R 'Se’,-Veriine..Fqurnier — NASA JPL/CaItech |



In Situ Observations

Tropical Indian Ocean Moored Buoy Array
Surface Mooring = Flux Reference Site = ADCP

Moorings:
TAO/TRITON (Pacific)
PIRATA (Atlantic Ocean)
RAMA (Indian Ocean) ;!5

20°8 =
K-

o OTRITON @ Bubsurface ADCP
30°8

120°E 140°E 160°E 180° 160°W  140°W  120°W  100°W
60°E 80°E 100°E 120°E

Argo, TSG, moored buoys, drifting buoys, CTD, marine mammals, XBT, drifters, etc. -> temperature, salinity but
also velocities, biogeochemistry observations

acec
Surface Velocity Program
“mini” drifter
In-situ observations of sea
‘ocean currents, and other
physical

120°'E 150°E 180" 150°'W 120'W 90'W 60'W 30'W

Geographic distribution of casts (20481 casts)

NOAA NODC Ocean Climate Laboratory
http://www.node.noaa.gov/OCI

argo.ucsd.edu; www.aoml.noaa.gov/; www.pmel.noaa.gov/; www.ncei.noaa.gov/



https://argo.ucsd.edu/
https://www.aoml.noaa.gov/
https://www.pmel.noaa.gov/
https://www.ncei.noaa.gov/

In Situ Observations

- Very accurate

- Extremely important for calibration and validation of satellite data

- Complementary of satellite data, 3D view

- Pointwise measurements

- Specific single time

- Limitations: spatial: limited coverage (especially in marginal seas and coastal regions)
temporal: doesn’t always allow to resolve all time scales
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. Credit: ESA (hftps //www.esa.int/ESA_Multimedia/Images/2019/05/ESA-developed_Earth_observation_missions)
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Satellite Ocean Observing System — List non exhaustive

Altimetry:
- Sea Surface Height
- Ocean Currents
- Sea ice properties

Gravimetry — Mass

Radiometry:
- Sea Surface Salinity
- Sea Surface Temperature
- Ocean Color
- Sea Ice properties
- Sea Surface Winds

Scatterometry — Sea Surface Winds



Altimetry

Reference Mission: T/P, J1, J2, J3, S6MF, S6B



How altimeters work 2 e
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SATELLITE DYNAMIC SEA SURFACE
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0STM/Jason-2
2008-2019
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Altimeters measure the rising ocean

GLOBAL RISE SINCE 1993 (CM)

N
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Satellite Record of Sea Level Rise
2024

More than doubled from
0.18 cm/year in 1993

EXPECTED RATE
0.43 cm/year

2024 RISE

0.59cm

(0]

(o)}

TOTAL RISE

10.1cm

SINCE 1993

1993 2000 2010 2020 2030

(o)}

BN

N

2040

GLOBAL RISE SINCE 1993 (INCHES)

Worldwide, 200 million
people live on land that will
be reqularly flooded or
below sea level by 2100



Regional Sea Level

/z
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Sea Surface Height Change from 1992 to 2019

-15 -10 -5 5 10 15

0
centimeters

Credit: NASA's Scientific Visualization Studio



Sea level and ocean warming to predict tropical storms
intensity

Ocean Heat Content derived from Altimetry Sea Surface Temperature

No particular
warm surface
Blob of warm water waters
below the surface =

high sea level

Monitoring El Niflo/La Nifa
from Space

Source: https://sealevel.jpl.nasa.gov/data/el-nino-la-nina-watch-and-pdo/overview/



The slope of the ocean tells us the surface currents

80" - et

60" - X ) ' : R

Northern Hemisphere =~ _g H

high sea level

Coriolis f(ﬁl
/’
Ii - 3 _"".

e ;

Pressure ,

L g r ad | e y J--"l"'____.---..l,—-
—___ low sea level " water is deflected by

the Coriolis force  __.ss Credit: CLS 2018
B} ) N

al cmis
E

« Pressure gradient depends on the slope (measured by altimetry) @
» Coriolis force depends on the speed of the current

geostrophic balance = geostrophic current speed

 ENVISAT
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Altimetry

SWOT



SWOT observes oceanic features that have never
been seen before

~ 10 m Baseline
Interferometer 7 Interferometer
Antenna 1 . w Antenna 2

Nadir
Altimeter

g Cross-track

Resolution
from

70m to 10m

H-Pol Interferometer Swath = V-Pol Interferometer Swath
10 - 60 km Nadir 10 - 60 km S S i v
Altimeter ‘ S = S - Sy o Sea Surface Height (SSH)

