@ EUMETSAT US“ @ @esa

‘University of
New Hampshire

@ mm N\ ®EN Ccnes

2 10th COASTAL ALTIMETRY WORKSHOP
SAR Altimetry Training Course

21-24 February 2017 | Florence, Italy



National Ko e | cmstpunsia P
W comsonzo___ =3, | REGIONE \J (/) usu @
@ scmnce:. @ TM N\ 2% Ccnes © ewmersar I W esa
: o S ewhammnne

Summary

* Radar Altimetry fundamentals
* Missions & Technologies
* Applications

2 10th COASTAL ALTIMETRY WORKSHOP 21-24 February 2017 | Florence, Italy



@gt nogrhY Sy @ M N\ &m 1“’“‘-* e écnes &) @ eumersar USU @ @esa

Summary

* Radar Altimetry fundamentals

2 10th COASTAL ALTIMETRY WORKSHOP 21-24 February 2017 | Florence, Italy



HATURAL ENVIRONHENT RESEARCH COUNCIL

B @ MM \Ngia 8N Ccnes @ ewmerssr I ¥ esa

Oregon St
N¢ w}lamp:hnre

* Altimeters measure the range between the satellite and the surface observed at
nadir.

* The orbit is typically determined with an accuracy (radial orbit error) of <2 cm
(NTC products) by using SLR, GPS (20,180 km orbit) and DORIS data (10-100 m in
‘50s-'60s with optical data, 5-10 cm in NRT/STC L2 products).

*  Geoids (i.e. the ocean surface excluding the influence of wind and tides) are
obtained from geodetic or gravity missions (e.g. CHAMP, GRACE, GOCE and
including Starlette/Stella, LAGEQS-1/2 data).

* A reference ellipsoid shall be considered as baseline Datum (e.g., WGS84). It is
an arbitrary smooth surface designed to be close to the Earth's surface.

*  The range measurement shall be corrected for a series of effects related to both
the propagation into the lonosphere/Troposphere, the reflection and
geophysical forcing on the ocean.

Sea Surface Height (SSH): Satellite_Altitude — Corrected_Range O S fentes
* Preliminary orbit (IOD)
« Orbit propagation

-Deﬂnlllveo it (POD)

Sea Level Anomaly: SSH — Mean SSH (=geoid) ey e B ot
measurements) ionosphere, troposphere)
Table 2
Nature and source of geophysical corrections oD orbil
Correction Source Typical winter magnitude at 80°N, Reference m;ﬂmnﬁzdﬁr:'mms) Del:lmir:taticn T?alﬁgt ;rrz;;l;gi-glr:on
averaged over 1 month and 10% km®.
Ocean tide FES 02 0.03m Le Provost et al. (1998) —
Ocean loading tide FES 02 0.002m Francis and Mazzega (1990) asﬁmai?r??ggﬂllﬂiquas ¥ Dynamical theory
Long-period tide FES 02 0.0075 m Le Provost et al. (1998) (batch, sequential) and (force m""’e' and equations
Solid Earth Cartwright Edden 0.015m Cartwright and Edden (1973) data analysis « LEO, MCE)Ob HEO, GEO on)
Polar tide ‘Wahr 0.0025 m Wabhr, 1985 « Short arc OD
Dry troposphere Meteo France/ECMWF 2.3m +0.02m Saastamoinen, 1972 * Long arc OD
Inverse barometric correction Meteo France/ECMWF 0.03m Ponte (1991)
‘Wet troposphere Meteo France/ECMWF 0.0l m Saastamoinen (1972)
Tonosphere Bent model 0.015m Llewwllyn and Bent (1973) Credits: (right, top) AVISO, (left) Wingham et. al. (2006), (right, bottom) Vetter (2007)
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Radar principles

Altimeters measure the range between the satellite and the surface observed at
nadir.

