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What is RapidScat?
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Science Objectives

1. Provide ocean vector winds to improve weather
forecasting

The mid and low latitude coverage will provide additional
observations of storms that may develop into hurricanes or other
tropical cyclones, essential with recent loss of OSCAT.

uikST Ses
Hurricane Katrina

2. Provide direct cross-calibration for the
international constellation

The ISS orbit will enable coincident measurements in space and time
with other ocean vector winds satellites (ASCAT, QuikSCAT, future
ISRO scatterometer)

3. Improve estimates of the diurnal ocean vector

wind cycle and determine the semi-diurnal \6: Al
N, oy

cycle oW s

Subdiurnal variability cannot be resolved with the other satellites that BT .

are in sun-synchronous orbits.
Global Winds as

Viewed by QuikSCAT
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In theory, there is no difference between theory
and practice. But, in practice, there is.






It takes a

few villages...
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European Space Agency, ! Johnson Space Center,
Columbus Control Center, : ISS Mission Control
Oberpfaffenhofen,Germany Houston, Texas

TDRS Ground Terminal,
White Sands, New Mexico

Jet Propulsion Laboratory,
Earth Orbiting Mission Operations Control Center,
Pasadena, California
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! Marshall Space Flight Center,
Payload Operations
Integration Center,
Huntsville, Alabama

Met Office
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Nadir
Adapter
Assembly

(2nd) Instrument installation onto Nadir Adapter
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Test, Test, Test, Fix, Test
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RAPIDSCAT DEVELOPMENT TEAM
FEBRUARY, 2014

’AYLOAD MATE VERIFICATION TEAM
06 MARCH, 2014
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Ready for Launch
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On our Way!



Berthed!




Installation















October 1, 2014




Near-global coverage (48 hrs)

http://winds.jpl.nasa.gov/



Near-global coverage (48 hrs)
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http://winds.jpl.nasa.gov/



Tracking a Storm
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Daily variation in zonal winds




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

Data from Satellite/Instruments: Rapid SCAT

Additional Products Year Month Day |Getlmages
Wind Vectors 20x30 (25KM) ~ 2014 = 12 ~ 16 - @ Global(80NS0S-180E180W)

RapidScat Scheduled Outages
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Example NOAA National Hurricane Center
Forecast using RapidScat data

000
AXPZ20 KNHC 191538
TWDEP

TROPICAL WEATHER DISCUSSION FOR THE EASTERN PACIFIC OCEAN FROM THE EQUATOR TO 32N...EAST OF 140W. THE
FOLLOWING INFORMATION IS BASED ON SATELLITE IMAGERY.. WEATHER OBSERVATIONS...RADAR...AND

METEOROLOGICAL ANALYSIS.

BASED ON
1500 UTC.

...INTERTROPICAL CONVERGENCE ZONE/MONSOON TROUGH...

MONSOON TROUGH EXTENDS FROM 08N78W TO 09N85W TO 05N96W. ITCZ IS FROM 05N96W TO 09N115W TO 07N130W TO
06N140W. SCATTERED MODERATE ISOLATED STRONG CONVECTION WITHIN 90 NM N AND 30 NM S OF AXIS

BETWEEN 103W AND 109W.
...DISCUSSION...

GULF OF TEHUANTEPEC...SURFACE OBSERVATIONS FROM SALINA CRUZ ALONG THE TEHUANTEPEC COAST HAVE BEEN
BELOW 20 KT THIS MORNING WHICH INDICATES THE NORTHERLY WINDS FUNNELING THROUGH CHIVELA PASS INTO THE
GULF OF TEHUANTEPEC ARE NOT NEARLY AS STRONG AS 12 -15 HOURS AGO WHEN GUSTS WERE 25-30 KT.

..AND MODEL GUIDANCE SHOWED
WINDS WOULD FALL BELOW GALE FORCE SHORTLY AFTER 1200 UTC. BASED ON THIS INFORMATION A GALE WARNING IS
NO LONGER IN EFFECT. EXPECT THE ASCAT PASS LATER TODAY TO SHOW MAX WINDS 30-32 KT...BUT ANYTHING IS
POSSIBLE. WINDS AND SEAS WILL RAPIDLY DIMINISH THROUGH TUE MORNING. GLOBAL MODELS SHOW GALE FORCE
YINDS MAY BE POSSIBLE AGAIN IN THE REGION SAT MORNING.


http://www.nhc.noaa.gov/tafb/USA_12Z.gif
http://www.ssd.noaa.gov/imagery/tpac.html
http://www.ssd.noaa.gov/imagery/tpac.html

