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Scatterometry

..« http://manati.orbit.nesdis.noaa.g
Bureau of Meteorology OV/d ataSEtS/AS CAT Data D h p

COMET Training package:
https://www.meted.ucar.edu/EUMETSAT/ma
rine_forecasting/navmenu.php?tab=1&page
=2-2-0&type=flash

ASCAT:. on METOP-A and B satellites
Polar orbiting

see:http://manati.orbit.nesdis.noaa.gov/datasets/ASCATData.php/ TR AR S A e e
: PP ﬂiﬁw&%a-

;

T
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Windsat: Very sensitive to heavy rain and so only
useful in heavy rain-free areas.


http://manati.orbit.nesdis.noaa.gov/datasets/ASCATData.php/
http://manati.orbit.nesdis.noaa.gov/datasets/ASCATData.php/
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
https://www.meted.ucar.edu/EUMETSAT/marine_forecasting/navmenu.php?tab=1&page=2-2-0&type=flash
http://manati.orbit.nesdis.noaa.gov/datasets/ASCATData.php/
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Scatterometry Theory: Bragg scattering

Australian Gov
Bureau of Meteorology

Small (2-4cm) capillary waves correspond to wind speed

Bragg scattering: energy at similar wavelengths scattered
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Ascat satellite geometry

Australian Government

Bureau of Meteorology

Fan-beam: three antennas detecting two swathes ~500km wide
separated by ~600km underneath where insufficient energy
comes back.

ASCAT Scatterometer Coverage

** Antenna Azimuth Angle

The COMET Program /| EUMETSAT



4/34

ASCAT coverage

Bureauof Meteorology  Nt{p://manati.star.nesdis.noaa.gov/datasets/ ASCATData.php/

ASCAT 25KM NO&S Winds Nov 19 0B:02 UTC 2013 descend-
&0

. . B B e |
Lots of misses in the D 5 10 15 20 25 30 35 40 45 >50

S - AN - JOR. - SO R - SR

3 45 6B 7S5 90 106 120 135 180 185 1BC -1B5 -150 -135 -120 -105 -80 -75 -80 —45 -30 —-15 © 1§
-840

Courtesy: NOAA


http://manati.star.nesdis.noaa.gov/datasets/ASCATData.php/
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Ascat - positioning
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Ascat — positioning NRCS

Australian Government

Bureau of Meteorology N R CS - S p eed O n Iy
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‘ Winds — created ot WMoy 4 0208 UTC 2017 ascl.g - - -
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Australian Government

Bureau of Meteorology

ASCAT calibrated well
but

underestimates >50kn
Esp. in deep convection

Courtesy: Danielson, 2012

ASCAT Wind Speed (m/s)

40

20

10

0

Ascat verification

ASCAT vs SFMR GP
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S ASCAT cases: Glovanna —
Australian Government Wh at | ntens |ty’)

Bureau of Meteorology

a) 50 knots
b) 70 knots
c) 75-90 knots

d) unable to determine

Southern Hemisphere

re GMT 2)Timas aleng bottem correapond o measurament ok —155 ;|
example fer ig 22 hra from Fab 14 0Z14 UTC 2012 4] Elack circlea indicata poasiblf

MO, NESDIS /OFf
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fi Ascat cases: Nanauk
intensity/structure

Bureau of Meteorology

ASCAT 25KM MWOAE Winds — created at Jun 13 14:08 UTC 2074 ascending -
o 5 10 13 20 25 X 32 40 45 30 knots

Sterm nurmber: 02 Starm narme: NANALK

Mote: 1) Timas are GMT  2) Times aleng bottom eorrespond to meosuremnent ot 224 N th h I I I ph
5)) Cota buffer is 22 hrs from Jun 13 1408 UTC 2014 4) Black Circles indicate possible contamination Or ern e IS ere
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Ascat cases: Donna

Australian Government

Bureau of Meteorology

What intensity?
What structure?
Anything unusual?

Donna: 10:35Z 3 May 2017 ; : —
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Scatterometry exercise: Real-time

Bureau of Meteorology

=

Go to Manati web page

2. For active system, find ASCAT images that provide

coverage.

What is the time of the images?

What can you say about the intensity?

What can you say about the structure — radius of gales?

Is it asymmetric?