The orbit is typically determined with an accuracy (radial orbit error) of <2 cm by
using SLR, GPS (20,180 km orbit) and DORIS data (10-100 m in ‘50s-"60s with

optical data, 5-10 cm in NRT STC L2 products.).
C:'grhil :cli'niectives
. it icti
Geoids (i.e. th -PrellirrEiLar;tr:oorgit (I0D)

. » Orbit propagation
obtained from * Dol o it (POD)
including Starle

Environmental effects on
the satellite (calibration of
ionosphere, troposphere)

Tracking data
(observations and
measurements)

A reference ell

arbitrary smoo oD ; _ . )
accuracy requirements Orbit Trajectory integration
(high, medium, coarse) Determination and propagation

The range mea
the propagati

Statistical

geophysical for estimation techniques Dynamical theory
(batch, sequential) and (force model and equations
2 &
data analysis Orbits of motion)
Sea Sur * LEO, MEQ, HEO, GEO

* Short arc OD

= Long arc OD
Table 2
Nature and source of geophysical corrections
Correction Source Typical winter magnitude at 80°N, Reference

averaged over 1 month and 10% km®.

Ocean tide FES 02 0.03 m Le Provost et al. (1998)
Ocean loading tide FES 02 0.002 m Francis and Mazzega (1990)
Long-period tide FES 02 0.0075 m Le Provost et al. (1998)
Solid Earth Cartwright Edden 0.015m Cartwright and Edden (1973)
Polar tide Wahr 0.0025 m Wabhr, 1985
Dry troposphere Meteo France/ECMWF 2.3m +0.02m Saastamoinen, 1972
Inverse barometric correction Meteo France/ECMWF 0.03m Ponte (1991)
Wet troposphere Meteo France/ECMWF 0.0l m Saastamoinen (1972)
Tonosphere Bent model 0.015m Llewwllyn and Bent (1973) Credits: (right, top) AVISO, (left) Wingham et. al. (2006), (right, bottom) Vetter (2007)
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Radar principles

e  Altimeters measure the range between the satellite and the surface observed at
nadir.

*  The orbit is typically determined with an accuracy (radial orbit error) of <2 cm by
using SLR, GPS (20,180 km orbit) and DORIS data (10-100 m in ‘50s-"60s with
optical data, 5-10 cm in NRT STC L2 products.).

Table 2
¢ G¢ Nature and source of geophysical corrections
ot Correction Source Typical winter magnitude at 80°N,
in averaged over 1 month and 10* km*.
Ocean tide FES 02 0.03m Le Provost et al. (1998)
. A Ocean loading tide FES 02 0.002 m Francis and Mazzega (1990)
ar Long-period tide FES 02 0.0075 m Le Provost et al. (1998)
Solid Earth Cartwright Edden 0.015m Cartwright and Edden (1973)
Polar tide Wahr 0.0025 m Wabhr, 1985
® Tk Dry troposphere Meteo France/ECMWF 23m +£0.02m Saastamoinen, 1972
th Inverse barometric correction Meteo France/ECMWF 0.03m Ponte (1991)
ge Wet troposphere Meteo France/ECMWF 0.01 m Saastamoinen (1972)
Tonosphere Bent model 0.015m Llewwllyn and Bent (1973)
Sea Surface Height (SSH): Satellite_Altitude — Corrected_Range O S fentes
R,
Sea Level Anomaly: SSH — Mean SSH (=geoid) w m
A 4

oD
accuracy requirements Orbit Trajectory mlegrahon
(high, medium, coarse) Determination and propagation

Statistical
estimation techniques
(batch, sequential) and
data analysis

Dynamical theory
(force mo?el and ?quanons

Orbits
*LEO, MEO, HEO, GEO
« Short arc OD
* Long arc OD

Credits: (right, top) AVISO, (left) Wingham et. al. (2006), (right, bottom) Vetter (2007)
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Other useful products: Tide Gauge Data

Gauges locally measure relative sea level, absolute level if they are referenced to an ellipsoid (e.g. WGS84) with a
GPS.

Tide gauge measurements (e.g. every 10 min) are made with respect to a local fixed reference level on land.

* Local vertical land motion can be corrected by using GPS data or glacial isostatic adjustment (GIA) models.

When referencee datums are different, a de-meaning (subtracting the mean from each set of observations so that
they are zero--mean) shall be applied when comparing TG and Altimeter dataset.

