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GRIP Scientific Questions

“Po environmental stability and moisture play key roles in determining whether
disturbances develop or fail to develop into tropical cyclones? Or is the key factor
related to dynamic processes and interaction with environmental vertical wind
shear?

 What environmental (e.g., vertical wind shear, upper-level outflow jets, low to mid-
level moisture, upper-level troughs), oceanic (e.g2. warm ocean eddies) and inner
core (e.g., hot towers) factors govern rapid intensification?

* Do hot towers and convective bursts play a major role or are they merely an
indicator of energy conversion processes (€.g., associated with movement over a warm
ocean eddy)?

 What is the predictability of rapid intensification and what observations are most
critical to its prediction?

* What is the role of the Saharan Air Layer, in terms of the impact of its mid-level dry
air, mid-level easterly jet and suspended African dust on intensification?

* What is the role of internal structure changes, including rainbands, eyewall
replacement cycles, and storm asymmetries on tropical cyclone intensity change?

* Does the formation of cyclonic vorticity at the surface originate from midlevel
cyclonic vorticity that builds downward, or does it originate at low levels and grow
upward? What is the role of deep convection in this process?

- What physical processes are important for generating and maintaining the warm ” i

_JPL. anomaly?
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GRIP Scientific Questions — what data

Large-scale model and satellite 3D winds derived from cloud motion
— environmental vertical wind shear
— upper-level troughs and outflow jets

Observations (AIRS, GPS-RO, MLS, AMSU) AND Large-scale model]
— environmental stability and moisture
— low to mid-level moisture

Ocean Heat Content and SST from Observations
— high-resolution SSTs and warm ocean eddies

Active and Passive Microwave and IR Observations: TRMM, CloudSAT, AMSR-E, SSM/I,
AMSU, QuikSCAT, ASCAT, GOES

— inner core structure - hot towers and convective bursts

— Role of internal structure changes, including rainbands, eyewall replacement cycles, and
storm asymmetries on tropical cyclone intensity change?

— Predictability of rapid intensification and what observations are most critical? Evolution
of cyclonic vorticity — does midlevel cyclonic vorticity build downward, or does vorticity
originate at low levels and grow upward? What is the role of deep convection ?

Observations of Aerosols, midlevel humidity; Flow from Large-scale model

— Saharan Air Layer - mid-level dry air, mid-level easterly jet and suspended African dust
How does the thermal structure within the vortex evolve from cold to warm core?

What physical processes are important for generating and maintaining the warm
anomaly?




NRT Satellite/Model Data

. ,:;, http://grip.jpl.nasa.gov

* GOAL

To provide a near-real time basin-scale view of
the atmospheric and surface conditions,
characterizing large-scale and storm scale
processes, as depicted by satellites and models

* Objective
To provide environmental context and temporal

JPL

continuity for the field campaign observations to help:
- mission planning and post-field campaign analysis
- understanding of the physical processes

- improving models through validation and data
~assimilation




NRT Satellite/Model Data — DATA TYPES

http://grip.jpl.nasa.gov

* Satellite DATA TYPES

JPL

SST and Ocean Heat Content
Surface Wind from scatterometry (ASCAT)
Total Precipitable Water (TPW) from AMSU
Temperature/Moisture Profiles and analysis
* Relative Humidity at several pressure levels, LI, CAPE, Skew-T

GOES IR/VIS/Water Vapor;

CIMSS Overshooting Tops

85 and 37 GHz Brightness Temperatures

Rain Indicator - Multi-frequency, multi-platform (passive MW)
3D Radar reflectivity - TRMM-PR

CloudSAT Radar Reflectivity vertical profiles

CALIPSO

MODIS AOT and Fine-Particle Fraction

MLS - vertical profiles - temperature, water vapor, ice water content, Ozone
Satellite WINDS (CIMSS)

Best Tracks and Intensity; Pouch tracks (PREDICT)




