natural land subsidence (about 
7 inches), enhanced by groundwater withdrawal (about 3 inches). 

 

  

 

Figure 2. a) Comparison of coastal ‘New Jersey’ with New York, NY (The Battery). The 'New Jersey’ curve is 
the average of Sandy Hook, Atlantic City, and Cape May. The zero sea-level datum on the upper graph is the 
estimated mean sea-level over 1911-1929. Individual lines represent annual averages of sea-level along the 
New Jersey coast and New York, NY (The Battery), based on tide gauge data. The global curve is based on 
Dangendorf et al. (2019). b) Comparison of coastal ‘New Jersey’ rate of change with New York, NY (The 
Battery), and global mean sea-level. Individual lines represent the rate of sea-level change over 20-year 
periods based on the linear trends. 
  

Source: New Jersey’s Rising Sea STAP Report (2019)
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The factors that affect sea level are more complex in specific places than in the global average.

Contributions over 2006–2018
out of 2.0 inches at Atlantic City

Updated from NJ STAP (2019) based on IPCC (2021)
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Ventor, NJ 
Nov. 5, 2017

Sea-level rise is making 
high-tide flooding 
more common.

Sweet and Park (2014) 
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The number of high-tide 
flooding days in Atlantic City 
has increased from less than 1/
year in the 1950s to an average 
of 8/year over the last decade – 
a period over which sea level 
rose by about 9 inches.

Ventor, NJ 
Nov. 5, 2017

Sea-level rise is making 
high-tide flooding 
more common.

Sweet and Park (2014) 
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Due to sea-level rise, 27,000 more NJ properties 
experience annual flooding than would have in the 1980s.
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Highest annual flood risk is determined by examining inundation levels from the worst flooding event 
of the year, often caused by some combination of astronomical forces, winds, and offshore storms. 

Sea level rise since 1980 has increased the number of current New Jersey homes at risk of frequent 
flooding by about 110%. We assume current building stock in our estimates. There are 23,000 more 
homes and other buildings worth a combined $13 billion at risk of frequent flooding today than if sea 
levels had remained at 1980s levels. There are 27,000 more buildings worth a combined $15 billion 
that are now likely to flood at least once a year.  This risk is concentrated in New Jersey’s coastal 
counties, where thousands of homes that decades ago only flooded during disaster events, such as 
powerful storms, are now flooding frequently. In Ocean County, for example, sea level rise over the 
past four decades has expanded the number of current buildings at risk of frequent flooding from 
5,000 to 15,000 (Figure 2). Sea level rise has expanded the number of Ocean County buildings at risk 
of highest tide flooding from 19,000 to 32,000 (Figure 3).  

FIGURE 2 

Change in New Jersey frequent flood risk 
Number of current properties at risk of frequent flooding, by county, comparing sea levels in 1980 to sea levels today 

 
Source: Rhodium Group and First Street Foundation analysis 
 
FIGURE 3 

Change in New Jersey annual flood risk 
Number of current properties at risk of annual flooding, by county, comparing sea levels in 1980 to sea levels today 

 
Source: Rhodium Group and First Street Foundation analysis 
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Sea-level rise is enhancing storm-driven flooding.

Sea-level rise is enhancing 
storm-driven flooding.

David Shankbone / WikiCommons ; Strauss et al. (2021)

FDR Drive, Manhattan 
October 30, 2012
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Sea-level rise is enhancing storm-driven flooding.

Sea-level rise is enhancing 
storm-driven flooding.

David Shankbone / WikiCommons ; Strauss et al. (2021)

FDR Drive, Manhattan 
October 30, 2012

Human-caused sea-level 
rise was responsible for 
about 13% ($8 billion) of 

the property damage 
caused by Sandy in New 
York and New Jersey and 

exposed about 70 thousand 
people to Sandy’s flooding.
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Due to sea-level rise and climate change, NJ’s average annual losses 
from hurricanes have increased about $1 billion since the 1980s.
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Bureau of Economic Analysis to estimate changes in annual loss.29 We estimate that the expected 
average annual loss to New Jersey from hurricane-related wind and flood damage today is likely about 
$670 million to $1.3 billion higher than it would have been if sea levels and hurricane activity in the 
1980s remained constant.  

