





Baie AI‘I&I‘I‘IIO.\.
Mon:“ St-Michel

BADEN VERBOTEN

NO SWIMING
DIVIETO DI BALNEAZIONE

QUICKSAND
QUICKSANDS

SABBIE MOBILI
PROMENADES DANGEREUSES
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DANGER ! KEEP OUT !
PASSEGGIATE PERICOLOSE

"QUENTES

Aujourd'hui la marée arrive dans la baie a: 16h.
votre voiture peut rester sur les parkings en toute sécurité

Today the high tide enters the Bay at 16hl

You can safely leave your car in the car park.

Oggi la marea arriva nella Baia alle ore 16h.

La vostra auto puo' rimanere nel parchaggio in assoluta sicurezza.

Heute kommt die Flut um 16h . Uhr in die Bucht.
Ihr Auto ist auf den Parkpldtzen in Sicherheit.

Hoy, la Marea llega a la Bahia a 16]‘1.

Sy coche buide bevs oy tod |
Su coche puede permanecer en los aparcamientos con toda seguridad.




What is Sea Level?
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Sun-Earth: 23.5 N to 23.5 S over one year.
Moon-Earth: 28.5 N to 28.5 S over one lunar month.

Declinational
angle

Equatorial plane
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Why such variation?
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Why the pattern?

Anchorage, Alaska
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Basic Tide Gauge
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Digital Tide Gauge
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Mechanical
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Fig. 8-1. Typical tidal curves in the Southeast Asian Waters, representing the four types of tides during

a period of 16 days.
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Tides:
Moon phases:

Water level (m)
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TIDAL INFORMATION

A0 NOITYBINSNANVIGO DN,

EOYAL THAI NAVY HEADQUARTEES (BANGKOK)
¥I.A. 2528 - 2546 (A .d. 1985-2003)

FUAVDIM : WIHa

Non - Harmonic Tidal Quantities

azagn (Lat) 13- 44'- 33" @ (N) a@133A (Long) 100-29'- 23" a (E)
TIDAL INFORMATION | $osio Anady e FsEMIF
mn@uﬁussﬁ@ﬁ’u 217 M.SL (Ll E13)

IMEAN HIGHER HIGH WATER MHHW

LMIEAN HIGH WATER SPRING MHWE 3.67 +1.17 3.12

LIEAN HIGH WATER MHW 3.56 +1.08

MEAN HIGH WATER HEAP MHWH 254 +1.04 2.99

MEAN LOVWER HIGH WATER MLHW

LOCAL MEAN SE& LEVEL LMAL 3.02 +0.52

LIEAN TIDE LEVEL MTL 3.03 +0.53

MEAN HIGHER LOW WATER MHLW

MEAN LOW WATER NEAFP MLWH 235 -0.15 1.50

MEAN LOW WATER MLW 2.49 -0.01

MEAN LOW WATER SPRING MLWS 2.24 -0.26 1.8%9

LIEAN LOWER LOW WATER MLLW

MEAN SPRING RANGE (Mn.S5z Range) 1.43

MEAN NEAP RANGE  (MnI¥p Range) 1.18

MEAN RANGE (MnRange) 1.07
— HIGHEST HIGH WATER H'est HW. 4,92 +2.22 FLFL2538 _

LOWEST LOW WATER L'est LW, 0,55 -1.95 .F.2507




TIDAL INFORMATION
= or ar ?: @ (= = Ty -4
aoiIAasZaviimiziian ‘i].]j‘iﬁ*i] IV
KO LAK (PRACHUAP KHIRIEKHAN}
VLA, 2528 - 2546 (A5, 1985 - 2003)

