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Hurricanes are among the most destructive natural
phenomena with huge societal and economic impact.

After Katrina: Each year they threaten the US coast,

Galveston Texas 9/13/2 008caus.e damages worth billions and take life.

- Some 130,000 died when a cyclone struck
Myanmar along the Andaman Sea in 2008.

 The deadliest U.S. hurricane was the 1900
Galveston storm, which killed 8,000
012,000 people and destroyed the city.

Houston, Katrina (2005) killed some 1,200 people,
Texas, 2005 ~ and left hundreds of thousands homeless.
unnecessary

evacuation of * Sandy is being blamed for about $62 billion
ahead of in damage and other losses in the U.S. — a
huricane | number that could increase.

It is the second-costliest storm in U.S. history
after 2005's Hurricane Katrina, which caused

$128 billion in damage in |anat|on adjusted
Widespread power outages and subway shutdowns may wind up ) 1

making Superstorm Sandy the second most expenswe stormin U.S.
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Current state-of-the-art hurricane prediction

® 25% reduction in 48 hour track error
over the past 6 years

NHC Official Track Error Trend

Atlantic Basin
400

Forecast Error (n mi)

10990 1992 1994 1986 1998 2000 2002 2004 2006 2008 2010
Year

® Intensity forecasts have not improved.

NHC Official Intensity Error Trend
Atlantic Basin

Forecast error (kt)

| —e—24n

5h | —e—a8n H
72h
| —e—98h

I=—=k0

10990 1992 1994 1996 1988 2000 2002 2004 2006 2008 2010
Year

Graphs: Hurricane Research Division

L. But WHY ???

* What are the sources of the intensity errors?

* Do the models properly reflect the physical
processes and their interactions?

* |s the representation of the precipitation
structure correct?

e |s the storm scale and asymmetry
reflected properly

* Is the environment captured correctly

* Is the interaction between the storm and
its environment represented accurately

* Recognizing an urgent need for more accurate
hurricane forecasts, NOAA recently
established the multi-agency 10-year
Hurricane Forecast Improvement Project
(HFIP).
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Motivation for our project -
The critical pathways to hurricane forecast improvement

* Is the representation of the * Is the environment captured . .
precipitation structure correct? correctly? To improve Hurricane

* Is the interaction between the Intensity forecasts, we
storm and its environment realistic?’ need to understand how
well the models reflect the
physical processes and
their interactions.

GRIP Portals

<<<<

Satellite observations can
help in 3 important ways!

Animaie) | Sion

altime mode ) (‘Save snapshot ) ('Load snapshot ) ( Downioad

1. Understanding the physical processes

2. Validation and improvement of hurricane
models through the use of satellite data

Latitude

3. Development and implementation of advanced
techniques for assimilation of satellite
observations inside the hurricane core.
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Despite the significant amount of satellite data today,
they are still underutilized in hurricane research and
operations, due to complexity and volume.
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The JPL TCIS — Tropical Cyclone Information System
http://tropicalcyclone.jpl.nasa.gov

To facilitate hurricane research, we are developing the JPL Tropical Cyclone
Information System (JPL TCIS) of multi-instrument observations and some
model data pertaining to:

i) the thermodynamic and microphysical structure of the storms;
ii) the air-sea interaction processes;
iii) the larger-scale environment.

This system is being developed under NASA support:

- ESTO/AIST funding currently
- the Hurricane Science Research Program (HSRP) in the past.

The project is developed in close collaboration with our colleagues from
NOAA/EMC and NOAA/AOML/HRD to bring the operational and research
versions of HWRF forecasts into the satellite database and to develop a set
of on-line analysis tools.

