


Intensity Forecasting Experiment
(IFEX; Rogers et al., BAMS, 2006)

THE INTENSITY FORECASTING
EXPERIMENT

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
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Pre-IFEX: 8020 total hours flown
IFEX: 2526 total hours flown



Notable storms (2006-2011) flown by NOAA aircraft

Storm
TS Debby

TS Helene
Hurr Felix
TS Ingrid
TS Karen
TS Fay

Hurr Grctyy

ke

Hurr Kyle
Hurr Paloma
Hurr Bill

TD #2

tEarl

Hurr Karl

Huwrr TAamnac

Irene

Hurr Rina

Dates of NOAA missions NOAA Aircraft

Aug 24-26 2006
Sept 14-20 2006
Aug 31 - Sept 3 2007
Sept 12-18 2007
Sept 25-28 2007

Aug 14-19 2008

Aug 28 - Sept 3 2008
Sept 5-15 2008

Sept 23-27 2008

Nov 7-8 2008

Aug 18-21 2009

July 6-8 2010

Aug 28 - Sept 3 2010

Sept 12-16 2010

Nov 3-6 2010
Aug 22-27 2011
Oct 25-27 2011

Operational
Dropsondes Radar analyses Comments

N49 (2) 59 SAL
NA2 {4), N49 {4) 209 SAL
N42 (2), N43 {2) 46
N42 (3), N43 (3) 66
NA42 (1), N43 {1) 5
N42 (3), N43 (3), N49 (4) 212
N42 (3), N43 (4), N49 {4) 253 Lifecycle; first realtime transmission of superobs
N42 (6), N43 {(3), N49 (ifecycle; first realtime use of superobs in DA
NA2 {4), N43 {4) 59 2 Genesis

N43 (3), N49 {2) 99 13 RI

N43 (5), N49 {6) 288 13 Lifecycle; SAL

N42 (3), N49 {2) 121 19 Genesis

N42 (5), N43 (6], N4 I and mature phase; with NASA GRIP DC-8 and
Global Hawk

NA2 (2), N43 (2), N49 (4) 175 1 Genesis, Rl; with NASA GRIP DC-8 and Global
Hawk and NSF PREDICT G-V
N42 (3), N43 {2), N49 (1) 31 17 Sheared system

N42 (4), N43 (3), N4ifecycle monitoring

N42 (4), N49 {2) 129 8 Sheared system

RI, major hurricane
Sheared system
Sheared system

Genesis, landfall




IFEX Goal 1: Model evaluation

Modification of vertical eddy diffusivity (Km) in the operational
HWRF model based on in situ measurements
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MRF-type PBL schemes are too diffusive



IFEX Goal 1: Model evaluation

Sensitivity of axisymmetric radial wind to vertical eddy diffusivity
(Gopalakrishnan et al. 2012 JAS, in review)

Km reduced 75%

Km reduced 50%

Original Km in HWRF
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Dashed line is inflow layer depth from dropsonde composite
(Zhang et al. 2011 MWR: On the characteristic height scales

of the hurricane boundary layer).



IFEX Goal 2: Real-time monitoring of TC structure and intensity
P-3 Tail Doppler and Dropsonde Measurements in Hurricane Irene (2011)

110823H1 IRENE at 1 km {m/s) 20110825H1 IRENE at 1 km (m/s)
Valid: 201108240006 Valid: 201108252306
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IFEX Goal 3: Improved understanding of intensity change processes

Axisymmetric radial inflow from composite datasets

Radial flow scaled by peak value at/near surface (shaded, %)

Doppler composite Dropsonde composite

Min =-12.8 m s Min =-18.4 m s
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* similar inflow layer depth, radial flow structure despite completely different
composite members, data sources, analysis methodology



IFEX Goal 3: Improved understanding of intensity change processes

Turbulence kinetic energy structure of inner core

Conceptual model of TKE in inner core

Composite of TKE from airborne Doppler

v '
turbulent kinetic energy

E
=
b=
=y
L)
I

TKE = 4 m?/s2

Lorsolo et al. (2010)

Rogers et al. (2012)

* TKE maximized within hurricane PBL, along inner eyewall edge
* secondary maximum sometimes evident in presence of rainbands, secondary

eyewalls
S



IFEX Goal 3: Improved understanding of intensity change processes

TC inner-core structure and rapid intensification

Composite mean vertical vorticity (x 10* s)

