Methods & measurements of relative sea level,
Monitoring long-term trends and anomalies,
and the June-July 2009 East Coast event

William Sweet, Ph.D.
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Types of Sea Level Change

1. Relative changes at a localized region
« Measured by tide stations
. Includes vertical land motion and absolute changes
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Global Mean Sea Level ;
5 Satellite altimetry ~3imm/yr !
Leuliette et al. (2004)

I—iolgate énd Woodwortﬁ (2004)%

1.8 mmlyr

Church et al. (2006)
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PAST STANDS OF SEA LEVEL
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Present warm, Sealevel5m Warmer climate,
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Cooler climate,
glaciation,
-160 low sea level
0 40 80 120 160

Time (thousands of years before present)
(Merrits et al.)

Long-term absolute variability driven mainly by glacial cycles
(and relative vertical land motion: subsidence & rebound)
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~® Thermal Expansion (~ 1 meter potential)

® \Water Exchange with Continents (potential)
— Greenland Ice (7 meters)
— Antarctic Ice (60 meters)
— Mountain Glaciers (0.5 meter)
— Terrestrial Water Storage Variations (< 0.5 meter)

— Other (halosteric, etc.)

ASL- Total — ASI/

+ AST, ST

Thermosteric Greenlanc
+ ASL, + ASL. + ASL

Glaciers Storage
SOURCE: R.S.NEREM, BOWIE LECTURE FALL AGU 2005

Antarctica
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Post-Glacial =~ e Coral reef Analysis
Sea Level Rise Vi
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Fleming et al. (1998)
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Present-Day Radial Deformation (mm/year)

[Milne, 2005]

Quantifying vertical land
motion IS Important: to
model past SIL changes
and: better. predict future
rates ofi relative SL rise

Sources of vertical motion, best measured by long-term GPS measurements:

1. Adjustment of crust to ice-load removal (constant ~10,000 yrs)
2. Subsidence / compaction from sediment loads
3. Localized depression from oil / gas / water extraction
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Past stands of, SL:
WillFhistory repeat itself?

San Clemente Island| California

Ancient shorelines show
historic SL — different rates
of tectonic uplift
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DATA FROM OUR

INSTRUMENTED PAST

204 Stations'
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NOAA~ Natlonal Water Level Observation Network (NWLON)
referenced/tolpermanentland benchmarks for:continuous;

;l'---;_ “prolonged; relative measurements



NOAA'’s History of Sea Level Monitoring

= 1807 MISSION: Establishing SL reference for
| charting, shoreline and marine Boundaries

= Provides U.S. Tide Predictions
- " Provides Real-Time Observations

» | egally defines Mean Sea Level (MSL) and
| other datums for the US

- Y o

WESTERN COAST OF THE UNITED STATES

Pre

7. 5.COAST SURVEY A D BACHE SUPERINTENDENT 1854
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TIDES e 4
CURRENTS -
MEAN RANGE OF TIDE: 1910 — 2007
TIDAL DATUMS: 19'yr av(g. at __|Annual Mean Range Monthly Mean Range

various stages of the tide

19-YR EPOCH: based on cycle
of the moon’s nodes

MSL RISE: EPOCH differences

~ |Atlantic City, New Jersey



Marine Boundaries In The U.S.

AL, AK, CA, CT, FL, MD, MS, ' S . :
NJ, NY, NC, OR; RI, SC, WA g Teuia e B 8 :
2 1 i
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e - . ' 'anmi. !
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%. 2: NOAA tidal datums constitute
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Owned * Owned Owned * Owned national, and territorial marine
X DE, MA, ME, '
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Instrumental Records

IDES e
an Monitoring and Predicting SL

National Water Level NWLON Platform Station

Observation Network (NWLON) calibrates
Satellite Altimetry

Satellite measurements of global
absolute SL rise
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Continuously Operating
Reference Stations (CORYS)
GPS Measurements

Global Sea Level Rise
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GRAND ISLE, LOUISIANA
VARIATIONS IN MONTHLY AND ANNUAL MEAN

Sea level rise Is
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- LOWER CHESAPEAKE BAY : Variations In Relative
gL Annual Mean Sea Level - 1927 thru 2000

T Leciy Linear Trend: +4.2mm/year

Mean sea level has risen about 300mm (1 ft.)
= relative to the land since 1927
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For ecosystem & society
maintenance, Iits trends are very
Relevant

