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This Is a Big Subject — Some
Things Discussed Today

How do we measure sea level change?
How much has sea level changed?
DO we understand why it has changed?

Have extreme sea levels changed at the
same rate as mean sea levels?

Look to the future In various ways.
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Sea level has always gone up and down but | will focus on the “instrumental era”
l.e. the last 100 years or so.



How Do We Measure Sea Level?

Tide Gauges at the Coast

* Float and Stilling-Well Gauges
* Pressure gauges

* Acoustic Gauges

* Radar Gauges

Satellite Radar Altimetry from Space
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Distribution of PSMSL Stations
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1987: 27000 station-years of data
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home =

L News |
o Changes to the PSMSL Data WE'GDme tD the

Files .
DElsmomnr Permanent Service for Mean Sea Level (PSMSL)
o I;PSMSL lpdates Backend

Datahase
o Maore Mews

Established in 1933, PSMSL is the global data bank for long term sea level change information from tide gauges and
bottorn pressure recorders.

About Us:

Learn about PSMSL. contact us, read news items and annual reports

Explore the Dataset
Data:

Obtain and submit tide gauge and bottom pressure data

Products:

Browse the data set via GoogleEarth or obtain derived products, view regional commentaries and author archives

Training & Information:

A wide variety of FAQs, training and software documentation, information on non-oceanographic signals in tide gauge
records (e.g., glacial isostatic adjustment, atmospheric pressure, etc |

Browse dataset in Google Earth Links:

Links to other networks and programs, as well as international sea level contacts







Annual Mean
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Cananeia Mean Sea Level Change (data from PSMSL)

Chapter 66

New analysis of a 50 years tide gauge record at
Cananéia (SP-Brazil) with the VAV tidal analysis
program

B. Ducarme
Chercheur Qualifié FNRS, Observatoire Royal de Belgique, Av. Circulaire 3, B-1180, Bruxelles, Belgique.

A.P. Venedikov
Geophysical Institute & Central Laboratory on Geodesy, Acad. G. Bonchev Str., Block 3, Sofia 1113

AR. de Mesquita, C.A. de Sampaio Franca
[nstituto Oceanografico da Universidade de Sio Paulo, SP, Brasil.
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Global-mean sea level (mm)

50 T T T T T T T T T T T T T
= (CSIRO (update of Church & White)
——— Jevrejeva et al (smoothed)
0 = Holgate & Woodworth .
—— Satellite altimeter (T/P + J-1)
=50 -
=100 -
=150 -
=200 .
Time series matched at 1293
-250 1 1 1 1 1 1 1 1 1 1 1 1 1

1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year




TOPEX/POSEIDON
(1992)

OSTM/Jason-2
(2008) (20137?)



http://sealevel.jpl.nasa.gov/gallery/jason3/general/?ImageID=144
http://sealevel.jpl.nasa.gov/gallery/ostmjason2/general/?ImageID=39
http://sealevel.jpl.nasa.gov/gallery/jason1/general/?ImageID=81
http://sealevel.jpl.nasa.gov/gallery/topexposeidon/general/?ImageID=105
http://sealevel.jpl.nasa.gov/gallery/topexposeidon/general/?ImageID=102

Mean Sea Level (cm)

Global Sea Level Drops 6 mm in 2010
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Do We Understand Sea Level Change in
the 20* century?

Updates since the IPCC AR4

Anny Cazenave, Oceanobs’09,
(www.oceanobs09.net)

Catia Domingues et al, 2008, Nature
John Church et al, 2010, Wiley-Blackwell book
Church et al, 2011, Geophysical Res. Lett.




Accounting for observed sea-level rise (IPCC AR4)
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Spatial variations in sea
level rise from satellite
altimetry 1992-2008

Thermal expansion over
the same period from
ocean instruments



Rhone Glacier 1900 and 2008



Sea level (mm)

a
100

— Saa level {T Gs) = uncartalntjr
=== Sea level (Sat-Alt).

om— Thﬁrma.l (Full dapl:h} :
Bu ................. T3
—_— Glacmrs &Ice Caps

— iﬁme" land lce Sheet

1960 1970 1980 1890 2000
Year

2010

Sea level (mm)

100

g

1960 1970 1930 1990 2000 2010

b

— Saa level LT Gs) = um:mtainty
=== Sea level (Sat-Alt). :
— Eurn of l.:m'nps * um:ﬂrtaint}'

Year

Church et al. 2011 (Geophysical Research Letters)



Do We Understand Sea Level Change in
the well-instrumented recent years?

