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NOAA Satellite and
“lInformation Service (NESDIS

Our mission is to deliver accurate, timely, and reliable
satellite observations and integrated products and to
provide longterm stewardship for global environmental data
In support of the NOAA mission.
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History of Modern Altimetry I\/Iissions
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Frequencies of Current Sensors

Jason-2/3 || CNES/
‘% NASA/ 2008 ||1336 km||Poseidon-3|| Ku and C-band 10 days 66°
_ Eumetsat / 12016
A | nom
Cryosat
6 ESA 2009 || 720km || SIRAL Ku-band 369 days 92°
ISRO / : 0
Saral CNES 2009 (| 800km || AltiKa Ka-band 35 days 92
Sentinel 3 ESA 2012 || 814 km SRAL Ku and C-band 27 days 98.5°
| crosat CNES 2018 | 520km SWIM Ku-band 13 days 080

ASea Surface Height
ASignificant Wave Height
ASea Surface Wind
fSealce



Frequencies Used and Their Impact

A Ku band (13.6 GHz):

Best compromise between the capabilities of the technology (relating to
power emitted), sensitivity to atmospheric perturbations, and ionospheric
electrons.

A C band (5.3 GHz):

More sensitive to ionospheric perturbation than Ku, and less sensitive to
the effects of atmospheric liquid water. Its main function is to enable
correction of the ionospheric delay.

A S band (3.2 GHz)

S band is also used in combination with the Ku-band measurements, for
the same reasons as the C band.

A Ka band (35 GHz):

Due to international regulations governing the use of electromagnetic
wave bandwidth, a larger bandwidth is available than for other
frequencies, thus enabling higher resolution, especially near the coast. It
IS also better reflected on ice. However, attenuation due to water or water
vapour in the troposphere is high, meaning that no measurements are
produced when the rain rate is higher than 1.5 mm/h.



Inclination Angle and Coverage

Jason - 2/3
66° inclination

Envisat/Saral(Altika)/Sentinel
3a/CFOSAT
88-98%inclination
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Which pair of Altimeters is best for very high latitude applicatic

a) Altikaand JASON
b) AltiKaand CryoSal

c) JASOMB and CryoSaP



Altimetry Basics

e Smeinr S Qe Ry ey A The altimeter transmits a short
pulse of microwave radiation
with known power toward the
surface.

A The pulse interacts with the
rough surface and part of the
Incident radiation reflects back
to the altimeter.

_ Feisi A The power in the returned
ey signal Is detected by a number

G coMET rgan of gates (bins) each at a
slightly different time

ASea Surface Height
ASignificant Wave Height
fSea Surface Wind

fSea Ice



ldeally Calm Surface

Before radiation hits ocean surface we
measure:

Noise Power: parasite reflection of the
pulse in the ionosphere and
atmosphere, in addition to the
Instrument electronic noise.




rough sea

In sea swell or rough seas, the wave
strikes the crest of one wave and
then a series of other crests which
cause the reflected wave's amplitude
to increase more gradually.



rough sea

The returning echoes are a blend
of thousands of little echoes from
within the footprint, some coming
from the troughs of waves, some
coming up from wave peaks. With
waves up to many metres in height,
this creates a mish-mash of echoes
from varying heights.




~_rough sea

As a result of random
distribution of the
ocean wave facets at
any instant, each
individual return
signal is very noisy,
but averaging of up to
1000 successive
echo pulses can
reduce this.

The pulse repetition
frequency is
thousands per

second

A1800 for Jason 2/3

A Usually ¢
transmitted to the
ground at ~20Hz and
then averaged to ~1
Hz




A Rough Ocean Surface and Altimetry

Swell: non-
local

A The full spectrum enfolds quasi-linear
ocean gravity waves, breaking waves,
nonlinear wave-wave interactions and
small-scale wave dynamics.

A Altimetry can get at both the short
ripples (wind speed) and the elevation
variance (SWH)




Flat vs Rough Surface Responses

Radar Altimeter Signal Backscatter for Estimating Wave Height

Power Power

Time Time
©The COMET Program



Altimeter Swath

~\4
"Q A The beam illuminates a
¢ A Al circle of ocean surfaces
R 210 10 km wide
- A A calm sea narrower
7 J/FN‘ footprint ~ typically 2
LAND . WV __o
R _ < Km
-~ “#~"  AArough seawider
e footprint ~10 km.