07 T
R RADIO SOURCE NEWHAVEN
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; Figure 19: RMS difference belween de-meaned time series of TWLE from altimetry and

e T from the tide gauge at Newhaven, as a function of the search radius around the tide

gauge. No outlier was removed. Note the sharp increase when search radius goes from 17
kmito 18 km.

Credit: ESA CP40/CCN1 project
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* Missions & Technologies
DAY 1

CEE | Welcome to the SAR ALTIMETRY TRAINING COURSE | 3. Benveniste

8:35-8:55 Radar Altimetry - Introduction to missions and applications M. Restano; J. Benveniste
8:55-9:35 Overview on LRM, SAR, SARin & RDSAR Altimetry M. Roca

9:35-10:55 | SAR and SARin L1A to L2 processing; Strategies for different applications; S. Dinardo

options in SARvatore
10:55-11:25 Coffee Break

11:25-11:45 | Delay Doppler Altimeter Instrument Calibration M. Scagliola

11:45-12:10 | Qverview on corrections to be applied & on validation against TG and other datasets | P. Cipollini; M. Passaro

12:10-12:35 | ESA projects on Radar Altimetry M. Restano; J. Benveniste

12:35-13:00 | Fylly focused SAR processing / Swath Pracessing W. Smith
13:00-14:00 | Lunch

oay 3
13:30-14:30 | SARvatore Demo and Hands-On S. Dinardo and M. Restano

14:30-1530 | peDop Demo and Hands-On M. Roca

15:30-16:00 | Coffee Break

16:00-16:45 | BRAT Demo R. Capote

16:45-17:15 | GUT Demo A. Ambrozio

17:15-17:45 | Fyture Missions: Sentinel-6, SWOT, CryoSat Follow On M. Roca and J. Benveniste

17:45>-18:45 | Wine & Cheese
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TOPEX/Poseidon
_ Sentinel-3
Geosat Follow-on Jason-CS/Sentinel-6

< I
=

osmason2 3
e
i

. Future/Proposed Missions

Low Resoluton Mode (LRM) missions up to Jason-3.

Other missions include SAR mode. CryoSat-2 includes SARin mode (two antennas for interferometry).
The interleaved mode designed for Sentinel-6/Jason-CS allows to obtain simultaneously SAR and LRM
waveforms.
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Magnetometer

SIRAL
Arternas

Temperature
Radiometer

%

Radiator

SAR Radar _ Laser /
Altimeter o T Retroreflector S-Band

DORIS I X-Band Communications
Figure 3.1+1 The current CryoSat-2 mode mask (version 3.8). Green is SAR mode, Antenna Downlirk Antenna
purple is SARin mode, and other areas are in LRM mode. B Anlenna

+  Envisat: Low Resolution Mode (8 Km along track resolution by averaging 20 measurements Inter-trackdistance at the.equator: 8 km {€ryqsat-2),80 km
. ) . (ENVISAT), 104 km (Sentinel-3), 315 km (Jason 1-3).
acquired every 400m), Ku Band (13.6 GHz), vertical resolution of 0,5, 2 or 8 meters (adaptable to
. . 1085 |36 |57 |88 39|90 1|2 ]93] 5a 55|06 |o7| 980200 01 [0z [030af o5 [06 [07 08 o 10211213 14] 15| 16|17 18] 18 | 2020
the scenario). 800 km orbit. ——

Jasor-1(NASA/CNES)

. Sentinel-3 (SRAL): SAR Processor (spatial resolution of 250 m in the along-track direction),
Onboard Radiometer, vertical resolution of 0,4 m (350 MHz bandwidth). 814.5 km Orbit .