RapidScat Winds used by Navy to monitor Typhoon Hagupit




NASA Hurricane Page

"‘*‘e“ - NASA's Hurricane Web Page
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Photos Likes Videos
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EOPLE r, ‘ NASA's Hurricane Web Page

111,118 >
IMAGE SPOTLICGHT- The Rapidsca nt that flies aboard the
Internati | Space Station measure: d speed and direction over the
ocean s helpful in hurricane forecasting.
On Monday and Tuesday of this week, RapidScat got two good views of
each of Tropical Cyclones Chedza and Niko. Tropical Cyclone
formed last week in the Mozambique Channel (So. Indian Oce
crossed over the island of Madagascar Friday and Saturday killing at
least 35 people. It ha... S

PHOTOS

Wind Speed (m/s)

Wind Speed (m/s)

VIDEOS

NASA maintains a hurricane
page that features RapidSCAT
imagery of tropical cyclones
from all over the world.

Shown here are cyclones Chedza
and Niko near Madagascar as
seen on Jan 19 and 20, 2015.



A Nor’Easter & Tropical Cyclone

RapidScat Juno UTC 28-Jan-2015 02:41:26 to 28-Jan-2015 04:14:04
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RapidScat Wind 2014/12/12 00:40 UTC

27.5°N e




RAPIDSCAT SCHEDULED OUTRAGES

UFDATED
Fri 2015 _03_16 Z0&:00

RapidScat (R53) observes ocean winds from the International Space Station (IS55).
IS5 activities sometimes require that RS =top cbserving winds or cause outages or poor RS data.
When such activities are known in advance they are recorded here.

This =schedule can be found at www.knmi.nl/5cattercmeter/rscat_del_z5_prcdeapidScat_Scheduled_Outages.txt
and at http://manati.star.nesdis.noaa.gov/rscat_images/monitor/RapidScat_Scheduled Outages.txt
Each =ite is automated and picks up updates to this schedule within a few hours.

STRRT END DESCRIPTICH

2015-09-10 Undocking of Soyumz 425

2015 Docking of Sovuz 445

2015 Relocation of Soyuz 425

2015 Undocking of Progress 58P

2015 Relocation of HIV 5

2015 Berthing of HIV 5

2015 Docking of Progress 60F

2015 Undocking of Progress S9F

2015 REelease of Space¥ S5pX-T7

2015-07-07 U5 EVA construction work on IDA

2015-06-24 Russian EVL 41

2015-06-15 Berthing of SpaceX SpX-7
Wed 2015-05-27 Docking of Soyuz 435
Sun 2015-05-17 Unberching of SpaceX SpX-6
Wed 2015-05-13 Undocking of Soyuz 415
Tue 2015-04-28 2015-04-28 ES5 will not observe winds during the arrival of Progress S9P
S5at 2015-04-25 2015-04-25 E5 will not observe winds while Progress S59%F undocks
Fri 2015-04-10 2015-04-10 ES5 will not observe winds during the arrival of SpaceX SpX-6 (which will ke empty)
Fri 2015-03-27 Z14:10 Sat 2015-03-28 Zl14:52 I55 vaw will change 1850 degrees for arriwval of Sovuaz crew transport 425. R5 will not observe winds
24 hours

Wed 2015-03-18 Z22:10 Thu 2015-03-19 ZO0:30 I55 altitude reboost using Progress S5E8P. RS data will be marginal until attitude stabkilizes again




JPL Operations On-Time Log

Fannie Chen

Last Update:

Fannie

031212015 16:51:00 GMT

Chen

Total Operation Time:

3881.1 hrs.

161.7 days

Total On Time:

3550.3 hrs.

147.9 days

Total On Time %

91.48%

91.458%

view change

Activation Time
(WIND_OBS_MODE)

De-Activation Time
(non WIND_OBS_MODE)

On-Time
hrs.

Mode Status

I55/Rapidscat
Event

0322015 16:12:02 GMT

0.6 hrs.

Wind Obs

027205 214343 GNMT

03112015 19:31:04 GMT

525.8 hrs.

5% Wind Obs —= Standby

405 undocking

02142015 16:34:53 GMT

D2MTI2015 14:48:24 GMT

70.2 hrs.

Wind Obs —= Standby

58P docking

02M1/2015 0110028 GNT

02142015 00:358:20 GMT

71.4 hrs.

Wind Obs —= Standby

ATW-5 undocking

0122015 173315 GNT

022015 04:12:52 GMT

6827 hrs.

Wind Obs —= Standby

Spx-5 unberth & release

1272014 18:01:55 GNT

01202015 00:35:41 GMT

1086.6 hrs.