BFUAVD I : WG

Non - Harmonic Tidal Quantities

azagn (Lat) 10-47'- 42" 31 (N) a@133A (Long) 99 - 48'- 58" a.(E)
TIDAL INFORMATION| dodo Anady e FsEMIF
mﬂﬂuﬁussﬁ’@ﬁﬂ 217 M.SL (Ll E13)
LMEAN HIGHER HIGH WATER MHHW
LMIEAN HIGH WATER SPRING MHWE 3.13 +0.63 2,32
LIEAN HIGH WATER MHW 3.09 +0.59
MEAN HIGH WATER HEAP MHWH 2.00 +0.50 219
MEAN LOVWER HIGH WATER MLHW
LoCAL MEAM SEA LEVEL LMaL 2,50 0.00
LIEAN TIDE LEVEL MTL 2,48 -0.02
MEAN HIGHER LOW WATER MHLW
MEAN LOW WATER NEAP MLWH 1.98 -0.52 1.17
MEAN LOW WATER MLW 186 -0.64
MEAN LOW WATER SPRING MLWS 1.78 -0.72 0.97
MIEAN LOWER LOW WATER MLLW
MEAN SPRING RANGE (Mn.S5z Range) 1.25
MEAN NEAP RANGE  (MnI¥p Range) 1.02
MEAN RANGE (MnRange) 1,23
— HIGHEST HIGH WATER H'est HW. 4,10 +1.60 W.8.2527 _
LOWEST LOW WATER L'est LW, 0,81 -1.69 LA 2539




TIDAL INFORMATION

=i gr =i =
aae aahiy v.5¥a13

SATTAHIF (CHONBUEI)

VL. 2528 - 2546 (1985-2003)

FUAVDI : WA

Non - Harmonic Tidal Quantities

azaaa (Lat) 12- 38'- 42" 4.QV)

a@133a (Long) 100'- 52'- 55" a.(E)

AR (LUAT)

ANS18N5H

TIDAL INFORMATION | oo
mﬂgmﬁussﬁmﬁﬂ TR ML (L1

LIEAN HIGHER HIGH WATER MHHW

MEAN HIGH WA TER SPRING MHWE 3.22 +0,72 291

MEAN HIGH WATER MHW 3.10 +0.60

MEAN HIGH WATER NEAP MHWHN .07 +0.57 276

MEAN LOVWER HIGH WATER MLHW

LOCAL MEAM SEA LEVEL LML 246 -0.04

MEAN TIDE LEVEL MTL 2,42 -0.08

MEAN HIGHER LOW WATER MHLW

MEAN LOW WATER NEAP MLWH 1.77 -0.83 148

MEAN LOW WATER ML 1.73 -0.77

MEAN LOW WATER SPRING MLWS 1.4 -1.04 1.15

MEAN LOWER LOW WATER MLLW

MEAN SPRING RANGE (Mn.Sz Range) 1.786

MEAN NEAP RANGE  (MnI¥p Range) 1.31

MEAN RANGE (MnRange) 1.38
— HIGHEST HIGH WATER H'est HW. 4.06 +1.56 W8, 2540

LOWEST LOW WATER L'est L. 0,31 -2.19 f.5.2494
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../Tide Table/2005/misc/ข้อแนะนำ.doc
../Tide Table/2005/misc/instruction.doc
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N15M523I0ITAVUINSLAN8A1INLN (Satellite Altimetry)

GPS-SATELLITE

oSk (GLONASS) GPS-SATELLITE I oy
?:'é 2 (GLONASS)
TOPEX/ /

POSEIDON

(Gravity & Ocean
i Clrculation Explorer)

3§

ALTIMETRY
o
o
Q
m

SATELLITE
GRAVIMETR

GEOID TIDE GAUGE

DORIS  PRARE
STATION STATION

~
//f,...r ELLIPSOID

M = Geoid Height {Geaid - Ellipsoid)

h=H+MN Sea-Surface Height fMean Seq Level - Ellinsoid)
H = Seq-Surface Topography (Meam S Level - Geoid)



Altimetry Principle

Range
(eoid at the
Tide Gauge Orbital Gea Surface
Geoid Height J
[N
A

Radar pulses
llluminating the
sea surface.



Altimeter history
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From left to right and from top to bottom:

Skylab (1973): first spaceborne altimeter at 400 km height.
Data on large scale geoid undulations, accuracy 15m.

