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DRIVERS OF SEA LEVEL RISE

The main mechanisms driving increases in global sea level are: 1) expansion of sea water as it
gets warmer (thermal expansion) and, 2) increases in the amount of water in the ocean from
melting of land-based ice sheets and glaciers. Less significant contributors include human-
induced changes in water storage and groundwater pumping.*3

Sea level at the regional and local levels often differs from the average global sea level.11
Regional variability in sea level results from large-scale tectonics and ocean and atmospheric
circulation patterns. The primary factors influencing local sea level include tides, waves,
atmospheric pressure, winds, vertical land motion and short duration changes from seismic
events, storms, and tsunamis. Other determinants of local sea level include changes in the
ocean floor (Smith and Sandwell 1997), confluence of fresh and saltwater, and proximity to
major ice sheets (Clark et al. 1978; Perette et al. 2013; Fox-Kemper et al., 2021). Table 9.7 in the
IPCC Sixth Assessment Report summarizes all global, regional, and local processes driving sea
level rise. In California, long tide gauge records together with recent observations suggest that
the long term sea level rise trend in California will track the global average (Hamlington et al.,
2021).

Several other factors can influence local water levels in California, and these influences should
be analyzed along with local sea level rise when examining local hazard conditions. For
example, California’s water levels are influenced by large-scale oceanographic phenomena such
as the El Niflo Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO), which can
increase or decrease coastal water levels for extended periods of time. For example, strong El
Nifio events can temporarily elevate local sea levels by six to twelve inches over several
months, while more sustained changes in ocean temperature and atmospheric circulation
patterns can affect sea level on the order of decades. Over the past 30 years, for example, sea
level rise was essentially absent during the first 15 years and then substantially accelerated
during the second half due to the combined effects of ENSO and PDO (Hamlington et al., 2021)
Please see Appendix B for more detail on how to incorporate both sea level rise and seasonal
and temporary influences on water levels into local hazards analyses.

APPROACHES FOR PROJECTING FUTURE GLOBAL SEA LEVEL RISE

As summarized above, there are several different drivers of sea level rise, and scientists are
using a variety of methods to research each one and project their future contributions to sea
level rise (see box below). For some, like thermal expansion, there is thorough research and
fairly high agreement about how it may respond to different levels of warming and contribute

113 | arge movements of the tectonic plates have been a third major mechanism for changes in global sea level. The
time periods for plate movements to significantly influence global sea level are beyond the time horizons used for
even the most far-reaching land-use decisions. Plate dynamics will not be included in these discussions of changes
to future sea level.
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to global sea level rise in the future; whereas others, like certain ice sheet melt processes, are
areas of developing research where more work is needed.

Many reports, including the IPCC Assessment Reports, build global mean sea level rise
projections by totaling the contributions of each major driver of sea level rise under certain
assumptions about what the global climate will look like in the future. Because each driver has
its own degree of scientific uncertainty,!® total sea level rise reflects the various uncertainties
associated with each contributor. Total sea level rise projections are then presented as means
(or averages) with uncertainty bands around them, and users often look at the mean, the likely
range (i.e., the middle 66% of the uncertainty range, or 17t" to 83" percentiles), and the very
likely range (i.e., the middle 90% of the uncertainty range, or the 5™ to 95" percentiles) to
understand how much sea level rise could potentially occur under the given assumptions about
emissions and warming. Estimates of sea level rise produced in this manner are known as
“probabilistic projections.” In addition to the IPCC Assessment Reports, other studies that
produced projections include Kopp et al., 2014, the Fourth California Climate Assessment, and
Rising Seas in California (Griggs et al., 2017). Each produced projections for various
Representative Concentration Pathways (RCPs), the emissions scenarios defined by the IPCC.

Besides probabilistic projections, another way that researchers often present potential future
sea level rise is in the form of “scenarios.” Unlike projections, which are based on pre-defined
assumptions about future greenhouse gas emissions and global warming, scenarios are instead
hypothetical futures that span the range of what is considered plausible sea level rise according
to the best available science. They often span several sets of projections that cover multiple
potential emissions futures, and they can be compared to probabilistic projections to describe
their likelihoods under various emissions futures. Examples of reports that provide scenarios
include Parris et al., 2012, Hall et al., 2016, Sweet et al., 2017, Sweet et al., 2022, and the State
Sea Level Rise Guidance (OPC 2024).