Continuous satellite altimetry
Continuous space gravity from GRACE

Continuous monitoring of ocean temperatures
and salinities with ARGO
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Total sea level

Total sea level
TOPEX/Poseidon/Jason

‘Steric sea level :
Steric sea level
Argo

Oceanmass A ATV RASTTI A Ocean mass change

GRACE

2005 2006 2007 2008 2009

Leuliette and Miller, 2010

Blue = observed values. Red = inferred values from the other two.




Importance of Spatial Variations

* In the ocean - constantly readjusting to
changes in heat and salt on many
timescales

* In the geosphere - readjusting to changing
loads on the solid earth

Understanding spatial variations is
Important for people studying impacts
of sea level changes on regional basis
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How to Improve the Data Set?

* Tide gauge “data archaeology”

* Development of new methods e.qg.
saltmarsh data







From Roland Gehrels
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A ‘transfer function’' quantifies the relationship between foram
assemblages and
elevation to reconstruct in cores the elevation at which fossil forams lived
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Does Extreme Sea Level Rise
follow MSL Rise?




* Changes in extremes are less studied than those In
MSL but they are of greater practical importance

 Data sets of extremes are more difficult to access and
analyse than those of MSL
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Extreme Sea Levels - Questions

* How have the frequency and magnitude of
extreme sea levels changed, other than
might have been expected from MSL
change?

* How might extremes change In the future,
aside from that expected from MSL
change?
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Statistically significant trends in annual 99 percentile observed sea levels and sea
levels reduced to their annual medians
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Changes in the frequency of extreme events (Menendez and Woodworth, 2010)



Extreme Sea Levels - Questions

* No convincing evidence for extremes rising
faster than MSL

* No evidence for large scale change in the
frequency of extreme events when adjusted

for MSL
Why is this conclusion so important?




Global mean sea level evolution since 1800
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Why is the above so important?

* MSL projection is uncertain enough

* No convincing evidence for extremes
levels or frequencies changing faster than
one might expect from MSL

* So hopefully engineers may not have to
factor In even larger uncertainties when
designing coastal infrastructure




Tremendous recent improvements in the
global tide gauge and GPS networks.

This will eventually help us to understand changes

IN mean and extreme sea levels better.

But there is a lot more to do in some regions e.g.
In South America.
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BGAN-enabled Tide Gauges
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I @ SEA LEVEL STATION MONITORING FACILITY
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The datz presented under this service has not undergone any quality control and data i=s pronded as received. 10C, VLIZ and data suppliers accept no
hability for any errors and/or delays in data or for interpretations, transacoons, or any obher use carried out on the basis thereof.

http://www.ioc-sealevelmonitoring.org




NOC (UK) Sea Level Stations in the South Atlantic, Antarctica and

Gibraltar

9 Sea Level Stations

Real time telemetry:

Ascension Island
Saint Helena

Port Stanley

Tristan

Vernadsky (Faraday)
Rothera

Gibraltar

Delayed mode data:
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St.Helena and Tristan
recently re-built
after storm damage
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Sea Level Changes: Some Conclusions



* We are starting to have a good
understanding of what is causing changes in
mean and extreme sea levels.

* We are now measuring sea level changes
better from tide gauges and using satellites.

* Can these improvements lead to improved
predictions of future sea level change?

e | don’'t know.




But It Is clear that improved understanding
will be impossible without:

* continued access to the required good
data sets, including tide gauge, GPS,
altimeter and space gravity data. (Also
monitoring of the deep ocean, cryosphere
and hydrosphere.)

* continued programmes of research by
excellent scientists.




The Near Future

* The IPCC ARS5 is in progress and to be
published 2013 — we must engage with that
as much as possible

* Much greater emphasis on spatial variations
* Much greater emphasis on extremes
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Gold Coast Australia 1958/2007




Sea Level Fingerprints of Ice Loads

Gomez et al., 2009, GJI

Heritage: Farrell and Clark, 1976,
Clark and Lingle 1977 etc.