GEOS-3 (1975-1978): first altimeter with pulse compression
— significant improvement but not sufficient for science.

SeaSat (1978); first high performance altimeter with full-
deramp technique. Accuracy on the order of 30cm.
Unfortunately, the mission already ended after 3 months due
to a power failure.

GEOSAT (1985-1990): first long-term high-quality altimeter
measurements (10cm accuracy) to the scientific community.

ERS-1 (1991-1996): First of the new generation of altimeter
satellites. Together with 9 other instruments this satellite
constitutes ESA’s answer to environmental issues.




Altimeter history cont’'d

From left to right and from top to bottom:

TOPEX/POSEIDON (1992-2005): USA/France altimeter satellite
; el A\ dedicated to ocean tides and general ocean circulation. Accuracy 3-
M' ‘mm{“ 1 4cm. Operated more than 4x its anticipated life of 3 years!
ey, ¥ |
il

R ‘ ERS-2 (1995-?): Successor for ESA’s ERS-1. Almost identical satellites.
Ml Voo AT Scientifically interesting was the tandem flight in 1995-1996. Now
o (2006) the platform has no data storage capability left.

GFO-1 (1998-7?); GEOSAT follow-on. US Navy’s initiative for
operational altimetry and to continue the measurements from
GEOSAT. Now (2006) fully operational but noticeably aging.

Jason-1 (2001-?): Successor to TOPEX/POSEIDON (NASA/CNES).
Accuracy around 3cm. Also flew in tandem with T/P for calibration
purposes. In good health now but no redundancy left.

Envisat (2002-?): Continuation of ERS series. Several improved
(“advanced”) instruments.




An interferometer radar altimeter \
study the Earth’s ice fields

ALCATEL SPACE WILL
SUPPLY ASTRIUM WITH
SIRAL, AN INSTRUMENT
TO BE INTEGRATED ON
THE CRYOSAT SATELLITE
FOR A MISSION TO
STUDY THE EARTH'S ICE
FIELDS.

MISSION

CRYOSAT will be the first mission in
“Living Planet”, the next phase in ESA'S
“Observing the Earth” program, launched
in 1988,

The program comprises:

> Core Mission, relatively complex and
keyed to enhaneing our overall seientific
understanding of the Earth.

> Opportunity Missions using less

complex, lower-cost satellites to respond
quickly to sclentific 1ssues of more
immediate concerm.

Are the polar lcecaps melting ?

Given polar ice's role In regulating the
Earth's climate, this is one of the pressing
questions being asked by climatologists.

T T NN Y em o
e s P s

The Siral synthetie aperture
interferometer radar altimeter,
representing CRYOSAT's entire
instrument payload, will survey the polar
ice fields with unprecedented accuracy.
This will be achieved by measuring the
area and thickness of each lce field,
making it possible, for the first time,

to monitor the most active areas along
continental lee sheet margins and the
vartability of sea lce.

Scheduled to be orbited by a Russian
launch vehiele in 2004, CRYOSAT will be
placed In a polar orbit at an altitude of
720 km and an inehnation of 92°,

POLAR ICE: A KEY FACTOR REGULATING OUR CLIMATE

Data gethered by various Earth cbservation saellites suggest that ocean ice has
refreated by 10 1o 15% since the 1950s. Underwater measurements suggest that
centain pock ice fields may be 40% thinner than previously while, af the same
fime, the icecops covesing Greenland and Artarctica may now be thickee

Polor ice hos o dired impact ca:

A interferometer radar altimeter to study the Earth’s ice fields

AN INNOVATIVE
INSTRUMENT

The highly innovative SIRAL
(Synthetic-aperture Interferometer
Radar ALtimeter) instrument 1s
being developed by Alcatel Space.
Based on the famous Poseidon
radar altimeters, SIRAL will be
able to map even the most chaotic
1ce fields (such as those along

the coast of Antarctica) and to
determine their topography by
combining Synthetic Aperture
Radar (SAR) and interferometer
modes.