Wind Obs —= Standby

Spx-5 capture & berth

11242014 174820 GNT

T2TI2014 00:26:00 GNMT

546 hrs.

Wind Obs —= Standby

ESA/Russian crew act.

TT02014 172727 GNT

T2H2014 23:09:51 GNT

3177 hrs.

Wind Obs —= Standby

415 docking

107252014 15:47:36 GMT

T1/082014 20:06:07 GMT

268.3 hrs.

Wind Obs —= Standby

3585 undocking




2-hour delay data quality vs. time

Ammonia leak

GOOD false alarm, data
MARGINAL
BAD loss due to PEYG

GOOD(5-day) turn off.
MARGINAL(5-day

BAD(5-day)

Large number
of Gaps in
downlinked data
caused processing
failure.

Several
deactivations in
succession and
Doppler tables
inconsistent with
attitude

Numerous
Deactivations,
Day of year 2015 HOSC software
failures, and JPL
connectivity
failures




CDS Subsystem Temperature (& Beta Angle) vs. Time

—— PSU-1 Temperature

Beta Angle
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Courtesy: D. Perkovic, JPL




Temperature Variations: RapidScat vs. QuikSCAT

IDP-A Temperature on RapidScat

From 2015-03-01T00:00:00.000Z to 2015-03-26T00:00:00.000Z

v

IDP-A Temperature on QuikSCAT

From 2015-03-01T00:00:00.000Z to 2015-03-26T00:00:00.000Z
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Courtesy: L. Poulsen, JPL



Roll, Pitch, Yaw: RapidScat vs. QuikSCAT

S/C Roll, S/C Pitch, S/C Yaw on RapidScat

From 2015-03-01T00:00:00.000Z to 2015-03-26T00:00:00.000Z2

i “.W'M\ Wﬁw\lﬂﬂf\fﬁ Wri'l J' *i\ W WH‘ wma,n l‘! \M l',,l!\HW\MHW i

S/C Roll, S/C Pitch, S/C Yaw on QuikSCAT

m b

Time (days since 2015-02-28T00:00:00.0002)

Courtesy: L. Poulsen, JPL









45



RapidScat is a participating mission in
the Earth Right Now campaign, celebrating
the many flying missions and the five launches of 2014-2015.

EARTH R/IGHT NOW

Your planet is changing. We're on It.

www.nasa.gov/earthrightnow
#earthrightnow



Backup



NASA’s Radar Scatterometry

Fixed Fan Beams Scatterometers . .
* NASA pioneered and established modern radar

scatterometry for the measurement of sea
surface wind speed and direction
measurements (ocean vector winds)

* For more than a decade, QuikSCAT provided
- dynamic views of air-sea parameters that

SASS-A on SeaSAT NSCAT on ADEOS . .

(1978) — Concept Demo (1996-1997%) enabled |mproved understandmg of the

process and generated many applications

Scanning Pencil Beam Scatterometers

e - i :
SeaWinds on SeaWinds on QuikSCAT » _ 34 'A L
ADEOS-I1 (2002- (1999-Present) .
2003%*) [Stopped Rotating]

Global Winds as Viewed by QuikSCAT Sees Hurricane

* Terminated due to .
j Katrina
solar panel failure QuikSCAT "



Mate Verification







Ocean Winds Drive Ocean Currents

January SCOW Wind Stress Curl (N m ™~ per 10" km)

*  Wind stress and wind stress curl drive the
horizontal and vertical circulation of the
ocean, the Earth’s principal repository for
head and CO,

The small features are not appropriately resolved by
models

Scatterometer data essential for understanding key
climate processes

51



Winds drive exchanges between the
atmosphere and the ocean

Heat
Fluxes

-
Momentum

Energy' FI

Oc.eah'Wl'nds Govern
Ocean/Atmosphere Fluxes




Winds Drive Ocean Productivity




NASA Earth Science Missions in Orbit
October 2014

Landsat 8
(USGS)




Mission Timeline

| 2014 [ 2015 | 2016
Dul [ Aug[ Sep [ Oct [Nov] Dec | Jan [Feb[Mar [ Apr [May[Jun [ Jul [Aug[Sep] Oct [Nov] Dec | Jan [Febm

6/21 7/21 712
30 Days
@Pspx-8 4 C

10/29 -11/05

Orb-6
114

LEOP CAL SCIENCE OPS
Required PWR OFF if

* EVA/EVR entering RFKOZ . ¢ VAL (Science Calibration and Validation) [= 30d]

" VIVs gpproach/depart path — Initial calibration and validation geophysical
entering RF KOZ products

— Comparison and calibration against in-situ data
» SCIENCE OP [23+ Months]

— Routine science ops

— Periodic calibration and reprocessing of data
« DECOM/DEORB (Decommission/De-Orbit)

— Power off; EVR de-installs and installs to trunk of
return vehicle; deorbit and dispose on return



Don’t Fry Anything!