Data start: 2023-07-26T14:12:39 -0.2 0 0.2 [m]
end: 2023-08-16T14:17:18

« 21-day cycle
 resolution below 10-km (~100 km for conventional altimetry) — SAR interferometry
« monitor small scale dynamics that contribute to vertical transport of heat and carbon and coastal sea level



Sea surface height anomaly (SSHA) from SWOT Ka-band
Radar Interferometer (KaRIn) over one full 21-day cycle
Same field, difference perspectives

2023-08-11 02:19 Sea Surface Height Anomaly (SSHA)

Pass: -20 0 20 [cm]

Credit: Jinbo Wang — PO.DAAC Data in Action



Altimetry

CRISTAL, CryoSat, IceSat



High Latitude Altimeters

Sea level is rising
rapidly in the Arctic
as the ocean

CryoSat-2

Instrument Mode

Quartly et al., 2020
Rose et al., 2019



Altimeters to monitor Sea Ice — IceSat / CryoSat

lceSat

« CryoSat: Ku band SAR radar altimeter to
: . CryoSat
measure sea ice thickness and extent
« |ceSat: Ka band laser altimeter, very high
resolution to measure sea ice thickness

Sea ice Sea level

Sea surface
height (SSH)




Altimeters to monitor Sea Ice - CRISTAL

AMR-CR radiometer Dual frequency (Ku/Ka)
(provided by NASA) radar altimeter (IRIS)

* Follow-on to CryoSat-2 but with
significant improvements

« Multiple wavelengths (Ka and Ku-
band) for measurement of ice
elevation and snow depth

* On-board radiometer for water vapor
and cloud conditions over open ocean

* SAR interferometry

Sea ice Sea level

Sea surface
height (SSH)

Credit: Sahra Kacimi, JPL




Gravimetry

GRACE, GRACE-FO



How does GRACE work?

https://qrace.jpl.nasa.qov/resources/40/qrace-fo-from-range-observations-to-global-mass-change/



https://grace.jpl.nasa.gov/resources/40/grace-fo-from-range-observations-to-global-mass-change/

Land Water Storage Changes

Trends in land water storage from GRACE
observations, 2003-2023

Water
mass
gain

smmme> - i) 2003 to 2023

Buzzanga et al., 2024

22



GRACE AND GRACE-FO Observations oF Polar Land Ice Mass Changes_ 2002-04

Average Mass Loss:

Average Mass Loss: 147 Gigatons/year

271 Gigatons/year

m :
5 Antarctic
o -1000
©
2
O] 2000
w 200
& Greenland
©
£ 4000
(@)
)
% 000
=
[0]0]0]
2002 2004 2006 2008 2010 012 2014 2016 2018 2020 2022
2002-04 Ice Mass Change
(meters water equivalent relative to 2002)
B

Credit: NASA and JPL/Caltech (https://svs.gsfc.nasa.gov/31166/) -6 - z 0 E



Sea Level — Ocean mass contribution

Argo (steric) and GRACE
(mass) help to estimate
the contributions to the
sea level

[
T
18}
]
an
&
m
=
o
W

1954 19596 1993 2000 2002 2004 2006 2008 2010 2012 2014 2016

Horwath et al., 2022

20 mim

Time / calendar year

Global mean sea level
=  from satellite altimetry (5L_cci)

surm of sterc and mass effects

Steric effect
mm from Argo and 55T (35T _cci)
EEm ensemble mean steric dataset

Ocean mass effect
= from GRACE (SLBC cci)
sum of mass contributions

Ocean mass contributions

Glaciers
N Global Glacier Model
Greenland

from satellite altimetry (Gri5_cci)
mm from GRACE (Grl5_cci)
Antarctica
m from satellite altimetry (A5 cci)
= from GRACE (Al5S_cci)
Land water storage
mm  WaterGAP glob. hydrol. model




Sediments Accumulation

Measured mass accumulation

1301 + 618 Mtons/yr

10°S

60°W 55°W 50°W 45°W 40°W_ 35°W 30°W_ 25°W

Slope: 5.5kg/m2/yr

Credit: JT Reager; Source: Earthu et al. (2025) — Remote Sensing of Environment

First use of GRACE-FO data in geomorphology study
Measured ocean sediment deposition