A Sampling 1 hz ~ 6-7km



Altimetric Measurements Over the Ocean

Over an ocean surface, the eclo

apoch at

waveform has a characteristic mid-height T

1étra\iling edge

shape. From this shape, six slope

parameters can be deduced, by
comparing the real (averaged)

waveform with the theoretical

curve: P

:—Heading edge slope

>

A P: the amplitude of the useful signal. This amplitude with respect to the emission :
amplitude gives the backscatter coefficient, sigmao.
A Po: thermal noise
A Leading edge slope: this can be related to the significant wave height (SWH)
A SWH is defined as the highest 1/3 of the surface ocean waves\
A Higher SWH C smaller leading edge slope

A Trailing edge slope: mispointing of the radar antenna (i.e. any deviation from
nadir of the radar pointing).



Diameters of Effective Footprint

H, (m) Cryosat, Saral, Sentinel Jason 2/3
Effective footprint (km) Effective footprint (km)
- (800 km altitude) (1335 km altitude)
0 1.6 2.0
1 2.9 3.6
3 4.4 5.5
5 5.6 6.9
10 7.7 9.6
15 9.4 1.7
20 10.8 13.4

From Chelton et al 1989



Jason-3/2 SWH comparison against

ECMWF model
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Comparison with Buoys

ECMWEF Study
CryoSat
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Impact of assimilating -altimeter data on-SWH error as
verified against ExtraTropical in situ data
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Impact of assimilating altimeter-data on SWH error-as verified

against Tropical in situ data Feb T Apr 2014
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Impact of assimilating altimeter data on reducing the SWH random error in an
ECWAM stand-alone model run at a resolution of 0.25A as verified against in-situ
buoy data, averaged over the period 14 February to 30 April 2013

Random error reduction (%)
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ECWAM standalone model run at a resolution of 0.25A(IFS Cycle 42r1) assimilating
data from the three satellites and another model run without any data assimilation




NRT Altimeter SWH on NOAA Web Site

12:00 — 23:59 UTC 01/17/2018 T CE—.

£n 1 2:{]{] — 25:59 UTC {J 1 ‘/{1 ?(1'{2{] 1 E - - -49 ) 12 hour :o\lactinr\ of clﬁrr:e-lerwnve heights

12 hour callectien af altimeter wave heights I8 0121518 ¢
{ creatsd: Jan 18 132751 UTC 2018 )

]

= : ¥,

2600
Ze8 1810

18 21 . 24 27 3l
npte: 1) Time is in UTC; 2) SWH is in feat  josenZ jasond cryosat s3a
NOAA/NESDIS Center for Satslite Applications and Research  Jan 18 13:27:51 UTS 2018

LY

http://manati.star.nesdis.noaa.gov/datasets/SGWH.php/




Altimeter Wind Speeds

"\\\ A T waveform
; ' amplitude of

returned signal
= wind speed

|

backscatter isrelated to water surface mean square slope (mss).

power

emitted signal backscatter
time

mss can be related to wind speed.
Sronger wind =» higher mss =» smaller backscatter.

Erors are mainly due to algorithm assumptions, waveform retracking
(algorithm), unaccounted-for attenuation & backscatter.



Relationship Between Altimeter
Backscatter and Ocean Wind Speed
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= == == Kuy-band
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Wind Speed Comparison with Buoys

ECMWEF Study

Envisat
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Rain Effects

The radar signal is attenuated by the rain
as it travels to and from the Earth® surface

v

The radar signal is scattered by the
raindrops. Some of this scattered energy
returns to the instrument

t

The roughness of the sea surface is
Increased because of the splashing due to
raindrops

t




SWH Data Quality Dropouts/Outliers

Key factor explaining drop outs is non-oceanlike waveform
Reasons for waveforms that are not typical rough ocean returns

Slick or very smooth water patches
Transitions from land to sea
Seaice

Very heavy rain

Data drop out determination
Look for SWH data quality flag and/or wind speed data quality
Look at altimeter wind speed and at RMS of SWH and wind speed
averaging
Each altimeter can differ in amount of NRT SWH dropouts
Typically a very small percentage of the data
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Altimetry in Operations
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A large fetch of gale to storm force
winds, associated with low pressure SW
of Iceland, is resulting in sea heights
over 30 feet as seen in a wave altimeter
pass.