Geosat (US Naw)

. CryoSat-2: 2 Antennas, LRM/SAR/SARin Processors (spatial resolution of 250 m in the along-track

ERS1[E54)

direction), No Onboard Radiometer. Vertical resolution of 0,47 mt (320 MHz bandwidth). 732
kilometres orbit (high latitude coverage: 88°). _

*  SARAL/AIltiKa: Single Antenna, SAR Processor, Ka band (35,75 GHz), 0,3 mt vertical resolution Rp="153d3 —
(500MHz chirp bandwidth). Better sea roughness determination than Ku band (higher frequency). i

polar orbit at 800 km altitude (same as Envisat).
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Crynsa e g T, SIRAL
Sea and Land : S - — r i e — il i = Artennas
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Temperature
Radiometer

ar
el
~allector

DORIS X-Band

Antenna Downlirk
| Antenna

Envisat: Low Resolution
acquired every 400m), Kt
the scenario). 800 km orb

Sentinel-3 (SRAL): SAR
Onboard Radiometer, ver

SHURM | M amd Uier Regquests Manageneent) § Baropean Space dgency - Tallus Sollware

CryoSat-2: 2 Antennas, LI

direction), board | _, : .
k;{jﬂ;‘iﬁ‘gs 2‘:;,,?3“;: 1ati|. Figure 3.1-1 The current CryoSat-2 mode mask (version 3.8). Green is SAR mode,

purple is SARin mode, and other areas are in LRM mode.
SARAL/AIltiKa: Single Ant
(500MHz chirp bandwidth). Better sea roughness determination than Ku band (higher frequency). N
polar orbit at 800 km altitude (same as Envisat).
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Typical Altimeter Technologies

1985 |86 |87 98| 2o 90|91 |e2] 93] 9a] 95 95]|97] 98| 99| 2000 01 02 [03 [oa [os o6 [or[oe [oe] 10] 11 12] 13 1a]15] 16| 17 18| 19| 2020

.-sFixI?aseu:'::-n [N ASAJCHES)

pr— | sraL
Jagon- 1 (NASA/CNES) Artennas

O5Th/Jason-2 (NASA/CNES)

Jasan-3 (MASA/CNES) I

TOPEX/Poseidon (different arbit) Jason-1 (ditferent orbit)

GapSat [US Nawy)

GenSat Folkow-On (GFO/US Navy)

S-Band
¥-Band Communications
Downlirk Antenna
Antenna

Inter-track distance at the equator: 8 km (Cryosat-2), 80 km
wiaal ({ENMISAT), 104 km (Sentinel-3), 315 km (Jason 1-3).

ERS-1 [E54)
ER%2 [E5A]
EMVISAT [ES4]
Envisat: Low Resolution M
acquired every 400m), Ku B
the scenario). 800 km orbit.
Repeat period Sentinek3 (E34)

Sentinel-3 (SRAL): SAR pr¢ HEEN 10-days

: . BN 17-days

Onboard Radiometer, vertic 35-days

27-days

CryoSat-2: 2 Antennas, LRM/SAR/SARin Processors (spatial resolution of 250 m in the along-track
direction), No Onboard Radiometer. Vertical resolution of 0,47 mt (320 MHz bandwidth). 732

kilometres orbit (high latitude coverage: 88°).

SARAL/AIltiKa: Single Antenna, SAR Processor, Ka band (35,75 GHz), 0,3 mt vertical resolution
(500MHz chirp bandwidth). Better sea roughness determination than Ku band (higher frequency).

polar orbit at 800 km altitude (same as Envisat).
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Processing schemes: Low Resolution Mode

* Pulse limited acquisition. The time on target dictated by the beam
illumination is not exploited.

* Observed parameters:

Significant Wave Height (SWH)
Wind Speed
Range (altimeter to mid-height of sea level)

* Typical specs:

Along/Across track resolution: several km depending on SWH.

* Pros: ili

4 ~u ! Etralllng edge
1 slope

Easy to implement.

Typically adopted on the open ocean.

Can be obtained from SAR or SARin waveforms (RDSAR)

Looking at the slope of
q the leading edge of the
* Co n s return pulse we can
measure wave height!