Earth Science Technology Office



Objectives for the project

* The main objective of this 3-year effort is to develop the technology to provide
the fusion of observations (satellite, airborne and surface) and operational model
simulations to help improve the understanding and forecasting of the hurricane
processes. We will develop three critical components that will allow the merger of
observations with model forecasts:

B O © © © we

Web-based 2D & 3D Visualization Tools
GUI for interactive analysis and result display
30 visualization of the model & data comparison

Analysis Tool Suite Data Mining Tool

Case-based and Statistical analysis: Time & space aggregated queries
CFAD, EOF, Composites Event-driven data discovery

Data Management
MySQL database
Observation data processing

I3
'y
j Remote-sensing po'am':'\»:»rs at observation

Metadata for best resolution (and p‘.eop'r,»,lqw model parameters)

tracks, satellite . .
orbits, flight path, ISSARS Instrument Simulator Suite

observations and vdldvase
model outputs in Scattering models RTM

observation
parameters
Observations (TCIS+) Models
Hurricane: HWRFV3.2 HEDAS
irborne NexRAD Large-scale: ECMWF NCEP ...,

'\Gwphv;vul model parameters

1) Develop visualization to enable analysis (e.g., data
immersion approaches to enable real-time interaction
with the models, and visualization of highly complex
systems).

2) the coupling of the instrument simulator with
operational hurricane forecast models and
incorporation of simulated satellite observables into
the existing database of satellite and air-borne
observations.

3) Developing tools to manage the validation and
assessment of model-data intercomparisons to more
easily evaluate the performance of different models

Earth Science Technology Office




The three components of our system

1. Bringing observations and models into a common
analysis system and developing interactive
visualization tools.
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HS3 Portal — NRT in 2012-14, Atlantic (
Features

Two Calendar-driven menus (click on the triangles on the two sides):

- Observations - Model data
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1. Develop Visualization to Enable Analysis:
A. Database Driven and Configurable Web Portal

e New website front
end is driven by the
database

— Products, plots,
and analysis
tools only show
up if data is
available in the
database for
the date the
user selects

e Database architecture was redesigned to enable easy portal configuration

— Uses MySQL InnoDB table architectures with foreign keys to associated
products, files, missions, etc.

| e
=
T
T
T
| e
| ——
=
- ——
| — ==y
 m— —
m—

avy, NGA, GEBCO

— New portals can be started on the fly

— Can support multiple missions (i.e. new RapidScat portal) CSTO

Earth Science Technology Office
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HS3 Portal — NRT in 2012-14, Atlantic (
Forecast Uncertainty 5 days out - Hurricane Sandy (2012)
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HS3 Portal — NRT in 2012-14, Atlantic (http://tropicalcyclone.jpl.nasa.gov/hs3)
The Power of the Satellite Observations — Hurricane Sandy (2012)

Note the multitude of Polar Orbiting Satellites
that supplement GEOS observations
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HS3 Portal — NRT in 2012-14, Atlantic (http://tropicalcyclone.jpl.nasa.gov/hs3)
The Power of the Satellite Observations — painted in microwave
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Driving by desire: Interrogate!
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Driving by desire: Investigate and Discover

- Is the dry air in the environment (satellite, low TPW) entering the storm 7?7
- It doe ot appear so looking at the midlevel flow from the model.
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Understanding what is this structure in the model — Tim Dunkerton
called it "leopard's fur" pattern in ecmwf RH in the boundary layer
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Understanding what is this structure in the model — Tim Dunkerton
called it "leopard's fur" pattern in ecmwf RH in the boundary layer
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Understanding what is this structure in the model?
Tim Dunkerton called it "leopard's fur" pattern in ECMWF boundary layer RH

The model/obs overlay collaborates his suggestion that “shallow overturning circulations
are responsible for vorticity and RH anomalies alike in these regions”. The Sc in the
visible imagery are well correlated with the model's RH and vorticity fields (not shown).
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AIRS SkewT Diagram 2014-08-25/05:36:18.20 (Let/Lon 19.27/-55.69 deg)
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MPortal — NRT in 2010: Satellite observations providing context for airborne data

Just after genesis - 14th September 2010, 23Z SJPL 14 September 2010, 182 JPL
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The three components of our system

2. Projecting the model data into the observational
space of the satellite data - the use of instrument
simulators

eeeeeeeeeeeeeeeeeeeeeeeeeeee
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Motivation: How to Evaluate the Models

In situ observations to distinguish between different modeling approaches and
improve on the most promising ones.