Salt marsh encroaches into a pine forest
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The map above illustrates regional trends in sea level, with arrows representing the direction and magnitude of change. Click on an
arrow to access additional information about that station.
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Relative long-term linear SL trends are highly variable
at tide stations across the US

Relative Sea Level Change at Several Locations in the United States

8761724 GRAND ISLE, LA (+9.24 mmiyr)

-1.50
1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010



Grand Isle, LA 9.24 +I-0.59 mmiyr

L llomthly mean sea level with the
average seasonal oyele remowved

= Lingar trend
Upper B5% confidence interval

— Lower 89% confidence interval

___________________________________

Mean Seasonal Cycle Removed

Source: NOAA

By %, 8, %, %, 0,2,

Mean sea level and the linear trend with 1ts 95% confidence interval
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San Francisco, CA 2.01 +1-021 mmiyr

lslonthby mean sea lbvel with the : Source: NOAA
average seasonal cycle removed

Linear trend
Upper 85% confidence interyal
Lower 95% confidence Interyal
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| * | During Normal /La Nifia Conditions

Atlanti
Ocean

| Guam |

-----------------------------------------

Easterly Trades: normal to stronger than normal
SL higher in western Pacific and lower in east

South
America

During El Nino Conditions

g ° Easterly Trades are weaker than normal
e SL falls in western Pacific (eastward moving
Kelvin waves) and rises in the east Pacific

ENSO CYCLE AND PACIFIC OCEAN SEA LEVEL ANOMALIES

5-month Lowpass Filtered Anomalies w/ correlation coefficients
Guam (-0.73) San Fran (0.56)

[#5]

NINO Region 3.4

. L’&u | ';iﬂ‘
/

5N-5S
by
170 -120 W

r

ENSO SST Anomaly ['C) — >
SLAnomaly [meter)

ANOGRAPHIC PRODU



News and Alerts
[2009-08-28]
NOAA Repart Explains Sea

Level Anomaly this Summer
along the Atlantic Coast

[2009-07-02]
East Coast water levels running
above predictions

ALERT: East Coast water
levels are currently running
above predicted tides

Starting in early June 2009, observed tides have been increasingly elevated above
predicted tidal elevations along the entire U.S. East from Maine to the east

of Florida. g the period from June 19 thru Jun for ce, these
water level ere running between 0.6 to 2.0 feet above normal depending upon
location. f July 1, th anomalies continue, but running lower at 0.3 to 1.0 ft.
above normal. It is not unusual for smaller regions and uaries along the U.S. East
Coast to experience this type of dIIOI'T'Id|0IJ-| event at this time of year, however the
F the geog phu, tent of t vent th the entire E

) event and will p

further information on Hue causes, amplitudes, geogrdph extent, and the duration
of the event.

For further information, please contact:

User Servic
erational Oceanographic Products and Services (CO
-West Highway
Silver Spring, MI:I :
E-mail

Back to Tid

NOAA Technical Report NOS CO-OPS 051

ELEVATED EAST CO
June - July 2009

Silver Spring, Maryland
August 2009

n Oaa National Oceanic and Atmospherlc Admln#stration

us. Department Of Commerce
National Ocean Service

Cen
ter for Operational Oceanographic Products and Services

AST SEA LEVEL ANOMAL




Carolina Beach,TC
June 22, 2009
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Residuals capture underlying

Flooding occurred 6/22-24
effects of remote forcing

during perigean-spring tide
Tide event recorded in
observations and in the

predictions
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DATA USED FOR ANALYSIS : :
Time Series

* Monthly means (i.e., June 1 — 30)

Nantucket, MA * Lowpass filtered ~ running mean
A 44008 Nantucket
Atlantic City, NJ SW
Duck, NC
SL up 2) SWINE'ly winds at NOAA buoys
‘Gharlestun, s / SL down (EKMAN Transport to right in N. hemisphere)
41004 Edisto
NE 3) Florida Current (FC) transport
Trident Pier, FL (www.aoml.noaa.gov)

Flonda Current Transport

NOAA Weather Buoys
Florda CurrentTransport
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Mantucket, MA Atlantic City, Ml ~ ——Duck, NC Charleston,5C  ———Trident Pier, FL

i

W N AR l‘l M‘ i ilr #\

[ AR
5 ;I'Iu _i!:ﬁ /) r i
|' )

Obs. Heights above MSL

*SL peaks in late summer, lowest in late winter and smaller peak in late spring
» Magnitude of SL heights not too anomalous