Requires a long-record to distinguish subtle mass changes
Implications for tides, coastal zone

Sediment source map

0200 500
—) kot

Pacific \'\‘ < B s Sediment source

Ocean 3 s Sedimentsink  (Mtons/yr)
- ]




Radiometry



Radiometry from Space infrared

temperature)

Far IR
(Carbon Monoxide)

pomes

~ Visible light

s

45

Blue/purple

Microwave ’_ghlorophyll)

(Water VapoL)e

&
Ay

Optical
Window

AN

10'2Hz 10"8Hz

Ned BH Rado waes L Micowaves M inirared W uitraviolet - Xrays M Gamma WSS

10?2 (meters) 10'm 10"'m 102m 10°m 10“4m 10°m 10°m 107m 10%m 10°m 107"°m 10" m 10"2m
(1cm) (1pm) (1 nm)
- A a - A
Wavelength = Wavelength = Wavelength = Wavelength = Wavelength =
length of a football field width of a baseball thickness of paper width of a water molecule size of atomic nuclei
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Microwave Radiometry
Sea Surface Salinity

SMOS, Aquarius, SMAP



Microwave Radiometry

Passive Microwave Radiometers measure the emissivity of a body (ocean) in the
microwave region (~1-300 GHz)

Emissivity of the surface is its effectiveness in emitting energy (1-reflectivity)

Low reflectivity -> high emissivity -> high brightness temperature (black body)

Emissivity of the ocean depends on:
« Wavelength e
« Salinity Ga® (oM Space
« Temperature
* Roughness (wind speed)

Atmospheric @

Emission

Emission

[

ohannessen et al., 2006



Sea Surface Salinity from Space Need to correct for effects due

to:
- the sky (galactic)
- atmosphere

REPRPORR /3 - ionosphere
" ﬂghtn& - land
. \ - Ice
tem perature . SST

- surface roughness (from
wind and rain)
- Radio Frequency

P = Interference
Atmosphere SSS retrieval

1

More salt

L-Band =>» conductivity increases

(SSS sensitivity,
\spatial resolution

=» surface more reflective
=> lower emissivity
=» colder Th

. Dlelectrlc constant f(temperaturmmm



Sea Surface Salinity from Space

Radiative transfer theory : the Earth's brightness temperature related to geophysical parameters

Tg=Tgy+7 ESST+7 R [Tgp +7 Tcl+ 7 Tgscar (Wentz & Meissner, 2000)

E & R : the sea surface emissivity & reflectivity
T : the atmosphere transmittance
Tpgy : the upwelling atmosphere emission

Tpgp : the downwelling atmosphere emission reflected at
the surface

Tc : the effective cold space temperature

E depends on the sea water dielectric constant & the roughness state of the sea surface

Dielectric constant depends on electromagnetic frequency, temperature and salinity

= SSS retrieval from radiative transfer of microwave radiation emitted by the ocean surface

@ L-band radiometers (1.4 GHz) : a trade-off between good sensitivity to SSS & reasonable
spatial resolution from Space




Why SSS is retrieved based on L-band Radiometry?

Sensitivity vs Radiometric Frequency

* Protected band (used for radio
astronomy)

S=35 psu, T=15 C, Incidence = 0

« Relatively good sensitivity to SSS
for SST > 5°C

« Other applications of L-band radiometry: soil moisture, freeze/thaw state, thin sea ice

thickness, high winds

« SSS has the most stringent requirement for L-band radiometer precision
Credit: Tony Lee, JPL



Limitations current SSS sensors: ancillary data and

sensitivity in cold waters

formal uncertainties L2

Wind and sea surface temperature measurements
are needed to retrieve SSS — significant uncertainty

Need for concurrent measurements of sea

surface temperature, winds and SSS (L/C/X/K
Band), and wide band measurements in L-band

3
%
:
5
]
:
g
i

Salinity (psu)
Lagerloef et al. (1995)

Akins et al., 2023

Tb/psu
variability is very
small in cold
waters



Sea Surface Salinity Measured from Space

Spatial resolution 60 km 150 km 60 km

Temporal repeat 23 days (subcycle 3 7 days 8 days
days)

Data period 01/2010 onward 08/2011-05/2015 04/2015 onward

Distance from the 150 km 40-70 km

coast

34



SMAP Soil Moisture and Salinity 04/04/2015

0.6 32

33

Saliniti

34 35 36 37
PSU

38

39



o « o ds _ . E-P+R das ds .
Why observing sea surface salinity? & =5=— fug vy, * mxing processes
Water cycle freshwater fluxes ~ ocean processes (advection, mixing)

Increase salinity Decrease salinity Hurricane Intensification
- = 3 — .L‘-

== -_f' =

=Evaporation™ Precipitation

O of rain
s eawater—g or snow.

