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Motivation for our project -
The two critical pathways to hurricane forecast improvement

* Is the representation of the

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

* Is the interaction between the Intensity forecasts,

stm and its enviror;ment realistic? we need to understand

how well the models
reflect the physical
processes and their
interactions.

Satellite observations can
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help in 2 important ways!

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

Development and implementation of advanced
techniques for assimilation of satellite
observations inside the hurricane core.

Despite the significant amount of satellite
observations today, they are still underutilized
in hurricane research and operations, due to
complexity and volume.




The JPL TCIS — Tropical Cyclone Information System
http://tropicalcyclone.jpl.nasa.gov

Tropical Cyclone Data Archive
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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.
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TROPICAL CYCLONE INFORMATION SYSTEM

Sehad Welcome to the JPL Tropical { Introduction

§ Cyclone Information System

i 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.
Supertyphoon Pongsona stk the U.S. Island of Guam on Sunday, December 8, 2002. The composite image TOgethef. data and visualizations from the

(left) of the supertyphoon walimade by overlaying data from the infrared, microwave, and visible/near-infrared . & f
sensors that make up the AIRYEounding system. This storm can also be seen with the standard AIRS VisNIR near-feal time syslem_ and data archlve_ can
be used to study hurricane process, validate

right).

o 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.
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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¢



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 (
Forecast Uncertainty 5 days out - Hurricane Sandy (2012)

Best Track
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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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HS3 Portal — NRT in 2012-14, Atlantic (http://tropicalcyclone.jpl.nasa.gov/hs3)
Bringing model and observations together:

air in the environment (low TPW, from satellite observations)

t appear so looking at the midIveI flow from the model.
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Goal of our current project -
Bringing the multitude of NASA and NOAA satellite observations
to bear on a problem with significant societal impacts.

 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.

I O © © © wer

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
ry T
Remote-sensing paramelers at observation
Metadata for best resolution (and .:eop'r,w.‘q\ model parameters)
tracks, satellite . X
orbits, flight path, ISSARS Instrument Simulator Suite

observations and  [aiabiiubis
model outputs in Scattering models RTM
observation
parameters

Observations (TCIS+) Models

Hurricane: HWRFV3.2 HEDAS
NexRAD Large-scale: ECMWF NCEP ...

\Guouhv;lul model parameters

Will develop three critical components that will allow
the merger of observations with model forecasts:

1) Couple instrument simulator with operational
hurricane forecast models and incorporate simulated
satellite observables into the existing database of
satellite and air-borne observations.

2) Develop set of analysis tools that will enable users
to calculate joint statistics, produce composites,
compare modeled and observed quantities to
facilitate the evaluation of different hurricane models

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

highly complex systems) CECSTO

eeeeeeeeeeeeeeeeeeeeeeeeeeee
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FUSION OF
MODELS AND
OBSERVATIONS

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

* Operational HWRF
model forecasts are

used as input tO

CRTM

The synthetic
“satellite

observations” are:

Incorporated in
the database of
satellite obs.

Visualized in the
portal
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Developing analysis tools for model validation

Interactively select region

Gather data from

observed and synthetic
brightness temperatures

Statistical comparisons

* Storm-relative coordinates

* EOFs, CFADs, PDFs
e Azimuthal averages  =f(r)

Storm Structure

* Object classification

* Metrics for model/obs
classification

e ARCHER
e Wave Number Analysis

Visualization of analysis



1. Select the region of interest
* Circle, Square, Point

2. Select the tool (e.g. PDF)

. Select two frequencies

HURRICANE AND SEVERE STORM SENTINEL Submit the jOb

1 TR

1 1
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The Selection Tool
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Statistical Tool: Joint Distribution of Brightness Temperatures
Example: The Joint PDF of 37GHz and 85GHz TBs; Humberto

s © The statistical relationship between the

37 GHz TBs and the 85 GHz TB presents
information on the vertical structure of
the storm

., * The Joint PDF illustrates this
| / relationship
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Statistical Tool: Joint Distribution of Brightness Temperatures
Example: The Joint PDF of 37GHz and 85GHz TBs; Humberto

G Jo Propusion Labratory e — The statistical relationship between the
romeae o SeveRe Torn ST ,, 37 GHz TBs and the 85 GHz TB presents
P 1 information on the vertical structure of

the storm

[ Scotember 2013 }
s

The vertical branch indicates too much
scattering of radiation by the frozen

| & l precipitation
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Statistical Tool: Joint Distribution of Brightness Temperatures
Example: The Joint PDF of 37GHz and 85GHz TBs; Humberto

dasy Jet Propulsion Laboratory e The statistical rEIaﬁonShip between the
romene s SeveRE STom ST ,, 37 GHz TBs and the 85 GHz TB presents
' . 1 information on the vertical structure of

the storm

The vertical branch indicates too much
scattering of radiation by the frozen
precipitation

Question: Is the ice too much or is its
forward modeling inaccurate?

