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IFEX intended to improve prediction of TC

intensity change by:

1) collecting observations that span TC life
cycle in a variety of environments for
model initialization and evaluation

2) developing and refining measurement
technologies that provide improved real-
time monitoring of TC intensity,
structure, and environment

3) improving understanding of physical
processes important in intensity change
for a TC at all stages of its life cycle

These goals provide the linkage between observations, modeling, and theory
that form the foundation of the Hurricane Forecast Improvement Project (HFIP)



Focus areas for 2010

IFEX goal 1: Collecting observations for model initialization/evaluation
* Tail Doppler radar
e Synoptic surveillance with Global Hawk
e HWRFx/HFIP real-time runs and HEDAS data assimilation

IFEX goal 2: Developing and refining measurement technologies

e GALE low-level UAS

e Doppler Wind Lidar

* Ocean winds/AWRAP

e Global Hawk high-level UAS (partnership with NASA)

IFEX goal 3: Improving understanding
* Genesis
e Rapid Intensity Change
* TC-Ocean interaction
e Saharan Air Layer
 Landfall and Inland Decay
* TC/AEW Arc Cloud
e Hurricane PBL Entrainment Flux
 Aerosol/Cloud Droplet measurement .



Intensity Forecast experiment (IFEX 2010)

e Summary:

v NOAA aircraft flew ~420 h (28 P-3 and 19 G-IV
missions) in 9 tropical systems, and 3 Gulf ocean
survey missions Atlantic 2010 Storms Storm Catogory

v’ Deployed ~1000 GPS dropsondes; ~200 ocean e
probes (AXBT/CP/CTD)

v’ Performed 79 Doppler analyses & SO data sets

v’ Performed 125 H*Wind analyses

v’ Performed 380 HWRFx simulations in 11 storms
and 9 invests

v 17 HEDAS analyses & HWRFx runs for Hurricanes

Earl, Karl, and Tomas ==....
v’ 2 coordinated P-3/Global Hawk missions — 1 each Py O 5t S "
. Courtesy wunderground.com
in Earl & Karl .
. . For details see:
O ONR DWL installation delayed http://noaahrd.wordpress.com/category/ifex-discussion

O G-IV TDR acceptance tests delayed

e TD 2 & 5, TS Alex, Bonnie, Matthew, Richard,
Hurricanes Earl, Karl and Tomas plus 3 Gulf pre-storm
ocean survey missions (+10 ocean survey missions in
support of DWH spill - unprecedented upper ocean
data set over Gulf of Mexico for coupled modeling)



http://noaahrd.wordpress.com/?s=Doppler+radar�

Interactions with other experiments

 NASA GRIP (Genesis and Rapid Intensification
Processes, 8/15-9/30)

e DC-8 -- based in Ft. Lauderdale, GH -- based in
Dryden, CA

e Scott Braun, Ed Zipser, Gerry Heymsfield aircraft
leads

e GH flew missions over Hurricanes Earl and Karl,
good coverage of Rl stage of Karl

* NSF PREDICT (PRE-Depression Investigation of Cloud
systems in the Tropics, 8/15-9/30)
e G-V —based in St. Croix
 Mike Montgomery, Chris Davis, Andy Heymsfield,
Lance Bosart leads
e Excellent dropsonde coverage in pre-genesis stage
of Karl 5




IFEX Goal 1: Data Assimilation
HEDAS: HWRF Ensemble Data Assimilation System

EnKF data assimilation of inner core observations

Real-time SOs
transmitted during
P-3 mission and
assimilated into
HWRFx using HEDAS

John Gamache, Altug Aksoy, Tomi Vukicevic, Gopal



IFEX Goal 1: Data Assimilation

EnKF airborne data assimilation using HEDAS to diagnhose systematic
model deficiencies and identify how to reduce them

In the assimilation the forecast showed :
inflow layer that is systematically too Er_lsemb_le-_b ZSEL ver_tlcal error -
deep relative to Doppler wind correlations W|th|r_1 PBL_p_omt to excessive
i vertical mixing
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We would study improvements to the PBL and surface layer
parameterizations in the HWRF model by stochastic estimation of the
critical parameters using data assimilation