In absolute terms, Hudson County has experienced the greatest increase in risk, with annual average 
losses likely $30o to $660 million higher today than they would have been in the climate of the 1980s 
(Figure 7). Bergen County, the most populous in the state, has likely experienced a $148 to $254 million 
increase in expected average annual loss due to higher sea levels and changes in hurricane activity.  

Measured as a share of county economic output, Cape May County is the most exposed (Figure 8). 
The likely growth in average annual wind and flood damage due to changes in sea level and hurricane 
activity since the 1980s account for 1.7% to 2.6% of county output. Hudson County ranks second, with 
the growth in average annual losses accounting for 0.8% to 1.8% of county economic output. Salem, 
Bergen and Atlantic counties also face meaningfully elevated levels of hurricane risk.  

FIGURE 7 

Change in expected average annual loss from hurricanes, absolute 
Increase in expected average annual loss, in million USD, by county due to changes in sea level and expected hurricane 
activity since the 1980s  

 
Source: Rhodium Group analysis 
   

 
29 GDP by County  | U.S. Bureau of Economic Analysis (BEA). (2012). Retrieved March 18,  2019, from Bea.gov 
website: https://www.bea.gov/data/gdp/gdp-county   
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There’s no going back from 
some changes in the climate 
system. However, some 
changes could be slowed and 
others could be stopped by 
limiting warming.

[Credit: Shari Gearheard | NSIDC]
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Sea level is going to continue to rise for many centuries to come, creating an 
escalating hazard for coastal communities.

AR6	WGI	SPM,	Box	TS.4.	Ch9
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Through the middle of the century, sea level projections exhibit limited 
sensitivity to emissions scenario. 
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mean sea level rise by 2050 is:
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GHG emissions scenario (SSP3-7.0)
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Extreme sea levels that occurred once 
per century in the recent past will occur 
about 20–30 times more frequently by 
2050.

Through the middle of the century, sea level projections exhibit limited 
sensitivity to emissions scenario. 

AR6	WGI	SPM,	Box	TS.4.	Ch9
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Beyond 2050, sea level projections are increasingly sensitive to emissions 
scenario. 

The likely global mean sea level rise is

by 2100:
• 0.55-0.90 m (1.8-3.0 ft) under the 

high emissions scenario (SSP3-7.0)
• 0.32-0.62 m (1.0-2.0 ft) under the 

low emissions scenario (SSP1-2.6)

by 2150:
• 0.98-1.88 m (2.9-5.4 ft) under the 

high emissions scenario (SSP3-7.0)
• 0.46-0.99 m (1.5-3.2 ft) under the 

low emissions scenario (SSP1-2.6)

AR6	WGI	SPM,	Box	TS.4.	Ch9
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The more we limit our emissions, the lower the chance we trigger instabilities 
in the polar ice sheets that could substantially increase sea-level rise. 

Higher global mean sea level rise before 2100 
could be caused by:
• earlier-than-projected disintegration of 

marine ice shelves and the abrupt, 
widespread onset of marine ice sheet 
instability and/or marine ice cliff instability 
around Antarctica

• faster-than-projected changes in the surface 
mass balance and discharge from 
Greenland

Global mean sea level rise above the likely 
range – approaching 2 m (7 ft) by 2100 and 
5 m (16 ft) by 2150 under a very high GHG 
emissions scenario (SSP5-8.5) – cannot be 
ruled out.

AR6	WGI	SPM,	Box	TS.4.	Ch9
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Through 2050, we are likely looking at 1-2 feet of  rise 
in New Jersey, regardless of  emissions.

