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Glossary of Select Terms and Acronyms  
Below are explanations of key terms and concepts used throughout this report. This Glossary of Select 
Terms and Acronyms is included per the recommendation of the Practitioner Panel. Please also see Box 
2.1 for an overview of the terms used to quantify uncertainty in scientific data (the treatment of 
uncertainty in this report is explored in greater detail in Section 4b). 

• AR6 – The Intergovernmental Panel on Climate Change’s 2021 Sixth Assessment Report (AR6). 

• Baselines –  

o A sea-level rise baseline is the reference point, or starting elevation, used to measure and 
project future changes in sea level. This reference point is also called a datum. For example, a 
baseline called the National Tidal Datum Epoch (NTDE) provides a benchmark used by 
federal, state, and local governments as a reference for elevation to compare water levels for 
mapping, floodplain management, coastal planning, research, and more.  

o The current NTDE is based on average sea levels measured over 19 years (between 1983 and 
2001), as utilized by the National Oceanic and Atmospheric Administration (NOAA), though 
NOAA expects to update this to use a new 19-year period (2002-2020) over the coming years. 
Measuring average sea levels over 19 years minimizes the effect of significant tidal range 
variations arising from the 18.6-year cycle in lunar gravitational pull on the ocean, as well as 
other variations (e.g., other tidal cycles, and variations caused by weather or seasons). 

o For sea-level rise projections, the AR6 and the 2025 New Jersey Science and Technical 
Advisory Panel on Sea-Level Rise and Coastal Storms (STAP) Report use a 2005 baseline 
(averaging over 1995-2014) while the 2019 STAP Report uses a 2000 baseline (averaging over 
1991-2009). Readers need to subtract 0.1 ft (0.03 m) from any 2019 STAP estimate to have the 
same baseline used in the 2025 STAP Report. Table 4 provides conversions for other 
commonly used datums. 

• Coast – The 2025 STAP Report focuses on the impacts of sea-level rise along New Jersey’s coast. 
In this document, the “coast” means part of New Jersey that is affected by the tides. This includes 
parts of the following counties, listed from north to south: Bergen, Hudson, Union, Middlesex, 
Monmouth, Ocean, Atlantic, Cape May, Cumberland, Salem, Gloucester, Camden, Burlington 
and Mercer counties. Sea-level rise projections are reported in the 2025 STAP Report for the 
following locations, listed from north to south: The Battery, NY; Sandy Hook, NJ; Atlantic City, 
NJ; Cape May, NJ; and Philadelphia, PA. While this report does focus on the coast, the STAP 
recognizes that the coast is not an isolated system and can be impacted by upriver or upland areas 
(e.g., storms that impact inland areas may also have impacts on the coast). 

• Emission Scenario - 

o A plausible representation of the future release of emissions of substances that absorb, emit, 
or reflect radiation (e.g., greenhouse gases [GHGs], aerosols). Each scenario is based on a 
coherent, internally consistent set of assumptions about driving forces affecting future 
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emissions (such as demographic and socio-economic development, technological change, 
energy and land use) and their key relationships.  

o Like the AR6, the 2025 STAP Report employs the Shared Socioeconomic Pathway (SSP) 
emission scenarios. The AR6’s low (SSP1-2.6), intermediate (SSP2-4.5), and high (SSP3-7.0) 
greenhouse-gas trajectories correspond with median projected global warming of 1.8°C, 
2.7°C, and 3.6 °C by 2100, respectively. Current analyses indicate that policy and technology 
trends as of 2024 are most consistent with the intermediate emissions scenario. For these 
reasons, this report uses ‘low’, ‘intermediate’, and ‘high’ labels in the same manner as AR6, 
distinct from the usage of the 2019 STAP report. 

• Global Mean Sea Level - The average height of the ocean above the sea floor (i.e., the ocean-wide 
average of relative sea level). 

• High Coastal Water Levels – There are several terms used in Section 5 of this report to describe 
high coastal water levels:  

o Coastal Flood Day – A day with at least one coastal flood event.  

o Coastal Flood Event – A flood that exceeds at least the minor flooding threshold. 

o High Tide Flood – A flood event that occurs without a storm. 

o Minor, Moderate and Major Flooding Thresholds – NOAA uses the terms ‘minor,’ 
‘moderate,’ and ‘major’ flooding to describe how serious a flood is, no matter what causes it, 
like sea level rise, storms, or heavy rain. These terms help keep flood warnings consistent 
across the country (Sweet et al. 2018). Minor flooding is “more disruptive than damaging,” 
moderate flooding causes damage, and major flooding is destructive (Sweet et al., 2018). 
Flood thresholds as defined by NOAA are unique to a given location. They are measured 
above Mean Higher High Water (MHHW) (the average of the highest daily tides over many 
years) relative to the NTDE for 1983-2001. Thus, these thresholds remain the same regardless 
of future rising sea levels. For example, the Atlantic City, NJ, flood thresholds are the derived 
flood thresholds of 1.8ft (minor flooding), 2.8ft (moderate flooding), and 4.0ft (major 
flooding) above MHHW (relative to the NTDE for 1983–2001)1. For additional information, 
see Section 5. 

• Intergovernmental Panel on Climate Change (IPCC) – The IPCC is a United Nations body that 
assesses the scientific, technical, and socio-economic information related to climate change.  The 
objective of the IPCC is to provide governments at all levels with scientific information that is 
policy relevant but not policy prescriptive. The IPCC does not conduct its own primary research. 
Instead, through assessments conducted by scientists who volunteer their time, the IPCC 
identifies the strength of scientific agreement in different areas and indicates where further 
research is needed. The IPCC’s 2021–2023 Sixth Assessment Report (AR6) is, the latest 

 
1 In meters, these thresholds are: 0.55 m (minor flooding), 0.85 m (moderate flooding), 1.21 m (major flooding). 

https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
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comprehensive climate report from the IPCC. It provides an authoritative text regarding the 
physical science of climate change (including sea-level rise) and its impacts. (IPCC 2021) 

• Italicized Text – Consistent with the conventions developed by the IPCC, terms related to 
confidence, likelihood, and deep uncertainty that reflect assessments by the assessment panel (in 
this case, the STAP) and the IPCC are italicized. Terms are italicized to alert readers that these 
terms are not being used casually or in everyday language. They represent specific, defined terms 
for communicating quantifiable uncertainty and are based on a panel assessment.  

• Low Confidence and Medium Confidence – See Boxes ES.1, ES.2, and 2.1 for a full definition. 
Below is an overview of the different ways low and medium confidence are used in the 2025 STAP 
Report: 

o Confidence terms (e.g., very low, low, medium, high, and very high confidence) are used by the 
IPCC to define the level of evidence and degree of agreement among scientists around 
scientific findings. In the context of sea-level rise projections, these terms are used to classify 
the strength of evidence regarding the timing and magnitude of the processes contributing to 
sea-level change. Confidence increases when there are multiple, independent lines of high-
quality evidence and the agreement among lines of evidence is high.  

o In the case of sea-level rise projections, low-confidence processes can also be described as 
processes with potentially high impact but a poorly known likelihood of occurrence 
(“unknown likelihood, high-impact processes”). As noted by Fox-Kemper et al. (2021), in 
Antarctica, these processes include those that could drive “earlier-than-projected 
disintegration of marine ice shelves” and “the abrupt, widespread onset of marine ice sheet 
instability [or] marine ice cliff instability around Antarctica,” as well as "faster-than-projected 
changes in the surface mass balance and discharge from Greenland."2 These processes are on 
the frontier of scientific understanding. Because they have the potential to have a large impact 
on sea-level rise estimates, they can be important to consider in sea-level rise projections 
intended for protective risk management. For short-hand, we refer to these low-confidence 
processes as “potential rapid ice-sheet loss processes.” 

o The STAP report, consistent with AR6, provides low-confidence projections that include these 
unknown-likelihood, high-impact processes, and medium-confidence projections that do not 
include them. The low-confidence and medium-confidence labels do not characterize the 
overall quality of the projections themselves but rather indicate whether the projections 
incorporate potential rapid ice-sheet loss processes in whose rate and magnitude there is 
currently low confidence. 

 
2 As noted in Fox Kemper et al. (2021), “Higher amounts of GMSL rise before 2100 could be caused by earlier-than-projected 
disintegration of marine ice shelves, the abrupt, widespread onset of marine ice sheet instability and marine ice cliff instability 
around Antarctica, and faster- than-projected changes in the surface mass balance and discharge from Greenland. These 
processes are characterized by deep uncertainty arising from limited process understanding, limited availability of evaluation 
data, uncertainties in their external forcing and high sensitivity to uncertain boundary conditions and parameters. In a low-
likelihood, high-impact storyline, under high emissions such processes could in combination contribute more than one 
additional [meter] of sea level rise by 2100. {9.6.3, Box 9.4}" 
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• Processes Driving Sea-Level Change – See Section 3.b. 

• Relative Sea Level – The height of the sea surface relative to the height of the underlying land. 
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SECTION 1. EXECUTIVE SUMMARY  
The 2025 STAP report represents the findings of the third New Jersey Science and Technical Advisory 
Panel on Sea-Level Rise and Coastal Storms (STAP). The STAP was charged with identifying, evaluating, 
and summarizing the most current science on sea-level change (i.e., historic sea-level rise and projections 
of future sea-level rise) and changing coastal storms. The 17 expert members of the STAP convened 
between November 2024 and September 2025 to draft this report and revise it in response to independent 
review by four peer experts and feedback on its usability from a panel of practitioners. 

As with previous STAP reports, this report aims to be policy-relevant, not policy-prescriptive. The report 
does not make recommendations about how decision makers should use projections. Such selections 
depend upon value judgments, such as the level of risk decision makers and impacted communities are 
willing to accept when planning their long-term resilience goals, as well as how decision makers and 
impacted communities choose to trade off the near-term costs of risk reduction and long-term sea-level 
risk. Readers may benefit from referring to Box ES.1. ES.2, and 2.1 to understand the process and terms 
used to aid decision makers and communities in these decisions. 

Additionally, while the STAP Report does not assess what (e.g., infrastructure, properties) or who (e.g., 
communities) are impacted by sea-level rise, readers may find the information in this STAP Report useful 
to inform such impacts assessments.  

The STAP recommends that scientists and practitioners review the estimates and information herein on a 
regular basis, not to exceed five years, including after the publication of any major global (e.g., 
Intergovernmental Panel on Climate Change) or national (e.g., National Climate Assessment) 
assessments related to sea-level rise and coastal storms relevant to New Jersey. 

 

a) Historical Changes in Sea Level, Storms, and Flooding  
Sea-level change: Over the two millennia prior to the late nineteenth century, New Jersey sea-level rose at 
an average rate of about 0.5 ± 0.1 inches/decade (1.4 ± 0.2 mm/yr). Over this time period, global mean 
sea-level (GMSL) change was minimal; the New Jersey rise resulted from subsidence due to glacial 
isostatic adjustment (GIA, the ongoing response of the solid Earth to the end of the last ice age). Rates of 
sea-level rise in New Jersey and globally exceeded pre-industrial variability beginning in the late 
nineteenth century. From 1912 to 2021, sea-level rose 1.7 ± 0.1 inches/decade (4.2 ± 0.2 mm/yr) at the 
Atlantic City tide gauge, compared to a GMSL rise of 0.6 ± 0.1 inches/decade (1.5 ± 0.2 mm/yr). [Section 
3.f] 

From 1993 to 2021, sea-level rose 2.0 ± 0.4 inches/decade (5.0 ± 1.0 mm/yr) at the Atlantic City tide 
gauge, compared to a GMSL rise of 1.3 ± 0.1 inches/decade (3.2 ± 0.3 mm/yr).  Of the observed rise in sea-
level at Atlantic City, the largest driving factors are GIA (about 28%), global-mean thermal expansion (the 
expansion of the warming ocean; about 26%), the reduction of the amount of ice stored in glaciers and the 
polar ice sheets (about 24%), and ocean dynamic sea level change (changes in winds and currents, as well 
as the distribution of heat and salinity within the ocean; about 20%). [Section 3.f] 
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Tropical Cyclones: Tropical cyclones (TCs), including hurricanes, are rapidly rotating warm-core low 
pressure systems that begin over tropical oceans and vary in wind speed, size, and intensity.3 TC 
frequency, including the frequency of major hurricanes, has increased in the North Atlantic since the 
1980s (high confidence). The overall intensity that Atlantic TCs reach, and the rate at which they do so, has 
also increased in recent decades (high confidence), though the relative role of various drivers (e.g., internal 
climate variability, increasing greenhouse gas concentrations, and decreasing aerosol emissions) for such 
intensity changes is unclear. The rainfall rate of tropical storms is increasing with global warming (very 
high confidence). [Section 3.g] 

Extratropical Cyclones: Extratropical cyclones (ETCs), called nor’easters along the US Atlantic coast, are 
large storms that form outside of the tropics and are typically larger than TCs and affect coastal New 
Jersey more frequently than TCs. As with TCs, the precipitation rate of ETCs is increasing (very high 
confidence). However, there is limited evidence for long-term trends in ETC frequency, intensity, and 
trajectory. [Section 3.g] 

Coastal Flooding: High coastal water levels, such as those associated with storms or extreme high tides, 
push water levels above the normal high tide mark (i.e., mean higher high water or MHHW). Coastal 
flooding in New Jersey has increased in frequency and magnitude over time due to sea-level rise (very high 
confidence). In the 1950s, Atlantic City experienced an average of less than one coastal flood day per year 
exceeding the NOAA minor flooding threshold (1.8 ft above the 1983–2001 MHHW for Atlantic City). 
Over 2007–2024, there were an average of twelve coastal flood days per year, with annual totals ranging 
between four coastal flood days in 2007 and an all-time high of 23 coastal flood days in 2024. [Section 5.a] 

Compound Flooding: Flood mechanisms such as storm surge, river discharges, and extreme rainfall can 
often occur simultaneously or sequentially during a storm event and interact in ways that exacerbate 
overall flood hazard, resulting in a compound flood event. Compound flood events are becoming more 
common, and compound flood risks during hurricanes are especially high (high confidence). [Section 3.h] 

 

 

 

 
3 Intensity, when used in the context of TCs and ETCs, refers to the wind speed or minimum pressure of a TC or ETC. 
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b) Future Sea-Level Rise Findings 
Consistent with the prior STAP reports, the STAP selected Atlantic City (with the longest established tide 
gauge in the state) as the tide gauge station to represent the New Jersey coast (Table ES-1). Relative to a 
1995–2014 baseline, New Jersey coastal areas are likely (at least a 66% chance) to experience SLR of 0.7 to 
1.3 ft (0.20 to 0.40 m) by 2040, and 0.9 to 1.7 ft (0.28 to 0.52 m) by 2050. Even considering potential 
contributions from unknown-likelihood, high-impact ice-sheet processes (i.e., potential rapid ice-sheet 
loss processes, see Box ES.2 and 2.1 for definition),4 it is extremely unlikely (less than a 5% chance) that 
SLR will exceed 1.7 ft (0.52 m) by 2040 and 2.3 ft (0.71 m) by 2050. [Section 4.d] 

While near-term SLR projections through 2050 exhibit only minor sensitivity to different emissions 
scenarios, SLR projections after 2050 increasingly depend on the pathway of future global greenhouse gas 
emissions. Relative to a 1995–2014 baseline: 

1. Under a low-emissions scenario, consistent with the global goal of limiting warming to below 2°C 
above late nineteenth-century levels, coastal areas of New Jersey are likely (at least a 66% chance 
in the absence of potential rapid ice-sheet loss processes) to see SLR of 1.3 ft to 2.3 ft (0.41 to 0.71 
m) by 2070, and 1.8 ft to 3.3 ft (0.54 to 1.01 m) by 2100. Including potential rapid ice-sheet loss 
processes could extend these ranges to 2.5 ft (0.77 m) in 2070 and 3.7 ft (1.12 m) in 2100. Even 
considering such potential rapid ice-sheet loss processes, it is extremely unlikely (less than a 5% 
chance) that SLR in this scenario will exceed 3.2 ft (0.96 m) by 2070 and 5.1 ft (1.54 m) by 2100.  

2. Under an intermediate-emissions scenario, approximately consistent with current global climate 
policies, coastal areas of New Jersey are likely (at least a 66% chance in the absence of potential 

 
4 We use the term ‘potential rapid ice-sheet loss processes’ to refer to processes whose study is at the forefront of scientific 
research and whose likelihood of occurrence is poorly known, but which have the potential to significantly increase the rate of 
ice-sheet mass loss. These processes include a “faster-than-projected disintegration of marine ice shelves and the abrupt, 
widespread onset of marine ice cliff instability and marine ice-sheet instability in Antarctica”, as well as “faster-than-projected 
changes in both the surface mass balance and dynamical ice loss in Greenland” (Fox-Kemper et al., 2021). See Box ES.2 and 2.1 
for further discussion. 

Box ES.1. Confidence Term Basics 

The STAP report includes confidence statements that are used to communicate the STAP’s level of 
scientific certainty that key outcomes may occur (e.g., low, medium, high, very high confidence). 
These levels of confidence have been assigned by expert members of the STAP consistent with IPCC 
conventions and are based on the most current science and are a measure of (1) the type, amount, 
and quantity of scientific evidence and (2) the degree of agreement among lines of evidence. 

Consistent with the conventions developed by the IPCC, these confidence terms are italicized. Terms 
are italicized to alert readers that these terms are not being used colloquially but because they 
represent specific, defined terms for communicating quantifiable uncertainty and are based on a 
panel assessment.  
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rapid ice-sheet loss processes) to see SLR of 1.5 ft to 2.5 ft (0.46 to 0.76 m) by 2070, and 2.2 ft to 
3.8 ft (0.67 to 1.17 m) by 2100. Including potential rapid ice-sheet loss processes could extend 
these ranges to 2.8 ft (0.86 m) in 2070 and 4.5 ft (1.36 m) in 2100. Even considering such ice-sheet 
processes, it is extremely unlikely (less than a 5% chance) that SLR will exceed 3.5 ft (1.07 m) by 
2070 and 6.2 ft (1.88 m) by 2100. 

3. Under a high-emissions scenario consistent with global emissions trends before the adoption of 
the Paris Agreement, coastal areas of New Jersey are likely (at least a 66% chance in the absence of 
potential rapid ice-sheet loss processes) to see SLR of 1.6 ft to 2.6 ft (0.49 to 0.78 m) by 2070, and 
2.6 ft to 4.3 ft (0.79 to 1.30 m) by 2100. Including potential rapid ice-sheet loss processes could 
extend these ranges to 3.0 ft (0.91 m) in 2070 and 5.2 ft (1.58 m) in 2100. Even considering such 
ice-sheet processes, it is extremely unlikely (less than a 5% chance) that SLR will exceed 3.9 ft (1.17 
m) by 2070 and 7.5 ft (2.28 m) by 2100. [Section 4.d] 

The 2025 STAP Report’s projected likely ranges of SLR agree well with observed SLR between 2005 and 
2020. For example, STAP projections of 0.25–0.51 ft (0.08–0.16 m) of sea-level rise between 1995–2014 
and the 19-year period centered at 2020 (2011–2029) along the Jersey Shore compare to estimates of 0.31 
± 0.11 ft (0.09 ± 0.03 m) at Atlantic City, 0.33 ± 0.09 ft (0.10 ± 0.03 m) at Sandy Hook, and 0.37 ± 0.11 ft 
(0.11 ± 0.03 m) at Cape May. [Section 4.j]  

This report’s projections are also quite similar to those of the 2019 STAP Report when accounting for 
differences in emissions scenarios and the presentation of information regarding potential rapid ice-sheet 
loss processes (Box ES.1). For example, the likely range of projected sea-level rise for 2100 (relative to the 
1995–2014), incorporating a representation of potential rapid ice-sheet loss processes, was 1.9–5.0 ft (0.58 
– 1.52 m) according to the 2019 STAP report for its moderate warming (3.5°C) scenario and is 2.6–5.2 ft 
(0.79 – 1.58 m) for this report for the high emissions scenario (median warming of 3.8°C). [Section 4.h] 
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Box ES.2. Differences in sea-level rise projections from the 2019 STAP report 

In addition to technical updates to modeling methodologies, the sea-level projections in this 
report differ from those in the 2019 STAP report in two main ways:  

1. Climate Scenarios: The climate scenarios used in the report are updated from those in the 
2019 STAP Report. The 2019 STAP Report provided sea-level rise projections for low, 
moderate, and high global warming scenarios (corresponding respectively with 2°C, 3.5°C, 
and 5.0°C of warming above pre-industrial levels by 2100). At the time of the 2019 STAP 
Report, independent assessments indicated that the then-current global policy and 
technology trends would lead to a median projected warming of around 3.3°C by 2100, 
consistent with the 2019 STAP Report’s moderate warming scenario. This report employs 
the same Shared Socioeconomic Pathway (SSP) emission scenarios used by the 
Intergovernmental Panel on Climate Change’s 2021 Sixth Assessment Report (AR6). The 
AR6’s low (SSP1-2.6), intermediate (SSP2-4.5), and high (SSP3-7.0) greenhouse-gas 
trajectories correspond with median projected global warming of 1.6°C, 2.6°C, and 3.8°C by 
2100, respectively. Current analyses indicate that policy and technology trends as of 2024 are 
most consistent with the intermediate emissions scenario. For these reasons, this report uses 
‘low’, ‘intermediate,’ and ‘high’ labels in the same manner as AR6, distinct from the usage of 
the 2019 STAP. This report’s ‘high’ emissions scenario aligns most closely with the 
‘moderate’ warming scenario in the 2019 STAP report. [Sections 4.a, 4.h] 

2. Communication of Scientific Uncertainty: The methodology used in this report to create 
sea-level rise projections is similar to that employed by AR6 and updated from that of the 
2019 STAP. In addition to modeling updates, the two STAP reports differ in how they 
incorporate and communicate the effects of potential rapid ice-sheet loss processes (i.e., 
unknown-likelihood, high-impact processes that could rapidly accelerate ice-sheet mass 
loss in Antarctica or Greenland). The 2019 STAP Report included representations of these 
rapid ice-sheet loss processes in all sea-level rise projections. Consistent with AR6, this 
report provides sea-level rise projections that include these rapid ice-sheet loss processes 
and projections that do not. This allows users to choose between more protective 
projections that attempt to include unknown-likelihood, high-impact processes and less 
protective projections that exclude them. [Sections 4.b, 4.h] 

To clarify, both the 2019 and 2025 STAP Reports incorporate ice-sheet loss in sea-level rise estimates 
(i.e., ice loss from melting ice sheets and calving), but each STAP Report differs in how potential rapid 
ice-sheet loss processes are included in sea-level rise estimates (i.e., a faster, accelerated rate of ice-
sheet loss in Antarctica and Greenland that will cause additional sea-level rise).5 These potential rapid 
ice-sheet loss processes are at the frontier of scientific discovery, and scientists are uncertain how 
much and how fast potential rapid ice-sheet loss may occur (magnitude and rate) [Sections 4.b, 4.h] 

 
5 As noted in Fox Kemper et al. (2021), these rapid-ice sheet loss processes include, “earlier-than-projected disintegration of 
marine ice shelves, the abrupt, widespread onset of marine ice sheet instability and marine ice cliff instability around 
Antarctica, and faster-than-projected changes in the surface mass balance and discharge from Greenland.” For more 
information see the “Low Confidence” definition in this document’s Glossary of Select Terms and Acronyms. 
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c) Future Coastal Storms Findings 
The proportion of very intense hurricanes (Category 4 and 5) will increase with warming, as will the rate 
at which TCs intensify (high confidence). However, there is mixed evidence regarding changes in the total 
number of North Atlantic TCs, and potential changes in TC trajectories, which complicates the link 
between TC intensification and coastal impacts. There is very high confidence that the rainfall rate of TCs 
will continue to increase with warming. Overall, there is low confidence regarding future changes in ETCs 
due to the limited body of evidence. [Section 6.a] 

 

d) Future Coastal and Compound Flood Hazards Findings 
There is very high confidence that, even excluding changes to storm characteristics, future coastal flooding 
will be worse due to rising sea levels. [Section 6.b] Considering only the effects of future SLR (and its 
uncertainty) on flood events: 

• It is likely (at least a 66% chance in the absence of potential rapid ice-sheet loss processes) that 
Atlantic City will experience between 29 and 148 coastal flood days (i.e., a high-water level greater 
than 4 feet above 1995–2014 mean sea level baseline at least one time during the 24-hour day) in a 
typical year around 2050. Note that this is the average number of coastal flood days per year and 
does not include the year-to-year variability, which will cause some years to have a number of 
flood events well above average.  

• It is likely (at least a 66% chance in the absence of potential rapid ice-sheet loss processes) that 
Atlantic City will experience between 227 and 359 coastal flood days in a typical year by 2100. 
Including potential rapid ice-sheet loss processes could extend the upper end of the number of 
coastal flood days to daily coastal flood days.  

• It is extremely likely (more than a 95% chance) that the average number of coastal flood days at 
Atlantic City in a typical year will exceed 130 by the year 2100.  It is likely (at least a 66% chance in 
the absence potential rapid ice-sheet loss processes) that flooding will occur between 227 and 359 
days a year in a typical year around 2100. [Section 5.b] 

Changes in compound flooding depend on the changes in all the contributing flood drivers, with some 
being more uncertain than others. Overall, there is very high confidence that the frequency of compound 
flooding will increase due to the combination of SLR, increased rainfall rate, and changes in storm 
intensity with associated changes in the storm surge climate. [Section 6.b] 

 

e) Impacts of SLR and Coastal Storms Findings 
SLR and storms have significant effects on the erosion, ecology, and hydrology of coastal environments. 
The future resilience of New Jersey’s coastal environments will be shaped by how effectively planning and 
management approaches integrate process-based understanding, account for nature-based strategies, and 
consider the differing capacities of communities to adapt (high confidence).  [Section 7.e] 
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New Jersey’s shorelines will continue to experience significant erosion driven by SLR and storms, with 
patterns strongly influenced by local geomorphology and the extent of coastal engineering (high 
confidence). Current levels of intervention may become economically unsustainable, particularly for 
lower-income communities. [Section 7.a] 

Between 1993 and 2021, sea-level rose an estimated 5.0 ± 1.0 mm/yr (2.0 ± 0.4 inches/decade) in Atlantic 
City, NJ, which is near the maximum rate of SLR with which coastal wetlands may be able to keep pace.  

SLR will cause saltwater intrusion in both groundwater and surface water (high confidence). Barrier 
islands are expected to be particularly vulnerable, especially those that pump large volumes of 
groundwater. However, few studies have examined site-specific vulnerability to saltwater intrusion in the 
New Jersey Coastal plain, thus implying a low confidence in whether particular sites will experience 
saltwater intrusion over the near term (next 50 years). [Section 7.c] 

SLR will raise coastal water tables, leading to more groundwater flooding (high confidence), but there is 
low confidence as to which communities will be most impacted. [Section 7.d] 
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Table ES-1. New Jersey SLR estimates for Atlantic City, NJ, above the 1995–2014 baseline (ft). SLR estimates are grouped by emissions scenario and year with rows 
corresponding to different SLR projection probabilities. Banners across the full width of the table indicate which SLR projections include or exclude unknown-likelihood, high-
impact processes that are on the frontier of scientific understanding (i.e., potential rapid ice-sheet loss processes). Table footnotes provide additional information regarding how 
to interpret this table. 

  Across Emissions Scenarios Low Emissions  
(SSP1-2.6) 

Intermediate Emissions  
(SSP2-4.5) 

High Emissions  
(SSP3-7.0) 

Degrees of 
Warming (°C)† 

1.7 (1.3-2.5) 
°C Warming 

1.9 (1.3-3.1) 
°C Warming 

1.7 (1.3-2.4) 
°C Warming 

1.6 (1.2-2.3) 
°C Warming 

1.5 (1.1-2.3) 
°C Warming 

2.3 (1.8– 3.0) 
°C Warming 

2.6 (2.0-3.6) 
°C Warming 

2.8 (2.1-4.0) 
°C Warming 

2.8 (2.2- 3.5) 
°C Warming 

3.8 (3.0-5.0) 
°C Warming 

5.1 (3.9-7.0) 
°C Warming 

Year 2040 2050 2070 2100 2150 2070 2100 2150 2070 2100 2150 
Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes  

> 95% Chance 
SLR Exceeds* 0.5 0.7 1.1 1.3 1.7 1.2 1.8 2.5 1.3 2.1 3.2 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds* 0.7 0.9 1.3 1.8 2.3 1.5 2.2 3.1 1.6 2.6 3.9 

~50% Chance 
SLR Exceeds 1.0 1.3 1.8 2.4 3.5 1.9 2.9 4.5 2.0 3.3 5.5 

<17% Chance 
SLR Exceeds‡ 1.3 1.7 2.3 3.3 4.9 2.5 3.8 6.3 2.6 4.3 7.7 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 1.4 1.9 2.5 3.7 5.8 2.8 4.5 12.0 3.0 5.2 16.2 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 1.7 2.3 3.2 5.1 9.4 3.5 6.2 17.9 3.9 7.5 20.2 

 

* Projections that include unknown-likelihood, high-impact rapid ice-sheet loss processes in whose rate and magnitude there is low confidence are denoted with an asterisk (*). SLR projections with a >95% chance or >83% 
chance of being exceeded (i.e., the top two row of SLR estimates) are the same regardless of whether these potential rapid ice-sheet loss processes are included or excluded. The ~50% and <17% chance likely range rows 
do not incorporate these rapid ice-sheet loss processes. 

‡ The likelihood of potential rapid ice-sheet loss processes falls somewhere between zero and one, but different experts have different opinions on where it falls within that range. Thus, other experts will disagree on where 
they draw the ‘true’ ‘<17% chance SLR exceeds’ bound, but would agree that it falls between the 83rd percentile of projections excluding potential rapid ice-sheet loss processes (i.e., the "<17% chance‡" values) and the 
83rd percentile of projections that incorporate potential rapid ice-sheet loss processes (i.e., the "<17% chance*" values). As such the "<17% chance*" projections can be considered within the extended likely range projections. 

† Estimated degrees of atmospheric warming relative to late nineteenth century (1850–1900) levels provided for each year and emissions scenario using the format “median (5th – 95th percentile range).” Values derived 
from the FaIR climate module within the FACTS 1.1. Estimated degrees of warming for 2040 and 2050 are reported using the format “median of the intermediate emissions scenario (5th percentile from SSP1-2.6 – 95th 
percentile from SSP3-7.0).  

Additional Notes for Table ES1:  
• All SLR estimates are 19-year means of sea-level measured with respect to a 1995–2014 baseline centered on the year indicated in the third row of the table. Low (blue), intermediate (orange), and high (red) emissions 

scenarios above correspond to SSP1-2.6, SSP2-4.5, and SSP3-7.0, respectively.  
• Near-term projections (through 2050) exhibit only minor sensitivity to different emissions scenarios (<0.1 feet for projections using medium-confidence processes [i.e., excluding rapid ice-sheet loss], <0.2 feet for projections 

using low-confidence processes [i.e., including rapid ice-sheet loss]). As such, these columns span the emissions scenarios used in the main body of this report (the low, intermediate, and high emissions scenarios).  
• The STAP 2019 low scenario corresponds most closely to the 2025 STAP low scenario, the STAP 2019 moderate scenario corresponds most closely to the 2025 STAP high scenario, and the STAP 2019 high scenario 

corresponds most closely to the 2025 STAP very high scenario (found in Appendix B). 
• Table 5 highlights: the extremely likely to be exceeded SLR to show the amount of SLR that is most likely to occur; the likely range to show what amount of SLR has at least a 66% chance of occurring consistent with 

AR6; the extended likely range to show the potential effects of rapid ice-sheet loss processes on SLR; and the extremely unlikely to be exceeded SLR to highlight the greatest SLR extent resulting from rapid ice-sheet 
loss processes.   

• All SLR projections include the impact of ice-sheet loss (i.e., ice loss from melting ice sheets and calving). However, the projections designated to include rapid ice-sheet loss processes incorporate the potential impact 
of processes in Antarctica and Greenland that could further accelerate ice-sheet loss.
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SECTION 2. INTRODUCTION 
a) The Charge/Statement of Purpose 
This document (hereafter the “2025 STAP report”) represents the findings of the third New Jersey Science 
and Technical Advisory Panel on Sea-Level Rise and Coastal Storms (STAP). This STAP was convened by 
Rutgers University on behalf of the New Jersey Department of Environmental Protection (NJDEP). It 
follows two prior STAPs. The first STAP was convened in 2015 by Rutgers University on behalf of the 
New Jersey Climate Change Alliance and culminated in a 2016 report that identified planning options for 
practitioners to enhance the resilience of New Jersey’s people, places, and assets to SLR, coastal storms, 
and the resulting flood risk (Kopp et al., 2016). The second STAP was convened in 2019 by Rutgers on 
behalf of the NJDEP and culminated in a 2019 report, which updated the 2016 report based on the most 
current scientific information (Kopp et al., 2019). Similar to the previous two STAPs, the third STAP was 
charged with identifying and evaluating the most current science on sea-level change and changing 
coastal storms. Specifically, the STAP was charged with reaching consensus on the following questions:  

1. Historical Changes in Sea Level and Storms: How much has sea level risen in New Jersey, and 
what has driven these changes? How have high tide flooding, tropical cyclones, and extratropical 
cyclones changed historically? 

2. Future Sea-Level Rise: What is the range of future estimates of sea-level rise (SLR) for New 
Jersey? How probable are different estimates of SLR for New Jersey? 

3. Future Storms: How are coastal storm characteristics and impacts projected to change in New 
Jersey and the Atlantic Basin? 

4. Flood Hazards: What are the estimated changes in flood hazards for New Jersey from coastal 
storms and SLR, and how probable are those estimates? Including: 

o How will different estimates of SLR and changes in storms impact the frequency with 
which communities experience coastal flooding and compound coastal/rain-driven 
flooding from storm events in New Jersey? 

o How will different estimates of SLR impact the frequency with which communities 
experience coastal flooding events in New Jersey? 

o How will coastal storms and SLR impact coastal erosion, coastal wetlands, and saltwater 
intrusion in New Jersey? 

5. Scientific Uncertainty: How can efforts to apply current science recognize scientific uncertainties 
and the ongoing nature of scientific learning, and how often should stakeholders reassess 
advances in scientific information for the purposes of applying the latest science into practice?  

 

b) Producing this Report 
This document was produced through a rigorous collaboration among scientists, practitioners, and 
reviewers. First, the STAP compiled and assessed information and data published or pending publication 
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in peer-reviewed journals as of September 2025. Next, the STAP summarized its findings in a draft STAP 
report which was subsequently reviewed by four independent expert reviewers. The expert reviewers (1) 
assessed the evidence and arguments presented in the draft STAP report and (2) determined whether the 
science presented was sound and fully responsive to the STAP’s charge. Expert reviewers were asked to 
follow guidelines based on the National Academy of Sciences policies and procedures regarding the 
review of reports (NAS 2025) to ensure the STAP report: 

1. Responds to all aspects of the project scope but does not go beyond it; 

2. Has evidence, analysis, and arguments to support its conclusions; 

3. Acknowledges when there are uncertainties or incompleteness in the evidence; 

4. Acknowledges if any conclusions are based primarily on value judgments or the collective 
opinion of the STAP authors, and if so, gives adequate reasons for reaching those judgements; 

5. Maintains a tone of impartiality, considers alternative viewpoints, avoids advocacy, and treats 
sensitive issues with care; and, 

6. Is clear and easy to understand, and communicates its key messages effectively, especially in the 
Executive Summary. 

The draft STAP report was then reviewed by a panel of practitioners (hereafter “Practitioner Panel”) to 
offer insights on applying the STAP science to State and local planning and decision-making. The 
Practitioner Panel’s input was considered by the STAP and was incorporated into the final 2025 STAP 
report. This includes: the addition of the Glossary of Select Terms and Acronyms; a restructured sea-level 
rise table (Table ES.1) grouped by emissions scenario and with clear banners indicating whether potential 
rapid ice-sheet loss processes (see Box 2.1) were included in the sea-level rise projections; clearer 
communication of uncertainty; and more. Review Editors oversaw the scientific review and Practitioner 
Panel process to ensure the STAP’s full consideration of the scientific reviewer and Practitioner Panel 
input for the final 2025 STAP report. 

 

c) How to Use this Document 
Planners, engineers, elected officials, land managers, and other practitioners can use the 2025 STAP report 
to consider community asset exposure to various levels of flooding, such as permanent inundation, high-
tide flooding, and compound flooding, both in the near- and long-term. Consistent with the 
recommendations of the Practitioner Panel, readers may benefit from plain language definitions of key 
terms to interpret the results in this STAP Report. These key terms can be found in the “Glossary of Select 
Terms and Acronyms” just after the Table of Contents for this report. A detailed explanation about 
Uncertainty Terms is included in Box 2.1 for additional context: Box 2.1 is an abridged version of the 
discussion of uncertainty terms in Section 4b of this report. 
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Box 2.1. Uncertainty Terms Used in the 2025 STAP Report 

There is much that is very well known about climate change; for instance, it is an unequivocal fact 
that Earth’s surface is being heated by greenhouse gases emitted by human activities, and that 
global-mean sea level is also rising as a consequence. But as with all science, different processes are 
understood with different degrees of certainty and uncertainty. Correctly characterizing uncertainty 
is essential to accurate scientific communication and to inform risk management.  

Following conventions established by the IPCC, this report distinguishes two types of uncertainty: 
confidence and likelihood (Mastrandrea et al., 2010).  Confidence is a qualitative measure of the 
amount and degree of agreement among different lines of evidence (e.g., observations, experiments, 
theories, models, statistics) for a conclusion (Figure BX1). High confidence conclusions have a 
robust, diverse body of evidence with a high degree of agreement, while low confidence conclusions 
are characterized by a limited amount of evidence and/or a low degree of agreement among lines of 
evidence. Well-established science is associated with high confidence, while the frontier of scientific 
discovery is generally associated with low confidence.  

Likelihood is a quantitative measure of how probable a conclusion is. In IPCC terminology, a 
conclusion is likely if there is at least a 2-in-3 chance of it being true, and very likely if there is at least 
a 9-in-10 chance of it being true (Table BX1) 

In the context of SLR, the IPCC identified many contributing processes with rates and magnitudes 
that can be projected with medium or high confidence, and these processes are reflected in the 
IPCC’s projections of future likely SLR. The IPCC also identified a suite of scientifically contested 
ice-sheet processes, with potential rates and magnitudes characterized by low confidence. Because of 
the limited agreement among lines of evidence regarding the rates and magnitudes of these 
processes within published literature, their likelihood is poorly known.  

High-end sea-level outcomes associated with these processes were called “low-likelihood, high-
impact outcomes” by IPCC AR6, but subsequent authors have suggested that they would be more 
clearly referred to as “unknown-likelihood, high-impact outcomes,” since their likelihood is not 
known to be low, but rather is poorly known altogether (Lempert et al., 2024; Kopp et al., 2025). We 
adopt this convention herein.  

The type of uncertainty associated with low confidence processes and unknown-likelihood, high-
impact outcomes is sometimes called deep uncertainty, which the IPCC (following Lempert et al., 
2003) defines as a situation in which “experts or stakeholders do not know or cannot agree on: (1) 
appropriate conceptual models that describe relationships among key driving forces in a system, (2) 
the probability distributions used to represent uncertainty about key variables and parameters 
and/or (3) how to weigh and value desirable alternative outcomes.” 
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Box 2.1. Uncertainty Terms Used in the 2025 STAP Report (continued) 

In an unknown-likelihood, high-impact future, the IPCC notes the potential for “faster-than-
projected disintegration of marine ice shelves and the abrupt, widespread onset of marine ice cliff 
instability (MICI) and marine ice-sheet instability (MISI) in Antarctica”, as well as “faster-than-
projected changes in both the surface mass balance and dynamical ice loss in Greenland” (Fox-
Kemper et al., 2021; Fricker et al., 2025). We also refer to these phenomena herein as “potential 
rapid ice-sheet loss processes.”  

Note that the IPCC does not ascribe low likelihood to low-confidence processes; rather, the 
likelihood of these processes are described as deeply uncertain and poorly known. Accordingly, the 
IPCC does not provide likely ranges considering all processes contributing to sea-level change – the 
IPCC’s likely projections include only processes characterized by at least medium confidence. Some 
experts might judge the likelihood of low-confidence processes to be very low and thus take the 
IPCC medium confidence likely ranges as assessments of likely sea-level change in total; other 
experts, judging the likelihood of low-confidence processes to be higher, might take the IPCC 
medium confidence likely range as lower bounds of likely sea-level change. This discussion of 
uncertainty is continued in Section 4b. 

 

Figure BX1. The IPCC schematic describing the different levels of confidence associated with differing degrees 
of evidence and agreement among lines of evidence. Confidence increases toward the top-right corner, as 
reflected by the darker shading. (Modified from Mastrandrea et al., 2010). 

Table BX1. The likelihood scale used by the IPCC and by this report to help readers interpret the probability 
of an event or broader outcome occurring. (Modified from Mastrandrea et al., 2010). 

Term Likelihood of the Outcome 

Virtually certain 99–100% probability 
Extremely likely 95–100% probability 

Very likely 90–100% probability 
Likely 66–100% probability 

More likely than not 50–100% probability 
About as likely as not 33–66% probability 
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SECTION 3. FACTORS CONTRIBUTING TO CHANGES IN SEA LEVEL AND 
COASTAL STORMS  
a) Introduction 
The report analyzes two critical drivers of future coastal hazards facing New Jersey residents: changing 
local relative sea levels and changing coastal storms. Scientists use knowledge about past changes in sea 
level and coastal storms to contextualize and help project future changes in sea level and coastal storms. 
Section 3 provides (1) an overview of concepts and terminology used to describe factors that contribute to 
changes in sea level and coastal storms (Section 3.b), (2) an overview of the latest published science 
regarding historical changes in sea level and coastal storms in New Jersey (Sections 3.c, 3.d, 3.g), and (3) a 
sea-level rise (SLR) budget generated by the STAP that incorporates the latest science and the STAP’s 
expert assessment of the drivers of SLR over time in New Jersey (Section 3.f).6  

Section 3 describes two types of SLR: global mean sea-level (GMSL) change and relative sea-level (RSL) 
change. GMSL change is the change in the global-average height of the ocean relative to the sea floor. It is 
free of spatial redistribution processes that appear in regional sea levels, such as wind and ocean 
circulation changes. It is determined by the volume of water in the ocean and is measured as the area-
weighted mean of RSL change over the connected surface area of the ocean, including areas covered by 
sea ice and ice shelves (Gregory et al., 2019). GMSL change provides a useful metric for summarizing the 
effects of those processes that change sea level all around the world. RSL change is a measure of the 
change in local sea level. RSL change is the change in local mean sea level relative to the local land surface 
over a period of time (Gregory et al., 2019). RSL change is the metric that is most directly relevant to the 
coastal impacts of SLR and adaptation thereto. 

 

b) Overview of Processes Driving Sea-Level Change  
GMSL change and RSL change are determined by several factors (Gregory et al., 2019; Fox-Kemper et al., 
2021). Global factors, discussed in greater detail in Section 3.c, include: 

1. Thermal expansion of ocean water. 

2. Land ice mass loss from glaciers and ice sheets. 

3. Changes in terrestrial water storage. 
 
 
 

 
6 Section 3 of the 2025 STAP report keeps language from the previous edition (2019) of the report where the current science is 
consistent with the 2019 edition. Where the science is not consistent, the language has been modified as necessary. The 
authors would like to acknowledge the authors of the 2019 edition for their contribution to this work as listed in Kopp et al. 
(2019). 
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Beyond these global factors, additional factors also impact RSL change in New Jersey. These regionally 
important factors, discussed in greater detail in Section 3.d, include: 

1. Glacial isostatic adjustment (GIA), which is the ongoing adjustment of the solid Earth to the loss 
of the North American ice sheet at the end of the last ice age.  

2. Vertical land motion (VLM) due to natural sediment compaction and human-caused 
groundwater withdrawal. 

3. Ocean dynamic sea-level (DSL) changes due to changes in ocean and atmosphere circulation, 
temperature, and salinity. 

4. Gravitational, rotational, and deformational effects (GRD), which are changes in the height of 
Earth’s gravitational field and crust associated with the large shifts of mass from land ice or land-
water reservoirs to the ocean. For New Jersey, GRD diminishes the effect of the Greenland ice 
sheet and Arctic glacier melt and increases the effect of Antarctic ice-sheet melt.  

5. Inverse barometer effects (IB), which are changes in the ocean’s surface due to variations in 
atmospheric pressure above sea level. IB typically expresses as a 0.03 ft (~1cm) SLR to a 1hPa drop 
in sea-level pressure.  

 

c) Overview of Published Science on Global Mean Sea-Level (GMSL) Change  
The IPCC AR6 assessed that, over 1900–2018, GMSL rose at a rate of 0.7 ± 0.2 inches/decade (1.7 ± 0.5 
mm/yr) (Fox-Kemper et al., 2021), with human-caused climate change from atmospheric warming being 
the dominant driver since at least 1970 (Oppenheimer et al., 2019). The rate of GMSL rise, as measured 
using both tide gauges and satellite observations, has been accelerating since the 1960s (Dangendorf et al., 
2019). The average rate of GMSL rise over 1993–2024 was about 1.3 ± 0.2 inches/decade (3.3 ± 0.4 
mm/yr), and it has accelerated from 0.8 ± 0.4 inches/decade (2.1 ± 1.0 mm/yr) in 1993 to 1.7 ± 0.4 
inches/decade (4.5 ± 1.0 mm/yr) in 2024 (Hamlington et al., 2024). The three major processes 
contributing to GMSL change on human timescales are thermal expansion, land ice mass loss, and 
changes in terrestrial water storage. 

1. Thermal expansion, also known as global-mean thermosteric SLR, is the increase in the volume 
of seawater that occurs because of ocean warming. AR6 assessed that, over 1993–2018, it was 
responsible for about 46% of observed GMSL rise (about 0.5 ± 0.1 inches/decade [1.3 ± 0.4 
mm/yr]; Fox-Kemper et al., 2021).  

2. Land ice mass loss (from ice sheets and glaciers) increases GMSL when ice sheets and glaciers lose 
more mass via melting than they accumulate and when ice breaks off and flows into the ocean as 
icebergs. Note that this volume addition does not include the parts of ice shelves or glacier 
tongues whose weight is supported by the ocean rather than the land (Gregory et al., 2019). 

AR6 assessed that mountain glaciers are currently responsible for about 19% of observed GMSL 
rise (0.2 ± 0.1 inches/decade [0.6 ± 0.2 mm/yr]; Fox-Kemper et al., 2021). (Note: these values will 
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differ depending on whether experts include Greenland peripheral glaciers as part of the ice 
sheet.)  

The rates of Greenland ice-sheet and Antarctic ice-sheet loss have increased over the past decades 
(e.g., Harig & Simons, 2012, 2015; Shepherd et al., 2012; Mouginot et al., 2019; Rignot et al., 
2019). The Greenland ice sheet was approximately stable in the 1970s (Mouginot et al., 2019) and 
has been shrinking at an accelerating rate since then due to warming Arctic temperatures (with it 
and its peripheral glaciers contributing about 15% of observed GMSL rise (0.1 ± 0.03 
inches/decade [0.4 ± 0.1 mm/yr] over 1993–2018; Fox-Kemper et al., 2021) (Mouginot et al., 
2019). The Antarctic ice sheet and its peripheral glaciers, whose loss is also accelerating (Rignot et 
al., 2019), contributed to GMSL at a rate of 0.1 ±0.04 inches/decade (0.3 ± 0.1 mm/yr) (about 9% 
of observed GMSL rise) from 1993–2018 (Fox-Kemper et al., 2021). 7 

Since about 2020, total Antarctic ice-sheet mass loss has slowed, with notable mass gain occurring 
in the year 2022 as a result of high snowfall (Wang et al., 2025). However, this short-term 
slowdown does not necessarily reflect a long-term trend. Total Antarctic mass trends reflect a 
balance between areas that are losing mass at an accelerating rate due to ocean-ice interactions 
and areas that are gaining mass due to increasing snowfall. The potential for rapid acceleration in 
ice loss due to ocean-ice interactions can greatly outpace the accumulation effect of increasing 
snowfall.  

Antarctic mass loss is currently localized near the ice sheet margins of West Antarctica, 
particularly the Amundsen Sea Sector. Marine-based sectors like the Amundsen Sea Sector are 
subject to dynamic instability (e.g., Schoof, 2007), and some evidence suggests that parts of the 
West Antarctic ice sheet may already be committed to long-term retreat (Joughin et al., 2014; 
Rignot et al., 2014). Gravitational instability of marine ice cliffs (i.e., calving of icebergs at marine-
terminating ice fronts) may also accelerate future mass loss of the West Antarctic Ice Sheet and 
some parts of the East Antarctic Ice Sheet (DeConto et al., 2021), though the importance of this 
process remains scientifically contested (e.g., Bassis et al., 2021; Crawford et al., 2021; Schlemm et 
al., 2022; Morlighem et al., 2024). On centennial timescales, the behavior of the marine-based 
sectors of the Antarctic ice sheet are the dominant source of uncertainty in GMSL rise projections 
(Kopp et al., 2014; WCRP Global Sea Level Budget Group, 2018).  

3. Terrestrial water storage is water on land in the form of surface water (e.g., in lakes, rivers, and 
reservoirs), groundwater, soil moisture, snow, and permafrost (Gregory et al., 2019). Changes in 
terrestrial water storage are caused by natural variability in the amount of water stored in lakes, as 
well as from the filling of dams (driving GMSL fall) and groundwater extraction (driving rise). 
AR6 assessed that changes in land-water storage contributed about 0.12 ± 0.07 inches/decade (0.3 
± 0.2 mm/yr) to GMSL rise over 1993–2018, about 11% of the observed rise (Fox-Kemper et al., 
2021). 

 

 
7 Percentages are IPCC AR6 estimates based on central estimate contributions compared to the central estimate of the sum of 
contributions, not compared to observed GMSL change. 
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d) Overview of Published Science on Relative Sea-Level (RSL) Change in New 
Jersey 

Sea level is not changing at the same rate at all points around the globe. The factors affecting RSL change 
can be divided into three categories: (1) those affecting GMSL, discussed above; (2) those affecting the 
height of the sea surface relative to a globally uniform change; and (3) those affecting the height of the 
solid Earth (i.e., causing vertical land motion) (e.g., Kopp et al., 2015; Gregory et al., 2019). The latter two 
categories of factors affecting RSL change are discussed in greater detail below: 

1. Glacial isostatic adjustment (GIA) arises from the ongoing, multi-millennial response of Earth’s 
mantle to past glaciations. Twenty thousand years ago, the Laurentide ice sheet covered much of 
North America, extending as far south as northern New Jersey. The Laurentide ice sheet reached 
its maximum extent from 27,000 to 20,000 years ago, covering the northern tier of North 
America, extending as far south as northern New Jersey. Between about 20,000 and 7,000 years 
ago, this giant ice sheet melted during the termination of the ice age. GIA is caused by the 
ongoing, viscous redistribution of mantle mass due to past changes to the load of ice mass on the 
Earth’s surface (Gregory et al., 2019). Like GRD effects arising in response to contemporary 
changes in land ice, GIA affects both the height of the solid Earth and Earth’s gravitational field 
and rotation (and thus the height of the sea surface). The land under the former cores of shrunken 
ice masses rebounds upward as displaced mantle material returns underneath, lowering RSL. 
Land at the periphery of former ice sheets (that was raised high as a bulge while the ice sheet 
depressed neighboring land downwards) subsides, again due to the migration of mantle mass to 
the previously depressed region (raising RSL). New Jersey, which sits on the former peripheral 
bulge of the Laurentide Ice Sheet, is currently experiencing GIA-associated subsidence, associated 
with SLR at a rate of about 0.5 ± 0.1 inches/decade (1.4 ± 0.2 mm/yr) (e.g., Walker et al., 2021). 

