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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 it expands Antarctica Ice
Changes in runoff T— — | Sheets melt, they

|

and storage of & add mass g

STl Water
level
" Storage

Regional Sea Level

Factors that Affect Regional
and Local Sea Level

VLM

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

rlu and Environment

FLORIDA INTERNATIONAL UNIVERSITY




Regional/Local Sea Level
Change

* Change in Relative Sea Level (RSL):
ARSL = ASL + ASLgy + ASLg; + ASLy

\%
GIobaI Vertical Land
Movement

Ocean Dynamlcs

(Uplift/Subsidence,GIA)

Gravitational Effects (Glaciers, Ice Sheets )

F Institute of Water Sea _ . -
F’!ng Bg E“"t’éd",‘ffﬁll\ucgégg oS inwe.fiu.edu | slsc.fiu.edu



A Relative Sea Level (RSL) of Sweet et al. (2017):

following probabilistic framework of Kopp et al. (2014)

ARSL =

e

Global Mean Sea Level
(GMSL) Scenarios for
2100:

Low (0.3)
Intermediate-Low (0.5 m)
Intermediate (1.0 m)
Intermediate-High (1.5 m)
High (2.0 m)

Extreme (2.5 m)

AGMSL + ARSL

climatic

|

1) A lce Mass w/ gravity
fingerprints’ of Mitrovica et al.
(2011):

2) A Oceanographic Processes
(thermal expansion, dynamics from
CMIP5 models)

3) Land-water storage based upon
empirical relationships

+ ARSL

non-climatic

\

GIA, tectonics, sediment
compaction, anthropogenic
factors:

- Spatiotemporal model of

tide gauge data with 3
modes: 1) globally
uniform sea level change,
2) a constant-rate
average, long-term,
regionally varying
trend, and 3) temporally
and spatially varying
regional sea-level
contributions



Scenario approach (NOAA, 2012)
for 39 National Climate Assessment

200

Highest - 2.0 m 6.6 ft
Scenarios N CA3

Observed

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

December 6,2012

120 T Intermediate-High - 1.2 m

Satellite Data

80 T |

1 ft

Global Mean Sea Level Rise (cm above 1992)

\/ 0.66 ft
Intermediate-Low - 0.5 m
40 1 . ! |
/ Lowest - 0.2 m 2000 2050 2100
0 A7
py 1— Egﬁé_EL_olf:)w 201 Nnoaa
-40 f — : —— NOAA-Int.Low highest
~ —— USACE_Intermediate
1900 1950 2000 2050 2 8 o |— NOAA-Int High 15| USACE high
Year ‘E — NOAA-Figh 2| NOAA
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DoD Project (Hall et al. 2016): GMSL
Scenarios for installations world-wide

REGIONAL SEA LEVEL

SCENARIOS FOR 2.0
RISK MANAGEMENT:

G THE UNCERTAINTY OF FUTURE SEA
IGE AND EXTREME WATER LEVELS FOR
FENSE COAST/ )

== Highest — 2.0 m
m— High—-1.5m
Medium — 1.0 m
Low -0.5m
Lowest— 0.2 m

1.5 p

1.0p

0.5 p

Global Mean Sea Level (m above 1992)

wsroP & @ @

0.0 »

A [y Y A A Y A

1992 2000 2020 2040 2060 2080 2100

» Scenario approach,
no probabilities
» Risk-based framing il
» Upper limit still based
Pfeffer 20?.%
quii L"nsé'té'rf?iﬂnﬁfﬁt( So inwe.fiu.edu | slsc.fiu.edu

FLORIDA INTERNATIONAL UNIVERSITY FLORIDA INTERNATIC




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

GLOBAL AND REGIONAL SEA
LEVEL RISE SCENARIOS FOR THE
UNITED STATES

Silver Spring, Maryland
January 2017

u¥, ZUSGS (&) §rumcss

n Oa a National Oceanic and /

EPARTMENT OF COMMERCE

National Ocean Service
Center for Operational Oceanographic Prot

GMSL Rise by 2100
(not to scale)

Conditional Probabilities

Probabilistic Range RCP8.5
RCP4.5
Central Estimate RCP2.6

o

Time

NOAA Global Mean Sea Level (GMSL) Scenarios for 2100

Scenarios

Highest

Lowest

« Kopp et al. (2014)
« Bayesian Probabilities
« Expert elicitation to get

the tails

e DeConto & Pollard

(2016): Antarctica can
contribute more, hence
2.5 m scenario

2.5 I | T [ |

€ GMSL rise Scenario RCP2.6 RCP4.5 RCPS5 !