BT T 7T 7T 7T e See Mitrovica et al. 2010 for a
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review

Mitrovica et al., 2001, Nature
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Well Instrumented Era 2003-2009

* Measured sea level change (2.5 mm/yr)
= Ocean mass change (1.7) + Steric
change (0.7) from Argo

Ocean mass change from GRACE (1.7)

= Land ice contribution (2.0) + small
amount from land waters (-0.2)

This interpretation depends critically on
GIA correction applied to GRACE data

(Anny Cazenave, Bern Meeting, March 2010)
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TOHT CEHKDLA THE HEW TORETIMES

The Helheim Glacier in southeastern Greenland is one of a group of glaciers that have shown major changes this decade. The line on the rock behind marks its height a few years ago.

Watching and waiting for the blg melt

TASIILAQ, GREENLAND

BY JUSTIN GLLLIS

With a tense pilot gripping the stick, the
helicopter hovered above the water, a
red speck of machinery lost in a wilder-
ness of rock and ice.

To theright, agreat fjord siretched to-
ward the sea, choked with icebergs. To

the left loomed one of the immense gla-
ciers that bring ice from the top of the
Greenlandice sheet and dump itinto the
ogean.

Hanging out the sides of the craft, two
scientists sent a measuring device
plunging through a hole in the ice, into
the water. Near the bottom, it reporteda
temperature of just above 4 degreas
Celsius, or 39 degrees Fahrenheit. It
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“That's the we've seen this
faripﬁaf}urﬂ,"saﬂﬂonﬂud’ihnsﬁm-

Was a new
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widely debated — questions facing hu-
manity: How fast is the world's ice go-
ing to melt?
Rescarchers have recently been star-

(G-20 postpones

difficult decisions

SEOUL

Leaders vow to address
global imbalances,

but not before next year

BY SEWELL CHAN
ANDSHERYL GAY STOLBERC

Leadars of the world's largest acomo-

mies, mm;wmm
to two :

Wmdwmﬂﬂ' aum;emmw

©ass, it's very h:purtmtlhat kau:f’l;:
Obama said at a news confarence. Tts
currency “is undervalned” fe said,
adding that theissue “is one thatis anir-
ritant notjust to the United States, butis
anirritant to alot of China's trading part-
ners and those who are competing with
China to sell goods around the world.”

than-rousing
of leaders of the Group of 20 economic
powars, the fifth such gathoring since

the financial crisis hitin 2008,

The uneasy e reached
hare fall short of initial U.S. demands for
numerical targets on trade surpluses
anddaﬁc.-ils Emtmﬂsclmlaenmmsus
inpﬂrhc.'llar uusuu:lptlnnb:r
ihnUmtudSmsandmlmlnbyﬂﬂm
— ware no loager sustainable.
ﬂ:‘ms‘im’ ntm m&sﬂﬁ

re to b " Mr.
Obama said ata news conferance, using
a baseball metaphor. “But they're

The meeting showed that the United
Stabes could still set the agenda for inter-
national discussion, even if the result—
asking G-20 officials and the Internation-
al Monetary Fund to define and analyze
the imbalances — was far fromrobust

The cautious approach, according to
sevaral officials from the G-20 powers,
reflocted the coacerns of China, which
resisted setting any kind of timetable

for currency and Ger-
many, which insisted that any approach
to the problem inclode monetary

G.20, PAGE 4

G-20 0 SEOUL SUMMIT

OBAMA’S LUSTER DIMS ON W ORLD STAGE
AG-20 meeting marked by disputes over
currency and trade has doused

enthusiazm for the U.S. president. PACE ¢

G-20 B CKS TIGHTER BANK REGULATIONS:
Butthe group left open numercus
details mmmmmm
biggestinstitutions. PAGE 4

A wee tweet blows up
into a cause célébre

Article also in the New York Times Sunday 14 November




Peltier, 2004




What is the impact of a rise in
mean sea level?

* If extreme and mean sea levels rise at the
same rate then the change in flood risk
from a predicted MSL change can be

calculated




3.5 1916-2000 statistics
plus 0.2 metres on MSL
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