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Global Average Sea Level Rise
& Relative Sea Level Rise along

US Coastl

Trends in Global Average Absolute Sea Level, 1870-2008
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Data sources:

- CSIRO (Commonwealth Scientific and Industrial Research Organisation). 2009. Sea level rise. Accessed November 2009,
http:/fwww.cmar.csiro.au/sealevel.

- University of Colorado at Boulder. 2009. Sea level change: 2009 release #2. httpe//sealevel.colorado.edu.

For more infarmation, visit U.S. EPA's “Climate Change Indicators in the United States” at
www.epa.gov/climatechange/science/indicators.
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Global Mean SLR

Projections
+ IPCC AR5 (2013, 2014)

The median projection for 2100 for the RCP 8.5 scenario is
0.73 with a range of 0.53 to 0.97 (Table All 7.7)- “median
confidence” (range has a probability of 66%.). There is a
33% probability the range could be larger.

“Only the collapse of the marine-based sectors of the
Antarctic ice sheet, if initiated, could cause GMSL to
rise substantially above the likely range during the 21+
century. This potential additional contribution cannot
be precisely quantified but there is medium confidence
that it would not exceed several tenth of a meter of sea
level rise.”

. Institute of Water
and Environment

(oY itute Sea Level : : i
J Solutions Ce inwe.fiu.edu | slsc.fiu.edu
FLORIDA INTERNATIONAL UNIVERSITY A INTERNATIONAL UNIVE




Sources of Global and Regional Sea
Level Change

Global Sea-Level Change Thermal Expansion

What causes sea level to change?

Land-Based
Ice Melting
Thermal Expansion As glaciers,
As water warms, Greenland and
Land Water Storage _ itexpands Antarctica Ice
Changes in runoff E E B ) Sheets melt, they
?fnd storgge of 3 add mass
surface and groun
water aﬁg ct Sto ra ge
sea levels

Regional Sea Level

Factors that Affect Regional
and Local Sea Level

VLM Effects

Vertical Land Movement Dynamical Sea Level Ice Melt Effects
subsidence, tectonic land surface and deep gravitational and other

movement, water and ocean circulation changes due to redistribution

resource extraction, and changes of land-based ice mass
glacial isostatic
adjustment

Institute of Water
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Scenario approach (NOAA, 2012)
for 3rd National Climate
Assessment

200

Observed Scenarios

1 60 T Global Sea Level Rise Scenarios for the
United States National Climate Assessment

December6, 2012
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Confidence (>90%) was assigned to the range
as bounding possible futures, with no
likelihoods assigned to individual scenarios.
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Regional/Local Sea Level
Change (DoD)

* Change in Relative Sea Level (RSL):
ARSL—ASLG + ASLgy + ASLg;+ ASL;\

v
GIobaI Vertical Land
Movement

Ocean Dynam|cs

(Uplift/Subsidence,GIA)

Gravitational Effects (Glaciers, Ice Sheets )
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Regional changes due to sea level finger printing
(Gravitational effect)

WITH ICE NOICE
” od .~ Old sea level
t t
Ice il danlaliie Land rebounds Water retreats as
R gravitational pull
| | - weakens
La+1d pushed down by ice 2 “
The large mass of ice Mass decrease due to ice
sheets exert gravitational melt reduces the
attraction of seawater Gravitational attraction.
towards the ice sheets. Consequently, sea level

falls at the vicinity of the
ice sheet and increases
Source: NewsScientist further away.

Institute of Water
and Environment
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Regional changes due to Glacial Isostatic
Adjustment (GIA) — Vertical Land Movements

PERIPHERAL
FORE-BULGE
ICE FLEXES UP

LOADED cRUST "SINKS'

\

MANTLE FLOWS OUTWARD

GLOBAL

SEALEVEL
RISING CRUST COLLAPSING

REBOUNDING PERIPHERAL
FORE-BULGE

\ETLE FLOWS BV

Source: Canadian Geodetic Survey

Sella et al. (2007)

Sea Level
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Regional-scale uplift and
subsidence due to viscous (time
dependent) mantle flow in

response to past ice melt.
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DoD Project (Hall et al. 2016):
GMSL Scenarios for installations
world-wide

REGIONAL SEA LEVEL 2.0M
SCENARIOS FOR
RISK MANAGEMENT: ~
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A Relative Sea Level (RSL) of Sweet et al. (2017):

following probabilistic framework of Kopp et al. (2014)

+ ARSL non-climatic

\

climatic

ARSL = AGMSL + AREIL

Global Mean Sea Level 1) A lce Mass w/ gravity GIA, tectonics, sediment
(GMSL) Scenarios for ‘fingerprints’ of Mitrovica et al. compaction, anthropogenic
2100: (2011): factors:
Low (0.3 2) A Oceanographic Processes - Spatiotemporal model of

ow (0.3) (thermal expansion, dynamics from  fide gauge data with 3
Intermediate-Low (0.5 m) modes: 1) globall

: CMIP5 models) - 19 y

Intermediate (1.0 m) uniform sea level change,
Intermediate-High (1.5 m) 3) La.rlld-water.storage based upon 2) a constant-rate
High (2.0 m) empirical relationships average, long-term,

Extreme (2.5 m) regionally varying
trend, and 3) temporally
and spatially varying
regional sea-level
contributions

Institute of Water Sea Leve
and Environment
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NOAA Technical Roport

NOAA (Sweet et al. 2017) for 4th
National Climate Assessment

NOS CO-OPS 083

GLOBAL AND REGIONAL SEA
LEVEL RISE SCENARIOS FOR THE
UNITED STATES
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NOAA Global Mean Sea Level (GMSL) Scenarios for 2100

Kopp et al. (2014)

Conditional Probabilities

Expert elicitation to get

the tails

DeConto & Pollard (2016)

* Antarctica can

contribute more,
hence 2.5 m scenario
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Regional Sea Level

Projections

- Both Hall et al. (DoD 2016) and Sweet et al.
(NOAA 2017) accounted for all components

Intermediate (1.0 m) Scenario
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Regional Sea Level Projections
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Coastal Discharge Structures in
South Florida
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King Tide Flooding in South Florida
(2013)
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Decline in Florida Current
Transport or NAO/ENSO Influence?
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Spatial and temporal variability of sea level rise hot
spots over the eastern United States

Arnoldo Valle-Levinson' "/, Andrea Dutton? | ', and Jonathan B. Martin’
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Nuisance Flooding to
Chronic Flooding
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Sea Level Extremes
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Fig. 2. Diagram illustrating the contributions to sea level due to tides, storm surge and
wind-generated waves.

General agreement that
extremes vary primarily with
the mean

SFWMD currently uses an
Empirical Simulation
Technique (Goring et al. 2011)
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Conclusions

* Global sea level changes occur due to thermal expansion,
land-based ice melt, and land water storage changes.

* Regional sea level changes occur due to ocean dynamic,
vertical land movements, and gravitational effect

* Global Mean Sea Level (GMSL) Scenarios

* depend on assumed Representative [greenhouse gas]
Concentration Pathways (RCPs), which vary in the range of 400-
1,250 CO2-equivalent ppm by the end of the century (2100).

* Project changes of 0.3-2.5 meter (1-8 feet) by 2100.

* Regional Scenarios typically adapt curves calculated by
GMSL models.

* Extreme situation, mainly, collapse of the marine-based
sectors of the Antarctic ice sheet, could cause GMSL to rise
substantially above the likely range during the 215t century.
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