115 16 describe the varying statuses of scientific research on different research topics, the IPCC established a common approach

for evaluating and communicating the degree of certainty in findings. It defined a range of “confidence levels” to describe the
level of evidence and degree of agreement in the body of scientific literature on a particular subject (very low, low, medium,
high, and very high). Table 9.7 in the IPCC Sixth Assessment report summarizes the methods used to generate the projections of
SLR resulting from each physical driver of SLR as well as the degree of confidence in each.
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Categories of methods for projecting future change

Scientists have employed a variety of techniques to model the various mechanisms that contribute to
sea level rise, including:

1. Physical Models. Physical climate models use mathematical equations that integrate the
basic laws of physics, thermodynamics, and fluid dynamics with chemical reactions to
represent physical processes such as atmospheric circulation, transfers of heat
(thermodynamics), development of precipitation patterns, ocean warming, and other aspects
of climate. Some models represent only a few processes, such as the dynamics of ice sheets.
Other models represent larger scale atmospheric or oceanic circulation, and some of the
more complex General Climate Models (GCMs) include atmospheric and oceanic interactions.
ARG sea level rise projections drew from the sixth Coupled Model Intercomparison Project
(CMIP6) climate models, particularly to inform sea level rise contributions based on medium
confidence processes (i.e., processes of sea level rise for which the AR6 scientists had medium
or higher confidence) from thermal expansion and ice sheets.

2. Empirical or semi-empirical methods. The semi-empirical method for projecting sea level rise
is based on developing a relationship between sea level and some factor (a proxy) — often
atmospheric temperature or radiative forcing — and using this relationship to project changes
to sea level. An important aspect for the proxy is that there is fairly high confidence in models
of its future changes; a key assumption that is made by this method is that the historical
relationship between sea level and the proxy will continue into the future. For example,
Rahmstorf 2007 projected future sea levels based on the historical relationship between
global temperature changes and sea level changes.

3. Expert elicitations. Expert elicitation is a formalized use of experts in climate science and sea
level change to help either narrow uncertainty for sea level projections, or to help with
specifying extremes of a range. For example, Bamber and Aspinall (2013) used a statistical
analysis of a large number of expert estimates to develop their projected range of future sea
level, projecting sea level rise by 2100 ranging from 1—4.3 ft (0.33-1.32 m). Bamber et al.,
2019 used structured expert judgement to quantify contributions to total sea level rise from
Greenland and Antarctica ice sheets, and these estimates were incorporated into AR6 sea
level rise projections.

4. Extrapolations of historical trends. Using extrapolation of historical trends in sea level to
project future changes in sea level assumes that there will be no abrupt changes in the
processes that drive the long-term trend, and that the driving forces will not change, which is
not the case. An alternative approach is to estimate rates of sea level rise during the peak of
the last interglacial (LIG) period (~125,000 years before present, when some drivers of sea
level rise were similar to those today)!'® and use these as proxy records to project sea level
rise rates to the 21 Century. For example, Kopp et al. (2009) used sea level rise rates inferred
from the LIG to estimate a range of sea level rise for Year 2100 between 1-3 ft (0.3-1 m).

116 puring the last interglacial, global mean temperature was 1-22C warmer than the pre-industrial era (Levermann
et al. 2013), while global mean sea level was likely 16.4-29.5 ft (5-9 m) above present mean sea level (Kopp et al.
2009; Dutton and Lambeck 2012; Levermann et al. 2013).
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The State Sea Level Rise Guidance (OPC 2024) drew from the sea level rise scenarios in a federal
report, Global and Regional Sea Level Rise Scenarios for the United States (Sweet et al., 2022).
This report updated a set of global mean sea level rise scenarios that had been included in the
previous iteration of the report which was published in 2017. These 2017 scenarios included
0.3,0.5, 1.0, 1.5, 2.0, and 2.5 meters in 2100, also called Low, Intermediate-Low, Intermediate,
Intermediate-High, High, and Extreme. The 2.5-meter-in-2100 scenario was included in this
2017 set of scenarios to capture the amount of sea level rise that could occur due to possible
extreme Antarctic ice sheet and ice cliff instability as described in the then-recently released
2016 report by DeConto & Pollard.

However, a subsequent report, DeConto et al., 2021, looked at updated regional climate model
forcing and found that air temperatures are not expected to rise as quickly in Antarctica as
presumed in DeConto & Pollard 2016; rather, warming may take about 25 years longer to rise
enough to potentially trigger the mechanisms of rapid retreat of the Antarctic Ice Sheet!!’ that
were described in DeConto & Pollard 2016 —i.e., by about the year 2125. Due to this change,
Sweet et al., 2022 did not include the 2.5-meters-in-2100 (or Extreme) sea level rise scenario,
leaving 0.3, 0.5, 1.0, 1.5, and 2.0 meter-in-2100 scenarios, which were called the Low,
Intermediate-Low, Intermediate, Intermediate-High and High scenarios.

In effect, this action backtracked on the reasoning that led to the inclusion of 2.5 meters-in-
2100 (which was regionalized to 10.2 feet-in-2100 in California) in Sweet et al., 2017, Rising
Seas in California, and the 2018 version of the State Sea Level Rise Guidance. This change
caused Sweet et al., 2022 to state, “the ‘Extreme’ scenario from the 2017 report (2.5 m global
mean sea level rise by 2100) is now viewed as less plausible and has been removed.” In other
words, while 2.5 meters of sea level rise could occur a few decades after the year 2100 in the
worst-case scenario, updated research has generally concluded that there is little to no
possibility of that amount of sea level rise occurring as early as the year 2100 (DeConto et al.,
2021).