IFEX Goal 1: Numerical modeling
Experimental 3-km version of HWRF model (called “H3HW” here)

Hurricane Earl
Track forecast error

Intensity forecast error
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IFEX Goal 2: Global Hawk UAS (partner with NASA)
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« ability of Global Hawk to overfly inner-core of hurricane
 dropsondes from Global Hawk not available during GRIP 9



Winter Storm and Pacific Atmospheric Rivers
(WISPAR) Experiment

Demonstration of the scientific Atm. ' 4
application of the Global Hawk Rivers
dropsonde system for NOAA 11-12Feb @ -

37 sondes

operational and research
objectives

3 science flights targeted:
— Atmospheric Rivers \
— Winter Storms Reconnaissance N Storms
— Arctic Weather e R 3-4 March

===\ 0 sond
February-March 2011 a i
Just under 70 hours flown
177 total dropsondes deployed

Arctic

Additional measurements from ~ Veather
HAMSR 9-10 March
70 sondes

35 N of AK


Presenter
Presentation Notes
All are aware that dropsondes did not function during GRIP.  Following GRIP we had another opportunity to install and test the dropsonde system on the GH early this year.  In conjunction with the testing, the NOAA UAS program funded 3 science flights as part of WISPAR.  The overall objective was to evaluate the capabilities of the Global Hawk aircraft and NCAR/NOAA dropsonde system for NOAA operations and research.  The 3 science flights conducted in Feb-Mar 2011 studied ARs (upper right, image is passive microwave showing AR signature), WSR (center right, image is forecast sensitivity from NCEP ensemble Kalman filter approach), and Arctic WX (bottom right with track shown on 70 mb temperature).  Between the flights, 177 dropsondes were deployed over just under 70 hours of flight.  The other payload onboard the GH during WISPAR was the High Altitude MIMIC Sounding Radiometer from NASA JPL.


WISPAR Results and Lessons Learned

Overall an excellent engineering test and operational
demonstration

Dropsondes and dropsonde system performed well
— See spot Wednesday pm; G. Wick here today and tomorrow

Significant mission flexibility observed

— Able to specify lines and regions for drops and alter during flight
— Working with New York Oceanic may be more challenging

Dropsonde operations are labor intensive Arciic FlightARIGrossing

Good science expected 1) YTy 00T, =D U
— Comparisons with HAMSR a priority ‘



Presenter
Presentation Notes
Overall the collaboration with NASA was very successful and the experiment went very well.  The tests provided a wealth of engineering data on the dropsondes and gave a great look at how the capabilities of the GH and dropsonde system might be utilized by NOAA.  After all the initial challenges, the dropsonde system performed very well.  There is a spot on the agenda on Wednesday to touch on the dropsondes in more detail, but we wanted to touch on today as Gary will be around just today and tomorrow.  Maybe most significantly, there was a tremendous amount of flexibility in deploying the dropsondes – more than we anticipated.  We were able to alter locations in flight at least with Oakland Oceanic, New York may be more challenging, but at least we have this successful first experience.  The dropsonde operations were very labor intensive – the pilots were kept very busy and there was a lot of communications between rooms.  This will need to be factored in during hurricane missions when more is going on.  NCAR is just completing detailed quality control on all the dropsonde data, but we are expecting to get some good science out of the flights.  One key collaborative project is intercomparison with the HAMSR data.