6. Go to Storm and find the latest NRCS image that provides
coverage. Is it easy to find the position?

Anything unusual?

ok w
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Microwave Imagery Interpretation

Australian Government

Bureau of Meteorology

Why Microwave?
Satellites and access

Features of 37 and 85 frequencies
How to use both
XX Intensity

COMET microwave training
www.meted.ucar.edu

Acknowledgements: Roger Edson
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The Satellites Sensors

Australian Government

Bureau of Meteorology

Passive sensing up—radiation from ocean/clouds in 19-24, 37, 85-91GHz ranges

SSM/I Scan Geometry

 Polar Orbiting Conical Scanner

SSMI, SSMIS, GMI, AMSR2, Windsat
(37GH2z)

+ more”?

 narrow scan widths but maintains
footprint resolution across the entire scan

» 85GHz higher res than 37GHz

* Cross track AMSU (85GHz only)

« wider scan swaths but resolution
degrades toward the edge of scan
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i 37-85 GHz differences

Australian Government
Bureau of Meteorology

85GHz from ocean is absorbed & scattered  37GHz from ocean is absorbed by cloud/
by water droplets and further scattered by rain droplets — the radiated energy is

large water droplets and hail higher up in NOT affected by large water droplets and
deep convection leading to low brightness hail higher up in deep convection leading
temperatures. to high brightness temperatures.

Radiative Processes at 85 GHz in a Convective Atmosphere Radiative Processes at 37 GHz in a Convective Atmosphere

temperature / temperature /
more enerqgy

— % & = '9‘ &

Ice Crystal Snow/Graupel ETT T ©The COMET Program Ice Crystal Snow/Graupel Raindrop ®The COMET Program
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37 Vs 85 GHz — most important slide

Australian Government

Bureau of Meteorology

37 GHz shows region of low-level clouds/rain and so clearly shows low-level
circulation but doesn’t distinguish deep convection from rain.

85-91GHz better shows deep convection but can not always see low-level
circulation.

Use colour enhancement to resolve ambiguity between deep convection and
clear ocean surface
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Why the fuss over microwave?

Australian Government

Bureau of Meteorology

Microwave allows us to see through the high cloud and
resolve detarls of the structure and low level circulation

N

N, 85-91GHz
Deep
convection

higher up

IR overnight TC Errol
Where is it?

_ _ low down
‘ IS it developing?
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Availablility: NRL web pages

Australian Government

Bureau of Meteorology

IS | g Ml SECKE 85T SECT ¢yjor main Wind |07 | TTHE TCHE ST g,
fsom (M [H 8 [o [ oo o868 oo & [=5H
lssvs: | B B [ H | B | B | H H | H 'H o o o
(oo [H[H[H[H oo [8 888 oo [=
as M M B H H H BN E B N NN
WINDSAT: " H N
AMSUB: ’T W’i

http://www.nrimry.navy.mil/TC.htfMi=6 urs. old, <= 12 brs. old, M > 12bes.

Alternate Page at FNMOC www.fnmoc.navy.mil/tcweb/cgi-bin/tc_home.cgi

200608261400

BoM Image viewer (web)

TC MicroWave Viewer 02/10/12 0600Z 10P JASMINE & IREE e |
AU1112_12U 02/10/12 0333z TRMM COMPOSITE 3 D : Y
Chaose nciher system| Saver |Heb 02/10/12 03322 MTSAT-2 VIS

Advantages

navigation to get lat/lon;
distance to point;

l ease of viewing - fast;
local archive.


http://www.nrlmry.navy.mil/TC.html
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Different presentations

Australian Government

Bureau of Meteorology

‘color' Composite view
combines horizontal and
vertical polarisation and
PCT so can 'correct' for
known weaknesses