2. Vertical Land Movement. Other factors aside from GIA can also contribute to vertical land 
motion (VLM), including tectonics and sediment compaction (Shirzaei et al., 2020). In the New 
Jersey region, tectonic subsidence and uplift are minimal, but sediment compaction can be a 
significant factor. Sediment compaction affects the height of the solid Earth in areas located on 
unconsolidated sediments, such as the mid-Atlantic Coastal Plain (as opposed to bedrock, such as 
that on which Manhattan sits). Compaction occurs naturally due to mass loading due to the mass 
of sediments and water. Since the early 20th century, it has been substantially enhanced along the 
Jersey Shore by groundwater withdrawal; pumping water from aquifers can cause rapid 
subsidence due to decreased pore pressures allowing compaction to shrink the void space between 
sediment grains (Hamlington et al., 2020). Over the 20th century, natural and anthropogenic 
subsidence typically contributed around 0.4 inches/decade (1 mm/yr) of SLR along the New 
Jersey coastal plain, but the anthropogenic component varies over space and time (Miller et al. 
2013; Johnson et al., 2018).  

3. Ocean dynamic sea-level (DSL) change affects only the height of the sea surface. It arises from 
ocean-atmosphere interactions and from ocean circulation changes that alter ocean density and 
the distribution of mass in the ocean (Gregory et al., 2019). DSL exhibits rich spatiotemporal 
variability associated with both anthropogenic climate change and natural climate modes. 

https://www.nature.com/articles/s43017-020-00115-x
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Studies of observed DSL change in the early 2010s focused on an observed regional “hotspot” of 
sea-level acceleration in the U.S. Northeast, beginning in about 1975 (e.g., Ezer & Corlett, 2012; 
Sallenger et al., 2012; Andres et al., 2013; Kopp 2013Various drivers were suggested to be related 
to Gulf Stream variability and/or changes in alongshore wind stress (Andres et al., 2013; Ezer et 
al., 2013; Yin and Goddard, 2013). However, more recently, the regional hot spot of acceleration 
has diminished, while the southeast US coast has experienced SLR rates of up to five times the 
global mean, far larger than New Jersey (e.g., Valle-Levinson et al., 2017; Domingues et al., 2018; 
Dangendorf et al., 2023). The long timescales of internal variability hinder the identification of the 
causal drivers of observed decadal to multidecadal “hotspots” (Kopp et al., 2015). Most recent 
analyses have related DSL variability and the differences between locations north and south of 
Cape Hatteras to a combination of spatially varying wind and buoyancy forcing (Wang et al., 
2024), both of which may be linked to climate modes, including the North Atlantic Oscillation, 
Atlantic Multidecadal Variability, and El Niño Southern Oscillation (e.g., McCarthy et al., 2015; 
Valle-Levinson et al., 2017; Gehrels et al., 2020). 

Future changes in in the position and strength of the Gulf Stream associated with 21st century 
climate changes and weakening of the Atlantic Meridional Overturning Circulation (AMOC) may 
significantly influence DSL along the coast of New Jersey (Yin et al., 2009; Yin & Goddard, 2013; 
Fox-Kemper et al., 2021), with some models projecting >1 ft (30 cm) of DSL rise over the course 
of the century. Indeed, tide gauge observations have found that AMOC influences the frequency 
of flood events in the northeast (Zhang et al., 2025). However, the spatial pattern and amplitude 
of DSL change associated with AMOC weakening varies widely across climate models. The 
connection between future changes and observed decadal to multidecadal variability, and their 
underlying drivers, is currently unclear (Little et al., 2019). DSL thus remains a major contributor 
to uncertainty in 21st-century sea-level changes in the U.S. Northeast (Kopp et al., 2014), which 
also hampers the early detection of long-term accelerations (Sallenger et al., 2012; Haigh et al., 
2014; Dangendorf et al., 2023). 

4. Gravitational, rotational, and deformational (GRD) effects, arising in response to the shifting 
of mass between land ice, terrestrial water storage, and the ocean, affect both the height of the sea 
surface and the height of the solid Earth (Gregory et al., 2019). The movement of mass from land 
ice into the ocean deforms the Earth’s gravitational field, reducing gravitational pull, and thus sea 
level near a shrinking ice sheet and increasing sea level farther away from the ice sheet. It also 
deforms the Earth’s crust and alters the planet’s rotation (Gregory et al., 2019). These processes 
cause the regional expression of SLR associated with land ice mass loss to differ, sometimes 
substantially, from the global mean. Near a melting ice sheet, SLR is suppressed relative to GMSL 
change, with an RSL fall occurring in those areas within ~2000 km of the ice sheet. Distant from a 
melting ice sheet, SLR is enhanced relative to GMSL. For example, along the Jersey Shore, the SLR 
associated with Greenland Ice Sheet melt is ~50% of the global mean, while that associated with 
West Antarctic Ice Sheet melt is ~120% of the global mean, and that associated with East 
Antarctic Ice Sheet melt is ~105% of the global mean (Mitrovica et al., 2011; Kopp et al., 2014). 
Loss of mass from southern Greenland causes less SLR in New Jersey than mass loss in northern 
Greenland (Mitrovica et al., 2018). Another GRD effect is from terrestrial water storage, where 
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water stored in lakes and by the filling of dams can locally depress the Earth’s surface and 
gravitationally attract seawater to collectively increase SLR in New Jersey (Fiedler & Conrad, 
2010).  

5. Inverse Barometer effects (IB) affect the sea surface height in response to the load of 
atmospheric pressure on top of it. IB affects sea level particularly at high latitudes (Ponte 2006) 
where it can account for up to 40% of the inter-annual variance (Ponte 2006; Piecuch et al., 2016). 
IB affects linear trends particularly when based on short assessment periods up to a few 
decades (as opposed to long centennial or more extended periods) and in terms of spatial 
variability, where it accounts for 10-30% at centennial timescales (Piecuch et al., 2016). Along the 
U.S. northeast coast, IB has been demonstrated to account for ~25% of the interannual variance, 
50% of the 2009–2010 extreme SLR event (Goddard et al., 2015), and ~10–30% of recent 
multidecadal accelerations (Piecuch et al., 2015).  

Changes in RSL in New Jersey have been estimated on millennial timescales using geological data. Over 
the last five thousand years, the dominant long-term driver of SLR in New Jersey has been the sinking of 
the land as part of the ongoing GIA response to the disappearance of the North American ice sheet about 
7000 years ago (Walker et al., 2022). Specifically, RSL in New Jersey rose by a total of about 28 ft (8.6 m) 
over the last 5000 years (Walker et al., 2022). Over 0–1700 CE, sea level rose at an average rate of about 6 
inches/century (1.4 ± 0.2 mm/yr) (Walker et al., 2022). Rates of SLR in New Jersey began to increase in 
the late 1800s, reflecting a growing contribution from processes related to current, greenhouse gas-driven 
climate changes and anthropogenic subsidence (Miller et al., 2013; Walker et al., 2022). In particular, 
modern rates of SLR in New Jersey very likely emerged above pre-industrial rates of SLR during the 1880s 
(Walker et al., 2022). Geological and tide-gauge data demonstrate an increase over the 20th century of 
about 12 inches (about 3.1 mm/yr) (Walker et al., 2021).  

 

e) STAP Statistical Analysis Methods for Estimating Global and Local Sea-Level 
Budgets Using Published Science 

Sea-level budget analyses aim to quantify the contribution of the SLR components (e.g., thermal 
expansion, GIA, VLM, etc.) to historical SLR. In other words, sea-level budgets seek to reconcile observed 
sea-level changes with the sum of their independently observed or modelled components found in 
published literature. The sea-level budget for GMSL changes has been closed (i.e., the sum of individual 
components agrees with the measured total) both over the altimetry era (i.e., since 1993) and since the 
beginning of the 20th century (Cazenave et al., 2018; Frederikse et al., 2020; Fox-Kemper et al., 2021). 
Recently, sea-level budget analyses have also been localized using a combination of observations and 
reanalysis models to describe the sum of independent contributions (Frederikse et al., 2016; Dangendorf 
et al., 2021; Harvey et al., 2021; Wang et al., 2021; Dangendorf et al., 2024).  

The STAP has produced global and regional sea-level budgets based on the estimates from Dangendorf et 
al. (2024, SLR budgets available for 1900-2021) and in consideration of the published literature discussed 
in Sections 3.c and 3.d (Table 1). Dangendorf et al. (2024) created a global and regional sea-level 
reconstruction in which ensembles of component fields are used as prior information to construct 
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globally consistent sea-level budgets constrained at a set of tide gauge records. The prior information in 
Dangendorf et al. (2024) came from state-of-the-art observational estimates of GRD (Frederikse et al., 
2020; Fox-Kemper et al., 2021), IB, globally modelled GIA (Caron et al., 2018), and a reconstruction of 
global mean thermal expansion and DSL (jointly referred to as ‘sterodynamic’ sea-level change, Gregory 
et al., 2019) using residual signals at tide gauges and covariance information from satellite altimetry.  

The STAP SLR budget analysis (1993–2021) used the components of GRD, IB, and sterodynamic sea level 
from Dangendorf et al. (2024). GIA was taken from local geological estimates from Walker et al. (2022), as 
indicated in Section 3.d. The analysis was extended temporally for thoroughness (1912–2021, Appendix 
G) and generally shows good agreement with other published estimates, both globally and locally. Results 
of this analysis are found in Section 3.f below. 

 

f) Sea-Level Budget for the Globe and New Jersey 
Observed changes in sea level for New Jersey since the start of the Atlantic City tide-gauge record in 1912 
show sea level in New Jersey is rising faster than GMSL (Figure 1). This is consistent with the geological 
record, which shows sustained relative sea-level rise in New Jersey over the last several millennia (Figure 
2). Taken together, the tide-gauge record (Figure 1) and geological record (Figure 2) show the rates of 
New Jersey SLR have been generally increasing since about 1700 CE. Based on the available data, the 
STAP concludes: 

1. Based on geological data, over the Common Era prior to the late nineteenth century, in New 
Jersey sea-level rose at an average rate of about 0.5 ± 0.1 inches/decade (1.4 ± 0.2 mm/yr). This 
rate is due to regional GIA (Walker et al., 2021). Over this time period, the GMSL change was 
minimal. Rates of sea-level rise in New Jersey, and globally, exceed pre-industrial variability 
beginning in the late nineteenth century. 

2. From 1912 to 2021, sea-level rose 1.7 ± 0.1 inches/decade (4.2 ± 0.2 mm/yr) at the Atlantic City 
tide-gauge, compared to a GMSL rise of 0.6 ± 0.1 inches/decade (1.5 ± 0.2 mm/yr). 

3. From 1970–2021, sea-level rose 1.9 ± 0.2 inches/decade (4.9 ± 0.6 mm/yr) along the New Jersey 
coast, compared to a GMSL rise of 0.9 ± 0.2 inches/decade (2.2 ± 0.5 mm/yr). 

Assessing the different driving factors (i.e., the sea-level budget), provides crucial information about the 
current understanding of sea-level changes along the coast. It also helps distinguish between mitigable 
(e.g., those linked to human-induced climate change) and non-mitigable (e.g., glacial isostatic adjustment) 
contributions. The STAP assessed the driving factors of the observed changes in New Jersey sea level by 
estimating a sea-level budget for 1993–2021 (Table 1). From 1993 to 2021, sea-level rose 2.0 ± 0.4 
inches/decade (5.0 ± 1.0 mm/yr) at the Atlantic City tide gauge, compared to a GMSL rise of 1.3 ± 0.1 
inches/decade (3.2 ± 0.3 mm/yr).  Of the observed rise in sea-level at Atlantic City, the largest driving 
factors are glacial isostatic adjustment (about 28%), global-mean thermal expansion (about 26%), the 
reduction of the amount of ice stored in glaciers and the polar ice sheets (about 24%), and ocean dynamic 
sea level change (changes in winds and currents, as well as the distribution of heat and salinity within the 
ocean; about 20%). These rates may vary somewhat spatially along the New Jersey coast. 
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Figure 1. Comparison of (a) historical sea levels and (b) rates of sea-level change in Atlantic City, NJ and for global-
mean sea-level change using recorded tide gauge data from Dangendorf et al. (2024). Atlantic City values in (a) were 
downloaded from NOAA Center for Operational Oceanographic Products and Services (CO-OPS) Water Levels Tool. 
30-year rates for (b) were calculated using a Singular Spectrum Analysis with an embedding dimension of 15 (Moore 
et al. 2005) with gaps in tide gauge data filled using existing tide gauge reconstruction methods (Dangendorf et al., 
2024). The shadings indicate the 1σ standard error of the nonlinear trend and the GMSL reconstruction, respectively. 
Values for additional tide gauges available in Figure C1. Data gaps (red dotted lines) have been filled for the period 
1921–1922 and 1970–1971 for (a) using values from the sea-level reconstruction from Dangendorf et al. (2024). This 
was done solely to fit a nonlinear trend using the Singular Spectrum Analysis, which requires complete records. 
 
 

https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels
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Figure 2. In orange, rates of SLR as obtained by a spatiotemporal model from Walker et al. (2022) using data from a 
Common Era proxy reconstruction from Cape May Courthouse (Kemp et al., 2013) with centennial-scale trends at 
10-year intervals from 0 to 1960. In yellow, 30-year rates of SLR inferred from the annual tide gauge record at Atlantic 
City using a Singular Spectrum Analysis with an embedding dimension of 15. Uncertainties are shown as 68% and 
95% confidence intervals, as represented by the shadings.  
 
 
 
 
Table 1. Assessed sea-level budget for 1993–2021 (mm/yr and inches/decade). 

 Global Mean 
Sea Level 
(mm/yr) 

Relative Sea Level 
at Atlantic City 

(mm/yr) 

Global Mean  
Sea Level 

(inches/decade) 

Relative Sea Level 
at Atlantic City 

(inches/decade) 
Total Observed 3.2 ± 0.3 5.0 ± 1.0 1.3 ± 0.1 2.0 ± 0.4 
     

Global-mean thermal expansion 1.3 ± 0.3 1.3 ± 0.3 0.5 ± 0.1 0.5 ± 0.1 
Ocean dynamic sea level - 1.0 ± 0.4 - 0.4 ± 0.2 
Inverse barometer effects - -0.3 ± 0.3 - -0.1 ± 0.1 
Glaciers 0.7 ± 0.1 0.6 ± 0.1 0.3 ± 0.04 0.2 ± 0.04 
Greenland Ice Sheet 0.7 ± 0.1 0.2 ± 0.1 0.3 ± 0.04 0.1 ± 0.04 
Antarctic Ice Sheet 0.3 ± 0.1 0.4 ± 0.1 0.1 ± 0.04 0.2 ± 0.04 
Terrestrial Water Storage 0.3 ± 0.2 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.04 
Glacial isostatic adjustment - 1.4 ± 0.2 - 0.6 ± 0.1 
Residual (likely local VLM) - 0.4 ± 0.8 - 0.2 ± 0.3 
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g) Changing Coastal Storm Characteristics 
Communities throughout New Jersey are susceptible to various coastal storm hazards, including those 
from both tropical cyclones (e.g., tropical storms and hurricanes; TCs) and extratropical cyclones (e.g., 
nor’easters; ETCs).  As our planet has warmed, the characteristics of these storms and the hazards they 
present have evolved. The STAP deliberations focused on four aspects of the changing characteristics of 
TCs and ETCs: frequency, intensity, precipitation, and trajectories.  Below is an assessment of the most 
updated science regarding these changing characteristics for both TCs and ETCs. 

Regarding TCs:  

1. Frequency: TC frequency in the Atlantic has unambiguously increased since the 1980s (e.g., 
Landsea et al., 2008; Klotzbach et al., 2008, 2011; Vecchi & Knutson, 2008; 2011; Villarini et al., 
2010). However, once known observing system changes are accounted for, there are no significant 
trends in TC frequency since the late 19th or early 20th century, with the record dominated by 
multidecadal fluctuations and a pronounced decrease in frequency between the 1950s and 1980s 
(Landsea et al., 2008; Vecchi and Knutson 2008, 2011; Villarini et al., 2010; Vecchi et al., 2021). 
There is considerable debate in the scientific community as to the underlying causes and 
predictability of historical multidecadal fluctuations in North Atlantic TC frequency (e.g., Vecchi 
et al., 2017), with changes in TC frequency driven by some combination of variations in 
anthropogenic and natural aerosols, natural variability, and the anthropogenic warming of our 
atmosphere and ocean (e.g., Mann and Emanuel 2006; Booth et al., 2013; Villarini and Vecchi 
2013). Compilations of geological indicators of TC activity in the North Atlantic suggest that 
recent changes in basin-wide frequency remain within the range of variability over the past 1000 
years (e.g., Yang et al., 2024). Moreover, a recent study found, consistent with earlier work, that 
most of the variability of North Atlantic TC activity over the last century was directly related to 
regional rather than global climate change (Emanuel 2021). There is no century-scale trend in US 
landfalling TC frequency nor in the fraction of North Atlantic TCs that make landfall in the US 
(e.g., Vecchi et al., 2011).  

2. Intensity: Both the overall rates at which TCs strengthen and the peak intensity (maximum 
sustained wind near the surface) that Atlantic TCs achieve have increased. The rates at which TCs 
in the Atlantic basin strengthen have increased since the 1970s and 1980s. The rate of abrupt 
increases in intensity over 24 hours (referred to as rapid intensification) has increased both 
globally and in the Atlantic (Bhatia et al., 2019, 2022), and 21st century Atlantic TCs are more 
than three times as likely to strengthen from a Category 1 or weaker storm into a Major 
Hurricane (Category 3 or greater) within 12 hours (Garner 2023).  
 
There has also been a clear increase in the frequency of the strongest hurricanes in the Atlantic 
(Major Hurricanes, Categories 3–5) since the 1980s (Hall and Kossin 2019; Vecchi et al., 2021), 
though once Major Hurricane frequency is homogenized to account for known changes in 
observing practices, much of this recent increase in the number of basin-wide Atlantic Major 
Hurricanes is a recovery from a large decrease in Major Hurricane frequency between the 1950s 
and 1980s and not part of a century-scale trend (Vecchi et al., 2021). Other research suggests that 
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human-caused increases in SSTs have helped to increase intensities in at least 84% of Atlantic TCs 
from 2019–2023 (Gilford et al., 2024).  
 
There is no robust trend in US landfalling Major Hurricane frequency since the late 19th century, 
early 20th century or even since the 1980s (Vecchi et al., 2021). After accounting for the impact of 
changing observing practices, there is no significant trend in the ratio of US landfalling Major 
Hurricane frequency to US landfalling TC frequency, but there is an indication that the ratio of 
North Atlantic basin-wide Major Hurricane to TC frequency (a measure of basinwide TC 
intensity) has increased since the mid-19th century (Vecchi et al., 2021). It has been suggested 
that increases in Atlantic hurricane intensity since the 1980s are the result of a combination of 
internal climate variability, natural and anthropogenic aerosol forcing, and increases in 
greenhouse gases, with no strong consensus yet on the relative contributions of each in the 
scientific literature (e.g., Booth et al., 2013; Villarini and Vecchi 2013; Vecchi et al., 2017; Knutson 
et al., 2019; Gilford et al., 2024).  
 
While more research is required to fully understand the drivers of TC intensity changes in the 
Atlantic, (Villarini and Vecchi 2013; Booth et al., 2013; Vecchi et al., 2017; Knutson et al., 2019), 
recent research indicates that modern Atlantic TCs often reach greater strengths than their 
historical counterparts (Hall and Kossin 2019; Vecchi et al., 2021; Gilford et al., 2024) more 
quickly than they would have in the past (Bhatia et al., 2019, 2022; Garner et al., 2023), suggesting 
an increased hazard for U.S. East and Gulf Coast communities, including those in New Jersey. 

3. Trajectories: The locations in which TCs form, travel, and make landfall have evolved in recent 
years. Using results from downscaled climate models, Garner et al. (2021) show that from the pre-
industrial era (850–1800 CE) to the modern era (1970–2005), TCs that impact the northeastern 
U.S. have become more likely to form closer to the U.S. Southeast coast, and to travel most slowly 
along the U.S. Atlantic coastline. Using a similar technique, Weaver and Garner (2023) show that 
increased TC genesis near the U.S. Southeast coast is robust in all parts of the Atlantic TC season 
for storms that impact the northeast, and that there is an increase in the density of TC landfall 
events along all parts of the New Jersey coast in the modern era compared to the pre-industrial 
era.  There is also limited evidence from geological data (specifically, overwash deposits in 
sediment cores) that the frequency of land-falling TCs in New Jersey was higher in the 20th 
century than in the 17th-19th centuries (Joyse et al., 2024). Homogenized estimates of TC tracks 
indicate an eastward shift in TC and tropical storm tracks since the late-19th century (Vecchi and 
Knutson 2008, 2011) and over recent decades (Kossin et al., 2010). The drivers of decadal and 
multi-decadal historical changes in TC tracks remain to be fully understood, with changes in 
greenhouse gas concentrations (Garner et al., 2021; Murakami & Wang, 2022; Wang et al., 2023), 
aerosols (Murakami 2022, 2024; Wang et al., 2023), natural climate variability (Kossin et al., 2010; 
Sainsbury et al., 2022) and weather scale noise (Kortum et al., 2024)all suggested as plausible 
drivers.  
 
Although work is still being done to fully understand what causes such changes (Kossin et al., 
2010; Murakami & Wang, 2022; Murakami 2022, 2024; Sainsbury et al., 2022; Wang et al., 2023; 

https://journals.ametsoc.org/view/journals/clim/23/11/2010jcli3497.1.xml


 

 31  NJ’s Rising Seas and Changing Coastal Storms Section 3 

Kortum et al., 2024), the scientific literature suggests that modern TCs have become more likely 
to make landfall in New Jersey than their historical counterparts (Weaver & Garner, 2023; Joyse et 
al., 2024), and may do so with less warning time and longer-lasting impacts for New Jersey coastal 
communities (Garner et al., 2021). 

4. Precipitation: TC rainfall is related to TC intensity, and the rain rate varies with radius with the 
highest rain rates typically occurring in the eyewall region of the TC. Several mechanisms have 
been found to be important for TC rainfall including frictional effects, topographic forcing, 
vertical wind shear, and vortex stretching (the effect of storm intensification and weakening 
associated with vortex spinup and spindown) (Lu et al., 2018). Furthermore, storms transitioning 
from tropical to extratropical have been found capable of producing heavy rainfall, especially in 
higher-latitude regions, including New Jersey (Atallah & Bosart, 2003; Liu et al., 2020). As the 
atmosphere warms, the air can hold about 7% more moisture per 1°C (1.8°F) increase of the air 
temperature (i.e., Clausius-Clapeyron scaling). However, the increase of TC-related rain rate 
exceeds Clausius-Clapeyron scaling, since the increase of TC intensity (maximum sustained wind 
near surface) in a warming climate further amplifies increases in the rain rate (Knutson et al., 
2013; Liu et al., 2019). Furthermore, Xi et al. (2022) found that the sensitivity of the TC rain rate 
to SST is +9% per 1°C (1.8°F) increase of SST, roughly the product of the sensitivity of TC 
intensity to SST and the Clausius-Clapeyron scaling.   

STAP Assessment Statement on TCs: In summary, there is high confidence (see Section 4.b for summary 
of confidence terms) that tropical cyclone frequency, including the frequency of major hurricanes, has 
increased in the North Atlantic since the 1980s. There is medium confidence that these changes are 
reflective of the increase in North Atlantic sea-surface temperature, but low confidence in the relative 
importance of internal climate variability, increasing greenhouse gas concentrations, and decreasing 
aerosol (e.g., particulate matter) emissions in driving these changes. There is high confidence that the 
overall intensity that Atlantic TCs reach, and the rate at which they do so, has increased in recent decades, 
though the relative role of various drivers for such intensity changes is still unclear. There is also limited 
evidence from modeling and geological data that suggests that landfalling hurricanes in New Jersey are 
more common in the 20th and 21st centuries than in prior centuries, with the drivers uncertain. There is 
very high confidence that the amount and rate of rainfall associated with tropical storms is increasing with 
global warming. 

Regarding ETCs:  

1. Frequency - Conclusive evidence of multidecadal trends in the number of ETCs is lacking, 
because individual studies have produced mixed results and any long-term trends are small 
relative to variability on decadal time scales. Findings surveyed by AR6 led to the conclusion that 
there is only low confidence that the total number of ETCs in the Northern Hemisphere has likely 
increased since the 1980s, but with fewer deep cyclones (Gulev et al., 2021).  The finding of 
increased northern hemisphere ETC activity by Chang et al. (2015) supports this conclusion. 
While Chen et al. (2025) has found evidence of long-term increases in ETC frequency. Fritzen et 
al. (2021) found a decrease in ETCs over North America during the period 1979–2019.  
Substantial decadal variability in the frequency of ETCs has been noted, with a decrease from 

https://ninglin.princeton.edu/publications/
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019EF001360
https://journals.ametsoc.org/view/journals/clim/26/17/jcli-d-12-00539.1.xml
https://www.nature.com/articles/s41612-019-0095-3
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1950–1970, an increase from 1970–1980, and a relatively active period during the 1990s (Davis et 
al., 1993; Colle et al., 2015).  Reanalysis products have shown that the number of ETCs with very 
low central pressure has decreased between 1979 and 2010 (Chang et al., 2016).  ETC frequency 
increases during El Niño conditions along the US southeast coast (DeGaetano et al., 2002; Eichler 
& Gottschalck, 2013), including for storms that tend to follow tracks that eventually impact the 
mid-Atlantic and New Jersey. Coupled Model Intercomparison Project Phase 5 (CMIP5) models 
underpredict the number of strong ETCs and show no trend in US East Coast frequency (Colle et 
al., 2013; Sheffield et al., 2013).  

2. Intensity – Studies of variations in ETC intensity have yielded mixed results because there is 
significant decadal variability in ETC intensity.  For example, a study assessing ETC intensities 
over the Arctic and North Atlantic found that the number of cyclones with very low central 
pressure increased from 1979 to 1990 and then declined until 2010 in all five reanalysis datasets 
considered (Tilinina et al., 2013). Using central pressure to define intensity may not be the best 
method because pressure values rely heavily on the greater atmospheric conditions, and using this 
metric may cause some of the ambiguity in the results (Seneviratne et al., 2021).  More recently, 
Chen et al. (2025) found an increasing trend in the maximum wind speeds of the most intense 
ETCs over the period 1940–2024, using ERA5 reanalysis, in a domain centered on the mid-
Atlantic coast.  

3. Trajectory – The AR6 concluded that there is medium confidence that regions of concentrated 
ETC activity (i.e., “storm tracks”) have shifted northward in the Northern Hemisphere since the 
1980s (Seneviratne et al., 2021). 

4. Precipitation - Historically, 80% or more of precipitation globally and along the east coast is 
associated with ETCs’ major storm track regions (Colle et al., 2015; Utsumi et al., 2017).  Annual 
precipitation increased approximately 4% over the 1901–2015 period in the US (Walsh et al., 
2014). With atmospheric warming there is high agreement that precipitation has increased 
(Seneviratne et al., 2021). In a region centered on the mid-Atlantic coast, Chen et al. (2025) found 
an increasing trend in hourly precipitation rate over the period 1940–2024.  

STAP Assessment Statement on ETCs: In summary, there is very high confidence that the precipitation 
rate of nor’easters is increasing, but limited evidence for long-term trends in ETC frequency, intensity, 
and trajectory.  

h) Changing Coastal Flooding and Compound Flooding 
New Jersey’s coasts are vulnerable to flooding. There are several environmental variables that affect the 
magnitude and frequency of these coastal flooding events including, but not limited to, SLR, storm surge, 
and rainfall.  

Storm surge is the rise of water above typical tidal levels and is caused primarily by strong onshore winds 
during a TC or ETC event. The exceptionally low surface pressures that occur in such storms also 
contribute to the total storm surge height, though to a lesser extent than onshore winds. The height of 
storm tide (composed of storm surge and astronomical tide) can vary with local topography/bathymetry 
and the timing of the peak surge relative to the tidal cycle.  

https://link.springer.com/article/10.1007/s40641-015-0013-7
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The impact of storm surge is also affected by SLR because higher sea levels increase the baseline for 
flooding from coastal storms. Multiple studies have shown that storm surge flood heights have already 
increased along and near New Jersey’s coasts relative to historical baselines, primarily because sea levels 
have increased (Reed et al., 2015; Lin et al., 2016; Garner et al., 2017). Such increases can be extremely 
damaging; Strauss et al. (2021) illustrate that economic damages in New Jersey associated with storm 
surge flooding during Hurricane Sandy were approximately $3.7 billion (13%) higher than they would 
have been in the absence of human-caused SLR. Analyzing extreme storm surges based on U.S. tide gauge 
records (after removing mean sea level and tidal influences), Morim et al. (2025) find positive trends in 
the storm surge magnitudes, with hotspots in areas affected by TCs such the eastern Gulf, east coast of 
Florida, and U.S. northeast coast. In the mid-Atlantic region, the annual maximum storm surge increased 
on the order of about 0.5 mm/yr over 1950–2020. While comparatively small, those changes in the 
magnitude of extreme storm surges took place in addition to the underlying mean sea-level rise.  

Flood mechanisms such as storm surge, high volume river discharges, and extreme rainfall can often 
occur simultaneously or sequentially during a storm event and interact in ways that exacerbate overall 
flood hazard, resulting in a compound flood event (Zscheischler et al., 2018) (Figure 3). In several U.S. 
cities, the frequency of coincident rainfall-surge events has been increasing (Wahl et al., 2015), indicating 
that the risk of compound flood events is on the rise. In New Jersey, more than 77% of the recorded flood 
events between 1980 and 2018 were compound events (Ali et al., 2025). The threat of compound flooding 
during TC events is especially high since landfalling TC systems are typically accompanied by wind-
driven storm surge and intense precipitation at the coast. While intense eyewall rainfall along the coast 
can result in localized compound impacts to coastal streams and tributaries if peak rainfall occurs near the 
time of peak storm tide, intense outer rain bands falling over inland portions of coastal areas can also be a 
driver of river-surge compounding (Gori et al., 2020a). Thus, in addition to TC characteristics such as 
intensity, approach angle, and forward speed, relative timing and spatial patterns of rainfall and storm 
surge are critical factors determining compound flooding during TC events.  

https://www.nature.com/articles/s41467-021-22838-1
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019WR026788
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Figure 3. Schematic diagram of flood drivers showing (a) fluvial (river discharge), (b) pluvial (rainfall-runoff), (c) 
coastal (surge, tide, waves, and total sea level) components, as well as their (d) compound flood interactions (from 
Green et al., 2025). 

Examining the various flood mechanisms during TC events, Gori et al. (2020b) identified various flood 
zones. Flood events in areas close to the coastline are surge-dominated for lower return periods (i.e., 
relatively common flood events), but compound flooding may become more important in these zones for 
high return periods (i.e., less common, but larger and potentially more damaging flood events, such as a 
100-year flood, which is a flood with a 1% chance of occurring annually). Also, while the main stream of 
coastal rivers are often surge‐dominated, with upstream portions of small streams and pluvial areas being 
rainfall dominated, midstream portions of the main stream may be compounding zones. Gori et al.’s 
(2020b) analysis also showed that neglecting rainfall in flood estimates could lead to the underestimation 
of flood depths across a significant portion of the coastal floodplain. Indeed Gori et al. (2022) found the 
frequency of events with both hazards exceeding their historical 100-year levels would increase 30–195 
fold in the Northeast by the year 2100 under a very high emissions scenario (SSP5-8.5). 

STAP Assessment Statement on Coastal Flooding and Compound Flooding: In summary, coastal 
flooding in New Jersey has increased in frequency and magnitude over time due to sea-level rise (very high 
confidence). There is very high confidence that rising sea levels are increasing storm surge-driven coastal 
flood heights in New Jersey. There is also high confidence that compound flood events are becoming more 
common, and that compound flood risks during hurricanes are especially high.  

 

https://nhess.copernicus.org/articles/25/747/2025/
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SECTION 4. SEA-LEVEL RISE PROJECTIONS FOR NEW JERSEY  
a) Anticipated Future Emissions and Warming 
As greenhouse gases trap the Sun’s heat, they warm Earth’s surface and ocean. This, in turn, causes 
thermal expansion of the ocean and loss of ice on land, which are the dominant factors driving global 
mean SLR. A major driver of the range of future SLR projections is therefore future greenhouse gas 
emissions, which are driven by future social, economic, technological, and policy changes, each of which 
brings their own sources of uncertainty.  

Climate Action Tracker (CAT), the Rhodium Group, and Resources for the Future (RFF) are three groups 
that project future emissions while accounting for different sources of uncertainty. CAT estimates 
emissions associated with current global climate policies (Ellis et al., 2024); Rhodium Group includes 
current trends in policy and technology development alongside probabilistic modeling of the energy, 
policy and socioeconomics of the system (Rhodium Climate Outlook; Larsen et al., 2024) and the RFF 
projections employ expert elicitation to account for the broad range of potential demographic, 
technological, and policy futures (Rennert et al., 2021). Despite the range of approaches executed by those 
models, the resulting median projections for end-of-century warming are consistently around 2.7°C 
(Table 2, Figure 4).  

Notably, projections of global warming under contemporary global policies have declined over time as 
policy and technology trends have changed (Table 2). For example, the CAT has produced current-policy 
projections for over a decade. The 2014 CAT assessment found global policies put the planet on course for 
warming of about 3.9°C above late nineteenth-century levels by the end of the century. By the time of the 
second STAP report, published in 2019, the 2018 CAT assessment found global policies put the planet on 
course for about 3.3°C of warming. By 2024, CAT’s median projected warming had declined to 2.7°C 
(Table 2). In contrast with that declining trend, it is expected that the next update to the Rhodium Climate 
Outlook will indicate a modest increase in end-of-century warming due, in part, to recent changes in 
policy. 

These anticipated warming levels provide context for the climate scenarios considered in this report. The 
STAP employed the Shared Socioeconomic Pathway (SSP) scenarios, developed by the climate and 
integrated assessment modeling communities. These scenarios were widely used in the most recent 
Coupled Model Intercomparison Project (CMIP) climate modeling exercise and the IPCC Sixth 
Assessment Report (AR6). The STAP analyzed three of the five SSPs (Raihi et al., 2017):  

1. SSP1-2.6: Low greenhouse gas emissions, with global net-zero CO2 emissions by about 2075, with 
a good chance of meeting the international goal of limiting global warming to below 2°C above 
late-nineteenth century levels. 

2. SSP2-4.5: Intermediate greenhouse gas emissions, approximately consistent with interpretations 
of current global policy (as of November 2024), with global emissions slowly rising to about mid-
century and then declining.  

3. SSP3-7.0: High greenhouse gas emissions, with continued emissions growth throughout the 
century. 
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The STAP focuses on the low (SSP1-2.6), intermediate (SSP2-4.5) and high (SSP3-7.0) scenarios.  SSP2-
4.5 is most closely aligned with the probabilistic emission projections for current policies (as of November 
2024) discussed above, while SSP3-7.0 is more closely aligned with emissions projections available at the 
time of the STAP 2019 report. Accordingly, the ‘high’ scenario in this report most closely aligns with the 
‘moderate’ scenario in the 2019 report, which was associated with about 3.5°C of warming. 

This report does not analyze SSP1-1.9 (the ‘very low’ emission scenario) and SSP5-8.5 (the ‘very high’ 
emissions scenario). SSP1-1.9 is consistent with meeting the 2015 United Nations Paris Climate 
Agreement goal of pursuing efforts to limit the temperature increase to 1.5°C (UN 2015). SSP5-8.5 reflects 
sustained growth in fossil fuel use at rates comparable to those of the 1990s and 2000s. SSP1-1.9 and SSP5-
8.5 are not considered probable by the STAP and broader scientific community and are therefore not 
included in this report (Hausfather 2025).8  

 
8 The ‘high’ scenario in the 2019 STAP Report most closely corresponds to SSP5-8.5, or the ‘very high’ scenario. The STAP and 
Practitioner Panel find consistency among STAP reports is important to allow readers to see how estimates of SLR have changed 
over time. As such, results for the very high emissions scenario are provided in the appendices of this report to allow for 
comparisons with previous assessments.  
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Table 2. Projected global temperature increase (°C) by 2100, relative to a late-nineteenth century baseline, for CAT’s 
current policy scenario (Ellis et al., 2024), Rhodium Climate Outlook’s baseline scenario (Larsen et al., 2024), 
Resources for the Future’s projection (Rennert et al., 2021), and SSPs (IPCC 2021) including the median, and lower 
and upper bounds of their respective very likely ranges (90% likelihood). 

Source Global warming* Notes 
Recent probabilistic emissions projections 

Climate Action Tracker (2024) 2.7°C (2.2–3.4°C) Current global policies 

Rhodium Climate Outlook (2024) 2.7°C (2.0–3.7°C) Current global policy trends 

Resources for the Future (2021) 2.6°C (1.6–4.0°C) 
Structured expert elicitation, considering a 
broad range of policy, economic and 
technology futures 

Past probabilistic emissions projections 
Climate Action Tracker (2014) 3.9°C (3.3–4.5°C) Global policies as of 2014 
Climate Action Tracker (2016) 3.6°C (2.6–4.9°C) Global policies as of 2016 
Climate Action Tracker (2018) 3.3°C (2.5–4.4°C) Global policies as of 2018 
Climate Action Tracker (2020) 2.9°C (2.1–3.9°C) Global policies as of 2020 
Climate Action Tracker (2022) 2.7°C (2.2–3.4°C) Global policies as of 2022 

Shared Socioeconomic Pathway (SSP) scenarios** 
SSP1-2.6 (Low emissions) 1.6°C (1.2–2.3°C) Comparable to STAP 2019 Low (2°C) scenario 
SSP2-4.5 (Intermediate emissions) 2.6°C (2.0–3.6°C) Comparable to current global policies 

SSP3-7.0 (High emissions) 3.8°C (3.0–5.0°C) Comparable to STAP 2019 Moderate (3.5°C) 
scenario and to global policies as of 2016 

   
*CAT does not explicitly state their temperature ranges;, however, published data (CAT 2025) and methodologies (Rogelj et al., 2012) suggest 
reported CAT values are the very likely range. 
**Warming levels for SSP scenarios are based upon projections of the FaIR climate module used in the Framework for Assessing Changes to 
Sea-level (FACTS).  
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Figure 4. Rhodium Climate Outlook Baseline Scenario. Global greenhouse gas emissions (net emissions including 
removals in billion metric tons of CO2-equivalent) and temperature rise from late nineteenth century levels 
(1850–1900) under current policy trends. (Figure modified from Larsen et al., 2024.) Following IPCC conventions, 
very likely ranges indicate a 90% probability of occurring and likely ranges to indicate a 66% probability of 
occurring. 

 

b) Treatment of Uncertainty 
As described in Box 2.1, confidence is a qualitative measure of the amount and degree of agreement 
among different lines of evidence (e.g., datasets, models, and expert judgment) for a conclusion (Figure 5). 
Low-confidence conclusions are characterized by a limited amount of evidence and/or a low degree of 
agreement among lines of evidence9, while high-confidence conclusions have a robust body of evidence 
with a high degree of agreement. Well-established science is associated with high confidence, while the 
frontier of scientific discovery is generally associated with low confidence. 

In the context of SLR, the IPCC identified many contributing processes with rates and magnitudes that 
can be projected with medium or high confidence, and these processes are reflected in the IPCC’s 
projections of future likely SLR. The IPCC also identified a suite of scientifically contested ice-sheet 
processes, with potential rates and magnitudes characterized by low confidence. Their likelihood is 
unknown because of the limited agreement among lines of evidence regarding the rates and magnitudes 

 
9 The following are three different examples of when low confidence may be assigned to a process or result, but this list is not 
exhaustive: a topic is studied extensively using different methods, but by a small number of experts who are finding different 
results; a topic is studied extensively by many experts, but the experts are using similar methods and are finding different 
results; and a topic is not studied extensively so there are minimal to no results to discuss. 

https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-emissions-and-energy-projections
https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-emissions-and-energy-projections
https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-emissions-and-energy-projections
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of these processes within published literature. High-end sea-level outcomes associated with these 
processes are also called unknown-likelihood, high-impact outcomes.10  

In an unknown-likelihood, high-impact future, the IPCC notes the potential for “faster-than-projected 
disintegration of marine ice shelves and the abrupt, widespread onset of marine ice cliff instability (MICI) 
and marine ice-sheet instability (MISI) in Antarctica”, as well as “faster-than-projected changes in both 
the surface mass balance and dynamical ice loss in Greenland” (Fox-Kemper et al., 2021; Fricker et al., 
2025). The STAP refer to these phenomena herein as “potential rapid ice-sheet loss processes.” 

To indicate the potential contribution of low-confidence processes to SLR, AR6 generated quantitative 
low-confidence projections using two published papers representing the limited available evidence. The 
first published paper employed structured expert judgment, a formal, calibrated risk assessment 
methodology that translates experts’ understanding of the relevant systems into probability distributions 
(Bamber et al., 2019). The second published paper was based on a single Antarctic ice-sheet model 
(DeConto et al., 2021) that incorporates the gravitational instability of ice cliffs, a mechanism not 
represented in the ice-sheet models supporting the medium confidence projections and assessed as being 
in the likely range. 

Several studies on ice-cliff calving have been published since 2019 (e.g., Bassis et al., 2021; Crawford et al., 
2021; DeConto et al., 2021; Schlemm et al., 2022; Morlighem et al., 2024), some of which have supported 
marine ice cliff instability as a plausible rapid ice-sheet loss process and others of which have argued 
against it. This highlights ongoing deep uncertainty in rapid ice-sheet loss processes but also justifies the 
notion that rapid ice-sheet loss processes cannot currently be ruled out. 

The ranges of SLR in AR6 and in the STAP report are constructed from multiple alternative probability 
distributions that represent the ice-sheet contribution to sea level in different ways (Figure 5). Two 
different probability distributions inform the medium-confidence projections that help define the likely 
range, while four probability distributions inform the low-confidence projections. The 17th-83rd 
percentile values of the two medium confidence distributions together bound the likely range; that is, both 
the medium-confidence distributions agree there is at least a 67% chance that the actual value falls into the 
likely range, and no more than a 33% chance that it will fall outside it. 

In the projections presented in this report, the STAP includes two versions of likely ranges. Specifically, 
the STAP has included likely SLR estimates that do not include low-confidence processes (i.e., potential 
rapid ice-sheet loss processes) and an extended likely range that does incorporate the potential effects of 
low-confidence projections. Different experts will give different weights to the alternative projections, but 
most including the STAP, will agree that while the likelihood of these potential rapid ice-sheet loss 
processes is unknown, it is also nonzero. It then follows that the actual 83rd percentile (i.e., the upper end 

 
10 Technical experts may benefit from this additional clarification: AR6 refers to its high-impact storyline as "low-likelihood, 
high-impact", but defines a "low-likelihood, high-impact outcome" as one "whose probability of occurrence is low or not well 
known (as in the context of deep uncertainty) but whose potential impacts on society and ecosystems could be high". The high-
end sea-level storyline involves deep uncertainty and thus a probability of occurrence that is not well known, rather than 
known to be low. (Lempert et al., 2024; Kopp et al., 2023) High-end sea-level outcomes associated with these processes were 
called “low-likelihood, high-impact outcomes” by IPCC AR6, but subsequent authors have suggested that they would be more 
clearly referred to as “unknown-likelihood, high-impact outcomes,” since their likelihood is not known to be low, but rather is 
poorly known altogether (Lempert et al., 2024; Kopp et al., 2025). We adopt this convention herein. 
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of the likely range) falls between the 83rd percentile projections that exclude low-confidence processes and 
the 83rd percentile projections that incorporate them. Almost all experts would then also agree that there 
is a less than 17% chance that the correct value would fall above the 83rd percentile of projections 
incorporating low-confidence processes (this concept is shown visually in Figure 5). Consistent with this 
conclusion, the 2019 STAP report presented “<17% chance” projections that incorporated low-confidence 
processes via the structured expert judgment study of Bamber et al. (2019).  

While the extended likely range outcomes associated with low-confidence processes are of unknown 
likelihood, this does not mean that they are irrelevant for decision-making. Consideration of unknown-
likelihood, high-impact outcomes is well-established in risk analysis (e.g., Kaplan & Garrick, 1980; 
Lempert et al., 2003) and is common practice in many domains, such as national security. In the context 
of local adaptation planning, Feng et al. (2024) show that dynamic adaptive approaches that consider low-
confidence processes and incorporate learning over time generally modestly outperform approaches that 
neglect them and substantially outperform approaches that do not allow learning over time. In contexts 
where dynamic adaptation is not possible, considering low-confidence processes can protect against 
extremely costly outcomes. 
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Figure 5. Modified from Kopp et al. 2023. (a) Four alternative probability distributions for the low-emissions SSP1-
2.6 scenario, including two distributions that contribute to both low-confidence and medium-confidence projections 
[ISMIP6 (light blue) and the Linear Antarctic Response Model Intercomparison Project (LARMIP; dark blue)] and two 
additional distributions that contribute only to low-confidence projections [the Antarctic marine ice cliff instability-
permitting projection (MICI; orange) and the structured expert judgment ice-sheet projection (SEJ; red)]. (b) 
Cumulative distribution functions (CDFs) corresponding to the probability distributions in a. The bars at the bottom 
show the 17th-83rd percentile range for each probability distribution. (c) Medium confidence (dark purple) and low 
confidence (light purple) p-boxes for SSP1-2.6. The width of the p-box provides a metric of disagreement among the 
contributing probability distributions. The bars at the bottom) show the lower 17th to upper 83rd percentile range 
for each p-box. If the upper end of the likely range falls between the 83rd percentile projections excluding low-
confidence processes (denoted by the red vertical bar) and the 83rd percentile of projections that fully incorporate 
them (denoted by the blue vertical bar), then the width of the area between each vertical bar represents the possible 
SLR values that are part of the extended likely range. As such, for the purpose of the 2025 STAP Report, the extended 
likely range extends up to the “<17% chance SLR exceeds” range, but starts at the “>83% chance SLR exceeds*” range 
as described in Tables ES-1 and Table 5. 
 

c) Projection Methodology 
The 2019 STAP report (Kopp et al., 2019) provided SLR projections for global low, moderate, and high 
warming scenarios for coastal New Jersey. These projections leveraged model simulations from the 
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Coupled Model Intercomparison Project Phase 5 (CMIP5), a set of projections extensively used in the 
IPCC Fifth Assessment Report (AR5). Rather than structuring projections based on emissions scenarios, 
the 2019 STAP report organized projections into ‘low’, ‘moderate’, and ‘high’ warming trajectories, 
corresponding to end-of-century warming of about 2°C, 3.5°C, and 5°C (Rasmussen et al., 2018; Bamber 
et al., 2019). The 2019 STAP’s moderate warming scenarios aligned with the CAT’s median end-of-
century warming of about 3.3°C (range of 2.5–4.4°C) based on the then-current policy. The 2019 STAP 
scenarios correspond approximately to SSP1-2.6 (‘low’ in this report), SSP3-7.0 (‘high’ in this report), and 
SSP5-8.5 (‘very high’ in Appendix B of this report).  

This report employs an updated version of the sea-level projection framework used by AR6 (Fox-Kemper 
et al., 2021). This framework, the Framework for Assessing Changes to Sea-level (FACTS), integrates 
multiple lines of evidence to produce distributions of future global-mean and regional relative sea-level 
change (Kopp et al. 2023). The modeling choices employed by the STAP are identical to those of AR6 with 
one exception. The exception is that, due to limited published data, AR6 was could not provide low-
confidence projections for scenarios other than SSP1-2.6 and SSP5-8.5. The absence of low-confidence 
projections for the emission scenario closest to current policy trends, SSP2-4.5, thus confounded the 
interpretation of ice-sheet instability processes with low-probability, very-high emissions. However, 
FACTS 1.1 introduced a probabilistic interpolation scheme that allows low-confidence projections to be 
generated for all emissions scenarios (Reedy and Kopp, 2023). Rather than using the AR6 projections, as 
hosted by the NASA/IPCC Sea Level Projection Tool (NASA 2021)), we produce new projections so that 
we can provide low-confidence projections for all emissions scenarios. Aside from the inclusion of low-
confidence projections for SSP2-4.5 and SSP3-7.0, other differences (of order 0.1 ft) from the AR6 
projections are minor, due to numerical sampling choices and computational refinements, and should not 
be viewed as decision relevant. 

For greater consistency with the presentation used in AR6, rather than simply presenting a “<17% chance” 
projection incorporating low-confidence processes as in STAP 2019, here the STAP presents both a likely 
range “<17% chance” projection that excludes low-confidence processes and a “<17% chance” projection 
that incorporates low-confidence processes. Some experts will consider the latter part of the likely range; 
experts generally agree that it also constitutes part of a high-end projection (see discussion in Section 4.b 
for additional information). 

The current STAP methodology thus updates the 2019 STAP methodology in a manner that brings the 
current projections in line with the assessment of the AR6. For details regarding the projection 
methodology and a comparison of STAP 2019 and STAP 2025 projection methods, see Appendix D. For a 
comparison of AR6 SLR to STAP 2025 SLR, see Table C1.   

The following relevant STAP decisions were made regarding the findings in subsequent sections: 

• Maximum Planning Horizon – Consistent with STAP 2019 and AR6, the STAP selected 2150 as 
the maximum planning horizon to accommodate both near-term and long-term asset lifecycles 
for infrastructure consistent with feedback from the practitioner panel. The STAP selected 2040, 
2050, 2070, 2100, and 2150 as periods representative of long-term projections for SLR, affirmed as 
relevant by discussions with practitioners. Additional decadal projections are provided in 
Appendix B. 
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• 2005 (1995–2014) Baseline - Scientists measure sea level with respect to a geodetic datum. For 
the U.S. National Spatial Reference System, this datum is the North American Vertical Datum of 
1988 (NAVD88). NOAA measures tidal datum levels such as Mean Sea-level (MSL), Mean Higher 
High Water (MHHW), and Mean Lower Low Water (MLLW) in relation to the NAVD88 
geodetic datum over a 19-year tidal cycle referred to as a tidal datum epoch. The current National 
Tidal Datum Epoch is 1983 – 2001. Practitioners use several different tidal datum levels within 
their professions to communicate flood forecasts (MLLW), coastal boundaries (for NJ, MHHW), 
and other information as points of reference for coastal communities and ecosystems. 

For consistency with the sea-level projection literature, including most recent IPCC and federal 
assessments, the baseline tidal epoch for the projections in this report is different from the National Tidal 
Datum Epoch (NTDE). Instead, it is centered on the year 2005; more specifically, it is the average sea level 
over 1995–2014 (Table 4).11  Due to atmosphere and ocean dynamics, the annual average sea-level can 
vary by up to 0.2 ft around the 19-year average sea-level centered in the same year.  

Table 4 can be used to convert a SLR estimate between the 2025 STAP baseline and other baselines. Below 
are two examples of converting values from the 2025 STAP Report to other generally used baselines: 

• The 2025 STAP projects a likely rise at Atlantic City by 2050 of 0.9–1.7 feet relative to a 1995-2014 
baseline. To shift this projection into the current NTDE baseline, add 0.19 feet; this would thus 
translate to 1.1–1.9 feet above NTDE.  

• To shift this projection into NAVD88, subtract 0.21 feet; this would thus translate to 0.7–1.5 feet 
above NAVD88. 

Table 4. A comparison of the 2005 (1995–2014) baseline, used in both the 2025 STAP and the IPCC AR6, to other 
common sea level change baselines is provided for Atlantic City, NJ (in meters and feet). Mean sea level values are 
referenced.  

Time period Difference from 2025 STAP and IPCC 
AR6 Baseline (1995–2014)   

 Meters Feet 

Current NTDE (1983–2001) -0.059 -0.19 

STAP 2019 baseline (1991–2009) -0.023 -0.08 

Forthcoming NTDE (2002–2020)* 0.030 0.10 

NAVD88 0.064 0.21 

*The 2002-2020 NTDE has not yet been published at the time of the STAP 2025 Report's publication. As such, the 
values here are preliminary. 
 