These point measurements cannot adequately reflect the space and time
correlations characteristic of the convective processes.

An alternative approach to evaluating model assumptions is to:
— bring model and observations into a common analysis system
— use multi-parameter remote sensing observations. In doing so, we could:
e Compare modeled to retrieved geophysical parameters.
— The satellite retrievals, however, carry their own uncertainty.

e Compare synthetic to observed remote-sensing parameters using
instrument simulators to produce satellite observables from the model

— Benefits:
» Increased fidelity of the evaluation results

» Ability to improve model forecast through data assimilation
that also uses the instrument simulators CESTO

Earth Science Technology Office
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PI S. Tanelli: AIST-08 and AIST-11

NEOS3 : Purpose

... to simulate satellite observables using as input the hurricane forecast model

“Flying the satellite over the
model fields”

NE©®S3 NASA EARTH OBSERVING SYSTEM SIMULATOR SL& \
B =

Rita 9/21/05, GMI 10.65 GHz

Brightness Temperature ( X' )

LIS: Land Information System
] SOI: Successive Order of Interaction
WRF: Weather Research Forecasting Model




2. Projecting the model into the Observational space:
A. Specific NEOS? Upgrades for TCIS

- Three functionalities have been added to NEOS?3 to support TCIS

1. Templates: Contain default parameters for specific instruments
(SSMI, SSMI/S, TMI, AMSR-E, and GMI)

Available Templates Job Descriptor file: Complex. Constant

TMI_GFS_201309090000F024_201309100117 ™ <pz-lat description="Latitude" units="deg,,,"> Token file: Simple. Variable
<_decimal>#TOKEN#</_decimal> cask *Loeation #1”
Py <task name="Location #1”>
CloudSAT/ACE/GPM R <TOKEN>10</TOKEN>
¥ CloudSAT/GPM | P </task>
DMSP-F16 <pz-lon description="Longitude" units="deg,,,"> . . .
TRMM <_decimal>-85.87</_decimal> <task nage: Location éz 2
DMSP-F17 < miGinss/suhit> <TOKEN>22</TOKEN>
</pz-lon> <Hasl>

2. Tokens: Compact input files exposing only a few selected parameters needed by TCIS.
« More manageable (10s instead of 100s parameters to specify)
» Less prone to error

3. Web Service: Interface allowing TCIS to communicate with NEOS3, triggering
simulation process and retrieve the simulated products

nnnnnnnnnnnnnnnnnnnnnnnnnnnn
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2. Projecting the model into the Observational space:
B. TCIS and NEOS? Integration

e Worked with NEOS3 team to develop an API that can launch simulations through
web services: Users (TCIS) will not have to use a web interface to launch multiple jobs

Job Execution Job Retrieval

[TCIS] [TCIS] [NEOS3] [TCIS]

Job Setup

-
eRequest API

Job Definition ‘

o .
oFind date/time

-
eFor each XML

P
eFrom the TCIS

Job Analysis
[TCIS]

~
eGenerate 6-hour

authentication of satellite template token, server, poll the composite maps

token storm start the child NEOS3 server for each
overpasses processing job every hour for simulated

eCreate the child job status product

parent job on

eCalculate the

eProvide status

the NEOS3 model and updates through eWhen status is eUpdate the
server forecast dates/ various ‘finished,’ database with
times for each processing download the information on
eSelect the observation stages netCDF file from new products to
proper XML the NEOS3 display maps on
template for the eSearch for and server to the the portal
satellite that select the model TCIS server
gives the list of files e|nsert data from
available sensors eDelete the the netCDF file

eSend the XML
template token
to the NEOS3
server

aaaaaaaaaaaaaaa

L P

completed child
job from the
NEOS3 server

\_____/

into the
database for use
in the analysis
tool




FUSION OF MODELS
AND OBSERVATIONS

Integrating hurricane model
forecasts with satellite &
airborne observations from a
variety of instruments and
platforms

e Research HWRF model
forecasts were used as

inputto N EOS3

* Considered are the
model microphysical
assumptions; the
instrument
characteristics and
sampling

e The synthetic “satellite
observations” were:

* Incorporated in the
database of satellite
obs.