Poor usage of the scattering information.
Poor resolution in both directions. t

2 10th COASTAL ALTIMETRY WORKSHOP 21-24 February 2017 | Florence, Italy
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Processing schemes: Low Resolution Mode

¢ Pulse limited acauisition. The time on target dictated bv the heam

. . . . }ﬂ ﬂﬂ_:
illumination is nc 0
* Observed para
Signifi
Wind ! a;, o |
Range & ™
©
. g -
* Typical specs: 5
3]
g ,.
/1 . {
Along/Across track 0 Looking at the slope of
° /] ‘ the leading edge of the
* Pros: /] return pulse we can 3 adge
_ measure wave height! siope
Easy to impleme _ /am/ ||
Typically adopte o | Y. ‘
Can be obtained e L 1 | T ] T ] )

0 20 40 60 80 100, _12Q, wness

* Cons 1 ?’
’h-bleading edge slope

Poor usage of the scattering information. .
Poor resolution in both directions.
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* The time on target dictated by the beam illumination is
exploited. Burst of pulses are transmitted (Sentinel-3,
66 pulses: 1 C-band pulse / 64 Ku-band pulses / 1 C-
band pulse).

Azimuth =

* Typical specs: Beams

Along track resolution: around 300 m.

) CLILLETT LYY . o R B
Across track resolution: same as LRM.

Beam-
steering)/focusing
formation

* Pros:

- Improved along track resolution (300 m)
- Higher SNR due to extended time on target).

RDSAR (pLRM) waveforms can be obtained by
compressing SAR and SARin waveforms.

* Cons
Across track resolution is not improved.

2 10th COASTAL ALTIMETRY WORKSHOP 21-24 February 2017 | Florence, Italy
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is adopted.

Transmission Schemes

* Possibility to obtain both LRM and SAR waveforms if the interleaved transmission mode

* The statistical equivalence to native LRM waveforms is not given by RDSAR waveforms.

OPERATION MODE

CHRONOGRAM

ALTIMETRIC MISSIONS

Low Resoclution Mode (LRM)
Low PRF {1-dkHz)
Continuous Tx/Rx

Al past ocean alimeter
missions

Cryosat-2 LAM

{ 1 Z i i i i i

L]

1 11 1

AltiKa

0 a

Jason-3

SAR Closed-Bursts

Cryosat-2 SAR

Moderate PRF {~ 9 kHz)

Continuous Tx/Ax

) 1 2 i 4 § § ! ]

High PRF (~20 kHz) Sentinel-3
Tx/Rx in bursts
0 1 i 1 ! 3 b 7 i ¢ 10 1 12
Not receiving for 2/3 of the time (Raney, 2010)
SAR “Interleaved” Jason-CS

FIGURE 2: CHRONOGRAMS FOR LRM (TOPF), SAR CLOSED BURST MODE (MIDDLE) AND SAR INTERLEAVED MODE (BOTTOM) (SOURCE: ADAPTED FROM

SMITH ET AL, 2013)

Credit: Gommenginger et al. (2013)
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Processing schemes: Unfocused Delay-Doppler (2)

The SAR waveform is substantially different
requiring different waveform models for
retracking.

- -
.....
--------
-----

Retracking:

= Normalized power

Processing required for improving the range
precision of existing measurements guaranteeing 0
a very accurate Sea Surface Height (SSH).

3 4 5 6 7 8 9 10 11
Time delay / pulse length

()

It involves the fitting of the returned echo to a 5
waveform model corresponding to the observed 21

o
target. &

_ﬁ Effect of antenna pattern weighting,
Input: L1b data: LRM or SAR processed obtained E \
from calibrated FBR (L1A) data. =)