 

 
11 Replicates of Table 4 Sandy Hook, NJ; Cape May, NJ; The Battery, NY; and Philadelphia, PA can be found in Appendix C (Tables 
C12-C15). 
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d) How much will sea-level rise in NJ? 
Consistent with the prior STAP reports, the STAP selected Atlantic City, NJ as the tide gauge station to 
represent the New Jersey coast (Figure 6, Table 5). SLR values for Sandy Hook, NJ and Cape May, NJ are 
relatively similar to Atlantic City, NJ (SLR values for Sandy Hook, NJ; Cape May, NJ; The Battery, NY; 
and Philadelphia, PA can be found in Appendix B).12 The STAP has reached the following conclusions on 
SLR along the coast of New Jersey:13  

1) Relative to a 1995–2014 baseline, New Jersey coastal areas are likely (at least a 66% chance) to 
experience SLR of 0.7 to 1.3 ft (0.20 to 0.40 m) by 2040, and 0.9 to 1.7 ft (0.28 to 0.52 m) by 
2050. Even considering potential contributions from unknown-likelihood, high-impact ice-
sheet processes (i.e., potential rapid ice-sheet loss processes, see Box ES.2 for definition), it is 
extremely unlikely (less than a 5% chance) that SLR will exceed 1.7 ft (0.52 m) by 2040 and 2.3 
ft (0.71 m) by 2050. [Section 4.d] 

2) While near-term SLR projections through 2050 exhibit only minor sensitivity to different 
emissions scenarios (<0.1 ft and <0.2 ft [<0.02 and <0.02 m]) for projections that exclude and 
include potential rapid ice-sheet loss processes, respectively), SLR projections after 2050 
increasingly depend on the pathway of future global greenhouse gas emissions. Relative to a 
1995–2014 baseline:  

a. Under a low-emissions scenario, consistent with the global goal of limiting warming 
to below 2°C above late nineteenth-century levels, coastal areas of New Jersey are 
likely (at least a 66% chance in the absence of potential rapid ice-sheet loss processes) 
to see SLR of 1.3 ft to 2.3 ft (0.41 to 0.71 m) by 2070, and 1.8 ft to 3.3 ft (0.54 to 1.01 
m) by 2100. Including potential rapid ice-sheet loss processes could extend these 
ranges to 2.5 ft (0.77 m) in 2070 and 3.7 ft (1.12 m) in 2100. Even considering such 
potential rapid ice-sheet loss processes, it is extremely unlikely (less than a 5% chance) 
that SLR in this scenario will exceed 3.2 ft (0.96 m) by 2070 and 5.1 ft (1.54 m) by 
2100. 

b. Under an intermediate-emissions scenario, approximately consistent with current 
global climate policies, coastal areas of New Jersey are likely (at least a 66% chance in 
the absence of potential rapid ice-sheet loss processes) to see SLR of 1.5 ft to 2.5 ft 
(0.46 to 0.76 m) by 2070, and 2.2 ft to 3.8 ft (0.67 to 1.17 m) by 2100. Including 
potential rapid ice-sheet loss processes could extend these ranges to 2.8 ft (0.86 m) in 

 
12 Appendix A provides decadal projections for all emissions scenarios in both metric and American customary units. 
13 The STAP has focused the narrative on the period through 2100 because (1) it is a reasonable option for a planning horizon 
for many local decision makers and communities (as confirmed by the Practitioner Panel) and (2) it is consistent with end of 
century reporting provided in other states’ SLR reports (e.g., Boesch et al., 2023) and the AR6. Like AR6, we include projections 
through 2150, because for some long-term infrastructure investments, century-scale risks can be important.  The STAP has 
focused the narrative on: the likely range to highlight what range of SLR has at least a 66% chance of occurring consistent with 
AR6; the extended likely range to show the potential effects of rapid ice-sheet loss processes on SLR; and extremely unlikely 
values to highlight the greatest SLR extent resulting from rapid ice-sheet loss processes.  
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2070 and 4.5 ft (1.36 m) in 2100. Even considering such ice-sheet processes, it is 
extremely unlikely (less than a 5% chance) that SLR will exceed 3.5 ft (1.07 m) by 2070 
and 6.2 ft (1.88 m) by 2100. 

c. Under a high-emission scenario consistent with global emissions trends before the 
adoption of the Paris Agreement, coastal areas of New Jersey are likely (at least a 66% 
chance in the absence of potential rapid ice-sheet loss processes) to see SLR of 1.6 ft to 
2.6 ft (0.49 to 0.78 m) by 2070, and 2.6 ft to 4.3 ft (0.79 to 1.30 m) by 2100. Including 
potential rapid ice-sheet loss processes could extend these ranges to 3.0 ft (0.91 m) in 
2070 and 5.2 ft (1.58 m) in 2100. Even considering such ice-sheet processes, it is 
extremely unlikely (less than a 5% chance) that SLR will exceed 3.9 ft (1.17 m) by 2070 
and 7.5 ft (2.28 m) by 2100.  

Present day SLR and its acceleration are primarily attributed to anthropogenic factors (i.e., human 
induced climate change), but there are natural phenomena that occur on interannual and multidecadal 
time scales that contribute to SLR (Cazenave and Moreira 2022). The SLR projections presented in this 
report focus on long-term changes and should be interpreted as changes in 19-year averages. 
Superimposed on these changes is variability that occurs on interannual and decadal timescales. For 
example, SLR changes in the North Atlantic are influenced by natural climate modes, like the North 
Atlantic Oscillation (NAO), which affects coastal sea level through the IB effect (Piecuch & Ponte, 2015) 
and changes in longshore winds (Andres et al., 2013; Piecuch et al., 2016). There are also links between 
changes in the Atlantic Meridional Overturning Circulation (AMOC) or its local expression through the 
Gulf Stream and coastal sea level in New Jersey (Goddard et al., 2015), but the timescale at which this 
relationship becomes effective remains unclear (Piecuch et al., 2019; Little et al., 2019). Studies show the 
Gulf Stream and AMOC have weakened (Thornalley et al., 2018; Ditlevsen & Ditlevsen, 2023), which 
could alter the interannual and multidecadal variability in SLR. Additional research is needed to fully 
understand the causes of these observed changes in regional sea level (Cazenave & Moreira, 2022). 

  

https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
https://www.nature.com/articles/s41586-018-0007-4
https://www.nature.com/articles/s41586-018-0007-4
https://www.nature.com/articles/s41586-018-0007-4
https://www.nature.com/articles/s41467-023-39810-w
https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
https://royalsocietypublishing.org/doi/full/10.1098/rspa.2022.0049#d1716363e2018s
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Figure 6. Time series of tide-
gauge measurements (grey) 
and projections for (a) low 
emissions, (b) intermediate 
emissions, and (c) high 
emissions scenarios. All 
observations and SLR values 
are expressed as 19-year 
means of tide-gauge 
measurements and are 
measured with respect to a 
1995-2014 (2005) baseline. 
Projections are 19-year 
averages using a rolling mean. 
In each panel: the dark solid 
line (central estimate) 
represents the amount of SLR 
that has about a 1-in-2 chance 
of being exceeded when 
excluding potential rapid ice-
sheet loss processes; dark 
shaded areas (likely range) 
indicate the amount of SLR 
that has at least a 2-in-3 
chance of occurring, when 
excluding potential rapid ice-
sheet loss processes; and the 
full (light and dark) shaded 
areas (extended likely range) 
indicate the amount of SLR 
that has at least a 2-in-3 
chance of occurring, when 
potential including rapid ice-
sheet loss processes. 
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Table 5. New Jersey SLR estimates for Atlantic City, NJ above the 1995–2014 baseline (ft). SLR estimates are grouped by emissions scenario and year with rows corresponding to different 
SLR projection probabilities. Banners across the full width of the table indicate which SLR projections include or exclude unknown-likelihood, high-impact processes that are on the frontier of scientific 
understanding (i.e., potential rapid ice-sheet loss processes). Table footnotes provide additional information regarding how to interpret this table.  
 

  Across Emissions Scenarios Low Emissions  
(SSP1-2.6) 

Intermediate Emissions  
(SSP2-4.5) 

High Emissions  
(SSP3-7.0) 

Degrees of 
Warming (°C)† 

1.7 (1.3-2.5) 
°C Warming 

1.9 (1.3-3.1) 
°C Warming 

1.7 (1.3-2.4) 
°C Warming 

1.6 (1.2-2.3) 
°C Warming 

1.5 (1.1-2.3) 
°C Warming 

2.3 (1.8– 3.0) 
°C Warming 

2.6 (2.0-3.6) 
°C Warming 

2.8 (2.1-4.0) 
°C Warming 

2.8 (2.2- 3.5) 
°C Warming 

3.8 (3.0-5.0) 
°C Warming 

5.1 (3.9-7.0) 
°C Warming 

Year 2040 2050 2070 2100 2150 2070 2100 2150 2070 2100 2150 
Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes  

> 95% Chance 
SLR Exceeds* 0.5 0.7 1.1 1.3 1.7 1.2 1.8 2.5 1.3 2.1 3.2 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds* 0.7 0.9 1.3 1.8 2.3 1.5 2.2 3.1 1.6 2.6 3.9 

~50% Chance 
SLR Exceeds 1.0 1.3 1.8 2.4 3.5 1.9 2.9 4.5 2.0 3.3 5.5 

<17% Chance 
SLR Exceeds‡ 1.3 1.7 2.3 3.3 4.9 2.5 3.8 6.3 2.6 4.3 7.7 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 1.4 1.9 2.5 3.7 5.8 2.8 4.5 12.0 3.0 5.2 16.2 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 1.7 2.3 3.2 5.1 9.4 3.5 6.2 17.9 3.9 7.5 20.2 

 

* Projections that include unknown-likelihood, high-impact rapid ice-sheet loss processes in whose rate and magnitude there is low confidence are denoted with an asterisk (*). SLR projections with a >95% chance or >83% 
chance of being exceeded (i.e., the top two row of SLR estimates) are the same regardless of whether these potential rapid ice-sheet loss processes are included or excluded. The ~50% and <17% chance likely range rows 
do not incorporate these rapid ice-sheet loss processes. 

‡ The likelihood of potential rapid ice-sheet loss processes falls somewhere between zero and one, but different experts have different opinions on where it falls within that range. Thus, different experts will disagree on 
where they draw the ‘true’ ‘<17% chance SLR exceeds’ bound, but would agree that it falls between the 83rd percentile of projections excluding potential rapid ice-sheet loss processes (i.e., the "<17% chance‡" values) and 
the 83rd percentile of projections that incorporate potential rapid ice-sheet loss processes (i.e., the "<17% chance*" values). As such the "<17% chance*" projections can be considered within the extended likely range 
projections. 

† Estimated degrees of atmospheric warming relative to late nineteenth century (1850–1900) levels provided for each year and emissions scenario using the format “median (5th – 95th percentile range).” Values derived 
from the FaIR climate module within the FACTS 1.1. Estimated degrees of warming for 2040 and 2050 are reported using the format “median of the intermediate emissions scenario (5th percentile from SSP1-2.6 – 95th 
percentile from SSP3-7.0).  

Additional Notes for Table ES1:  
• All SLR estimates are 19-year means of sea-level measured with respect to a 1995–2014 baseline centered on the year indicated in the third row of the table. Low (blue), intermediate (orange), and high (red) emissions 

scenarios above correspond to SSP1-2.6, SSP2-4.5, and SSP3-7.0, respectively.  
• Near-term projections (through 2050) exhibit only minor sensitivity to different emissions scenarios (<0.1 feet for projections using medium-confidence processes [i.e., excluding rapid ice-sheet loss], <0.2 feet for 

projections using low-confidence processes [i.e., including rapid ice-sheet loss]). As such, these columns span the emissions scenarios used in the main body of this report (the low, intermediate, and high emissions 
scenarios).  

• The STAP 2019 low scenario corresponds most closely to the 2025 STAP low scenario, the STAP 2019 moderate scenario corresponds most closely to the 2025 STAP high scenario, and the STAP 2019 high scenario 
corresponds most closely to the 2025 STAP very high scenario (found in Appendix B). 

• Table 5 highlights: the extremely likely to be exceeded SLR to show the amount of SLR that is most likely to occur; the likely range to show what amount of SLR has at least a 66% chance of occurring consistent with 
AR6; the extended likely range to show the potential effects of rapid ice-sheet loss processes on SLR; and the extremely unlikely to be exceeded SLR to highlight the greatest SLR extent resulting from rapid ice-sheet 
loss processes.   

• All SLR projections include the impact of ice-sheet loss (i.e., ice loss from melting ice sheets and calving). However, the projections designated to include rapid ice-sheet loss processes incorporate the potential impact 
of processes in Antarctica and Greenland that could further accelerate ice-sheet loss. 
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e) How fast will sea-level rise in New Jersey? 
It is particularly important to understand the rate of SLR to assess the adaptability of anthropogenic and 
ecological systems, such as the capacity of coastal marshes to keep pace with SLR. The STAP has produced 
rates of historic SLR (Figure 1, Table 1) and future SLR (Table 6) based on the projections described 
above.14 Based on these changes, the STAP has reached the following conclusions about rates of SLR in 
New Jersey: 

1. New Jersey coastal areas are expected to experience higher future average SLR rates in the middle 
(2040–2060) and late (2080–2100) 21st century (Table 6) than historic SLR rates (Table 1).  

2. Rates of SLR in the middle and late 21st century increasingly depend upon global greenhouse gas 
emissions (Table 6): 

a. Under a low-emissions scenario consistent with the global goal of limiting warming to 
below 2°C above late nineteenth-century levels, coastal areas of New Jersey are likely (at 
least a 66% chance in the absence of potential rapid ice-sheet loss processes) to experience 
mid-century rates of SLR between 6.3 and 11.0 mm/yr (2.5 and 4.3 inches/decade) and 
late-century rates of SLR between 3.4 and 10.3 mm/yr (1.3 and 4.1 inches/decade). 
Including potential rapid ice-sheet loss processes could extend mid-century ranges 
upward to 12.5 mm/yr (4.9 inches/decade) and late-century ranges upward to 13.4 mm/yr 
(5.3 inches/decade). 

b. Under an intermediate-emissions scenario, approximately consistent with current global 
climate policies, coastal areas of New Jersey are likely (at least a 66% chance in the absence 
of potential rapid ice-sheet loss processes) to experience mid-century rates of SLR 
between 7.5 and 11.9 mm/yr (3.0 and 4.7 inches/decade) and late-century rates of SLR 
between 5.6 and 14.3 mm/yr (2.2 and 5.6 inches/decade). Including potential rapid ice-
sheet loss processes could extend mid-century ranges upward to 14.9 mm/yr (5.9 
inches/decade) and late-century ranges upward to 21.5 mm/yr (8.5 inches/decade).  

c. Under a high-emissions scenario consistent with global trends before the adoption of the 
Paris Agreement, coastal areas of New Jersey are likely (at least a 66% chance in the 
absence of potential rapid ice-sheet loss processes) to experience mid-century rates of 
SLR between 8.1 and 12.5 mm/yr (3.2 and 4.9 inches/decade) and late-century rates of 
SLR between 8.2 and 18.3 mm/yr (3.2 and 7.2 inches/decade). Including potential rapid 
ice-sheet loss processes could extend mid-century ranges upward to 16.4 mm/yr (6.5 
inches/decade) and late-century ranges upward to 30.1 mm/yr (11.9 inches/decade).  

d. Rates of global-mean sea-level change are related to the magnitude of global-mean 
warming. In the low emissions scenario, likely SLR rates decrease toward the end of 
century, consistent with declining global-mean warming driven by net-negative 
greenhouse gas emissions. 

 
14 Rates of future SLR for all emissions scenarios are provided in Appendix C (Tables C6 – C10). 
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Table 6. Estimated average rates of future SLR in mm/year over 2040–2060 and 2080–2100 for Atlantic City, New 
Jersey. Future SLR rates for additional tide gauges are available in Table C6-C10. 

   2040–2060 2080–2100 

   Emissions 

 
Chance rate 

(mm/yr) 
exceeds 

Low Int. High Low Int. High 

 

Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 6.3 7.5 8.1 3.4 5.6 8.2 
~50 % chance 8.2 9.3 9.8 6.5 9.4 12.5 
<17% chance‡ 11.0 11.9 12.5 10.3 14.3 18.3 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 
<17% chance* 12.5  14.9 16.4 13.4 21.5 30.1 

 
‡,*Extended likely range projections include potential rapid ice-sheet loss processes in whose rate and magnitude 
there is low confidence (indicated by *). However, most experts (including the STAP), agree the actual 83rd percentile 
falls between the 83rd percentile of projections in the absence of potential rapid ice-sheet loss processes (i.e., the 
"<17% chance‡" values) and the 83rd percentile of projections that fully incorporate the potential rapid ice-sheet 
loss processes (i.e., the "<17% chance*" values). As such the "<17% chance*" projections can be considered within 
the extended likely range projections. 

 

f) How does relative sea-level rise vary across New Jersey? 
The impacts on coastal areas will be highly dependent on local environmental dynamics including 
subsidence. Subsidence is a variable rate that is site-specific (Oelsmann et al., 2024; Ohenhen et al., 2024a) 
with some experts suggesting studies without high-resolution, site-specific vertical land motion (VLM) 
data may underestimate New Jersey subsidence rates. For example, by focusing only on changes at the tide 
gauge, AR6 may underestimate the amount of recent subsidence (i.e., between 2007–2020) in Atlantic 
City as a whole by 25.5% (Ohenhen et al., 2023). Therefore, site-specific data on subsidence are imperative 
to accurately estimate the implications of subsidence to New Jersey communities and infrastructure 
(Ohenhen et al., 2024b).  

Subsidence “hot spots” can occur on former landfill sites or sites with artificial fill due to compaction 
(Buzzanga et al., 2023) and in areas of increased groundwater withdrawal (Hamlington et al., 2020). The 
STAP has produced maps of normalized changes in groundwater pumping volumes by county from 
1985–2015 for New Jersey compiled from the U.S. Geological Survey Water Use dataset (Figure 7) to 
provide an overview of where subsidence could be accelerating. However, while differences in relative sea-
level rise rates could be driven by spatially variable rates of groundwater extraction, differences in 
measured sea-level rise rates at the tide gages are not clearly attributable to groundwater extraction at this 
time. 

Projected groundwater demand is expected to produce groundwater declines of up to 15 feet between 
2014 and 2040, but there is substantial spatial variability in projected drawdown (Kauffman 2024). 
Subsidence is not expected to increase linearly with groundwater pumping as it will depend on the 

https://www.nature.com/articles/s41561-023-01357-2
https://www.nature.com/articles/s41561-023-01357-2
https://www.nature.com/articles/s41561-023-01357-2
https://www.nature.com/articles/s41586-024-07038-3
https://www.nature.com/articles/s41586-024-07038-3
https://www.nature.com/articles/s41586-024-07038-3
https://www.nature.com/articles/s41467-023-37853-7
https://www.nature.com/articles/s41467-023-37853-7
https://www.nature.com/articles/s41467-023-37853-7
https://academic.oup.com/pnasnexus/article/3/1/pgad426/7504900?login=false
https://academic.oup.com/pnasnexus/article/3/1/pgad426/7504900?login=false
https://academic.oup.com/pnasnexus/article/3/1/pgad426/7504900?login=false
https://www.science.org/doi/full/10.1126/sciadv.adi8259
https://www.science.org/doi/full/10.1126/sciadv.adi8259
https://www.science.org/doi/full/10.1126/sciadv.adi8259
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019RG000672
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019RG000672
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2019RG000672
https://pubs.usgs.gov/publication/sir20245028/full
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compressibility of the sediments, the hydrogeologic properties, and the spatial distribution of pumping. 
More data is needed to estimate the contribution of groundwater pumping to subsidence and relative sea-
level rise in New Jersey.  

 

 

Figure 7. Map of normalized change (percent change) in groundwater withdrawals in New Jersey counties from 
a)1985–2000 and b)2000-2015. Data obtained from USGS Water Use Data for New Jersey (USGS 2025). 
 

g) When is sea-level rise going to exceed a particular threshold?  
Consistent with the 2019 STAP report and IPCC AR6, practitioners stated that it would be helpful to be 
able to communicate when a particular level of SLR is projected to occur. More specifically, practitioners 
must be able to respond to the question, “When is sea-level going to exceed X ft over the 2005 baseline in 
New Jersey?” Figure 8 compares the projected timing of when Atlantic City, NJ will exceed stated 
thresholds from 1, 2, 3, 4, and 5 ft. of SLR above the 2005 baseline. Values for other tide gauges (i.e., Sandy 
Hook and Cape May, NJ; Philadelphia, PA; The Battery, NYC) are available in Appendix C (Figures C3-
C7). This information can help practitioners communicate the strength of evidence to support 
incorporating a given amount of SLR over time into their decision. 

The data in Figure 8 present information about SLR similar to that illustrated in Table 5, but in a 
fundamentally different way. Instead of providing a range of projected SLR for a given future year (Table 
5), Figure 8 presents a range of timings for a given level of SLR. For example:  

• Relative to mean sea level over 1995–2014: regardless of emissions, coastal New Jersey SLR is 
likely (at least a 66% chance) to exceed 1 ft (0.30 m) by 2030–2055. 
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• Under a low-emissions scenario, consistent with the global goal of limiting warming to below 2°C 
above late nineteenth-century levels, coastal New Jersey SLR is likely (at least a 66% chance in the 
absence of potential rapid ice-sheet loss processes) to exceed 2 ft (0.6 m) between 2060 and 2125 
and exceed 4 ft (1.2 m) between 2120 and sometime after 2300  

• Under an intermediate-emissions scenario, consistent with approximate current global climate 
policies, coastal New Jersey SLR is likely (at least a 66% chance in the absence of potential rapid 
ice-sheet loss processes) to exceed 2 ft (0.6 m) between 2055 and 2095 and exceed 4ft (1.2 m) 
between 2100 and 2195.  

• Under a high-emission scenario, consistent with global trends before the adoption of the Paris 
Agreement, coastal New Jersey SLR is likely (at least a 66% chance in the absence of potential 
rapid ice-sheet loss processes) to exceed 2 ft (0.6 m) between 2055 and 2085 and exceed 4 ft (1.2 
m) between 2095 and 2155.  

• Even accounting for the potential impact of potential rapid ice-sheet loss processes, across 
emissions scenarios, coastal New Jersey SLR is extremely unlikely (less than a 5% chance) to 
exceed 2 ft (0.6 m) before 2045. It is extremely unlikely to exceed 4 ft (1.2 m) before 2080 in a low-
emissions scenario, 2075 in an intermediate-emissions scenario, and 2070 in a high-emissions 
scenario.  
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Figure 8. Range of probabilities that SLR in Atlantic City, NJ will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 
5 ft of SLR above a 1995–2014 (2005) baseline under low, intermediate, and high emissions scenarios (in blue, 
orange, and red respectively). Refer to the legend to interpret how the projections are plotted: in general, 
projections that include potential contributions from rapid ice-sheet loss processes are indicated by light 
shading, while projections that exclude potential rapid ice-sheet loss processes are indicated by dark shading 
(the exception being #4 in the legend, which both excludes and includes potential rapid ice-sheet loss 
processes). The likely and extended likely range are represented by thicker lines. Open circles represent the 
median projections (~50% likely SLR will exceed the given height at the corresponding time). 
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h) How do the STAP 2025 sea-level rise projections compare with the STAP 2019 
projections? 
Despite substantially updated methodologies, for comparable warming scenarios and comparable choices 
about the inclusion of unknown-likelihood, high-impact ice-sheet processes (i.e., potential rapid ice-sheet 
loss processes), the SLR projections in this report and STAP 2019 are quite similar (Table C4, Table C5). 

There are two crucial distinctions between the 2019 and 2025 reports. First, based on the AR6 assessment 
and policy changes leading to reductions in projected global emissions, the warming scenarios used by the 
STAP in 2019 differ from the emissions scenarios used by the STAP in 2025 (Table C1). In this report, we 
adopt the same vernacular labels for SSP scenarios used by AR6. Meaning:  

• The ‘moderate’ warming scenario in STAP 2019, associated with 3.5°C of 21st-century global 
warming, most closely aligns with SSP3-7.0, which is the ‘high’ emissions scenario in this report. 
The STAP 2019 ‘moderate’ warming scenario was consistent with assessments of current-policy 
emissions a decade ago, but current policies in 2025 are more consistent with SSP2-4.5, the 
‘intermediate’ emissions scenario in this report. Like-to-like comparisons of projections between 
the two reports should therefore compare the STAP 2019 ‘moderate’ scenario to the STAP 2025 
‘high’ scenario.  

• The ‘low’ warming scenario in STAP 2019, associated with 2.0°C of 21st-century global warming, 
most closely aligns with SSP1-2.6 which is the ‘low’ emissions scenario in this report. 

Second, rather than simply presenting a “<17% chance” projection incorporating low-confidence processes 
as in STAP 2019, we present two “<17% chance of exceeding” projections (Table 5). The first such 
projection (denoted by “<17% chance‡”) excludes low-confidence processes, and thus assumes no 
significant contribution from unknown-likelihood, high-impact ice-sheet processes. This is analogous to 
how AR6 presented the upper bound of its likely range. The second “<17% chance” projection (i.e., upper 
bound of the extended likely range) is a high-end projection that incorporates low-confidence processes. 
This projection (denoted by “<17% chance*”) allows for unknown-likelihood, high-impact ice-sheet 
processes whose projections are characterized by low confidence. This second row is analogous to how 
STAP 2019 presented the upper bound of its likely range, and how AR6 presents the upper bound of its 
low-confidence projections. Both the STAP 2019 and STAP 2025 approaches are scientifically defensible. 
Like-to-like comparisons should compare the “<17% chance” values in STAP 2019 to the “<17% chance*” 
values in this report. Like-to-like comparisons should also compare the upper bound of the likely range in 
AR6 to the “<17% chance‡” values.  

When these two differences are taken into account, the STAP 2019 and STAP 2025 projections are 
notably similar. For example, likely range of projected sea-level rise for 2100 (relative to the 1995–2014), 
incorporating a representation of potential rapid ice-sheet loss processes, was 1.9–5.0 ft (0.58 – 1.52 m) 
according to the 2019 STAP report for its moderate warming (3.5°C) scenario and is 2.6–5.2 ft (0.79 – 1.58 
m) for this report for the high emissions scenario (median warming of 3.8°C). Additionally, when 
considering the STAP 2019 projections are 0.08 ft (0.02 m) lower than the 2025 STAP projections due to 
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the different baselines used between reports (Table 4), the STAP 2019’s 5.1ft projection is still nearly the 
STAP 2025’s 5.2ft (1.58 m) (i.e., 5.1ft - 0.08ft = 5.02 ft [1.55 m – 0.02 m = 1.53 m]) (Table 7). 

Table 7. Comparison of the STAP 2019 SLR estimates (converted here from the 2019 STAP Report’s 1991–2009 
baseline to the 2025 STAP Report’s 1995–2014 baseline) to the STAP 2025 SLR estimates for a comparable warming 
and emission scenario. All SLR estimates are in feet. 

 
 2100, feet above 1995–2014 

Chance SLR Exceeds STAP 2019, Moderate warming STAP 2025, High emissions 
> 83% chance 1.9 2.6 
~50% chance 3.2 3.3 

<17% chance* 5.0 5.2 
Median projected warming 3.5°C 3.8°C 

* Includes potential contributions from potential rapid ice-sheet loss processes.  
 

i) How do the STAP 2025 sea-level rise projections for New Jersey compare with 
the federal Interagency sea-level rise scenarios? 
The federal Sea Level Rise and Coastal Flood Hazard Scenarios and Tools Interagency Task Force released 
a 2022 report (hereafter the Interagency report) (Sweet et al., 2022) that builds on AR6. The STAP report 
and AR6 offer scientific projections of future sea level change that result from potential emissions and 
warming. These reports answer the question: What is the likelihood of different amounts of SLR under 
different future climate scenarios? In contrast, the Interagency report offers scenarios of future sea level 
change to answer the question: What is the range of plausible future sea level that a decision maker might 
wish to consider (incorporating both the range of possible emissions and the range of possible physical 
responses, regardless of whether those ranges are likely)? The Interagency report relies upon AR6 to 
evaluate the likelihood of the Interagency scenario trajectories under different warming levels and does 
not make an independent evaluation of likelihoods. 

The Interagency report presents five sea-level scenarios (i.e., Low, Intermediate-Low, Intermediate, 
Intermediate-High, and High), defined primarily by 2100 global-mean sea level change (ranging from 0.3 
to 2.0 m [1.0 to 6.6 ft]). Each scenario includes a central estimate, which is most commonly used, and low 
and high variants that reflect the uncertainty in how global-mean sea-level change relates to local relative 
sea-level change. In comparing the STAP projections to the Interagency scenarios for Atlantic City, we 
focus on the five central estimates as well as the high variant of the Interagency High scenario and the low 
variants of the Interagency Low scenario. 

Figure 9 compares the Atlantic City, NJ STAP projections to the Atlantic City, NJ Interagency scenarios. 
The STAP concludes:  

• For 2040 and 2050, the median Interagency Low, Intermediate-Low, Intermediate, Intermediate-
High, and High sea-level scenarios are all in the likely range of the STAP’s SLR projections. The 
high variant of the Interagency High scenario (83rd percentile of the Interagency High scenario) 
exceeds the extended likely range, falling slightly below the 95th percentile of the STAP 
projections.  

https://sealevel.globalchange.gov/internal_resources/756/noaa-nos-techrpt01-global-regional-SLR-scenarios-US.pdf
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• In 2070, under the Low emissions scenario, the Interagency Low, Intermediate-Low, and 
Intermediate sea-level scenarios fall within the STAP likely range, while the Intermediate-High, 
High, and High variant scenarios exceed the extended likely range. The Interagency Low variant 
(17th percentile of the Interagency Low scenario) falls below the STAP likely range. 

• In 2100, under the Low emissions scenario, the Interagency Low and Intermediate-Low SLR 
scenarios fall within the likely range, while higher Interagency scenarios exceed the extended likely 
range. The Interagency Low variant falls below the likely range. 

• In 2070, under the Intermediate emissions scenario, the Interagency Low, Intermediate-Low, and 
Intermediate SLR scenarios fall within the STAP likely range. The Interagency Intermediate-High 
scenario falls at the upper edge of the extended likely range. The Interagency High and High 
variant scenarios exceed the extended likely range. The Interagency Low variant is lower than the 
likely range of the STAP Intermediate SLR estimates by 2070. 

• In 2100, under the Intermediate emissions scenario, the Interagency Low scenario is below the 
likely range but above the 5th percentile (extremely likely to exceed projection). The Interagency 
Intermediate-Low scenario falls within the likely range, and the Interagency Intermediate scenario 
falls within the extended likely range. The higher Interagency scenarios exceed the extended likely 
range. The Interagency Low variant falls below the STAP 5th percentile. 

• In 2070, under the High emissions scenario, the Interagency Intermediate-Low and Intermediate 
scenarios fall within the likely range, with the Interagency Intermediate-High scenario falling 
within the extended likely range. The Interagency High scenario falls below the STAP 95th 
percentile, while the High variant scenario exceeds the 95th percentile. The Interagency Low 
scenario is below the likely range and above the 5th percentile, while the Low variant is below the 
5th percentile. 

• In 2100, under the High emissions scenario, the Interagency Low and Low variant scenarios are 
below the 5th percentile STAP projection.  The Interagency Intermediate-Low and Intermediate 
scenarios are within the likely range. The Interagency Intermediate-High and High scenarios 
exceed the extended likely range but fall below the 95th percentile STAP projection. The 
Interagency High variant scenario exceeds the 95th percentile. The Interagency Low and Low 
variant scenarios are below the 5th percentile. 
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Figure 9. STAP sea-level projections compared with Interagency sea-level rise scenarios for Atlantic City, NJ. 
Interagency scenarios are represented by dots and dashed lines. STAP sea-level projections are represented by box 
plots and provide the same data points presented in Table 5. The likely range of SLR estimates that do not consider 
potential rapid ice-sheet loss processes are represented by the darker colors of the box plots (grey, blue, orange, 
and red); the extended likely range of SLR estimates that do consider potential rapid ice-sheet loss processes are 
represented by the lighter shades of the box plots (grey, blue, orange, and red. The box plot’s arms span from the 
5th percentile (extremely likely to be exceeded) to 95th percentile (extremely unlikely to be exceeded). 
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j) How do the STAP projections for New Jersey compare with observations? 
In comparing the STAP projections to tide-gauge observations, it is essential to be cognizant that the 
STAP is projecting changes in 19-year average sea level (e.g., the reported 2040 projections are the 
projected average sea level over the period 2031–2049). The projections do not include interannual 
variability, which at Atlantic City (for example) adds ± 0.2 ft (0.06 m) variability (2σ) around the 19-year 
average. 

The closest SLR projection the STAP can compare to observations is the 2020 projection (or the measured 
average of sea level during the period 2011–2029). Since the 2011–2029 average sea-level has not yet been 
fully observed at the time of publication, the STAP must extrapolate the observed tide-gauge record to 
estimate the 2011–2029 average sea-level. The Federal Interagency SLR report (Sweet et al., 2022) 
constructed quadratic extrapolations of the 1970–2020 tide-gauge record. The Federal Interagency SLR 
report partially removed natural variability through regression on climate indices representing the El 
Niño–Southern Oscillation, Pacific Decadal Oscillation, and North Atlantic Oscillation. The Federal 
Interagency SLR report also accounted for serially correlated variability in estimating the associated 
uncertainty.  

The Federal Interagency SLR report’s extrapolations for 2020 (adjusted to match the 2005 or 1995–2014 
baseline period used in this report) are shown in Table 8. In New Jersey, the extrapolated value in 2020 
relative to 1995–2014 ranges from 0.31 ± 0.11 ft (0.09 ± 0.03 m) at Atlantic City to 0.37 ± 0.13 ft (0.11 ± 
0.04 m) at Cape May. The notable difference between the two relatively proximal sites likely reflects 
differences in subsidence, potentially associated with groundwater withdrawal.  

The 2025 STAP projections indicate, using the 19-year average centered on the year 2005 as the baseline, 
that the likely 19-year average relative SLR for New Jersey in the 19-year interval centered on 2020 is 0.26–
0.51 ft (0.08 – 0.15 m) of SLR (Appendix B) (i.e., from 2005 to 2020 it is likely there was between 0.26 and 
0.51 ft [0.08 – 0.15 m] of SLR). Overall, this suggests good agreement between the 2025 STAP’s projected 
likely ranges of sea-level rise and trends extrapolated from tide-gauge observations.  

By comparison, the 2019 STAP projected a likely rise of 0.2–0.7 ft (0.06 – 0.21 m) for New Jersey over the 
same period (2005–2020) (Kopp et al., 2019). Therefore, the 2019 STAP projection also agrees with 
observations, but with a broader range. 

Table 8. 2020 projections compared to observation extrapolations from Sweet et al. (2022). 

 Observation Extrapolation for 2020* AR6/STAP 2025 Projection for 2020 
The Battery 0.27 (0.20–0.34) ft 0.33 (0.21–0.47) ft 
Sandy Hook 0.33 (0.25–0.42) ft 0.38 (0.26–0.51) ft 
Atlantic City 0.31 (0.20–0.41) ft 0.38 (0.26–0.51) ft 

Cape May 0.37 (0.26–0.48) ft 0.37 (0.25–0.51) ft 

*Extrapolations, taken from the online datasets associated with Sweet et al., 2022 (NASA 2021), are adjusted from a 
1991–2009 to 1995–2014 baseline based on local tide gauge observations. Ranges shown are 17th–83rd percentile 
values for the extrapolation and likely ranges for the projections. The methodology used for the AR6 projections is 
identical to that used by the STAP.
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SECTION 5. HIGH COASTAL WATER LEVELS AND ASSOCIATED FLOODING  
High coastal water levels, such as those associated with storms or extreme high tides, push water levels 
above the normal high tide mark (i.e., mean higher high water or MHHW). High coastal water level 
events are occurring now along New Jersey’s coastline and will increase in frequency as sea levels continue 
to rise. The STAP deliberations focused on analyzing the frequency and magnitude of past and future 
flood events.  

Per NOAA’s recommended vernacular for objective and nationally consistent flood thresholds, ‘minor 
flooding’, ‘moderate flooding’, and ‘major flooding’ are severity terms used to describe flooding regardless 
of the driver (e.g., SLR, storms, precipitation) (Sweet et al. 2018). Minor flooding is “more disruptive than 
damaging,” moderate flooding causes damage, and major flooding is destructive (Sweet et al., 2018). 
Flood thresholds as defined by NOAA are unique to a given location. NOAA reports them relative to the 
NTDE for 1983–2021, but they do not change in height with increasing sea level. For example, the 
Atlantic City, NJ, flood thresholds are the derived flood thresholds of 1.8 ft (minor flooding), 2.8 ft 
(moderate flooding), and 4.0 ft (major flooding) above MHHW (defined in the NTDE for 1983–2001).15  

In this report, the term “coastal flood event” refers to a flood that exceeds at least the minor flooding 
threshold, and the term “coastal flood day” refers to a day with a flood event. A “high tide flood” is a flood 
event that occurs without a storm. 

 

a) Past Coastal Flooding  
The total number of coastal flood days in New Jersey has increased in frequency and magnitude over time. 
In the 1950s, Atlantic City experienced an average of less than one coastal flood day per year. Over 2007–
2024, there were an average of twelve coastal flood days per year, with annual totals ranging between four 
coastal flood days in 2007 and an all-time high of 23 coastal flood days in 2024 (Figure 10).  

 
15 The flood threshold values were derived using a consistent standard for coastal flooding nationwide by NOAA (Sweet et al., 
2018) but are not the same as the local National Weather Service thresholds. Derived flood thresholds can be found in 
Appendix 1 of Sweet et al. 2018. In meters, these thresholds are: 0.55 m (minor flooding), 0.85 m (moderate flooding), 1.21 m 
(major flooding). 

https://tidesandcurrents.noaa.gov/publications/techrpt86_PaP_of_HTFlooding.pdf
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Figure 10. Historical flood frequency (number of coastal flood days) for Atlantic City, NJ. Data was downloaded from 
the NOAA Historic Flood Days portal (NOAA Tides and Currents 2025). Minor, moderate, and major flood event days 
are blue, grey, and orange, respectively. Flood events are recorded based on calendar year, not meteorological year. 
Major flood event names and a notable moderate flood event name are superimposed and color-coded on the upper 
left corner. 
 

b) Future Coastal Flooding 
Understanding the likelihood of future flood events can help practitioners plan for the detrimental 
impacts of flooding on infrastructure and community function (Sweet et al., 2018).  In this section, 
following the methodology of Sweet et al. (2018), the STAP examines the effects of projected future SLR 
(and its uncertainty) on flood events.16  As in Section 5a, the thresholds for minor, moderate, and major 
floods are 1.8 ft (minor flooding), 2.8 ft (moderate flooding), and 4.0 ft (major flooding) above MHHW 
(defined in the NTDE for 1983–2001)This analysis excludes the potential effects of changes in coastal 
storms, which are discussed in Section 6. Projected future flood frequencies for Atlantic City, New Jersey, 
under the intermediate emissions scenarios for minor, moderate, and major flood events are shown in 
Table 9. 

The STAP generated future coastal flood day frequencies for Atlantic City, NJ under an intermediate-
emissions scenario (Table 9). Future coastal flood frequencies for additional tide gauge locations (i.e., 
Sandy Hook and Cape May, NJ; Philadelphia, PA; The Battery, NYC) are included in Appendix E. The 
STAP concludes: 

• It is likely (at least a 66% chance in the absence of potential rapid ice-sheet loss processes) that 
Atlantic City will experience between 29 and 148 coastal flood days (i.e., a high-water level greater 
than 4 feet above 1995–2014 mean sea level baseline at least one time during the 24-hour day) in a 
typical year around 2050. Note that this is the average number of coastal flood days per year and 

 
16 A “coastal flood event” refers to a flood that exceeds at least the minor flooding threshold, as discussed in Section 4a. 

https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=8534720#flooddays&startyear=1950&endyear=2024&metyear=false
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does not include the year-to-year variability, which will cause some years to have a number of 
flood events well above average.  

• It is likely (at least a 66% chance in the absence of potential rapid ice-sheet loss processes) that 
Atlantic City will experience between 227 and 359 coastal flood days in a typical year by 2100. 
Including potential rapid ice-sheet loss processes could extend the upper end of the number of 
coastal flood days to daily coastal flood days.  

• It is extremely likely (more than a 95% chance) that the average number of coastal flood days at 
Atlantic City in a typical year will exceed 130 by the year 2100.  It is likely (at least a 66% chance in 
the absence potential rapid ice-sheet loss processes) that flooding will occur between 227 and 359 
days a year in a typical year around 2100. 

• The number of minor, moderate, and major flood events is expected to increase over time. For 
example, it is extremely likely (more than a 95% chance) that there will be an average of one major 
flood days (i.e., floods greater than 6.2 ft [1.89 m] above this report’s 1995–2014 baseline) in a 
typical year by the year 2100. 
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Table 9. Expected coastal flooding days in Atlantic City, NJ through 2150 under the intermediate emissions scenario 
both excluding and including potential rapid ice-sheet loss processes 

  
Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) under the Intermediate- 

Emissions Scenario for Atlantic City 
  Year 2020 2030 2040 2050 2070 2100 2150 

M
in

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 5 6 9 15 54 131 257 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 6 9 15 29 97 227 331 
~50% Chance SLR Exceeds 8 16 35 72 194 326 363 

<17% Chance SLR Exceeds‡ 13 34 80 148 297 359 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 13 36 93 178 326 364 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 17 61 151 262 356 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 1 5 14 69 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 1 3 9 47 194 
~50% Chance SLR Exceeds 1 2 3 6 31 179 353 

<17% Chance SLR Exceeds‡ 1 3 7 17 113 327 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 3 9 25 179 355 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 5 18 73 306 365 365 

M
aj

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 2 11 
~50% Chance SLR Exceeds 0 0 0 0 1 10 220 

<17% Chance SLR Exceeds‡ 0 0 0 1 5 103 361 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 10 238 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 3 63 360 365 
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Table 10 summarizes coastal water levels associated with permanent inundation occurring at the mean higher 
high water level, coastal flood events, and various coastal storms through 2150. Values here are presented with 
respect to mean higher high water calculated over the National Tidal Datum Epoch (NTDE) 1983-2001 
baseline.  With respect to this baseline, the NOAA flooding thresholds are 1.8 ft (minor flooding), 2.8 ft 
(moderate flooding), and 4.0 ft (major flooding).17  The SLR projections are presented with respect to the 
1995–2014 baseline used for the STAP’s projections (as in Table 5). Table 10 shows two illustrative SLR 
projections under the intermediate emissions scenario: (1) the median projection in the absence of potential 
rapid ice-sheet loss processes and (2) the upper bound of the extended likely range including potential rapid 
ice-sheet loss processes. Table 10 does not reflect future changes in storms; instead, Table 10 communicates the 
total water level if the same exact past storm occurs in the future.18 For example, for the intermediate emissions 
scenario with a ~50% of occurring excluding potential rapid ice-sheet loss processes, to estimate the change in 
coastal water level extremes of a Hurricane Sandy event in 2100, the STAP used the observed water level from 
2012 during Hurricane Sandy converted to the 2005 baseline (i.e., 3.8 ft [1.16 m] relative to the NTDE MHHW in 
Atlantic City, NJ) and added the 2012 water level to the estimated SLR in the year 2100 (e.g.,  3.8 ft + 2.9 ft = 6.7 ft 
[1.16 + 0.88 = 2.04 m]). Table 10 can be modified to reflect additional emissions scenarios (instructions available 
in Appendix F). Based on Table 10, the practitioner can begin to understand potential future coastal water level 
extremes that include projected SLR. For example, the practitioner might wish to communicate the following:  

1. Under the intermediate emissions scenario excluding potential rapid ice-sheet loss processes 
(Table 10a), between 2050 and 2070 the Atlantic City, New Jersey will have about a 50% chance of 
experiencing permanent inundation that will surpass the current minor flood threshold (1.8 ft 
[0.55 m] relative to the NTDE baseline).        

2. Under an intermediate-emissions scenario excluding potential rapid ice-sheet loss processes 
(Table 10b) by 2050, Atlantic City, NJ has a 50% chance of experiencing annual flood events that 
exceed the water levels of 2012’s Hurricane Sandy (3.6 ft [1.09 m] relative to the NTDE).        

3. Under an intermediate-emissions scenario excluding potential rapid ice-sheet loss processes by 
2040, Atlantic City, NJ has a 50% chance of exceeding a 3.5 ft [1.07 m] annual flood event, 
surpassing the threshold for the NTDE 10-year flood event (3.3 ft).  

Based on this analysis of Atlantic City, the STAP has concluded minor flood events observed in the mid-
20th century are now commonplace (Figure 7) and are extremely likely (more than a 95% chance of 
occurring) to occur over more than half the days of the year in a typical year by 2100 (i.e., 200 days of the 
year). Minor flood events are likely (at least a 66% chance of occurring) to occur between 270–360 days a 
year in the absence of potential rapid ice-sheet loss processes. 

 
17 Conversions were needed to ensure the baseline SLR is measured against is in the temporal baseline (the 19-year average sea 
level between 1995-2014) and vertical datum (i.e., mean sea level) used for the STAP projections. Conversion values were 
derived from the Atlantic City, NJ datums webpage (available at NOAA 2025) and based on Table 4 of this report. Second, 0.19 
was subtracted to convert the flood threshold from the NTDE baseline (1983–2001 baseline) to a 1995–2014 baseline consistent 
with Table 4. In meters, these thresholds are: 1.21 m (minor flooding), 1.52 m (moderate flooding), 1.89 m (major flooding). 
18 Additional Context for Technical Experts: The calculation of water levels in historic events under future sea levels does not 
reflect future changes in storm intensity. It also does not include nonlinear effects of sea level on storm surge (i.e., it relies on 
linear superposition) although in many locations future surges can be expected to experience nonlinear amplification by sea 
level (though in some areas, dampening could occur).  

https://tidesandcurrents.noaa.gov/datums.html?id=8534720
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Table 10. Values in the table (in feet) refer to changes in coastal water level extremes under two SLR projections centered on the year 
2005 (i.e., average sea level over 1995–2014) relative to the NTDE tidal datum for Mean Higher High Water centered on the year 1992 
(average over 1983-2001). The 100-year flood (1% AEP), 10-year flood (10% AEP), and Annual Flood (63% AEP) are derived from NOAA 
Tides & Currents extreme water levels (available here). The storms of 1992, 1962, and 2012 are derived from NOAA Tides and Currents 
top 10 highest water levels (available here). The coastal flooding threshold for Atlantic City, NJ is from Sweet et al. (2018). All values 
in this table are based on measurements recorded at the Atlantic City tide gauge; all values, therefore, include storm surge. 

  NTDE* 2005 2020 2040 2050 2070 2100 2150 
a) Int. Emissions, Middle of Likely Range (50% Change), Excluding Potential Rapid Ice-Sheet Loss Processes 
SLR relative to 1995-2014 -0.2 0.0 0.4 1 1.3 1.9 2.9 4.5 
100-year flood (1% AEP)   4.7 4.9 5.3 5.9 6.2 6.8 7.8 9.4 
Ash Wednesday Storm (1962 - 4.3ft)** 4.7 4.9 5.3 5.9 6.2 6.8 7.8 9.4 
Great Nor'Easter (1992 - 4.4ft)** 4.4 4.6 5.0 5.6 5.9 6.5 7.5 9.1 
Major Flood Threshold 4.0 — — — — — — — 
Sandy (2012 - 3.9ft)** 3.6 3.8 4.2 4.8 5.1 5.7 6.7 8.3 
10-year flood (10% AEP)  3.3 3.5 3.9 4.5 4.8 5.4 6.4 8.0 
Moderate Flood Threshold 2.8 — — — — — — — 
Annual Flood (63% AEP) ‡ 2.3 2.5 2.9 3.5 3.8 4.4 5.4 7.0 
Minor Flood Threshold 1.8 — — — — — — — 
Bimonthly Flood (99% AEP) ‡ 1.6 1.8 2.2 2.8 3.1 3.7 4.7 6.3 
Mean Higher High Water 0.0 0.2 0.6 1.2 1.5 2.1 3.1 4.7 
NAVD88 -2.0 — — — — — — — 
Mean Sea Level -2.4 -2.2 -1.8 -1.2 -0.9 -0.3 0.7 2.3 
b) Int. Emissions, Upper Bound of Extended Likely Range (<17% Chance), Including Potential Rapid Ice-Sheet Loss 
Processes 
SLR relative to 1995-2014 -0.2 0.0 0.5 1.4 1.9 2.8 4.5 12.0 
100-year flood (1% AEP)   4.7 4.9 5.4 6.3 6.8 7.7 9.4 16.9 
Ash Wednesday Storm (1962 - 4.3ft)** 4.7 4.9 5.4 6.3 6.8 7.7 9.4 16.9 
Great Nor'Easter (1992 - 4.4ft)** 4.4 4.6 5.1 6.0 6.5 7.4 9.1 16.6 
Major Flood Threshold 4.0 — — — — — — — 
Sandy (2012 - 3.9ft)** 3.6 3.8 4.3 5.2 5.7 6.6 8.3 15.8 
10-year flood (10% AEP)  3.3 3.5 4.0 4.9 5.4 6.3 8.0 15.5 
Moderate Flood Threshold 2.8 — — — — — — — 
Annual Flood (63% AEP)* 2.3 2.5 3.0 3.9 4.4 5.3 7.0 14.5 
Minor Flood Threshold 1.8 — — — — — — — 
Bimonthly Flood (99% AEP)* 1.6 1.8 2.3 3.2 3.7 4.6 6.3 13.8 
Mean Higher High Water 0.0 0.2 0.7 1.6 2.1 3.0 4.7 12.2 
NAVD88 -2.0 — — — — — — — 
Mean Sea Level -2.4 -2.2 -1.7 -0.8 -0.3 0.6 2.3 9.8 
*NTDE refers to the National Tidal Datum Epoch, defined by NOAA as the average over 1983-2001. Values in the NTDE column are taken from NOAA Tides & Currents 
at https://tidesandcurrents.noaa.gov/datums.html?id=8534720 and https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=8534720 and then shifted based 
upon the sea-level rise projection. Fixed thresholds (NAVD88, minor/moderate/major flood thresholds) do not shift with sea-level rise. 
**Water levels for historic storms are adjusted from the sea level at the time of the storm's occurrence to the contemporary NTDE baseline. Water levels for historic 
storms in their historic year are provided based on their historic mean higher high water baseline in parentheses. 
‡For this report, an Annual Flood is a flood event expected to occur once per year. According to AEP experts, this definition of an annual flood has a 63.2% AEP. 
Moreover, AEP experts have clarified flood events with a 99% AEP are expected to occur approximately six times per year (or every other month). For this report, a 
99% AEP flood event will be referred to as a “Bimonthly Flood.” Conversions between AEP and the average number of exceedances per year can be found at Langbein 
1949 and Ladson 2017. 

https://tidesandcurrents.noaa.gov/est/stickdiagram.shtml?stnid=8534720
https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=8534720#top10event
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SECTION 6. FUTURE COASTAL STORMS AND STORM-DRIVEN FLOODING 
a) Future Storms 
In a warmer climate, coastal storms, including both TCs and ETCs, may evolve in ways that impact the 
hazards they present to New Jersey communities, both at the coast and farther inland. The STAP 
deliberations focused on four aspects of the changing characteristics of TCs and ETCs:  frequency, 
intensity, precipitation, and trajectories.  

Below is a summary of the changing characteristics of TCs: 

1. Frequency - Most recent studies suggest that global TC frequency will decrease in a warmer 
future (Knutson et al., 2020).  However, several studies also suggest potential increases in global 
TC frequency (Murakami et al., 2014; Camargo 2013; Emanuel 2013; Wehner et al., 2015; Bhatia 
et al., 2018; Knutson et al., 2020).  The IPCC AR6 concluded with medium confidence that the 
total global frequency of TC formation will decrease or remain unchanged with increasing global 
warming (Seneviratne et al., 2021) 

In the Atlantic Basin specifically, results pertaining to overall TC frequency are similarly mixed, 
with most models projecting a decrease in TC frequency in the North Atlantic (e.g., Xi et al., 
2024), but some suggesting possible increases in future Atlantic TC frequency (Sena et al., 2022).   