* Visualized in the
portal

 Limited # of cases!
* Not in NRT!
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The three components of our system

3. Developing analysis tools with the goals to:

= Understand the observed structure of the hurricanes
= Evaluate the models CESTO

eeeeeeeeeeeeeeeeeeeeeeeeeeee
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3. On-line Analysis Tools:
A. Geospatial Data Searches — the web interface and database

* The TCIS Analysis Tools rely on geospatial searches to find a region of data that a user wants

to analyze The Framework
Select the region of interest * Subset and re-format data into
Select the tool (e.g. PDF) consistent format

D5 Y L

Specify the details .
) i . e Store swath footprints as
e The Subsetl'lng Tool geometric objects in the

database for efficient sub-setting

NCA\ Jet Propulsion Laboratory

Suid California Institute of Technology

HURRICANE AND SEVERE STORM SENTINEL

* Database support for the
analysis tools

nnnnnnnnnnn

* The selection criteria vary
depending on the tool and

the input datasets. For some

of the tools, we need to select a

single swath from the

—— - - b - AY composite image. For other
ke Al ; o S . o ;j tools, we need to use the 2D

Lower right: 9.3385, -22.155

Cns Gt ol S G composite maps.

A Viva LdVHOHIV ® 3LITIALVS
- -

par 1 T | o WA, A
|| o T | oo K - €T

Il cvou: wprs wi mime | 0o TR P * User interface - developing and

S integration with the database
and the tools (Subsetting tool)
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3. On-line Analysis Tools:
B. Geospatial Data Searches — the database

* The TCIS Analysis Tools rely on geospatial searches to find a region of data that a user wants
to analyze

Data files processed with PO.DAAC Footprints inserted as WKT Polygon XML files exported from MySQL XML files ingested into Solr Footprint available for Data Analysis
Level 2 Footprint Generator objects into MySQL database 9 Tool queries through Solr

* Tools need to be accurate and return results in a reasonable amount of time

* Integrated the PO.DAAC Level 2 Footprint Generator into the TCIS to create accurate
swath representations for the database

e Conducted database benchmarking studies to see which database’s geospatial search
functions consistently returned results the fastest

* Fine tuned the accuracy and speed options with the L2 Footprint Generator and
databases
* Implemented a MySQL + Solr geospatial database solution that
e quickly and accurately returns results to the TCIS Analysis tools,
* lessening user wait time and increasing user confidence in analysis tool results

Entries  Disk Space (GB) Memory (GB)  Data Length (GB) Index Length (GB)| [ o
MysQL 2108505 1.40 0.00 1.11 0.29]...
Solr 2108505 2.10 1.20 2.1 N/A|-
PostgreSQL 2108505 2.50 0.00 1.27 110 ‘“ ‘ | “
MongoDB 2106886 78.00 78.00 2.93 o L wilim 1L,
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Studying hurricanes
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Katrina (2005) as seen from

QuikSCAT
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e Recent studies have linked Rl to intermittent occurrence of deep, strong convective bursts
within the inner core, occupying as little as 5-10% of the area of the hurricane eyewall.

e However, an alternative hypothesis is that Rl follows abundant and well organized but
weaker convection in the inner-core region. A continuous azimuthally symmetric eye wall
(i.e., a ring) of precipitation then indicates the imminent onset of Rl. This occurs when the
ring is closed and dominated by shallow precipitation extending from near the freezing
level to the surface. In this scenario, individual deep and strong convective bursts may still
be embedded in the outer edge of the ring but play only a secondary role in RI.

e We use observations from scatterometers and radiometers to investigate whether storm
asymmetry decreases in association with increase in storm intensity.