Projected sea-level rise in New Jersey 
Feet above year 2000 baseline

Kopp et al. (2019)

 

  

The first New Jersey Science and Technical Advisory Panel (STAP) on Sea-Level Rise and Coastal 
Storms was convened by Rutgers University on behalf of the NJ Climate Change Alliance in 2015, 
culminating in a 2016 report that identified planning options for practitioners to enhance the 
resilience of New Jersey’s people, places, and assets to sea-level rise, coastal storms, and the 
resulting flood risk (Kopp et al., 2016).  An innovative approach used to inform the 2016 report was 
the complementary convening of a panel of practitioners to offer insights on the application of the 
STAP science to state and local planning and decision-making.  Following the same process, the 
same team at Rutgers University was engaged by the State of New Jersey Department of 
Environmental Protection to update the 2016 report based on the most current scientific 
information.  Similar to the inaugural work, the 2019 STAP was charged with identifying and 
evaluating the most current science on sea-level rise projections and changing coastal storms, 
considering the implications for the practices and policies of local and regional stakeholders, and 
providing practical options for stakeholders to incorporate science into risk-based decision processes.  

The 2019 STAP process recommended the following key updates to the 2016 STAP report: 

 Making available historical sea-level rise (SLR) information for New Jersey to provide a 
frame of reference for future projections; 

 Updating information on ice sheet dynamics; 

 Expanding consideration of tidal flooding; and 

 Expanding consideration of storm tide-related flooding. 

This report integrates the 2019 key STAP updates and should be considered the most recent 
reference in this series. 

Table ES-1: New Jersey Sea-Level Rise above the year 2000 (1991-2009 average) baseline (ft)* 

 2030 2050 2070 2100 2150 

  
  

Emissions 

 Chance SLR Exceeds Low Mod. High Low Mod. High Low Mod. High 
Low End > 95% chance 0.3 0.7 0.9 1 1.1 1.0 1.3 1.5 1.3 2.1 2.9 

Likely 
Range 

> 83% chance 0.5 0.9 1.3 1.4 1.5 1.7 2.0 2.3 2.4 3.1 3.8 
~50 % chance 0.8 1.4 1.9 2.2 2.4 2.8 3.3 3.9 4.2 5.2 6.2 
<17% chance 1.1 2.1 2.7 3.1 3.5 3.9 5.1 6.3 6.3 8.3 10.3 

High End < 5% chance 1.3 2.6 3.2 3.8 4.4 5.0 6.9 8.8 8.0 13.8 19.6 
*2010 (2001-2019 average) Observed = 0.2 ft 
Notes: All values are 19-year means of sea-level measured with respect to a 1991-2009 baseline centered on the 
year indicated in the top row of the table. Projections are based on Kopp et al. (2014), Rasmussen et al. (2018), and 
Bamber et al. (2019). Near-term projections (through 2050) exhibit only minor sensitivity to different emissions 
scenarios (<0.1 feet). Low and high emissions scenarios correspond to global-mean warming by 2100 of 2°C and 5°C 
above early Industrial (1850-1900) levels, respectively, or equivalently, about 1°C and 4°C above the current global-
mean temperature. Moderate (Mod.) emissions are interpolated as the midpoint between the high - and low- 
emissions scenarios and approximately correspond to the warming expected under current globa l policies. Rows 
correspond to different projection probabilities. There is at least a 95% chance of SLR exceeding the values in the 
‘Low End’ row, while there is less than a 5% chance of exceeding the values in the ‘High End’ row.  There is at least a 
66% chance that SLR will fall within the values in the ‘Likely Range’. Note that alternative methods may yield higher 
or lower estimates of the chance of low-end and high-end outcomes. 
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Beyond 2050, projected rise is increasingly sensitive to 
level of  emissions – especially for high-end risks.