 
2. Intensity - Although absolute changes in future TC frequency remain uncertain, there is greater 

confidence that the proportion of very intense TCs (Category 4 and 5) will increase in a warmer 
world.  A 2020 assessment from the World Meteorological Organization (WMO) indicated that 
all authors involved in the assessment had either medium-to-high confidence or high confidence 
that the proportion of TCs that reach very intense levels will increase in the future.  Similarly, 
IPCC AR6 stated that there was high confidence that the proportion of intense TCs, average peak 
TC wind speeds, and peak wind speeds of the most intense TCs will increase on the global scale 
with increased warming (Seneviratne et al., 2021). In the Atlantic Basin specifically, Xi et al., 
(2024) showed a shift of the distribution of TC lifetime maximum intensity towards higher values 
due to climate change under the high emissions SSP5-8.5 scenario, based on statistical 
downscaling of multiple global climate models.  

In addition, the rate at which TCs intensify is expected to increase as the planet warms.  Various 
modeling studies have shown that peak intensification rates of TCs increase notably with 
additional warming (e.g., Bhatia et al., 2018; Ramsay et al., 2020). An analysis of downscaled TCs 
indicates that in a warmer world, it may be especially common for TCs to intensify quickly in the 
24 hours before landfall (Emanuel 2017), amplifying forecasting challenges associated with such 
dangerous storms (DeMaria et al., 2021). Rapid intensification (RI) events induce notably higher 
rainfall hazard levels than non-RI events with the same intensity. Thus, increasing RI in the future 
climate contributes to future increases of TC rainfall hazards (Lockwood et al., 2024). 

 

https://journals.ametsoc.org/view/journals/bams/101/3/bams-d-18-0194.1.xml
https://journals.ametsoc.org/view/journals/clim/27/5/jcli-d-13-00436.1.xml
https://journals.ametsoc.org/view/journals/clim/26/24/jcli-d-12-00549.1.xml
https://www.pnas.org/doi/full/10.1073/pnas.1301293110
https://journals.ametsoc.org/view/journals/clim/28/10/jcli-d-14-00311.1.xml
https://journals.ametsoc.org/view/journals/clim/31/20/jcli-d-17-0898.1.xml
https://journals.ametsoc.org/view/journals/clim/31/20/jcli-d-17-0898.1.xml
https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/
https://journals.ametsoc.org/view/journals/clim/37/17/JCLI-D-23-0475.1.xml
https://journals.ametsoc.org/view/journals/clim/37/17/JCLI-D-23-0475.1.xml
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2022GL100267
https://journals.ametsoc.org/view/journals/clim/37/17/JCLI-D-23-0475.1.xml


 

 65 NJ’s Rising Seas and Changing Coastal Storms Section 6 

3. Trajectories - The locations where Atlantic TCs form, travel, and dissipate are projected to 
change in a warming climate, impacting the TC hazards that New Jersey communities will face. 
Using downscaled global climate models, Garner et al., (2021) show that in a very high-emissions 
future (RCP8.5; 2080-2100 CE) compared to the pre-industrial era (850-1800 CE), TCs that 
impact the northeastern U.S. are more likely to form closer to the U.S. southeast coast (>15% 
increase), and move more slowly in regions along the U.S. Atlantic coast (>15% increase). While 
this emission scenario produces a warmer future than the 2025 STAP “high” scenario, studies of 
TC tracks in other ocean basins using the same methods produce similar changes in TC tracks 
across both moderate (SSP2-4.5) and very high (SSP5-8.5) scenarios (Garner et al., 2024). 
Another study using TCs downscaled from global climate models shows that, over the same time 
period, TCs impacting the U.S. Northeast tend to form closer to the U.S. Southeast coast, 
potentially impacting landfall patterns and warning time (Weaver and Garner 2023). These 
findings suggest an evolving TC hazard for New Jersey, including potential changes in TC 
landfalls in some regions that are accompanied by both decreased time to prepare for TCs when 
they occur and increased impacts from TCs that may remain in the region for a greater duration 
of time. 

4. Precipitation - Xi and Lin (2022) found that, under very high emissions (SSP5 8.5 scenario), the 
100-year TC rainfall level can increase by up to 320% along the U.S. coastline by the end of this 
century, considering projected changes in storm characteristics including increases in intensity and 
frequency (Emanuel et al., 2013). The influence of increased TC rainfall-producing ability (due to 
increases in TC intensity, TC duration and atmospheric temperature) is more significant than the 
influence of TC frequency increase on the increase of the 100-year TC rainfall level (up to 180% vs. 
60% increase). Thus, the projected increase of TC rainfall hazard is robust against the relatively large 
uncertainties that exist in the current TC frequency projection (Knutson et al., 2020). 

Regarding ETCs, future projections of ETCs show increases in precipitation (Seneviratne et al., 2021). In 
addition, some studies suggest northward and eastward shifts in tracks of ETCs (Seneviratne et al., 2021; 
Zappa et al., 2013). Frequency and intensity changes under future climate scenarios are ambiguous due to 
low model resolution and the wide breadth of study areas (Priestley & Catto, 2022). However, a recent 
study of the impacts of climate change on the intensity of explosive cyclones (a rapid deepening and 
intensification of ETCs) in the North Atlantic has found warming scenarios will create more intense 
atmospheric rivers that are also associated with explosive cyclones deepening earlier and for longer 
periods of time: this is expected to result in potentially more hazardous future storms (Lopez-Marti et al., 
2025). In addition, so-called “pseudo-global warming” experiments, in which the effects of climate change 
are simulated by imposing large-scale changes in environmental conditions (e.g., sea surface 
temperatures, vertical temperature profiles), indicate enhanced ETC activity over the North Atlantic and 
offshore of the US east coast (Michaelis et al., 2017). In another pseudo-global warming study, Willison et 
al. (2015) found that horizontal resolution greater than what is used in most current climate models 
results in an amplified storm track response. 

STAP Assessment Statement on Future TCs and ETCs: In summary, while there is mixed evidence 
regarding changes in the total number of North Atlantic TCs, there is high confidence that the proportion 
of very intense hurricanes (Category 4 and 5) will increase with warming. Additionally, there is high 
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confidence that the rate at which TCs intensify will increase with additional warming. Potential changes in 
TC trajectories complicate the link between TC intensification and coastal impacts. In addition, there is 
very high confidence that the rainfall rate of tropical storms will continue to increase with warming.  
Overall, there is low confidence regarding future changes in ETCs due to the limited body of evidence. 

 

b) Future Flooding 

Coastal Flooding 

A 2020 assessment from an expert team with the World Meteorological Organization (WMO) 
noted that the most confident projection related to how TCs will change in a warming world is 
that flooding driven by coastal storms will become worse due to increasing sea levels (Knutson et 
al., 2020). Consistent with the analysis in section 5, several studies have shown the impact of 
future SLR upon coastal extreme water levels along and near New Jersey coastlines, where future 
storm surge flood heights from both TCs and ETCs will be amplified due to rising sea levels in the 
coming decades (Lin et al., 2016; Garner et al., 2017; Roberts et al., 2017; Marsooli et al., 2019). 
Marsooli et al. (2019) found the effect of TC climatology change is relatively small for the US 
northeast. However, it would become comparable to the effect of SLR for the US southeast and 
Gulf regions. Lin et al. (2019) found that the effect of ETC climatology change is small, although 
uncertainties exist among the climate models and projections. 

Compound Flooding  

Many flood events are compound events where multiple flood drivers (e.g., storm surge, riverine 
flow, and rainfall) contribute to the observed impacts. In NJ, more than 77% of the recorded flood 
events between 1980 and 2018 were compound events (Ali et al., 2025). Changes in the different 
flood drivers combine to create changes in compound flooding.  

Gori et al. (2022) found a drastic increase in the joint rainfall-storm surge-SLR hazard from 
historical to projected future conditions, up to 30–195-fold increase in the Northeast by 2100 
under the SSP5–8.5 emissions scenario. They found that the contribution of TC climatology 
change to the joint hazard is relatively large due to TC rainfall increases, and increasing storm 
intensity and decreasing translation speed are the main TC change factors that cause higher 
rainfall and storm tides and an increase in their dependence. This projected increase in the joint 
rainfall-storm surge-SLR hazard results in increases of the 100-year compound flood extent by 
27% and inundation volume by 62% in the Cape Fear Estuary, NC, by the end of the century 
under SSP5–8.5 (Gori and Lin 2023).  

At the national scale, Bates et al. (2021) provided the projection of compound flood hazards for 
the conterminous US (i.e., the lower 48 states), considering all major sources (pluvial, fluvial, 
coastal) of flood hazards from main storm systems (TCs and ETCs). They provided projections 
for both current conditions and for future time periods (2035 and 2050 under the RCP4.5 
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emissions scenario) and showed that even for an intermediate emissions trajectory, there will be 
locally significant changes in the land area at risk from compound floods by 2050.  

STAP Assessment Statement on Coastal and Compound Flooding: There is very high confidence that, 
even without changes to storm characteristics, future storm surge flooding will be worse due to rising sea 
levels. Changes in compound flooding depend on the changes in all the contributing flood drivers, with 
some being more uncertain than others. Overall, there is very high confidence that the frequency of 
compound flooding will increase due to the combination of SLR and increased rainfall and storm surge 
associated with TC intensification.  
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SECTION 7. ADDITIONAL IMPACTS OF SEA-LEVEL RISE AND COASTAL 
STORMS  
To assess the impacts of SLR and coastal storms on New Jersey's coastline, it is essential to move beyond 
passive models and develop dynamic frameworks that account for the coupled evolution of coastal 
landscapes and human activities over multi-decadal timescales (Kopp et al., 2019). SLR and storms have 
significant effects on the morphology, morphodynamics, ecology, and hydrology of coastal environments 
(Lorenzo-Trueba & Mariotti, 2017; Passeri et al., 2018; Le Cozannet et al., 2019; Lemke & Miller, 2020; 
Fanning et al., 2024). This section reviews key impacts on coastal erosion, coastal wetlands, saltwater 
intrusion, and linkages between these processes.19 

a) Coastal Erosion 
New Jersey’s coastline encompasses a diverse array of coastal environments, including barrier islands, 
sandy and headland beaches, coastal bluffs, and extensive estuarine shorelines along the Raritan Bay, the 
Delaware Bay and River, and the Hudson-Raritan Estuary (Psuty & Ofiara, 2002; Hapke et al., 2013). 
Barrier-marsh-lagoon systems, most prominently along the Atlantic coast but also occurring in modified 
forms in parts of Delaware and Raritan Bays, represent some of the state’s most dynamic coastal features. 
These systems experience high rates of shoreline change due to their inherent geomorphic sensitivity and 
exposure to wave action, storm surge, and SLR (McBride et al., 2013).  

Barrier islands are among the most dynamic coastal environments and experience the highest erosion 
rates due to wave action, storm surges, and SLR (McBride et al., 2013). Unlike passive flooding models, 
where coastlines submerge gradually, barrier islands undergo active sediment redistribution. This occurs 
through onshore sediment transport from overwash events (Leatherman and Zaremba 1983; Donnelly et 
al., 2006; Lorenzo-Trueba and Ashton 2014; Lorenzo-Trueba and Mariotti 2017, Nienhuis et al., 2021), 
lateral transport interacting with coastal structures (Krauss et al., 1994, Hanson et al., 2010, Zimmerman 
and Miller 2021), and offshore sediment transport from the upper shoreface to deeper waters (Bruun, 
1962; Lorenzo-Trueba & Ashton, 2014; Lorenzo-Trueba & Mariotti, 2017). These processes cause 
shoreline retreat rates to exceed those estimated by passive flooding models alone (Kopp et al., 2019). In 
many cases, barrier shorelines erode horizontally at rates 100–1000 times greater than the rate of relative 
sea-level rise, such that meters of shoreline retreat can occur for each centimeter of sea-level rise 
(Leatherman et al., 2000). 

Sea-level rise can also push barrier systems toward geomorphic thresholds where they fragment into 
smaller segments or convert to shoals and tidal inlets. Recent modeling frameworks (Palermo et al., 2024) 
identify a critical alongshore length scale — determined by the balance between overwash flux and 
alongshore sediment transport — beyond which barriers become increasingly susceptible to breaching. As 
SLR accelerates, overwash frequency and magnitude can increase (Nienhuis and Lorenzo-Trueba 2019a; 
Nienhuis & Lorenzo-Trueba, 2019b), shifting more barriers above this threshold and raising 
fragmentation risk. 

 
19 The STAP recognizes the impacts of SLR on coastal ecosystems affects more than these three sectors to include impacts such 
as wetland migration, ghosts forests, agricultural salinization, and more (NJDEP 2020; Griggs and Ruguero 2021; McDermott 
2023). An analysis of all SLR impacts is outside the scope of this report. 
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Coastal engineering plays a significant role in shaping New Jersey’s coastline. Projects like beach 
nourishment, dune construction, and hard stabilization (e.g., seawalls, groins, and jetties) alter natural 
erosion processes (Valverde et al., 1999; Psuty & Ofiara, 2003; Miselis & Lorenzo-Trueba, 2017; 
Almarshed et al., 2020). In a 2011 study (Hapke et al., 2011), the USGS found the shoreline change rate in 
New Jersey to be highly variable (from -8.6 m/yr to +15.4 m/yr) and strongly influenced by human 
interventions.  Long Beach Island (LBI) illustrates how human intervention can locally alter coastal 
dynamics. From the 1830s to the 1930s, natural processes—including a lack of new sediment supply from 
offshore or fluvial sources (Ashley et al., 1991) combined with sea-level rise—caused a 171-meter retreat 
of LBI’s shoreline. Since the 1930s, repeated beach nourishment, dredging, and jetty construction have led 
to localized shoreline advance, with some areas experiencing net seaward movement (e.g., a 22-meter 
expansion reported by Tenebruso et al., 2022). However, this reversal is not uniform along the entire 
island — the unprotected and unnourished Holgate section has continued to migrate westward — and 
does not occur in all engineered settings in New Jersey (e.g., Sea Bright). Along most of the state’s coast, 
the prevailing erosional tendency reflects the absence of natural sediment inputs and the reliance on 
alongshore sediment redistribution, with observed shoreline advance generally tied to direct nourishment 
efforts. 

Projecting future rates of coastal erosion in New Jersey faces several challenges. Key uncertainties stem 
from: 

1. Limited historical data on how coastlines respond in the absence of human intervention (Miselis 
& Lorenzo-Trueba, 2017; Tenebruso et al., 2022),  

2. Uncertainties in climate projections and storm pathways (Jamous et al., 2023); 

3. The extent of future coastal engineering (McNamara et al., 2023; Lorenzo-Trueba et al., 2025) and 

4. The lack of models that can efficiently incorporate SLR, storm intensity, and human intervention 
(Nienhuis & Lorenzo-Trueba, 2019) over the vast parameter space.  

Advanced, computationally intensive models for projecting future rates of erosion (e.g., van Verseveld et 
al., 2015, Jamous et al., 2023) remain difficult to apply at the scales required, while simplified categorical 
models (e.g., Sallenger, 2000; Leaman 2021) do not capture the necessary dynamics.  Recent advances in 
several areas have begun to overcome some of the challenges in projecting future storm erosion.  These 
include: 

1. Advances in projecting the impact of climate change on factors controlling storm erosion 
(Marsooli et al., 2021; Fanning et al., 2024), and  

2. Advances in remote sensing and data-driven, probabilistic models (Lemke and Miller 2021; 
Janssen and Miller 2022; Ranasinghe 2023; Vitousek et al., 2023; Schmelz et al., 2024). 

Storm events affecting the New Jersey coastline vary widely in magnitude and spatial impacts. At the 
lower end, a storm may cause minor beach erosion, with sediment transported offshore to form 
temporary sandbars that can naturally migrate back toward the beach. At the upper end, extreme events 
like Hurricane Sandy can cause profound geomorphic change, widespread economic losses, and life-
threatening hazards. The effects of storms of a given magnitude are often highly localized, and their 
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recurrence intervals remain poorly constrained for specific sites along the coast. This variability 
underscores the need for high-frequency monitoring and probabilistic approaches that can resolve a range 
of event scales and project localized responses. 

Equity considerations also shape New Jersey’s coastal future. While wealthy communities may continue to 
invest in engineered shorelines, economically disadvantaged areas may be unable to keep pace (Kolodin et 
al., 2021; Lorenzo-Trueba et al., 2025). Nourishment costs have more than doubled since the early 2000s 
and can exceed $10 million per mile per project, particularly where offshore sand is scarce (Elko et al., 
2021; Staudt et al., 2021). More frequent renourishment—every 2–5 years in some areas—adds further 
financial pressure (Miselis et al., 2021).  

STAP Assessment Statement on Coastal Erosion: There is high confidence that New Jersey’s shorelines 
will continue to experience significant erosional pressure driven by SLR and storms, with the resulting 
shoreline change strongly influenced by local geomorphology and the extent of coastal engineering. While 
current levels of intervention have been successful at reducing erosion rates (Hapke et al., 2011) these 
efforts may become economically unsustainable in the future, particularly for lower-income communities.  

b) Coastal Wetlands  
Coastal wetlands provide critical services, such as wave attenuation, biodiversity support, and carbon 
sequestration, making them critical components of New Jersey’s landscape. Coastal wetlands develop 
dynamically with SLR through elevation-building processes which depend on sediment availability, 
vegetation productivity, and the capacity for landward migration (Morris et al., 2002; Kirwan et al., 2016; 
Elsey-Quirk et al., 2022). Yet, when SLR exceeds critical thresholds (globally, about 4 mm/yr [1.5 
inches/decade] with 66% probability and about 7 mm/yr [2.8 inches/decade] with 90% probability; 
Saintilan et al., 2023), chronic flooding caused by SLR can overwhelm these processes and lead to 
drowning (Morris et al., 2002; Kirwan et al,. 2010). As shown in Table 6, rates of SLR in this range are 
likely in New Jersey by the middle of the century.  

New Jersey currently has over 300,000 acres of coastal wetlands, but historical analyses have shown 
declines. For instance, Barnegat Bay lost approximately 650 acres of coastal wetlands from 1995 to 2015 
(Krause et al., 2022) and Delaware Bay lost 334 acres from 1975 to 2011 (Carr et al., 2018). Declining 
sediment loads (Weston 2014) and human alteration (Weis et al., 2021) can exacerbate losses as sea levels 
continue to rise. Sediment-starved systems (systems with suspended sediment concentrations <30 mg/L; 
D’Alpaos et al., 2011) with limited migration pathways are at the greatest risk of drowning, particularly 
where historical human disturbance has negatively affected plant production. Erosion also plays a factor: 
for example, a significant portion of the loss of salt marshes is due to shoreline erosion, which is not 
necessarily tied to the conversion of the marsh platform to tidal flat or open water, but can further 
exacerbate losses as sea levels rise (Fagherazzi et al., 2013; Lathrop & Hasse, 2020). 

As tracking elevation change is critical to understand patterns of loss, in 2019, the New Jersey Tidal 
Wetland Monitoring Network was formed to track the condition of the state's coastal wetlands. Over 15 
partners contributed data from >230 surface elevation tables (SETs), which measure elevation changes in 
coastal wetlands on a millimeter scale (see Callaway et al., 2013). Preliminary results from 196 SETs show 
46% had elevation changes less than local SLR ((Artigas et al., 2020; Haaf et al., 2022; NJTWMN 2025). 

https://meri.njmeadowlands.gov/wp-content/uploads/2021/01/Artigas2021.pdf
https://meri.njmeadowlands.gov/wp-content/uploads/2021/01/Artigas2021.pdf
https://link.springer.com/article/10.1007/s12237-021-00972-9
https://link.springer.com/article/10.1007/s12237-021-00972-9
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Previous studies also indicated that several locations in Barnegat Bay and the Delaware Estuary had 
elevation changes averaging less than 6 mm/yr (2.4 inches/decade), while current estimates of SLR are ~5 
mm/yr (~2.0 inches/decade) or greater (Haaf et al., 2022).20 Together, these results suggest that the 
elevation building processes that yield resilient coastal wetlands have recently lagged behind local SLR in 
many areas.  

Current, ongoing research on coastal wetland processes emphasizes the need for management strategies 
that promote sediment delivery, reduce fetch, and support coastal wetland migration corridors (Mariotti, 
2020; Haaf et al., 2022). To sustain coastal wetland acreage under accelerating sea-level rise, the most 
promising tactics include shoreline protection to reduce edge erosion, facilitating upslope migration 
through land use planning, and augmenting existing wetland surface elevations with clean dredged 
sediments (Weiss et al. 2021, Suedel et al. 2021, Brown et al. 2024). The upslope migration of coastal 
wetlands, in particular, stands out in that it represents an expansion of tidally affected lands as coastal 
flooding increases at higher elevations with rising sea levels. While conversion of these upslope areas, such 
as forests and agricultural fields, into coastal wetlands involves multiple stages and exhibits considerable 
variability, a growing body of literature is enhancing our understanding of these complex processes in the 
Mid Atlantic (Kirwan et al 2016a, Schieder et al 2018, Tully et al. 2019, Guimond & Michael 2021, Hall et 
al. 2022, Molino et al. 2022, Kirwan et al. 2024, Chen & Kirwan 2024, Haaf & Dymond 2024), which in 
turn will help inform more effective land management planning. As SLR accelerates, predictive models 
and monitoring are essential to track coastal wetland vulnerability and guide effective conservation 
strategies (Kirwan et al., 2016; Haaf et al., 2022). 

STAP Assessment Statement on Coastal Wetlands: Between 1993-2021 the sea level rose an estimated 
5.0 ± 1.0 mm/yr (2.0 ± 0.4 inches/decade) in Atlantic City, NJ (Table 1), which is near the maximum rate 
of SLR that coastal wetlands may be able to keep pace with.  

 

c) Saltwater Intrusion 
Saltwater intrusion occurs when seawater encroaches into freshwater aquifers and surface water systems. 
SLR, tidal action, and changes in groundwater withdrawal rates drive saltwater intrusion. Due to density 
differences between saltwater and freshwater, a wedge-shaped saltwater body typically underlies fresh 
groundwater in coastal aquifers. SLR raises the freshwater-saltwater interface, which causes saline water to 
intrude into previously freshwater zones. This saltwater intrusion threatens coastal water supplies, 
agriculture, and ecosystems. However, there is no guarantee that SLR will cause saltwater intrusion 
because the location of the saltwater wedge is driven by both local sea level and terrestrial freshwater input 
(e.g., groundwater recharge).  

If groundwater recharge remains the same, SLR will cause inland water tables to rise, and push the 
saltwater interface seaward countering the salinization risk from SLR (Chang et al., 2011). The location of 
the freshwater-saltwater interface is driven by the difference in hydraulic head from inland to offshore. 

 
20 Relative sea-level rise near Haaf et al. 2022 study sites in the Mid-Atlantic U.S. averaged 4.34 mm/yr over the last 50 years, 
yet over the last 19 years, relative sea-level rise averaged 6.25 mm/yr and the rise in high tide water levels averaged 8.13 
mm/yr. 
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Thus, rising water tables allow the hydraulic gradient to keep pace with sea-level rise which prevents the 
saltwater wedge from intruding further inland. Locations where the water table has space to rise are 
classified as recharge-limited (i.e., declines in recharge are the predominant cause of saltwater intrusion). 
While the water table can rise in some regions, in others, the water table is close to the land surface and 
any water table rise will result in greater runoff. These places are called topography-limited (i.e., the 
topography constrains their ability to counteract saltwater intrusion from SLR). In topography-limited 
regions, saltwater intrusion can occur rapidly (Michael et al., 2016).  

While large-scale studies indicate that New Jersey is topography-limited and thus likely vulnerable to 
saltwater intrusion due to SLR, there is substantial site-specific variability that prevents generalization. For 
example, Frederiks et al. (2024) found that while Assateague Island, MD, was expected to be topography 
limited due to extremely low elevation, high hydraulic conductivity is expected to generate recharge-
limited conditions until at least 2080.  

Groundwater extraction exacerbates saltwater intrusion, especially where communities rely heavily on 
aquifer withdrawals. For example, Cape May has abandoned some wells due to pumping-induced 
saltwater intrusion (Schuster & Hill, 1995; Lacombe and Carleton 2002; Spitz & Barringer, 2002), and 
future withdrawal scenarios will likely induce more intrusion (Carleton et al., 2021). Similarly, wells in the 
Raritan Bay area have been closed due to saltwater intrusion which was found to occur along 
paleochannels (Gaswirth et al., 2002). As erosion and SLR shift coastal landforms, natural barriers to 
saltwater intrusion weaken, increasing aquifer salinity. Saltwater intrusion is being monitored in New 
Jersey, but future estimates remain uncertain due to variable pumping rates and climate-driven 
hydrological changes. 

In addition to horizontal saltwater intrusion driven by SLR and groundwater extraction, coastal aquifers 
are vulnerable to vertical salinization due to coastal storms. Drivers of coastal aquifer vulnerability to 
storm surge salinization vary along the mid-Atlantic depending on the connectivity to the ocean, aquifer 
properties, and geomorphology (Frederiks et al., 2024), with Sandy Hook, NJ experiencing moderate 
salinization risk on the bay side. Groundwater recovery from large events such as Hurricane Sandy was 
found to take many months (Personna et al., 2015). As SLR will make overwash more frequent, there is a 
greater risk of groundwater salinization from ocean-driven flooding, but more research is needed to assess 
vulnerability in New Jersey. 

Not only does SLR cause the salinization of coastal groundwater, but it also causes the salt front to migrate 
landward in estuaries. While the magnitude of the change can be small, the amount of intrusion depends 
on the shape of the estuary and the freshwater discharge (Peters et al., 2022). Studies of Delaware Bay 
show that estuarine saltwater intrusion is controlled by river discharge, tides, short-term sea-level 
changes, wind and waves (Cook et al, 2023). When sea-level rise is incorporated into surface water 
models, Delaware Bay is expected to experience a greater maximum salinity extent, up to 15 miles inland 
under extreme SLR scenarios (Liu et al, 2024). Sea-level rise is also expected to increase the tidal range 
when sea walls are erected, and exacerbating seawater intrusion (Lee et al., 2017). Additionally, data from 
Mid-Atlantic coastal aquifers suggests that groundwater salinization can be caused by salinizing coastal 
streams (Hingst et al., 2023). Future projections for the Delaware Bay region indicate that the greatest 
groundwater salinization threat from SLR is caused by pumping wells pulling water from previously fresh 
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streams (Hingst, 2024). Coastal groundwater salinization can lead to the formation of ghost forests and 
the loss of productive agricultural land (Tully et al., 2019; Mondal et al., 2023). More research is needed to 
better understand which parts of New Jersey are most vulnerable to saltwater intrusion driven by SLR and 
what the primary salinization mechanism will be. 

STAP Assessment Statement on Saltwater Intrusion: In summary, there is a high confidence that SLR 
will cause saltwater intrusion in both groundwater and surface water. Barrier islands are expected to be 
particularly vulnerable, especially those that pump large volumes of groundwater. However, few studies 
have examined site specific vulnerability to saltwater intrusion in the NJ Coastal plain, thus implying a low 
confidence in whether particular sites will experience saltwater intrusion over the near term (next 50 
years). Therefore, management of coastal water resources will require increased monitoring and modeling 
of saltwater intrusion. 

 

d) Groundwater Flooding 
In addition to saltwater intrusion, SLR will drive water tables to rise in state’s coastal regions. This water 
table rise can lead to new freshwater bodies forming or can cause temporary flooding during storm events 
(e.g., Cantelon & Kurylyk, 2024). Rising water tables will lead to more saturation-excess flooding as the 
water table is more likely to rise above land surface and can lead to more infiltration-excess overland flow 
due to higher soil moisture.  Rising water tables can also move into the rooting zone, causing tree die-off 
due to lack of oxygen (Sacatelli et al., 2023). This is an active area of research, and few studies have 
examined the vulnerability to groundwater flooding across New Jersey. Additional characterization of the 
hydrogeologic parameters and future rainfall projections are needed to better identify locations vulnerable 
to this process. 

STAP Assessment Statement on Groundwater Flooding: In summary, there is a high confidence that 
SLR will raise coastal water tables, which will lead to more groundwater flooding, but there is low 
confidence as to which communities will be most impacted. 

 

e) Connections Among Coastal Erosion, Marshes, and Salt Intrusion 
Coastal erosion, marsh loss, and saltwater intrusion are interconnected processes. Back-barrier 
environments, such as salt marshes, are integral to the dynamics of barrier islands and lagoon systems 
(Tenebruso et al., 2022). Changes in marsh platforms can trigger feedback loops that affect barrier island 
migration and lagoon dynamics (Fitzgerald 1988; Walters et al., 2014; Lorenzo-Trueba and Mariotti 2017; 
Lauzon & Murray, 2018). For instance, marsh loss in back-barrier areas affects tidal exchange and lagoon 
fetch which in turn enhances wave energy and accelerates barrier island retreat. 

Coastal erosion can also exacerbate saltwater intrusion. As back-barrier marshes erode, marsh platforms 
lose their capacity to act as natural filters for storm surge and tidal flow. This increases the permeability of 
coastal landscapes, allowing saltwater to more easily intrude into inland aquifers. As SLR accelerates, these 
effects will compound, with greater exposure of aquifers to saltwater. Protecting marshes and reducing 
erosion could help buffer coastal communities from saltwater intrusion impacts. 
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f) Summary of Impacts 
Addressing the impacts of SLR and coastal storms requires an integrated and adaptive approach that 
considers the dynamic feedbacks among coastal erosion, wetland loss, saltwater intrusion, and 
groundwater flooding. The New Jersey coast comprises interconnected systems—barrier islands, back-
barrier marshes, lagoons, estuaries, and aquifers—whose responses to climate-driven changes are deeply 
coupled. Human activities, including beach nourishment, hard shoreline stabilization, dredging, and 
coastal development, further modify these processes, sometimes amplifying vulnerabilities by 
constraining natural adaptation pathways. 

Predictive models of coastal flooding and subsequent impacts must evolve beyond passive flood scenarios 
to simulate cross-shore sediment transport, back-barrier interactions, and the co-evolution of natural 
systems with human infrastructure. Additionally, models need to reflect uncertainties in SLR, storm 
intensity, and future coastal engineering practices. These tools are critical to guide decisions about when 
and where interventions such as beach nourishment or marsh restoration are likely to be effective—and 
when alternative strategies (e.g., managed retreat or sediment diversion) may be more appropriate. 

Monitoring programs that track shoreline change, marsh elevation, groundwater salinity, and tidal 
wetland condition are essential for improving model calibration, informing adaptive management, and 
targeting investments where they yield the greatest long-term benefits. 

In summary, there is high confidence that the future resilience of New Jersey’s coastal environments will be 
shaped by how effectively planning and management approaches integrate process-based understanding, 
account for nature-based strategies, and consider the differing capacities of communities to adapt.  

 

 



 

 75 NJ’s Rising Seas and Changing Coastal Storms Section 8 

SECTION 8: REFERENCES 
Ali, J., Wahl, T., Morim, J., Enriquez, A., Gall, M., & Emrich, C. T. (2025). Multivariate compound events 

drive historical floods and associated losses along the U.S. East and Gulf coasts. Natural Hazards. 2 
(1). https://doi.org/10.1038/s44304-025-00076-5  

Almarshed, B., Figlus, J., Miller, J., & Verhagen, H. J. (2019). Innovative Coastal Risk Reduction through 
Hybrid Design: Combining Sand Cover and Structural Defenses. Journal of Coastal Research. 36 (1), 
174. https://doi.org/10.2112/jcoastres-d-18-00078.1  

Andres, M., Gawarkiewicz, G. G., & Toole, J. M. (2013). Interannual sea level variability in the western 
North Atlantic: Regional forcing and remote response. Geophysical Research Letters. 40 (22), 5915-
5919. https://doi.org/10.1002/2013GL058013  

Artigas, F. J., Grzyb, J., & Yao, Y. (2021). Sea level rise and marsh surface elevation change in the 
Meadowlands of New Jersey. Wetlands Ecology and Management. 29 (2), 181–192. 
https://doi.org/10.1007/s11273-020-09777-2  

Asbury H. Sallenger, Jr. (2000). Storm Impact Scale for Barrier Islands. Journal of Coastal Research. 16 (3), 
890–895. http://www.jstor.org/stable/4300099  

Ashley, G. M., Wellner, R. W., Esker, D., & Sheridan, R. E. (1991). Clastic sequences developed during late 
Quaternary glacio-eustatic sea-level fluctuations on a passive margin: Example from the inner 
continental shelf near Barnegat Inlet, New Jersey. Geological Society of America Bulletin. 103 (12), 
1607–1621. https://doi.org/10.1130/0016-7606(1991)103<1607:csddlq>2.3.co;2  

Atallah, E. H., & Bosart, L. F. (2003). The Extratropical Transition and Precipitation Distribution of 
Hurricane Floyd (1999). Monthly Weather Review. 131 (6), 1063–1081. https://doi.org/10.1175/1520-
0493(2003)131<1063:tetapd>2.0.co;2  

Bamber, J. L., & Aspinall, W. P. (2013). An expert judgement assessment of future sea level rise from the 
ice sheets. Nature Climate Change. 3 (4), 424–427. https://doi.org/10.1038/nclimate1778  

Bamber, J. L., Oppenheimer, M., Kopp, R. E., Aspinall, W. P., & Cooke, R. M. (2019). Ice sheet 
contributions to future sea-level rise from structured expert judgment. Proceedings of the National 
Academy of Sciences. 116 (23), 11195–11200. https://doi.org/10.1073/pnas.1817205116  

Bassis, J. N., Berg, B., Crawford, A. J., & Benn, D. I. (2021). Transition to marine ice cliff instability 
controlled by ice thickness gradients and velocity. Science. 372 (6548), 1342-1344. 
https://doi.org/10.1126/science.abf6271   

Bates, P. D., Quinn, N., Sampson, C., Smith, A., Wing, O., Sosa, J., Savage, J., Olcese, G., Neal, J., 
Schumann, G., Giustarini, L., Coxon, G., Porter, J. R., Amodeo, M. F., Chu, Z., Lewis‐Gruss, S., 
Freeman, N. B., Houser, T., Delgado, M., … Krajewski, W. F. (2021). Combined Modeling of US 
Fluvial, Pluvial, and Coastal Flood Hazard Under Current and Future Climates. Water Resources 
Research. 57 (2). https://doi.org/10.1029/2020wr028673  

Bhatia, K., Baker, A., Yang, W., Vecchi, G., Knutson, T., Murakami, H., Kossin, J., Hodges, K., Dixon, K., 
Bronselaer, B., & Whitlock, C. (2022). A potential explanation for the global increase in tropical 
cyclone rapid intensification. Nature Communications. 13 (1). https://doi.org/10.1038/s41467-022-
34321-6  

Bhatia, K. T., Vecchi, G. A., Knutson, T. R., Murakami, H., Kossin, J., Dixon, K. W., & Whitlock, C. E. 
(2019). Recent increases in tropical cyclone intensification rates. Nature Communications. 10 (1). 
https://doi.org/10.1038/s41467-019-08471-z  

https://doi.org/10.1038/s44304-025-00076-5
https://doi.org/10.2112/jcoastres-d-18-00078.1
https://doi.org/10.1002/2013GL058013
https://doi.org/10.1007/s11273-020-09777-2
http://www.jstor.org/stable/4300099
https://doi.org/10.1130/0016-7606(1991)103%3c1607:csddlq%3e2.3.co;2
https://doi.org/10.1175/1520-0493(2003)131%3c1063:tetapd%3e2.0.co;2
https://doi.org/10.1175/1520-0493(2003)131%3c1063:tetapd%3e2.0.co;2
https://doi.org/10.1038/nclimate1778
https://doi.org/10.1073/pnas.1817205116
https://doi.org/10.1126/science.abf6271
https://doi.org/10.1029/2020wr028673
https://doi.org/10.1038/s41467-022-34321-6
https://doi.org/10.1038/s41467-022-34321-6
https://doi.org/10.1038/s41467-019-08471-z


 

 76 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Bhatia, K., Vecchi, G., Murakami, H., Underwood, S., & Kossin, J. (2018). Projected Response of Tropical 
Cyclone Intensity and Intensification in a Global Climate Model. Journal of Climate. 31 (20), 8281–
8303. https://doi.org/10.1175/jcli-d-17-0898.1  

Boesch, D. F., Baecher, G. B., Boicourt, W. C., Cullather, R. I., Dangendorf, S., Henderson, G. R., 
Kilbourne, H. H., Kirwan, M. L., Kopp, R. E., Land, S., Li, M., McClure., K., Nardin, W., & Sweet, W. 
V. (2023). Sea-level Rise Projections for Maryland 2023. University of Maryland Center for 
Environmental Science, Cambridge, MD. 
https://www.umces.edu/sites/default/files/Maryland%20Sea-
Level%20Rise%20Projections%202023%20report_0.pdf  

Booth, J.F., Wang, S. & Polvani, L. (2013). Midlatitude storms in a moister world: lessons from idealized 
baroclinic life cycle experiments. Climate Dynamics, 41, 787–802. https://doi.org/10.1007/s00382-
012-1472-3 

Brown, N., Banks, B., Barrineau, P., Kerr, L. A., Kar, D., George, D. A., ... & Bassetti, L. (2024). US coastal 
marsh restoration: The role of sediment placement. ASBPA White Paper. 
https://repository.library.noaa.gov/view/noaa/65730 

Bruun, P. (1962). Sea-Level Rise as a Cause of Shore Erosion. Journal of the Waterways and Harbors 
Division. 88 (1), 117–130. https://doi.org/10.1061/jwheau.0000252  

Buzzanga, B., Bekaert, D. P. S., Hamlington, B. D., Kopp, R. E., Govorcin, M., & Miller, K. G. (2023). 
Localized uplift, widespread subsidence, and implications for sea level rise in the New York City 
metropolitan area. Science Advances. 9 (39). https://doi.org/10.1126/sciadv.adi8259  

Callaway, J. C., Cahoon, D. R., & Lynch, J. C. (2015). The Surface Elevation Table-Marker Horizon Method 
for Measuring Wetland Accretion and Elevation Dynamics. In SSSA Book Series (pp. 901–917). 
American Society of Agronomy and Soil Science Society of America. 
https://doi.org/10.2136/sssabookser10.c46  

Camargo, S. J. (2013). Global and Regional Aspects of Tropical Cyclone Activity in the CMIP5 Models. 
Journal of Climate. 26 (24), 9880–9902. https://doi.org/10.1175/jcli-d-12-00549.1  

Cantelon, J. A., & Kurylyk, B. L. (2024). Storm surge, seawater flooding, and sea-level rise paradoxically 
drive fresh surface water expansion. Environmental Research Letters. 19 (12), 124038. 
https://doi.org/10.1088/1748-9326/ad8bdf  

Carleton, G. B., Charles, E. G., Fiore, A. R., & Winston, R. B. (2021). Simulation of water-table response to 
sea-level rise and change in recharge, Sandy Hook unit, Gateway National Recreation Area, New 
Jersey. In Scientific Investigations Report (2020–5080). U.S. Geological Survey. 
https://doi.org/10.3133/sir20205080 

Caron, L., Ivins, E. R., Larour, E., Adhikari, S., Nilsson, J., & Blewitt, G. (2018). GIA Model Statistics for 
GRACE Hydrology, Cryosphere, and Ocean Science. Geophysical Research Letters. 45 (5), 2203–
2212. https://doi.org/10.1002/2017gl076644  

Carr, E. W., Shirazi, Y., Parsons, G. R., Hoagland, P., & Sommerfield, C. K. (2018). Modeling the Economic 
Value of Blue Carbon in Delaware Estuary Wetlands: Historic Estimates and Future Projections. 
Journal of Environmental Management. 206, 40–50. https://doi.org/10.1016/j.jenvman.2017.10.018  

Cazenave, A., Benoit, M., Ablain, M., Balmaseda, M., Bamber, J., Barletta, V.R., Beckly, B.D., Venvéniste, J., 
Berthier, E., Blazquez, A., Lambeck, K., Dangendorf, S., Mitchum, G.T., & Watson, C. (2018). Global 
sea-level budget 1993-present. Earth System Science Data, 10(3). https://doi.org/10.5194/essd-10-
1551-2018 

https://doi.org/10.1175/jcli-d-17-0898.1
https://doi.org/10.1007/s00382-012-1472-3
https://doi.org/10.1007/s00382-012-1472-3
https://repository.library.noaa.gov/view/noaa/65730
https://doi.org/10.1061/jwheau.0000252
https://doi.org/10.1126/sciadv.adi8259
https://doi.org/10.2136/sssabookser10.c46
https://doi.org/10.1175/jcli-d-12-00549.1
https://doi.org/10.1088/1748-9326/ad8bdf
https://doi.org/10.3133/sir20205080
https://doi.org/10.1002/2017gl076644
https://doi.org/10.1016/j.jenvman.2017.10.018
https://doi.org/10.5194/essd-10-1551-2018
https://doi.org/10.5194/essd-10-1551-2018


 

 77 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Cazenave, A., & Moreira, L. (2022). Contemporary sea-level changes from global to local scales: a review. 
Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences. 478 (2261). 
https://doi.org/10.1098/rspa.2022.0049  

Chang, S. W., Clement, T. P., Simpson, M. J., & Lee, K.-K. (2011). Does sea-level rise have an impact on 
saltwater intrusion? Advances in Water Resources. 34 (10), 1283–1291. 
https://doi.org/10.1016/j.advwatres.2011.06.006  

Chang, E.K.M., Zheng, C., Langan, P., Yau, A.M.W., & Neelin, J.D. (2015). Significant modulation of 
variability and projected change in California winter precipitation by extratropical cyclone activity. 
Geophysical Research Letters. https://doi.org/10.1002/2015GL064424  

Chang, E. K. M., Ma, C., Zheng, C., & Yau, A. M. W. (2016). Observed and projected decrease in Northern 
Hemisphere extratropical cyclone activity in summer and its impacts on maximum temperature. 
Geophysical Research Letters. 43 (5), 2200–2208. https://doi.org/10.1002/2016gl068172  

Chao, B. F., Wu, Y. H., & Li, Y. S. (2008). Impact of Artificial Reservoir Water Impoundment on Global 
Sea Level. Science. 320 (5873), 212–214. https://doi.org/10.1126/science.1154580  

Chen, Y., & Kirwan, M. L. (2024). Upland forest retreat lags behind sea‐level rise in the mid‐Atlantic coast. 
Global Change Biology, 30(1), e17081. https://doi.org/10.1111/gcb.17081 

Chen, J., Toumi, R., Zhang, L., Lu, M., Xi, D., & Shi, X. (2025). Radial Rainfall Pattern Changes of Intense 
Over‐Ocean Tropical Cyclones Under Global Warming: Insights From an MRI HighRes CMIP6 
Simulation. Geophysical Research Letters. 52 (9). https://doi.org/10.1029/2025gl116146  

Climate Action Tracker. (2024). The CAT Thermometer. https://climateactiontracker.org/global/cat-
thermometer/ 

Colle, B. A., Booth, J. F., & Chang, E. K. M. (2015). A Review of Historical and Future Changes of 
Extratropical Cyclones and Associated Impacts Along the US East Coast. Current Climate Change 
Reports. 1 (3), 125–143. https://doi.org/10.1007/s40641-015-0013-7  

Colle, B. A., Zhang, Z., Lombardo, K. A., Chang, E., Liu, P., & Zhang, M. (2013). Historical Evaluation and 
Future Prediction of Eastern North American and Western Atlantic Extratropical Cyclones in the 
CMIP5 Models during the Cool Season. Journal of Climate. 26 (18), 6882–6903. 
https://doi.org/10.1175/jcli-d-12-00498.1  

Cook, S. E., Warner, J. C., & Russell, K. L. (2023). A numerical investigation of the mechanisms controlling 
salt intrusion in the Delaware Bay estuary. Estuarine, Coastal and Shelf Science. 283, 108257. 
https://doi.org/10.1016/j.ecss.2023.108257 

Crawford, A. J., Benn, D. I., Todd, J., Åström, J. A., Bassis, J. N., & Zwinger, T. (2021). Marine ice-cliff 
instability modeling shows mixed-mode ice-cliff failure and yields calving rate parameterization. 
Nature Communications. 12 (1), 2701. https://doi.org/10.1038/s41467-021-23070-7  

Dangendorf, S., Frederikse, T., Chafik, L., Klinck, J. M., Ezer, T., & Hamlington, B. D. (2021). Data-driven 
reconstruction reveals large-scale ocean circulation control on coastal sea level. Nature Climate 
Change. 11 (6), 514–520. https://doi.org/10.1038/s41558-021-01046-1  

Dangendorf, S., Hay, C., Calafat, F. M., Marcos, M., Piecuch, C. G., Berk, K., & Jensen, J. (2019). Persistent 
acceleration in global sea-level rise since the 1960s. Nature Climate Change, 9 (9), 705-710. 
https://doi.org/10.1038/s41558-019-0531-8 

 

https://doi.org/10.1098/rspa.2022.0049
https://doi.org/10.1016/j.advwatres.2011.06.006
https://doi.org/10.1002/2015GL064424
https://doi.org/10.1002/2016gl068172
https://doi.org/10.1126/science.1154580
https://doi.org/10.1111/gcb.17081
https://doi.org/10.1029/2025gl116146
https://climateactiontracker.org/global/cat-thermometer/
https://climateactiontracker.org/global/cat-thermometer/
https://doi.org/10.1007/s40641-015-0013-7
https://doi.org/10.1175/jcli-d-12-00498.1
https://doi.org/10.1016/j.ecss.2023.108257
https://doi.org/10.1038/s41467-021-23070-7
https://doi.org/10.1038/s41558-021-01046-1
https://doi.org/10.1038/s41558-019-0531-8


 

 78 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Dangendorf, S., Hendricks, N., Sun, Q., Klinck, J., Ezer, T., Frederikse, T., Calafat, F. M., Wahl, T., & 
Törnqvist, T. E. (2023). Acceleration of U.S. Southeast and Gulf coast sea-level rise amplified by 
internal climate variability. Nature Communications. 14 (1), 1935. https://doi.org/10.1038/s41467-
023-37649-9  

Dangendorf, S., Sun, Q., Wahl, T., Thompson, P., Mitrovica, J. X., & Hamlington, B. (2024). Probabilistic 
reconstruction of sea-level changes and their causes since 1900. Earth System Science Data. 16 (7), 
3471–3494. https://doi.org/10.5194/essd-16-3471-2024  

Davis, C. A., Stoelinga, M. T., & Kuo, Y.-H. (1993). The Integrated Effect of Condensation in Numerical 
Simulations of Extratropical Cyclogenesis. Monthly Weather Review. 121 (8), 2309–2330. 
https://doi.org/10.1175/1520-0493(1993)121<2309:tieoci>2.0.co;2  

DeConto, R. M., Pollard, D., Alley, R. B., Velicogna, I., Gasson, E., Gomez, N., Sadai, S., Condron, A., 
Gilford, D. M., Ashe, E. L., Kopp, R. E., Li, D., & Dutton, A. (2021). The Paris Climate Agreement and 
future sea-level rise from Antarctica. Nature. 593 (7857), 83-89. https://doi.org/10.1038/s41586-021-
03427-0  

DeGaetano, A. T., Hirsch, M. E., & Colucci, S. J. (2002). Statistical Prediction of Seasonal East Coast 
Winter Storm Frequency. Journal of Climate. 15 (10), 1101–1117. https://doi.org/10.1175/1520-
0442(2002)015<1101:sposec>2.0.co;2  

DeMaria, M., Franklin, J. L., Onderlinde, M. J., & Kaplan, J. (2021). Operational Forecasting of Tropical 
Cyclone Rapid Intensification at the National Hurricane Center. Atmosphere. 12 (6), 683. 
https://doi.org/10.3390/atmos12060683  

Ditlevsen, P., & Ditlevsen, S. (2023). Warning of a forthcoming collapse of the Atlantic meridional 
overturning circulation. Nature Communications. 14 (1). https://doi.org/10.1038/s41467-023-39810-w  

Domingues, R., Goni, G., Baringer, M., & Volkov, D. (2018). What Caused the Accelerated Sea Level 
Changes Along the U.S. East Coast During 2010–2015? Geophysical Research Letters. 45 (24), 13,367-
313,376. https://doi.org/10.1029/2018GL081183  

Donnelly, C., Wamsley, T. V., Kraus, N. C., Larson, M., & Hanson, H. (2007). MORPHOLOGIC 
CLASSIFICATION OF COASTAL OVERWASH. In Coastal Engineering 2006 (pp. 2805–2817). 
Proceedings of the 30th International Conference. World Scientific Publishing Company. 
https://doi.org/10.1142/9789812709554_0237  

Edwards, T. L., Nowicki, S., Marzeion, B., Hock, R., Goelzer, H., Seroussi, H., Jourdain, N. C., Slater, D. A., 
Turner, F. E., Smith, C. J., McKenna, C. M., Simon, E., Abe-Ouchi, A., Gregory, J. M., Larour, E., 
Lipscomb, W. H., Payne, A. J., Shepherd, A., Agosta, C., … Zwinger, T. (2021). Projected land ice 
contributions to twenty-first-century sea level rise. Nature. 593 (7857), 74–82. 
https://doi.org/10.1038/s41586-021-03302-y  

Eichler, T. P., & Gottschalck, J. (2013). Interannual Variability of Northern Hemisphere Storm Tracks in 
Coarse-Gridded Datasets. Advances in Meteorology. 2013, 1–15. https://doi.org/10.1155/2013/545463  

Elko, N., Briggs, T. R., Benedet, L., Robertson, Q., Thomson, G., Webb, B. M., & Garvey, K. (2021). A 
century of U.S. beach nourishment. Ocean &amp; Coastal Management. 199, 105406. 
https://doi.org/10.1016/j.ocecoaman.2020.105406  

Ellis, J., Geiges, A., Gonzales-Zuniga, S., Hare, B., Heck, S., Helfmann, L., Hohne, N., Missirliu, A., Hans, 
F., & Pelekh, N. (2024). Climate Action Tracker: 2024 warming projection update. Climate Analytics. 
https://climateactiontracker.org/documents/1277/CAT_2024-11-14_GlobalUpdate_COP29.pdf  

https://doi.org/10.1038/s41467-023-37649-9
https://doi.org/10.1038/s41467-023-37649-9
https://doi.org/10.5194/essd-16-3471-2024
https://doi.org/10.1175/1520-0493(1993)121%3c2309:tieoci%3e2.0.co;2
https://doi.org/10.1038/s41586-021-03427-0
https://doi.org/10.1038/s41586-021-03427-0
https://doi.org/10.1175/1520-0442(2002)015%3c1101:sposec%3e2.0.co;2
https://doi.org/10.1175/1520-0442(2002)015%3c1101:sposec%3e2.0.co;2
https://doi.org/10.3390/atmos12060683
https://doi.org/10.1038/s41467-023-39810-w
https://doi.org/10.1029/2018GL081183
https://doi.org/10.1142/9789812709554_0237
https://doi.org/10.1038/s41586-021-03302-y
https://doi.org/10.1155/2013/545463
https://doi.org/10.1016/j.ocecoaman.2020.105406
https://climateactiontracker.org/documents/1277/CAT_2024-11-14_GlobalUpdate_COP29.pdf


 

 79 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Elsey-Quirk, T., Graham, S. A., Mendelssohn, I. A., Snedden, G., Day, J. W., Twilley, R. R., Shaffer, G., 
Sharp, L. A., Pahl, J., & Lane, R. R. (2019). Mississippi river sediment diversions and coastal wetland 
sustainability: Synthesis of responses to freshwater, sediment, and nutrient inputs. Estuarine, Coastal 
and Shelf Science. 221, 170–183. https://doi.org/10.1016/j.ecss.2019.03.002  