N 7 TTRERTITIIIII

o 1 2 3 4 5 6 7 & 9 10 1

Output: L2 data Time delay / pulse length

Credit: Raney (1998)
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*  SIRAL on CryoSat-2 is the only radar altimeter r
implementing the SARin processing by |\|\
collecting data with two antennas. i ]
g L
a .l |
. | N |
«  Typical specs: ” | Mh
| B /)‘J I“'L\;#) /‘II 'J'I'Ir:\\,’\{'h Mw )
«  Along track resolution: same as SAR. R e A A
1l o [
I
*  Across track resolution: same as LRM but the g 'h i m’“v*
Angle of Arrival (AoA) can be determined. " 24l M
il
3114y e
S \ ]
Pros . ,
. . Samples
* Operated over the marginal regions of the »-0  reference plane » '
Earth’s ice sheets and regions of mountain LR SAR ___SARIn
glaciers allowing the elevation retrieval. R - o e g =il o
D
*  Useful for coastal regions as well as on inland Dl 1T =5
. . v'
water to identify clutter return to be excluded N = il
from the analysis. ?::!.g:;;r:‘?n\mmwu E\iﬂ?\llrs:r;;\:;m:e\\ g:ig;frr;w\mwcel\ \(_;;;m-:;!zv)unml\

©rraLes

Credit: ESA CP40/CCN1 project Figure 2-1. The three CS2 possible modes: LRM, SAR & SARin (courtesy of Thales Alenia Space).
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Processing schemes: Synthetic Aperture Radar (SARin) mode

Coastal Ocean SARIn Waveform
T I

x 1"

. SIRAL on CryoSat-2 is |
implementing the T r|~ :
collecting data withty - ‘| | .

*  Typical specs:

Power
e

*  Along track resolutior ‘ ||

. Across track resolutic

Angle of Arrival (AcA) * *
W asfp- r\w}l\’l \_‘W‘"‘s‘._‘_\
8 f
L=]
Pros gt }\
e Operated over the | € ' W, .1
. < ; ,
Earth’s ice sheets ar = ! | _SAR SARIN
H H g l W 1 e 318 Antenna M_Dm'::‘ Y 398 Antenna
glaciers allowing the ¢ & [J |1 ‘ \ i il
‘.6-114— - AN T S SoN—
3Tl . =1
«  Useful for coastal reg <=t 1 & Bt
=Y i '
water to identify clut ... L L L . L | ==F =
from the analysisl Samples Iution cell \E;h\'\ﬂgs:r:g\:;mce\\ ﬁﬁg;;s)w\mmcel\ (L;;;;rs?;;!;u;nml\

Credit: ESA CP40/CCN1 project Figure 2-1. The three CS2 possible modes: LRM, SAR & SARin (courtesy of Thales Alenia Space).
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SIRAL on CryoSat-2 is the only radar altimeter
implementing the SARin processing by
collecting data with two antennas.

: i
a . ‘ \l«
Typical specr- - . S
LRM SAR SARin ol
N"\"'AMM\,M
Iso-Range lines  pjong rack Iso-Range lines  Ajong .track Isa-Range lines  Ajong.track ; = =
Iso-Doppler . 3-dB Antenna | lso-Doppler 3-8 Antenna | Iso-Doppler 3-dB Antenna Rin AoA waveform
Al o ng tra Ck r ines lines 4 ines perfure ' '
Lo .
v i \‘Q{ﬁ
Across track XY S0
. &R
Angle of Arri e
A1\ X Z I 1}
WSS TR 7770 . T
S N K/ WS Y NS S ~—.
— ALl — N N, N
SAR first resolution cell LRM first resolution cell SAR first resolution cell LRM first resolution cell SAR first resolution cell LRM first resolution call ples - =
O pe rate d 0\ (R,z~300m) (Radius ~ 800 m) (Ryz~300m) (Radius ~ 800 m) (R,;~300m) (Radius ~ 800 m)
©THALES

Earth’s ice s
glaciers allov Figure 2-1. The three CS2 possible modes: LRM, SAR & SARIn (courtesy of Thales Alenia Space).

Useful for coastal regions as well as on inland
water to identify clutter return to be excluded
from the analysis.

Credit: ESA CP40/CCN1 project
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Processing schemes: Fully Focused SAR altimetry

* FF SAR processing reduces the along-track resolution down to the
theoretical limit equal to half the antenna length.

* The footprint of an FF-SAR altimeter measurement is a narrow
strip on the surface, which is pulse limited across track and SAR
focused along track.

* |t was demonstrated by obtaining an along-track resolution of 0.5
m (in contrast to the approximately 300-m resolution of the
unfocused delay/Doppler processing).