* Timing is anomalous: June/July ‘09 SL ~ many historical summertime values




 Predictions include seasonal response
of oceanic/atmospheric forcing
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synced predictions = smaller residuals

» June/July 2009 SL deviates from
long-term mean along East Coast

Height above MSL (m)
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| mAY 2008
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Average of June ‘09 SL
residuals north and south of
Cape Hatteras highest during

a summer since 1980
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Nantucket SW/NE Wind Nantucket NW/SE Wind Nantucket, MA (-0.28,9 d)
Atlantnchty NJ{ -0.55, 2 d) Duck, NC(-0.67, 2 d) —— Charleston, SC(-0.54, 3 d)

— Edisto SW/NE Wind Edisto NW/SE Wind Nantucket, MA (-0.16, 21 d)
AtlanticCity, NJ (-0.23, 20 d) Duck, NC(-0.26, 21 d) Charleston, SC(-0.48,1 d)
Trident Pier, FL (-0.45, 4 d)

;.A/LL:\ 1‘ A aM\.;J.!u\ ;h M ,\& N AR
Y LA AN 1A AR AREEA A A

Residual (m)

Residual (m)

» SL correlation > w/ Nantucket wind

* Moderate NE wind (Nantucket) Jun‘09,
SL residuals rise

» Similar NE winds Oct ‘08 & Mar ‘09
w/ smaller SL residual (> predictions)

 May '06 Nantucket & May '07 Edisto:
NE wind > Jun‘09:; Residuals < Jun’09




Nantucket SW/NE Wind Nantucket NW/SE Wind Nantucket, MA
AtlanticCity, NJ Duck, NC

* Residual SL rise north of
Hatteras with NE winds

Residual (m)

* In south, NE wind storm
raises SL in mid-May

NE €— Wind[mfs) —> SWw

Charleston, SC Trident Pier, FL

* June residual rise in south
under ~ SW wind,
thus other mechanism

Wind (m/s)
Residual (m)

NOAR g
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—Florida Current Nantucket, MA Atlantic City, NJ
—— Duck, NC ——Charleston, SC  ——Trident Pier, FL

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(Noble and Gelfenbaum, 1992)

FLORIDA
X
CURRENT

Low Transport

Average Transport
+ HighTransport

Predictions {m})

» Seasonal SL predictions & monthly
mean 90-d lowpass FC transport
from June 2000 — June 2009

* Inverse relationship - FC strength is
inherent in SL signal

» Northward currents require eastward
rise of SL (geostrophy)

* FC transport low:
- weak cross-current gradient
- high coastal SL

(Opposite with high FC transport)

NOAR g



——Florida Current Mantuc:ket, MA (-0.31) Atlantic City, NJ {-El.-'lE!]-

Charleston, SC(-0.62) —Trident Pier, FL{-

L __ I il
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Transport (Sv)
&
Residual (m)

* Negative correlation to SL residual - lessens northward as FC moves offshore

- Overall MSL Obs. lower in Apr/May and similar in Oct 2008
- Predictions higher in Apr and Sept ‘08 = smaller Residuals

 SL rise in south in May ‘09 w/ FC decrease - related to NE wind storm (shown earlier)




Transport {Sv)
Residual (m)

* NE winds (shown earlier) in mid-May raise SL with lagged FC response

- Cross current gradient decreases

» Nantucket and Edisto winds < 0.35 correlation to FC transport (2006-09)
- Winds & FC are ~independently contributing to SL response

NOAR g




» Highest SL residuals from

Nantucket, MA New Jersey to North Carolina
A 44008 Nantucket

Atlantic City, NJ

Duck, NC » FC transport greater affect on SL
towards the south

Charleston, SC
A

41004 Edisto * NE winds greater affect on SL
towards the north

Trident Pier, FL

Florida Current Transport
LR e e * Mid-Atlantic region > combination

b, ol _ from both forcing mechanisms
3\(’- ‘ SL corr. to Edisto SW/NE

@ SL corr. to FC transport
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Methods & measurements of relative sea level,
Monitoring long-term trends and anomalies,
and the June-July 2009 East Coast event

William Sweet, Ph.D.

William.Sweet@noaa.gov

CENTER for OPERATIONAL OCEANOGRAPHIC PRODUCTS and SERVICES




	Slide Number 1
	Slide Number 2
	Global �Sea Level Predictions
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41

