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What did we do during hurricane season 20107

e NSF/NCAR PREDICT (PRE-Depression
Investigation of Cloud Systems of the Tropics)

e NASA GRIP (Genesis and Rapid Intensification
Processes)

e NOAA IFEX (Intensity Forecasting Experiment)

GOALS: Remarkably Similar.....Not a coincidence!



Mission and Science Overview:
Summary of GRIP Science Objectives

Genesis: Distinguish the role of the larger-scale
environment vs. meso-convective processes near the
putative developing center.

Rapid Intensification: Relative role of environmental vs.
Inner core processes? Is RI predictable?

Test-bed: Evaluate candidate technologies for remote
sensing from aircraft and from satellites. Wind lidar, high
frequency passive microwave, dual-frequency radars,
Global Hawk itself.



Scientific Accomplishments

* Tropical cyclone genesis

e Tropical Storm Gaston—null case for
development

e Hurricane Karl—unprecedented multiday
coverage from first detection through
genesis

e Rapid Intensification

e Hurricane Earl—documentation of rapid
intensification as well as weakening stage
of a previously large Category 4 storm

e Hurricane Karl—observations of rapid
intensification from storm stage to
Category 3 and landfall
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Sunday, 29 August 2010 Monday, 30 August 2010
uTC [ 10 [12 14 16 18 20 2 [] F] 4 3 [ 10 [12 14 16 18 20 F7] 0 2
I Sunlight Sunlight
Start Fit Hrs Remn

Global Hawk Hard Down Day Mo flight scheduled
~5B-65K fit 250 250
GRIE
WB-57 &b Een Mo flight scheduled
~52-60K ft
GRIE
G-V PGI-36 PGI-36/AL97/Flona
43K ft
PREDICT Evac to Barbados T/0 from Barbados and return to Barbados
G-IV El H Earl H Earl
=d1K ft
IFEX T/0 17302 T/0 17307
DC-B 120 Em TS Earl H. Earl
~35-30K 1 [ D ] |
GRIP T/O 16302 delayed after birdstrike - landing back at FLL T/ 162 FLL -->land STX --=FLL

Flt 9 Fit 10 Flt 11
P3 42 B 43 TS Earl H. Earl H. Earl H Earl
~10-12K fi [ I ] [ I ] [ I ] [ I ]
IFEX MOAR 42 NOAR 43 MOASR 42 MOASR 43
AF C130] nia 127 fix 18Z fix DOZ fix DEZ fix 127 fix 18Z fix DOZ fix
sfc-15K ft

Fest B Plan Fest & Plan
MSL

. I . I
uTE [ 10 12 14 16 18 20 22 [] 2 4 3 [ 10 12 14 16 18 20 2 [} 2
Sunlight Sunlight I
29 August 2010 UTC 30 August 2010 UTC
Sunday Monday

All flights into Earl during rapid intensification, 29-31 August 2010
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Wednesday 1 September 2010 Thursday, 2 September 2010
uTc [ [] 10 | 12 14 16 18 20 [1] 2 4 [ [] i0 | 12 14 16 18 20 F¥3 [1] 2 4
e Sunlight Suniight
Start Flt Hrs Rem H Earl
Global Hawk . IS
~56-65K ft 250 250
GRIP
WB-57 &0 |60 Deploy to TPA MacDill H Earl H Earl
~52-60K fit [
GRIP
G- Flona PGI-38
=4 3K ft
FREDICT T/0 Barbados return 5TX T/0 12302
| H Earl - NHC tasked
G-1v H Earl - NHC tasked
=-41K ft T/0 17302
IFEX T/0 17302
Dec-8 120 Em H. Earl Media Day FLL  H. Earl
~35-30K ft L
GRIP Flight 12
P3 42 & 43 H Earl H Earl H Earl H Earl
~10-12K ft
IFEX NOAR 42 Barbados-TPA NO&AS 43 Barbados-TPA NO&AR 42 NO&AR 43 Tampa-->Charleston
AF C130] Inia| |DBZ fix 187 fix D02 fix D6Z fix 127 fix 182 fix
sfe-15K fit
Fest & Plan Fest & Plan
MSL |
1 1
uTc & B 10 i2 14 16 18 20 1] 2 4 [ B i0 i2 14 16 i8 20 2 1] 2 4
Sunlight Sunlight B
1 September 2010 UTC 2 September 2010 UTC
Wednesday Thursday

All flights into Hurricane Earl, 1-3 September 2010
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Monday, 6 September 2010

