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We can measure it — easily it turns out
It is rising along our coasts

And appears to be rising faster (accelerating)

NEENS

— Geology — glaciers gone, ground water withdrawal

— Global Sea Level Rise and movements of the
ocean

Take home — understand your specific
situation

Old Dominion University - Mitigation and
Adaptation Research Institute
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Battery NYC

Stations like these provide
water levels real time

From these we know how

often there is flooding

NOAA surveys these
regularly so we know the
measurements are good

Old Dominion University - Mitigation and
Adaptation Research Institute
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rising right

The Battery, NY 277+/-009m

Data with the average seasonal
cycle removed

— Higher 95% confidence interval
= Linear mean sea level trend
—— Lower 95% confidence interval
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ove illustrates regional trends in sea level, with arrows representing the direction and

additional information about that station.
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Atlantic Ocean mean sea level
seasonal signals retained
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The Battery, NY 2.77 +1- 0.09 mmiyr

[~ Data with the average seasonal
cy

So we know about whole ¢

Regional SLR is different

The Battery, NYC
0.9 feet per century
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Sewells Point, VA 4.44 +-0.2T mmlyr

[ Data wih the average seasonal
cycle removed

|- — [ Higher 95% confidence interval
[~ Linzar mean sea level trend
— Lower 95% confidence interval

Norfolk Virginia
1.5 feet per century

Grand Isle, LA 9.24 +1-0.59 mmiyr

[ Data with the average seasonal
cycle removed

1 _ [ Higher 95% confidencs interval
[~ Linear mean sea leveltrend

Coastal Louisiana T i
3.0 feet per century

WHY?
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Two ways W about SLR

* The global ocean is filling and warming and
moving around

* Locally at your coastal region other things are
happening.

* So let’s quickly look at global then to
regional/local

Old Dominion University - Mitigation and
Adaptation Research Institute
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Land
global b

If all ice melted
Antarctic — 200 foot sea level rise

Greenland — 20 foot rise
That will not happen for centuries

Small ice melt can lead to
significant SLR — and that will (with
very high certainty) happen.

This is why you hear so much in
the news about ice sheets in
Greenland and the Antarctic

Old Dominion University - Mitigation and
Adaptation Research Institute
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expanding

ncreasing heat content
of the global ocean

As the ocean heats up it
expands
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Sea Surface Height Maps from Radar Altimetry Oct 1992
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The Ocea

The red is 6 feet
higher than the
blue area.
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Small changes in
ocean currents
cause
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hitp://blogs.nature.com/news/2011/03/goce_mission_reveals_the_true.html
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But we
flooding e»

Annapolis — photo by Amy McGovern

Old Dominion University - Mitigation and
Adaptation Research Institute

15 of 29 09/29/2014 08:45 PM



document - ESYSO6LRsrNQCXydNEAqTr3EkffKsvOWBOgRzyt...  https://www.dropboxstatic.com/static/javascript/external/pdf-...

The land is o last
glaciation — mic King a bit

vertical crustal motions in mm per year via GIA theory

Rising where
glaciers are gone

Sinking where
glacial forebuldge
was
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ftp:/ipodaac.jpl.nasa.gov/allData/tellus/L3/pgr/browse/PGR_Paulson2007_Rate_of_Lithospheric_Uplift
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Subsidence
causes

* Aquifer-system compaction from
groundwater withdrawals

— water-level decline,

— sediment compressibility, and

— sediment thickness

Photograph from Galloway

Old Dominion University - Mitigation and and others (1999), USGS.

Adaptation Research Institute
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Case Study-
ground water
withdrawal in
coastal Virginia

Two large pulp
mills draw water

-..r-r.-*—?"‘g“—,'

from aquifer

L
Map rade-from L5, Gedlogics! Sirvey and Virginia Department of
Game and niard Bsheries data

Virgiria State plane

causing land to
subside around
the wells.

Norh American Detun 1923 |NADED)

— 22— Line of squal land slevati

per year. Interval is variable

Groundwater withdrawal center

A Leveling station, and land slevation change rate in millimsters
;!';"; por year (standard deviation)

Figure12. Land elevation change rates from 1940 through 1971. Adapted from Holdahl and Morrison {1974). Contours indicate lines

ofequal land elevation change rats (mm/year) and negative elevation change rates indicate subsidence. Values in parentheses are

standard deviations.
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To sum up
Important

Glacial adjustment 1 mm/yr

Land subsidence 1.1 to 4.8 mm/yr

Cities in my region are installing
their own water level gauges to get
better resolution of subsidence
rates

3 mm/year = about 1 foot per century

Old Dominion University - Mitigation and
Adaptation Research Institute
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* So now we khc

— Local SL rising faster
than global in many
cases

— Subsidence is
causing part of this
but apparently not

Sea Level

all.