Emanuel, K. (2013). Downscaling CMIP5 climate models shows increased tropical cyclone activity over the 
21st century. Proceedings of the National Academy of Sciences. 110 (30), 12219–12224. 
https://doi.org/10.1073/pnas.1301293110  

Emanuel, K. (2021). Response of Global Tropical Cyclone Activity to Increasing CO2: Results from 
Downscaling CMIP6 Models. Journal of Climate. 34 (1), 57–70. https://doi.org/10.1175/jcli-d-20-
0367.1 

Emanuel, K. (2017). Will Global Warming Make Hurricane Forecasting More Difficult? Bulletin of the 
American Meteorological Society. 98 (3), 495–501. https://doi.org/10.1175/bams-d-16-0134.1  

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J., & Taylor, K. E. (2016). 
Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and 
organization. Geoscientific Model Development. 9 (5), 1937–1958. https://doi.org/10.5194/gmd-9-
1937-2016  

Ezer, T., Atkinson, L. P., Corlett, W. B., & Blanco, J. L. (2013). Gulf Stream's induced sea level rise and 
variability along the U.S. mid-Atlantic coast. Journal of Geophysical Research: Oceans. 118 (2), 685- 
697. https://doi.org/10.1002/jgrc.20091  

Ezer, T., & Corlett, W. B. (2012). Is sea level rise accelerating in the Chesapeake Bay? A demonstration of a 
novel new approach for analyzing sea level data. Geophysical Research Letters. 39 (19). 
https://doi.org/10.1029/2012GL053435  

Fanning, A. C., Janssen, M. S., Lemke, L., & Miller, J. K. (2024). Methodology and data for quantifying 
storm erosion potential considering sea level rise. Data in Brief. 55, 110685. 
https://doi.org/10.1016/j.dib.2024.110685  

Feng, D.-C., Ding, J.-Y., Xie, S.-C., Li, Y., Akiyama, M., Lu, Y., Beer, M., & Li, J. (2024). Climate Change 
Impacts on the Risk Assessment of Concrete Civil Infrastructures. ASCE OPEN: Multidisciplinary 
Journal of Civil Engineering. 2 (1). https://doi.org/10.1061/aomjah.aoeng-0026  

Fiedler, J. W., & Conrad, C. P. (2010). Spatial variability of sea level rise due to water impoundment behind 
dams. Geophysical Research Letters. 37 (12). https://doi.org/10.1029/2010gl043462  

FitzGerald, D. M. (1988). Shoreline erosional-depositional processes associated with tidal inlets. In Lecture 
Notes on Coastal and Estuarine Studies (pp. 186–225). American Geophysical Union. 
https://doi.org/10.1029/ln029p0186  

Fox-Kemper, B., H.T. Hewitt, C. Xiao, G. Aðalgeirsdóttir, S.S. Drijfhout, T.L. Edwards, N.R. Golledge, M. 
Hemer, R.E. Kopp, G.  Krinner, A. Mix, D. Notz, S. Nowicki, I.S. Nurhati, L. Ruiz, J.-B. Sallée, A.B.A. 
Slangen, & Y. Yu. (2021). Ocean, Cryosphere and Sea Level Change. In Climate Change 2021: The 
Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, pp. 1211–1362, https://doi.org/10.1017/9781009157896.011  

Frederiks, R.S., Paldor, A., Carleton, G., & Michael, H.A.. (2024). A comparison of sea-level rise and 
storm-surge overwash effects on groundwater salinity of a barrier island. Journal of Hydrology, 644. 
https://doi.org/10.1016/j.jhydrol.2024.132050 

https://doi.org/10.1016/j.ecss.2019.03.002
https://doi.org/10.1073/pnas.1301293110
https://doi.org/10.1175/jcli-d-20-0367.1
https://doi.org/10.1175/jcli-d-20-0367.1
https://doi.org/10.1175/bams-d-16-0134.1
https://doi.org/10.5194/gmd-9-1937-2016
https://doi.org/10.5194/gmd-9-1937-2016
https://doi.org/10.1002/jgrc.20091
https://doi.org/10.1029/2012GL053435
https://doi.org/10.1016/j.dib.2024.110685
https://doi.org/10.1061/aomjah.aoeng-0026
https://doi.org/10.1029/2010gl043462
https://doi.org/10.1029/ln029p0186
https://doi.org/10.1017/9781009157896.011
https://doi.org/10.1016/j.jhydrol.2024.132050


 

 80 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Frederikse, T., Landerer, F., Caron, L., Adhikari, S., Parkes, D., Humphrey, V. W., Dangendorf, S., 
Hogarth, P., Zanna, L., Cheng, L., & Wu, Y.-H. (2020). The causes of sea-level rise since 1900. Nature. 
584 (7821), 393–397. https://doi.org/10.1038/s41586-020-2591-3  

Frederikse, T., Riva, R., Kleinherenbrink, M., Wada, Y., van den Broeke, M., & Marzeion, B. (2016). 
Closing the sea level budget on a regional scale: Trends and variability on the Northwestern European 
continental shelf. Geophysical Research Letters. 43 (20). https://doi.org/10.1002/2016gl070750  

Fricker, H. A., Galton-Fenzi, B. K., Walker, C. C., Freer, B. I. D., Padman, L., & DeConto, R. (2025). 
Antarctica in 2025: Drivers of deep uncertainty in projected ice loss. Science, 387(6734), 601-609. 
https://doi.org/10.1126/science.adt9619  

Fritzen, R., Lang, V., & Gensini, V. A. (2021). Trends and Variability of North American Cool-Season 
Extratropical Cyclones: 1979–2019. Journal of Applied Meteorology and Climatology. 
https://doi.org/10.1175/jamc-d-20-0276.1  

Garner, A. J. (2023). Observed increases in North Atlantic tropical cyclone peak intensification rates. 
Scientific Reports. 13 (1). https://doi.org/10.1038/s41598-023-42669-y  

Garner, A. J., Kopp, R. E., & Horton, B. P. (2021). Evolving Tropical Cyclone Tracks in the North Atlantic 
in a Warming Climate. Earth’s Future. 9 (12). https://doi.org/10.1029/2021ef002326  

Garner, A. J., Mann, M. E., Emanuel, K. A., Kopp, R. E., Lin, N., Alley, R. B., Horton, B. P., DeConto, R. 
M., Donnelly, J. P., & Pollard, D. (2017). Impact of climate change on New York City’s coastal flood 
hazard: Increasing flood heights from the preindustrial to 2300 CE. Proceedings of the National 
Academy of Sciences. 114 (45), 11861–11866. https://doi.org/10.1073/pnas.1703568114  

Garner, A. J., Samanta, D., Weaver, M. M., & Horton, B. P. (2024). Changes to tropical cyclone trajectories 
in Southeast Asia under a warming climate. Npj Climate and Atmospheric Science. 7 (1). 
https://doi.org/10.1038/s41612-024-00707-0  

Gaswirth, S. B., Ashley, G. M., & Sheridan, R. E. (2002). Use of Seismic Stratigraphy to Identify Conduits 
for Saltwater Intrusion in the Vicinity of Raritan Bay, New Jersey. Environmental &amp; Engineering 
Geoscience. 8 (3), 209–218. https://doi.org/10.2113/8.3.209  

Gehrels, W. R., Dangendorf, S., Barlow, N. L. M., Saher, M. H., Long, A. J., Woodworth, P. L., Piecuch, C. 
G., & Berk, K. (2020). A Preindustrial Sea‐Level Rise Hotspot Along the Atlantic Coast of North 
America. Geophysical Research Letters. 47 (4). https://doi.org/10.1029/2019gl085814  

Gilford, D. M., Giguere, J., & Pershing, A. J. (2024). Human-caused ocean warming has intensified recent 
hurricanes. Environmental Research: Climate. 3 (4), 045019. https://doi.org/10.1088/2752-
5295/ad8d02  

Goddard, P. B., Yin, J., Griffies, S. M., & Zhang, S. (2015). An extreme event of sea-level rise along the 
Northeast coast of North America in 2009–2010. Nature Communications. 6 (1). 
https://doi.org/10.1038/ncomms7346  

Gori, A., & Lin, N. (2022). Projecting Compound Flood Hazard Under Climate Change With Physical 
Models and Joint Probability Methods. Earth’s Future. 10 (12). https://doi.org/10.1029/2022ef003097  

Gori, A., Lin, N., & Smith, J. (2020). Assessing Compound Flooding From Landfalling Tropical Cyclones 
on the North Carolina Coast. Water Resources Research. 56 (4). 
https://doi.org/10.1029/2019wr026788  

https://doi.org/10.1038/s41586-020-2591-3
https://doi.org/10.1002/2016gl070750
https://doi.org/10.1126/science.adt9619
https://doi.org/10.1175/jamc-d-20-0276.1
https://doi.org/10.1038/s41598-023-42669-y
https://doi.org/10.1029/2021ef002326
https://doi.org/10.1073/pnas.1703568114
https://doi.org/10.1038/s41612-024-00707-0
https://doi.org/10.2113/8.3.209
https://doi.org/10.1029/2019gl085814
https://doi.org/10.1088/2752-5295/ad8d02
https://doi.org/10.1088/2752-5295/ad8d02
https://doi.org/10.1038/ncomms7346
https://doi.org/10.1029/2022ef003097
https://doi.org/10.1029/2019wr026788


 

 81 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Gori, A., Lin, N., & Xi, D. (2020). Tropical Cyclone Compound Flood Hazard Assessment: From 
Investigating Drivers to Quantifying Extreme Water Levels. Earth’s Future. 8 (12). 
https://doi.org/10.1029/2020ef001660  

Gori, A., Lin, N., Xi, D., & Emanuel, K. (2022). Tropical cyclone climatology change greatly exacerbates US 
extreme rainfall–surge hazard. Nature Climate Change. 12 (2), 171–178. 
https://doi.org/10.1038/s41558-021-01272-7  

Green, J., Haigh, I. D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P., & 
Camus, P. (2025). Review article: A comprehensive review of compound flooding literature with a 
focus on coastal and estuarine regions. Natural Hazards and Earth System Sciences. 25 (2), 747–816. 
https://doi.org/10.5194/nhess-25-747-2025  

Gregory, J. M., Griffies, S. M., Hughes, C. W., Lowe, J. A., Church, J. A., Fukimori, I., et al. (2019). 
Concepts and Terminology for Sea Level: Mean, Variability and Change, Both Local and Global. 
Surveys in Geophysics. https://doi.org/10.1007/s10712-019-09525-z 

Griggs, G., & Reguero, B. G. (2021). Coastal Adaptation to Climate Change and Sea-Level Rise. Water. 13 
(16), 2151. https://doi.org/10.3390/w13162151  

Guimond, J. A., & Michael, H. A. (2021). Effects of marsh migration on flooding, saltwater intrusion, and 
crop yield in coastal agricultural land subject to storm surge inundation. Water Resources Research, 
57(2), e2020WR028326. https://doi.org/10.1029/2020WR028326 

Gulev, S.K., P.W. Thorne, J. Ahn, F.J. Dentener, C.M. Domingues, S. Gerland, D. Gong, D.S. Kaufman, 
H.C. Nnamchi, J.  Quaas, J.A. Rivera, S. Sathyendranath, S.L. Smith, B. Trewin, K. von Schuckmann, 
& R.S. Vose. Changing State of the Climate System. (2023). In Climate Change 2021 – The Physical 
Science Basis (pp. 287–422). Cambridge University Press. https://doi.org/10.1017/9781009157896.004  

Haaf, L., & Dymond, S. F. (2024). Growth conditions of tree species relative to climate change and sea level 
rise in low-lying Mid Atlantic coastal forests. Frontiers in Forests and Global Change, 7, 1362650. 
https://doi.org/10.3389/ffgc.2024.1362650 

Haaf, L., Watson, E. B., Elsey-Quirk, T., Raper, K., Padeletti, A., Maxwell-Doyle, M., Kreeger, D., & 
Velinsky, D. J. (2021). Sediment Accumulation, Elevation Change, and the Vulnerability of Tidal 
Marshes in the Delaware Estuary and Barnegat Bay to Accelerated Sea Level Rise. Estuaries and 
Coasts. 45 (2), 413–427. https://doi.org/10.1007/s12237-021-00972-9  

Haigh, I. D., Wahl, T., Rohling, E. J., Price, R. M., Pattiaratchi, C. B., Calafat, F. M., & Dangendorf, S. 
(2014). Timescales for detecting a significant acceleration in sea level rise. Nature Communications. 5 
(1), 3635. https://doi.org/10.1038/ncomms4635  

Hall, T. M., & Kossin, J. P. (2019). Hurricane stalling along the North American coast and implications for 
rainfall. Npj Climate and Atmospheric Science. 2 (1). https://doi.org/10.1038/s41612-019-0074-8  

Hall, S., Stotts, S., & Haaf, L. (2022). Influence of climate and coastal flooding on eastern red cedar growth 
along a marsh-forest ecotone. Forests, 13(6), 862. https://doi.org/10.3390/f13060862 

Hamlington, B. D., Bellas-Manley, A., Willis, J. K., Fournier, S., Vinogradova, N., Nerem, R. S., Piecuch, C. 
G., Thompson, P. R., & Kopp, R. (2024). The rate of global sea level rise doubled during the past three 
decades. Communications Earth & Environment, 5 (1), 601. https://doi.org/10.1038/s43247-024-
01761-5  

Hamlington, B. D., Gardner, A. S.,Ivins, E., Lenaerts, J. T. M., Reager, J. T.,Trossman, D. S., et al. (2020). 
Understanding of contemporary regional sea‐level change and the implications for the future. 
Reviews of Geophysics. 58 (3). https://doi.org/10.1029/2019RG000672 

https://doi.org/10.1029/2020ef001660
https://doi.org/10.1038/s41558-021-01272-7
https://doi.org/10.5194/nhess-25-747-2025
https://doi.org/10.1007/s10712-019-09525-z
https://doi.org/10.3390/w13162151
https://doi.org/10.1029/2020WR028326
https://doi.org/10.1017/9781009157896.004
https://doi.org/10.3389/ffgc.2024.1362650
https://doi.org/10.1007/s12237-021-00972-9
https://doi.org/10.1038/ncomms4635
https://doi.org/10.1038/s41612-019-0074-8
https://doi.org/10.3390/f13060862
https://doi.org/10.1038/s43247-024-01761-5
https://doi.org/10.1038/s43247-024-01761-5
https://doi.org/10.1029/2019RG000672


 

 82 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Hanson, S., Nicholls, R.J., Hallegatte, S. & Corfee-Morlot, J. (2010). The effects of climate mitigation on the 
exposure of the worlds large port cities to extreme water levels. Report for the AVOID Programme, 
Met Office. 

Hapke, C.J., Himmelstoss, E.A., Kratzmann, M.G., List, J.H., & Thieler, E.R. (2011). National assessment of 
shoreline change; historical shoreline change along the New England and Mid-Atlantic coasts: U.S. 
Geological Survey Open-File Report 2010-1118, 57 p. https://pubs.usgs.gov/of/2010/1118/ 

Hapke, C. J., Kratzmann, M. G., & Himmelstoss, E. A. (2013). Geomorphic and human influence on large-
scale coastal change. Geomorphology. 199, 160–170. https://doi.org/10.1016/j.geomorph.2012.11.025  

Harig, C., & Simons, F. J. (2015). Accelerated West Antarctic ice mass loss continues to outpace East 
Antarctic gains. Earth and Planetary Science Letters, 415, 134-141. 
https://doi.org/10.1016/j.epsl.2015.01.029  

Harig, C., & Simons, F. J. (2012). Mapping Greenland’s mass loss in space and time. Proceedings of the 
National Academy of Sciences. 109 (49) 19934-19937. https://doi.org/10.1073/pnas.1206785109  

Harvey, T. C., Hamlington, B. D., Frederikse, T., Nerem, R. S., Piecuch, C. G., Hammond, W. C., Blewitt, 
G., Thompson, P. R., Bekaert, D. P. S., Landerer, F. W., Reager, J. T., Kopp, R. E., Chandanpurkar, H., 
Fenty, I., Trossman, D., Walker, J. S., & Boening, C. (2021). Ocean mass, sterodynamic effects, and 
vertical land motion largely explain US coast relative sea level rise. Communications Earth &amp; 
Environment. 2 (1). https://doi.org/10.1038/s43247-021-00300-w  

Hausfather, Z. (2025). An assessment of current policy scenarios over the 21st century and the reduced 
plausibility of high-emissions pathways. Sage Journals, 2(1). 
https://doi.org/10.1177/29768659241304854 

Hawley, W. B., Hay, C. C., Mitrovica, J. X., & Kopp, R. E. (2020). A Spatially Variable Time Series of Sea 
Level Change Due to Artificial Water Impoundment. Earth’s Future. 8 (7). 
https://doi.org/10.1029/2020ef001497  

Hingst, M. C., Housego, R. M., He, C., Minsley, B. J., Ball, L. B., & Michael, H. A. (2024). Beyond the 
Wedge: Impact of Tidal Streams on Salinization of Groundwater in a Coastal Aquifer Stressed by 
Pumping and Sea‐Level Rise. Water Resources Research. 60 (10). 
https://doi.org/10.1029/2023wr035840  

Hingst, M. C., McQuiggan, R. W., Peters, C. N., He, C., Andres, A. S., & Michael, H. A. (2022). Surface 
Water‐Groundwater Connections as Pathways for Inland Salinization of Coastal Aquifers. 
Groundwater. 61 (5), 626–638. https://doi.org/10.1111/gwat.13274  

Jamous, M., Marsooli, R., & Miller, J. K. (2023). Physics-based modeling of climate change impact on 
hurricane-induced coastal erosion hazards. Npj Climate and Atmospheric Science. 6 (1). 
https://doi.org/10.1038/s41612-023-00416-0  

Janssen, M. S., & Miller, J. K. (2022). The Dune Engineering Demand Parameter and Applications to 
Forecasting Dune Impacts. Journal of Marine Science and Engineering. 10 (2), 234. 
https://doi.org/10.3390/jmse10020234  

Johnson, C. S., Miller, K. G., Browning, J. V., Kopp, R. E., Khan, N. S., Fan, Y., et al. (2018). The role of 
sediment compaction and groundwater withdrawal in local sea-level rise, Sandy Hook, New Jersey, 
USA. Quaternary Science Reviews. 181, 30-42. https://doi.org/10.1016/j.quascirev.2017.11.031  

Joughin, I., Smith, B. E., & Medley, B. (2014). Marine Ice Sheet Collapse Potentially Under Way for the 
Thwaites Glacier Basin, West Antarctica. Science. 344 (6185), 735. DOI: 10.1126/science.1249055 

https://web.archive.org/web/20220121125825/https:/pubs.usgs.gov/of/2010/1118/
https://doi.org/10.1016/j.geomorph.2012.11.025
https://doi.org/10.1016/j.epsl.2015.01.029
https://doi.org/10.1073/pnas.1206785109
https://doi.org/10.1038/s43247-021-00300-w
https://doi.org/10.1177/29768659241304854
https://doi.org/10.1029/2020ef001497
https://doi.org/10.1029/2023wr035840
https://doi.org/10.1111/gwat.13274
https://doi.org/10.1038/s41612-023-00416-0
https://doi.org/10.3390/jmse10020234
https://doi.org/10.1016/j.quascirev.2017.11.031
https://doi.org/10.1126/science.1249055


 

 83 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Joyse, K. M., Walker, J. S., Godfrey, L., Christie, M. A., Shaw, T. A., Corbett, D. R., Kopp, R. E., & Horton, 
B. P. (2024). The preservation of storm events in the geologic record of New Jersey, USA. Journal of 
Quaternary Science. 39 (5), 801–815. https://doi.org/10.1002/jqs.3622  

Kaplan, S., & Garrick, B. J. (1981). On The Quantitative Definition of Risk. Risk Analysis. 1 (1), 11–27. 
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x  

Kauffman, L. J. (2024). Simulated effects of projected 2014–40 withdrawals on groundwater flow and water 
levels in the New Jersey Coastal Plain. In Scientific Investigations Report. US Geological Survey. 
https://doi.org/10.3133/sir20245028  

Kemp, A. C., Horton, B. P., Vane, C. H., Bernhardt, C. E., Corbett, D. R., Engelhart, S. E., Anisfeld, S. C., 
Parnell, A. C., & Cahill, N. (2013). Sea-level change during the last 2500 years in New Jersey, USA. 
Quaternary Science Reviews. 81, 90–104. https://doi.org/10.1016/j.quascirev.2013.09.024  

Kirwan, M. L., Guntenspergen, G. R., D’Alpaos, A., Morris, J. T., Mudd, S. M., & Temmerman, S. (2010). 
Limits on the adaptability of coastal marshes to rising sea level. Geophysical Research Letters. 37 (23). 
https://doi.org/10.1029/2010gl045489  

Kirwan, M. L., Temmerman, S., Skeehan, E. E., Guntenspergen, G. R., & Fagherazzi, S. (2016). 
Overestimation of marsh vulnerability to sea level rise. Nature Climate Change. 6 (3), 253–260. 
https://doi.org/10.1038/nclimate2909  

Kirwan, M. L., Walters, D. C., Reay, W. G., & Carr, J. A. (2016a). Sea level driven marsh expansion in a 
coupled model of marsh erosion and migration. Geophysical Research Letters, 43(9), 4366-4373. 
https://doi.org/10.1002/2016GL068507 

Kirwan, M. L., Michael, H. A., Gedan, K. B., Tully, K. L., Fagherazzi, S., McDowell, N. G., ... & Stotts, S. 
(2024). Feedbacks regulating the salinization of coastal landscapes. Annual Review of Marine Science, 
17. https://doi.org/10.1146/annurev-marine-070924-031447 

Klotzbach, P. J. (2011). A simplified Atlantic basin seasonal hurricane prediction scheme from 1 August. 
Geophysical Research Letters. 38 (16), n/a-n/a. https://doi.org/10.1029/2011gl048603  

Klotzbach, P. J. (2008). Refinements to Atlantic basin seasonal hurricane prediction from 1 December. 
Journal of Geophysical Research: Atmospheres. 113 (D17). https://doi.org/10.1029/2008jd010047  

Knutson, T., Camargo, S. J., Chan, J. C. L., Emanuel, K., Ho, C.-H., Kossin, J., Mohapatra, M., Satoh, M., 
Sugi, M., Walsh, K., & Wu, L. (2019). Tropical Cyclones and Climate Change Assessment: Part I: 
Detection and Attribution. Bulletin of the American Meteorological Society. 100 (10), 1987–2007. 
https://doi.org/10.1175/bams-d-18-0189.1  

Knutson, T., Camargo, S. J., Chan, J. C. L., Emanuel, K., Ho, C.-H., Kossin, J., Mohapatra, M., Satoh, M., 
Sugi, M., Walsh, K., & Wu, L. (2020). Tropical Cyclones and Climate Change Assessment: Part II: 
Projected Response to Anthropogenic Warming. Bulletin of the American Meteorological Society. 
101 (3), E303–E322. https://doi.org/10.1175/bams-d-18-0194.1  

Knutson, T. R., Sirutis, J. J., Vecchi, G. A., Garner, S., Zhao, M., Kim, H.-S., Bender, M., Tuleya, R. E., Held, 
I. M., & Villarini, G. (2013). Dynamical Downscaling Projections of Twenty-First-Century Atlantic 
Hurricane Activity: CMIP3 and CMIP5 Model-Based Scenarios. Journal of Climate. 26 (17), 6591–
6617. https://doi.org/10.1175/jcli-d-12-00539.1  

Kolodin, J., Lorenzo-Trueba, J., Hoagland, P., Jin, D., & Ashton, A. (2021). Engineered coastal berm-dune 
renourishment in New Jersey: can coastal communities continue to hold the line? Anthropocene 
Coasts. 4 (1), 193–209. https://doi.org/10.1139/anc-2020-0024  

https://doi.org/10.1002/jqs.3622
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x
https://doi.org/10.3133/sir20245028
https://doi.org/10.1016/j.quascirev.2013.09.024
https://doi.org/10.1029/2010gl045489
https://doi.org/10.1038/nclimate2909
https://doi.org/10.1002/2016GL068507
https://doi.org/10.1146/annurev-marine-070924-031447
https://doi.org/10.1029/2011gl048603
https://doi.org/10.1029/2008jd010047
https://doi.org/10.1175/bams-d-18-0189.1
https://doi.org/10.1175/bams-d-18-0194.1
https://doi.org/10.1175/jcli-d-12-00539.1
https://doi.org/10.1139/anc-2020-0024


 

 84 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Konikow, L. F. (2011). Contribution of global groundwater depletion since 1900 to sea-level rise. 
Geophysical Research Letters. 38 (17). https://doi.org/10.1029/2011gl048604  

Kopp, R. E. (2013). Does the mid-Atlantic United States sea level acceleration hot spot reflect ocean 
dynamic variability? Geophysical Research Letters.  40(15), 3981-3985. 
https://doi.org/10.1002/grl.50781  

Kopp, R. E., Broccoli, A., Horton, B. P., Kreeger, D., Leichenko, R., Miller, J. A., et al. (2016). Assessing 
New Jersey's Exposure to Sea-Level Rise and Coastal Storms: Report of the New Jersey Climate 
Adaptation Alliance Science and Technical Advisory Panel. http://dx.doi.org/doi:10.7282/T3ZP48CF  

Kopp, R. E., Broccoli, A., Kreeger, D., Garner, A., Andrews, C. J., Lin, N., Little, C. M., Miller, J. A., Miller, 
J. K., Miller, K., Moss, R., Orton, P., Parris, A., Robinson, D. A., Weaver, C. P., White, K., Campo, M., 
Kaplan, M. B., Sweet, W., … Auermuller, L. (2019). New Jersey’s Rising Seas and Changing Coastal 
Storms: Report of the 2019 Science and Technical Advisory Panel. Rutgers, The State University of 
New Jersey. https://doi.org/10.7282/T3-EEQR-MQ48  

Kopp, R. E., Garner, G. G., Hermans, T. H. J., Jha, S., Kumar, P., Reedy, A., Slangen, A. B. A., Turilli, M., 
Edwards, T. L., Gregory, J. M., Koubbe, G., Levermann, A., Merzky, A., Nowicki, S., Palmer, M. D., & 
Smith, C. (2023). The Framework for Assessing Changes To Sea-level (FACTS) v1.0: a platform for 
characterizing parametric and structural uncertainty in future global, relative, and extreme sea-level 
change. Geoscientific Model Development. 16 (24), 7461–7489. https://doi.org/10.5194/gmd-16-
7461-2023  

Kopp, R. E., Gilmore, E. A., Shwom, R. L., Adams, H., Adler, C., Oppenheimer, M., Patwardhan, A., 
Russill, C., Schmidt, D. N., & York, R. (2025). ‘Tipping points’ confuse and can distract from urgent 
climate action. Nature Climate Change, 15(1), 29-36. https://doi.org/10.1038/s41558-024-02196-8  

Kopp, R. E., Hay, C. C., Little, C. M., & Mitrovica, J. X. (2015). Geographic Variability of Sea-Level 
Change. Current Climate Change Reports. 1 (3), 192-204. https://doi.org/10.1007/s40641-015-0015-5  

Kopp, R. E., Horton, R. M., Little, C. M., Mitrovica, J. X., Oppenheimer, M., Rasmussen, D. J., Strauss, B. 
H., & Tebaldi, C. (2014). Probabilistic 21st and 22nd century sea‐level projections at a global network 
of tide‐gauge sites. Earth’s Future. 2 (8), 383–406. https://doi.org/10.1002/2014ef000239  

Kopp, R. E., Oppenheimer, M., O’Reilly, J. L., Drijfhout, S. S., Edwards, T. L., Fox-Kemper, B., Garner, G. 
G., Golledge, N. R., Hermans, T. H. J., Hewitt, H. T., Horton, B. P., Krinner, G., Notz, D., Nowicki, S., 
Palmer, M. D., Slangen, A. B. A., & Xiao, C. (2023). Communicating future sea-level rise uncertainty 
and ambiguity to assessment users. Nature Climate Change. 13 (7), 648–660. 
https://doi.org/10.1038/s41558-023-01691-8  

Kortum, G., Vecchi, G. A., Hsieh, T.-L., & Yang, W. (2024). Influence of Weather and Climate on 
Multidecadal Trends in Atlantic Hurricane Genesis and Tracks. Journal of Climate. 37 (5), 1501–
1522. https://doi.org/10.1175/jcli-d-23-0088.1  

Kossin, J. P., Camargo, S. J., & Sitkowski, M. (2010). Climate Modulation of North Atlantic Hurricane 
Tracks. Journal of Climate. 23 (11), 3057–3076. https://doi.org/10.1175/2010jcli3497.1  

Kraus, N. C., Hanson, H., & Blomgren, S. H. (1995). Modern Functional Design of Groin Systems. In 
Coastal Engineering 1994 (pp. 1327–1342). 24th International Conference on Coastal Engineering. 
American Society of Civil Engineers. https://doi.org/10.1061/9780784400890.097  

 

 

https://doi.org/10.1029/2011gl048604
https://doi.org/10.1002/grl.50781
http://dx.doi.org/doi:10.7282/T3ZP48CF
https://doi.org/10.7282/T3-EEQR-MQ48
https://doi.org/10.5194/gmd-16-7461-2023
https://doi.org/10.5194/gmd-16-7461-2023
https://doi.org/10.1038/s41558-024-02196-8
https://doi.org/10.1007/s40641-015-0015-5
https://doi.org/10.1002/2014ef000239
https://doi.org/10.1038/s41558-023-01691-8
https://doi.org/10.1175/jcli-d-23-0088.1
https://doi.org/10.1175/2010jcli3497.1
https://doi.org/10.1061/9780784400890.097


 

 85 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Krause, J. R., Oczkowski, A. J., & Watson, E. B. (2023). Improved mapping of coastal salt marsh habitat 
change at Barnegat Bay (NJ, USA) using object-based image analysis of high-resolution aerial 
imagery. Remote Sensing Applications: Society and Environment. 29, 100910. 
https://doi.org/10.1016/j.rsase.2022.100910  

Lacombe, P. J., & Carleton, G. B. (2002). Hydrogeologic Framework, Availability of Water Supplies, and 
Saltwater Intrusion, Cape May County, New Jersey. U.S. Department of the Interior, U.S. Geological 
Survey. 

Ladson, T. (2017). Converting between EY, AEP, and ARI. 
https://tonyladson.wordpress.com/2017/07/04/converting-between-ey-aep-and-ari/  

Landsea, C. W., Glenn, D. A., Bredemeyer, W., Chenoweth, M., Ellis, R., Gamache, J., Hufstetler, L., Mock, 
C., Perez, R., Prieto, R., Sánchez-Sesma, J., Thomas, D., & Woolcock, L. (2008). A Reanalysis of the 
1911–20 Atlantic Hurricane Database. Journal of Climate. 21 (10), 2138–2168. 
https://doi.org/10.1175/2007jcli1119.1  

Langbein, W.B. (1949). Annual floods and the partial‐duration flood series. Eos, Transactions American 
Geophysical Union. 30 (6), 879–881. https://doi.org/10.1029/tr030i006p00879  

Larsen, K., Mobir, M., Movalia, S., Pitt, H., Rivera, A., Rutkowski, E., & Tamba, M. (2024) Rhodium 
Climate Outlook 2024: Probabilistic Global Emissions and Energy Projections. Rhodium Group. 
https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-
emissions-and-energy-projections  

Lathrop, R. G., & Hasse, J. E. (2020). Changing landscapes in the Garden State: land use change in New 
Jersey 1986 through 2015. Rutgers University. https://doi.org/10.7282/T3-X1YC-DH86  

Lauzon, R., & Murray, A. B. (2018). Comparing the Cohesive Effects of Mud and Vegetation on Delta 
Evolution. Geophysical Research Letters. 45 (19). https://doi.org/10.1029/2018gl079405  

Le Cozannet, G., Bulteau, T., Castelle, B., Ranasinghe, R., Wöppelmann, G., Rohmer, J., Bernon, N., Idier, 
D., Louisor, J., & Salas-y-Mélia, D. (2019). Quantifying uncertainties of sandy shoreline change 
projections as sea level rises. Scientific Reports. 9 (1). https://doi.org/10.1038/s41598-018-37017-4  

Leaman, C. K., Harley, M. D., Splinter, K. D., Thran, M. C., Kinsela, M. A., & Turner, I. L. (2021). A storm 
hazard matrix combining coastal flooding and beach erosion. Coastal Engineering. 170, 104001. 
https://doi.org/10.1016/j.coastaleng.2021.104001  

Leatherman, S.P. & Zaremba, R.E. (1987). Overwash and aeolian processes on a U.S. northeast coast 
barrier. Sedimentary Geology, 52. (3-4). https://doi.org/10.1016/0037-0738(87)90061-3  

Leatherman, S. P., Zhang, K., & Douglas, B. C. (2000). Sea level rise shown to drive coastal erosion. Eos, 
Transactions American Geophysical Union. 81 (6), 55–57. https://doi.org/10.1029/00eo00034  

Lee, S. B., Li, M., & Zhang, F. (2017). Impact of sea level rise on tidal range in Chesapeake and Delaware 
Bays. Journal of Geophysical Research: Oceans. 122 (5), 3917–3938. 
https://doi.org/10.1002/2016jc012597  

Lemke, L., & Miller, J. K. (2020). Evaluation of storms through the lens of erosion potential along the New 
Jersey, USA coast. Coastal Engineering. 158, 103699. https://doi.org/10.1016/j.coastaleng.2020.103699  

Lemke, L., & Miller, J. K. (2021). Role of Storm Erosion Potential and Beach Morphology in Controlling 
Dune Erosion. Journal of Marine Science and Engineering. 9 (12), 1428. 
https://doi.org/10.3390/jmse9121428  

https://doi.org/10.1016/j.rsase.2022.100910
https://tonyladson.wordpress.com/2017/07/04/converting-between-ey-aep-and-ari/
https://doi.org/10.1175/2007jcli1119.1
https://doi.org/10.1029/tr030i006p00879
https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-emissions-and-energy-projections
https://climateoutlook.rhg.com/reports/rhodium-climate-outlook-2024-probabilistic-global-emissions-and-energy-projections
https://doi.org/10.7282/T3-X1YC-DH86
https://doi.org/10.1029/2018gl079405
https://doi.org/10.1038/s41598-018-37017-4
https://doi.org/10.1016/j.coastaleng.2021.104001
https://doi.org/10.1016/0037-0738(87)90061-3
https://doi.org/10.1029/00eo00034
https://doi.org/10.1002/2016jc012597
https://doi.org/10.1016/j.coastaleng.2020.103699
https://doi.org/10.3390/jmse9121428


 

 86 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Lempert, R. J., Lawrence, J., Kopp, R. E., Haasnoot, M., Reisinger, A., Grubb, M., & Pasqualino, R. (2024). 
The use of decision making under deep uncertainty in the IPCC [Original Research]. Frontiers in 
Climate, Volume 6 - 2024. https://doi.org/10.3389/fclim.2024.1380054 

Lempert, R. J., Popper, P. W., & Bankes S. C. (2003). Shaping the next one hundred years: new methods for 
quantitative, long-term policy analysis. RAND. ISBN 0-8330-3275-5 (pbk.) 

Levermann, A., Winkelmann, R., Albrecht, T., Goelzer, H., Golledge, N. R., Greve, R., Huybrechts, P., 
Jordan, J., Leguy, G., Martin, D., Morlighem, M., Pattyn, F., Pollard, D., Quiquet, A., Rodehacke, C., 
Seroussi, H., Sutter, J., Zhang, T., Van Breedam, J., … van de Wal, R. S. W. (2020). Projecting 
Antarctica’s contribution to future sea level rise from basal ice shelf melt using linear response 
functions of 16 ice sheet models (LARMIP-2). Earth System Dynamics. 11 (1), 35–76. 
https://doi.org/10.5194/esd-11-35-2020  

Lin, N., Kopp, R. E., Horton, B. P., & Donnelly, J. P. (2016). Hurricane Sandy’s flood frequency increasing 
from year 1800 to 2100. Proceedings of the National Academy of Sciences. 113 (43), 12071–12075. 
https://doi.org/10.1073/pnas.1604386113  

Lin, N., Marsooli, R., & Colle, B. A. (2019). Storm surge return levels induced by mid-to-late-twenty-first-
century extratropical cyclones in the Northeastern United States. Climatic Change. 154 (1–2), 143–
158. https://doi.org/10.1007/s10584-019-02431-8  

Little, C. M., Hu, A., Hughes, C. W., McCarthy, G. D., Piecuch, C. G., Ponte, R. M., & Thomas, M. D. 
(2019). The Relationship Between U.S. East Coast Sea Level and the Atlantic Meridional Overturning 
Circulation: A Review. Journal of Geophysical Research: Oceans. 124 (9), 6435-6458. 
https://doi.org/10.1029/2019JC015152  

Liu, J., Hetland, R., Yang, Z., Wang, T., & Sun, N. (2024). Response of salt intrusion in a tidal estuary to 
regional climatic forcing. Environmental Research Letters. 19 (7), 074019. 
https://doi.org/10.1088/1748-9326/ad4fa1  

Liu, M., Vecchi, G. A., Smith, J. A., & Knutson, T. R. (2019). Causes of large projected increases in 
hurricane precipitation rates with global warming. Npj Climate and Atmospheric Science. 2 (1). 
https://doi.org/10.1038/s41612-019-0095-3  

Liu, M., Yang, L., Smith, J. A., & Vecchi, G. A. (2020). Response of Extreme Rainfall for Landfalling 
Tropical Cyclones Undergoing Extratropical Transition to Projected Climate Change: Hurricane 
Irene (2011). Earth’s Future. 8 (3). https://doi.org/10.1029/2019ef001360  

Lockwood, J. W., Lin, N., Gori, A., & Oppenheimer, M. (2024). Increasing Flood Hazard Posed by Tropical 
Cyclone Rapid Intensification in a Changing Climate. Geophysical Research Letters. 51 (5). 
https://doi.org/10.1029/2023gl105624  

Lopez-Marti, F., Ginesta, M., Faranda, D., Rutgersson, A., Yiou, P., Wu, L., & Messori, G. (2025). Future 
changes in compound explosive cyclones and atmospheric rivers in the North Atlantic. Earth System 
Dynamics. 16 (1), 169–187. https://doi.org/10.5194/esd-16-169-2025 

Lorenzo‐Trueba, J., & Ashton, A. D. (2014). Rollover, drowning, and discontinuous retreat: Distinct 
modes of barrier response to sea‐level rise arising from a simple morphodynamic model. Journal of 
Geophysical Research: Earth Surface. 119 (4), 779–801. https://doi.org/10.1002/2013jf002941  

Lorenzo‐Trueba, J., Janoff, A., Thomas, O., Jin, D., Hoagland, P., & Ashton, A. (2025). From Coastal 
Retreat to Seaward Growth: Emergent Behaviors From Paired Community Beach Nourishment 
Choices. Earth’s Future. 13 (8). https://doi.org/10.1029/2025ef006352  

https://doi.org/10.3389/fclim.2024.1380054
https://doi.org/10.5194/esd-11-35-2020
https://doi.org/10.1073/pnas.1604386113
https://doi.org/10.1007/s10584-019-02431-8
https://doi.org/10.1029/2019JC015152
https://doi.org/10.1088/1748-9326/ad4fa1
https://doi.org/10.1038/s41612-019-0095-3
https://doi.org/10.1029/2019ef001360
https://doi.org/10.1029/2023gl105624
https://doi.org/10.5194/esd-16-169-2025
https://doi.org/10.1002/2013jf002941
https://doi.org/10.1029/2025ef006352


 

 87 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Lorenzo-Trueba, J., & Mariotti, G. (2017). Chasing boundaries and cascade effects in a coupled barrier-
marsh-lagoon system. Geomorphology. 290, 153–163. 
https://doi.org/10.1016/j.geomorph.2017.04.019  

Lu, P., Lin, N., Emanuel, K., Chavas, D., & Smith, J. (2018). Assessing Hurricane Rainfall Mechanisms 
Using a Physics-Based Model: Hurricanes Isabel (2003) and Irene (2011). Journal of the Atmospheric 
Sciences. 75 (7), 2337–2358. https://doi.org/10.1175/jas-d-17-0264.1  

Mann, M. E., & Emanuel, K. A. (2006). Atlantic hurricane trends linked to climate change. Eos, 
Transactions American Geophysical Union. 87 (24), 233–241. https://doi.org/10.1029/2006eo240001  

Mariotti, G. (2020). Beyond marsh drowning: The many faces of marsh loss (and gain). Advances in Water 
Resources. 144, 103710. https://doi.org/10.1016/j.advwatres.2020.103710  

Marsooli, R., Jamous, M., & Miller, J. K. (2021). Climate Change Impacts on Wind Waves Generated by 
Major Tropical Cyclones off the Coast of New Jersey, USA. Frontiers in Built Environment. 7. 
https://doi.org/10.3389/fbuil.2021.774084  

Marsooli, R., Lin, N., Emanuel, K., & Feng, K. (2019). Climate change exacerbates hurricane flood hazards 
along US Atlantic and Gulf Coasts in spatially varying patterns. Nature Communications. 10 (1). 
https://doi.org/10.1038/s41467-019-11755-z  

Marzeion, B., Hock, R., Anderson, B., Bliss, A., Champollion, N., Fujita, K., Huss, M., Immerzeel, W. W., 
Kraaijenbrink, P., Malles, J., Maussion, F., Radić, V., Rounce, D. R., Sakai, A., Shannon, S., van de 
Wal, R., & Zekollari, H. (2020). Partitioning the Uncertainty of Ensemble Projections of Global 
Glacier Mass Change. Earth’s Future. 8 (7). https://doi.org/10.1029/2019ef001470  

Marzeion, B., Jarosch, A. H., & Hofer, M. (2012). Past and future sea-level change from the surface mass 
balance of glaciers. The Cryosphere. 6 (6), 1295–1322. https://doi.org/10.5194/tc-6-1295-2012  

Mastrandrea, M. D., Field, C. B., Stocker, T. F., Edenhorfer, O., Ebi, K. L., Frame, D. J., et al. (2010). 
Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on Consistent Treatment of 
Uncertainties. In: Intergovernmental Panel on Climate Change (IPCC). 
https://www.ipcc.ch/site/assets/uploads/2017/08/AR5_Uncertainty_Guidance_Note.pdf  

McBride, R. A., Anderson, J. B., Buynevich, I. V., Cleary, W., Fenster, M. S., FitzGerald, D. M., Harris, M. 
S., Hein, C. J., Klein, A. H. F., Liu, B., de Menezes, J. T., Pejrup, M., Riggs, S. R., Short, A. D., Stone, G. 
W., Wallace, D. J., & Wang, P. (2013). 10.8 Morphodynamics of Barrier Systems: A Synthesis. In 
Treatise on Geomorphology (pp. 166–244). Elsevier. https://doi.org/10.1016/b978-0-12-374739-
6.00279-7  

McCarthy, G. D., Haigh, I. D., Hirschi, J. J. M., Grist, J. P., & Smeed, D. A. (2015). Ocean impact on 
decadal Atlantic climate variability revealed by sea-level observations. Nature. 521, 508. 
https://doi.org/10.1038/nature14491  

McDermott, A. (2023). Ghost forests haunt the East Coast, harbingers of sea-level rise. Proceedings of the 
National Academy of Sciences. 120 (38). https://doi.org/10.1073/pnas.2314607120  

McNamara, G., & da Silva, G. V. (2023). The Coastline Paradox: A New Perspective. Journal of Coastal 
Research. 39 (1), 45–54. https://www.jstor.org/stable/48712009  

Michael, H. A., Scott, K. C., Koneshloo, M., Yu, X., Khan, M. R., & Li, K. (2016). Geologic influence on 
groundwater salinity drives large seawater circulation through the continental shelf. Geophysical 
Research Letters. 43 (20). https://doi.org/10.1002/2016gl070863  

https://doi.org/10.1016/j.geomorph.2017.04.019
https://doi.org/10.1175/jas-d-17-0264.1
https://doi.org/10.1029/2006eo240001
https://doi.org/10.1016/j.advwatres.2020.103710
https://doi.org/10.3389/fbuil.2021.774084
https://doi.org/10.1038/s41467-019-11755-z
https://doi.org/10.1029/2019ef001470
https://doi.org/10.5194/tc-6-1295-2012
https://www.ipcc.ch/site/assets/uploads/2017/08/AR5_Uncertainty_Guidance_Note.pdf
https://doi.org/10.1016/b978-0-12-374739-6.00279-7
https://doi.org/10.1016/b978-0-12-374739-6.00279-7
https://doi.org/10.1038/nature14491
https://doi.org/10.1073/pnas.2314607120
https://www.jstor.org/stable/48712009
https://doi.org/10.1002/2016gl070863


 

 88 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Michaelis, A. C., Willison, J., Lackmann, G. M., & Robinson, W. A. (2017). Changes in Winter North 
Atlantic Extratropical Cyclones in High-Resolution Regional Pseudo–Global Warming Simulations. 
Journal of Climate. 30 (17), 6905–6925. https://doi.org/10.1175/jcli-d-16-0697.1  

Miller, K. G., Kopp, R. E., Horton, B. P., Browning, J. V., & Kemp, A. C. (2013). A geological perspective 
on sea-level rise and its impacts along the U.S. mid-Atlantic coast. Earth's Future. 1 (1), 3-18. 
https://doi.org/10.1002/2013EF000135 

Miselis, J. L., Flocks, J. G., Zeigler, S., Passeri, D., Smith, D. R., Bourque, J., & Sherwood, C. R. (2021). 
Impacts of Sediment Removal from and Placement in Coastal Barrier Island Systems. Reston, VA: 
The United States Geological Survey (USGS). https://doi.org/10.3133/ofr20211062 

Miselis, J. L., & Lorenzo‐Trueba, J. (2017). Natural and Human‐Induced Variability in Barrier‐Island 
Response to Sea Level Rise. Geophysical Research Letters. 44 (23). 
https://doi.org/10.1002/2017gl074811  

Mitrovica, J. X., Gomez, N., Morrow, E., Hay, C., Latychev, K., & Tamisiea, M. E. (2011). On the 
robustness of predictions of sea level fingerprints. Geophysical Journal International. 187 (2), 729- 
742. https://doi.org/10.1111/j.1365-246X.2011.05090.x  

Mitrovica, J. X., Hay, C. C., Kopp, R. E., Harig, C., & Latychev, K. (2018). Quantifying the Sensitivity of Sea 
Level Change in Coastal Localities to the Geometry of Polar Ice Mass Flux. Journal of Climate. 31 (9), 
3701–3709. https://doi.org/10.1175/jcli-d-17-0465.1  

Molino, G. D., Carr, J. A., Ganju, N. K., & Kirwan, M. L. (2022). Variability in marsh migration potential 
determined by topographic rather than anthropogenic constraints in the Chesapeake Bay region. 
Limnology and Oceanography Letters, 7(4), 321-331. https://doi.org/10.1002/lol2.10262 

Mondal, P., Walter, M., Miller, J., Epanchin-Niell, R., Gedan, K., Yawatkar, V., Nguyen, E., & Tully, K. L. 
(2023). The spread and cost of saltwater intrusion in the US Mid-Atlantic. Nature Sustainability. 6 
(11), 1352–1362. https://doi.org/10.1038/s41893-023-01186-6 

Moore, J.C., Grinsted, A. & Jevrejeva, S. (2005). New tools for analyzing time series relationships and 
treneds. Eos, Transactions American Geophysical Union, 86(24), 226-232. 
https://doi.org/10.1029/2005EO240003  

Morim, J., Wahl, T., Rasmussen, D. J., Calafat, F. M., Vitousek, S., Dangendorf, S., Kopp, R. E., & 
Oppenheimer, M. (2025). Observations reveal changing coastal storm extremes around the United 
States. Nature Climate Change. 15 (5), 538–545. https://doi.org/10.1038/s41558-025-02315-z  

Morlighem, M., Goldberg, D., Barnes, J. M., Bassis, J. N., Benn, D. I., Crawford, A. J., Gudmundsson, G. 
H., & Seroussi, H. (2024). The West Antarctic Ice Sheet may not be vulnerable to marine ice cliff 
instability during the 21st century. Science Advances. 10 (34), eado7794. 
https://doi.org/10.1126/sciadv.ado7794  

Morris, J. T., Sundareshwar, P. V., Nietch, C. T., Kjerfve, B., & Cahoon, D. R. (2002). Responses Of Coastal 
Wetlands To Rising Sea Level. Ecology. 83 (10), 2869–2877. https://doi.org/10.1890/0012-
9658(2002)083[2869:rocwtr]2.0.co;2  

Mouginot, J., Rignot, E., Bjørk, A. A., van den Broeke, M., Millan, R., Morlighem, M., et al. (2019). Forty -
six years of Greenland Ice Sheet mass balance from 1972 to 2018. Proceedings of the National 
Academy of Sciences. 116 (19), 9239. https://doi.org/10.1073/pnas.1904242116 

Murakami, H. (2024). Effect of Regional Anthropogenic Aerosols on Tropical Cyclone Frequency of 
Occurrence. Geophysical Research Letters. 51 (21). https://doi.org/10.1029/2024gl110443  

https://doi.org/10.1175/jcli-d-16-0697.1
https://doi.org/10.1002/2013EF000135
https://doi.org/10.3133/ofr20211062
https://doi.org/10.1002/2017gl074811
https://doi.org/10.1111/j.1365-246X.2011.05090.x
https://doi.org/10.1175/jcli-d-17-0465.1
https://doi.org/10.1002/lol2.10262
https://doi.org/10.1038/s41893-023-01186-6
https://doi.org/10.1029/2005EO240003
https://doi.org/10.1038/s41558-025-02315-z
https://doi.org/10.1126/sciadv.ado7794
https://doi.org/10.1890/0012-9658(2002)083%5b2869:rocwtr%5d2.0.co;2
https://doi.org/10.1890/0012-9658(2002)083%5b2869:rocwtr%5d2.0.co;2
https://doi.org/10.1073/pnas.1904242116
https://doi.org/10.1029/2024gl110443


 

 89 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Murakami, H. (2022). Substantial global influence of anthropogenic aerosols on tropical cyclones over the 
past 40 years. Science Advances. 8 (19). https://doi.org/10.1126/sciadv.abn9493  

Murakami, H. (2014). Tropical cyclones in reanalysis data sets. Geophysical Research Letters. 41 (6), 2133–
2141. https://doi.org/10.1002/2014gl059519  

Murakami, H., & Wang, B. (2022). Patterns and frequency of projected future tropical cyclone genesis are 
governed by dynamic effects. Communications Earth &amp; Environment. 3 (1). 
https://doi.org/10.1038/s43247-022-00410-z  

NASA. (2021) Sea Level Projection Tool. https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool/  

National Academy of Sciences, Engineering, and Medicine (NAS). (2025). Guidelines for the Review of 
Products of the National Academies of Sciences, Engineering, and Medicine. 
https://www.nationalacademies.org/about/institutional-policies-and-procedures/guidelines-for-the-
review-of-reports  

New Jersey Department of Environmental Protection. (2020). New Jersey Scientific Report on Climate 
Change, Version 1.0. Trenton, NJ. 184 pp. https://dspace.njstatelib.org/items/07c48e1a-6de6-4458-
82d3-5dd70e31de50  

Nienhuis, J. H., & Lorenzo‐Trueba, J. (2019). Can Barrier Islands Survive Sea‐Level Rise? Quantifying the 
Relative Role of Tidal Inlets and Overwash Deposition. Geophysical Research Letters. 46 (24), 14613–
14621. https://doi.org/10.1029/2019gl085524  

Nienhuis, J. H., & Lorenzo-Trueba, J. (2019). Simulating barrier island response to sea level rise with the 
barrier island and inlet environment (BRIE) model v1.0. Geoscientific Model Development. 12 (9), 
4013–4030. https://doi.org/10.5194/gmd-12-4013-2019  

