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* New Data

— TCIS — 11 year data records

— GRIP and HS3 NRT portals for data interrogation
* Diagnostics

— Use of instrument simulators

— Analysis of:
e 2D fields
* Vertical structures
* Composites
* Principal components

* Tools — Upgrades and new development

— the HWSS
e Slant path
e Antenna convolution

| — AIST project @/
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1. Observational Data
for model validation

Funded by NASA’s Hurricane Science Research Program @
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First phase released May 2012

Satellite depictions of hurricanes over the globe
12-year record (1999-2010)

offers both data and imagery, making it a unique
source to support hurricane research.

GRIP Portal — NRT in 2010, Atlantic

Integrates model forecasts with satellite and
airborne observations from a variety of
instruments and platforms, providing good spatial
and temporal context for the high-resolution, but
limited in space and time, airborne observations.

essential knowledge for the experiment design,
flight planning, and a very rich information source
in the analysis stage of the experiment.

Allows interrogation of a large number of
atmospheric and ocean variables to better
understand the large-scale and storm-scale
processes associated with hurricane genesis, track
and intensity changes.

Tropical Cyclone Data Archive P -

http://tropicalcyclone.jpl.nasa.gov
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Welcome to the JPL Tropical Cyclone Information System

The JPL Tropical Cyclone Information
System (TCIS) was developed to support
hurricane research. It has two
components: a 12-year global archive of
multi-satellite hurricane observations
and, what was a near real-time portal,
that supported the 2010 NASA Genesis
and Rapid Intensification Processes
(GRIP) hurricane field campaign.

Together, data and visualizations from

the near-real time system and data - .
f : Supertyphoon Pongsona struck the U.S. Island of Guam on Sunday, December 8, 2002. The composite
archive can be used to study hurricane | e on was made by overiaying data.from the. nfrared, microwave, and
i il visible/near-infrared sensors that make up the AIRS sounding system. This storm can also be seen with
process, validate and improve models, A Ve

and assist in developing new algorithms

The long-term goa e data archive is to create a
comprehensive tropical cyclone database of satellite
observations, in-situ measurements, and models. The first
phase of the TCIS archival database, released in May 2012,
contains the satellite depictions of hurricanes over the globe
during the period 1999-2010. It offers both data and imagery,
making it a unique source to support hurricane research.

—

GRIP Data Portal )
The near real- web portal, developed to facilitate

the GRIP field campaign, integrates model forecasts with
satellite observations from a variety of instruments and
platforms. The unique features of the portal allow users to
interrogate a large number of atmospheric and ocean
variables to better understand the large-scale and storm-
scale processes associated with hurricane genesis, track and
intensity changes. By including a diverse set of satellite
observations and model forecasts, it provides a good spatial
and temporal context for the high-resolution, but limited in
space and time, airborne observations. Such knowledge is
essential for the experiment design, providing critical input
for the flight planning and serving as a very rich source of
information in the analysis stage of the airborne experiment.

Acknowledgments: The development JPL Tropical Cyclone Information System was sponsored by NASA's Hurricane Science Research Program
managed by Dr. Ramesh Kakar, Weather Focus Area Leader within the Earth Science Division, NASA Headquarters in Washington, D.C.

The inclusion of specific products was also supported by several other projects (CloudSAT, QuikSCAT, MLS, AIRS, HURSAT). The NRT GRIP portal
was developed with contributions from the Marshall Space Flight Center, NRL, NPS and the science teams of the PREDICT (NSF) and IFEX (NOAA)

field experiments which had similar to GRIP's goals and ran highly coordinated missions.
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Tropical Cyclone Rita
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Scatterometer winds:

DATA
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Hurricane Rita, September 23, 2005
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non-2005 The Neural Net winds show only slight negative bias vs.
H*WINDS H*WINDS up to 80 knots
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HWIND Wind Speed (knots

The old JPL-V2 winds start to saturate at 40 knots.