Similar to Sweet et al., 2017, which overlaid its sea level rise scenarios with probabilistic sea
level rise projections based on a group of papers, Sweet et al., 2022 overlaid its scenarios with
the probabilistic projections from AR6. An associated FAQ describing the methods used in
Sweet et al., 2022 states,

“To generate the scenarios used in this report, the ensemble — or set — of projections in
the ARG that are tied to specific shared societal pathways (SSPs) are filtered to identify

subsets of pathways that are consistent with the scenario target values in 2100 (i.e., 0.3
m, 0.5 m, 1 m, 1.5 m and 2 m). As in the ARG, these scenarios are regionalized and then

117 DeConto et al., 2021 states, “With more extreme RCP8.5 warming, thinning and hydrofracturing of buttressing ice shelves
becomes widespread, triggering marine ice instabilities in both West and East Antarctica. The RCP8.5 median contribution to
GMSL is 34 cm by 2100. This is substantially less than reported by ref. 8 [DeConto & Pollard 2016] (64—105 cm), owing to a
combination of improved model physics and revised atmospheric forcing (Methods) that delays the onset of surface melt by
about 25 years. Nonetheless, the median contribution to GMSL reaches 1 m by 2125 and rates exceed 6 cm yr-1 by 2150
(Extended Data Figs. 6, 7). By 2300, Antarctica contributes 9.6 m of GMSL rise under RCP8.5, almost 10 times more than
simulations limiting warming to +1.5 °C.”
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provided at individual tide gauge locations. The median, 17t and 83" percentile values
are provided for each scenario at each region and location.”

In other words, a subset of sea level rise curves from the sets of AR6 projections that go
through 0.3, 0.5, 1.0, 1.5 and 2.0 meters in the year 2100 were identified, thus informing each
Sweet et al., 2022 scenario. This exercise was also summarized in Chapter 2 of the State Sea
Level Rise Guidance (2024).

The information pulled through from AR6 also yielded a “storyline” for each scenario, which is
summarized in Figure 4 of the report and copied below. For example, the Intermediate,
Intermediate-High and High scenarios correspond to projections in AR6 that assume high
emissions and warming and various levels of contribution from low confidence ice sheet
processes (see below). The information from AR6 also allowed Sweet et al., 2022 to provide
exceedance probabilities for various sea level rise amounts at various times in the future and
under different amounts of global warming.

BEST AVAILABLE SCIENCE ON SEA LEVEL RISE

In the past century, global mean sea level (GMSL) has increased by nearly 8 inches (20 cm; Fox-
Kemper et al., 2021 ). Observations of sea level rise rates have also shown that sea level rise has
been accelerating in recent decades. While tide gauge measurements show roughly 5 inches of
sea level rise during the entirety of the 20™ century (Frederikse et al., 2020), satellite altimeters
have measured an additional 4 inches of sea level rise since 1993, a period of only 30 years
(Willis, Hamlington, Fournier, 2023). The current rate of GMSL rise (1.7 inches/decade) is triple
the 20" century rate (Dangendorf et al., 2019; Nerem et al., 2018). The best available science
on projected future sea level rise is summarized here and in the Ocean Protection Council’s
State Sea Level Rise Guidance (OPC 2024).

Global Projections of Sea Level Rise

IPCC AR6: The best available science on global sea level rise projections is currently the IPCC
Sixth Assessment Report: Climate Change 2013 (AR6) released in 2021 (IPCC, 2021). AR6
projects slightly more rapid sea level rise compared to the Fifth Assessment (AR5) released in
2013. By Year 2100, the AR6 projects likely global sea level rise in the year 2100 to be 0.63—
1.01 m whereas AR5 projected 0.49-0.95 m (AR5) when comparing similar, high emission
scenarios.

Like AR5, AR6 produced projections of sea level rise by compiling the latest research on the
various drivers of sea level rise, including thermal expansion of seawater, melting of land-based
ice in Antarctica and Greenland, and other processes. Some drivers of sea level rise were well
studied and there was strong agreement about their potential future contributions to sea level
rise, whereas others were less studied and not as well understood. The AR6 authors
distinguished between drivers of sea level rise in which there was at least medium confidence
and drivers in which there was low confidence. Projections based on medium-confidence
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processes were computed for the emissions and global development futures called SSP1-1.9,
SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5118, For two of these five emissions scenarios, SSP1-
2.6 and SSP5-8.5, additional work was done to also incorporate low confidence processes of
extreme ice melt in Antarctica, including those described in DeConto et al., 2021'%°, creating
two additional sets of projections for a total of seven different sets of sea level rise projections.
Figure A-1 is a graph generated by NASA and the IPCC’s Sea Level Projection Tool that depicts
the global mean sea level rise projections under all seven SSPs. Together, these seven sets of
projections describe the IPCC’s full plausible range of future sea level rise, reflecting how sea
level rise would vary under the IPCC’s range of conceivable global development, emissions, and
warming futures as well as the possibility of rapid ice sheet disintegration.