In much the same way as our
stereoscopic viston allows us to
percetve relief, SIRAL will use two
antennas and sophisticated echo
processing to ‘see’ the relief of ice
fields within its swath.

Echo analysis discriminates water
from ice and yields estimates of
the freeboard elevation of sea

ice floes. Area plus freeboard
elevation plus Archimedes’
principle, then yield an estimate of
ice floe mass.

20 YEARS OF STEADY PROGRESS
= Proven expertise In spaceborne SARs and radar altimeters

> Benchmark In spaceborne optical interferometry: Infrared
Atmospheric Sounding Interferometer (IASI) for the Metop program

= Experience acquired through the Poseldon 1 and 2 programs
> Posetdon 3 now under development for Jason 2.

== e =
cm«M C_Hq;ﬁmskksncs,
- ¢’
Cf AN ’ X TWO ANTENNAS PROVIDE
: ' STEREOSCOPKC VISION AGROSS THE
SATELLITE'S GROUND. TRACK.
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Space - Headauarters.
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JASON 1 operotional

JASON 2

Jason-2 1s a follow-on mission to
Jason-1. In addition to the studies
begun by its predecessor, Jason-2
will study the intemal structure and
dynamies of ocean currents and help
specialists determine the kinetic
energy concentrated In ocean eddies
and currents.

The Jason-2 program is based on a
partnership between CNES, NASA,
Eumetsat and NOAA with Aleatel
Space as the lead industrial
contractor.

Jason-2 will be placed in the same
orbit as Jason-1 (Le., at an ineclination
of 66° and an altitude of 1,336 km),
offering optimal coverage of ice-free
oceans. The spacecraft will be placed
in orbit by a Delta launcher from the

Vandenberg base in the United States.

——

A step forward for oceanography

While space-based meteorological observation has enabled scien-
tists to better understand the climate, spatial oceanography is playing
an increasingly important role. Alcatel contributes to this endeavor
through its broad expertise in two complementary areas: develop-
ment of the light weight PROTEUS platform for low-orbit missions;
and its recognized expertise in advanced radar altimetry. With ope-
rational systems such as Jason, Alcatel Space has become the world’s
leading specialist in space-based altimetry.

THE JASON-2 SPACECRAFT WILL COMPRISE:

= A Proteus platform.

> A payload module.

= Setentific instruments based on thase carried by Jason-1, including:

* Poseldon 3 the main mission instrument.

* Tri-band radar radiometer to correct for atmospherie range delays.

* Doris radiopositioning ! for p orbit n using
dedicated ground stations.

* Precision GPS recetver (GPSR).

* Laser retroreflector to calibrate the orbit determination system.

> Addittonal Instruments, such as the following:

* Carmen 2 detectors, to highenergy p (electrons
and protons) that could disturb the ultra-stable osctllator in the Doris
positioning unit. Developed by French space agency CNES.

* LPT d unit, ¢« the of radiation d
by the Doris instrument. Developed by JASA, the Japanese space agency.

* T2L2 detectors for ultra-precise time transfer, to monitor the elock in the
Dorts nstrument. Proposed by the Riviera Observatory (OCA) in Grasse,
southern France.

unit largely reuses electronies from
the SIRAL radar altimeter on the
CryoSat misston.

POSEIDON-3

The Posetdon-3 bi-frequency radar
alttmeter (13.6 and 5.3 GHz) has a
measurement precision identical to
its predecessor Posetdon 2.
However, Poseldon 3 also features
an experimental mode that will sup-
port measurerments closer to coastal
zones, as well as on lakes and rivers.
The instrument’s RF unit 1s recurrent
from Poseidon-2, while the digital

v

SPACE

JASON 2

Alcatel Space altimetric product range

Space altimetry has now reached a
degree of maturity and even excel-
lence across all areas, from design to
production.