Key parameter in Arctic Ocean
Sea Ice Concentration (%) >> [

20 40 60 80 100

.. Fresh waters
05 ; i Pyt i
' froze rapidly

<>
mo=

1O m

n

River
S runoff,

PN

Groundwater
flow to ocean

Credit: NASA salinity website
(https://salinity.oceansciences.org)
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Rapid sea ice advance
conditioned by fresh layer?
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MW and IR Radiometry
Sea Surface Temperature

AMSR, TMI, AVHRR, VIIRS, MODIS,...



Sea Surface Temperature from Space

Empirical retrievals:

Based on nonlinear
| regression by determining
pECHUESER | the regression coefficients
tsg%rg{'aetjfe of signals from different IR
channels with respect to

In-situ SST

___SST retrieval

SST -
emissivity
relationship is
non-linear
e 38




Sea Surface Temperature Jrgn;é%g;‘
, 3 e

Infrared: - S iy

« top 10 microns of the surface

» higher spatial resolution, more accurate

« susceptible to cloud contamination, atmospheric
effects

Advanced Very High Resolution Radiometer (AVHRR) on NOAA satellites

Along Track Scanning Radiometer (ATSR) on ESA’s ERS-1 & -2

Advanced ATSR (AATSR) on ESA’s Envisat (also has near IR & visible channels)

Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua ,14’{
———

VM\’“’M—i
Visible Infrared Imaging Radiometer (VIIRS) on NASA/NOAA Joint Polar Satellite ~ —————=" S -
System

Sea and Land Surface Temperature Radiometer (SLSTR) on ESA’s Sentinel-3 Microwave+Infrared (MUR)
« topmost 1-millimeter layer

* Lower spatial resolution

« Not impacted by cloud cover and atmospheric effects
» Affected by rain, surface roughness, and RFlI

NASA’s TRMM Microwave Imager (TMI)

Polarimetric Microwave Radiometer on US Navy’s WindSat

Advanced Microwave Scanning Radiometer (AMSR) on JAXA’s ADOES-II
AMSR-E on NASA’s EOS Aqua

AMSR-2 on JAXA’'s GCOM-W1

Microwave Imager on NASA’s GPM

Source: NASA worldview




IR SST generally more accurate than PMW SST

Overall uncertainties: IR SST ~ 0.3°C, PMW SST ~ 0.5°C

Example for JJA 2000 comparison with in-situ

JJA 2000

#)
E_.
v
v
= 4
- 4
%
>
«

LD L5 20
Buoy SST (°C)

JIA 2000

TML SST ("C)

Bu oy 25T (L)

Image credit: Gary Wick



An Important Issue for Satellite SST products:
consistency and accuracies in polar oceans

Comparison of GHRSST blended SST (left) and single-senor SST retrievals (right)
with in-situ SST from an Arctic buoy

BUOY
CMC
GMPE
OSTIA
K10
OISST
MWIR
FNMOC
MUR
GAMSSA

b
w
@

DOY 2012
DOY 2012

Castro, Wick, and Steele (2016)

Credit: Tony Lee, JPL



UV-Visible-IR Radiometry
Ocean Color

VIIRS, MODIS,...



Ocean Color from Space ~ * ;‘ N

0 | A .....'-- ‘ . ¢
mosphere

scattering

surface
O interactions
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Chlorophyll-a (VIIRS, 443, 486, and 551 nm — blue/green):

» Chlorophyll-a = concentration of the phytoplankton pigment, used as a proxy for the amount of phytoplankton in
the surface water (absorbs more in blue/red, not in green)

» High spatial resolution but susceptible to cloud contamination due to the absorption of the ocean emitted infrared
energy by clouds

D e~ ———""{5000 krln . Source: NASA
2 el 2000 mi

Y ————§ T i worldview




MW Radiometry
Sea lce

AMSR, AMSR2, SMOS, SMAP,...