* Need to consider the resolution!

ssmis-BT 201309110942 HWRF-CRTM-D3-BT 20130911-60hrForeCast HWRF-CRTM-D3-BT 20130911-36hrForeCast
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The Joint Distribution of the
model data is improved
when the synthetic data are
convolved with the antenna
patternl!!

Still — too much scattering
in the model data.
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Storm structure Tool: Degree of Organization
The Automated Rotational Center Hurricane Eye Retrieval (ARCHER)

- Developed by CIMSS/NRL (Wimmers & Velden, 2010)
- We have license to run it and have done some off-line analysis, using the original version
- Coming online soon, with the latest version
- Provides:
- Objective fix guidance for forecasters First Guess
- Quantifies the degree of storm organization Target

ssmis-F18 85GHzH 201309 NA4830 Vmax=63.0, Vx= kis

Weighted Guided Fine Spiral Score = 287 Ring Score = 15

-30 -29 -28 -30 -29 -28

[ : L. T : | [ : |
160 180 200 220 240 260 280 160 180 200 220 240 260 280 160 180 200 220 240 260 280

Brightness temperature, K Brightness temperature, K Brightness temperature, K

Additional information can be found in  Wimmers, A. and C. Velden, 2010: Objectively Determining the
Rotational Center of Tropical Cyclones in Passive Microwave Satellite Imagery, J. Appl. Meteor., 49, 2010.
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Storm structure Tool: Degree of Organization
The Automated Rotational Center Hurricane Eye Retrieval (ARCHER)

the structure in
this case.

ssmis-F18 85GHzH_201309 94830 Vmax=63.0, Vx= kis ° ARCHER scores
B suggest the
L model forecasts
> )
= over-predicted
7))
m
@)

-31 -30 -29 -28 27 -30 -29 -28 30 -29 -28

HWRF-CRTM-D3 85GzH_20130910T000000 Vmax=63.0, Vx= kts H 1
Weighted Guided Fine Spiral Score =329 R Combined score=386, Threshold=268 ¢ Th Is con CI USIOn
gl

Is in agreement
with the model-
predicted
intensity
parameters:
- Observed:
- Vmax = 65kts
- MSLP =989 mb
- 36h forecast
- Vmax =72 kts
- MSLP =977mb
- 60h forecast
- Vmax = 83 kts

| [ | - MSLP =971mb
160 180 200 220 240 260 280 160 180 200 220 240 260 280 160 180 200 220 240 260 280

Brightness temperature, K Brightness temperature, K Brightness temperature, K

36h forecast

60h forecast
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Storm structure Tool: Storm Size and Asymmetry

The Wave Number Analysis Tool

- Average wind speed (c0): N=10, BW=6.25 km
= T T T

- First adgptfed and used by NOAA/AOML/HRD ) o /> Amplitude of wave |
- Vuklf:ewc, T'., E. U!\Ihorn, P Reasor and. B. Klotz, 2913. A novel T #0 as a function of
‘multl-fcale intensity metric for evaluation of tfoplc.al cyclone - -~ f- - - o - distance fronj center-
intensity forecasts”, Journal of the Atmospheric Sciences [y | i
2013 ;do: 1 T N
- Tool Developed for the JPL TCIS by R S e - --- -
- Z.Haddad, N. Niamsuwan, T.-S. Shen J X ]
- Will be available during the coming season ! \\k :
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Storm structure Tool: Storm Size and Asymmetry
The Wave Number Analysis Tool using the Rain Index (multi-channel PMW index)

More details in the Rain Index can be found in Hristova-Veleva et al. 2013, JAMC 5_2, 2828-2848
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-During Ri Developing

Mature

Storm structure Tool: Storm Size and Asymmetry
The Wave Number Analysis Tool using the Rain Index (multi-channel PMW index)

More details in the Rain Index can be found in Hristova-Veleva et al., JAMC, 2013
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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.

Our system is under development. Expected that many components will be
operational during the coming season. Stay tuned ...©



Basin-scale HWRF - coming up!

AL/EP Cyclogenesis Domain (dx=27km) / 10m Wind [kt]
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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
t012,000 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

'l:.

® 25% reduction in 48 hour track error L But WHY plele.

over the past 6 years

AVERAGE ERRORS
FOR HURRICANE TRACK PREDICTIONS

|
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® Intensity forecasts have not improved

as fast.
AVERAGE ERRORS IN INTENSITY

PREDICTIONS FOR ATLANTIC HURRICANES
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Graphs: Hurricane Research Division

* What are the sources of the intensity errors?

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

* Is 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). /

CESTO
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How does the size of Sandy compare to Katrina

Katrina, Rev 32251
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Storm structure Tool:
The Automated Rotational Center Hurricane Eye Retrieval (ARCHER)

- Developed by CIMSS (Wimmers & Velden, 2010, JAMC)
- We have license to run it and have done some off-line analysis, using the original version
- Coming online soon, with the latest version

Tl 20090930T155011  WVmax=75.1, ¥x= kis
Weighted Guided Fine Spiral Score = 207 Ring Score = 34 Combined score=241, Threshold=209
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