GRIP-IFEX-PREDICT All Aircraft Flight Schedule

Tuesday, 7 September 2010

12 14 16 18 20 22
Sunlight

fllght scheduled
~-57 down far repairs

Gaston

Feri to St Crolx

Ferry Flight - 43

Richmond - Tampa

2 4 [ B i0 [12 14 16 18 20 FF] o

Sunlight

Hard Down Day

WB-57 down for repairs

ex-Gaston

T/0 09002

Mo flight scheduled

ex-Gaston

St. Croix -» St. Crolx

Ma flight scheduled

162 fix - Hermine

4 [] B i0 [1z 14 16 18 20 2 [1] 2 4

Sunlight

Mo flight scheduled - concentrating on getting droposondes ready

WB-57 down for repairs

ex-izaston
T/O 12302 STX --> Barbados

Mo flight scheduled

ex-Gaston

5t. Croix -» Ft. Lauderdale
possiole maintenance issues
Mo flight scheduled

06Z fix - Hermine 122 fix - Hermine

Fest & Plan Fest & Plan Fest & Plan
1 1 l 1 |
12 14 16 18 0 z 2 4 6 [ 10 12 14 16 18 0 n [ 4 3 B 10 12 14 16 18 20 n [ 2 4
Sunlight Sunlight Sunlight I

nber 2010 UTC
Sunday

& September 2010 UTC
Monday

7 September 2010 UTC
Tuesday

All flights into ex-Gaston, 5-7 September 2010
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ight Schedule GRIP-IFEX-PREDICT All Aircraft Flight Schedule
010 Sunday, 12 September 2010 Monday, 13 September 2010
uTc 16 18 20 FF] [1] 2 4 & [] 10 [12 14 16 18 20 2 [1] 2 4 [3 [ 10 [12 14 16 18 20
Sunlight Sunlight Sunlight
Start Fit Hrs Remain
Global Hawk PGI-44
~5B-G5K ft 250 250 o
GRIP T/O 11302 -25hr mission 5 - 6hr on station landed 11302
WB-57 60 ) d No flight scheduled
~52-60K ft
GRIP
G-V PGI-44 / AL92 PGL-44 f AL92 PGL-44 / AL92
—43K ft
PREDICT T/0 16302 T/O 112 T/0 102
G-IV E d PGI-44 / AL92 sguare spiral PGI-44 square
-K fi
IFEX T/O 1730Z TPA --= STX T/O 1730Z STx
DC-& 120 Eu.a PGI-44 PGL-44 / AL
—35-39K ft
GRIP T/0 182 FLL-->FLL landed 02302 T/0 18302
P3 42 B 43 d No flight scheduled PGI-44 w/ butterfl PGI-44 w/ butterfly pattern PGI-
~10-12K ft L |
IFEX NOAS 43 TPA-->5TX NOAA 42 TPA-->5TX WO
AF C130] |nia d
sfe-150 ft
Fest & Plan Fest & Plan Fest & Plan
MSL | |
| 1 1
uTe 16 18 20 2 [ 2 4 3 8 10 12 14 18 18 20 F7] [] 2 4 [3 [ 10 12 14 16 18 20
Sunlight - Nignt Sunlight - Ngm Sunlight
C 12 September 2010 UTC 13 September 2010 UTC
Sunday Monday

All flights into pre-Karl, 11 — 13 September 2010



Monday, 13 September 2010

GRIP-IFEX-PREDICT All Aircraft Flight Schedule

Tuesday, 14 September 2010

uTc [] i0 | 12 14 18 20 F¥] [1] 2 4 [ [] i0 | 12 14 16 18 20 F¥] [1] 2
Sunlight Sunlight
Start Fit Hrs Remain
Global Hawk Mo Fly Day
~5B-65K ft 250 250
GRIP landed 11302
WB-57 &0 &0 PGI-44 f AL92 [ TD137
~52-60K fit
GRIE T/O 2LF 15C --= J5C
G-V PGI-44 f AL92 PGI-44 f AL92
~43K ft
PREDICT T/0 102 T/0 122
G-IV El PGI-44 sguare spiral PGI-44 / TS Karl
~-d41K ft
IFEX T/0 17302 STH--=5TX T/0 17302 STX-->TPA
DC-B 120 Eu.a PGI-44 / ALS2 PGI-44 / TS Karl
~35-39K ft
GRIF T/0 18302 T/0 18457
P3 42 B 43 PGI-44 w) butterfly pattern PGI-44 f AL92
~10-12K ft [cancelled - crew needd for NOAA 43 rep:
IFEX NOAR 42 TPA--=5TX NOAA 43 TPA--=5TX NOAR 42
NOAS 43 - No Fly Day
AF C1300 nia Teal 70 18Z fix Teal 71
sfc-15K ft
T/O 152 BIX--=BIX T/0 024!