Nienhuis, J. H., & van de Wal, R. S. W. (2021). Projections of Global Delta Land Loss From Sea‐Level Rise 
in the 21st Century. Geophysical Research Letters. 48 (14). https://doi.org/10.1029/2021gl093368  

NJDEP Bureau of GIS. (2025). Surface Elevation Table from the New Jersey Tidal Wetland Monitoring 
Network (NJTWMN). https://gisdata-njdep.opendata.arcgis.com/datasets/njdep::surface-elevation-
table-from-the-new-jersey-tidal-wetland-monitoring-network-
njtwmn/explore?layer=55&location=39.538148%2C-74.430398%2C10.87  

NOAA Tides & Currents. (2025). Center for Operational Oceanographic Products and Services. 
https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels  

NOAA Tides & Currents. (2025). Datums for 8534720, Atlantic City NJ. 
https://tidesandcurrents.noaa.gov/datums.html?id=8534720  

National Oceanic and Atmospheric Administration (NOAA). (2025). Datums – Station Selection. 
Available at: https://tidesandcurrents.noaa.gov/stations.html?type=Datums 

NOAA. (2025b). Tides/Water Levels. Available at: 
https://tidesandcurrents.noaa.gov/datums.html?id=8536110 

NOAA. (2025c). Extreme Water Levels. Available at: 
https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=8536110  

NOAA. (2025d). Annual Exceedance Probability. Available at: 
https://tidesandcurrents.noaa.gov/est/curves.shtml?stnid=8536110  

NOAA. (2025e). Top-10 Highest Water Levels, NOS/NOAA/CO-OPS. Available at: 
https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=8536110#top10event  

https://doi.org/10.1126/sciadv.abn9493
https://doi.org/10.1002/2014gl059519
https://doi.org/10.1038/s43247-022-00410-z
https://sealevel.nasa.gov/ipcc-ar6-sea-level-projection-tool/
https://www.nationalacademies.org/about/institutional-policies-and-procedures/guidelines-for-the-review-of-reports
https://www.nationalacademies.org/about/institutional-policies-and-procedures/guidelines-for-the-review-of-reports
https://dspace.njstatelib.org/items/07c48e1a-6de6-4458-82d3-5dd70e31de50
https://dspace.njstatelib.org/items/07c48e1a-6de6-4458-82d3-5dd70e31de50
https://doi.org/10.1029/2019gl085524
https://doi.org/10.5194/gmd-12-4013-2019
https://doi.org/10.1029/2021gl093368
https://gisdata-njdep.opendata.arcgis.com/datasets/njdep::surface-elevation-table-from-the-new-jersey-tidal-wetland-monitoring-network-njtwmn/explore?layer=55&location=39.538148%2C-74.430398%2C10.87
https://gisdata-njdep.opendata.arcgis.com/datasets/njdep::surface-elevation-table-from-the-new-jersey-tidal-wetland-monitoring-network-njtwmn/explore?layer=55&location=39.538148%2C-74.430398%2C10.87
https://gisdata-njdep.opendata.arcgis.com/datasets/njdep::surface-elevation-table-from-the-new-jersey-tidal-wetland-monitoring-network-njtwmn/explore?layer=55&location=39.538148%2C-74.430398%2C10.87
https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels
https://tidesandcurrents.noaa.gov/datums.html?id=8534720
https://tidesandcurrents.noaa.gov/stations.html?type=Datums
https://tidesandcurrents.noaa.gov/datums.html?id=8536110
https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=8536110
https://tidesandcurrents.noaa.gov/est/curves.shtml?stnid=8536110
https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=8536110#top10event


 

 90 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Nowicki, S. M. J., Payne, A., Larour, E., Seroussi, H., Goelzer, H., Lipscomb, W., Gregory, J., Abe-Ouchi, 
A., & Shepherd, A. (2016). Ice Sheet Model Intercomparison Project (ISMIP6) contribution to 
CMIP6. Geoscientific Model Development. 9 (12), 4521–4545. https://doi.org/10.5194/gmd-9-4521-
2016  

O’Neill, B. C., Tebaldi, C., van Vuuren, D. P., Eyring, V., Friedlingstein, P., Hurtt, G., Knutti, R., Kriegler, 
E., Lamarque, J.-F., Lowe, J., Meehl, G. A., Moss, R., Riahi, K., & Sanderson, B. M. (2016). The 
Scenario Model Intercomparison Project (ScenarioMIP) for CMIP6. Geoscientific Model 
Development. 9 (9), 3461–3482. https://doi.org/10.5194/gmd-9-3461-2016  

Oelsmann, J., Marcos, M., Passaro, M., Sanchez, L., Dettmering, D., Dangendorf, S., & Seitz, F. (2024). 
Regional variations in relative sea-level changes influenced by nonlinear vertical land motion. Nature 
Geoscience. 17 (2), 137–144. https://doi.org/10.1038/s41561-023-01357-2  

Ohenhen, L. O., Shirzaei, M., & Barnard, P. L. (2023). Slowly but surely: Exposure of communities and 
infrastructure to subsidence on the US east coast. PNAS Nexus. 3 (1). 
https://doi.org/10.1093/pnasnexus/pgad426  

Ohenhen, L. O., Shirzaei, M., Ojha, C., & Kirwan, M. L. (2023). Hidden vulnerability of US Atlantic coast 
to sea-level rise due to vertical land motion. Nature Communications. 14 (1). 
https://doi.org/10.1038/s41467-023-37853-7  

Ohenhen, L. O., Shirzaei, M., Ojha, C., Sherpa, S. F., & Nicholls, R. J. (2024). Disappearing cities on US 
coasts. Nature. 627 (8002), 108–115. https://doi.org/10.1038/s41586-024-07038-3  

Oppenheimer, M., Glavovic, B., Hinkel, J., van de Wal, R., Magnan, A. K., Abd-Elgawad, A., et al. (2019). 
Chapter 4: Sea Level Rise and Implications for Low Lying Islands, Coasts and Communities. In IPCC 
Special Report on the Ocean and Cryosphere in a Changing Climate. Cambridge University Press, 
Cambridge, UK and New York, NY, USA, pp. 321–445. https://doi.org/10.1017/9781009157964.006  

Palermo, R. V., Ashton, A. D., Soderblom, J. M., Birch, S. P. D., Hayes, A. G., & Perron, J. T. (2024). 
Signatures of wave erosion in Titan’s coasts. Science Advances. 10 (25). 
https://doi.org/10.1126/sciadv.adn4192  

Passeri, D. L., Long, J. W., Plant, N. G., Bilskie, M. V., & Hagen, S. C. (2018). The influence of bed friction 
variability due to land cover on storm-driven barrier island morphodynamics. Coastal Engineering. 
132, 82–94. https://doi.org/10.1016/j.coastaleng.2017.11.005  

Personna, Y. R., Geng, X., Saleh, F., Shu, Z., Jackson, N., Weinstein, M. P., & Boufadel, M. C. (2014). 
Monitoring changes in salinity and metal concentrations in New Jersey (USA) coastal ecosystems 
Post-Hurricane Sandy. Environmental Earth Sciences. 73 (3), 1169–1177. 
https://doi.org/10.1007/s12665-014-3539-4  

Peters, C. N., Kimsal, C., Frederiks, R. S., Paldor, A., McQuiggan, R., & Michael, H. A. (2022). 
Groundwater pumping causes salinization of coastal streams due to baseflow depletion: Analytical 
framework and application to Savannah River, GA. Journal of Hydrology. 604, 127238. 
https://doi.org/10.1016/j.jhydrol.2021.127238  

Piecuch, C. G., Dangendorf, S., Gawarkiewicz, G. G., Little, C. M., Ponte, R. M., & Yang, J. (2019). How is 
New England Coastal Sea Level Related to the Atlantic Meridional Overturning Circulation at 26° N? 
Geophysical Research Letters. 46 (10), 5351–5360. https://doi.org/10.1029/2019gl083073  

Piecuch, C.G. & Ponte, R.M. (2015). Inverted barometer contributions to recent sea level changes along the 
northeast coast of North America. Geophysical Research Letters. 42 (14), 5918-5925. 
https://doi.org/10.1002/2015GL064580 

https://doi.org/10.5194/gmd-9-4521-2016
https://doi.org/10.5194/gmd-9-4521-2016
https://doi.org/10.5194/gmd-9-3461-2016
https://doi.org/10.1038/s41561-023-01357-2
https://doi.org/10.1093/pnasnexus/pgad426
https://doi.org/10.1038/s41467-023-37853-7
https://doi.org/10.1038/s41586-024-07038-3
https://doi.org/10.1017/9781009157964.006
https://doi.org/10.1126/sciadv.adn4192
https://doi.org/10.1016/j.coastaleng.2017.11.005
https://doi.org/10.1007/s12665-014-3539-4
https://doi.org/10.1016/j.jhydrol.2021.127238
https://doi.org/10.1029/2019gl083073
https://doi.org/10.1002/2015GL064580


 

 91 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Piecuch, C. G., Thompson, P. R., & Donohue, K. A. (2016). Air pressure effects on sea level changes during 
the twentieth century. Journal of Geophysical Research: Oceans. 121 (10), 7917–7930. 
https://doi.org/10.1002/2016jc012131  

Ponte, R.M. (2006). Low-frequency sea level variability and the inverted barometer effect. Journal of 
Atmospheric and Oceanic Technology. 23 (4), 619-629. https://doi.org/10.1175/JTECH1864.1 

Priestley, M. D. K., & Catto, J. L. (2022). Improved Representation of Extratropical Cyclone Structure in 
HighResMIP Models. Geophysical Research Letters. 49 (5). https://doi.org/10.1029/2021gl096708  

Psuty, N. P., & Ofiara, D. D. (2003). Coastal hazard management: Lessons and future directions from New 
Jersey. Rutgers University Press. 

Ramsay, H. A., Singh, M. S., & Chavas, D. R. (2020). Response of Tropical Cyclone Formation and 
Intensification Rates to Climate Warming in Idealized Simulations. Journal of Advances in Modeling 
Earth Systems. 12 (10). https://doi.org/10.1029/2020ms002086  

Ranasinghe, R., Callaghan, D. P., Li, F., Wainwright, D. J., & Duong, T. M. (2023). Assessing coastline 
recession for adaptation planning: sea level rise versus storm erosion. Scientific Reports. 13 (1). 
https://doi.org/10.1038/s41598-023-35523-8  

Rasmussen, D. J., Bittermann, K., Buchanan, M. K., Kulp, S., Strauss, B. H., Kopp, R. E., & Oppenheimer, 
M. (2018). Extreme sea level implications of 1.5 °C, 2.0 °C, and 2.5 °C temperature stabilization targets 
in the 21st and 22nd centuries. Environmental Research Letters. 13 (3), 034040. 
https://doi.org/10.1088/1748-9326/aaac87  

Reed, A. J., Mann, M. E., Emanuel, K. A., Lin, N., Horton, B. P., Kemp, A. C., & Donnelly, J. P. (2015). 
Increased threat of tropical cyclones and coastal flooding to New York City during the anthropogenic 
era. Proceedings of the National Academy of Sciences. 112 (41), 12610–12615. 
https://doi.org/10.1073/pnas.1513127112  

Reedy, A. & Kopp, R.E. (2023). Temperature-dependent projections in FACTS v1.1.1. GitHub. 
https://github.com/radical-
collaboration/facts/blob/19c42a766d8caefed4b3b3757ad94554af6e39c8/docs/white-papers/FACTS-
1.1.1.pdf  

Rennert, K., Prest, B.C., Pizer, W., Newell, R.G., Anthoff, D., Kingdon, C., Rennels, L., Cooke, R., Raftery, 
A.E., Sevcikova, H., & Errickson, F. (2021). The Social Cost of Carbon: Advances in Long-Term 
Probabilistic Projections of Population, GDP, Emissions, and Discount Rates. Resources for the 
Future. https://www.rff.org/publications/working-papers/the-social-cost-of-carbon-advances-in-
long-term-probabilistic-projections-of-population-gdp-emissions-and-discount-rates/  

Riahi, K., van Vuuren, D. P., Kriegler, E., Edmonds, J., O’Neill, B. C., Fujimori, S., Bauer, N., Calvin, K., 
Dellink, R., Fricko, O., Lutz, W., Popp, A., Cuaresma, J. C., KC, S., Leimbach, M., Jiang, L., Kram, T., 
Rao, S., Emmerling, J., … Tavoni, M. (2017). The Shared Socioeconomic Pathways and their energy, 
land use, and greenhouse gas emissions implications: An overview. Global Environmental Change. 42, 
153–168. https://doi.org/10.1016/j.gloenvcha.2016.05.009  

Rignot, E., Mouginot, J., Morlighem, M., Seroussi, H., & Scheuchl, B. (2014). Widespread, rapid grounding 
line retreat of Pine Island, Thwaites, Smith, and Kohler glaciers, West Antarctica, from 1992 to 2011. 
Geophysical Research Letters. 41 (10), 3502-3509. https://doi.org/10.1002/2014GL060140  

Rignot, E., Mouginot, J., Scheuchl, B., van den Broeke, M., van Wessem, M. J., & Morlighem, M. (2019). 
Four decades of Antarctic Ice Sheet mass balance from 1979–2017. Proceedings of the National 
Academy of Sciences. 116 (4), 1095. https://doi.org/10.1073/pnas.1812883116  

https://doi.org/10.1002/2016jc012131
https://doi.org/10.1175/JTECH1864.1
https://doi.org/10.1029/2021gl096708
https://doi.org/10.1029/2020ms002086
https://doi.org/10.1038/s41598-023-35523-8
https://doi.org/10.1088/1748-9326/aaac87
https://doi.org/10.1073/pnas.1513127112
https://github.com/radical-collaboration/facts/blob/19c42a766d8caefed4b3b3757ad94554af6e39c8/docs/white-papers/FACTS-1.1.1.pdf
https://github.com/radical-collaboration/facts/blob/19c42a766d8caefed4b3b3757ad94554af6e39c8/docs/white-papers/FACTS-1.1.1.pdf
https://github.com/radical-collaboration/facts/blob/19c42a766d8caefed4b3b3757ad94554af6e39c8/docs/white-papers/FACTS-1.1.1.pdf
https://www.rff.org/publications/working-papers/the-social-cost-of-carbon-advances-in-long-term-probabilistic-projections-of-population-gdp-emissions-and-discount-rates/
https://www.rff.org/publications/working-papers/the-social-cost-of-carbon-advances-in-long-term-probabilistic-projections-of-population-gdp-emissions-and-discount-rates/
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1002/2014GL060140
https://doi.org/10.1073/pnas.1812883116


 

 92 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Roberts, K. J., Colle, B. A., & Korfe, N. (2017). Impact of Simulated Twenty-First-Century Changes in 
Extratropical Cyclones on Coastal Flooding at the Battery, New York City. Journal of Applied 
Meteorology and Climatology. 56 (2), 415–432. https://doi.org/10.1175/jamc-d-16-0088.1 

Rogelj, J., Meinshausen, M., & Knutti, R. (2012). Global warming under old and new scenarios using IPCC 
climate sensitivity range estimates. Nature Climate Change. 2 (4), 248–253. 
https://doi.org/10.1038/nclimate1385  

Sacatelli, R., Kaplan, M., Carleton, G., & Lathrop, R. G. (2023). Coastal Forest Dieback in the Northeast 
USA: Potential Mechanisms and Management Responses. Sustainability. 15 (8), 6346. 
https://doi.org/10.3390/su15086346  

Sainsbury, E. M., Schiemann, R. K. H., Hodges, K. I., Baker, A. J., Shaffrey, L. C., & Bhatia, K. T. (2022). 
What Governs the Interannual Variability of Recurving North Atlantic Tropical Cyclones? Journal of 
Climate. 35 (12), 3627–3641. https://doi.org/10.1175/jcli-d-21-0712.1  

Saintilan, N., Horton, B., Törnqvist, T. E., Ashe, E. L., Khan, N. S., Schuerch, M., Perry, C., Kopp, R. E., 
Garner, G. G., Murray, N., Rogers, K., Albert, S., Kelleway, J., Shaw, T. A., Woodroffe, C. D., 
Lovelock, C. E., Goddard, M. M., Hutley, L. B., Kovalenko, K., … Guntenspergen, G. (2023). 
Widespread retreat of coastal habitat is likely at warming levels above 1.5 °C. Nature. 621 (7977), 112–
119. https://doi.org/10.1038/s41586-023-06448-z  

Sallenger, A. H., Doran, K. S., & Howd, P. A. (2012). Hotspot of accelerated sea-level rise on the Atlantic 
coast of North America. Nature Climate Change. 2 (12), 884-888. 
https://doi.org/10.1038/nclimate1597  

Schieder, N. W., Walters, D. C., & Kirwan, M. L. (2018). Massive upland to wetland conversion 
compensated for historical marsh loss in Chesapeake Bay, USA. Estuaries and coasts, 41(4), 940-951. 
https://doi.org/10.1007/s12237-017-0336-9 

Schlemm, T., Feldmann, J., Winkelmann, R., & Levermann, A. (2022). Stabilizing effect of mélange 
buttressing on the marine ice-cliff instability of the West Antarctic Ice Sheet. The Cryosphere. 16 (5), 
1979-1996. https://doi.org/10.5194/tc-16-1979-2022  

Schmelz, W. J., Spector, A., Neitzke‐Adamo, L., & Miller, K. G. (2024). Semi‐empirically modelling barrier 
sediment transport in response to hydrodynamic forcing using UAV‐derived topographical data 
(Holgate, New Jersey). Earth Surface Processes and Landforms. 50 (1). 
https://doi.org/10.1002/esp.6052  

Schoof, C. (2007). Ice sheet grounding line dynamics: Steady states, stability, and hysteresis. Journal of 
Geophysical Research: Earth Surface. 112 (F3). https://doi.org/10.1029/2006JF000664  

Schuster, Paul F & Hill, Mary Catherine & Cape May (N.J.) & Wildwood (N.J.) & Township of Lower 
Municipal Utilities Authority & Geological Survey (U.S.). (1995). Hydrogeology of, ground-water 
withdrawals from, and saltwater intrusion in the shallow aquifer system of Cape May County, New 
Jersey. In cooperation with the City of Cape May, City of Wildwood, and Township of Lower 
Municipal Utilities Authority, New Jersey. West Trenton, N.J.: Denver, CO: U.S. Dept. of the Interior, 
U.S. Geological Survey; Earth Science Information Center. 

Sena, A. C. T., Patricola, C. M., & Loring, B. (2022). Future Changes in Active and Inactive Atlantic 
Hurricane Seasons in the Energy Exascale Earth System Model. Geophysical Research Letters. 49 (21). 
https://doi.org/10.1029/2022gl100267  

 

https://doi.org/10.1175/jamc-d-16-0088.1
https://doi.org/10.1038/nclimate1385
https://doi.org/10.3390/su15086346
https://doi.org/10.1175/jcli-d-21-0712.1
https://doi.org/10.1038/s41586-023-06448-z
https://doi.org/10.1038/nclimate1597
https://doi.org/10.1007/s12237-017-0336-9
https://doi.org/10.5194/tc-16-1979-2022
https://doi.org/10.1002/esp.6052
https://doi.org/10.1029/2006JF000664
https://doi.org/10.1029/2022gl100267


 

 93 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Seneviratne, S.I., X. Zhang, M. Adnan, W. Badi, C. Dereczynski, A. Di Luca, S. Ghosh, I. Iskandar, J. 
Kossin, S. Lewis, F.  Otto, I.  Pinto, M. Satoh, S.M. Vicente-Serrano, M. Wehner, & B. Zhou. (2021). 
Weather and Climate Extreme Events in a Changing Climate. In Climate Change 2021: The Physical 
Science Basis. pp. 1513–1766. Cambridge University Press. 
https://doi.org/10.1017/9781009157896.013  

Sheffield, J., Barrett, A. P., Colle, B., Nelun Fernando, D., Fu, R., Geil, K. L., Hu, Q., Kinter, J., Kumar, S., 
Langenbrunner, B., Lombardo, K., Long, L. N., Maloney, E., Mariotti, A., Meyerson, J. E., Mo, K. C., 
David Neelin, J., Nigam, S., Pan, Z., … Yin, L. (2013). North American Climate in CMIP5 
Experiments. Part I: Evaluation of Historical Simulations of Continental and Regional Climatology. 
Journal of Climate. 26 (23), 9209–9245. https://doi.org/10.1175/jcli-d-12-00592.1  

Shepherd, A., Ivins, E. R., A, G., Barletta, V. R., Bentley, M. J., Bettadpur, S., et al. (2012). A Reconciled 
Estimate of Ice-Sheet Mass Balance. Science, 338 (6111), 1183. 
http://science.sciencemag.org/content/338/6111/1183.abstract 

Shirzaei, M., Freymueller, J., Törnqvist, T. E., Galloway, D. L., Dura, T., & Minderhoud, P. S. J. (2021). 
Measuring, modelling and projecting coastal land subsidence. Nature Reviews Earth & Environment. 
2 (1), 40-58. https://doi.org/10.1038/s43017-020-00115-x  

Slangen, A. B. A., Katsman, C. A., van de Wal, R. S. W., Vermeersen, L. L. A., & Riva, R. E. M. (2011). 
Towards regional projections of twenty-first century sea-level change based on IPCC SRES scenarios. 
Climate Dynamics, 38(5–6), 1191–1209. https://doi.org/10.1007/s00382-011-1057-6  

Slangen, A.B.A., Katsman, C.A., van de Wal, R.S.W., Vermeersen, L.L.A., & Riva, R.E.M. (2012). Toward 
regional projections of twenty-first century sea-level change based on IPCC SRES scenarios. Climate 
Dynamics, 38 (1191-1209). https://link.springer.com/article/10.1007/s00382-011-1057-6 

Slangen, A. B. A., Carson, M., Katsman, C. A., van de Wal, R. S. W., Köhl, A., Vermeersen, L. L. A., & 
Stammer, D. (2014). Projecting twenty-first century regional sea-level changes. Climatic Change. 124 
(1–2), 317–332. https://doi.org/10.1007/s10584-014-1080-9  

Spitz, Frederick J. & Barringer, Thomas H. (1992). Ground-water hydrology and simulation of saltwater 
encroachment, shallow aquifer system of southern Cape May County, New Jersey. U.S. Dept. of the 
Interior, U.S. Geological Survey. 

Staudt, F., Gijsman, R., Ganal, C., Mielck, F., Wolbring, J., Hass, H. C., Goseberg, N., Schüttrumpf, H., 
Schlurmann, T., & Schimmels, S. (2021). The sustainability of beach nourishments: a review of 
nourishment and environmental monitoring practice. Journal of Coastal Conservation. 25 (2). 
https://doi.org/10.1007/s11852-021-00801-y  

Strauss, B. H., Orton, P. M., Bittermann, K., Buchanan, M. K., Gilford, D. M., Kopp, R. E., Kulp, S., 
Massey, C., Moel, H. de, & Vinogradov, S. (2021). Economic damages from Hurricane Sandy 
attributable to sea level rise caused by anthropogenic climate change. Nature Communications. 12 (1). 
https://doi.org/10.1038/s41467-021-22838-1  

Suedel, B. C., McQueen, A. D., Wilkens, J. L., Saltus, C. L., Bourne, S. G., Gailani, J. Z., ... & Corbino, J. M. 
(2021). Beneficial use of dredged sediment as a sustainable practice for restoring coastal marsh 
habitat. Integrated Environmental Assessment and Management, 18(5), 1162-1173. 
https://doi.org/10.1002/ieam.4501 

Summary for Policymakers. (2023). In Climate Change 2021 – The Physical Science Basis (pp. 3–32). 
Cambridge University Press. https://doi.org/10.1017/9781009157896.001  

https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1175/jcli-d-12-00592.1
http://science.sciencemag.org/content/338/6111/1183.abstract
https://doi.org/10.1038/s43017-020-00115-x
https://doi.org/10.1007/s00382-011-1057-6
https://link.springer.com/article/10.1007/s00382-011-1057-6
https://doi.org/10.1007/s10584-014-1080-9
https://doi.org/10.1007/s11852-021-00801-y
https://doi.org/10.1038/s41467-021-22838-1
https://doi.org/10.1002/ieam.4501
https://doi.org/10.1017/9781009157896.001


 

 94 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Sweet, W.V., Hamlington, B.D., Kopp, R.E., Weaver, C.P., Barnard, P.L., Bekaert, D., Brooks, W., Craghan, 
M., Dusek, G., Frederikse, T., Garner, G., Genz, A.S., Krasting, J.P., Larour, E., Marcy, D., Marra, J.J., 
Obeysekera, J., Osler, M., Pendleton, M., Roman, D., Schmied, L., Veatch, W., White, K.D., & Zuzak, 
C. (2022). Global and Regional Sea Level Rise Scenarios for the United States: Updated Mean 
Projections and Extreme Water Level Probabilities Along U.S. Coastlines. NOAA Technical Report 
NOS 01. National Oceanic and Atmospheric Administration, National Ocean Service, Silver Spring, 
MD, 111 pp. https://oceanservice.noaa.gov/hazards/sealevelrise/noaa-nostechrpt01-global-regional-
SLR-scenarios-US.pdf  

Sweet, W. V., Obeysekera, J. T. B., Marra, J. J., & Dusek, G. (2018). Patterns and projections of high tide 
flooding along the U.S. coastline using a common impact threshold. U.S. Department of Commerce, 
National Oceanic and Atmospheric Administration, National Ocean Service, Center for Operational 
Oceanographic Products and Services. https://doi.org/10.7289/V5/TR-NOS-COOPS-086  

Taylor, K. E., Stouffer, R. J., & Meehl, G. A. (2012). An Overview of CMIP5 and the Experiment Design. 
Bulletin of the American Meteorological Society. 93 (4), 485–498. https://doi.org/10.1175/bams-d-11-
00094.1  

Tenebruso, C., Nichols-O’Neill, S., Lorenzo-Trueba, J., Ciarletta, D. J., & Miselis, J. L. (2022). Undeveloped 
and developed phases in the centennial evolution of a barrier-marsh-lagoon system: The case of Long 
Beach Island, New Jersey. Frontiers in Marine Science. 9. https://doi.org/10.3389/fmars.2022.958573  

The United Nations (UN). (2015). Paris Agreement. 
https://unfccc.int/sites/default/files/english_paris_agreement.pdf  

Thornalley, D. J. R., Oppo, D. W., Ortega, P., Robson, J. I., Brierley, C. M., Davis, R., Hall, I. R., Moffa-
Sanchez, P., Rose, N. L., Spooner, P. T., Yashayaev, I., & Keigwin, L. D. (2018). Anomalously weak 
Labrador Sea convection and Atlantic overturning during the past 150 years. Nature. 556 (7700), 227–
230. https://doi.org/10.1038/s41586-018-0007-4  

Tilinina, N., Gulev, S. K., Rudeva, I., & Koltermann, P. (2013). Comparing Cyclone Life Cycle 
Characteristics and Their Interannual Variability in Different Reanalyses. Journal of Climate. 26 (17), 
6419–6438. https://doi.org/10.1175/jcli-d-12-00777.1  

Tully, K., Gedan, K., Epanchin-Niell, R., Strong, A., Bernhardt, E. S., BenDor, T., Mitchell, M., Kominoski, 
J., Jordan, T. E., Neubauer, S. C., & Weston, N. B. (2019). The Invisible Flood: The Chemistry, 
Ecology, and Social Implications of Coastal Saltwater Intrusion. BioScience. 69 (5), 368–378. 
https://doi.org/10.1093/biosci/biz027  

Tully, K. L., Weissman, D., Wyner, W. J., Miller, J., & Jordan, T. (2019). Soils in transition: saltwater 
intrusion alters soil chemistry in agricultural fields. Biogeochemistry, 142(3), 339-356. 
https://www.jstor.org/stable/48701385 

United State Geologic Survey (USGS). (2025). USGS Water Use Data for New Jersey. 
https://waterdata.usgs.gov/nj/nwis/wu  

Utsumi, N., Kim, H., Kanae, S., & Oki, T. (2017). Relative contributions of weather systems to mean and 
extreme global precipitation. Journal of Geophysical Research: Atmospheres. 122 (1), 152–167. 
https://doi.org/10.1002/2016jd025222  

Valle‐Levinson, A., Dutton, A., & Martin, J. B. (2017). Spatial and temporal variability of sea level rise hot 
spots over the eastern United States. Geophysical Research Letters. 44 (15), 7876–7882. 
https://doi.org/10.1002/2017gl073926  

https://oceanservice.noaa.gov/hazards/sealevelrise/noaa-nostechrpt01-global-regional-SLR-scenarios-US.pdf
https://oceanservice.noaa.gov/hazards/sealevelrise/noaa-nostechrpt01-global-regional-SLR-scenarios-US.pdf
https://doi.org/10.7289/V5/TR-NOS-COOPS-086
https://doi.org/10.1175/bams-d-11-00094.1
https://doi.org/10.1175/bams-d-11-00094.1
https://doi.org/10.3389/fmars.2022.958573
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://doi.org/10.1038/s41586-018-0007-4
https://doi.org/10.1175/jcli-d-12-00777.1
https://doi.org/10.1093/biosci/biz027
https://www.jstor.org/stable/48701385
https://waterdata.usgs.gov/nj/nwis/wu
https://doi.org/10.1002/2016jd025222
https://doi.org/10.1002/2017gl073926


 

 95 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Valverde, H.R., Trembanis, A.C., & Pilkey, O.H. (1999). Summary of Beach Nourishment Episodes on the 
U.S. East Coast Barrier Islands. Journal of Coastal Research. Vol. 15, No. 4. 

van Verseveld, H. C. W., van Dongeren, A. R., Plant, N. G., Jäger, W. S., & den Heijer, C. (2015). 
Modelling multi-hazard hurricane damages on an urbanized coast with a Bayesian Network 
approach. Coastal Engineering. 103, 1–14. https://doi.org/10.1016/j.coastaleng.2015.05.006  

van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G. C., Kram, T., 
Krey, V., Lamarque, J.-F., Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S. J., & Rose, S. K. 
(2011). The representative concentration pathways: an overview. Climatic Change. 109 (1–2), 5–31. 
https://doi.org/10.1007/s10584-011-0148-z  

Vecchi, G. A., Delworth, T. L., & Booth, B. (2017). Origins of Atlantic decadal swings. Nature. 548 (7667), 
284–285. https://doi.org/10.1038/nature23538  

Vecchi, G. A., & Knutson, T. R. (2011). Estimating Annual Numbers of Atlantic Hurricanes Missing from 
the HURDAT Database (1878–1965) Using Ship Track Density. Journal of Climate. 24 (6), 1736–
1746. https://doi.org/10.1175/2010jcli3810.1  

Vecchi, G. A., & Knutson, T. R. (2008). On Estimates of Historical North Atlantic Tropical Cyclone 
Activity. Journal of Climate. 21 (14), 3580–3600. https://doi.org/10.1175/2008jcli2178.1  

Vecchi, G. A., Landsea, C., Zhang, W., Villarini, G., & Knutson, T. (2021). Changes in Atlantic major 
hurricane frequency since the late-19th century. Nature Communications. 12 (1). 
https://doi.org/10.1038/s41467-021-24268-5  

Villarini, G., & Vecchi, G. A. (2013). Projected Increases in North Atlantic Tropical Cyclone Intensity from 
CMIP5 Models. Journal of Climate. 26 (10), 3231–3240. https://doi.org/10.1175/jcli-d-12-00441.1  

Villarini, G., Vecchi, G. A., & Smith, J. A. (2010). Modeling the Dependence of Tropical Storm Counts in 
the North Atlantic Basin on Climate Indices. Monthly Weather Review. 138 (7), 2681–2705. 
https://doi.org/10.1175/2010mwr3315.1  

Vitousek, S., Vos, K., Splinter, K. D., Erikson, L., & Barnard, P. L. (2023). A Model Integrating Satellite‐
Derived Shoreline Observations for Predicting Fine‐Scale Shoreline Response to Waves and Sea‐Level 
Rise Across Large Coastal Regions. Journal of Geophysical Research: Earth Surface. 128 (7). 
https://doi.org/10.1029/2022jf006936  

Wada, Y., de Graff, I.E.M., & van Beek, L.P.H. (2016). High-resolution modeling of human and climate 
impacts on global water resources. Journal of Advances in Modeling Earth Systems, 
https://doi.org/10.1002/2015MS000618 

Wada, Y., van Beek, L. P. H., Sperna Weiland, F. C., Chao, B. F., Wu, Y., & Bierkens, M. F. P. (2012). Past 
and future contribution of global groundwater depletion to sea‐level rise. Geophysical Research 
Letters. 39 (9). https://doi.org/10.1029/2012gl051230  

Wahl, T., Jain, S., Bender, J., Meyers, S. D., & Luther, M. E. (2015). Increasing risk of compound flooding 
from storm surge and rainfall for major US cities. Nature Climate Change. 5 (12), 1093–1097. 
https://doi.org/10.1038/nclimate2736  

Walker, J. S., Li, T., Shaw, T. A., Cahill, N., Barber, D. C., Brain, M. J., Kopp, R. E., Switzer, A. D., & 
Horton, B. P. (2022). A 5000-year record of relative sea-level change in New Jersey, USA. The 
Holocene. 33 (2), 167–180. https://doi.org/10.1177/09596836221131696  

https://doi.org/10.1016/j.coastaleng.2015.05.006
https://doi.org/10.1007/s10584-011-0148-z
https://doi.org/10.1038/nature23538
https://doi.org/10.1175/2010jcli3810.1
https://doi.org/10.1175/2008jcli2178.1
https://doi.org/10.1038/s41467-021-24268-5
https://doi.org/10.1175/jcli-d-12-00441.1
https://doi.org/10.1175/2010mwr3315.1
https://doi.org/10.1029/2022jf006936
https://doi.org/10.1029/2012gl051230
https://doi.org/10.1038/nclimate2736
https://doi.org/10.1177/09596836221131696


 

 96 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Walker, J.S., Kopp, R.E., Shaw, T.A., Cahill, N., Khan, N.S., Barber, D.C., Ashe, E.L., Brian, M.J., Clear, J.L., 
Corbett, D.R., & Horton, B.P. (2021). Common Era sea-level budgets along the U.S. Atlantic coast. 
Nature Communications. 12, 1841. https://doi.org/10.1038/s41467-021-22079-2  

Walsh, J., Wuebbles, D., Hayhoe, K., Kossin, J., Kunkel, K., Stephens, G., Thorne, P., Vose, R., Wehner, M., 
Willis, J., Anderson, D., Doney, S., Feely, R., Hennon, P., Kharin, V., Knutson, T., Landerer, F., 
Lenton, T., Kennedy, J., & Somerville, R. (2014). Ch. 2: Our Changing Climate. Climate Change 
Impacts in the United States: The Third National Climate Assessment. U.S. Global Change Research 
Program. https://doi.org/10.7930/j0kw5cxt  

Walters, D., Moore, L. J., Duran Vinent, O., Fagherazzi, S., & Mariotti, G. (2014). Interactions between 
barrier islands and backbarrier marshes affect island system response to sea level rise: Insights from a 
coupled model. Journal of Geophysical Research: Earth Surface. 119 (9), 2013–2031. 
https://doi.org/10.1002/2014jf003091  

Wang, Y., Lai, C.-Y., Prior, D. J., & Cowen-Breen, C. (2025). Deep learning the flow law of Antarctic ice 
shelves. Science. 387(6739), 1219-1224. https://doi.org/10.1126/science.adp3300  

Wang, O., Lee, T., Frederikse, T., Ponte, R.M., Fenty, I., Fukumori, I., & Hamlington, B.D. (2024). What 
forcing mechanisms affect the interannual sea level co-variability between the Northeast and 
Southeast coasts of the United States? Journal of Geophysical Research: Oceans. 129. 
https://doi.org/10.1029/2023JC019873  

Wang, S., Murakami, H., & Cooke, W. F. (2023). Anthropogenic forcing changes coastal tropical cyclone 
frequency. Npj Climate and Atmospheric Science. 6 (1). https://doi.org/10.1038/s41612-023-00516-x  

Wang, J., Church, J. A., Zhang, X., Gregory, J. M., Zanna, L., & Chen, X. (2021). Evaluation of the Local 
Sea‐Level Budget at Tide Gauges Since 1958. Geophysical Research Letters. 48 (20). 
https://doi.org/10.1029/2021gl094502  

WCRP Global Sea Level Budget Group. (2018). Global sea-level budget 1993–present. Earth System 
Science Data. 10 (3), 1551-1590. https://doi.org/10.5194/essd-10-1551-2018  

Weaver, M. M., & Garner, A. J. (2023). Varying genesis and landfall locations for North Atlantic tropical 
cyclones in a warmer climate. Scientific Reports. 13 (1). https://doi.org/10.1038/s41598-023-31545-4  

Wehner, M., Prabhat, Reed, K. A., Stone, D., Collins, W. D., & Bacmeister, J. (2015). Resolution 
Dependence of Future Tropical Cyclone Projections of CAM5.1 in the U.S. CLIVAR Hurricane 
Working Group Idealized Configurations. Journal of Climate. 28 (10), 3905–3925. 
https://doi.org/10.1175/jcli-d-14-00311.1  

Weis, J. S., Watson, E. B., Ravit, B., Harman, C., & Yepsen, M. (2021). The status and future of tidal 
marshes in New Jersey faced with sea level rise. Anthropocene Coasts. 4 (1), 168–192. 
https://doi.org/10.1139/anc-2020-0020  

Weston, N. B. (2013). Declining Sediments and Rising Seas: an Unfortunate Convergence for Tidal 
Wetlands. Estuaries and Coasts. 37 (1), 1–23. https://doi.org/10.1007/s12237-013-9654-8  

Willison, J., Robinson, W. A., & Lackmann, G. M. (2015). North Atlantic Storm-Track Sensitivity to 
Warming Increases with Model Resolution. Journal of Climate. 28 (11), 4513–4524. 
https://doi.org/10.1175/jcli-d-14-00715.1  

Xi, D., & Lin, N. (2022). Investigating the Physical Drivers for the Increasing Tropical Cyclone Rainfall 
Hazard in the United States. Geophysical Research Letters. 49 (15). 
https://doi.org/10.1029/2022gl099196  

https://doi.org/10.1038/s41467-021-22079-2
https://doi.org/10.7930/j0kw5cxt
https://doi.org/10.1002/2014jf003091
https://doi.org/10.1126/science.adp3300
https://doi.org/10.1029/2023JC019873
https://doi.org/10.1038/s41612-023-00516-x
https://doi.org/10.1029/2021gl094502
https://doi.org/10.5194/essd-10-1551-2018
https://doi.org/10.1038/s41598-023-31545-4
https://doi.org/10.1175/jcli-d-14-00311.1
https://doi.org/10.1139/anc-2020-0020
https://doi.org/10.1007/s12237-013-9654-8
https://doi.org/10.1175/jcli-d-14-00715.1
https://doi.org/10.1029/2022gl099196


 

 97 NJ’s Rising Seas and Changing Coastal Storms Section 8 

Xi, D., Wang, S., & Lin, N. (2023). Analyzing Relationships between Tropical Cyclone Intensity and Rain 
Rate over the Ocean Using Numerical Simulations. Journal of Climate. 36 (1), 81–91. 
https://doi.org/10.1175/jcli-d-22-0141.1  

Xu, W., Balaguru, K., Judi, D. R., Rice, J., Leung, L. R., & Lipari, S. (2024). A North Atlantic synthetic 
tropical cyclone track, intensity, and rainfall dataset. Scientific Data. 11 (1). 
https://doi.org/10.1038/s41597-024-02952-7  

Yang, W., Wallace, E., Vecchi, G. A., Donnelly, J. P., Emile-Geay, J., Hakim, G. J., Horowitz, L. W., 
Sullivan, R. M., Tardif, R., van Hengstum, P. J., & Winkler, T. S. (2024). Last millennium hurricane 
activity linked to endogenous climate variability. Nature Communications. 15 (1). 
https://doi.org/10.1038/s41467-024-45112-6  

Yin, J., & Goddard, P. B. (2013). Oceanic control of sea level rise patterns along the East Coast of the 
United States. Geophysical Research Letters. 40 (20), 5514-5520. 
https://doi.org/10.1002/2013GL057992  

Yin, J., Schlesinger, M. E., & Stouffer, R. J. (2009). Model projections of rapid sea-level rise on the 
northeast coast of the United States. Nature Geoscience. 2 (4), 262-266. 
https://doi.org/10.1038/ngeo462  

Zappa, G., Shaffrey, L. C., Hodges, K. I., Sansom, P. G., & Stephenson, D. B. (2013). A Multimodel 
Assessment of Future Projections of North Atlantic and European Extratropical Cyclones in the 
CMIP5 Climate Models. Journal of Climate. 26 (16), 5846–5862. https://doi.org/10.1175/jcli-d-12-
00573.1  

Zhang, L., Delworth, T. L., Koul, V., Ross, A., Stock, C., Yang, X., Zeng, F., Wittenberg, A., Zhao, J., Gu, Q., 
& Li, S. (2025). Skillful multiyear prediction of flood frequency along the US Northeast Coast using a 
high-resolution modeling system. Science Advances.  11 (20). https://doi.org/10.1126/sciadv.ads4419  

Zimmerman, T., & Miller, J. K. (2021). UAS-SfM approach to evaluate the performance of notched groins 
within a groin field and their impact on the morphological evolution of a beach nourishment. Coastal 
Engineering. 170, 103997. https://doi.org/10.1016/j.coastaleng.2021.103997  

Zscheischler, J., Westra, S., van den Hurk, B. J. J. M., Seneviratne, S. I., Ward, P. J., Pitman, A., 
AghaKouchak, A., Bresch, D. N., Leonard, M., Wahl, T., & Zhang, X. (2018). Future climate risk from 
compound events. Nature Climate Change. 8 (6), 469–477. https://doi.org/10.1038/s41558-018-0156-3  

 

 

https://doi.org/10.1175/jcli-d-22-0141.1
https://doi.org/10.1038/s41597-024-02952-7
https://doi.org/10.1038/s41467-024-45112-6
https://doi.org/10.1002/2013GL057992
https://doi.org/10.1038/ngeo462
https://doi.org/10.1175/jcli-d-12-00573.1
https://doi.org/10.1175/jcli-d-12-00573.1
https://doi.org/10.1126/sciadv.ads4419
https://doi.org/10.1016/j.coastaleng.2021.103997
https://doi.org/10.1038/s41558-018-0156-3


 

 98 NJ’s Rising Seas and Changing Coastal Storms Appendix A 

Appendix A: Members of the STAP, Review Editors, and Rutgers Authors 
Team 
Members of the STAP: 

1. Dr. Robert Kopp (Chair) – Rutgers University, Department of Earth and Planetary Sciences 

2. Dr. Anthony Broccoli – Rutgers University, Department of Environmental Sciences 

3. Glen Carleton – U.S. Geological Survey (retired) 

4. Dr. Sönke Dangendorf – Tulane University, Department of River-Coastal Science and 
Engineering 

5. Dr. Rob DeConto – University of Massachusetts Amherst, School of Earth and Sustainability 

6. Dr. Ryan Frederiks - New York State Department of Environmental Conservation 

7. Dr. Andra J. Garner – Rowan University, Department of Environmental Science 

8. Emily Grover-Kopec – Rhodium Group 

9. Dr. LeeAnn Haaf – Partnership for the Delaware Estuary 

10. Dr. Benjamin Hamlington – National Aeronautics and Space Administration, Sea Level and Ice 
Group 

11. Dr. Ning Lin – Princeton University, Department of Civil and Environmental Engineering 

12. Dr. Jorge Lorenzo-Trueba – University of Florida, Department of Geological Sciences 

13. Dr. Jon Miller – Stevens Institute of Technology, Department of Civil, Environmental and Ocean 
Engineering 

14. Dr. David Robinson – Rutgers University, Department of Geography, NJ State Climatologist 

15. Dr. Gabriel Vecchi – Princeton University, Geosciences Department and High Meadows 
Environmental Institute 

16. Dr. Thomas Wahl – University of Central Florida, Department of Civil, Environmental, and 
Construction Engineering & National Center for Integrated Coastal Research 

17. Dr. Jennifer Walker – Rowan University, Department of Environmental Science 

Review Editors: 
1. Dr. Donald F. Boesch (Science Review Editor)–University of Maryland Center for 

Environmental Science 

2. Dr. William Hallman (Practitioner Panel Review Editor) – Rutgers University, Department of 
Human Ecology 



 

 99 NJ’s Rising Seas and Changing Coastal Storms Appendix A 

Reviewers:  
1. Dr. Richard Lathrop – Rutgers University, Department of Ecology, Evolution and Natural 

Resources; Center for Remote Sensing and Spatial Analysis 

2. Dr. Kenneth G. Miller – Rutgers University, Department of Earth and Planetary Sciences21 

3. Dr. William Veatch – United States Army Corps of Engineers, Infrastructure and Installation 
Resilience Community of Practice 

Science and Managing Support Team:  
1. Janine M. Barr – Rutgers University, Bloustein School of Planning and Public Policy 

2. Dr. James Shope – Rutgers University, Department of Environmental Sciences & New Jersey 
Agricultural Experiment Station 

3. Diana K. Apoznanski – Rutgers University, Department of Environmental Sciences 

4. Dr. Praveen Kumar – Rutgers University, Department of Earth and Planetary Sciences 

5. Lucas Marxen – Rutgers University, Associate Director of the Center for Urban Policy Research; 
Co-Director New Jersey Climate Change Resource Center 

6. Ashlyn Spector – Rutgers University, Bloustein School of Planning and Public Policy 

7. Dr. Karen O’Neill – (Chair of Practitioner Panel) Rutgers University, Department of Human 
Ecology 

8. Lisa Auermuller – Rutgers University, Department of Marine and Coastal Sciences 

9. Dr. Marjorie Kaplan – Rutgers University, Senior Associate Director, Rutgers Climate and 
Energy Institute; Co-Director, New Jersey Climate Change Resource Center 

 

 

 
21 Dr. John W. Schmelz of Rutgers University (Department of Earth and Planetary Sciences) provided supplemental comments as 
part of Dr. Miller’s review. 