IFEX Goal 3: Rapid intensification

Hurricane Earl — intensively-sampled lifecycle

Geographic coverage of Earl P-3 flights Lifecycle coverage of Earl P-3 and G-IV flights

o

Intensity trace for Hurricane Earl (2010)
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» 60 kt intensification in 36 h sampled by P-3’s
and G-IV

e 12-h P-3, 24-h G-IV missions for 8 days nearly
continuously

* Pre-RlI, RI, steady-state major, weakening
phases sampled



IFEX Goal 3: Rapid intensification

* How does vortex evolve during Rl (symmetric/asymmetric, kinematic/thermodynamic)?
* What is relative role of convective-, vortex-, and environmental-scale processes in RI?
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IFEX Goal 3: Rapid intensification
G-IV flight track and drops — August 29
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IFEX Goal 3: Rapid intensification

Convective burst evolution

Reflectivity (shaded, dBZ) Vertical vorticity (shaded, x 10 s'1) at 3 km
horizontal winds (vector, m s-1) at 3 km 2-6 km averaged vertical velocity (contour, m s-1)

21447 Aug 28 2144Z Aug 28
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IFEX Goal 3: Rapid intensification

Convective burst evolution

Reflectivity (shaded, dBZ) Vertical vorticity (shaded, x 10 s'1) at 3 km
horizontal winds (vector, m s-1) at 3 km 2-6 km averaged vertical velocity (contour, m s-1)

23032 Aug 28
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~ 1 h 15 min after first pass



IFEX Goal 3: Rapid intensification
Convective burst evolution

Reflectivity (shaded, dBZ) Vertical vorticity (shaded, x 10 s'1) at 3 km
horizontal winds (vector, m s-1) at 3 km 2-6 km averaged vertical velocity (contour, m s-1)
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Evolution of wind speed (shaded, m/s) from 1-9 km altitude during steady-state phase of Earl

0114Z Sept 2 2343Z Sept 2




Surface and flight-level wind speed (shaded, m/s) during steady-state phase of Earl

Sept 1 Sept 2

Flight Level Wind 1009011 Flight Level Wind 1009021

) E 2 50
flight-level [g= <
[ k7
(~3.5km) B o
' =z
100
i -100
E. Dist. (km) E.Dist. (km)
SFMR Surface Wind 1009011 SFMR Surface Wind 100902|
:
E
f = % g 50
< ¢ X " =
S U r a.C e I "mmm,m"umrrMwamumumm LIS E 0
[a] a
z z

\&&L x
|
(<)
o

100 )
E. Dist. (km)

E. Dist. (km)




Hodographs of inner-core winds (m/s) from 0.5-12 km altitude for Earl
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Summary for Earl flights

* historic dataset collected in Hurricane Earl

* nearly complete lifecycle, sampled at 12-h intervals for inner core by P-3’s, 24-h intervals
for environment by G-IV

* significant Rl episode sampled by Doppler radar prior to, during, and after

* steady-state period as a major hurricane sampled, including vortex interaction with
increasing upper-level SW shear

» weakening stages sampled, including period leading up to ET

First thoughts on questions to address

* how does vortex evolve during RI? Symmetric and asymmetric evolution? Kinematic and
thermodynamic evolution?

» what’s relative role of convective-, vortex-, and environmental-scale processes in RI?

* how does mature hurricane respond to increasing vertical shear (tilt, wind field
asymmetries)?

* what is structural change during weakening and prior to ET?

* and many more.....




Summary

e Several objectives of IFEX for 2010 were accomplished

e Data assimilation system, numerical model advancing as inner-core
data collection continues and model evaluation of inner-core
structures begins

Viability of new observing technologies demonstrated by working
with NASA partners

* Excellent multi-scale dataset for RI collected in Hurricane Earl
e near-continuous sampling of major portion of lifecycle, including
significant Rl event



Accessing the HRD data

http://www.aoml.noaa.gov/hrd/data_sub/hurr2010.htmi

EEE

= $ 2010 Hurricane Season

* Review HRD data policy, at http://www.aoml.noaa.gov/hrd/datapolicy.htmi

* Flight-level and SFMR data (netCDF)

» Lower-fuselage, tail Doppler radar images (see John.Gamache@noaa.gov for data)
» Dropsonde data (multiple formats)

e Mission summaries

* H*Wind surface wind analyses

» See me (Robert.Rogers@noaa.gov) for additional questions and POC'’s
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