Projected Sea Level Rise Under Different SSP Scenarios

Sea level change for SSP scenarios resulting from processes in whose projection there is medium confidence. Two low-confidence scenarios, indicating
the potential effect of low-likelihood, high-impact ice sheet processes that cannot be ruled out, are also provided. Shaded ranges show the 17th-83rd
percentile ranges. Projections are relative to a 1995-2014 baseline. The plot below shows the projection and uncertainties for ‘Total Sea Level Change'.
Data for the individual contributions can be downloaded under 'Get Data'.

. Median/Likely range

i — [l ssp3-7.0

40 — W ssP1-1.9

— [l 55P1-2.6

— [l s5P245

— [l ssp5-85

— [l 55P1-2.6 Low Confidence
— [l 55P5-8.5 Low Confidence

N

¥ Display Range

o

Sea Level Change (m)

B Take Snapshot

2020 2040 2060 2100 2120 2140

no
=1

Year

Figure A-1. IPCC ARG plausible range of future SLR. A graph generated by NASA and the IPCC’s Sea Level Projection
Tool that depicts the global mean SLR projections under all five SSPs, plus the two additional scenarios that
incorporate additional low confidence ice sheet processes.

118 The Scenario Model Intercomparison Project (ScenarioMIP) for the Coupled Model Intercomparison Project Phase 6 (CMIP6)
developed five different Shared Socioeconomic Pathways (SSP1 through SSP5) (O’Neill et al., 2016). These SSPs capture
different ways the world could evolve in terms of population, economic growth, education, urbanization, and technological
development, which, without additional new efforts to curb climate change. Each would result in various amounts of radiative
forcing, which is expressed in the second half of the SSP name. For example, SSP3-7.0 comes from SSP3 and results in 7.0
Watts/m? of radiative forcing.

119 Low confidence processes include earlier-than-projected disintegration of marine ice shelves and the abrupt, widespread
onset of Marine Ice Sheet Instability (MISI) and Marine Ice Cliff Instability (MICI) around Antarctica, as well as faster-than-
projected changes in the surface mass balance and dynamical ice loss from Greenland. AR6’s low confidence SLR projections
stemmed from a structured expert-judgement study (Bamber et al., 2019) and a single Antarctic ice-sheet modeling study
(DeConto et al., 2021). See §9.6.3.2, §9.6.3.3, and Box 9.4 of Fox-Kemper et al., 2021, for further discussion. Box 9.4 of AR6’s
Chapter 9, in particular, discusses AR6’s separation of medium-confidence sea level rise SLR projections from low-confidence
sea level rise projections.
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NOAA technical report: In 2017, NOAA released a report entitled Global and Regional Sea Level
Rise Scenarios for the United States (Sweet et al., 2017) which provided global sea level rise
scenarios and projections?°. It provided scenarios of 0.3, 0.5, 1.0, 1.5, 2.0, and 2.5 meters in
2100 (also called Low, Intermediate-Low, Intermediate, Intermediate-High, High, and Extreme),
and overlaid them with emissions-based, probabilistic sea level rise projections compiled from
Church et al., 2013a (which is IPCC’s Fifth Assessment Report, or AR5), Miller et al., 2013; Kopp
etal., 2014, 2016a; Slangen et al., 2014; and Mengel et al., 2016, which produced probabilistic
projections under assumed climate trajectories of RCPs 2.6, 4.5, and 8.5.

When discussing how to apply the scenarios, Sweet et al 2017 suggested a potential strategy as
follows: “Define a scientifically plausible upper-bound (which might be thought of as a worst-
case or extreme scenario) as the amount of sea level rise that, while low probability, cannot be
ruled out over the time horizon being considered. Use this upper-bound scenario as a guide for
overall system risk and long-term adaptation strategies. Define a central estimate or mid-range
scenario (given assumptions about greenhouse gas emissions and other major drivers). Use this
scenario as baseline for shorter-term planning, such as setting initial adaptation plans for the
next two decades.”