 

 100 NJ’s Rising Seas and Changing Coastal Storms Appendix B 

Appendix B – Sea-Level Rise at Different Locations 
 

Table B1. Atlantic City, NJ SLR above the year 2005 (1995-2014 average) baseline (ft). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with 
the 2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 

 
Across Emissions 

Scenarios  
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.1 0.3 0.5 0.7 0.9 1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.6 1.7 1.0 1.2 1.5 1.6 1.8 1.8 2.0 2.2 2.3 2.5 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.2 0.4 0.7 0.9 1.1 1.3 1.5 1.6 1.8 1.8 2.0 2.1 2.2 2.3 1.2 1.5 1.8 2.0 2.2 2.3 2.5 2.7 2.9 3.1 

~50 % Chance 
SLR Exceeds 0.4 0.7 1.0 1.3 1.5 1.8 2.0 2.2 2.4 2.6 2.9 3.1 3.3 3.5 1.6 1.9 2.3 2.6 2.9 3.2 3.5 3.8 4.2 4.5 

<17% Chance 
SLR Exceeds‡ 0.5 0.9 1.3 1.7 2.0 2.3 2.6 3.0 3.3 3.6 4.0 4.3 4.6 4.9 2.1 2.5 2.9 3.3 3.8 4.3 4.8 5.3 5.8 6.3 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.5 1.0 1.4 1.9 2.1 2.5 2.9 3.3 3.7 4.1 4.5 5.0 5.3 5.8 2.3 2.8 3.3 3.9 4.5 5.1 6.0 7.6 9.6 12.0 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.6 1.1 1.7 2.3 2.6 3.2 3.7 4.4 5.1 5.7 6.4 7.0 7.8 9.4 2.8 3.5 4.3 5.2 6.2 5.3 8.6 10.5 14.1 17.9 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 1.0 1.3 1.6 1.9 2.1 2.2 2.4 2.7 3.0 3.2 1.1 1.4 1.7 2.1 2.4 2.5 2.8 3.0 3.3 3.6 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 1.3 1.6 1.9 2.2 2.6 2.7 3.0 3.3 3.6 3.9 1.4 1.7 2.1 2.5 2.9 2.9 3.3 3.7 4.0 4.3 

~50 % Chance SLR Exceeds 1.6 2.0 2.4 2.9 3.3 3.6 4.1 4.6 5.0 5.5 1.8 2.2 2.7 3.1 3.6 4.0 4.5 5.1 5.6 6.1 

<17% Chance SLR Exceeds‡ 2.1 2.6 3.1 3.7 4.3 4.8 5.5 6.3 7.0 7.7 2.3 2.8 3.4 4.0 4.7 5.5 6.3 7.1 7.9 8.8 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2.4 3.0 3.7 4.4 5.2 6.0 7.7 10.0 12.9 16.2 2.6 3.3 4.1 4.9 5.8 6.8 8.6 11.2 14.6 18.5 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3.0 3.9 4.9 6.1 7.5 9.0 10.8 12.6 16.1 20.2 3.3 4.3 5.6 6.9 8.5 10.1 12.1 14.2 16.9 21.1 
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Table B2. Atlantic City, NJ SLR above the year 2005 (1995-2014 average) baseline (m). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with the 
2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios 
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.05 0.09 0.15 0.23 0.27 0.32 0.36 0.40 0.41 0.42 0.45 0.48 0.50 0.53 0.30 0.38 0.45 0.50 0.54 0.55 0.60 0.65 0.70 0.76 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.08 0.14 0.21 0.29 0.35 0.41 0.46 0.50 0.54 0.55 0.59 0.63 0.67 0.71 0.38 0.46 0.53 0.60 0.67 0.81 0.91 1.00 1.10 1.19 

~50 % Chance 
SLR Exceeds 0.12 0.21 0.30 0.40 0.46 0.54 0.61 0.68 0.74 0.80 0.87 0.94 1.00 1.07 0.49 0.59 0.69 0.78 0.88 1.10 1.24 1.39 1.53 1.68 

<17% Chance 
SLR Exceeds‡ 0.17 0.28 0.40 0.52 0.61 0.71 0.80 0.90 1.00 1.11 1.21 1.30 1.40 1.49 0.63 0.76 0.89 1.02 1.17 1.48 1.69 1.91 2.13 2.36 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.17 0.29 0.42 0.57 0.66 0.77 0.88 1.00 1.12 1.25 1.38 1.50 1.62 1.77 0.70 0.86 1.01 1.18 1.36 1.55 1.83 2.32 2.92 3.65 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.20 0.34 0.47 0.61 0.80 0.96 1.13 1.33 1.54 1.74 1.94 2.13 2.38 2.87 0.86 1.07 1.30 1.59 1.88 2.27 2.62 3.21 4.29 5.45 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.32 0.41 0.50 0.58 0.65 0.67 0.74 0.82 0.90 0.98 0.34 0.43 0.53 0.64 0.74 0.75 0.84 0.93 1.01 1.09 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 0.39 0.49 0.58 0.68 0.79 0.81 0.91 1.00 1.10 1.19 0.42 0.53 0.63 0.75 0.87 0.90 1.00 1.11 1.22 1.31 

~50 % Chance SLR Exceeds 0.50 0.62 0.74 0.87 1.00 1.10 1.24 1.39 1.53 1.68 0.54 0.67 0.81 0.96 1.10 1.22 1.38 1.54 1.70 1.86 

<17% Chance SLR Exceeds‡ 0.64 0.78 0.94 1.11 1.30 1.48 1.69 1.91 2.13 2.36 0.69 0.86 1.04 1.23 1.44 1.67 1.91 2.16 2.41 2.67 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0.72 0.91 1.12 1.35 1.58 1.83 2.36 3.05 3.92 4.95 0.79 1.00 1.24 1.50 1.78 2.06 2.62 3.42 4.45 5.63 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0.91 1.17 1.48 1.86 2.28 2.76 3.29 3.85 4.89 6.16 1.00 1.30 1.70 2.10 2.58 3.09 3.70 4.33 5.15 6.44 
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Table B3. The Battery, NY SLR above the year 2005 (1995-2014 average) baseline (ft). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with 
the 2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 

 

 
Across Emissions 

Scenarios  
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.1 0.2 0.4 0.6 0.7 0.8 1.0 1.0 1.0 1.0 1.1 1.1 1.2 1.3 0.8 1.0 1.2 1.4 1.5 1.5 1.7 1.8 2.0 2.1 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.2 0.3 0.6 0.8 1.0 1.1 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 1.1 1.3 1.5 1.7 1.9 2.0 2.2 2.3 2.5 2.7 

~50 % Chance 
SLR Exceeds 0.3 0.6 0.9 1.2 1.4 1.6 1.8 2.0 2.1 2.3 2.5 2.7 2.9 3.1 1.4 1.7 2.0 2.3 2.6 2.8 3.2 3.5 3.8 4.1 

<17% Chance 
SLR Exceeds‡ 0.5 0.9 1.2 1.5 1.9 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 1.9 2.3 2.7 3.1 3.5 4.0 4.4 4.9 5.4 5.8 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.5 0.9 1.3 1.7 2.0 2.3 2.6 3.0 3.4 3.7 4.1 4.5 4.9 5.3 2.1 2.6 3.3 3.6 4.1 4.7 5.6 7.2 9.1 11.5 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.7 1.1 1.6 2.2 2.5 3.0 3.5 4.1 4.7 5.3 5.9 6.5 7.4 9.0 2.6 3.3 4.0 4.9 5.8 7.0 8.1 10.1 13.6 17.4 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.9 1.1 1.4 1.7 1.9 1.9 2.1 2.3 2.6 2.8 0.9 1.2 1.5 1.9 2.2 2.2 2.5 2.7 3.0 3.2 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 1.1 1.4 1.7 2.0 2.3 2.3 2.6 2.9 3.2 3.5 1.2 1.5 1.9 2.2 2.6 2.7 3.0 3.3 3.6 3.9 

~50 % Chance SLR Exceeds 1.5 1.8 2.2 2.6 3.0 3.3 3.7 4.2 4.6 5.1 1.6 2.0 2.4 2.9 3.4 3.7 4.2 4.7 5.2 5.7 

<17% Chance SLR Exceeds‡ 1.9 2.4 2.8 3.4 4.0 4.5 5.2 5.9 6.5 7.3 2.1 2.6 3.2 3.8 4.4 5.2 5.9 6.7 7.5 8.4 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2.2 2.8 3.4 4.1 4.9 5.7 7.3 9.6 12.4 15.7 2.4 3.0 3.8 4.6 5.5 6.4 8.2 10.8 14.2 17.9 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2.8 3.6 4.6 5.8 7.1 8.6 10.3 12.0 15.5 19.6 3.1 4.0 5.3 6.6 7.1 9.8 11.7 13.8 16.5 20.6 
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Table B4. The Battery, NY SLR above the year 2005 (1995-2014 average) baseline (m). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with the 
2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios 
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.02 0.05 0.10 0.16 0.21 0.26 0.29 0.32 0.32 0.32 0.33 0.35 0.37 0.38 0.25 0.32 0.38 0.43 0.46 0.47 0.51 0.56 0.60 0.64 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.05 0.10 0.17 0.23 0.29 0.34 0.38 0.42 0.45 0.45 0.48 0.51 0.54 0.57 0.33 0.40 0.46 0.53 0.59 0.60 0.66 0.71 0.77 0.83 

~50 % Chance 
SLR Exceeds 0.10 0.18 0.26 0.34 0.41 0.48 0.54 0.60 0.65 0.70 0.76 0.86 0.87 0.93 0.44 0.53 0.62 0.71 0.79 0.87 0.96 1.05 1.15 1.24 

<17% Chance 
SLR Exceeds‡ 0.15 0.26 0.37 0.47 0.57 0.65 0.74 0.83 0.92 1.01 1.10 1.19 1.27 1.36 0.58 0.70 0.82 0.94 1.08 1.20 1.35 1.49 1.64 1.78 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.15 0.27 0.39 0.50 0.60 0.71 0.80 0.92 1.03 1.14 1.25 1.36 1.48 1.61 0.64 0.79 0.94 1.09 1.26 1.43 1.72 2.20 2.79 3.50 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.19 0.33 0.47 0.61 0.76 0.90 1.06 1.25 1.44 1.62 1.80 1.98 2.25 2.73 0.80 1.01 1.22 1.50 1.76 2.12 2.48 3.08 4.14 5.29 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.26 0.35 0.43 0.51 0.56 0.57 0.64 0.71 0.78 0.85 0.28 0.38 0.46 0.56 0.66 0.67 0.75 0.83 0.91 0.99 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 0.34 0.43 0.52 0.61 0.70 0.71 0.80 0.88 0.96 1.06 0.36 0.46 0.57 0.68 0.79 0.81 0.91 1.01 1.11 1.20 

~50 % Chance SLR Exceeds 0.45 0.56 0.67 0.79 0.91 1.00 1.13 1.27 1.41 1.54 0.49 0.61 0.74 0.88 1.02 1.13 1.28 1.43 1.59 1.74 

<17% Chance SLR Exceeds‡ 0.59 0.72 0.87 1.03 1.21 1.38 1.57 1.79 2.00 2.21 0.64 0.79 0.97 1.16 1.35 1.58 1.80 2.04 2.30 2.55 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0.67 0.84 1.04 1.25 1.48 1.73 2.24 2.92 3.77 4.78 0.73 0.93 1.16 1.41 1.67 1.94 2.51 3.30 4.32 5.46 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0.85 1.10 1.40 1.78 2.17 2.63 3.15 3.66 4.74 5.98 0.94 1.23 1.60 2.02 2.47 2.98 3.57 4.19 5.02 6.28 
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Table B5. Sandy Hook, NJ SLR above the year 2005 (1995-2014 average) baseline (ft). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with 
the 2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 

 

 
Across Emissions 

Scenarios  
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.1 0.2 0.4 0.7 0.9 1.0 1.2 1.3 1.3 1.3 1.4 1.5 1.6 1.7 1.0 1.2 1.4 1.6 1.8 1.8 2.0 2.2 2.3 2.5 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.2 0.4 0.7 0.9 1.1 1.3 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.3 1.2 1.5 1.7 2.0 2.2 2.3 2.5 2.7 2.9 3.1 

~50 % Chance 
SLR Exceeds 0.4 0.7 1.0 1.3 1.5 1.8 2.0 2.2 2.4 2.6 2.8 3.1 3.3 3.5 1.6 1.9 2.3 2.6 2.9 3.1 3.5 3.8 4.2 4.5 

<17% Chance 
SLR Exceeds‡ 0.6 0.9 1.3 1.7 2.0 2.3 2.6 3.0 3.3 3.6 4.0 4.3 4.6 4.9 2.1 2.5 2.9 3.3 3.8 4.3 4.8 5.3 5.8 6.3 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.6 1.0 1.4 1.8 2.1 2.5 2.9 3.3 3.6 4.1 4.5 4.8 5.3 5.7 2.3 2.8 3.3 3.8 4.4 5.0 6.0 7.6 9.5 11.9 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.7 1.2 1.6 2.3 2.6 3.2 3.7 4.3 5.0 5.6 6.3 6.9 7.8 9.4 2.8 3.5 4.2 5.2 6.1 7.3 8.5 10.5 14.0 17.8 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 1.0 1.3 1.4 1.6 1.8 2.2 2.4 2.7 2.9 3.2 1.1 1.4 1.7 2.1 2.4 2.5 2.8 3.1 3.4 3.6 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 1.2 1.6 1.7 2.0 2.2 2.6 2.9 3.3 3.6 3.9 1.3 1.7 2.1 2.5 2.9 3.0 3.3 3.7 4.0 4.3 

~50 % Chance SLR Exceeds 1.6 2.0 2.3 2.6 2.9 3.6 4.1 4.5 5.0 5.5 1.8 2.2 2.6 3.1 3.6 4.0 4.5 5.1 5.6 6.1 

<17% Chance SLR Exceeds‡ 2.1 2.6 2.9 3.3 3.8 4.8 5.5 6.2 7.0 7.7 2.3 2.8 3.4 4.0 4.7 5.5 6.3 7.1 7.9 8.8 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2.3 3.0 3.3 3.6 4.4 6.0 7.7 10.0 12.8 16.2 2.6 3.2 4.0 4.9 5.8 6.7 8.6 11.2 14.6 18.4 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2.8 3.8 4.2 5.2 6.1 8.9 10.7 12.4 16.0 20.1 3.2 4.2 5.5 6.9 8.4 10.1 12.1 14.2 16.9 21.1 
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Table B6. Sandy Hook, NJ SLR above the year 2005 (1995-2014 average) baseline (m). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with the 
2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios 
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.02 0.07 0.13 0.20 0.26 0.31 0.35 0.39 0.40 0.41 0.43 0.46 0.48 0.51 0.30 0.37 0.44 0.50 0.54 0.55 0.61 0.66 0.72 0.76 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.06 0.12 0.20 0.27 0.34 0.40 0.45 0.49 0.53 0.54 0.58 0.62 0.65 0.69 0.37 0.45 0.53 0.60 0.67 0.69 0.76 0.82 0.88 0.95 

~50 % Chance 
SLR Exceeds 0.11 0.20 0.29 0.38 0.46 0.54 0.61 0.68 0.74 0.80 0.86 0.93 1.00 1.06 0.49 0.59 0.69 0.78 0.88 0.96 1.06 1.16 1.27 1.37 

<17% Chance 
SLR Exceeds‡ 0.17 0.28 0.40 0.51 0.61 0.71 0.81 0.90 1.00 1.11 1.21 1.30 1.40 1.49 0.63 0.76 0.88 1.01 1.16 1.30 1.45 1.60 1.76 1.91 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.17 0.29 0.42 0.54 0.65 0.77 0.87 1.00 1.11 1.24 1.36 1.48 1.61 1.74 0.69 0.85 1.00 1.17 1.34 1.53 1.83 2.31 2.91 3.64 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.21 0.35 0.50 0.65 0.80 0.96 0.96 1.32 1.53 1.72 1.91 2.11 2.37 2.86 0.85 1.06 1.29 1.57 1.85 2.23 2.53 3.20 4.27 5.43 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.31 0.40 0.49 0.58 0.64 0.66 0.73 0.81 0.89 0.97 0.33 0.43 0.53 0.64 0.74 0.75 0.85 0.94 1.03 1.11 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 0.38 0.48 0.58 0.69 0.77 0.80 0.90 0.99 1.08 1.18 0.41 0.52 0.63 0.75 0.87 0.90 1.01 1.12 1.23 1.32 

~50 % Chance SLR Exceeds 0.50 0.61 0.73 0.87 1.00 1.10 1.24 1.38 1.53 1.67 0.54 0.66 0.81 0.96 1.10 1.22 1.38 1.54 1.71 1.86 

<17% Chance SLR Exceeds‡ 0.64 0.78 0.93 1.10 1.29 1.47 1.68 1.90 2.12 2.35 0.69 0.85 1.03 1.23 1.44 1.67 1.91 2.16 2.42 2.86 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0.72 0.90 1.11 1.33 1.57 1.82 2.34 3.04 3.90 4.92 0.78 0.99 1.23 1.49 1.76 2.04 2.62 3.41 4.45 5.60 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0.90 1.17 1.48 1.85 2.26 2.73 3.26 3.79 4.87 6.13 0.99 1.29 1.67 2.10 2.55 3.08 3.69 4.32 5.15 6.43 
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Table B7. Cape May, NJ SLR above the year 2005 (1995-2014 average) baseline (ft). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with the 
2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 

 

 
Across Emissions 

Scenarios  
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.1 0.3 0.4 0.7 0.8 1.0 1.1 1.2 1.2 1.3 1.3 1.4 1.5 1.6 0.9 1.2 1.4 1.5 1.6 1.7 1.8 2.0 2.2 2.3 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.2 0.4 0.7 0.9 1.1 1.3 1.4 1.6 1.7 1.7 1.8 2.0 2.1 2.2 1.2 1.4 1.7 1.9 2.1 2.2 2.4 2.6 2.8 3.0 

~50 % Chance 
SLR Exceeds 0.4 0.7 1.0 1.3 1.5 1.7 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 1.6 1.9 2.2 2.5 2.8 3.1 3.4 3.7 4.1 4.4 

<17% Chance 
SLR Exceeds‡ 0.5 0.9 1.3 1.7 2.0 2.3 2.6 2.9 3.3 3.6 3.9 4.3 4.6 4.9 2.0 2.5 2.9 3.3 3.8 4.2 4.7 5.2 5.7 6.2 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.5 0.9 1.4 1.8 2.1 2.5 2.9 3.2 3.7 4.1 4.5 4.9 5.3 5.8 2.3 2.8 3.3 3.8 4.4 5.0 5.9 7.5 9.5 11.8 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.7 1.2 1.6 2.3 2.6 3.1 3.7 4.3 5.0 5.7 6.3 7.0 7.7 9.3 2.8 3.5 4.2 5.2 6.2 7.4 8.5 10.4 14.0 17.8 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 1.0 1.3 1.5 1.8 2.0 2.0 2.3 2.5 2.7 3.0 1.0 1.3 1.6 2.0 2.3 2.3 2.6 2.9 3.1 3.4 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 1.2 1.5 1.8 2.1 2.5 2.5 2.8 3.2 3.5 3.7 1.3 1.6 2.0 2.4 2.8 2.8 3.2 3.5 3.8 4.1 

~50 % Chance SLR Exceeds 1.6 2.0 2.4 2.8 3.2 3.5 4.0 4.5 4.9 5.4 1.7 2.2 2.6 3.1 3.5 3.9 4.4 4.9 5.5 6.0 

<17% Chance SLR Exceeds‡ 2.1 2.5 3.1 3.6 4.2 4.8 5.5 6.2 6.9 7.7 2.3 2.8 3.4 4.0 4.7 5.4 6.2 7.0 7.8 8.7 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2.3 2.9 3.7 4.4 5.1 6.0 7.7 9.9 12.8 16.2 2.6 3.3 4.0 4.9 5.8 6.7 8.5 11.1 14.4 18.3 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3.0 3.8 4.8 6.1 7.4 8.9 10.7 12.6 16.0 20.1 3.3 4.2 5.5 6.8 8.4 10.0 12.0 14.2 16.8 20.9 
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Table B8. Cape May, NJ SLR above the year 2005 (1995-2014 average) baseline (m). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with the 
2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios 
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.03 0.08 0.13 0.19 0.25 0.31 0.34 0.37 0.38 0.39 0.41 0.43 0.46 0.48 0.28 0.35 0.42 0.46 0.50 0.52 0.56 0.61 0.66 0.69 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.07 0.13 0.20 0.27 0.33 0.39 0.44 0.48 0.52 0.52 0.56 0.60 0.63 0.67 0.36 0.44 0.51 0.57 0.64 0.66 0.72 0.78 0.84 0.90 

~50 % Chance 
SLR Exceeds 0.11 0.20 0.29 0.37 0.45 0.53 0.60 0.66 0.72 0.78 0.85 0.92 0.98 1.05 0.48 0.58 0.68 0.77 0.86 0.94 1.04 1.14 1.24 1.34 

<17% Chance 
SLR Exceeds‡ 0.16 0.28 0.39 0.50 0.60 0.70 0.79 0.89 0.99 1.10 1.20 1.30 1.39 1.49 0.62 0.75 0.88 1.01 1.15 1.29 1.44 1.59 1.75 1.90 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.16 0.28 0.41 0.53 0.64 0.76 0.87 0.99 1.11 1.24 1.36 1.49 1.62 1.76 0.69 0.85 1.00 1.17 1.35 1.53 1.80 2.29 2.89 3.59 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.20 0.34 0.49 0.65 0.79 0.95 1.12 1.32 1.53 1.74 1.93 2.12 2.36 2.85 0.86 1.06 1.29 1.57 1.88 2.26 2.60 3.17 4.25 5.41 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.30 0.39 0.46 0.53 0.61 0.62 0.69 0.76 0.84 0.91 0.31 0.40 0.49 0.60 0.69 0.70 0.79 0.87 0.95 1.03 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 0.38 0.47 0.56 0.65 0.75 0.78 0.87 0.96 1.05 1.14 0.40 0.50 0.60 0.72 0.84 0.86 0.96 1.06 1.16 1.26 

~50 % Chance SLR Exceeds 0.49 0.60 0.73 0.86 0.98 1.08 1.22 1.36 1.51 1.65 0.53 0.66 0.79 0.94 1.08 1.19 1.35 1.51 1.66 1.82 

<17% Chance SLR Exceeds‡ 0.63 0.77 0.94 1.11 1.29 1.47 1.67 1.89 2.11 2.35 0.69 0.85 1.03 1.22 1.42 1.65 1.89 2.13 2.39 2.64 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0.71 0.90 1.12 1.34 1.57 1.82 2.34 3.03 3.90 4.92 0.78 1.00 1.23 1.48 1.77 2.05 2.59 3.38 4.40 5.57 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0.90 1.17 1.48 1.85 2.27 2.73 3.27 3.83 4.88 6.13 1.00 1.29 1.68 2.07 2.56 3.06 3.66 4.31 5.11 6.39 
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Table B9. Philadelphia, PA SLR above the year 2005 (1995-2014 average) baseline (ft). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with 
the 2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios  
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.1 0.2 0.3 0.6 0.7 0.8 0.9 1.0 1.0 1.0 1.1 1.2 1.2 1.2 0.8 1.0 1.2 1.4 1.5 1.5 1.6 1.8 1.9 2.0 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.2 0.3 0.6 0.8 1.0 1.1 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 1.0 1.3 1.5 1.7 1.9 1.9 2.1 2.3 2.5 2.6 

~50 % Chance 
SLR Exceeds 0.3 0.6 0.3 1.2 1.3 1.6 1.8 1.9 2.1 2.3 2.5 2.7 2.9 3.0 1.4 1.7 2.0 2.3 2.6 2.8 3.1 3.4 3.7 4.0 

<17% Chance 
SLR Exceeds‡ 0.5 0.8 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.4 1.9 2.3 2.7 3.1 3.5 3.9 4.4 4.9 5.3 5.8 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.5 0.9 1.3 1.7 2.0 2.3 2.6 3.0 3.4 3.7 4.1 4.5 4.9 5.3 2.1 2.6 3.1 3.6 4.1 4.7 5.6 7.1 9.1 11.4 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.6 1.1 1.5 2.2 2.5 2.9 3.5 4.1 4.7 5.3 5.9 6.6 7.3 8.9 2.6 3.3 4.0 4.9 5.8 7.0 8.2 10.0 13.5 17.3 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.8 1.1 1.4 1.6 1.8 1.8 2.1 2.3 2.5 2.7 0.9 1.2 1.5 1.8 2.1 2.1 2.4 2.6 2.9 3.1 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 1.1 1.4 1.7 2.0 2.3 2.3 2.6 2.9 3.1 3.4 1.2 1.5 1.8 2.2 2.5 2.6 2.9 3.2 3.5 3.8 

~50 % Chance SLR Exceeds 1.5 1.8 2.2 2.6 3.0 3.3 3.7 4.1 4.6 5.0 1.6 2.0 2.4 2.9 3.3 3.7 4.1 4.6 5.1 5.6 

<17% Chance SLR Exceeds‡ 1.9 2.4 2.8 3.4 4.0 4.5 5.1 5.8 6.5 7.3 2.1 2.6 3.2 3.8 4.4 5.1 5.9 6.7 7.5 8.3 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2.2 2.8 3.4 4.1 4.8 5.6 7.3 9.6 12.3 15.7 2.4 3.1 3.8 4.6 5.5 6.4 8.2 10.7 14.1 17.8 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2.8 3.6 4.6 5.8 7.1 8.6 10.3 12.1 15.5 19.6 3.1 4.0 5.3 6.6 8.1 9.7 11.7 13.7 16.3 20.5 
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Table B10. Philadelphia, PA SLR above the year 2005 (1995-2014 average) baseline (m). Results for the very high emissions scenario (SSP5-8.5) are included to provide continuity with 
the 2019 STAP. For information regarding the interpretation of this table and the significance of the *, **, and ‡ symbols, refer to Table 5. 
 

 
Across Emissions 

Scenarios 
Low Emissions  

(SSP1-2.6) 
Intermediate Emissions 

(SSP2-4.5) 
Year 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance 
SLR Exceeds* 0.02 0.05 0.10 0.16 0.21 0.26 0.29 0.31 0.31 0.32 0.33 0.35 0.37 0.38 0.24 0.31 0.37 0.41 0.44 0.45 0.50 0.54 0.58 0.62 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance 
SLR Exceeds 0.05 0.10 0.17 0.23 0.29 0.34 0.38 0.41 0.45 0.45 0.48 0.51 0.53 0.56 0.32 0.39 0.46 0.51 0.57 0.59 0.64 0.70 0.75 0.81 

~50 % Chance 
SLR Exceeds 0.10 0.18 0.26 0.34 0.41 0.48 0.54 0.59 0.65 0.70 0.76 0.81 0.87 0.92 0.44 0.53 0.62 0.70 0.79 0.86 0.95 1.05 1.14 1.23 

<17% Chance 
SLR Exceeds‡ 0.15 0.26 0.37 0.47 0.56 0.65 0.73 0.82 0.91 1.01 1.09 1.18 1.27 1.36 0.58 0.70 0.81 0.93 1.07 1.20 1.34 1.49 1.63 1.78 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 
<17% Chance 
SLR Exceeds* 0.15 0.27 0.38 0.50 0.60 0.70 0.80 0.92 1.02 1.14 1.25 1.37 1.48 1.61 0.64 0.79 0.93 1.09 1.26 1.44 1.71 2.18 2.77 3.48 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 
< 5% Chance 
SLR Exceeds* 0.19 0.33 0.46 0.61 0.75 0.90 1.06 1.24 1.44 1.62 1.81 2.00 2.23 2.72 0.80 1.00 1.22 1.49 1.77 2.14 2.49 3.06 4.12 5.26 

  

      
High Emissions 

(SSP 3-7.0) 
Very High Emissions 

(SSP5-8.5) 
Year 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 

> 95% Chance SLR Exceeds* 0.26 0.34 0.41 0.49 0.55 0.56 0.63 0.70 0.77 0.83 0.28 0.36 0.45 0.55 0.64 0.64 0.72 0.80 0.88 0.95 

Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 

> 83% Chance SLR Exceeds 0.33 0.42 0.51 0.60 0.69 0.70 0.79 0.88 0.96 1.04 0.36 0.46 0.55 0.66 0.78 0.79 0.89 0.99 1.08 1.17 

~50 % Chance SLR Exceeds 0.45 0.55 0.66 0.79 0.91 1.00 1.13 1.26 1.40 1.54 0.49 0.60 0.73 0.87 1.01 1.12 1.26 1.41 1.56 1.71 

<17% Chance SLR Exceeds‡ 0.58 0.72 0.87 1.03 1.21 1.37 1.57 1.78 1.99 2.21 0.64 0.79 0.96 1.15 1.35 1.56 1.79 2.03 2.27 2.53 

Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0.67 0.84 1.04 1.26 1.48 1.72 2.23 2.91 3.76 4.78 0.73 0.93 1.16 1.41 1.67 1.94 2.49 3.27 4.29 5.44 

Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0.85 1.10 1.40 1.77 2.17 2.62 3.15 3.69 4.73 5.96 0.94 1.23 1.61 2.00 2.47 2.96 3.56 4.19 4.97 6.24 
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Appendix C: Supplemental Tables and Figures 

 
 
Figure C1. Comparison of (a) historical sea levels and (b) rates of sea-level change for tide gauge stations New Jersey (Sandy Hook in 
red, Atlantic City in yellow, Cape May in purple), New York (The Battery in blue), and Philadelphia (green) and for global-mean sea-
level change using recorded tide gauge data from Dangendorf et al. (2024). Atlantic City values in (a) were downloaded from NOAA 
Center for Operational Oceanographic Products and Services (CO-OPS) Water Levels Tool. 30-year rates for (b) were calculated using 
a Singular Spectrum Analysis with an embedding dimension of 15 (Moore et al. 2005) with gaps in tide gauge data filled using existing 
tide gauge reconstruction methods (Dangendorf et al., 2024). The shadings indicate the 1σ standard error of the nonlinear trend and 
the GMSL reconstruction, respectively. Data gaps (red dotted lines) have been filled for the period 1921-1922 and 1970-1971 for (a) 
using values from the sea-level reconstruction from Dangendorf et al. (2024). This was done solely for the purpose of fitting a nonlinear 
trend using the Singular Spectrum Analysis, which requires complete records. 
 
  

https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels
https://tidesandcurrents.noaa.gov/stations.html?type=Water+Levels
https://nam02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fessd.copernicus.org%2Farticles%2F16%2F3471%2F2024%2Fessd-16-3471-2024.html&data=05%7C02%7Cjmb883%40connect.rutgers.edu%7C2a04d995e8044f2803d508dd18876694%7Cb92d2b234d35447093ff69aca6632ffe%7C1%7C0%7C638693692492035086%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=EzeTcTfqko7q0YCCceeLLpEzTeVTUabT50ZUC4gM7JU%3D&reserved=0
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Figure C2. Time series of tide-gauge measurements (grey) and projections for the very high emissions scenarios. All observations and 
SLR values are expressed as 19-year means of tide-gauge measurements and are measured with respect to a 1995-2014 (2005) 
baseline. Projections are 19-year averages using a rolling mean. The dark solid red line (central estimate) represents the amount of 
SLR that has about a 1-in-2 chance of being exceeded when excluding potential rapid ice-sheet loss processes; dark red shaded areas 
(likely range) indicate the amount of SLR that has at least a 2-in-3 chance of occurring, when excluding potential rapid ice-sheet loss 
processes; and the full (light and dark) red shaded areas (extended likely range) indicate the amount of SLR that has at least a 2-in-3 
chance of occurring, when potential including rapid ice-sheet loss processes.  
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Table C1. Comparison of STAP vernacular for the STAP 2019 warming scenarios and the STAP 2025 emissions scenarios. Colored boxes 
indicate color coding and values used throughout main body of 2019 and 2025 STAP reports. The STAP 2025 vernacular is consistent 
with AR6 emissions scenario naming conventions such that the IPCC Low (SS1-2.6) is the STAP 2025 low emission scenario, the IPCC 
Intermediate (SSP2-4.5) is the STAP 2025 intermediate emission scenario, and the IPCC High (SSP3-7.0) is the STAP 2025 high emissions 
scenario. 

 New Jersey Sea-Level Rise Estimates (ft.) 

Report STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 

IPCC Scenario AR6, IPCC Low (SSP1-2.6) AR6, IPCC Int. (SSP2-4.5) AR6, IPCC High (SSP3-7.0) AR6, IPCC Very High (SSP5-8.5) 

Deg. of 
Warming (°C)* 2.0 1.6 -- 2.6 3.5 3.8 5.0 4.7 

STAP 
Nomenclature Low Low Low n/a Int. Int. Mod High High High 

Very High 
(Reported in 
Appendix) 

Very High 
(Reported in 
Appendix) 

Processes 
Included** Low Low Medium Low Low*** Medium Low Low*** Medium Low Low Medium 

* Reported global warming levels are for the end of the 21st century, relative to a late nineteenth century baseline. 
** ‘Low confidence’ does not indicate lower quality than a ‘high confidence’ estimate of sea level rise: rather, confidence is used to qualify the degree of agreement 
and level of evidence around the processes that are used as inputs into the sea level rise estimates For the IPCC scenarios, reported warming levels are median 
projections, while the IPCC sea level projections incorporate the range of possible warming levels consistent with the specified emissions scenario. 
*** IPCC low confidence projections for the intermediate (SSP2-4.5) and high (SSP3-7.0) emissions scenarios are interpolated and are not direct outputs of the IPCC. 
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Table C2. Comparison of SLR projections for Atlantic City derived from the AR6 and the 2025 STAP (in feet). The SLR projections in this 
report and the AR6 are reasonable reasonably similar (Table 3).  

 New Jersey Sea-Level Rise Estimates (ft.) 

Climate 
Scenario 

STAP Low /  
IPCC Low (SSP1-2.6) IPCC Intermediate (SSP2-4.5) STAP Moderate /  

IPCC High (SSP3-7.0) 
STAP High /  

IPCC Very High (SSP5-8.5) 

Report AR6 STAP 2025 AR6 STAP 2025 AR6 STAP 2025 AR6 STAP 2025 

Processes 
Included Low Medium Low Medium Low Medium Low Medium Low Medium Low Medium Low Medium Low  Medium 

Baseline 2005 2005 2005 2005 -- 2005 2005 2005 -- 2005 2005 2005 2005 2005 2005 2005 

Chance SLR 
Exceeds 2030 

>95% chance 0.4 0.4 0.3 0.3 -- 0.3 0.3 0.3 -- 0.3 0.3 0.3 0.4 0.4 0.4 0.4 
> 83% chance 0.5 0.5 0.4 0.4 -- 0.5 0.4 0.4 -- 0.5 0.4 0.4 0.5 0.5 0.5 0.5 
~ 50% chance 0.7 0.7 0.7 0.7 -- 0.7 0.7 0.7 -- 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
< 17% chance 0.9 0.9 0.9 0.9 -- 0.9 0.9 0.9 -- 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
<5% chance 1.1 1.0 1.1 1.1 -- 1.0 1.1 1.1 -- 1.1 1.2 1.1 1.1 1.0 1.1 1.1 
Chance SLR 

Exceeds 2050 
>95% chance 0.8 0.8 0.7 0.7 -- 0.8 0.7 0.7 -- 0.8 0.7 0.7 0.9 0.9 0.8 0.8 
> 83% chance 1.0 1.0 0.9 0.9 -- 1.0 1.0 1.0 -- 1.0 1.0 1.0 1.1 1.1 1.0 1.0 
~ 50% chance 1.3 1.3 1.3 1.3 -- 1.3 1.3 1.3 -- 1.3 1.3 1.3 1.4 1.4 1.4 1.4 
< 17% chance 1.7 1.6 1.8 1.7 -- 1.6 1.8 1.7 -- 1.7 1.9 1.7 1.9 1.8 2.0 1.8 
<5% chance 2.1 1.9 2.1 2.0 -- 1.9 2.2 2.0 -- 1.9 2.3 2.0 2.4 2.0 2.4 2.1 
Chance SLR 

Exceeds 2070 
>95% chance 1.2 1.2 1.1 1.1 -- 1.4 1.2 1.2 -- 1.5 1.3 1.3 1.6 1.6 1.4 1.4 
> 83% chance 1.4 1.4 1.3 1.3 -- 1.6 1.5 1.5 -- 1.7 1.6 1.6 1.8 1.8 1.7 1.7 
~ 50% chance 1.8 1.8 1.8 1.8 -- 2.0 2.0 1.9 -- 2.0 2.1 2.0 2.3 2.2 2.3 2.2 
< 17% chance 2.4 2.3 2.5 2.3 -- 2.4 2.8 2.5 -- 2.5 3.0 2.6 3.3 2.7 3.3 2.8 
<5% chance 2.9 2.7 3.2 2.8 -- 2.8 3.5 3.0 -- 2.9 3.9 3.0 4.2 3.2 4.3 3.4 
Chance SLR 

Exceeds 2100 
>95% chance 1.6 1.6 1.3 1.3 -- 1.9 1.8 1.8 -- 2.4 2.1 2.1 2.6 2.6 2.4 2.4 
> 83% chance 1.9 1.9 1.8 1.8 -- 2.3 2.2 2.2 -- 2.7 2.6 2.6 3.0 3.0 2.9 2.9 
~ 50% chance 2.5 2.5 2.5 2.4 -- 2.9 3.0 2.9 -- 3.3 3.5 3.3 4.0 3.7 3.9 3.6 
< 17% chance 3.4 3.2 3.7 3.3 -- 3.8 4.5 3.8 -- 4.2 5.2 4.3 5.9 4.7 5.8 4.7 
<5% chance 4.4 3.8 5.1 4.0 -- 4.5 6.2 4.6 -- 5.0 7.5 5.2 8.6 5.6 8.5 5.7 
Chance SLR 

Exceeds 2150 
>95% chance 2.1 2.1 1.7 1.7 -- 2.8 2.5 2.5 -- 3.6 3.2 3.2 3.9 3.9 3.6 3.6 
> 83% chance 2.6 2.6 2.3 2.3 -- 3.4 3.1 3.1 -- 4.1 3.9 3.9 4.5 4.5 4.3 4.3 
~ 50% chance 3.7 3.5 3.7 3.5 -- 4.6 4.9 4.5 -- 5.4 6.9 5.5 8.3 5.9 8.1 6.1 
< 17% chance 5.3 4.8 5.8 4.9 -- 6.2 12.0 6.3 -- 7.2 16.2 7.7 19.0 8.1 18.5 8.8 
<5% chance 7.0 5.8 9.4 6.1 -- 7.5 17.9 7.8 -- 8.6 20.2 9.6 21.4 9.8 21.1 11.0 
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Table C3. Comparison of SLR projections for Atlantic City derived from the AR6 and the 2025 STAP (in cm). The SLR projections in this 
report and the AR6 are reasonable reasonably similar, with differences in medium confidence projections due only to numerical 
sampling algorithms and to computational modifications from FACTS 0.9 to FACTS 1.1. 

 New Jersey Sea-Level Rise Estimates (m) 

Climate 
Scenario 

STAP Low /  
IPCC Low (SSP1-2.6) IPCC Intermediate (SSP2-4.5) STAP Moderate /  

IPCC High (SSP3-7.0) 
STAP High /  

IPCC Very High (SSP5-8.5) 

Report AR6 STAP 2025 AR6 STAP 2025 AR6 STAP 2025 AR6 STAP 2025 

Processes 
Included Low Medium Low Medium Low Medium Low Medium Low Medium Low Medium Low Medium Low  Medium 

Baseline 2005 2005 2005 2005 -- 2005 2005 2005 -- 2005 2005 2005 2005 2005 2005 2005 

Chance SLR 
Exceeds 2030 

>95% chance 0.11 0.11 0.09 0.09 -- 0.10 0.09 0.09 -- 0.09 0.08 0.08 0.12 0.12 0.11 0.11 
> 83% chance 0.15 0.15 0.14 0.14 -- 0.14 0.14 0.14 -- 0.14 0.13 0.13 0.16 0.16 0.15 0.15 
~ 50% chance 0.21 0.21 0.21 0.21 -- 0.20 0.21 0.21 -- 0.20 0.20 0.20 0.21 0.21 0.21 0.21 
< 17% chance 0.28 0.27 0.29 0.28 -- 0.27 0.29 0.28 -- 0.27 0.29 0.28 0.28 0.27 0.29 0.28 
<5% chance 0.32 0.32 0.34 0.34 -- 0.32 0.35 0.34 -- 0.32 0.35 0.34 0.33 0.31 0.34 0.33 
Chance SLR 

Exceeds 2050 
>95% chance 0.23 0.23 0.21 0.21 -- 0.25 0.23 0.23 -- 0.25 0.22 0.22 0.27 0.27 0.25 0.25 
> 83% chance 0.29 0.29 0.28 0.28 -- 0.31 0.29 0.29 -- 0.31 0.29 0.29 0.33 0.33 0.32 0.32 
~ 50% chance 0.39 0.39 0.39 0.38 -- 0.40 0.40 0.39 -- 0.40 0.40 0.40 0.43 0.43 0.43 0.42 
< 17% chance 0.52 0.50 0.54 0.51 -- 0.50 0.55 0.51 -- 0.50 0.57 0.52 0.59 0.53 0.60 0.55 
<5% chance 0.63 0.58 0.65 0.61 -- 0.58 0.67 0.61 -- 0.59 0.71 0.62 0.74 0.62 0.74 0.65 
Chance SLR 

Exceeds 2070 
>95% chance 0.36 0.36 0.32 0.32 -- 0.42 0.38 0.38 -- 0.44 0.41 0.41 0.48 0.48 0.43 0.43 
> 83% chance 0.43 0.43 0.41 0.41 -- 0.48 0.46 0.46 -- 0.51 0.49 0.49 0.55 0.55 0.53 0.53 
~ 50% chance 0.55 0.55 0.55 0.54 -- 0.60 0.61 0.59 -- 0.62 0.63 0.62 0.69 0.67 0.69 0.67 
< 17% chance 0.74 0.70 0.77 0.71 -- 0.75 0.86 0.76 -- 0.77 0.91 0.78 1.00 0.84 1.00 0.86 
<5% chance 0.90 0.82 0.96 0.85 -- 0.87 1.07 0.91 -- 0.89 1.17 0.93 1.29 0.98 1.30 1.02 
Chance SLR 

Exceeds 2100 
>95% chance 0.49 0.50 0.41 0.41 -- 0.59 0.54 0.54 -- 0.73 0.65 0.65 0.80 0.80 0.74 0.74 
> 83% chance 0.59 0.59 0.54 0.54 -- 0.70 0.67 0.67 -- 0.83 0.79 0.79 0.92 0.92 0.87 0.87 
~ 50% chance 0.76 0.75 0.76 0.74 -- 0.90 0.92 0.88 -- 1.02 1.07 1.00 1.23 1.12 1.20 1.11 
< 17% chance 1.03 0.97 1.12 1.01 -- 1.16 1.36 1.17 -- 1.29 1.58 1.30 1.80 1.42 1.78 1.44 
<5% chance 1.33 1.16 1.54 1.22 -- 1.37 1.88 1.40 -- 1.53 2.28 1.57 2.63 1.70 2.58 1.75 
Chance SLR 

Exceeds 2150 
>95% chance 0.65 0.65 0.53 0.53 -- 0.85 0.76 0.76 -- 1.09 0.98 0.98 1.18 1.18 1.09 1.09 
> 83% chance 0.78 0.78 0.71 0.71 -- 1.03 0.94 0.94 -- 1.26 1.19 1.19 1.37 1.37 1.31 1.31 
~ 50% chance 1.12 1.08 1.13 1.07 -- 1.40 1.48 1.38 -- 1.65 2.12 1.68 2.53 1.81 2.46 1.86 
< 17% chance 1.63 1.47 1.77 1.49 -- 1.90 3.65 1.93 -- 2.18 4.95 2.36 5.80 2.46 5.63 2.67 
<5% chance 2.13 1.78 2.87 1.85 -- 2.28 5.45 2.39 -- 2.64 6.16 2.92 6.52 2.98 6.44 3.36 
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Table C4. Comparison of the 2019 and 2025 STAP report SLR projections with 2000 and 2005 baselines respectively (in feet). 

 New Jersey Sea-Level Rise Estimates (ft.) 

Climate 
Scenario 

2019 STAP “Low” /  
2025 STAP “Low” / 

IPCC Low (SSP1-2.6) 

 
2025 STAP “Intermediate” / 

IPCC Intermediate (SSP2-4.5) 

2019 STAP “Moderate” /  
2025 STAP “High”/ 

IPCC High (SSP3-7.0) 

2019 STAP “High” /  
2025 STAP “Very High” / 

IPCC Very High (SSP5-8.5) 

Report STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 

Deg. of 
Warming (°C) 2.0 1.6 -- 2.6 3.5 3.8 5.0 4.7 

Processes 
Included Low Low Mediu

m Low Low Medium Low Low Medium Low Low Medium 

Baseline 2000 2005 2005 -- 2005 2005 2000 2005 2005 2000 2005 2005 

Chance SLR 
Exceeds 2030 

>95% chance 0.3 0.3 0.3 -- 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.4 
> 83% chance 0.5 0.4 0.4 -- 0.4 0.4 0.5 0.4 0.4 0.5 0.5 0.5 
~ 50% chance 0.8 0.7 0.7 -- 0.7 0.7 0.8 0.7 0.7 0.8 0.7 0.7 
< 17% chance 1.1 0.9 0.9 -- 0.9 0.9 1.1 0.9 0.9 1.1 0.9 0.9 
<5% chance 1.3 1.1 1.1 -- 1.1 1.1 1.3 1.2 1.1 1.3 1.1 1.1 
Chance SLR 

Exceeds 2050 
>95% chance 0.7 0.7 0.7 -- 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 
> 83% chance 0.9 0.9 0.9 -- 1.0 1.0 0.9 1.0 1.0 0.9 1.0 1.0 
~ 50% chance 1.4 1.3 1.3 -- 1.3 1.3 1.4 1.3 1.3 1.4 1.4 1.4 
< 17% chance 2.1 1.8 1.7 -- 1.8 1.7 2.1 1.9 1.7 2.1 2.0 1.8 
<5% chance 2.6 2.1 2.0 -- 2.2 2.0 2.6 2.3 2.0 2.6 2.4 2.1 
Chance SLR 

Exceeds 2070 
>95% chance 0.9 1.1 1.1 -- 1.2 1.2 1.0 1.3 1.3 1.1 1.4 1.4 
> 83% chance 1.3 1.3 1.3 -- 1.5 1.5 1.4 1.6 1.6 1.5 1.7 1.7 
~ 50% chance 1.9 1.8 1.8 -- 2.0 1.9 2.2 2.1 2.0 2.4 2.3 2.2 
< 17% chance 2.7 2.5 2.3 -- 2.8 2.5 3.1 3.0 2.6 3.5 3.3 2.8 
<5% chance 3.2 3.2 2.8 -- 3.5 3.0 3.8 3.9 3.0 4.4 4.3 3.4 
Chance SLR 

Exceeds 2100 
>95% chance 1.0 1.3 1.3 -- 1.8 1.8 1.3 2.1 2.1 1.5 2.4 2.4 
> 83% chance 1.7 1.8 1.8 -- 2.2 2.2 2.0 2.6 2.6 2.3 2.9 2.9 
~ 50% chance 2.8 2.5 2.4 -- 3.0 2.9 3.3 3.5 3.3 3.9 3.9 3.6 
< 17% chance 3.9 3.7 3.3 -- 4.5 3.8 5.1 5.2 4.3 6.3 5.8 4.7 
<5% chance 5.0 5.1 4.0 -- 6.2 4.6 6.9 7.5 5.2 8.0 8.5 5.7 
Chance SLR 

Exceeds 2150 
>95% chance 1.3 1.7 1.7 -- 2.5 2.5 2.1 3.2 3.2 2.9 3.6 3.6 
> 83% chance 2.4 2.3 2.3 -- 3.1 3.1 3.1 3.9 3.9 3.8 4.3 4.3 
~ 50% chance 4.2 3.7 3.5 -- 4.9 4.5 5.2 6.9 5.5 6.2 8.1 6.1 
< 17% chance 6.3 5.8 4.9 -- 12.0 6.3 8.3 16.2 7.7 10.3 18.5 8.8 
<5% chance 8.0 9.4 6.1 -- 17.9 7.8 13.8 20.2 9.6 19.6 21.1 11.0 
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Table C5. Comparison of the 2019 and 2025 STAP report SLR projections with 2005 baseline (in feet). 

 New Jersey Sea-Level Rise Estimates (ft.) 

Climate Scenario 
2019 STAP “Low” /  
2025 STAP “Low” / 

IPCC Low (SSP1-2.6) 

 
2025 STAP “Intermediate” / 

IPCC Intermediate (SSP2-4.5) 

2019 STAP “Moderate” /  
2025 STAP “High”/ 

IPCC High (SSP3-7.0) 

2019 STAP “High” /  
2025 STAP “Very High” / 

IPCC Very High (SSP5-8.5) 

Report 
STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 STAP 
2019 STAP 2025 STAP 

2019 STAP 2025 

Deg. of Warming 
(°C) 2.0 1.6 -- 2.6 3.5 3.8 5.0 4.7 

Processes 
Included Low Low Medium Low Low Medium Low Low Medium Low Low Medium 

Baseline 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 2005 

Chance SLR 
Exceeds 2030 

>95% chance 0.4 0.3 0.3 -- 0.3 0.3 0.4 0.3 0.3 0.4 0.4 0.4 
> 83% chance 0.6 0.4 0.4 -- 0.4 0.4 0.6 0.4 0.4 0.6 0.5 0.5 
~ 50% chance 0.9 0.7 0.7 -- 0.7 0.7 0.9 0.7 0.7 0.9 0.7 0.7 
< 17% chance 1.2 0.9 0.9 -- 0.9 0.9 1.2 0.9 0.9 1.2 0.9 0.9 
<5% chance 1.4 1.1 1.1 -- 1.1 1.1 1.4 1.2 1.1 1.4 1.1 1.1 
Chance SLR 

Exceeds 2050 
>95% chance 0.8 0.7 0.7 -- 0.7 0.7 0.8 0.7 0.7 0.8 0.8 0.8 
> 83% chance 1.0 0.9 0.9 -- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
~ 50% chance 1.5 1.3 1.3 -- 1.3 1.3 1.5 1.3 1.3 1.5 1.4 1.4 
< 17% chance 2.2 1.8 1.7 -- 1.8 1.7 2.2 1.9 1.7 2.2 2.0 1.8 
<5% chance 2.7 2.1 2.0 -- 2.2 2.0 2.7 2.3 2.0 2.7 2.4 2.1 
Chance SLR 

Exceeds 2070 
>95% chance 1.0 1.1 1.1 -- 1.2 1.2 1.1 1.3 1.3 1.2 1.4 1.4 
> 83% chance 1.4 1.3 1.3 -- 1.5 1.5 1.5 1.6 1.6 1.6 1.7 1.7 
~ 50% chance 2.0 1.8 1.8 -- 2.0 1.9 2.3 2.1 2.0 2.5 2.3 2.2 
< 17% chance 2.8 2.5 2.3 -- 2.8 2.5 3.2 3.0 2.6 3.6 3.3 2.8 
<5% chance 3.3 3.2 2.8 -- 3.5 3.0 3.9 3.9 3.0 4.5 4.3 3.4 
Chance SLR 

Exceeds 2100 
>95% chance 1.1 1.3 1.3 -- 1.8 1.8 1.4 2.1 2.1 1.6 2.4 2.4 
> 83% chance 1.8 1.8 1.8 -- 2.2 2.2 2.1 2.6 2.6 2.4 2.9 2.9 
~ 50% chance 2.9 2.5 2.4 -- 3.0 2.9 3.4 3.5 3.3 4.0 3.9 3.6 
< 17% chance 4.0 3.7 3.3 -- 4.5 3.8 5.2 5.2 4.3 6.4 5.8 4.7 
<5% chance 5.1 5.1 4.0 -- 6.2 4.6 7.0 7.5 5.2 8.1 8.5 5.7 
Chance SLR 

Exceeds 2150 
>95% chance 1.4 1.7 1.7 -- 2.5 2.5 2.2 3.2 3.2 3.0 3.6 3.6 
> 83% chance 2.5 2.3 2.3 -- 3.1 3.1 3.2 3.9 3.9 3.9 4.3 4.3 
~ 50% chance 4.3 3.7 3.5 -- 4.9 4.5 5.3 6.9 5.5 6.3 8.1 6.1 
< 17% chance 6.4 5.8 4.9 -- 12.0 6.3 8.4 16.2 7.7 10.4 18.5 8.8 
<5% chance 8.1 9.4 6.1 -- 17.9 7.8 13.9 20.2 9.6 19.7 21.1 11.0 
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Table C6. Estimated rates of future SLR in mm/year for 2050 and 2090 based on the average estimated SLR rates for two time periods 
(2040-2060 and 2080-2100, respectively) for Atlantic City, NJ. SLR rates are presented for three emissions scenarios using both 
medium- and low-confidence processes. SLR rates are shown in a(b c) format where “a” represents the median value and “b c” 
represents the 17th-83rd percentile range of a given SLR rate.  

  2040-2060 2080-2100 

  Emissions 
Chance rate 

(mm/yr) exceeds Low Int. High V. 
High Low Int. High V. 

High 
Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 6.3 7.5 8.1 8.4 3.4 5.6 8.2 9.9 
~50 % chance 8.2 9.3 9.8 10.9 6.5 9.4 12.5 14.3 
<17% chance 11 11.9 12.5 14.3 10.3 14.3 18.3 21.1 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 

<17% chance** 12.5  14.9 16.4 18.7 13.4 21.5 30.1 33.9 
 
 
Table C7. Estimated rates of future SLR in mm/year for 2050 and 2090 based on the average estimated SLR rates for two time periods 
(2040-2060 and 2080-2100, respectively) for The Battery, NY. SLR rates are presented for three emissions scenarios using both 
medium- and low-confidence processes. SLR rates are shown in a(b c) format where “a” represents the median value and “b c” 
represents the 17th-83rd percentile range of a given SLR rate. 

 2040-2060 2080-2100 

  Emissions 
Chance rate 

(mm/yr) exceeds Low Int. High V. 
High Low Int. High V. 

High 
Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 5.5 6.8 7.5 7.4 2.4 5 7.2 9.1 
~50 % chance 7.4 8.4 9 10 5.5 8.6 11.6 13.4 
<17% chance 10.2 11 11.6 13.4 9.4 13.3 17.5 20.4 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 

<17% chance** 11.6 13.9 15.5 17.6 12.2 20.6 29 33 
 
 
Table C8. Estimated rates of future SLR in mm/year for 2050 and 2090 based on the average estimated SLR rates for two time periods 
(2040-2060 and 2080-2100, respectively) for Sandy Hook, NJ. SLR rates are presented for three emissions scenarios using both 
medium- and low-confidence processes. SLR rates are shown in a(b c) format where “a” represents the median value and “b c” 
represents the 17th-83rd percentile range of a given SLR rate. 

  2040-2060 2080-2100 

  Emissions 

Chance rate 
(mm/yr) exceeds Low Int. High V. 

High Low Int. High V. 
High 

Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 6.4 7.6 8.4 8.3 3.2 5.9 8 9.9 
~50 % chance 8.3 9.3 9.9 10.8 6.4 9.5 12.5 14.3 
<17% chance 11.1 11.9 12.5 14.3 10.3 14.2 18.5 21.3 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 

<17% chance** 12.5  14.8 16.4 18.5 13.2 21.5 30.0 33.9 
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Table C9. Estimated rates of future SLR in mm/year for 2050 and 2090 based on the average estimated SLR rates for two time periods 
(2040-2060 and 2080-2100, respectively) for Cape May, NJ. SLR rates are presented for three emissions scenarios using both medium- 
and low-confidence processes. SLR rates are shown in a(b c) format where “a” represents the median value and “b c” represents the 
17th-83rd percentile range of a given SLR rate. 

 2040-2060 2080-2100 

  Emissions 
Chance rate 

(mm/yr) exceeds Low Int. High V. 
High Low Int. High V. 

High 
Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 6.1 7.1 7.9 8.1 3 5.3 8 9.5 
~50 % chance 7.9 9 9.5 10.7 6.4 9.2 12.3 14 
<17% chance 10.7 11.7 12.2 14.2 10.5 14.2 18.1 21 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 

<17% chance** 12.3 14.7 16.2 18.5 13.5 21.3 29.9 33.6 
 
 
Table C10. Estimated rates of future SLR in mm/year for 2050 and 2090 based on the average estimated SLR rates for two time periods 
(2040-2060 and 2080-2100, respectively) for Philadelphia, PA. SLR rates are presented for three emissions scenarios using both 
medium- and low-confidence processes. SLR rates are shown in a(b c) format where “a” represents the median value and “b c” 
represents the 17th-83rd percentile range of a given SLR rate. 

 2040-2060 2080-2100 

  Emissions 
Chance rate 

(mm/yr) exceeds Low Int. High V. 
High Low Int. High V. 