Sea Ice properties from Radiometry

« Passive microwave radiometer measures brightness temperature that depends on the emissivity
of the surface (ocean, ice, sea ice, land)

* The emissivity of sea ice:
« depends on its physical characteristics (type of ice, age, etc.), frequency

* is the contribution from the open water emissivity and the ice emissivity weighted by the sea-
iIce concentration

 higher than ocean water emissivity at microwave frequencies

Bare New Ice
==dr==New |ce + Snow
=== Compact Pack Ice
=——Fast Ice
—&—First-Year lce
e Deep Dry Snow

o
o
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>
=
=
7]
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£
w
®
e
=
3
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e
»
=)

Reference - First Year Ice
= @ Reference - Multi Year lce
== Reference 1- Ocean water

= # Reference 2 - Ocean water

e
w
=}

o
A
S

70 920 110
Frequency (GHz)




MW Radiometry
Sea Surface Winds

AMSR, COWVR, SSMI, WindSat, SMAP,...



Sea Surface Wlnd from RalemEtry Wind Passive Microwave Radiometers:

Sensors operating from 10-40 GHz are
ideal for measuring ocean wind speed

-. Ocean: - very reflective from 10-40 GHz
‘ - appears cold from reflected sky
(sky is cold from 10-40 GHz)

More wind (rougher):

=>» capillary waves and sea foam
(which is absorptive)

=>» surface less reflective

=>» higher emissivity

=>» higher Tb

Satellite

" measures a
I' brightness
I temperature

Atmosphere

€ 08 ——— — ——

&] 1 I 1 /

E 93 //

(i 34

n_ ,/

‘% 88 %

£% =

8 il

g 78 A 1 1 | 1 1 1 e
0 5 10 15 20

Ocean surface emrssrvrty depends on the surface roughness e WIND SPEED (MS)
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Sea Surface Wind from Radiometry

Wind Passive Microwave Radiometers:
- SMAP, AMSR, SSMI, TMI, GMI =% Wind speed

- WindSat. WSF-M, COWVR ==  \Wind speed and direction (because fully or cross polarized)

Capillary waves and foam align with the wind direction introducing a polarization dependence
-> Microwave radiation can be polarized, meaning the electric field oscillates in a specific direction

Unpolarized Light Vertically Polarized

"

MW radiation can be polarized, the electric
field oscillates in a specific direction

A fully or cross polarized radiometer gets “the full picture”. measures the complete polarization state of the
surface. The relative change between polarizations give the wind direction once the speed is retrieved
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Scatterometry
Sea Surface Winds

ASCAT, QuickScat,...



Wind Scatterometry Basic Principle

 The scatterometer:
* a microwave radar

 transmits a pulse towards the Earths surface and measures the reflected energy - the
backscattered power from the surface roughness

* measures ocean near-surface wind speed and direction

QUIKSCAT

| Backscatter
| signal from

| ocean to

| QuikSCAT

T Radar signal
from QuIKSCAT
to ocean




Wind Scatterometry Theory

N
N

-  “Backscatter’ = return back toward the source

SMOOTH SURFACE

- Bragg scattering occurs for periodic surfaces, from the waves that
are in resonance with the microwaves N

BACK SCATTERED
COMPONENT

- o°Is the normalized backscatter (backscatter/target area). It depends
on:

= roughness of the surface (related to wind speed and direction: “

winds create small capillary-gravity waves which roughen surface) 3312
. . . - - (© ROUCH SURFACE
= Incidence angle: when it increases, specular reflection gets less Stoffelen. 1998 ‘

Important, and backscattering dominates
= angle of view relative to the wind direction

SLIGHTLY ROUGH SURFACE

. Smooth surface (specular)

“ &

Incidence angle

Intermediate roughness

Incident

Very rough oo

T~ -
-
-
-
-
-

Incidence angle 0 ™ g

Credit; Mark Bourassa

Credit: Mark Bourassa




Wind Scatterometry Theory NG &

Downwind

Geophysical Model Function (GMF): empirical
relation between the backscatter and the wind
speed and direction (relative to the direction of the
radar beam)

Solution with objective function (MLE, least square... f o
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Wind-only ¢ (m2/m?)