In 2022, an update to Sweet et al., 2017 titled, Global and Regional Sea Level Rise Scenarios for
the United States (Sweet et al., 2022) was released, which incorporated new research that
occurred between 2017 and 2022. Of the many papers published in that time period was
DeConto et al., 2021, which built on the DeConto & Pollard 2016 paper that was key in
justifying the inclusion of 2.5 meters-in-2100 as a sea level rise scenario in Sweet et al., 2017.
DeConto et al., 2021 looked at updated regional climate model forcing and found that air
temperatures are not expected to rise as quickly in Antarctica as presumed in DeConto &
Pollard 2016; rather, warming may take about 25 years longer to rise enough to potentially
trigger the mechanisms of rapid retreat of the Antarctic Ice Sheet!?! that were described in
DeConto & Pollard 2016 —i.e., by about the year 2125. Due to this change, Sweet et al., 2022
removed 2.5-meters-in-2100 (or Extreme) sea level rise scenario, leaving 0.3, 0.5, 1.0, 1.5, and
2.0 meter-in-2100 global mean scenarios, which were called the Low, Intermediate-Low,
Intermediate, Intermediate-High and High scenarios. Figure A-2 is a graph generated by NASA
Interagency Sea Level Rise Scenario Tool that depicts Sweet et al., 2022’s five sea level rise
scenarios.

120 Note that The Fourth National Climate Assessment (USGCRP, 2018) points to the scenarios of Sweet et al., 2017
and includes a discussion of other studies that provide sea level rise estimates as well as a discussion of overall
uncertainty (see pages 106-109).

121 peConto et al., 2021 states, “With more extreme RCP8.5 warming, thinning and hydrofracturing of buttressing
ice shelves becomes widespread, triggering marine ice instabilities in both West and East Antarctica. The RCP8.5
median contribution to GMSL is 34 cm by 2100. This is substantially less than reported by ref. 8 [DeConto & Pollard
2016] (64—-105 cm), owing to a combination of improved model physics and revised atmospheric forcing (Methods)
that delays the onset of surface melt by about 25 years. Nonetheless, the median contribution to GMSL reaches

1 m by 2125 and rates exceed 6 cm yr-1 by 2150 (Extended Data Figs. 6, 7). By 2300, Antarctica contributes 9.6 m
of GMSL rise under RCP8.5, almost 10 times more than simulations limiting warming to +1.5 °C.”
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Sea Level Rise for Different Sea Level Scenarios

downloaded under 'Get Data'.

Sea Level Change (ft)

Depicted here are sea level change time series for the 5 sea level scenarios: low, intermediate-low, intermediate, intermediate-high and high. These
scenarios are defined by a target global mean sea level (GMSL) values in 2100. Median values are provided for each scenario, along with likely ranges
represented by shaded regions showing the 17%-839 percentile ranges. For comparison to the model-based scenarios and as an additional line of
evidence, extrapolations of available tide gauge observations are also provided. Rates and accelerations are estimated from tide gauge observations
from 1970 to 2020 and then extrapolated to 2050 (see here for more info). For individual tide gauges, unresolved local variations or gaps in the tide
gauge sampling may cause substantial departure from the modeled-scenarios in some locations. For tide gauges with record lengths shorter than 30
years, observation extrapolations are not shown. All values are relative to a baseline year of 2000. Data for the individual contributions can be
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Figure A-2. Global SLR Scenarios from Sweet et al., 2022. This graph was generated by NASA Interagency Sea Level
Rise Scenario Tool and depicts Sweet et al., 2022’s five global mean sea level rise scenarios.

National Projections of Sea Level Rise

NOAA technical report: In addition to providing global mean sea level rise scenarios, Global and
Regional Sea Level Rise Scenarios for the United States (Sweet et al., 2022) provided scenarios
for the contiguous United States by regionalizing the global scenarios. This process reflects how
sea level rise around the United States may differ from the global average due to ocean
dynamics (i.e., changes to the ocean's currents and density due to climate change), large scale
vertical land motion (i.e., glacial isostatic adjustment (GIA), tectonics, sediment compaction,
and/or groundwater and fossil fuel withdrawals), and the impacts of gravitational, rotational,
and deformational changes (i.e., GRD, or ice sheet fingerprinting). In general, sea level rise
scenarios for the United States are at or higher than global mean sea level rise due to effects
from vertical land motion, GRD, and ocean circulation changes (Sweet et al., 2022). Figure A-3 is
a graph generated by NASA Interagency Sea Level Rise Scenario Tool that depicts the five sea

level rise scenarios regionalized for the contiguous United States.
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Sea Level Change (ft)

Sea Level Rise for Different Sea Level Scenarios

Depicted here are sea level change time series for the 5 sea level scenarios: low, intermediate-low, intermediate, intermediate-high and high. These
scenarios are defined by a target global mean sea level (GMSL) values in 2100. Median values are provided for each scenario, along with likely ranges
represented by shaded regions showing the 17t"-83" percentile ranges. For comparison to the model-based scenarios and as an additional line of
evidence, extrapolations of available tide gauge observations are also provided. Rates and accelerations are estimated from tide gauge observations
from 1970 to 2020 and then extrapolated to 2050 (see here for more info). For individual tide gauges, unresolved local variations or gaps in the tide
gauge sampling may cause substantial departure from the modeled-scenarios in some locations. For tide gauges with record lengths shorter than 30
years, observation extrapolations are not shown. All values are relative to a baseline year of 2000. Data for the individual contributions can be
downloaded under 'Get Data'.
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Figure A-3. SLR Scenarios for the contiguous United States from Sweet et al., 2022. This graph was generated by
NASA Interagency Sea Level Rise Scenario Tool and depicts Sweet et al., 2022’s five sea level rise scenarios for the
contiguous United States.