—_— 2.0 Low (0.3 m) 94% 98% 100% |

) : Intermediate-Low (0.5 m) 49% 73% 96%

1 Intermediate (1.0 m) 2% 3% 17% |

3 1.5 ' Intermediate-High (1.5 m) 0.4% 0.5% 1.3% 7

O High (2.0 m) 0.1% 0.1% 0.3%

‘2 1.0 I_Extreme 2.5 m) 0.05% 0.05% 0.1%

48]
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Unified SLR Projections (Climate
Compact)

Unified Sea Level Rise Projection
(Southeast Florida Regional Climate Change Compact, 2015)

80

~
o

IPCC AR5
Year Median
(inches)

USACE High = NOAA High 1.5m

(inches) (inches)

(o2}
o

wn
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2100 31 61 81 0.73m
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Regional Sea Level

ieCthnS
* Both Hall et al. (DoD 016) and Sweet et al. (NOAA

2017) accounted for all components

Intermediate (1.0 m) Scenario
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Tidal Flooding Trends: A Growing National Problem

300-1000% increase in last 50 years
along East and West Coasts

Sweet et al. (2014):
Sea Level Rise and Nuisance Flood Frequency Changes around the U.S.
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Ch. 19 | Southeast

N Key Messages

Urban Infrastructure and Health Risks

Increasing Flood Risks in Coastal and Low-Lying Regions

Natural Ecosystems Will Be Transformed

Economic and Health Risks for Rural Communities

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program

nca2018.globalchange.gov 12



Ch. 19 | Southeast

Fig. 19.4: Historical

Number of Warm
Nights

The map shows the
historical number of warm
nights (days with minimum

Number of Nights with a

temperatures above 75°F) Minimum Temperature Greater than 75°F
(11T T e —
per year in the Southeast, 0510 20 30 50 75 100 7y

based on model
simulations averaged over
the period 1976-2005.
Sources: NOAA NCEI and

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



Ch. 19 | Southeast

Mid-21st Century Late 21st Century
Higher Scenario (RCP8.5)

L

Fig. 19.5: Projected

Number of Warm
Nights

The maps show the projected number of
warm nights (days with minimum
temperatures above 75°F) per year in the
Southeast for the mid-21st century (left;
2036—-2065) and the late 21st century (right;
2070-2099) under a higher scenario
(RCP8.5; top row) and a lower scenario
(RCP4.5; bottom row). These warm nights
currently occur only a few times per year
across most of the region (Figure 19.4) but
are expected to become common events
across much of the Southeast under a
higher scenario. Increases in the number of
warm nights adversely affect agriculture and

reduce the ability of some people to recover Number of Nights with a

from high daytime temperatures. With more Minimum Temperature Greater than 75°F

heat waves expected, there will likely be a [(TT T [ T
0510 20 30 50 75 100 150

higher risk for more heat-related illness and
deaths. Sources: NOAA NCEI and CICS-NC.

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov



19 Days with Precipitation Above 3 Inches (1900-2016)

mmmmmmmmmmmm
o o o o o O o O o o O O

oy o0 o O Oy OO O OO Oy O O O

-
Percent Change (1950-2016)
-100 -80 -60 -40 -20 0 20 40 60 80 100

Ch. 19 | Southeast

Fig. 19.3: Historical Change in Heavy Precipitation

The figure shows variability and change in (left) the annual number of days with precipitation
greater than 3 inches (1900-2016) averaged over the Southeast by decade and (right)
individual station trends (1950-2016). The numbers of days with heavy precipitation has
increased at most stations, particularly since the 1980s. Sources: NOAA NCEI and CICS-NC.