http://www.nrlmry.navy.mil/tc-bin/tc_home2.cgi?ACTIVES=06-CPAC-01C.IOKE,06-ATL-04L.DEBBY,06-ATL-05L.ERNESTO,06-EPAC-10E.ILEANA,06-EPAC-10L.DEBBY,06-EPAC-90E.INVEST,06-WPAC-98W.INVEST,06-EPAC-99E.INVEST&PHOT=yes&ATCF_BASIN=cp&BASIN=CPAC&NAV=tc&ATCF_YR=2006&ATCF_FILE=/data/www/atcf_web/public_html/image_archives/2006/cp012006.06082618.gif&CURRENT=20060826.2026.f16.x.colorpct_91h_91v_1deg.01CIOKE.140kts-NAmb-184N-1777W.83pc.jpg&AGE=Latest&CURRENT_ATCF=cp012006.06082618.gif&ATCF_NAME=cp012006&ATCF_DIR=/data/www/atcf_web/public_html/image_archives/2006&YEAR=2006&YR=06&ACTION=Latest_Photos&ARCHIVE=active&MO=AUG&STORM_NAME=01C.IOKE&STYLE=tables&AREA=pacific/southern_hemisphere&DISPLAY=Latest&DIR=/TC/tc06/CPAC/01C.IOKE/tc_ssmis/color/1degreeticks&TYPE=tc_ssmis&PROD=color&SUB_PRODUCT=1degreeticks&SIZE=full
http://www.nrlmry.navy.mil/tc-bin/tc_home2.cgi?ACTIVES=06-CPAC-01C.IOKE,06-ATL-04L.DEBBY,06-ATL-05L.ERNESTO,06-EPAC-10E.ILEANA,06-EPAC-10L.DEBBY,06-EPAC-90E.INVEST,06-WPAC-98W.INVEST,06-EPAC-99E.INVEST&PHOT=yes&ATCF_BASIN=cp&BASIN=CPAC&NAV=tc&ATCF_YR=2006&ATCF_FILE=/data/www/atcf_web/public_html/image_archives/2006/cp012006.06082618.gif&CURRENT=20060826.2026.f16.x.91h_1deg.01CIOKE.140kts-NAmb-184N-1777W.83pc.jpg&AGE=Latest&CURRENT_ATCF=cp012006.06082618.gif&ATCF_NAME=cp012006&ATCF_DIR=/data/www/atcf_web/public_html/image_archives/2006&YEAR=2006&YR=06&ACTION=Latest_Photos&ARCHIVE=active&MO=AUG&STORM_NAME=01C.IOKE&STYLE=tables&AREA=pacific/southern_hemisphere&DISPLAY=Latest&DIR=/TC/tc06/CPAC/01C.IOKE/tc_ssmis/91h/1degreeticks&TYPE=tc_ssmis&PROD=91h&SUB_PRODUCT=1degreeticks&SIZE=full
http://www.nrlmry.navy.mil/tc-bin/tc_home2.cgi?ACTIVES=06-CPAC-01C.IOKE,06-ATL-04L.DEBBY,06-ATL-05L.ERNESTO,06-EPAC-10E.ILEANA,06-EPAC-10L.DEBBY,06-EPAC-90E.INVEST,06-WPAC-98W.INVEST,06-EPAC-99E.INVEST&PHOT=yes&ATCF_BASIN=cp&BASIN=CPAC&NAV=tc&ATCF_YR=2006&ATCF_FILE=/data/www/atcf_web/public_html/image_archives/2006/cp012006.06082618.gif&CURRENT=20060826.2026.f16.x.color37.01CIOKE.140kts-NAmb-184N-1777W.85pc.jpg&AGE=Latest&CURRENT_ATCF=cp012006.06082618.gif&ATCF_NAME=cp012006&ATCF_DIR=/data/www/atcf_web/public_html/image_archives/2006&YEAR=2006&YR=06&ACTION=Latest_Photos&ARCHIVE=active&MO=AUG&STORM_NAME=01C.IOKE&STYLE=tables&AREA=pacific/southern_hemisphere&DISPLAY=Latest&DIR=/TC/tc06/CPAC/01C.IOKE/tc_ssmis/color37&TYPE=tc_ssmis&PROD=color37&SUB_PRODUCT=2degreeticks&SIZE=full
http://www.nrlmry.navy.mil/tc-bin/tc_home2.cgi?ACTIVES=06-CPAC-01C.IOKE,06-ATL-04L.DEBBY,06-ATL-05L.ERNESTO,06-EPAC-10E.ILEANA,06-EPAC-10L.DEBBY,06-EPAC-90E.INVEST,06-WPAC-98W.INVEST,06-EPAC-99E.INVEST&PHOT=yes&ATCF_BASIN=cp&BASIN=CPAC&NAV=tc&ATCF_YR=2006&ATCF_FILE=/data/www/atcf_web/public_html/image_archives/2006/cp012006.06082618.gif&CURRENT=20060826.2026.f16.x.37h.01CIOKE.140kts-NAmb-184N-1777W.85pc.jpg&AGE=Latest&CURRENT_ATCF=cp012006.06082618.gif&ATCF_NAME=cp012006&ATCF_DIR=/data/www/atcf_web/public_html/image_archives/2006&YEAR=2006&YR=06&ACTION=Latest_Photos&ARCHIVE=active&MO=AUG&STORM_NAME=01C.IOKE&STYLE=tables&AREA=pacific/southern_hemisphere&DISPLAY=Latest&DIR=/TC/tc06/CPAC/01C.IOKE/tc_ssmis/37h&TYPE=tc_ssmis&PROD=37h&SUB_PRODUCT=2degreeticks&SIZE=full
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02/17/15 1800Z 98P INVEST
02/17/15 2052z F-18 91H
02/17/15 20322 MTSAT-2 VIS

02/18/15 0600z 13P THIRTEEN |5
02/18/15 0630z F-16 91H 0
02/18/15 0601Z MTSAT-2 VIS

“‘!!ul-fllllllllllllllll

SSMIS 17/205227 ~ 91GHz Ssmis  SSMIS 18/0630Z

Eeeussmam  OVer 34N iiiiiﬁm

02/10/15 00007 12p MARCTA *
02/19/15 06162 F-16 91H
02/19/15 06012 MTSAT-2 VIS

MeSSMIS 19/0616Z

8/
02/18/15 2041z F-18 91H
02/18/15 2032Z MTSAT-2 VIS
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37 Vs 85 GHz

Australian Government

Bureau of Meteorology

Eye looks bigger on 85 GHz as 85GHz represents conditions higher up.