California-Specific Sea Level Rise Scenarios and Best Available Science

The State of California has long supported the development of scientific information on climate
change and sea level rise to help guide planning and decision-making. Several iterations of the
State Sea Level Rise Guidance have been informed by key research that, at the time, provided
the best available science on sea level rise projections:

The 2013 State Sea-Level Rise Guidance (OPC 2013) was informed by the 2012 National
Research Council (NRC) report, Sea-Level Rise for the Coasts of California, Oregon, and
Washington: Past, Present, and Future.

The 2018 State Sea Level Rise Guidance (OPC 2018) was informed by Rising Seas in
California: An Update on Sea-Level Rise Science (Griggs et al., 2017).

The 2024 State Sea Level Rise Guidance (OPC 2024) was informed by Global and
Regional Sea Level Rise Scenarios for the United States (Sweet et al., 2022).
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The 2024 State Sea Level Rise Guidance provides sea level rise scenarios based on Sweet et al.,
2022.122 Like Sweet et al., 2022, the State Guidance establishes the plausible range of global
mean sea level rise in 2100 to be between 0.3 and 2.0 m and identifies roughly even increments
of sea level rise to span that range: 0.3-, 0.5-, 1.0-, 1.5-, and 2.0 m-in-2100. These five scenarios
are named Low, Intermediate-Low, Intermediate, Intermediate-High, and High.

Next, these sea level rise amounts were compared to the thousands of sea level rise projections
within the seven sea level rise projections the provided in AR6. A +/- 2 cm “gate” around each
scenario was created (i.e., 0.3m +/- 2cm in 2100, 0.5m +/- 2cm in 2100, 1.0m +/- 2cm in 2100,
etc.) and the samples of AR6 projections that go through each gate were extracted, creating
five sample sets, as shown in Figure A-4.
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Figure A-4. Schematic showing that the construction of the sea level scenarios is based on SSPs, which inform a
range of plausible future sea level rise. Provided as Figure 2.2 in the California State Sea Level Rise Guidance (OPC
2024)

The composition of these sample sets informed both the trajectory of each sea level rise
scenario over time and a “storyline” for each scenario. In other words, the sample set for each
scenario was used to describe the climate conditions under which each may occur. The State

122 please see Chapter 2 of the 2024 State Sea Level Rise Guidance to read the report’s full summary of how the sea
level rise scenarios were generated.
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Sea Level Rise Guidance provides these storylines in Section 2.4 and summarizes them in its

Executive Summary as follows:

“Low Scenario: The target of 1 foot of increase in global sea level rise by 2100 is set
under the assumption of the current rate of sea level rise continuing on into the future.
This assumption is inconsistent with current observations of an acceleration in sea level
rise, but could still be considered plausible under the most aggressive emission
reduction scenarios. As a result, the Low Scenario provides the lower bound for
plausible sea level rise in 2100 and sits below the median value for all AR6 scenarios at
all times between 2020 to 2150. The likelihood of exceeding this Sea Level Scenario is
greater than 90% at all warming levels.

o SUMMARY: Aggressive emissions reductions leading to very low future
emissions; the scenario is on the lower bounding edge of plausibility given
current warming and sea level trajectories, and current societal and policy
momentum.

Intermediate-Low Scenario: This scenario arises under a range of both future warming
levels and possible SSPs, spanning low, intermediate and high emissions pathways, and
integrates many of the AR6 SSP pathways as a result (see Figure 2.2) This scenario is
consistent with the median projected sea level rise in a 2°C world, which means there is
a 50% probability of exceeding this scenario with 2°C of additional warming by 2100. At
a warming level of 3°Cin 2100, the probability of exceeding this scenario is 82%. Given
the extrapolation of GMSL to 2100 (approximately 2.2 feet36), the current projection of
future warming of 3°C, and the range of sea level rise across the IPCC AR6 scenarios
(Figure 2.4), the Intermediate Low Scenario provides a reasonable lower bound for the
most likely range of sea level rise by 2100. Since the low confidence processes are not
important to this scenario, the range of possible sea level rise after 2100 does not
expand significantly.

o SUMMARY: A range of future emissions pathways; a reasonable estimate of the
lower bound of most likely sea level rise in 2100 based on support from sea level
observations and current estimates of future warming.