Over twenty years ago, Alcatel Space
decided to develop its expertise in
radar and altimeter design. A group
of experts developed an unrtva-

led method, allowing us to quickly

JASON-2 CHARACTERISTICS

Platform weight

Payload weight

Propellant weight
_ Weight at launch

PROTEUS offer:
>

Ganeric
> Payload

offer solutions keyed to specific
needs, and to suceessfully complete
even the most challenging projects.
Furthermore, we have always sought
to bring the worlds of science and
industry closer together, for everyo-
ne’s mutual benefit.

At Alcatel Space, we offer a unique
capability: in short, we bulld what we

270kg
255kg.
Big
553 kg

~ Delta 2 or Delta 4

s50wW

0.15° (1/2 conel
26Gb (sﬂaomfe)

> Complete satellite test and

> Inflight a
»D.Iﬂl‘:ry

design. This ensures the feasibility of
the concepts we develop. Bullding
up these solid knowledge founda-
tions and butlding blocks generates
synergles that flow from program to
program.

Developing a family of satellite altl-
meters also implies dedicated ground
testing equipment. Alcatel Space has
developed very precise test benches,
to stmulate a wide range of targets
and to test performance in detail.

Today, with our long track record

in Earth observation systems, and a
team of dedicated engineers, Alcatel
Space has developed a range of space
altimeters that sets the global
standard.

ule, designed and qualified for your needs
ﬁﬂdb;‘urqﬁgm i
inlegration services

cceplance fesls
within 31 months, ot a very competitive price

v
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Future altimetry missions

Solar panel
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Satellite 3 ™

Radiometer
hiarm (20

TMTC antenna (x2) =~ Ground tracks S N A

Processing unit

Microwave unit AttimeterRadiometer artenna

. Future satellites need to provide better spatial and temporal coverage in order to study mesoscale variations
and other phenomena like coastal processes in more detail.

. New missions focus on "scanning" the ocean surface to acquire data at scales of a few tens of kilometers,
passing over the same spots every few days.

. Other ideas are based on constellations of dedicated, low-cost micro-satellites like AltiKka and Wittex.

«  Jason-2 will be the first real operational altimeter satellite. The hardware includes a Poseidon altimeter. Plans
existed to include an experimental altimeter/interferometer (Wide Swath Ocean Altimeter WSOA). It would
comprise two altimeter antennas mounted on masts. Unfortunately, it was cancelled.

. Cryosat, also carrying an altimeter-interferometer, targeted to ice research, suffered from launch failure but
will be rebuild in 3 years (Cryosat-2).

. NOAA will operate conventional aItimetlg/ in the framework of the future National Polar-orbiting Operational
Environmental Satellite System (NPOESS) program.

«  Another way to obtain maximum altimetric data coverage is to receive reflected signals transmitted by GNSS
satellites, in particular from GPS and future Galileo. This is also referred to as GPS altimetry but is still in the
study phase (bi-static configurations: receiver and transmitter at different locations).



Atmospheric Refraction
Corrections

» dry gases

« water vapor

» ionospheric electrons

Sea-State Bias
Corrections

« EM bias

* skewness bias

Satellite Orbit

Instrument Corrections
« tracker bias
« waveform sampler gain
calibration biases
* antenna gain pattern
» AGC attenuation
* Doppler shift
* range acceleration
« oscillator drift
* pointing angle/sea state

External Geophysical Adjustments
* geoid height hg
= ocean tidal height ht
« atmospheric pressure loading h,

|

hg=h-hg-hr-h,

Sea Surface



1A3DIINTEAULN (Tide gauge) vs ANALTiay (Altimetry)
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1493953178U (Annual Cycle)
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auusgy (monsoonal wind)
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2. Y3ainUsInnn1sad EL Nino
- 1997/1998
- 2002/2003
- 2009/2010
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El Nifio is an ocean phenomenon that impacts the ocean-atmosphere system in the tropical Pacific every 2-10 years.
The consequences though are not limited to this area. Increased rainfall along the North and South American
westcoast lead to destructive flooding, whereas droughts in the west Pacific lead to forest fires in Indonesia and
Australia. The initital trigger is yet unknown but we recognize the returning pattern. During normal conditions (a) the
Trade winds blow towards the west, piling up warm surface water in the western Pacific. Off South America the
surface is much lower and the temperature much cooler due to upwelling of deep water. Rain falls in the rising air
over the warm water. In EL Nifio conditions (b) the Trade winds relax in the central and western Pacific, depressing
the thermocline in the eastern Pacific, and elevating it in the west (propagated by equatorial Kelvin pulses or waves!).
The upwelling is more or less stopped in the east, cutting off nutritious cold water from the surface; fish disappears
and the rainfall follows the warm water eastward (El Nifio or the “Christ child”: often the temperature rise in the
eastern Pacific appears around Christmas).



