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Outline

Overview of basic principles/availability of microwave
Sensors

Orbital characteristics
Single frequency channels
Scatterometry

Exercise

. T NASAJPL,

* Acknowledgements to COMET, NRL, and FNMOC for many of the images shown here



Advantages of Microwave Images?

Hurricane Delta, 22Z 5 October
Max winds ~65 kt, just prior to RI



< How Does it Work?
Overview of Remote Sensing Basics

ePassive sensors (SSM/I, SSMIS,
AMSU, AMSR2, etc.) measure
emitted microwave energy from

19 to 200 GHZ

eEmissivities are directly related
to brightness temperatures (T,)

e scattering effects by ice

e emission by light precipitation

e emission/absorption by cloud T —
liquid water and rain droplets Image courtesy COMET

e Microwave window channel T,
can be used to quantify these
emissivities



"'Remote Sensing Satellites - Orbits

Geostationary (GEO) satellites
— Orbit at 35,800 km altitude over same spot on the equator
— Good for continuous monitoring on a large scale
— Good for visible and infrared, not good for microwave
— Good for passive, not good for active

Low earth orbit (LEO) satellites

— Good for microwave (active and passive), visible, and
infrared

— Lower altitude orbit, but not over same spot on earth

— Limited spatial coverage (narrow swaths of data)

— Views each area only twice per day “snapshots” (except
near poles) A NOAA Polar

— Depending on orbital configuration, can cover nearly Y £ g
entire globe each day [ ad® B Cns




GEO vs. LEO Orbital Altitude Comparison

Geostaticonary Satellite
35,800 km altitude |

mean distance io moon = 38,400 km

carth radius = 6. 370 lkm

tyvpical shuttle orlit = 225 — 250 lkm
Hubble Space Telaescope = 60O km

Polar Orbiting Satellite
850 km altitude

110.8°



A Merview of Remote Sensing Basics

e 85-GHz images = primary signature is lowered T, caused by ice
scattering and cloud and rain droplets within deep convection and
precipitating anvil clouds

Radiative Processes at 85 GHz in a Convective Atmosphere

Image courtesy COMET



',(/)\ierview of Remote Sensing Basics

- 37-GHz images > primary signature is elevated T, because of
minor emission from liquid hydrometeors near or below the
freezing level

Radiative Processes at 37 GHz in a Convective Atmosphere

_ EThe COMET Program

Image courtesy COMET



'/ Microwave Transmittance
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' Data Timeliness

Polar-Orbiting Satellite Data Latency
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= Pre-20086 NOAA polar-orbiting satellite data processing
= Pipeline Processing” for Metop, NOAA, and Suomi NPP orbits

= JPSS data processing
CIRA | NOAA

e LEO satellites are not continuously in view of data receiving
stations

e They can only download data when in range of those stations,
which leads to delays in data transmission and processing by a
couple of hours for most cases.



e Passive Instruments

Receive radiation leaving the earth-
atmosphere system

Measure solar radiation reflected by
earth/atmosphere targets (visible light)

Measure emitted and scattered infrared
radiation

Measure microwave radiation resulting
from emission and scattering

e Active Instruments

Send out pulses of radiation, usually at
microwave frequencies

Measure radiation returned to the sensor
Examples

e Surface-based and airborhe radars

e Satellite scatterometers

Vleasuring Electromagnetic Energy

Passive instrument

Energy to satellite

Water Vapor —

@The COMET Program

Active instrument

Energy to satellite

Ocean

Clouds/precip.

@The COMET Program




Orbital and Scan Characteristics



Sun-Synchronous Daily Orbital Path

~12 hr to observe the entire Earth
Same location twice daily (ascending/descending)

Ascending
early/late AM

Descending
aftn/eve

Image courtesy of http://www.nrlmry.navy.mil



Cross Track Scan Strategy

AMSU Scanning

@rhn COMET Program

* Advantage: Larger coverage swath relative to conical scan

* Disadvantage: Resolution varies across the swath (coarser resolution at
swath edge relative to nadir)




' Cross Track Scan Strategy
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' Cross Track Scan Strategy
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Images courtesy COMET



Conical Scan Strategy

SSM/I, SSMIS, AMSR-E,
TMI, WindSat, NPOESS-
Microwave Imager/Sounder

EThe COMET Program

e Advantage: Resolution remains constant because scan footprints are the
same size throughout the entire swath

e Disadvantage: Narrower coverage swath relative to cross-track scan



Conical Scan Strategy

5 : ; i I i AT | q | | |
S 85 GHz 1036 UTC 25 Oct 2001 GMS-5 VIS 0931 UTC 25 Oct 2001 / SSM/ 85 GHz 2228 UTC 24 Oct 2001 GMS-5 VIS 2131 UTC 24 QOct 2001
28N 1 240 '

| i U5, Nat MNRL { JMA
e H H 2 2 z KT ' J e

Resolution remains constant across swath

Images courtesy COMET



Access to Online
Microwave Imagery



'\IMOC Tropical Cyclone Webpage
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NRL Tropical Cyclone Webpage

https://www.nrlmry.navy.mil/TC.html
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Imagery Characteristics
and Applications