Wind direction y (degrees relative

Multiple solutions for direction called “ambiguities”: i ' ? 15 | to the radar’s look direction
Mitigated with measurements at different azimuthal angles U
Choice using nearby estimates (ex median filter)
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m= State of the Ocean . QO < B <

SELECTED DATASETS + ADD MORE

@ CYGNSS Soil Moisture (L3, 36km, Daily, SDR, UCAR)

e cm? /em?

Ocean Color - Chlorophyll-A (L2, Tkm, Daily) X

@ Ocean Surface Wind Vectors (L2, 12.5km, Day)
[ .
e m/s

@ Sealce

| = U
o %

Concentration (L3, 12.5km, Daily)

SRR Y XOR
188

@ Sea Surface Temperature (L4, Tkm, Daily)

April 2021

farch 2021


https://podaac.jpl.nasa.gov/
https://worldview.earthdata.nasa.gov/
https://podaac-tools.jpl.nasa.gov/soto/

Importance of altimeters telling us about currents in

I Slick

real time

Deep Water Horizon Oil Spill - April 2010

Tracking debris after Tohoku earthquake and tsunami — March 2011

https://earthobservatory.nasa.gov

56



The first L-band SSS measurements from Space

Skylab Space Station (1973)
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Lerner & Hollinger, 1976, NRL Memo 3306

Credit: Tony Lee, JPL



Implications to air-sea interactions (hurricane intensification)

* Fresh, warm riverine waters: Formation and maintenance of a thin mixed layer and a barrier layer (eaiter et al,, 1999]

* Trapping of solar radiation in the surface layer enhanced leading to elevated sea surface temperatures (>1°C)
[Foltz and Mc Phaden, 2008; Ffield, 2007; Vizy and Cook, 2010; Grodsky et al., 2012]

* Wind-induced mixing and entrainment of cool thermocline water into the mixed layer limited jsaiaguru et ai, 2012;
Grodsky et al., 2012; Reul et al., 2014]

Hurricane Irma, September 2017

ASSS SMAP
after minus before hurricane passage

Bay of Bgé?gl,ZQ—lZ—ZOll, Cyclone Thane

57NS"W 70°W 65°W 60°W 55°W 50°W 45°W 40°W

* 1.5 pss haline wake after hurricane passage due to the mixing of the fresh river plume water with subsurface saltier
water (equivalent 3.5°C cooling in its impact on density)

Also seen in the Bay of Bengal [Neetu et al., 2012; Sengupta et al., 2008] 58



Ocean Color from Space

Sunlight interacts with pigments in living plant cells, dis- Sensor
. . . RN response
solved organic matter and particulates in the upper ocean : W\ ' ”l 1

(6.2.2)

absorption / scattering / fluorescence (IOPs)

Radiometer (visible & near-IR) measures the water-leaving A1
radiance in mW/cm?/u m/sr at different wavelengths :
@ the reflected downwelling sunlight leaving the ocean Seaswtace '\ \ / _,T::-:ﬁum.-i--g and absarption
S8 A V4 inthe water column (6.2.6)
surface to the sensor not absorbed or scattered

g e

. ey e
e e e S It__‘:.h-:-'-’!r—m"‘ TR

o depends on the IOPs Seabed refiection (6.2.8)

Absorption : water, CDOM, inorganic particulates, non living organic particulates, bubbles and
bacteria, and phytoplankton

a(A) = aw(A) + ag(A) + ag(A) + apn(A) & ag(A) + ag(A) = acam(A)

IOPs derived from radiances measured by sensors :

e GSM (Garver, Siegel and Maritorena) model (Maritorena et al., 2002)
@ corrections for atmosphere absorption and scattering




How does scatterometer wind retrieval work?

(a simplified illustration for ASCAT)

« ASCAT collects 3 sigma-0 measurements

at different azimuth angles

 GMF gives wind/speed curve for each
radar look direction, now relative to North

* Wind estimate is where curves intersect
* Determine by minimizing an “objective

function”

« Multiple solutions called “ambiguities”

» Typically, 1-4 ambiguities
* Rank by “closeness” (1%, etc.)

 First two about 180° deg apart, similar speeds

 Selection of unigue wind uses nearby
estimates (“Ambiguity selection™)
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Wind-only 5 (m2/m2)

180 270
Wind direction y (degrees relative
to the radar’s look direction)
beam azimuths: blue=45 red=90 green=135

50 100 150 200 250 300 350 400 '
Wind direction y (degrees relative to North)