39.5° ring (for V-

. From
> [+Y apms +Xiss] beam boreS|glht at Tr;n‘smit 7 L g A;OplFi{fFier
Toward ISS Forward 50.5° from spin Geni—rsaetor ¥ & and Antenna
45.0°mng (for H- axis)
beam boresight at
45.0° from spin
axis)

Keep Out Zone Applies to EVA/EVR
and transitioning Visiting Vehicles

Line of site interference shown. RF needs

to be augmented with antenna pattern e




Measure Wave Reflections

to Infer Winds

Undetected
Specular
Detected (unreturned)
Return NEGEIS /'
Signals \
[
. Single Rotating Pencil-
Beam Antenna
Scannin v
Antenng ‘@‘@
Footprints

Scanning pencil beams [SeaWinds/QuikSCAT]

11/21/2013 JPL — A division of Caltech

Well-established empirical geophysical
model function at Ku-band to retrieve
winds

(top): radar cross-section as a function of
wind speed and incidence angle
(bottom): radar cross-section as a
function of wind direction and speed
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Robotic Assembly on Orbit

Match Our View to

ISS Attitude




Mission Operations

European Space Agency,
Columbus Control Center,
Oberpfaffenhofen,Germany

‘i Johnson Space Center,
ISS Mission Control
Houston, Texas

TDRS Ground Terminal,
White Sands, New Mexico

Jet Propulsion Laboratory,
Earth Orbiting Mission Operations Control Center,
Pasadena, California

ge C. Mar:
_Space Flight C

= Marshall Space Flight Center,
| Payload Operations
Integration Center,
Huntsville, Alabama

61



Status Summary

62

Data has been calibrated using non-spinning QuikSCAT backscatter
Science quality data now being released to public via PODAAC

Data now being used by NOAA and U. S. Navy with imagery published on the web
— (NOAA)

* Imagery is used operationally to make forecasts, see example on next
slide
— (U. S. Navy)

» To navigate to images choose year (tc14) then basin, storm name
* RapidScat data is in the ssmi/scat/windbarbs directory e.g.

Data now being used operationally by European forecasters

RapidScat has quickly acquired much of the user community that
followed QuikSCAT. For example, RapidScat winds are used to help
surfers find good waves.


http://podaac.jpl.nasa.gov/dataset/RSCAT_LEVEL_2B_OWV_COMP_12_V1
http://manati.star.nesdis.noaa.gov/datasets/RSCATData.php
http://manati.star.nesdis.noaa.gov/datasets/RSCATData.php
http://manati.star.nesdis.noaa.gov/datasets/RSCATData.php
http://manati.star.nesdis.noaa.gov/datasets/RSCATData.php
http://www.nrlmry.navy.mil/tcdat
http://www.nrlmry.navy.mil/tcdat/tc14/WPAC/22W.HAGUPIT/ssmi/scat/wind_barbs/20141202.2019.iss.RSCAT_IR.wind.22WHAGUPIT.1193_095pc_85kts-959mb_66N_1421E_sft20141202_1800.jpg
http://www.nrlmry.navy.mil/tcdat/tc14/WPAC/22W.HAGUPIT/ssmi/scat/wind_barbs/20141202.2019.iss.RSCAT_IR.wind.22WHAGUPIT.1193_095pc_85kts-959mb_66N_1421E_sft20141202_1800.jpg
http://www.nrlmry.navy.mil/tcdat/tc14/WPAC/22W.HAGUPIT/ssmi/scat/wind_barbs/20141202.2019.iss.RSCAT_IR.wind.22WHAGUPIT.1193_095pc_85kts-959mb_66N_1421E_sft20141202_1800.jpg
http://www.nrlmry.navy.mil/tcdat/tc14/WPAC/22W.HAGUPIT/ssmi/scat/wind_barbs/20141202.2019.iss.RSCAT_IR.wind.22WHAGUPIT.1193_095pc_85kts-959mb_66N_1421E_sft20141202_1800.jpg
http://www.knmi.nl/scatterometer/rscat_nrt_25_prod/rscat_app.cgi
http://www.knmi.nl/scatterometer/rscat_nrt_25_prod/rscat_app.cgi
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
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http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
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http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508
http://www.surfline.com/surf-news/forecast/rapidscat-wind-instrument-producing-ahead-of-schedule_120508