Projected sea-level rise in New Jersey 
Feet above year 2000 baseline

Kopp et al. (2019)
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culminating in a 2016 report that identified planning options for practitioners to enhance the 
resilience of New Jersey’s people, places, and assets to sea-level rise, coastal storms, and the 
resulting flood risk (Kopp et al., 2016).  An innovative approach used to inform the 2016 report was 
the complementary convening of a panel of practitioners to offer insights on the application of the 
STAP science to state and local planning and decision-making.  Following the same process, the 
same team at Rutgers University was engaged by the State of New Jersey Department of 
Environmental Protection to update the 2016 report based on the most current scientific 
information.  Similar to the inaugural work, the 2019 STAP was charged with identifying and 
evaluating the most current science on sea-level rise projections and changing coastal storms, 
considering the implications for the practices and policies of local and regional stakeholders, and 
providing practical options for stakeholders to incorporate science into risk-based decision processes.  

The 2019 STAP process recommended the following key updates to the 2016 STAP report: 

 Making available historical sea-level rise (SLR) information for New Jersey to provide a 
frame of reference for future projections; 

 Updating information on ice sheet dynamics; 

 Expanding consideration of tidal flooding; and 

 Expanding consideration of storm tide-related flooding. 

This report integrates the 2019 key STAP updates and should be considered the most recent 
reference in this series. 

Table ES-1: New Jersey Sea-Level Rise above the year 2000 (1991-2009 average) baseline (ft)* 

 2030 2050 2070 2100 2150 

  
  

Emissions 

 Chance SLR Exceeds Low Mod. High Low Mod. High Low Mod. High 
Low End > 95% chance 0.3 0.7 0.9 1 1.1 1.0 1.3 1.5 1.3 2.1 2.9 

Likely 
Range 

> 83% chance 0.5 0.9 1.3 1.4 1.5 1.7 2.0 2.3 2.4 3.1 3.8 
~50 % chance 0.8 1.4 1.9 2.2 2.4 2.8 3.3 3.9 4.2 5.2 6.2 
<17% chance 1.1 2.1 2.7 3.1 3.5 3.9 5.1 6.3 6.3 8.3 10.3 

High End < 5% chance 1.3 2.6 3.2 3.8 4.4 5.0 6.9 8.8 8.0 13.8 19.6 
*2010 (2001-2019 average) Observed = 0.2 ft 
Notes: All values are 19-year means of sea-level measured with respect to a 1991-2009 baseline centered on the 
year indicated in the top row of the table. Projections are based on Kopp et al. (2014), Rasmussen et al. (2018), and 
Bamber et al. (2019). Near-term projections (through 2050) exhibit only minor sensitivity to different emissions 
scenarios (<0.1 feet). Low and high emissions scenarios correspond to global-mean warming by 2100 of 2°C and 5°C 
above early Industrial (1850-1900) levels, respectively, or equivalently, about 1°C and 4°C above the current global-
mean temperature. Moderate (Mod.) emissions are interpolated as the midpoint between the high - and low- 
emissions scenarios and approximately correspond to the warming expected under current globa l policies. Rows 
correspond to different projection probabilities. There is at least a 95% chance of SLR exceeding the values in the 
‘Low End’ row, while there is less than a 5% chance of exceeding the values in the ‘High End’ row.  There is at least a 
66% chance that SLR will fall within the values in the ‘Likely Range’. Note that alternative methods may yield higher 
or lower estimates of the chance of low-end and high-end outcomes. 
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Expected number of flood events increases significantly with sea-level rise.
Expected number of extreme sea level events at Atlantic City 
Water level: Historic 10% probability extreme sea level events (3.3’ above high tide line)

2000: 
10% chance per year

Moderate emissions, likely rise (1.4’ by 2050, 3.3’ by 2100)
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Expected number of flood events increases significantly with sea-level rise.
Expected number of extreme sea level events at Atlantic City 
Water level: Historic 10% probability extreme sea level events (3.3’ above high tide line)

2000: 
10% chance per year

2030: 
Annual maximum 

high water

2055: 
Minor tidal flooding level 

(~5-10 days/yr)

2100: 
Permanent flooding

Moderate emissions, likely rise (1.4’ by 2050, 3.3’ by 2100)
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Projected sea-level rise translates into more frequent 
flooding.
Projected days/year of  high tide flood at Atlantic City 
Moderate emissions scenario

Kopp et al. (2019)