NRT Satellite/Model Data — DATA TYPES

http://grip.jpl.nasa.gov
. Model DATA TYPES

— Large-scale model (courtesy of PREDICT)

* GFS, ECMWF, NOGAPS, UKMET
850, 700, 500, 200mb

— Earth-relative flow
— Vorticity, OW
— Relative humidity

Pouch analysis — location, storm-relative flow, forecast

Deep-layer shear (200/850mb)
Low-level shear

e Surface pressure

— Forecast Tracks and Intensity from ATCF — large =
gL humber of models
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NRT Satellite Data — Use during the campaign
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NRT Satellite Data — Use during the campaign
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NRT Satellite Data — Use during the campaign
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NRT Satellite Data — Use during the campaign
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NRT Satellite Data — Use during the campaign
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Incorporation of imagery

from Airborne data after the campaign

Tracks

— DC8, GH, NOAA flights

HAMSR

— Brightness Temperatures and retrieved reflectivity
APR2

— Radar reflectivity at Ku and Ka

Dropsondes

— DCS8, GV, NOAA

Coming up

— Tracks from WB5, GV

— HIRAD, LASE, DAWN, HIWRAP, LARGE .....??7?7?
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Hurricane Karl, September 16t
NOAA dropsondes, DC8 tracks and dropsondes, HAMSR
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= Hurricane Karl, September 16t
NOAA dr ondes DC8 tracks and dropsondes, HAMSR
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Hurricane Karl, September 16t
Rain Index (satellite PMW), GFS 850mb winds, DC8 dropsondes, HAMSR

BRING THE UNIVERSE TO YOU:

GRIPVllbﬂon e

R (i

¢

\Animation: ©Observation Data ©Model Data

Model Data

(\ September 3] [ 2010 3]

[5a 14 [T [W[T[F [S
[ [ [oifez[os od
[a5 [05 o [o8 [ 69 [10 [17
[12 13[4 [ [88 1z [18
(18 [0 21 [2 [ [
= zEmE [

<< < > >

[£] MoDEL DATA
Pressure Level:
Forecast Time:

GFS
[ ecmwr

|| Speed Earth Relative

¥ Streamline Earth Relative

PGHIL
PGH3L
PGHAL
PGM5L
PGH6L

" Relative Humidity
Clow

(I Vorticity

[_ Deep shear

[ Pouch shear

|| Sea Level Pressure

UKMET
NOGAPS



Hurricane Karl, September 16t
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Layout of the soundings on the next slide,
using the dropsonde numbers from the previous slide
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= Hurricane Karl, September 17t"; 062
gr Rain Index (satellite PMW), ASCAT surface winds,
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NRT Satellite/Model - ADVANTAGES
http://grip.jpl.nasa.gov

 Can accommodate the displaying of new data
— Dropsondes
— Airborne radar data

 Responsive also to some of the requirements
expressed during a recent PREDICT telecon
— Satellite data with overlays

— Inclusion of Invests - Have all data, including all
“INVEST” data

— Planned inclusion of large-scale Model data (however,
envisioned is the use of GFS instead of ECMWF)

— Planned inclusion of hurricane model forecasted

~ tracks.
SJBP0L




NRT Satellite/Model - ADVANTAGES
http://grip.jpl.nasa.gov

svetla.veleva@jpl.nasa.gov
* Features

— basin-scale view

— large-scale and storm-scale data

—includes 3D data (2D and curtain plots)

— analysis (LI, CAPE, Skew-T ,Rl, vorticity , divergence)
— “Best Track” (possibly also forecast tracks)

— overlays on demand, transparency

— Animations, calendar, with hurricane days marked
— uses Google Earth — ability to zoom and navigate__

JPL



NRT Satellite/Model Data — DATA TYPES
http://grip.jpl.nasa.gov

Offers 10 (14) NRT satellite image products in the GRIP domain.

* Except for the SST and the IR image, the products are
generated hourly with 6 hour-composite observations.