High 
Likely Range, Excludes Potential Rapid Ice-Sheet Loss Processes 

> 83% chance 5.4 6.6 7.3 7.4 2.4 4.8 7.2 8.9 
~50 % chance 7.3 8.3 8.8 9.9 5.6 8.5 11.5 13.3 
<17% chance 10 10.9 11.4 13.3 9.3 13.3 17.4 20.2 

Extended Likely Range, Includes Potential Rapid Ice-Sheet Loss Processes 

<17% chance** 11.5 13.8 15.4 17.6 12.3 20.4 28.9 32.7 
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Figure C3. Range of probabilities that SLR in The Battery, NY will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 5 ft of SLR above a 
1995–2014 (2005) baseline under low, intermediate, high, and very high emissions scenarios (in blue, orange, and red respectively). 
Refer to the legend to interpret how the projections are plotted: in general projections that include potential contributions from rapid 
ice-sheet loss processes are indicated by light shading, while projections that exclude potential rapid ice-sheet loss processes are 
indicated by dark shading (the exception being #4 in the legend which excludes or includes potential rapid ice-sheet loss processes). 
The likely and extended likely range are represented by thicker lines. Open circles represent the median projections (~50% likely SLR 
will exceed the given height at the corresponding time).  
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Figure C4.  Range of probabilities that SLR in Sandy Hook, NJ will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 5 ft of SLR above a 
1995–2014 (2005) baseline under low, intermediate, high, and very high emissions scenarios (in blue, orange, and red respectively). 
Refer to the legend to interpret how the projections are plotted: in general projections that include potential contributions from rapid 
ice-sheet loss processes are indicated by light shading, while projections that exclude potential rapid ice-sheet loss processes are 
indicated by dark shading (the exception being #4 in the legend which excludes or includes potential rapid ice-sheet loss processes). 
The likely and extended likely range are represented by thicker lines. Open circles represent the median projections (~50% likely SLR 
will exceed the given height at the corresponding time).  
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Figure C5.  Range of probabilities that SLR in Cape May, NJ will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 5 ft of SLR above a 1995–
2014 (2005) baseline under low, intermediate, high, and very high emissions scenarios (in blue, orange, and red respectively). Refer 
to the legend to interpret how the projections are plotted: in general projections that include potential contributions from rapid ice-
sheet loss processes are indicated by light shading, while projections that exclude potential rapid ice-sheet loss processes are indicated 
by dark shading (the exception being #4 in the legend which excludes or includes potential rapid ice-sheet loss processes). The likely 
and extended likely range are represented by thicker lines. Open circles represent the median projections (~50% likely SLR will exceed 
the given height at the corresponding time). 
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Figure C6. Range of probabilities that SLR in Philadelphia, PA will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 5 ft of SLR above a 
1995–2014 (2005) baseline under low, intermediate, high, and very high emissions scenarios (in blue, orange, and red respectively). 
Refer to the legend to interpret how the projections are plotted: in general projections that include potential contributions from rapid 
ice-sheet loss processes are indicated by light shading, while projections that exclude potential rapid ice-sheet loss processes are 
indicated by dark shading (the exception being #4 in the legend which excludes or includes potential rapid ice-sheet loss processes). 
The likely and extended likely range are represented by thicker lines. Open circles represent the median projections (~50% likely SLR 
will exceed the given height at the corresponding time). 
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Figure C7. Range of probabilities that SLR in Atlantic City, NJ will exceed (a) 1 ft, (b) 2 ft, (c) 3 ft, (d) 4 ft, and (e) 5 ft of SLR above a 
1995–2014 (2005) baseline under low, intermediate, high, and very high emissions scenarios (in blue, orange, and red respectively). 
Refer to the legend to interpret how the projections are plotted: in general projections that include potential contributions from rapid 
ice-sheet loss processes are indicated by light shading, while projections that exclude potential rapid ice-sheet loss processes are 
indicated by dark shading (the exception being #4 in the legend which excludes or includes potential rapid ice-sheet loss processes). 
The likely and extended likely range are represented by thicker lines. Open circles represent the median projections (~50% likely SLR 
will exceed the given height at the corresponding time). 
  



 

 124 NJ’s Rising Seas and Changing Coastal Storms Appendix C 

 

 

Table C11. 2020 projections compared to observation extrapolations from Sweet et al. (2022). 

 Observation Extrapolation for 2020* AR6/STAP 2025 Projection for 2020 
The Battery 0.08 (0.06–0.10) m 0.10 (0.06–0.14) m  
Sandy Hook 0.10 (0.08–0.13) m 0.12 (0.08–0.16) m 
Atlantic City 0.09 (0.06–0.12) m 0.12 (0.08–0.16) m 

Cape May 0.11 (0.08–0.15) m 0.11 (0.08–0.16) m 
*Extrapolations, taken from the online datasets associated with Sweet et al., 2022 (https://sealevel.nasa.gov/task-force-scenario-tool) , are adjusted from a 1991–
2009 to 1995–2014 baseline based on local tide gauge observations. Ranges shown are 17th–83rd percentile values for the extrapolation and likely ranges for the 
projections. Methodology for the AR6 projections is identical to that used by the STAP. 

  

https://sealevel.nasa.gov/task-force-scenario-tool
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Table C12. A comparison of the 2005 (1995–2014) baseline, which was used in both the 2025 STAP and the IPCC AR6, to other common 
sea level change baselines is provided for Sandy Hook, NJ (in meters and feet). Mean sea level values are referenced.  

Time period 
Difference from 2025 STAP and IPCC 

AR6 Baseline (1995–2014) 

 Meters Feet 

Current NTDE (1983–2001) -0.066 -0.22 

STAP 2019 baseline (1991–2009) -0.029 -0.09 

Forthcoming NTDE (2002–2020)* 0.033 0.11 

NAVD88 0.008 0.02 

*The 2002-2020 NTDE has not yet been published at the time of the STAP 2025 Report's publication. As such, the values  
here are preliminary. 

 

Table C13. A comparison of the 2005 (1995–2014) baseline, which was used in both the 2025 STAP and the IPCC AR6, to other common 
sea level change baselines is provided for Cape May, NJ (in meters and feet). Mean sea level values are referenced. 

Time period 
Difference from 2025 STAP and IPCC 

AR6 Baseline (1995–2014) 

 Meters Feet 

Current NTDE (1983–2001) -0.070 -0.23 

STAP 2019 baseline (1991–2009) -0.029 -0.09 

Forthcoming NTDE (2002–2020)* 0.033 0.11 

NAVD88 0.066 0.22 

*The 2002-2020 NTDE has not yet been published at the time of the STAP 2025 Report's publication. As such, the values 
 here are preliminary. 

 

Table C14. A comparison of the 2005 (1995–2014) baseline, which was used in both the 2025 STAP and the IPCC AR6, to other common 
sea level change baselines is provided for The Battery, NY (in meters and feet). Mean sea level values are referenced. 

Time period 
Difference from 2025 STAP and IPCC 

AR6 Baseline (1995–2014) 

 Meters Feet 

Current NTDE (1983–2001) -0.052 -0.17 

STAP 2019 baseline (1991–2009) -0.024 -0.08 

Forthcoming NTDE (2002–2020)* 0.022 0.07 

NAVD88 0.011 0.04 

*The 2002-2020 NTDE has not yet been published at the time of the STAP 2025 Report's publication. As such, the values 
 here are preliminary. 
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Table C15. A comparison of the 2005 (1995–2014) baseline, which was used in both the 2025 STAP and the IPCC AR6, to other common 
sea level change baselines is provided for Philadelphia, PA (in meters and feet). Mean sea level values are referenced. 

Time period 
Difference from 2025 STAP and IPCC 

AR6 Baseline (1995–2014) 

 Meters Feet 

Current NTDE (1983–2001) -0.063 -0.21 

STAP 2019 baseline (1991–2009) -0.023 -0.08 

Forthcoming NTDE (2002–2020)* 0.035 0.12 

NAVD88 -0.164 -0.54 

*The 2002-2020 NTDE has not yet been published at the time of the STAP 2025 Report's publication. As such, the values  
here are preliminary. 
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Appendix D: Comparison of STAP 2019 and STAP 2025 Projection Methods 
 

Table F1. Comparison of STAP 2019 and STAP 2025 Projection Methods by Framework and Physical Processes. 

 STAP 2019 Projection Method STAP 2025 Projection Method 
(based on IPCC AR6) 

Climate models CMIP5 ensemble (Taylor et al., 2012) CMIP6 ensemble (Eyring et al., 2016) 

Scenarios Representative Concentration Pathways 
(RCP) (Van Vuuren et al., 2011), with 
filters based on 2°C and 5°C warming 
levels (Rasmussen et al., 2018); 3.5°C 
intermediate scenario interpolated 
between 2°C and 5°C scenarios 

Shared Socio-Economic Pathway scenarios 
(SSP) (O’Neill et al., 2016) 

Uncertainty 
Framing 

 

Probability bounds on projections; all 
approaches agree there is at least a 2-in-
3 chance the correct value falls within the 
stated likely range 

 

Medium confidence and low confidence 
processes combined in a single likely 
range 

Probability bounds on projections; likely 
range includes only medium and high 
confidence processes, and does not include 
potential contributions from unknown-
likelihood, high-impact ice-sheet instability 
processes characterized by low confidence 

High-end projections include low confidence 
processes 

Thermal expansion As Kopp et al. (2014): Distribution fitted 
to an ensemble of CMIP5 climate models 

Climate model emulator calibrated to the 
IPCC assessment of climate sensitivity 

Ocean dynamics As Kopp et al. (2014): Distribution fitted 
to an ensemble of CMIP5 climate models, 
accounting for the underlying correlation 
between global mean thermosteric sea 
level rise and ocean dynamic sea level 
change 

 

Updated from Kopp et al. (2014): 
Distribution fitted to an ensemble of CMIP6 
climate models, accounting for the 
underlying correlation between global mean 
thermosteric sea level rise and ocean 
dynamic sea level change 

Glaciers As Kopp et al. (2014): Distribution based 
on a single glacier model (Marzeion et al., 
2012) 

Emulated GlacierMIP2 glacier model 
ensemble output (Edwards et al., 2021; 
Marzeion et al., 2020) 

https://www.zotero.org/google-docs/?GUsDG3
https://www.zotero.org/google-docs/?y3I9vP
https://www.zotero.org/google-docs/?DMA4SZ
https://www.zotero.org/google-docs/?HiNnc2
https://www.zotero.org/google-docs/?529ZLz
https://www.zotero.org/google-docs/?xziLCQ
https://www.zotero.org/google-docs/?udBg5S
https://www.zotero.org/google-docs/?i9nqpU
https://www.zotero.org/google-docs/?uk8G72
https://www.zotero.org/google-docs/?GE9NCT
https://www.zotero.org/google-docs/?GE9NCT
https://www.zotero.org/google-docs/?emOFmk
https://www.zotero.org/google-docs/?emOFmk
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Antarctic ice sheet Medium confidence processes: As Kopp et 
al. (2014): Based upon IPCC AR5 
assessment, which include temperature-
driven surface mass balance derived from 
an emulator of a high-resolution model 
and ice-sheet dynamics based on a multi-
model assessment, and upon information 
about distributional tails from structured 
expert judgment (Bamber and Aspinall 
2013) 

 

 

Medium confidence processes: 
Temperature-driven emulators fit to two 
different ensembles of ice-sheet models –  
ISMIP6 ( Nowicki et al., 2016; Edwards et al., 
2021) and LARMIP (Levermann et al., 2020) 

 

Low confidence processes: Structured 
expert judgment (Bamber et al., 2019)  Low confidence processes: Structured 

expert judgment  (Bamber et al., 2019) and 
ice-sheet model simulations incorporating 
Marine Ice Cliff Instability (DeConto et al., 
2021); modified from AR6 with FACTS 1.1 
probabilistic interpolation, based on 
integrated 21st century (Reedy and Kopp 
2023) 

Greenland ice sheet 

 

Medium confidence processes: As Kopp et 
al. (2014): Based upon IPCC AR5 
assessment, which include temperature-
driven surface mass balance derived from 
an emulator of a high-resolution model 
and ice-sheet dynamics based on a multi-
model assessment, and upon information 
about distributional tails from structured 
expert judgment (Bamber and Aspinall 
2013) 

Medium confidence processes: 
Temperature-driven emulators fit to an 
ensemble of ice-sheet models – ISMIP6 ( 
Nowicki et al., 2016; Edwards et al., 2021)  

Low confidence processes: Structured 
expert judgment (Bamber et al., 2019) 

Low confidence processes: Structured 
expert judgment (Bamber et al., 2019); 
modified from AR6  with FACTS 1.1 
probabilistic interpolation, based on 21st 
century integrated temperature (Reedy and 
Kopp, 2023) 

https://www.zotero.org/google-docs/?W0wqSQ
https://www.zotero.org/google-docs/?DXAjPX
https://www.zotero.org/google-docs/?DXAjPX
https://www.zotero.org/google-docs/?7u0Mdk
https://www.zotero.org/google-docs/?7u0Mdk
https://www.zotero.org/google-docs/?bMW32q
https://www.zotero.org/google-docs/?b937R5
https://www.zotero.org/google-docs/?Zjw5Tr
https://www.zotero.org/google-docs/?Gq3OA3
https://www.zotero.org/google-docs/?Gq3OA3
https://www.zotero.org/google-docs/?WQjRje
https://www.zotero.org/google-docs/?WQjRje
https://www.zotero.org/google-docs/?gLYryG
https://www.zotero.org/google-docs/?gLYryG
https://www.zotero.org/google-docs/?MyVplb
https://www.zotero.org/google-docs/?lzRZuc
https://www.zotero.org/google-docs/?lzRZuc
https://www.zotero.org/google-docs/?Gq3OA3
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Land water storage 
As Kopp et al. (2014): Derived statistical 
relationships for population and 
groundwater depletion (Konikow, 2011; 
Wada et al., 2012), and population and 
dam impoundment (Chao et al., 2008), 
driven by UN probabilistic population 
projections 

Updated from Kopp et al. (2014): Derived 
statistical relationships for population and 
groundwater depletion (Konikow 2011; 
Wada et al., 2012, 2016), and population 
and dam impoundment (Chao et al., 2008; 
Hawley et al., 2020), driven by scenario-
dependent SSP population changes 

Gravitational, 
rotational, and 
deformational 
effect 

Sea level fingerprints (Mitrovica et al., 
2011) for glacier changes (fingerprints for 
19 regions, based on Randolph Glacier 
Inventory) and ice sheet changes 
(fingerprints for Greenland, East 
Antarctica, West Antarctica). 

Sea level fingerprints (Slangen et al., 2012, 
2014) for glacier changes (fingerprints for 19 
regions, based on Randolph Glacier 
Inventory), ice sheet changes (fingerprints 
for Greenland, East Antarctica, West 
Antarctica) and land-water storage changes 
(fingerprint based on 2100 regional 
distribution from (Wada et al., 2012)). 

Land subsidence 
As Kopp et al. (2014): Spatiotemporal 
statistical model of tide-gauge data 

Kopp et al. (2014) spatiotemporal statistical 
model with updated tide-gauge data 

 

 

https://www.zotero.org/google-docs/?ZfVAxI
https://www.zotero.org/google-docs/?ZfVAxI
https://www.zotero.org/google-docs/?Ooma6P
https://www.zotero.org/google-docs/?fxNolt
https://www.zotero.org/google-docs/?fxNolt
https://www.zotero.org/google-docs/?QTjbAC
https://www.zotero.org/google-docs/?QTjbAC
https://www.zotero.org/google-docs/?XCFZG4
https://www.zotero.org/google-docs/?XCFZG4
https://www.zotero.org/google-docs/?SQv3Wg
https://www.zotero.org/google-docs/?SQv3Wg
https://www.zotero.org/google-docs/?jDNCj8
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Appendix E: Future High Coastal Water Levels - Projections and Frequencies 
Table E1. Expected high tide flooding days in Atlantic City, NJ through 2150 under the low emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Low Emissions Scenario for Atlantic City 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 4 6 8 14 22 33 43 54 55 56 62 74 81 90 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 6 9 15 26 45 69 91 110 132 134 157 178 199 220 
~50% Chance SLR Exceeds 8 16 34 67 107 155 202 240 273 298 319 333 343 350 

<17% Chance SLR Exceeds‡ 13 34 81 148 216 271 310 334 349 356 360 362 364 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 13 36 92 170 243 299 330 349 357 361 363 364 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 18 60 146 249 316 347 359 363 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 1 2 3 4 5 5 5 6 7 7 8 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 1 2 4 6 8 11 14 15 19 25 32 43 
~50% Chance SLR Exceeds 1 2 3 6 10 19 34 55 83 115 157 199 237 270 

<17% Chance SLR Exceeds‡ 1 3 7 17 40 81 136 202 263 308 333 347 355 359 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 3 9 23 58 116 191 266 314 341 354 360 363 364 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 5 17 62 150 255 324 353 362 364 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 0 0 0 1 1 1 1 1 1 
~50% Chance SLR Exceeds 0 0 0 0 0 1 1 2 3 5 8 12 20 32 

<17% Chance SLR Exceeds‡ 0 0 0 1 1 3 6 12 29 65 118 182 242 292 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 2 5 11 30 75 149 233 297 332 352 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 2 7 25 94 222 322 353 361 364 365 365 
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Table E2. Expected coastal flooding days in Atlantic City, NJ through 2150 under the intermediate emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Intermediate- Emissions Scenario for Atlantic City 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 5 6 9 15 28 54 84 111 131 136 170 200 227 257 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 6 9 15 29 57 97 142 184 227 236 270 299 317 331 
~50% Chance SLR Exceeds 8 16 35 72 125 194 254 298 326 341 353 358 361 363 

<17% Chance SLR Exceeds‡ 13 34 80 148 230 297 333 351 359 363 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 13 36 93 178 269 326 351 360 364 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 17 61 151 262 330 356 363 365 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 1 3 5 8 11 14 15 23 33 47 69 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 1 3 5 9 16 27 47 53 81 115 153 194 
~50% Chance SLR Exceeds 1 2 3 6 13 31 66 114 179 231 285 321 341 353 

<17% Chance SLR Exceeds‡ 1 3 7 17 49 113 199 275 327 349 359 363 364 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 3 9 25 80 179 274 333 355 362 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 5 18 73 191 306 351 363 365 365 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 0 1 1 1 1 2 2 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 0 1 1 2 2 3 5 7 11 
~50% Chance SLR Exceeds 0 0 0 0 1 1 2 5 10 18 42 87 149 220 

<17% Chance SLR Exceeds‡ 0 0 0 1 2 5 12 35 103 194 284 333 353 361 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 3 10 35 118 238 321 358 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 3 11 63 209 335 360 365 365 365 365 365 
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Table E3. Expected coastal flooding days in Atlantic City, NJ through 2150 under the high emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the High-Emissions Scenario for Atlantic City 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 4 5 8 15 33 68 111 166 210 214 259 297 321 336 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 6 8 14 28 64 115 179 242 292 300 327 344 353 358 
~50% Chance SLR Exceeds 8 16 34 72 132 212 281 326 348 356 361 364 364 365 

<17% Chance SLR Exceeds‡ 13 34 81 151 233 305 343 357 363 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 13 37 96 188 283 338 358 363 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 19 66 163 278 340 360 364 365 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded,Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 1 1 3 6 11 22 38 39 71 113 162 211 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 1 3 6 12 25 57 106 118 181 242 288 319 
~50% Chance SLR Exceeds 1 2 3 6 14 38 92 178 261 305 339 355 361 363 

<17% Chance SLR Exceeds‡ 1 3 7 18 50 126 235 316 350 360 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 3 9 28 94 216 319 355 363 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 6 21 89 225 335 361 365 365 365 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 1 1 1 3 5 8 14 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 0 1 2 4 5 10 21 44 84 
~50% Chance SLR Exceeds 0 0 0 0 1 1 4 9 28 61 142 238 309 342 

<17% Chance SLR Exceeds‡ 0 0 0 1 2 6 19 78 199 299 347 361 364 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 4 15 85 236 331 358 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 3 17 124 309 360 365 365 365 365 365 365 
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Table E4. Expected coastal flooding days in Atlantic City, NJ through 2150 under the very high emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Very High=Emissions Scenario for Atlantic City 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 5 7 11 19 39 80 134 207 269 269 307 330 344 353 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 6 10 18 37 78 139 212 281 323 327 346 355 360 362 
~50% Chance SLR Exceeds 8 17 40 89 163 245 311 343 357 361 364 365 365 365 

<17% Chance SLR Exceeds‡ 12 32 87 176 267 328 353 362 364 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 12 36 103 216 309 351 362 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 16 57 170 293 352 363 365 365 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded,Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 2 4 7 15 36 80 80 131 188 243 285 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 2 3 7 16 38 92 170 182 249 301 330 346 
~50% Chance SLR Exceeds 1 2 4 8 21 59 138 238 310 337 355 361 364 365 

<17% Chance SLR Exceeds‡ 1 3 8 25 78 182 290 343 359 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 3 10 40 134 275 345 361 364 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 5 23 108 280 352 364 365 365 365 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 1 3 3 6 11 21 41 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 1 4 9 10 23 57 110 173 
~50% Chance SLR Exceeds 0 0 0 0 1 2 6 20 68 132 240 314 347 358 

<17% Chance SLR Exceeds‡ 0 0 0 1 3 10 46 156 287 346 361 364 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 6 35 168 313 356 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 4 38 214 352 364 365 365 365 365 365 365 
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Table E5. Expected coastal flooding days in The Battery, NY through 2150 under the low emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Low Emissions Scenario for The Battery 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 8 12 20 35 55 78 97 117 120 127 141 158 174 190 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 11 19 34 60 90 123 154 181 206 212 237 259 279 298 
~50% Chance SLR Exceeds 17 36 68 113 162 213 255 291 316 333 346 353 358 361 

<17% Chance SLR Exceeds‡ 27 64 122 193 258 306 335 350 358 362 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 27 67 133 212 279 325 347 358 362 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 38 96 185 280 335 356 363 365 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 3 5 8 11 15 16 18 21 27 33 40 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 10 17 25 36 48 51 67 84 101 124 
~50% Chance SLR Exceeds 1 3 7 14 28 51 80 115 152 192 234 273 303 326 

<17% Chance SLR Exceeds‡ 2 6 16 41 82 136 197 258 307 337 352 359 362 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 6 19 51 101 171 239 304 338 354 361 364 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 11 38 102 196 289 341 360 364 365 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 1 1 1 1 1 1 2 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 1 1 2 2 3 4 6 8 
~50% Chance SLR Exceeds 0 0 0 0 1 2 4 7 11 19 34 55 83 117 

<17% Chance SLR Exceeds‡ 0 0 1 2 4 9 21 45 87 146 210 268 312 339 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 2 6 15 36 84 149 229 296 335 354 361 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 6 20 68 159 279 344 360 364 365 365 365 
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Table E6. Expected coastal flooding days in The Battery, NY through 2150 under the intermediate emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Intermediate- Emissions Scenario for The Battery 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 8 12 21 41 70 108 148 187 211 222 255 284 308 324 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 11 19 36 66 108 157 206 250 286 297 322 338 348 355 
~50% Chance SLR Exceeds 17 35 69 117 179 244 296 329 347 355 361 363 364 365 

<17% Chance SLR Exceeds‡ 26 63 121 193 268 324 348 359 363 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 27 66 133 217 297 343 358 363 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 36 95 188 289 344 361 364 365 365 365 365 365 365 365 

M
od

er
at

e 
Fl

oo
di

ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 7 13 23 38 50 57 80 107 138 170 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 13 26 47 76 109 123 165 208 247 284 
~50% Chance SLR Exceeds 2 3 7 15 35 72 121 181 242 288 327 347 357 361 

<17% Chance SLR Exceeds‡ 2 6 16 41 91 168 247 311 347 358 363 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 6 19 54 123 224 307 347 360 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 11 39 113 227 327 358 364 365 365 365 365 365 365 

M
aj

or
 F

lo
od

in
g 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 2 2 3 4 6 9 15 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 2 4 6 8 14 24 39 63 
~50% Chance SLR Exceeds 0 0 0 1 1 3 7 17 37 67 119 183 248 303 

<17% Chance SLR Exceeds‡ 0 0 1 2 5 14 39 92 181 267 329 353 361 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 2 8 29 86 185 290 345 363 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 7 31 119 263 350 364 365 365 365 365 365 
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Table E7. Expected coastal flooding days in The Battery, NY through 2150 under the high emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the High-Emissions Scenario for The Battery 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od

in
g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 8 10 18 37 75 124 182 240 273 281 315 337 349 356 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 11 17 33 62 113 174 239 295 328 334 350 358 361 364 
~50% Chance SLR Exceeds 17 34 66 116 185 257 315 346 358 362 364 365 365 365 

<17% Chance SLR Exceeds‡ 28 65 121 195 271 329 353 362 364 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 28 68 137 226 309 350 362 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 39 102 198 301 350 363 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 3 7 17 36 69 96 104 150 202 252 291 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 14 33 68 120 178 195 253 303 332 349 
~50% Chance SLR Exceeds 1 3 6 15 37 82 150 236 305 335 354 362 364 365 

<17% Chance SLR Exceeds‡ 2 6 16 42 93 180 274 337 358 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 6 20 59 140 256 338 360 364 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 4 12 43 128 257 347 364 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 3 5 6 11 22 42 70 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 3 7 16 20 43 82 132 191 
~50% Chance SLR Exceeds 0 0 0 1 2 4 11 34 84 138 229 306 344 358 

<17% Chance SLR Exceeds‡ 0 0 1 2 5 17 56 144 264 334 359 364 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 3 10 44 149 284 350 363 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 8 45 184 335 364 365 365 365 365 365 365 
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Table E8. Expected coastal flooding days in The Battery, NY through 2150 under the very high emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Very High Emissions Scenario for The Battery 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 9 14 27 47 84 142 204 271 318 321 343 354 359 362 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 12 21 42 76 129 199 267 320 347 350 359 362 364 365 
~50% Chance SLR Exceeds 17 36 76 135 212 285 335 355 362 364 365 365 365 365 

<17% Chance SLR Exceeds‡ 26 61 126 216 298 344 360 364 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 26 65 143 249 328 357 364 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 34 90 203 314 357 364 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 9 22 47 93 156 163 224 278 316 338 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 4 8 18 44 90 161 239 257 310 340 354 360 
~50% Chance SLR Exceeds 2 3 8 20 51 108 198 286 337 353 362 364 365 365 

<17% Chance SLR Exceeds‡ 2 6 17 53 124 226 318 354 363 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 6 22 75 179 301 354 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 10 46 148 302 358 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 5 12 13 29 59 99 149 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 1 2 5 13 36 45 90 155 224 280 
~50% Chance SLR Exceeds 0 0 0 1 2 6 21 66 145 220 306 347 360 364 

<17% Chance SLR Exceeds‡ 0 0 1 2 8 30 102 227 326 358 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 4 16 80 227 337 361 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 11 81 259 358 365 365 365 365 365 365 365 
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Table E9. Expected coastal flooding days in Sandy Hook, NJ through 2150 under the low emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Low Emissions Scenario for Sandy Hook 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 9 14 24 41 61 83 101 120 124 130 143 159 174 190 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 13 23 40 65 95 127 155 181 205 211 236 258 277 296 
~50% Chance SLR Exceeds 20 41 73 117 163 212 254 289 315 332 345 353 358 361 

<17% Chance SLR Exceeds‡ 31 69 125 192 256 305 334 350 358 362 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 32 72 136 210 277 324 346 358 362 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 43 101 185 278 334 356 363 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 3 5 8 12 17 18 19 23 29 35 42 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 10 18 28 38 50 53 68 84 100 122 
~50% Chance SLR Exceeds 2 3 7 16 31 53 80 113 148 185 227 266 298 322 

<17% Chance SLR Exceeds‡ 3 6 18 43 82 133 190 250 301 334 350 358 362 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 3 6 21 53 100 165 231 298 336 353 361 364 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 12 40 101 189 282 339 359 364 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 0 1 1 1 1 2 2 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 1 2 2 3 4 5 6 9 
~50% Chance SLR Exceeds 0 0 0 0 1 3 4 7 14 23 39 61 87 120 

<17% Chance SLR Exceeds‡ 0 0 1 2 4 10 25 51 92 148 209 267 311 338 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 3 6 18 41 88 151 227 295 335 354 361 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 6 24 73 160 278 344 360 364 365 365 365 
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Table E10. Expected coastal flooding days in Sandy Hook, NJ through 2150 under the intermediate emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Intermediate- Emissions Scenario for Sandy Hook 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 10 14 25 46 75 112 150 186 210 221 254 283 306 323 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 14 23 41 71 112 158 205 248 285 295 321 338 348 355 
~50% Chance SLR Exceeds 21 41 74 121 179 243 294 328 347 356 361 364 364 365 

<17% Chance SLR Exceeds‡ 31 69 124 192 266 322 348 359 364 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 31 71 136 216 296 342 358 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 41 100 188 288 343 361 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 7 14 26 41 52 58 80 106 135 164 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 14 29 50 76 108 120 159 200 239 277 
~50% Chance SLR Exceeds 2 3 7 17 37 72 119 174 234 282 323 345 356 361 

<17% Chance SLR Exceeds‡ 3 6 18 43 91 162 239 306 345 358 363 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 3 6 21 56 121 216 301 346 360 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 11 41 111 220 323 358 364 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 2 3 3 4 7 11 17 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 2 4 7 8 16 28 45 69 
~50% Chance SLR Exceeds 0 0 0 1 2 4 8 20 42 72 122 183 246 301 

<17% Chance SLR Exceeds‡ 0 0 1 2 5 17 45 96 181 265 328 353 362 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 3 8 34 91 184 289 344 364 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 7 36 123 261 350 364 365 365 365 365 365 
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Table E11. Expected coastal flooding days in Sandy Hook, NJ through 2150 under the high emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the High-Emissions Scenario for Sandy Hook 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 8 12 22 42 80 127 182 239 272 280 314 336 349 356 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 12 21 38 67 117 174 238 294 327 334 349 358 362 364 
~50% Chance SLR Exceeds 20 39 71 120 184 256 314 345 358 362 364 365 365 365 

<17% Chance SLR Exceeds‡ 32 70 124 194 269 328 353 362 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 32 73 139 224 307 350 362 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 44 106 197 299 350 364 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 2 3 8 18 39 69 95 103 146 195 245 285 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 16 35 69 118 172 188 246 297 329 347 
~50% Chance SLR Exceeds 2 3 6 16 40 82 146 228 299 332 354 362 364 365 

<17% Chance SLR Exceeds‡ 3 6 18 44 93 174 268 334 358 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 3 6 22 61 136 249 336 360 364 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 4 13 46 125 249 345 364 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 4 5 6 13 26 48 75 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 2 4 8 19 24 48 87 134 190 
~50% Chance SLR Exceeds 0 0 0 0 2 4 13 39 89 141 228 304 344 358 

<17% Chance SLR Exceeds‡ 0 0 1 2 5 20 62 146 263 334 359 364 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 3 11 50 151 282 349 363 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 9 50 184 334 364 365 365 365 365 365 365 
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Table E12. Expected coastal flooding days in Sandy Hook, NJ through 2150 under the very high emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Very High Emissions Scenario for Sandy Hook 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 10 17 32 53 89 144 204 269 317 320 342 354 359 362 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 14 25 48 80 132 198 266 319 346 350 359 363 364 365 
~50% Chance SLR Exceeds 21 42 81 138 210 284 334 355 362 364 365 365 365 365 

<17% Chance SLR Exceeds‡ 30 67 129 215 296 343 360 364 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 31 70 145 247 327 358 364 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 39 95 202 312 358 365 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 3 4 9 24 49 93 151 158 216 271 311 336 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 4 8 20 46 90 156 232 249 304 338 353 359 
~50% Chance SLR Exceeds 2 3 8 22 53 107 191 280 334 352 362 364 365 365 

<17% Chance SLR Exceeds‡ 2 6 19 55 122 219 313 353 363 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 6 24 76 173 295 353 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 10 48 144 296 357 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 5 14 16 34 64 103 151 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 1 2 5 15 41 50 95 157 222 279 
~50% Chance SLR Exceeds 0 0 0 1 3 7 25 71 147 219 304 347 360 364 

<17% Chance SLR Exceeds‡ 0 0 1 3 9 35 106 226 325 358 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 4 20 85 226 336 362 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 13 85 258 358 365 365 365 365 365 365 365 
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Table E13. Expected coastal flooding days in Cape May, NJ through 2150 under the low emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Low Emissions Scenario for Cape May 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 6 9 16 28 46 68 85 102 105 111 124 139 156 169 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 8 15 28 50 80 113 143 169 195 201 226 249 269 287 
~50% Chance SLR Exceeds 13 30 59 103 151 204 250 283 313 332 345 353 358 361 

<17% Chance SLR Exceeds‡ 21 55 113 186 251 302 334 350 359 362 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 21 57 125 206 275 324 348 359 363 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 29 85 179 277 334 356 363 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 2 3 5 8 11 11 12 15 19 24 28 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 2 4 7 13 20 28 39 42 56 72 90 109 
~50% Chance SLR Exceeds 1 2 4 11 22 44 73 105 147 186 233 272 304 327 

<17% Chance SLR Exceeds‡ 1 4 13 35 74 129 193 255 309 340 354 360 363 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 4 15 45 96 169 244 307 342 357 362 364 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 8 32 98 193 289 344 361 364 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 0 1 1 1 1 2 2 3 4 
~50% Chance SLR Exceeds 0 0 0 0 1 1 2 4 8 14 27 47 74 110 

<17% Chance SLR Exceeds‡ 0 0 0 1 2 6 16 37 80 144 213 272 316 342 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 3 11 32 78 153 236 303 342 357 362 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 4 16 60 161 284 348 362 364 365 365 365 
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Table E14. Expected coastal flooding days in Cape May, NJ through 2150 under the intermediate emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Intermediate- Emissions Scenario for Cape May 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 6 9 16 32 54 90 131 161 184 195 225 255 282 301 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 8 15 29 55 94 145 194 235 272 284 312 331 344 352 
~50% Chance SLR Exceeds 13 30 59 108 170 238 292 327 347 355 361 363 364 365 

<17% Chance SLR Exceeds‡ 21 55 112 188 265 323 349 359 363 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 21 58 126 214 298 345 359 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 29 87 182 288 346 361 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 2 4 9 17 25 35 39 55 77 104 128 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 2 4 9 20 39 62 93 106 145 185 227 263 
~50% Chance SLR Exceeds 1 2 5 12 29 64 116 176 239 285 325 347 357 362 

<17% Chance SLR Exceeds‡ 1 4 13 36 85 165 251 313 349 360 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 4 16 49 124 230 311 351 362 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 8 34 111 235 331 360 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 1 1 1 2 3 4 6 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 1 2 3 4 8 14 25 41 
~50% Chance SLR Exceeds 0 0 0 0 1 2 5 12 29 56 106 171 239 296 

<17% Chance SLR Exceeds‡ 0 0 0 1 3 10 35 86 180 270 331 355 362 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 1 6 26 83 192 301 349 363 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 4 28 118 270 353 364 365 365 365 365 365 
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Table E15. Expected coastal flooding days in Cape May, NJ through 2150 under the high emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the High-Emissions Scenario for Cape May 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 6 8 15 31 65 111 155 208 258 262 299 326 343 353 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 8 14 28 55 104 165 223 280 323 330 348 357 361 363 
~50% Chance SLR Exceeds 13 29 59 110 178 252 314 346 358 362 364 365 365 365 

<17% Chance SLR Exceeds‡ 21 55 114 192 267 328 355 363 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 22 58 131 226 309 351 363 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 30 91 197 303 352 364 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 2 5 12 24 46 80 83 125 174 222 270 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 2 4 11 27 54 101 166 183 243 295 329 346 
~50% Chance SLR Exceeds 1 2 5 12 32 75 149 236 304 336 355 362 364 365 

<17% Chance SLR Exceeds‡ 1 4 13 38 88 178 282 342 360 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 4 17 56 141 262 343 361 364 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 9 40 132 263 350 364 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 1 3 3 6 12 23 45 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 2 4 11 14 31 65 114 169 
~50% Chance SLR Exceeds 0 0 0 0 1 2 8 28 75 130 224 304 345 359 

<17% Chance SLR Exceeds‡ 0 0 0 1 3 13 54 151 270 339 360 364 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 0 2 7 40 155 295 352 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 6 41 189 340 364 365 365 365 365 365 365 
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Table E16. Expected coastal flooding days in Cape May, NJ through 2150 under the very high emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Very High Emissions Scenario for Cape May 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od
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g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 7 11 20 38 69 117 178 248 301 304 333 349 356 360 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 9 17 35 66 118 185 252 310 344 346 357 362 364 364 
~50% Chance SLR Exceeds 13 31 68 128 207 282 334 355 362 364 365 365 365 365 

<17% Chance SLR Exceeds‡ 20 54 123 214 298 345 360 364 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 20 59 141 250 332 359 364 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 26 84 204 316 359 364 365 365 365 365 365 365 365 365 

M
od
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at

e 
Fl

oo
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ng
 

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 1 1 3 6 14 32 71 128 133 191 247 291 322 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 1 2 5 14 35 74 143 226 237 295 332 350 358 
~50% Chance SLR Exceeds 1 2 5 16 45 104 193 283 336 353 362 364 365 365 

<17% Chance SLR Exceeds‡ 1 4 15 49 124 232 322 355 363 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 1 4 19 73 186 311 356 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 2 8 44 153 312 360 365 365 365 365 365 365 365 365 

M
aj
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 F
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 2 6 6 15 33 61 99 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 2 7 25 29 65 121 186 249 
~50% Chance SLR Exceeds 0 0 0 0 1 4 16 54 133 208 299 345 359 364 

<17% Chance SLR Exceeds‡ 0 0 0 1 6 27 99 223 327 359 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 2 14 83 232 341 363 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 9 84 267 360 365 365 365 365 365 365 365 
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Table E17. Expected coastal flooding days in Philadelphia, PA through 2150 under the low emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Low Emissions Scenario for Philadelphia 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od
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g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 9 14 23 38 59 83 104 122 130 136 152 171 187 206 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 12 22 37 63 94 127 157 185 213 220 246 265 287 304 
~50% Chance SLR Exceeds 18 38 71 115 163 214 257 290 317 334 346 354 358 361 

<17% Chance SLR Exceeds‡ 27 64 123 193 257 304 334 350 358 362 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 27 67 133 213 280 325 347 358 363 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 36 93 185 279 334 356 363 365 365 365 365 365 365 365 

M
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 6 10 14 18 21 22 28 35 42 52 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 3 6 12 20 30 41 56 60 78 95 118 140 
~50% Chance SLR Exceeds 1 4 7 16 32 56 87 121 161 201 244 281 310 330 

<17% Chance SLR Exceeds‡ 2 7 18 45 87 140 202 261 311 339 353 359 363 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 7 22 56 110 180 250 310 342 356 362 364 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 11 41 108 202 293 343 360 364 365 365 365 365 365 

M
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or
 F
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 0 0 1 1 1 1 1 2 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 1 1 2 2 3 5 7 9 
~50% Chance SLR Exceeds 0 0 0 0 1 2 4 7 12 21 36 59 87 121 

<17% Chance SLR Exceeds‡ 0 0 0 2 4 9 21 45 89 147 211 268 312 338 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 2 6 16 39 87 156 236 303 340 355 362 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 6 21 69 163 280 346 361 364 365 365 365 
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Table E18. Expected coastal flooding days in Philadelphia, PA through 2150 under the intermediate emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of High Tide Flooding (Minor, Moderate, and Major) under Intermediate-Emissions Scenario for Philadelphia 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in

or
 F

lo
od
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g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 10 14 24 44 71 111 152 186 211 221 252 279 302 322 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 13 21 39 68 110 159 209 249 285 297 321 338 348 354 
~50% Chance SLR Exceeds 19 38 71 119 180 246 297 329 347 356 361 363 364 365 

<17% Chance SLR Exceeds‡ 27 64 121 194 268 324 349 359 363 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 27 68 134 219 300 344 359 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 35 95 188 289 345 361 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 7 15 28 42 55 61 84 109 138 172 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 4 7 15 31 54 81 116 130 170 213 250 284 
~50% Chance SLR Exceeds 2 4 7 18 39 78 130 189 250 293 329 348 358 362 

<17% Chance SLR Exceeds‡ 2 7 18 46 98 176 255 316 348 359 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 7 22 59 134 236 313 350 362 364 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 12 43 120 239 331 359 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 0 1 1 2 2 4 6 9 14 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 2 4 6 8 14 24 39 61 
~50% Chance SLR Exceeds 0 0 0 0 1 3 8 18 39 69 120 186 250 304 

<17% Chance SLR Exceeds‡ 0 0 0 2 5 15 42 96 185 269 330 354 362 364 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 2 8 33 92 194 298 347 363 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 1 7 34 124 267 352 364 365 365 365 365 365 
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Table E19. Expected coastal flooding days in Philadelphia, PA through 2150 under the high emissions scenario both excluding and including potential rapid ice-sheet loss processes. 
Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the High-Emissions Scenario for Philadelphia 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
in
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 F
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g  

Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 9 13 23 42 80 130 183 237 278 286 318 338 350 357 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 12 20 38 68 118 180 240 294 330 336 351 358 362 364 
~50% Chance SLR Exceeds 18 37 71 121 187 259 317 346 358 362 364 365 365 365 

<17% Chance SLR Exceeds‡ 28 64 121 197 270 328 354 362 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 28 68 137 229 310 351 363 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 37 97 198 303 351 364 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 2 4 9 21 41 72 108 116 163 215 263 301 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 4 7 17 39 74 126 190 208 265 310 337 351 
~50% Chance SLR Exceeds 2 3 7 18 42 89 161 245 310 338 356 362 364 365 

<17% Chance SLR Exceeds‡ 2 7 18 47 100 187 283 340 359 364 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 7 23 66 150 265 342 361 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 12 48 139 266 349 364 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 1 3 6 6 12 25 47 77 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 0 1 3 7 18 23 48 88 139 198 
~50% Chance SLR Exceeds 0 0 0 0 1 4 12 37 88 142 233 307 345 359 

<17% Chance SLR Exceeds‡ 0 0 0 2 5 17 60 151 266 335 359 364 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 3 10 48 156 292 351 363 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 9 49 189 336 364 365 365 365 365 365 365 
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Table E20. Expected coastal flooding days in Philadelphia, PA through 2150 under the very high emissions scenario both excluding and including potential rapid ice-sheet loss 
processes. Refer to Table ES.1 or Table 5 to learn the significance of the * and ‡ symbols. 

  Average Days Per Year of Coastal Flooding (Minor, Moderate, and Major) Under the Very High Emissions Scenario for Philadelphia 

  
Chance Flood Frequency Exceeds  

Thresholds Based on SLR Projections 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 

M
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 11 17 30 51 91 144 204 271 317 320 341 353 359 362 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 14 24 46 80 134 203 266 320 346 349 358 362 364 365 
~50% Chance SLR Exceeds 18 39 79 138 214 287 335 355 362 364 365 365 365 365 

<17% Chance SLR Exceeds‡ 26 63 128 217 298 344 360 364 365 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 26 66 145 251 330 358 364 365 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 32 91 205 316 358 365 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 1 1 3 5 11 25 51 100 162 168 226 277 313 336 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 1 2 4 9 22 50 96 168 246 259 311 340 353 360 
~50% Chance SLR Exceeds 2 4 9 23 57 118 206 290 339 354 362 364 365 365 

<17% Chance SLR Exceeds‡ 2 6 20 59 131 235 322 355 363 365 365 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 2 7 25 83 190 309 356 364 365 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 3 11 51 159 309 359 365 365 365 365 365 365 365 365 
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Extremely Likely to be Exceeded, Including or Excluding Potential Rapid Ice-Sheet Loss Processes 
> 95% Chance SLR Exceeds* 0 0 0 0 0 1 2 5 12 13 29 55 91 137 

 Likely Range, Excluding Potential Rapid Ice-Sheet Loss Processes 
> 83% Chance SLR Exceeds 0 0 0 0 1 2 5 13 37 44 88 150 217 274 
~50% Chance SLR Exceeds 0 0 0 1 2 7 22 66 145 221 305 346 360 364 

<17% Chance SLR Exceeds‡ 0 0 1 2 8 32 105 226 325 358 364 365 365 365 
Extended Likely Range, Including Potential Rapid Ice-Sheet Loss Processes 

<17% Chance SLR Exceeds* 0 0 1 4 18 87 233 339 362 365 365 365 365 365 
Extremely Unlikely to be Exceeded, Including Potential Rapid Ice-Sheet Loss Processes 

< 5% Chance SLR Exceeds* 0 0 2 12 87 266 359 365 365 365 365 365 365 365 
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Appendix F: Modifying Table 10 to Reflect Users’ Needs 
Practitioners may generate their own version of Table 10 to reflect other emission scenarios for Atlantic City, NJ by 
following these steps below: 

1. Identify Emissions Scenario – Using Table B1 in Appendix B, practitioners should select their emission scenario 
of interest.  

2. Update Table 10a – Practitioners need to put new numbers into the row of Table 10a which reads “SLR relative to 
1995-2014” for the years 2020 – 2150. These new numbers come from Table B1 and are based on the practitioner’s 
desired emission scenario of interest. For example, if a practitioner would like to use a likely high emissions 
scenario in the absence of potential rapid ice-sheet loss processes, the practitioner would replace the SLR row in 
Table 10a to reflect the values in Table B1’s ~50% chance row under the red high-emissions column for the 
respective years (i.e., 2020, 0.4ft; 2040, 1.0 ft; 2050, 1.3 ft; 2070, 2.0 ft; 2100, 3.3 ft; 2150, 5.5 ft).The 2005 baseline 
value will always be zero for the “SLR relative to 1995-2014” row. 

3. Calculate the Yellow Cells in Table 10a– Once the ”SLR Relative to 1995-2014” row has been updated, the 
practitioner will populate the yellow cells of Table 10a using simple addition: the practitioner will take the sum of 
the “2005” baseline column and the “SLR relative to 1995-2014” row to fill in each yellow cell. Using the current 
Table 10a as an example, calculating the total water level of a Hurricane Sandy storm occurring in the year 2100 is 
the sum of 3.8 ft (found in the “2005” baseline column, representing the observed water level during Hurricane 
Sandy in 2012) and 2.9 ft (found in the “SLR relative to 1995-2014” row, representing the estimated amount of 
SLR at Atlantic City, NJ for the year 2100 under the intermediate emissions scenario in the absence of potential 
rapid ice-sheet loss processes). As such, if the total water level observed during Hurricane Sandy occurred with the 
projected SLR for 2100 under an intermediate emissions scenario that is 50% chance of occurring, the storm 
would generate a water level of 6.7 ft (i.e., 3.8 ft + 2.9 ft = 6.7 ft) relative to MHHW NTDE.  

To apply this approach with data from a different tide gauge, the baseline needs to be recalculated. Data to generate 
baseline columns for these other locations can be found at the following locations: 

• Datums: Identify datum levels by navigating to NOAA’s Datum -Station Selection website (NOAA 2025). Once 
the station is selected, ensure the “Tides/Water Levels” tab at the top of the screen is selected (NOAA 2025b).  

• Extreme Water Level Values: Navigate to the “Extreme Water Levels” section by selecting the “Sea Level/Coastal 
Flooding” tab at the top of the “Tides/Water Levels” page (NOAA 2025b). The “Extreme Water Levels” subtab will 
be a landing page for many helpful resources (NOAA 2025c). 

o Select the “Annual Exceedance Probability” subtab to identify the AEP values for this tide gauge location 
(NOAA 2025d). 

o Download the NOAA provided AEP data for this station (NOAA 2025d), and plot the 
“Annual_Exceedance_probability_Percent” with “Exceed_level_meters” (x- and y-axis, respectively). Fit a 
power trendline to the plot, and use the formula for the power trendline to identify the AEP 63% value. 
(For example, the equation for Atlantic City’s power trendline was y=1.5207x-0.195. Inserting 63% into 
the equation as x yields a water level (relative to MHHW NTDE)). 

o Navigate to the “Top-10 Water Levels” subtab to find station specific water levels for specific storm events 
(e.g., Sandy) or other extreme weather events (NOAA 2025e). 

https://tidesandcurrents.noaa.gov/stations.html?type=Datums
https://tidesandcurrents.noaa.gov/datums.html?id=8536110
https://tidesandcurrents.noaa.gov/datums.html?id=8536110
https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=8536110
https://tidesandcurrents.noaa.gov/est/curves.shtml?stnid=8536110
https://tidesandcurrents.noaa.gov/est/curves.shtml?stnid=8536110
https://tidesandcurrents.noaa.gov/inundationdb/inundation.html?id=8536110#top10event
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Practitioners may also choose the emissions scenario and likelihood most suited to their level of risk tolerance. Use the 
example calculations provided throughout this report to ensure your baseline column is relative to the 2005 (1995-2014 
baseline) used by the 2025 STAP Report. Practitioners are encouraged to analyze at least two sea-level rise estimates for a 
specific location. Choosing one estimate in the likely range, along with the extended likely range will allow you to see how 
a range of SLR scenarios change community level exposures to flooding. 
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Appendix G: Expanded Global Mean and New Jersey SLR Budget 
The extended sea-level budget includes estimates of GMSL rise and New Jersey RSL rise and reflects three time periods to 
capture: the full observed New Jersey tide-gauge record (the Atlantic City tide gauge began collecting data in 1911), to 
highlight a period of SLR acceleration that began in 1970, and to be consistent with published literature which frequently 
uses 1993 as a key date in sea-level budgets to align with the beginning of satellite altimetry data collection. 

 

Table G1. Global-Mean and New Jersey Sea-Level Budgets, 1912-2021 (in mm/year); specifically, for (a) 1912-1969, (b) 1970-1992, 
and (c) 1993-2021 (panel c on next page). 

(a) 1912-1969 Global Mean 
Sea Level 
(mm/yr) 

Relative Sea Level 
at Atlantic City 

(mm/yr) 
Total Observed 1.6 ± 0.1 3.8 ± 0.3 
   

Global-mean thermal expansion 0.11 ± 0.15 0.11 ± 0.15 
Ocean dynamic sea level -- 0.00 ± 0.13 
Inverse barometer effects -- 0.03 ± 0.06 
Glaciers 0.95 ± 0.17 0.85 ± 0.18 
Greenland Ice Sheet 0.66 ± 0.10 0.23 ± 0.03 
Antarctic Ice Sheet 0.09 ± 0.04 0.12 ± 0.05 
Terrestrial Water Storage -- 0.00 ± 0.03 
Glacial isostatic adjustment -- 1.4 ± 0.2 
Residual (likely local VLM) -- 1.1 ± 0.3 

 
 
 
 
 

(b) 1970-1992 Global Mean 
Sea Level 
(mm/yr) 

Relative Sea Level 
at Atlantic City 

(mm/yr) 
Total Observed 1.2 ± 0.2 3.6 ± 2.5 
   

Global-mean thermal expansion 0.69 ± 0.23 0.69 ± 0.23 
Ocean dynamic sea level -- -0.69 ± 0.86 
Inverse barometer effects -- -0.12 ± 0.25 
Glaciers 0.57 ± 0.18 0.49 ± 0.14 
Greenland Ice Sheet 0.13 ± 0.07 0.05 ± 0.03 
Antarctic Ice Sheet 0.09 ± 0.04 0.12 ± 0.05 
Terrestrial Water Storage -0.26 ± 0.15 -0.05 ± 0.12 
Glacial isostatic adjustment -- 1.4 ± 0.2 
Residual (likely local VLM) -- 1.7 ± 2.4 
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(c) 1993-2021 Global Mean 
Sea Level 
(mm/yr) 

Relative Sea Level 
at Atlantic City 

(mm/yr) 
Total Observed 3.2 ± 0.3 5.0 ± 1.0 
   

Global-mean thermal expansion 1.26 ± 0.30 1.26 ± 0.30 
Ocean dynamic sea level -- 0.95 ± 0.38 
Inverse barometer effects -- -0.28 ± 0.27 
Glaciers 0.70 ± 0.07 0.55 ± 0.06 
Greenland Ice Sheet 0.65 ± 0.15 0.23 ± 0.05 
Antarctic Ice Sheet 0.29 ± 0.10 0.38 ± 0.12 
Terrestrial Water Storage 0.28 ± 0.16 0.16 ± 0.14 
Glacial isostatic adjustment -- 1.4 ± 0.2 
Residual (likely local VLM) -- 0.4 ± 0.8 

Note the statistical method employed (Dangendorf et al., 2024) estimates GMSL change in a manner that assumes the 
total change is equal to the sum of the component changes 
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Digital Appendix  
The Digital Appendix is available at https://njclimateresourcecenter.rutgers.edu/resources/nj-sea-level-rise-reports/ 

 

 

https://njclimateresourcecenter.rutgers.edu/resources/nj-sea-level-rise-reports/