B. Stiles, R. Danielson, W. L. Poulsen, M. J. Brennan, and S. M. Hristova-Veleva,
2012: “Multiple Scatterometer Hurricane Winds Ten years of optimized
QuikSCAT cyclone winds validated against best track speeds, H*WIND and
SFMR, and initial OceanSAT-2 cyclone winds”, 2012 IOVWST, Utreht, ND



— Offers imagery AND digital data

— One of only three places where you can get easy access:
e organized by storm (year and basin) — no need to search
* no need to login (not password protected), order and wait

— Contains more data than the websites at JAXA and
HURSAT

— It is organized and has an image to go with each set of
data so you know what you are getting

— All data are in netcdf
— Offers subsets (2000x2000km) centered on the storm,

e

reducing the volume of data!!!

JPL



2. Model diagnostics and evaluation
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JPL Research using the TCIS Data Archive:
MODEL EVALUATION — the Mlcrophysms
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Evaluating the Impact of Using the

Hurricane EnKF Data Assimilation System
(HEDAS)

(Developed at NOAA's Hurricane Research Division)

HEDAS ANALYSIS

We compare three cases:
1. HWRF 2h forecast without data assimilation - noDA
2. HEDAS analysis after assimilating airborne data (no Doppler) - h3nd

3. Asin 2 but also assimilating Doppler data - h3vk @/
SJPL



Hurricane WRF Satellite Simulator (HWSS)
T. Greenwald (CIMSS/UW) and T. Vukicevic (HRD/NOAA)

JHT supported project

HWRF Satellite CRTM
raw observations coefficients data
forecast data level 1B .
% .
AVVRE GAta CONYVeErsion program
<) AV
Control file CIjJ;M

*Sensor and channel selection
*Hydrometeor particle conversion

options

JPL

Brightness temperature
forecast for multiple
sensors and channels
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Statistical Comparison — Joint PDFs

* The statistical relationship between the 19 GHz
55 TBs and the 85 GHT TB presents information on
the vertical structure of the storm
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The statistical relationship between the 19 GHz
TBs and the 85 GHT TB presents information on
the vertical structure of the storm

* The vertical branch indicates too much scattering
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Using AIRS temperature and humidity

it

DATA

198 North Atlantic Ocean TCs from 09/2002 to 11/2010 based on NHC Best Track Data
74 Cat 1-5 hurricanes (37%)
36 Cat 3-5 hurricanes (18%)
10 Cat 5 hurricanes (5%)

AIRS Level 2 Relative Humidity (filtered by pgood)

Range
Approach 400-600km

To sort RH by the radial distance to the storm center, separated by four quadrants
relative to storm movement, and composite RH as a function of storm intensity and

intensification rate bal mean RH (196 hurricanes 2002:2010)
100
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~ 300
£ p— —
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e = — =m. :
Longtao Wu'2, Hui Su', Robert G. Fovell®, Bin Wang*, Janice T. Shen!, Brian H. Kahn', ! w(- i =
Svetla M. Hristova-Veleva', Bjorn H. Lambrigtsen’, Eric J. Fetzer!, Jonathan H. 20 = o
Jiang!, 2012: “Relationship of Environmental Relative Humidity with Tropical v (@4 s

Cyclone Intensity and Intensification Rate over North Atlantic”, to be submitted
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3. Tools — upgrades and new development
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e Observed
e« HWRFX - at the model resolution
« HWRFX - antenna-convolved to simulate

brightness temperatures at the satellite
resolution (37GHz - 27.5 x45.0km)

HWRFX-EARLO7LDate/Time: 2010083100-24h
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10 GHz H pol — August 31 2010 - Resolution

« HWRFX - at the model resolution

« HWRFX - antenna-convolved to simulate
brightness temperatures at the satellite

resolution (10GHz - 60 x45.0km)
2010-08-30_12Z 17h + 2010-08-30_00Z 29h 2010-08-29 127 41h 2010-08-29 00z 53h

i T TR O o LT MO o T OO L v ..,
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Fusion of hurricane models and observations: CECSTO
Developing the technology to improve the forecasts e SN

PI: Svetla Hristova-Veleva /7 JPL

Approach:
Objective Integration of the ISSARS instrument simulator with operational hurricane forecast

To develop the technology to
provide the fusion of observations
and operational model
simulations to help improve the
understanding and forecasting of
the hurricane processes.
Specifically,

* To develop processing
techniques to enable multi-
source data fusion across
hurricane forecast models,
satellite data, and in-situ

models and incorporation of simulated satellite observables into the existing
database of satellite and airborne observations.