Multi-Looked Waveforms

—_

— = Delay/Doppler
Fully Focused

co
T
-~

o o o o
.
T

Normalized Power
\]
|
!
|
I
|
|
|
I
|
|
|
iI

o
|

-10 30 40

Delay [ns]

Credits: Egido and Smith (2016)
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Summary

* Applications

OL\SIE Friday 24 February 2017 SAR ALTIMETRY TRAINING COURSE

9:00-9:40 | SAR Altimetry Processing for Open Ocean, Sea Level Monitoring,/SLCCI Multi Mission datasets | L. Fenoglio-Marc

9:40-10:20 | SAR Altimetry Processing for Coastal Oceanography L. Fenoglio-Marc

10:20-10:50 | SAR Altimetry Processing for Sea Level in Polar regions (e.g. CS-2 data as input to Tide Models) | 0. Andersen

10:50-11:20 | Coffee Break

11:20-11:50 | SAR Altimetry Processing for Inland Water: Lakes N. Bercher

11:50-12:30 i i ‘Rj N. Bercher

12:30-1330 | Lunch

13:30-14:30 | SARvatore Demo and Hands-On 5. Dinardo and M. Restano
14:30-15:30 | DeDop Demo and Hands-0n M. Roca

15:30-16:00 | Coffee Break

16:00-16:45 | BRAT Demo R. Capote

16:45-17:15 | QUT Demo A. Ambrozio

17:15-17:45 | Fyture Missions: Sentinel-6, SWOT, CryoSat Follow On M. Roca and J. Benveniste
17:45-1845 | Wine & Cheese
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Sea Level Monitoring
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Multi-missians M5L Slope = 3.13 mmfyr

* The global mean level of the oceans is an 1 T P
indicator of climate change (ocean sf— Jun : Vﬁ‘""’" -
temperature warming, mountain glaciers/ o+ ’E“: AT -
melting). 3 — Ems2 ]

2L— 6o |

Mean Sea Level {cm)

* Mean Sea Level is an average over all the
oceans of sea surface height, with respect il
to a reference.

© CNES ESALEGDS,CLS
¥ O ) SO T 4 ) [ ) OO | LA [
168% 10604  100& 1088 IAAA IAAT  IARA IARE IAAE IR 3017

* Recently, the Sea Level CCl team has
released a full reprocessing of the Sea
Level products (v2.0 ECV).

* The monthly maps of sea level anomalies
(actual sea level-mean sea surface, [mm]
in the video) are now available over the
1993-2015 period.
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Glaciers Monitoring

* CryoSat-2 monitored changes in surface Ice Thickness
elevation of Earth’s ice sheets, sea-ice thickness October 2010 October 2011
and extent. & %

* Routinely monitoring since November 2010.
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arctic ice shelf thickness Derived from CryoSat-2 radar altimetry (Credit: subset of fig 51 from Chuter and Bamber, 2015).
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* Hydrological models are used to understand and quantify
processes such as evapotranspiration, soil and
groundwater storages, and river-floodplain
hydrodynamics.

* The Nash—Sutcliffe (NS) coefficient can be adopted for
validation. The closer to 1 the NS coefficient is, the \
closest to the in situ time series match the water level = |, . S T
predictions. NS above 0.5 can be considered skillful. o I = Ia MCmodel

— HD model

12°5-1

C. ENV 188 Vs Tonnalns

T T T
—— ENVISAT Ice-1 (corr-o a.n j : : (c)
2.0 —o— ENVISAT Sea Ice (corr-o 88) ¢ : ]
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o / N w

UYL

i .
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Water elevation anomaly (m)

L ‘ ‘ R ; ENS = 0.91, ENSlog = 0.92, DI = -6 days, AV = -2 % &b
"°77 2003 2004 2005 2006 2007 2008 2009 2010 o 02-04 o 06-018
Time (year)
. . . _ ® 04-06 ® 08-1.0
Credit: S. Biancamaria et al. (2016) , Paiva et al. (2013) 25
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* ESA CCl sea level website: www.esa-sealevel-cci.org/

For any question, contact us at: altimetry.info@esa.int
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