U.S. Global Change
Research Program

Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States

nca2018.globalchange.gov
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Fig. 19.6: Potential
Abundance of

Disease-Carrying
Mosquito

The map shows current
suitability for the Aedes aegypti
mosquito in July in 50 different
cities. Aedes aegypti mosquitoes
can spread several important
diseases, including dengue fever,
chikungunya, and Zika fever. The
Southeast is the region of the
country with the greatest

—F . 0
% 4

Ch. 19 | Southeast

<

—l

N 1 o

m.
k{Pj
\,

Ae. aegypti potential abundance

potential mosquito activity. @ High
Warming temperatures have the Moderate to high
potential to expand mosquito Low to moderate
habitat and disease risk. Source: None to low
adapted from Monaghan et al.
2016.%2

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States

Research Program

nca2018.globalchange.gov


http://currents.plos.org/outbreaks/index.html?p=66303.html

®

Ch. 19 | Southeast

Fig. 19.18: Warm Winters Favor Invasive Species

Burmese pythons are apex predators (not preyed upon by other animals) that are sensitive to
cold temperatures and are expected to be favored by warming winters. This photo is from
Everglades National Park, where unintentionally introduced pythons have expanded and
reduced native mammal populations. Photo credit: U.S. Geological Survey.

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov

17



Ch. 19 | Southeast

Change in
7 Hours Worked (%)

=\ mm 65to-5

mm -49to -4

mm 39to-3
-29t0-2
-1.9to -1
-09to0

mm 0.1t0o 1.5

Fig. 19.21: Projected Changes in Hours Worked

This map shows the estimated percent change in hours worked in 2090 under a higher scenario
(RCP8.5). Projections indicate an annual average of 570 million labor hours lost per year in the
Southeast by 2090 (with models ranging from 340 million to 820 million labor hours).32 Estimates
represent a change in hours worked as compared to a 2003-2007 average baseline for high-risk
industries only. These industries are defined as agriculture, forestry, and fishing; hunting, mining,
and construction; manufacturing, transportation, and utilities. Source: adapted from EPA 2017.3>

@ U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program nca2018.globalchange.gov


https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095

Observed Number of Very Warm Nights

w
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FLORIDA

Key Messages

Under a higher emissions pathway,
historically unprecedented warming is
projected by the end of the 21st century.
Rising temperatures will likely increase the
intensity of naturally-occurring droughts in
this area because of increases in rate of loss 5-year Period
of soil moisture.
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The number of landfalling hurricanes in

Florida is highly variable from year to year. Over the past decade, Florida
Hurricane rainfall rates are projected to has experienced 13 weather
increase as the climate continues to warm. and climate disaster events

Global sea level has risen about 8 inches that exceeded ,$1 b'”',on |n.
since reliable record keeping began in 1880. damages. Hurricane rainfall is

It is projected to rise another 1 to 4 feet by expected to increase for Florida as
2100, likely causing increases in nuisance- the climate continues to warm.
level coastal flooding and contributing to

saltwater contamination of coastal

groundwater reservoirs.
U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program

nca2018.globalchange.gov



Observed and Projected Temperature Change
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Projected Change in Summer Precipitation

RCP85 : Division-5

- - Hist (1950:1999) T
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Monthly Rainfall (in.)

Change in Summer Precipitation (%)
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Observed and Projected Annual Number of Tidal Floods for Key West, FL
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Ongoing efforts

« Rainfall workshop funded by SFWMD

* “Florida Climate Assessment”
spearheaded by Florida Climate @C]?;];j;‘e e
Institute (FCI)

 White paper and two workshops
(climate, coastal issues) in
preparation/planning stage

* HYPERION project  [@ue{ $ii | S
[UC L AI’J PennStateA Cri
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Pacific Northwest UNIVERSITY OF CALIFORNIA
T

Office of

ri. U.S. DEPARTMENT OF
A EN ERGY Science
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Questions?
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