Development of a set of advanced analysis tools

Development of data immersion to enable real-time interaction with the models,
and visualization of highly complex systems

Nasa Vet Propulsion Laboratory
» J: California Institute of Technology

ING THE UNIVERSE TO YOU:
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We will build on

The GRIP/HS3 JPL PORTAL

A near real-time (NRT) web portal

Integrates large-scale model forecasts with satellite
observations from a variety of instruments and platforms.

The unique features of the portal allow users to interrogate a
large number of atmospheric and ocean variables to better
understand the large-scale and storm-scale processes
associated with hurricane genesis, track and intensity changes.

By including a diverse set of satellite observations and model
forecasts, it provides a good spatial and temporal context for
the high-resolution, but limited in space and time, airborne
observations.

Such knowledge is essential for the experiment design,
providing critical input for the flight planning and serving as a
very rich source of information in the analysis stage of the
‘airborne experiment @



The JPL GRIP Portal — grip.jpl.nasa.gov

w’—‘, Hurricane Earl of 2010 — Bringing together model flow with satellite

geryations of precipitation, providing the context for the airborne observations
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Multi-frequency active observations
TRMM-PR, CloudSAT and CALIPSO

Jet Propu|s|on Laboratory JPL HOME EARTH SOLAR SYSTEM STARS & GALAXIES SCIENCE & TECHNOLOGY
California Institute of Technology , :
BRING THE UNIVERSE TO YOU: JPLEmailNews | RSS | Podcast | Video

Observation Data The current time is Tue, 07 Jun 2011 07:03:33 GMT Model Data

September & 2010 + 2010-09-15 07:00:00 ) | September & 2010 +
[Su [ [T [W[Th[F [S [Su[# [T [W[Th[F[S
[ [ [ [o1[0z[os [od [ [ [of[ez [ca[od
[05 [06 07 05 09 [10 11 [0 [0 [0 [08 [08 [10 [ 11
[12[13[14 [88[ 16 [17 18 [12[13 [14 [15 [48 [17 [18
[19 [20(21[22[23 2425 [19 20 [21 [22[23 [24 25
(26 [2z[z8 (28] 30 [ [ EZ@EE@ [

At hour: 07:00:00 +
[£] mopeL DATA

[£] stoRm TRACKS Pressure Level: 850 4

|__ Best Tracks
D Pouch Tracks

Forecast Time: 000 &

[E] ars

__PGI41L .
|__ Speed Earth Relative
[ PGI4aL
__! Streamline Earth Relative
(IPGI44L [*] pai1L
(] PGI45L [ pauaL
[ paraL
[Z] paiasL
(] SATELLITE DATA O pausL
_SST [ Relative Humidity
__OHC [low
[ wind (ASCAT) .
L Vorticity
I TPW (AMSU-A)
- | Deep shear
|_!RH-AIRS Press. Level 850 & :
= — Ve AN Y X Pouch shear
CAPE-AIRS . e
- ~ Data SI0; NOAA, US:Navy, NGA,
CILI-AIRS } 7. i b Fpr 3 G ES e Xl [_!Sea Level Pressure
Rain Indicator 4 | =
7| Goostati 7. iy 3 PN X ECMWF
VY Geostationary s R Vit A Eu| =




Karl, just after genesis - 14t September 2010, 227
Bringing together model flow 37 GHz obs, airborne tracks and
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Karl, just after genesis - 14th September 2010, 222
Bringing together model flow 37 GHz obs, airborne tracks and
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Karl, just after genesis - 14t September 2010, 227
Bringing together model flow 37 GHz obs, airborne tracks and
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The 3D structure of the storm

17th September 2010, 072

Untitled74

Jet Propulsion Laboratory
California Institute of Technology
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Investigate, share the scenes, get the data
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* Option to save the scene
— selected data

— viewing geometry

* Data accesses
— Displayed datasets can be downloaded in netcdf!!