RING OF SHALLOW CONVECTION DEEP CONVECTIVE BURSTS

‘]i.,

1/6/2010 1502Z TRMM Precipitation Radar



Storm structure Tool: Storm Size and Asymmetry

The Wave Number Analysis Tool
s Average wirnd speed (c?): N=10, wa=6.25 km
- First adgptfed and used by NOAA/AOML/HRD ) o /> Amplitude of wave |
- Vukicevic, T., E. Uhlhorn, P. Reasor and B. Klotz, 2013: “A novel /%X #0as a function of
multi-scale intensity metric for evaluation of tropical cyclone - - -- rr *distahtéffoﬁfééﬁfér*
intensity forecasts”, Journal of the Atmospheric Sciences [y | i
2013 ;doi: 1 T N
- Tool Developed for the JPL TCIS by R S e - .
- Z.Haddad, N. Niamsuwan, T.-S. Shen J X ]
.
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Storm structure Tool:
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Size of precipitation is much smaller than . .
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The storm is quite asymmetric in both wind and rain
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RMW

The storm is quite asymmetric in both wind and rain
Radius of Max Wind (RMW) is smaller than the

Radius of Max Rain (RMR).

IRMR

Conditions are not conducive to Rapid Intensification.
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The storm is quite asymmetric in both wind and rain
Radius of Max Wind (RMW) is smaller than the

20

Radius of Max Rain (RMR).
Conditions are not conducive to Rapid Intensification.
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The JPL TCIS — Tropical Cyclone Information System
http://tropicalcyclone.jpl.nasa.gov

Tropical Cyclone Data Archive

JPL HOME | EARTH | SOLAR SYSTEM | STARS & GALAXIES | SCIENCE & TECHNOLOGY

Satellite depiction of hurricanes over the globe
12-year record (1999-2010)
offers both data and imagery, making it a
unique source to support:

- hurricane research

- forecast improvement

- algorithm development

- instrument design

HS3 — Interactive NRT Atlantic portal

Integrates model forecasts with satellite and
airborne observations from a variety of
instruments and platforms, allowing for easy
model/observations comparisons.

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.

Very rich information source during the
analysis stages of the field campaigns.

N(A\% Jet Propulsion Laboratory
SJ¢ California Institute of Technology

BRING THEUNIVERSETOYOU B B B

TROPICAL CYCLONE INFORMATION SYSTEM

k4@l Welcome to the JPL Tropical { Introduction

¥ Cyclone Information System

- | The JPL Tropical Cyclone  Information
.| System (TCIS) was developed to support
L hurricane research. It has two components: a
12-year global archive of multi-satellite
8| 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 archive can
be used to study hurricane process, validate
and improve models, and assist in developing
new algorithms and data assimilation
techniques. Below you will find links to
various portals where you can view different
tvpes of data.

4 Team

w34/ 4 Colaborators

Supertyphoon Pongsona st the U.S. lsland of Guam on Sunday, December 8, 2002. The compasite image
(left) of the supertyphoon wasliade by overlaying data from the infrared, microwave, and visible/near-infrared
sensors that make up the AIRS Ylunding system. This storm can also be seen with the standard AIRS VisINIR
(right).

4 Funding

+| { Publications

Tropical Cyclone Data Archive >

The TCIS Data Archive is a comprehensive tropical cyclone database of multi-parameter satellite observations pertaining to the
thermodynamic and microphysical structure of the storms, the air-sea interaction processes and the larger-scale environment.
Currently, it contains satellite depictions of hurricanes over the globe from 1998-2010. Users are able to browse through hurricane

seasons and ocean basins to find specific storms of interest. The portal is designed to facilitate the finding of coincident observations
from multiple instruments, and it provides fast access to pre-subsetted data and plots, making this a unique tool for hurricane research.
Additionally, data files can be directly accessed through our FTP site.

—

This near real-time interactive portal was developed to support the multi-year Hurricane and Severe Storm Sentinel (HS3) aircraft
campaign. HS3 is a five year mission with a three year airborne component (2012-2014). The campaign's main goal is to investigate
the processes that underlie hurricane formation and intensity change in the Atlantic Ocean basin. This portal allows users to analyze
and compare observation data and model forecasts in the North Atlantic basin from July to November of each year of the campaign.