 

  

Table 5. Expected high-tide flooding days in Atlantic City, NJ, through 2150 for a Moderate Emissions 
projection 

Year Low End Likely Range High End 
> 95% Chance >83% Chance ~50% chance < 17% chance < 5% chance 

2000   5 days   

2010   7 days   
2020 6 days 9 days 17 days 30 days 45 days 
2030 10 days 17 days 35 days 75 days 110 days 
2040 17 days 30 days 70 days 150 days 220 days 
2050 24 days 45 days 120 days 255 days 325 days 
2060 40 days 85 days 190 days 315 days 350 days 
2070 55 days 120 days 265 days 350 days ** 
2080 75 days 165 days 320 days ** ** 
2090 85 days 200 days 345 days ** ** 
2100 95 days 240 days 355 days ** ** 
2110 150 days 285 days 360 days ** ** 
2120 155 days 305 days ** ** ** 
2130 175 days 325 days ** ** ** 
2140 220 days 340 days ** ** ** 
2150 255 days 350 days ** ** ** 

Notes: ** indicates high-tide flooding expected every day of the year. Note that expected number of days of 
flooding per year will differ from the actual number experienced in a specific year; the expected number reflects the 
average that would be seen were sea-level stable at the projected level for a given year. 

An example of the tidal flood frequencies is provided for Atlantic City, NJ, in Table 5. It is likely that 
the expected number of high tide flooding days will be between 120 and 350 by the year 2070 under 
a moderate emissions scenario, but this analysis does not include the year-to-year variation around 
the expected number of days. It is extremely likely (more than a 95% chance) that the expected 
number of high tide flooding days will exceed 55 flood days by the year 2070 under a moderate 
emissions scenario.  By 2100, it is likely that high tide flooding will exceed 240 days per year, and 
could become a daily occurrence under a moderate emissions scenario.  A table of decadal high tide 
flooding frequency projections for each tide gauge used in this report is included in Appendix B. 

As part of the STAP deliberations, the panel discussed the state of available science and modeling with 
the capability to reflect combined hazards from rainfall and flooding. Such compound events occur 
through a combination of multiple drivers and/or hazards that contribute to societal or environmental 
risks (IPCC, 2019; Zscheischler et al., 2018). While flood risks are often modeled as independent 
precipitation, wind, and storm surge events, recent research efforts have undertaken the task of 
modeling compound flood events (Hendry et al., 2019; Orton et al., 2018; Orton et al., 2012; Wahl et al., 
2015). Recently, Orton et al. (2018) that combined rainfall and storm tide modeling approaches to create 
a probabilistic flood hazard assessment for the Hudson River.  Wahl et al. (2015) modeled the risk of 
flooding from co-occurring rainfall and storm surge on several US cities, finding that shifting weather 
patterns could lead to an increased likelihood for co-occurring storm surge and high precipitation events 
for New York City.  Both the STAP members and the practitioner panel discussed the need to move 
toward integrated models that represent such conditions in order to plan for more comprehensive 
adaptation and resilience strategies.   
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Even under moderate emissions, there is a good 
chance minor flooding will be close to daily by 2100. 
Projected days/year of  high tide flood at Atlantic City 
Moderate emissions scenario

Kopp et al. (2019)
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More than 3,000 homes built in NJ from 2010-2017 will be in 
the annual flood zone by 2050.
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More than 3,000 homes built in NJ from 2010-2017 will be in 
the annual flood zone by 2050.

Compare: between 
2013 and 2021, NJ’s 
Blue Acres program 
had 830 families 
accept buyouts. 

Source: NJ Spotlight, October 19, 2021
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About 90,000 properties, worth about $80 billion, will 
enter into the 1-in-30 year hurricane flood plain by 2050.

  

 

RHODIUM GROUP  |  NEW JERSEY’S RISING COASTAL RISK 
 

13 

FIGURE 10 

Projected increase in current New Jersey homes facing hurricane flood risk by 2050 
Increase in number of current buildings in the 1-in-30-year floodplain, by county, due to changes in sea level and expected 
hurricane activity between today and 2050. The range captures uncertainty in sea levels and hurricane activity under a high 
emissions scenario.  