Intermediate Scenario: The Intermediate Scenario is driven dominantly by high
emissions scenarios, and thus higher warming levels. For the first time in the scenarios,
the low confidence projections from the IPCC AR6 contribute significantly and provide
about 25% of the pathways for reaching the Intermediate Scenario target by 2100.
Given the extrapolation of GMSL to 2100 and the range of sea level rise across the IPCC
ARG scenarios (Figure 2.4), the Intermediate Scenario provides a reasonable upper
bound for the most likely range of sea level rise by 2100. At a warming level of 3°Cin
2100, the probability of exceeding this scenario is 5%. In a very-high emissions future
with low confidence processes, there is about a 50% chance of exceeding the
Intermediate scenario in 2100.
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o SUMMARY: A range of future emissions pathways; could include contribution
from low confidence processes. Based on sea level observations and current
estimates of future warming, a reasonable estimate of the upper bound of most
likely sea level rise in 2100.

¢ Intermediate-High Scenario: Pathways combining both higher emissions and low
confidence processes become the majority, with over 50% of the samples used to
construct this scenario coming from the SSP5-8.5 scenario. At all times from 2020 to
2150, the Intermediate High Scenario exceeds the median value of the AR6 scenarios.
This scenario is similar to the high-end estimate from van de Wal et al. (2022) under the
assumption of high levels of warming in 2100. At a warming level of 3°C in 2100, the
probability of exceeding this scenario is 0.1% when not considering the low confidence
processes, emphasizing the degree to which these processes are needed to get to this
scenario. With the low confidence processes, the probability of exceeding this scenario
is approximately 20% for very high warming levels.

o SUMMARY: Intermediate-to-high future emissions and high warming; this
scenario is heavily reflective of a world where rapid ice sheet loss processes are
contributing to sea level rise.

e High Scenario: Pathways combining both high emissions and low confidence processes
are dominant, providing over 80% of the samples to construct the scenario. Low
emissions pathways are not plausible under this scenario, and intermediate emissions
pathways require a significant contribution from rapid ice sheet loss processes. Before
2100, the High Scenario is significantly above the range of SSP AR6 scenarios, although
the range of plausible sea level expands beyond 2150. The probability of exceeding the
High Scenario in 2100 is less than 0.1% for all warming levels without considering low
confidence processes. With very high emissions and warming and contributions from
the low confidence processes, this probability increases to 8%.

o SUMMARY: High future emissions and high warming with large potential
contributions from rapid ice-sheet loss processes; given the reliance on sea level
contributions for processes in which there is currently low confidence in their
understanding, a statement on the likelihood of reaching this scenario is not
possible.”

These five trajectories of sea level rise were then regionalized to California, and the California
State Sea Level Rise Guidance presented a single set of scenarios representing the median sea
level rise scenarios for California that reflect an average statewide value of vertical land motion,
which is a negligible rate of 0.1 mm (0.0003 ft) per year uplift. These median statewide values
are presented below in Table A-1.
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Table A-1. Sea Level Rise Scenarios for California 123

Projected SLR Amounts (in feet)

Intermediate- Intermediate-

Low Low Intermediate High High
2030 0.3 0.4 0.4 0.4 0.4
2040 0.4 0.5 0.6 0.7 0.8
2050 0.5 0.6 0.8 1.0 1.2
2060 0.6 0.8 1.1 1.5 2.0
2070 0.7 1.0 1.4 2.2 3.0
2080 0.8 1.2 1.8 3.0 4.1
2090 0.9 1.4 24 3.9 5.4
2100 1.0 1.6 3.1 4.9 6.6
2110 1.1 1.8 3.8 5.7 8.0
2120 1.1 2.0 4.5 6.4 9.1
2130 1.2 2.2 5.0 7.1 10.0
2140 1.3 2.4 5.6 7.7 11.0
2150 1.3 2.6 6.1 8.3 11.9

These average statewide scenarios were also further regionalized to reflect the observed rates
of vertical land motion at each of California’s 14 coastal tide gauges. These tide gauge-specific
scenarios are provided in in Appendix 2 of the State Sea Level Rise Guidance (OPC 2024) and in
Appendix G of this document.

The State Sea Level Rise Guidance also provided information about how likely each scenario is
to occur in the year 2100 under various amounts of plausible future warming (Table A-2).
Likelihoods were also provided assuming rapid ice sheet disintegration processes come into
play in the 2100s. These likelihoods were derived from the sample sets of projections from AR6
on which each scenario was based, and they provide valuable information to shape our
understanding of the likelihood that each scenario will or will not come to pass, and the risks
the higher or lower scenarios may occur. As explained in the State Guidance, this table can be

123 This table provides median values for sea level scenarios for California, in feet, relative to a year 2000 baseline.
These statewide values all incorporate an average statewide value of vertical land motion — a negligible rate of 0.1
mm (0.0003 ft) per year uplift (OPC 2024). The red box highlights the three scenarios that the State Sea Level Rise
Guidance and this guidance recommend for use in various planning and project contexts.
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read as saying, “assuming 3°C of warming in 2100 and no influence from low-confidence ice
sheet processes, there is a 5% chance of exceeding the Intermediate scenario in 2100” or
“assuming high levels of warming in 2100 and contributions from the low confidence processes,
there is a 49% chance of exceeding the Intermediate Scenario in 2100” and so on. The State
Guidance also explains that global surface temperatures are currently on track to reach 3.0°C
above pre-industrial levels by 2100, assuming current rates of emissions-driven warming.