" HS3 Data Portal

: Site Manager: Svetia M Hristova-Veleva PRIVACY Webmaster: Quoc Vu (JPL Clearance: CL#08-34¢



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.

Earl, 2010
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Asymmetry and Evolution
Statistics from observations : North Atlantic Hurricanes

Parameter as a function of: Created composites
- Quadrant with respect to storm motion following similar
- distance from storm center  (y-axis) approaches:
- days from maximum intensity (x-axis) Lonfat, M., ED. Marks, and S. S.Chen, 2004
A Rogers et al., 2012
Wu, L, H. Su, R. G. Fovell, B. Wang, J. T. Shen, B.
H. Kahn, S. M. Hristova-Veleva, B. H.
Lambrigtsen, E. J. Fetzer, J. H. Jiang, 2012
— - . Many others.
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9-year statistics from AMSR-E observations
North Atlantic Hurricanes; 2002-2011
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9-year statistics from AMSR-E observations
North Atlantic Hurricanes; 2002-2011
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9-year statistics from AMSR-E observations
North Atlantic Hurricanes; 2002-2011
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Analyzing the Environment
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Evaluating the Models
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RH at 850 mb
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The “Slicer” - analysis of the environment
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Summary

To achieve the HFIP goals of improving the forecast accuracy of hurricane intensity,
track and impact at landfall we first need to understand whether the models properly
reflect the physical processes and their interactions.

To address the need for improving the model physics, the 2013 annual HFIP meeting
suggested that all available observations (satellite, airborne, in-situ) should be used
systematically and extensively to evaluate the model performance.

Furthermore, the participants highlighted the need for developing new metrics and
tools for evaluating the:
— storm structure
— the interaction between different physical processes (multiparameter observations) and
— the evaluation of the multi-scale interactions (feedback between the storm and its
environment).
Such studies require the use of large amounts of satellite data, coming from diverse
instruments in order to create robust statistics. Due to the complexity of the remote

sensing data and the volume of the respective model forecast this in-depth evaluation
is usually limited to a number of case studies.

With the goal to facilitate model evaluation that goes beyond the comparison of
"Best Track" metrics, we are working on providing fusion of models and observations
by bringing them together into a common system and developing online analysis and

visualization tools. CSTO
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What is unique about our efforts
e Large number of Observations, COMBINED with Models

— New source for all radar and passive microwave data —PPS — with consistent format
and inter-calibration, lower latency and higher reliability

Interactive visualization and interrogation
— Search by Date; Search by Hurricane; “Storm Track”, Forecasts Tracks

— Overlays, Transparency

Synthetic data from two instrument simulators
— Simulation of Satellite-like observations
e Operational — Using CRTM and HWRF; in NRT
e Research - Orbit-sampling; Antenna-averaging; Instrument specific viewing
geometry; Synthetic data from the large-scale models
e On-line Analysis tools

— Environment
e the “Slicer”; Thermodynamics from AIRS —Skew-T plots, at pressure levels

— Storm structure — Vitals and Vertical structure
e Storm Center Finding (ARCHER); Wave Number Analysis, Joint PDFs; PCA/EOFs

Integration with the 12+ year climatology

eeeeeeeeeeeeeeeeeeeeeeeeeeee

61



Technology Office

w
v]
=
T

V]