 The Rain Indicator is a JPL product computed from the
brightness temperatures observed by TMI, AMSR-E and SSM/I.

e Stability indices (CAPE, LI) of the atmosphere. They, and the
Skew-T plots, are produced at JPL from AIRS retrievals of
vertical profiles of temperature and humidity.

* The GOES IR, VIS and Water Vapor channels are an hourly
composite generated by the Naval Research Lab at Monterey.

e SSTis a 1KM global daily product developed at JPL. Itis
blended using the GHRSST L2P products and in-situ

JI="_observal'lons.
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GOES and Meteosat IR - 4km resolution; NRL product
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e Data — DATA TYPES
http://gip.jplh.:hasa.gov

Total Precipitable Water (TPW) from AMSU observations
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Lifted Index (LI);
JPL product from AIRS retrlevals of Temperature and humldlt orofiles
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" 7= NRT Satellite Data — DATA TYPES

http://grip.jpl.nasa.gov
Convective Available Potential Energy (CAPE);
JPL product from AIRS retrievals of Temperature and humidity profiles
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NRT Satellite Data — DATA TYPES

http://grip.jpl.nasa.gov
Skew-T;
JPL product from AIRS retrievals of Temperature and humidity profiles

AIRS SkewT Dagram 2002-00-10,/04:14:53.80 (Lot /lon 12.34,/—-38.99 deg)
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NRT Satellite Data — DATA TYPES

L

Near-surface wind retrieved from QuikSCAT observations




Vorticity computed from QuikSCAT winds
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NRT Satellite/Model Data — DATA TYPES

http://grip.jpl.nasa.gov
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http://grip.jpl.nasa.gov
Overlay of IR,

Rain Indlcator (JPL multl-frequency product) and CIoudSAT tracks

o 07: 00: oo

DatalSIOFNOAATUISTNavy, NGATGEEECO

Google
e C

Rain Indicator <2010 ¢enes)Spotiimage
Image @ 20105lerraMetrics




http://grip.jpl.nasa.gov
Overlay of IR,

Rain Indicator (JPL multi-frequency product) and CloudSAT data
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NRT Satellite Data — DATA TYPES

http://grip.jpl.nasa.gov
Overlay of Rain Indicator (JPL multi-frequency product)

CloudSAT reflectivity profile and QuikSCAT surface winds
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Satellite/Model Integration

* To help

— understand the physical processes, validate and
improve models

— reveal the interplay between large-scale and storm scale
hurricane processes.

* This satellite/model database is being developed as
part of the NASA Hurricane Science Program.

* The large-scale model diagnostics during the field
campaign will be provided by the PREDICT team.

* The high-resolution hurricane model forecasts and

analysis during the field campaign will be provided
| by the IFEX and PREDICT teams.

JPL




«. 23 GRIP - Satellite and Model Data Integration
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NRT Satellite/Model Data — Data Types
http://grip.jpl.nasa.gov/

 COMMING SOON

— SATELLITE DATA
* TRMM-PR vertical profiles of reflectivity
* 2D maps of Relative humidity at several levels
* surface winds from ASCAT and ISRO’s OceanSAT-2
* MODIS AOT and Fine-Particle Fraction
e MLS curtains of temperature, vapor, cloud ice

— MODEL DATA
e Storm Tracks from hurricane forecast models

|  HWRFx and ARW forecasts
=




Public vs Closed

 PUBLICLY available
— ALL satellite data
— Large-scale models - GFS, NOGAPS, UK Met
— High resolution hurricane models (HWRFx, ARW)

 Password protected

— ECMWEF data will be provided through a separate,
password protected, site which will have all other
data as well.