Table A-2. Exceedance probabilities for the sea level scenarios based on IPCC warming level—
based global mean sea level projections

124

Global Mean Low Low
Surface Air 1.5°C 2.0°C 3.0°C 4.0°C 5.0°C Confidence Confidence
Temperature Processes, Processes,
2081-2100 Low High
Warming Warming
Low Scenario 92% 98% 99.5% 99.9% >99.9% 90% 99.5%
Intermediate- 37% 50% 82% 97% 99.5% 49% 96%
Low Scenario
Intermediate 0.5% 2% 5% 10% 23% 7% 49%
Scenario
Intermediate- 0.1% 0.1% 0.1% 1% 2% 1% 20%
High Scenario
High Scenario <0.1% <0.1% <0.1% <0.1% 0.1% <0.1% 8%

The State Sea Level Rise Guidance (OPC 2024) offers the following Key Takeaways about the
best available science on sea level rise:

e “The California Sea Level Scenarios show greater certainty in the amount of sea level
rise expected in the next 30 years than previous reports and demonstrate a narrow
range across all possible emissions scenarios. Statewide, sea levels are most likely to rise
0.8 ft (Intermediate Scenario) by 2050.

e In the mid-term (2050-2100), the range of possible sea level rise expands due to more
uncertainty in projected future warming from different emissions pathways and certain
physical processes (i.e. rapid ice sheet melt). By 2100, statewide averaged sea levels are
expected to rise between 1.6 ft and 3.1 ft (Intermediate-Low to Intermediate Scenarios),
although higher amounts are possible.

124 The California State Sea Level Rise Guidance provides the following explanatory information for this table: “Global mean
surface air temperature anomalies are projected for years 2081-2100 relative to the 1850—1900 climatology. Global surface
temperatures are currently on track to reach 3.0°C above pre-industrial levels by 2100, assuming current rates of emissions-
driven warming...The probabilities shown here are imprecise probabilities, representing a consensus among all projection
methods applied by the IPCC AR6.”
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e Over the long-term (towards 2100 and beyond), the range of sea level rise becomes
increasingly large due to uncertainties associated with physical processes, such as
earlier-than-expected ice sheet loss and resulting future sea level rise. Sea levels may
rise from 2.6 ft to 11.9 ft (Intermediate-Low to High Scenarios) by 2150, and even higher
amounts cannot be ruled out.

e Vertical land motion is the primary driver of local variations in sea level rise across the
state, driven by a combination of tectonics, sediment compaction, and groundwater and
hydrocarbon withdrawal. Vertical land motion is incorporated into the sea level
scenarios for each National Oceanic and Atmospheric Administration (NOAA) tide gauge
and illuminates locations experiencing subsidence or uplift. The pathway associated
with the extreme sea level rise scenario (i.e. H++) from Rising Seas 2017 is higher than
the best available science now supports. The key lines of evidence that resulted in the
extreme sea level rise scenario (i.e. H++) from Rising Seas 2017 have been updated and
are now reflected in the Intermediate-High and High Scenarios.

e Today’s coastal storms provide a glimpse into our future in which storm events will
become more damaging and dangerous as climate change and sea level rise continue.
Coastal storms under future sea level scenarios will cause accelerated cliff and bluff
erosion, coastal flooding and beach loss, and mobilization of subsurface contaminants.
Sea level rise will increase the exposure of communities, assets, services and culturally
important areas to significant impacts from coastal storms.

e Sea level rise will increase the frequency of coastal flooding events, which occur when
sea level rise amplifies short-term elevated water levels associated with higher tides,
large storms, El Nifio events, or when large waves coincide with high tides. California
communities need to be aware of and prepared for a likely rapid increase in the
frequency of coastal flooding in the 2030s, even beyond the increases in coastal flood
frequency already occurring as a result of extreme storms.

e Groundwater rise poses a threat to below-ground infrastructure and freshwater
aquifers under future Sea Level Scenarios. In areas with shallow unconfined
groundwater, the water table will generally rise with sea level, depending on local
geomorphology. Rising groundwater may mobilize subsurface contaminants in soils,
expose underground infrastructure to corrosive saltwater, and put freshwater aquifers
at risk of saltwater intrusion. The low-lying Sacramento-San Joaquin Delta, which
supplies fresh water to two-thirds of the state’s population and millions of acres of
farmland, is particularly vulnerable to saltwater intrusion into freshwater aquifers.”

The table of median sea level rise scenarios for California is provided above (Table A-1),
and tables for each California tide gauges are presented in Appendix F. The State Sea
Level Rise Guidance (OPC 2024) is currently considered best available science on sea level
rise for the State of California.
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