— The ocean is not flat
so the added water
and expansion does
not necessarily lead
to equal rise along
the coasts.

Old Dominion University - Mitigation and
Adaptation Research Institute
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NOAA Technical Report NOS CO-OPS 051

ELEVATED EAST COAST SEA LEVEL ANOMALY:
June — July 2009

Elevated SL related to
slowing of Gulf Stream,
coastal wind direction,

and

Silver Spring, Maryland .

August 2009 possible strength of
coastal currents.

N O A A national Oceanic and Atmospheric Administration

U.S. Department Of Commerce
National Ocean Service
Center for Operational Oceanographic Products and Services

Old Dominion University - Mitigation and
Adaptation Research Institute
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NOAA Technical Report NOS CO-OPS 073

Sea Level Rise and Nuisance Flood Frequency
Changes around the United States

Sea level rise and these
anomalies related to

Gulf Stream slowing
was topic of reports
June 2014 and papers.
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City Dock in Annapolis, Maryland. Photo Credir: Amy MecGovern.

Silver Spring, Maryland
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Srares of

n oaa National Oceanic and Atmospheric Administration

U.S. DEPARTMENT OF COMMERCE g
National Ocean Service tigation and
Center for Operational Oceanographic Products and Services stitute
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Then three separate

months in 2012 all indica
accelerated SLR in the mic

nature LETTERS

Hotspot of accelerated sea-level rise on the
Atlantic coast of North America

Latitude

Asbury H. Sallenger Jr*, Kara S. Doran and Peter A. Howd

Evidence of Sea Level Acceleration at U.S. and Canadian
Tide Stations, Atlantic Coast, North America
John D. Boon

www.cerf-jer.org

Virginia Institute of Marine Science
College of William and Mary
P.O. Box 1346

Gloucester Point, VA 23062, U.SA VI M S

boon@vims.edu

mmmmm

GEOPHYSICAL RESEARCH LETTERS, VOL. 39, L19605, doi:10.1029/2012GL053435, 2012,
s sea level rise accelerating in the Chesapeake Bay? A demonstration )
of a novel new approach for analyzing sea level data

Sea Level (m)
.

al Ezer' and William Bryce Corlett' OoDU s
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Nance CLIMATE: The Slowing Gulf Stream

-~

Emerging Strategies for Risk

learn more at LIU-USA. com »

Coasial evenis like Superstorm Sandy will become more problematic due 10
higher sea levels from a slowing Gulf Stream.

/ Alterra

www.alterracap.com
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By Gregory Morris

Scenario: For most of the U.S. the iconic image from Superstorm Sandy was

the beloved roller coaster at Seaside Heights, NJ, half submerged in the Atlantic

Home Ocean after the pier upon which it stood collapsed. For New Yorkers, however,

Fashires the images seared in mind from the super storm were from Breezy Point, at the
very tip of the Rockaway Peninsula, which became practically an island. Apples

Columnists Hurricane, tidal surge, and raging fires literally levelled the community. When

Industry Risk Reports federal and state aid began flowing to repair the Sandy damage, local and city to Zoos

> entities at all levels mobilized. Coney Island, at the south end of Brooklyn, had

In-Depth Series already had its renaissance, and now it was the tum of the Rockaways. Speclalized

Crnnrial Dannrte coveraae from

Old Dominion University - Mitigation and

Adaptation Research Institute

: GREATAMERICAN,
Magazine Content N,
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Or the glc

Thisis a
very active /
area of / ace/

research
right now.
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"'eep Water
h i

| Salinity (PSS)
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Regardless of ¢z ore flooding

C Hours per year Nuisance Flooding at the Batte
To predict it , ¥ ol

future sea level
we need to
understand
what the ocean
is going to do in
response to
increased
GHG’s (the
elephant in the
room).

Hours per year
w £
o o

8]
o
T

1920 1940 1960 1980 2000 2020
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We have very
will rise at least O.
US Assessment
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Observed Scenarios

This is GLOBAL SLR

you will need LOCAL
SLR
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eters” Recent

Highest - 2.0 m

6.6 feet

Intermediate-High - 1.2 m

Intermediate-Low - 0.5 m

Lowest-0.2m

0.7 feet

Parris, A., et al. 2012. Global Sea Level Rise Scenarios for the
US National Climate Assessment. NOAA Tech Memo OAR CPO-1. 37 pp

Old Dominion University - Mitigation and
Adaptation Research Institute
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» Water level (sea level) is rising at most
locations in the lower 48 — we can measure it

* |t appears to be accelerating along the coasts
— Global sea level rise
— Local subsidence

— Regional ocean circulation

* Get accurate water level measurements locally
for your needs and link to nearby accurate
water level gauge.

Old Dominion University - Mitigation and
Adaptation Research Institute
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