Fest & Plan Fest & Plan

MSL
! I ! I
uTc ] i0 i2 14 i8 20 2 1] 2 4 [ B i0 i2 14 16 i8 20 2 1] 2 4
Sunlight Sunlight . Nig
13 September 2010 UTC 14 September 2010 UTC
Monday Tuesday

All flights into pre-Karl and TS Karl, 13 — 14 September 2010



GRIP-IFEX-

GRIP-IFEX-PREDICT All Aircraft Flight Schedule GRIP-IFEX-PREDICT All Aircraf

hursday, 16 September 2010 Friday, 17 September 2010

uTc [] 2 4

Start Flt Hrs Remain

[] 10 [12 14 16 18 20 2
Sunlight

4 [ [] 10 [12 14 16 18 20 FFl
Sunlight

Global Hawk PGI-44 § H Karl in Bay of Campeche
~5B-65K ft 250 250
GRIP T/0 13152 |5 shifted butterflies
WB-57 5] ) PGI-£4 / H Karl in Bay of Campeche PGI-44 / H Karl
~52-60K fi
GRIF T/0 17302 1SC --> 15C T/0 162 J5C --> JSC
G-V Hard Down Day Maintenance Day
43K fi
FREDICT
G-IV El PGI-44 / H Karl in Bay of Campeche
=-41K ft
IFEX T/Q 17307 starfish pattern
De-B 120 Eu.a PGI-44 / H Karl in Bay of Campeche PGI-44 / H Karl
~35-30K ft B e I
GRIE T/O 16452 T/0 15307 butterfly
P3 42 B 43 PGI-44 / H Karl In Bay of Campeche
R E— .
IFEX T/O 15302 NOAA 42 butterfly pattern
AF C130] | nia Teal 76 12Z fix Karl 182 fix Teal 78 00Z fix Karl D62 fix Teal 76 12Z fix Karl 182 fix
sfo-15K ft . . I
T/0 0845Z BIX--BiX T/0 20452 BIX--BIX T/O 08452 BIX--BiX 182 fix
MSL Teal 70 18Z fix Igor | T/0 1345Z Teal 71 Igor
1 1 1
uTeC 0 2 4 [] 10 12 14 16 18 20 2 [] 2 4 [ [] 10 12 14 16 18 20 2
I Sunlight Sunlight
16 September 2010 UTC 17 September 2010 UTC
Thursday Friday

All flights into Hurricane Karl, 16 — 17 September 2010



Major Science Questions: Why did Karl take so
long to form?

What was the time evolution of inner core
moistening? Did the convective bursts help?

STAY TUNED: WORK IS JUST GETTING STARTED
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Example of great data obtained by APR-2 when the DC-8 pilot preferred penetration
of an active thunderstorm/MCS complex over Haiti to entering Cuban air space
Courtesy Simone Tanelli and APR-2 team from JPL
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I
GRIP-IFEX-PREDICT All Aircraft Flight Schedule GRIP-IFEX-PREDICT All
. 20 September 2010 Tuesday, 21 September 2010 Wednesday, 22 September 2010
uTe 10 [1Z 14 16 (] 20 [ 2 [} 3 (] 10 112 14 16 18 20 F7] [ 2 3 10 [1Z 14 16 18 i
Sunlight Sunlight Sunlight
Start Flt Hrs Remain  |Na Fly Day Mo Fly Day Mo Fly Day
Global Hawk
~56-65K ft 250 250 Droposonde vibration test
GRIE
Mo Fly Day Na Fly Day No Fly Day
WB-57 &0 Een
~52-60K ft
GRIP
PGI-46 PGI-46 PGI-46
G-V
~43K fi T/0 122 T/0 122 T/O 142
FREDICT
Mo flights scheduled Mo flights scheduled Mo flights scheduled
G-IV EI
~41K fi
IFEX
| Ferry to STX PGI-46  Coincide with CALIPSO @ 172 PGI-46
DC-B 120 Eﬂ.a
~35-39K fi FLL --= STX STK --= STX T/O STX —-> FL
GRIF
Mo flights scheduled
P3 42 8 43 E No flights scheduled No flights scheduled
~10-12K ft
IFEX
Mo flights scheduled
AF C130] nia Previously scheduled flights for toda:
sfc-15K ft
Fest & Plan Fest & Plan Fest & Plan
MSL |
uTe I 10 Il: 14 16 [ 20 0 2 4 3 [] 10 |12 14 16 18 20 22 [ 2 [ 10 |12 14 16 18 2
| N Sunlight Sunlight Sunlight
prember 2010 UTC 21 September 2010 UTC 22 September 2010 UTC
Monday Tuesday Wednesday