 
Source: Rhodium Group analysis 
 
FIGURE 11 

Projected change in expected average annual loss from hurricanes, percent of county 
economic output 
Increase in expected average annual loss, as a percent of county output, due to changes in sea level and expected hurricane 
activity between today and 2050  

 
Source: Rhodium Group analysis 
 
The cost of hurricane wind and flood damage to the New Jersey economy will likely continue to grow 
in the years ahead. Assuming no new adaptation, we estimate an additional $1.3 to $3.1 billion in 
average annual state-wide losses by 2050 state-wide due to projected changes in sea level and 
hurricane activity (excluding any changes in property value or location). Nearly half of that growth in 
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SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Adaptation capacity and governance to manage sea-level rise risks typically require 
decades to implement and institutionalize.
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Oceans and Coastal Ecosystems and Their Services  Chapter 3

sediment accumulation by dissipating wave energy and reducing impacts of storms, at least at present-day sea levels (high confidence) 
(Temmerman et al., 2013; Narayan et al., 2016; Romañach et al., 2018; Laengner et al., 2019; Leo et al., 2019). Coastal wetlands and 
ecosystems can be preserved by landward migration (Schuerch et al., 2018; Schuerch et al., 2019) or sediment supply (VanZomeren et al., 
2018), but they can be seriously damaged by coastal defences designed to protect infrastructure (Chapters 3, 13; Cooper et al., 2020b). 
Sediment nourishment can prevent erosion, but it can also negatively impact beach amenities and ecosystems through ongoing dredging, 
pumping and deposition of sand and silts (VanZomeren et al., 2018; de Schipper et al., 2021; Harris et al., 2021).
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Sea level rise challenges the timing of coastal adaptation planning and implementation
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Figure Cross-Chapter BoxSLR.1 |  The challenge of coastal adaptation in the era of sea level rise (SLR): (a) typical time scales for the planning, implementation 
(grey triangles) and operational lifetime of current coastal risk-management measures (blue bars); (b) global sea level projections, which are representative of relative SLR 
projected for 60–70% of global shorelines, within ±20% errors (WGI AR6 Chapter 9; Fox-Kemper et al., 2021); (c) frequency of illustrative adaptation decisions to +0.5 m 
of SLR under different SSP-RCP scenarios. In response to accelerated SLR, adaptation either occurs earlier and faster, or accounts for higher amounts of SLR (e.g., to +1 m 
instead of to +0.5 m). Adaptation to +0.5 m from today’s sea levels have a lifetime of 90 years for SSP1-2.6, but lifetime is reduced to 60 years for SSP5-8.5 and 30 years 
for a high-end scenario involving low confidence processes. Adaptations to +0.5 m are comparable to, for example, the Thames Barrier in the United Kingdom or the Delta 
Works in the Netherlands, which primarily had an intended lifetime of 100–200 years. Adaptation measures to +0.2 m may include nourishment or wetland or setback zones.

Cross-Chapter Box SLR (continued)
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The more we limit our emissions, the more time we 
have to adapt.

Kopp et al. (2019)

Likely timing of 
exceedance at 
Atlantic City

Low Emissions 
(2°C)

High Emissions 
(5°C)

2 ft. 2060-2100 2050-2090

4 ft. 2100 to after 
2150

2080-2150

6 ft. 2140 to after 
2150

2100 to after 
2150
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coastalhub.org

•Advance understanding of how coastal climate hazards, 
landforms, and human decisions interact to shape climate risk  

•Facilitate flexible, equitable, and robust long-term planning to 
manage climate risk in the New York City-New Jersey-
Philadelphia region 

•Build an academic/stakeholder partnership model that provides 
insights for just, equitable, and inclusive climate action in 
diverse coastal, urban megaregions around the world 

•Train the next generation of leaders in transdisciplinary climate 
research and engagement.
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