 Advantages
— Visualization facilitates exploration of multiparameter,

AP0

— Digital data are stored in an unified format -netcdf @'

multi-instrument observations
“Snapshot” save allows easy sharing and recollection

“Download” button gives you an immediate access to
the digital data of interest




Summary

* New Data
— TCIS — 11 year data records
— GRIP and HS3 NRT portals for data interrogation

* Diagnostics
— Use of instrument simulators

— Analysis of:
e 2D fields
e Vertical structures
* Composites
* Principal components

* Tools — Upgrades and new development
— the HWSS

 Antenna convolution and Slant Path

— New AIST project — just staring up

* Integration of the ISSARS and HWSS instrument simulators with
operational hurricane forecast models and incorporation of simulated
satellite observables into the existing database of satellite and airborne

observations.

JPL * Development of a set of advanced analysis tools



Summary

Advantages of the JPL TCIS:
— The Tropical Cyclone Data Archive

* No need to query, find storms and discover —it is all
there, organized and easy to obtain

* |t is global and covers 12 years of satellite observations
* Imagery and digital data
* Unified format - netcdf
— GRIP/HS3 Portal
e Can go backin time!! Not just in NRT!

e Google Earth Visualization allows overlay and
interrogation of multi - parameter data

e Offers model and multi-instrument data (satellite,
airborne and in-situ)

* New capability — save snapshots, download data @
JPL
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The JPL Tropical Cyclone Information System

(TCIS)

Funded by the Hurricane Science Research Program

JPL

Collaborations

Satellite projects — CloudSAT, QuikSCAT, AIRS, MLS — JPL/NASA
HURSAT - NCDC/NOAA
NPS - Naval Postgraduate School, Monterey, CA

CIMSS - Cooperative Institute for Meteorological Satellite Studies at
the University of Wisconsin-Madison

NRL - U.S. Naval Research Laboratory, Washington, D.C.
RSMAS - The Rosenstiel School of Marine and Atmospheric Science
HRD - Hurricane Research Division/AOML/NOAA

NCAR - National Center for Atmospheric Research, Boulder, CO
MSFC - NASA’s Marshall Space Flight Center, Huntsville, AL




The JPL Tropical Cyclone Information System
(TCIS)

http://tropicalcyclone.jpl.nasa.gov
Objective of the TCIS

To provide a one-stop place that facilitates fusion of multi-parameter,
multi-instrument observations (satellite, airborne and in-situ) and
model output, relevant to both the large-scale and the storm-scale
hurricane processes, in the atmosphere and in the ocean.

Goal:

- help understand the physical processes that determine hurricane
genesis, intensity, track and impact on large-scale environment

- help improve hurricane forecast accuracy by facilitating validation and
improvement of hurricane models through comparison with observations
and development of new data assimilation techniques

- enable studies aimed at developing new algorithms, sensor systems

and missions.
=




The 12-year Global Data Archive

A wide variety of data types

— Organized by year, basin, storm
* no need to search!!!

— DATA and imagery
— Large-scale and storm scale
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The 12-year Global Data Archive

T
— A wide variety of data types

— Organized by year, basin, storm
* no need to search!!!

— DATA and imagery
— Large-scale and storm scale

e Large-scale (over the ocean basins; +2 days on either side)
— SST
— Scatterometer winds
— TPW
— Thermodynamic atmospheric structure from AIRS

JPL @




&% The 12-year Global Data Archive

— A wide variety of data types

— Organized by year, basin, storm
* no need to search!!!

— DATA and imagery

— Large-scale and storm scale

e Large-scale (over the ocean basins; +2 days on either side)
— SST
— Scatterometer winds
— TPW
— Thermodynamic atmospheric structure from AIRS

e Storm scale
— Geostationary IR: GOES, MTSAT, FY2, Meteosat, MSG (HURSAT Version 5)
— Multi-frequency brightness temperatures from TRMM-TMI, AMSR-E, SSMI
— full set of radar observations from TRMM-PR and CloudSAT

— QuikSCAT surface winds @/




Basin Scale Domains

South Pacific

East Pacific North Atlantic Mediterranean Sea South Atlantic

AP0
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Data extracted over surrounding region and stored in netCDF, with a quicklook
image.

Corresponding channels from (AMSR-E, SSMI, TMI), (AMSU-B,MHS) and AMSU-A
mapped to same color scale, regardless of satellite
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o Option to save the scene
— selected data
— viewing geometry

* Data accesses
— Displayed datasets can be downloaded in netcdf!!
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