All flights into pre-Matthew, 20-22 September 2010



RIP-IFEX-PREDICT All Aircraft Flight Schedule

22 September 2010

GRIP-IFEX-PREDICT All Aircraft Flight Schedule

Thursday, 23 September 2010

GRIP-IFEX-PREDICT All A

Friday, 24 September 2010 |

uTc [12 14 16 18 20 FF] [] 2 4 [ 10 [12 14 16 18 0 2 [1] Fl [] 10 12 14 16 18 20
Sunlight Sunlight Sunlight
Start Fit Hrs Remain  |Fly Day PGI-46 f AL-95 / TS Matthew |
Global Hawk
~5B-65K ft 250 250 T/0 16Z for 26hr flight
GRIP |
| Fly Day No flights scheduled
WB-57 60 Eon |
~52-60K ft
GRIP
PGI-48 Na flights scheduled PGI-46 / AL-85 / TS Matthew |
G-V
~43K ft ‘ T/O 142 T/O 122 square spiral
PREDICT |
flights scheduled PGI-46 f AL-95 / TS Matthew PGI-46 / AL
G-IV E [ | cancelled -
~41K ft TRA --= TPA |
IFEX
| PGI-456 Mo Fly Day GRIP science operations complete
DC-8 120 Esi.a
~35-39K ft T/O STX --> FLL
GRIP
P342 & 43 flights scheduled Mo flights scheduled Gulf Ocean Surve MissioJ
~10-12K fi
IFEX T/0 142
AF C130] 'nla vigusly scheduled flights for today are cancelled AL95 152 fix  18Z fix 127 fix 182 fix
sfc-15H ft.
T/0 12457 Teal 72 | STX --» BIX T/O 08B30Z Teal 70 T/0
Fest & Plan Fest & Plan Fest & Plan
MSL | |
1 1 | 1
uTc 12 14 16 i 20 ] ] 2 4 [ i0 i2 14 16 it 0 2 1] 2 B 10 12 14 16 i 20
| Sunlight Sunlight Sunlight |
mber 2010 UTC 23 September 2010 UTC 24 Seprember 2010 UTC UTC
ednesday Thursday Friday

All flights into pre-Matthew and Matthew, 22-24 September 2010
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Now it’s time to get to work!






GRIP Hurricane Mission

Genesis and Rapid Intensification Progésses
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GRIP Hurricane Mission

Genesis and Rapid Intensification Profésses
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PREDICT planning meeting, Nov 2009 at HRD, together with IFEX and GRIP people
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Presenter
Presentation Notes
This pass went right across the eye of Earl, which shows up quite clearly in the channel 1 (50.3 GHz) Tb image. There is an arch of thunderstorms NE of the eye, with very cold Tb’s.
We have done preliminary temperature retrievals in the eye and determined the warm core anomaly. It peaks at about 10 K at 250 mb (UL panel). Just below that plot we show line plots of brightness temperature anomalies across the eye (at nadir).
We have also done water vapor retrievals. The next image down shows total precipitable water in benign areas only (no precip, etc.). The value is generally around 4-5 cm. We have also retrieved cloud liquid water, and the last plot to the left shows total liquid water in non-convective regions. Peak value is 2 mm, but it is possible that the retrieval is biased just there (we need to work on that).
On the right side we show retrieved reflectivity, using a new experimental algorithm we have developed. At the bottom is a nadir curtain plot, with color coded reflectivity plotted vs. height (0-15 km) on the vertical axis and along-track distance on the horizontal axis. Of note is a convective area SW of the eye that does not extend to the surface and a strong convective area NE of the eye that corresponds to a band of lightning. The plots above are horizontal slices at 4 different altitudes. Also of note is that according to this, convective cells reached 15 km altitude in some areas.


Major Science Questions: Why did Karl take so long to form?
What was the time evolution of inner core moistening? Did the convective bursts help?
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