Rapid intensifiers Steady state
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* more ring-like structure in eyewall vorticity, lower outer-core vorticity for Rl

cases
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IFEX Goal 3: Improved understanding of intensity change processes
TC inner-core structure and rapid intensification

Radial distribution of convective bursts
Rapid intensifiers Steady state
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RI cases show
* radial distribution of convective bursts that peaks inside RMW compared
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IFEX Goal 3: Improved understanding of intensity change processes
TC inner-core structure and rapid intensification

Radial location of diabatic heating

Wind Profile Mass Flux Temperature Tendency
B10 ry(r,z) 10°kg s™ Ty(r,2) Kh'
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(adapted from Vigh and Schubert, 2009)
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height (km)

height (km)

Example from individual case: Earl (2010)
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Sampling times of NOAA aircraft during Earl’s Rl

Axisymmetric tangential wind (shaded, m s1)
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Example from individual case: Earl (2010)

Reflectivity (shaded, dBZ) at 2 km altitude
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X - convective burst (CB) location



height (km)
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Example from individual case: Earl (2010)
Flight 1

Reflectivity (shaded, dBZ)

Radial location of CB
relative to symmetric
tangential wind
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Example from individual case

Flight 2

Reflectivity (shaded, dBZ)
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Example from individual case: Earl (2010)

Flight 3
Reflectivity (shaded, dBZ)
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Example from individual case: Earl (2010)

Wind speed and vectors (shaded, m s 1) in Flight 1
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Example from individual case: Earl (2010)
Wind speed and vectors (shaded, m s) in Flight 1

8 km

175N 1

17N 1

1E.GN 1

16M 1
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A closer look at CB from Flight 1

Reflectivity (shaded, dBZ) and vertical velocity (contour, m s1)
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HEIGHT (km)

20

height (km)

A closer look at CB from Flight 1

Reflectivity (shaded, dBZ) and flow (vector, m s)
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(Guimond et al. 2010)
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Case study: Earl (2010)

Average relative humidity (%) from all sondes between 0 and 0.5 x RMW

2.5 | Flight 2
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height (km)
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Accessing the IFEX data

http://www.aoml.noaa.gov/hrd/data_sub/hurr.ntml

) Currant Hurricans Data Sots - Mozills Firefox
Bio Edt Yew gy pockmars Dok ek

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

* Flight-level and SFMR data (netCDF)

» Lower-fuselage, tail Doppler radar
TRETES

* Dropsonde data (multiple formats)
* Mission summaries

* H*Wind surface wind analyses

> WS radar Image loop of Basa Reflectivk,.. * | & Curent Harkane Data Sets x|+

[ Secarch |
[ Opiions |

HRD Home
About AOML
About HRD

Frograms

.
* Sfc. Wind Anal.

* Radar Data

F Syn. Surveillance
* Re-Anal. Proj.

* Basin-Wide Data
* Data Formats

Weather Info

What's New
Links

@

NOAA Oceanic
Atmospheric
Research

Hom eay

-
NOAA Aircraft
Operations Center

| Fraa Hatrad

Windes Mackatplacn £ wiedows Madia [ Windowe

Hurricane Research Division

Mission Catalog

Hurricane Data

The Hurricane Research Division collects a variety of data
sets on tropical cyclones. Each Atlantic and East Pacific
hurricane seasons we conduct a field program in which
we collect these data sets from the NOAA aircraft and
process them. By clicking on a year from the list below you will go to a
window which lists each storm from which we collected data.
Please note that we don't necessarily collect information on every
hurricane that occurs, so the list won't be for all of the storms for that
year.

In addition :

For wind field analysis click here.

For aircraft radar data click here.

For dropsonde data click here.

For the HURDAT reanalysis progress click here,
For data formats click here.

Select a Year ~ ;ﬁj
2011 Hurricane Season

Atlantic Basin :

Missions Satellite H*Wind
Satellite H*Wind
Satellite Sondes H*Wind
Satellite Sondes H*Wind
Satellite

Satellite H*Wind
Missions Photos Radar Satellite Sondes H*Wind
Missions Satellite Sondes H*Wind

SFMR Track
SFMR
SFMR Track
SFMR

Missions
Missions
Missions
Missions
Missions SFMR

SFMR Track

SFMR
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IFEX Goal 3: Improving understanding of processes important
in TC intensity change
TC inner-core structure and rapid intensification

Shear-relative reflectivity at 2 km (dBZ)
Rapid intensifiers Steady state

* greater coverage of eyewall reflectivity for Rl cases i
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