n
=
t

]
w




AIRE SkewT 'Z‘Ia(l‘um 2010-08-28 /16 ’+2 38, 73 (L /Lm 19. 34-/ 57. 75 deg)
-90

-120 -100

100 ) - TP:100
Armpbient AjpTe (
\Déw_Point Tem \
Alryﬂz‘el T
200 . -
o
Z[\
300 &
=1
w
w
40 - T A T _PARCEL—
/ - g 30,/ s CAPE:626
500 4 1 7 CINH:133
600
700
800
~ 7
800 - S
1000 [oc %, 72 .-
-50 Q\ —40 Q{]‘ _30“{7 —ZE \4., :I/ID . “D © 4510\ o .\‘9 2 @ A§ @(9;)
AIRS SkewT Diagrarmn 2010-08-28/16:40:25.80 (Let/Lon 10.82/-52.30 deg)
=120 =110 =100 -80 —80 =70 -60 =50 —40
100
200
o
E
300
>
@
o
41N
00
500
600
5 v hT LFC:SD:
700 z/v(/’ L ELA28
AT MPLt o1
800 O ~—WIND—
800 =)
1000 /‘ / AVAIL
@(9}‘«3}

AIRE SkewT "/‘Ia(l‘um 2010-08-28 /16 42 33, 87 (L
-90

The thermodynamics from AIRS

t/Llon 19.81/-45.90 deg)
-60 =50 —40

R
Hurricane Earl; -
Aug. 28, 2010
192

W

~IRS SkewT Diagram 2010-08 —28/16:40:35.57 (
=120 =110 =100 -80 —80 =7

1. TPW from AMSU

2. Soundings from All

3. Pouch-relative flow
from ECMWF

/Lo’w 1 84/ 49, 18 deg)

Torms of Use

n
3
3

TP:100

o
<
3

PRESSURE (MB)

]
g

B} —PARCEL—

600

// “CAPE:1303
\
1987

700

BOO

900

1000

,XL/‘ 7

R )

10
&% 0 6%



HS3 Portal — NRT in 2012-14, Atlantic (http://tropicalcyclone.jpl.nasa.gov/hs3)
The thermodvnamics from AIRS and the AOT from MODIS
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GRIP Portal — NRT in 2010, Atlantic -
The Airborne Observations
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FUSION OF
MODELS AND
OBSERVATIONS

- OPERATIONALLY

Operational HWRF model
forecasts are used as

input tO CRTM

* Incorporated in the

database of satellite
obs.

Visualized in the
portal

Why use a second source?

Including simulations from
the same NWP model (say
HWRF) but produced by
different forward simulators
and under different micro-
physical & electromagnetic
assumptions (as in NEOS3
and CRTM) will help reveal
the uncertainty that comes
from the forward modeling
itself.
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From: Tomislava Vukicevic <Tomislava.Vukicevic@noaa.gov>

Date: Saturday, December 7, 2013 7:01 PM

To: hristova <svetla.hristova@jpl.nasa.gov>

Cc: gopal <Sundararaman.G.Gopalakrishnan@noaa.gov>, Vijay Tallapragada <vijay.tallapragada@noaa.gov>,

"Montgomery, Michael (Mike) (CIV)" <mtmontgo@nps.edu>, "Boothe, Mark (CIV)" <maboothe@nps.edu>, "Haddad,
Ziad S (334H)" <Ziad.S.Haddad®@jpl.nasa.gov>, Bjorn Lambrigtsen <Bjorn.H.Lambrigtsen@jpl.nasa.gov>, "Turk, Joe

(334H)" <Joseph.Turk@jpl.nasa.gov>, "Li, P Pegay (398F)" <p.p.li@jpl.nasa.gov>, "Knosp, Brian W (3284)"
<brian.w.knosp@jpl.nasa.gov>, "Tanelli, Simone (334H)" <simone.tanelli@jpl.nasa.gov>, "Niamsuwan, Noppasin
(334H)" <Noppasin.Niamsuwan@jpl.nasa.qov>

e Subject: Re: AGU session on Big Data Analytic Systems

e The portal with tools is huge step forward for both the TC physical analysis and model
evaluation with satellite data. Finally, the data can be used by many: equivalent of
iphone-revolution :) Great work

e Thanks
e Tomi

Meteorologist / Senior Research Scientist

National Oceanographic and Atmospheric Administration

Atlantic Oceanographic & Meteorological Laboratory

Hurricane Research Division

4301 Rickenbacker Causeway, Miami, FL 33149

Tel: (305) 361-4403

Fax: (305) 361-4402 ESTO
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