El Nino-Southern Oscillation (ENSO) cycle

During El Nifio event warm water accumulated in the upper mixed layer in the western part of the Pacific ocean is
concentrated in the equatorial zone, transformed into equatorial Kelvin waves, propagate to the eastern Pacific coast and
propagate poleward (to the north and to the south from the equator) as coastal trapped waves.

La Nina
Normal El Nino T

Neow Guines

Auntralia

Warm Wate,

Warny w,
1 0t Bowy |
OWards the n"l';r: Pac,
e

Thermochine

Redistribution of ocean surface heat Higher sea surface temperature in the An El Nifio event is often followed by a
content (/.e,, sea surface temperature) eastern Pacific results in increased La Nifia event, when the differences
results in the changes of atmospheric evaporation which, in turn, results in between the eastern and western Pacific
circulation all over the world, especially increased precipitation (i.e., rainstorms (the upper mixed layer depth, SST,

in the eastern Pacific. and floods). precipitation) are enhanced.




El Nino watched by the alimeter
check http://rads.tudelft.nl/enso
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16 -8 0 g 16 2+ 32 4 ERS/Envisat sea -6 -8 0 g 16 22 32 4 ERS/Envisat sea

1 1 : ::m : 1 1 | level anomalies : : : clm : ] : | level anomalies
Sea level anomalies on 29 Dec 1996, normal tropical Pacific Sea level anomalies on 28 Dec 1997, El Nifio in full effect:
conditions: reasonably low levels in the eastern part. abnormal high water level in the eastern Pacific (up to 40cm).
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‘ ‘ . ::m . ] ‘ | level anomalies == level anomalies
Sea level anomalies on 27 Dec 1998, La Nifa in full effect: Recent sea level anomalies (4 March 2007) shows retreat to

abnormal low water level in the eastern Pacific (down to -20cm). “normal conditions” after mild El Nifio event in holiday season.



97 /98 ENSO-Los Ninos animation
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Recent ENSO developments
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2. 9rainUsInnn1sal La Nina
- 1998/1999
- 1999/2000
- 2007/2008




La Nina Conditions
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Sea Level Trend

Sea Level Trend in Gulf of Thailand and South China Sea from 1995 - 2008 using satellite data
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Monthly Average Sea Level (m)

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

Sea Level Trend in Gulf of Thailand from 1995-2008 using satellite data
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7 Tide gauge locations along Thai Andaman Sea coast
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A tide gauge station (no.2) at Kuraburi.
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Statistics of Tsunami tide along Thailand coast

Tide gauge Tsunami Average Time of Wave Sequenc
station onset time period of highest height e
(UTC, since | thelst3 | wave (UTC,
earthquake) waves since
(min) earthquake)
Ranong | 4:01 (3:04) 53.3 5:20 (4.35) 0.672 First
Kuraburi | 3:31 (2.54) 85.3 7:30 (6.52) 0.759 Third
Phuket | 2:51 (1.87) 32.5 3:10 (2.19) 0.800 First
Krabi | 3:41 (2.70) 63.3 4:50 (3.85) 1.287 First
Kantang | 4:56 (3.95) 82.8 5:50 (4.85) 0.780 First
Tarutao | 3:31 (2.54) 32.5 4:00 (3.02) 1.073 First
Satun | 5:25 (4.44) 68.8 6:37 (5.64) 0.468 First
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