Tropical Cyclone Cross Section

Eye sensed at 85 GHz

= = S
= X & . ‘
Ice Crystal Snow!Graupel Raindrop

©The COMET Program



Parallax at 85-91 GHz
Need to correct position

Australian Government

Bureau of Meteorology

Note: Not to scale

Tropical Cyclone Cross Section

Parallax
Error

=  *e

Ice Crystal Snow/Graupel Raindrop

©The COMET Program
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Parallax for 85-91GHz

Australian Government

Bureau of Meteorology

04/15/11 1800z 21S ERROL

Which direction is the s 2 2o
satellite travelling? e A

Which way Is the parallax
correction?




Parallax at 37 GHz

Australian Government

Bureau of Meteorology

Tropical Cyclone Cross Section

=

Parallax

== - * Py : ; Error

Ice Crystal Snow/Graupel Raindrop

©The COMET Program
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37 Vs 85 GHz — Eye size & Parallax

Australian Government

Bureau of Meteorology

Parallax error:
37 GHz - 5 km or less
85-91 GHz - 10-20 km

SSM/I Scan Geometry

Naval Research Lab www.nrlmry.navy.mil/sat_products.htm
<-= 37H Brightness Te (Kelvin) -->

19 and 22 GHz

Footprint Sizes

Scanangle |8

MY
1400 km Swath 102° \ | /

Correction back towards satellite

motion is parallel to edge; use 85 windscreen
wiper effect to determine direction

190 200 210 | 240 250 20 270
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Australian Government

Warm
(gz'g) (Blue)
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Haval Research Lab www.nrlmry.navy.mil/sat_products.html
<--  §5H Brightness Temp (Kelwvin) -->

cold temperatures of deep convection in rec

background (and land) in blue.

against a warmer ocean
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Australian Government

(Blue) (Red)

Haval Research Lab www.nrimry.navy.mil/sat_products.html
w—- J7H Brightness Temp (Kelwin) -

160 170 180 i

warm temperatures of low cloud (and land) In red against a colder ocean Eac!ground 1
blue.
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Viewing Interpretation--Oceans

Australian Government

Bureau of Meteorology

*Oceans Appears
oTel N

OCEAN

Haval Research Lab www.nrlmry.nawvy. mllfsat_products html Haval Research Lab www.nrlmry.navy. m11/sat_products html
< - -z

37TH Brightness Temp (Kelwvin)

190 200 210 240 250 260 2?0

Cold Cool Warm Cold Warm

85H Brightness Temp (Ke1v1n)
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85-91GHz

Australian Government

Bureau of Meteorology

At 85 GHz, energy emitted from the ocean surface is rapidly depleted in
lower to middle portions of convective clouds due to scattering by water
drops and large ice particles

Advantages:

Can penetrate cirrus and reveal internal storm structure such as eyes and convective
bands;

Distinguishes deep convection from lightly raining cloud features;
Offers higher spatial resolution than at 37GHz;

Limitations:
Can not always see low-level circulation;

Cold ocean may look like deep convection — needs colour enhancement to resolve
ambiguity ocean and cloud;

Parallax errors when viewing deep convection (10-20km);
Not available on Windsat;
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3/GHz

Australian Government

Bureau of Meteorology

At 37 GHz, abundant energy emitted by water droplets lower in the

convective cloud is largely unaffected by ice particles higher in the cloud

Advantages:

Can penetrate cirrus and reveal detail within the storm core missed by 85GHz such
as eyes;

Shows regions of low level clouds/rain;
Small parallax error compared to 85GHz;
Limitations:

As deep convection not distinguished well from low clouds then inner core may be
poorly defined;

Lower spatial resolution than on 85GHz;

Some scattering in very intense convection resulting in false signal
— needs colour enhancement to resolve this detail;

Not available on AMSU-B;
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Summary

Australian Government

Bureau of Meteorology

* There are different techniques used to find the centre: use all available
and the best;
« Microwave images:
— 37GHz low level — generally best for positioning
— 85-91GHz highlights convection in mid-levels
— Use 'color' composite views to help distinguish ocean/low cloud from
higher cloud.

Q Microwave is most useful for determining the centre when ...

Q Microwave is least useful for determining the centre when ...
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Exercises: Donna
| Where would you put the centre?
St iier What imagers were most useful?

What other information would help?

Positions at:

0730UTC 6 May 2017
03UTC 8 May 2017
03UTC 9 May 2017
1327UTC 4 May 2017
0706UTC 5 May 2017
03UTC 3 May 2017
12UTC 3 May 2017
18UTC 3 May 2017
00UTC 2 May 2017

W 0 N o U W D=