' 85-GHz Imagery
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e Imagery is better at locating TC
centers than conventional visible
and infrared

e Land appears warm relative to
water surfaces

e Water surfaces and deep
convection appear (due to
scattering from ice

e Imagery can not always see low-
level circulations

e Offers higher spatial resolution
than imagery at lower microwave
frequencies



' 37-GHZ Imagery Interpretation

Precipitating clouds and land 07703714 15268 coomewt ouemeass
07/03/14 16072 GOES-13 IR !
surface appear warm ’T# *

A - f;[:__
features: sea surface only = AR

Imagery highlights low-level
cloud features and storm
structure

Imagery identifies cirrus-
covered eyes and gives a ‘true
low-level center instead of a
mid/upper-level center (as in
85-91 GHz imagery




Advantages of Using 85-GHz and
37-GHz Imagery for TC Analysis

In a sense, “sees” through clouds

|dentification of circulation center (critical step in initiating TC
advisories)

Acquire positioning of TCs in difficult situations (especially in early
stages of development and at night)

View of convective rain bands that are directly related to
intensification of the TC

Monitoring structural changes such as eyewall formation and
eyewall replacement cycles



v Effects of Resolution

e Comparison of 36/37-GHz color composite imagery over TS
Philippe from AMSR-E (left) and SSMIS (right) at 0432 UTC and
0830 UTC 28 September 2011, respectively
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Effects of Resolution

Resolution differences also affect the ability to resolve
low to mid-level eyewall structure

09/15/11 18002 14L MARIA = =
09/15/11 2108Z SSMIS COMPOSITE37 ﬁ
09/15/11 20452 GOES-13 VIS

& ¥ - A E

09/15/11 1800Z 14 MARIA
09/15/11 17392 AMSR-E COMPOSITE36
09/15/11 1745Z GOES-13 VIS

FNMOC htt f/ toweb. nmcc navy /
R =37PCT

eComparison of 36/37-GHz color composite imagery over Hurricane Maria from
AMSR-E (left) and SSMIS (right) at 1739 UTC and 2018 UTC 15 September 2011.



Locating the center is critical for
the initial motion, initializing model
guidance, and assessing the
organization and intensity of the
cyclone

Dvorak estimates are very sensitive
to incorrect center locations

There is a large difference in the Dvorak intensity estimate if
the center is located in the deep convection or exposed

well to the west

Tropical Storm Rosa — 9 November 2006
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Parallax Error in Center Fixing

e Satellite-derived position error exists, potentially up
to 20 km (~10.8 n mi) from actual position

e Occurs due to conical viewing angle and/or viewing
geometry of the satellite

e Higher parallax error in 85-GHz images since
scattering hydrometeors produce a signature much
higher in the eyewall at 85 GHz than at 37 GHz



85-GHz Parallax
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37-GHz Parallax
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Color Composite Imagery

e Color composite images combine PCT with V and H polarizations
to remove ambiguities between convection and the sea surface

. 85 color composite- PCT (red), V (blue), H (green)

.Deep convection (red)
-Low-level clouds, water vapor, warm precipitation (blue-green)
-Relatively cloud-free (gray or black)

. 37 color composite- PCT (red), V (green), H (blue)

.Deep Convection/intense ice scattering (pink)
.Rain/clouds (cyan)
.Sea surface (green)



| center may be further south
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Positioning in Microwave Imagery

06/20/01 1200Z 02E NONRME
06/20/01 1552Z TRMM COMPOSITE37
06/20/01 1530Z GOES-10 VIS

Naval Research Laboratory http //www nrlmr na%% m11/sat_products html
Red=37PCP Green=37H Blue=

Naval Research Lab  www. nrimry. navy. mll/sat
d—89PCT Green—SQH Blud=389

Try to position in the rain-free dry area—out of the convection




Positioning in Microwave Imagery

Look for convective free darker areas

ABRIELLE
COMPOSITE
2 IR

| % ' ’ =
Naval Research Lab www.nrlmry.navy.mil/sat products.html - Naval Research Lab www.nrlmry.navy.mil/sat products.html
Red=89PCT Green=89H Blue=89 Red=89PCT Green=89H Blue=89




Positioning in Microwave Imagery

Look for low cloud curvature
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85 GHz Color-Composite Example

Ragged mid-level eye




37 GHz Example
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Hurricane Linda (2021)

1208z 14 Aug 2107z 14 Aug

0739z 15 Aug 2057z 15 Aug




Hurricane Elsa (2021)

ALOS5 ELSA at 2021-07-02 06:00:00, NRL-Manterey

F17 S5MIS color89 at 2021-07-02 10:08:00

GOES-16 ABI Visible at 2021-07-02 10:20:21
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ALOS5 ELSA at 2021-07-03 12:00:00, NRL-Monterey

F17 SSMIS color89 at 2021-07-03 11:35:00

GOES-16 ABI Visible at 2021-07-03 11:40:21
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ALOS ELSA at 2021-07-09 06:00:00, NRL-Monterey

GCOM-W1 AMSR2 color89 at 2021-07-09 07:15:20
GOES-16 ABI Infrared at 2021-07-09 07:20:20
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' Precursor Structure Before Rapid
P Intensification

10/22/15 06002 20E PATRICIA

e ‘;zm“l _ Lu « Aclosed low-level ring

. 200mb honrin Tl of convection in 37-GHz

'd LevellRH: 75 L 3 imagery can be a
precursor signal to rapid
intensification

- o |nthe case shown here,
Patricia strengthened an
incredible 90 kt from 60
kt to 150 kt in only 24
hours!
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