JPL



—Browsers
*Google Earth
*Browser with static images
*Browser for mobile devices

JPL



GRIP - LIGHT
(web browser of pre-generated images)

N A Jet Propulsion Laboratory e e e
> J°  California Institute of Technology e e ———

B -
- gr~ g -
-

.f;‘e -

. . e
> com 4 4 Oy o - - - : o oy
JPLSTropicaliCyvclone Information Svstem S - i
Home
GRIP Dry Run

a )/
v

Data or plot short description ...

s )
v

May 2010

S [T [W[m[F [5 T . s 2 »
w1 A © 11 W et A & =
2 16 2[5 2 [

40 N
09 10|11 |12 |13 |14 |15 ' - .'c
SEmmEEEN | T ) ;@’ ¥ i

[23 (2425 |26 [27 28 29 ¥ | .
[sofar[ [ [ [ [ : |
(<) G| | 30N ok ,
: . St A
At hour: | 12:00:00 ¢ -y %\
qﬁ

[ Data Sets "

(+) AMSU-A 2 |

X»«\«Z{C

() 85HGHZ
ORI
(CGOES-IR

) GOES-VAPOR
() GOES-VIS

4G 45 5¢




* BACKUP
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Coming soon — GOES Visible
http://grip.jpl.nasa.gov







Coming soon — MODEL DATA - 700mb Earth-relative
http://grip.jpl.nasa.gov
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/&? Coming soon — MODEL DATA - 700mb Co-moving
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7 Coming soon — MODEL DATA - 925mb Co-moving
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@ East Pacific
® West Pacific
# North Indian

© North Atlantic

= Category 5
@ Rita
Katrina
@ Emily
@ Wilma

= Category 4
@ Dennis

= Category 3
@ Maria
@ Beta

B Category 2
@ Irene

= Category 1
@ Stan
@ Philippe
@ Ophelia
@ Nate
@ Epsilon
@ Cindy
@ Vince

® South Indian

® South Pacific

() Select Year | 2005 &

tal — Current Statu

ViRE Nodel Wind | (Download 2003-08-28 11:27:00 QUISCAT WIND Data)

121 KATRIVA GSCAT REV 52244 ot 2005-08-25 11:27i45.164 UTC
3 B
3 M
=
Tropical Cyclone Katrina ( Get Tracks ) *
»
Z 1wf —=— pind speed |07 =
& 122 | —— it 992 3 3
= jorf | ir Pressure llgop € 2
& 92r- 952 % 2|
& 7 | 947 &
2 e2r | | 932 & )
E I 2 . | a7 ©
g 2 oo
=7 i I1s Ig1 ez, les | le# JE3—v" Jc4les fo1 15 a0z o
052305 052405 052505 05605 052705 052805 052905 0513005 0513105
|
Storm-Scale data for Tropical Cyclone Katrina
|
ELU | 1 1 1 | 1 1 | |
& QuikSCAT| I I I I I I I I I I I I I I I I I I I 14l

sepsro [ T T WL T W T 1T W T T T 1T ]

100

& omi 1 T 1 1 | 1 |

S Loy —

& MRS 1 I T T 1 1 1 T 11111 1117 1T 1T W T 1T 1 s e o)

D] — ] S — | —S— — (oo 205 25070 )
samsu IICTT T TT JC BT TW AN T THITHIRN NI T T T 0 T TRMM THI_Rain_Rate on 08/25//05 at 0227
&TMI | 1 1 1 1| 1 [ | I : : i

| 0s22 | 0823 | 0824 | 0825 | 082 | 0827 | 0828 | 0829 | 0830

[N |
| 0831 |

Tropical Cyclone
Katrina

" Tropical Depression
Tropical Storm
Category 1

Download 2005-08-28 07:29:00 AIRS BRIGHTNESS Data )

AIRS Level-1B Quick Browse Image
12,049 pm Brightness Temperature  Aug 28, 2005 07:28:26 UTC Granule 075

000 025 050 100 300 500 1000 2000 30.00 S0.00 100.00 150.00 30000 300.00
TMLRainRate [mm/h]; Mox = 52.54

ImateARERa0s Ter

20

Gronue 1 = AR 2006.08 28.075.L18RS Rad .00 007 103131 E25 hdt

Brighiness Temperaturs Scale (deg K

0 0 240 20 260 £ =) 0 00 a0




