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Motivation
Why are observations important?

Many important physical processes within hurricanes span
scales that cover many orders of magnitude, ranging from
thousands of kilometers to millionths of meters

Observations can span these scales, and are a key
component of a balanced approach toward advancing
understanding and improving forecasts of hurricanes
(observations, modeling, theory)

Provide real-time information on TCs, assess performance
of models, and provide a check on theories

Three primary platforms for observations —
airborne, spaceborne, and land-based

-- focus here on airborne
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1. Tools for observing hurricanes

In-situ

— Wind, press., temp. Eyewall Wind Speed Pr_
) oy Unto® Hurricane Guillermo - 3 Aug &
falald i)
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— AXBT, AXCP, buoy
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dropsonde wind speed (k)

Remote Sensors
— Tail Doppler Radar (TDR)
— SFMR
— Doppler Wind Lidar (DWL)
— Scanning Radar Altimeter
— Scatterometer/ profiler

Platforms
— Unmanned Aerial Systems (UAS)
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ToBISer observing hurricanes

2 Aireraft Opera;
‘ WO a3 Cent
“Miss Piggy” Built in
1976 at Lockheed-
Martin, Marietta,
Georgia

“Kermit” Builtin 1975 at
Lockheed-Martin, Marietta,
Georgia

“Gonzo” Built
in 1994 at
Gulfstream
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Airborne radar

Radars on WP-3D
WP-3D
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~ Lower Fuselage (LF) Radar
\LQmage of Hurricane Ivan (2904)
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Tail Doppler Radar
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GPS dropsonde

Evewall Wind Speed Profiles
NCAR GPS DI‘OpSOﬂde Hurricane Guillermo - 3 August 1997
the definitive atmospheric profiling tool 06 Co

. Vents fil chute within

/ pedald
Square-cone Parachuts grgr?]eac]sggsﬂaﬂer e 200

increases stahility of dropsonde

Parachute Dimensions
Height: 10

Shock Cord reduces stress
when chute opens

15(m)

Haight {mj|

Microprocessor controls the
transmitter and digitizes data
fram the sensors

Battery pack provides power for
atleast one hour

Radio Transmitter sends temp

Humidity sensors_ 1 hurmidity, pressure, and G
and temperature sensor ~~._ @ data to the aircraft every 0.5

Fall Spesd ranges from 36 meh %10 &0 50 100 110 120 190 140 150

at 20,000 feet to 24 mph at sea level.
Wind Speed (ki)

A drop from 20,000 feetlasts 7 minutes
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Scales sampled by Airborne Observations
Environmental structure

* Synoptic-surveillance using dropsondes
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Scales sampled by Airborne Observations
Vortex Structure

Double eyewalls seen from airborne radar

Hurricane Gilbert 14 September 1988: R-Z Mean Reflectivity
15 T T rrr|rrrr|yrrr|frrr|rrrrrryrryr[rrryrrrrrrror
Eyewall

Outer

Eyewall 10 16 22 28 34 40

dBZ NN .

Region beyond the outer eyewall

e Highest rain rates normally in eyewall, mostly convective, cover small area
e Lighter rain rates in stratiform areas outside eyewall, cover larger are
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Scales sampled by Airborne Observations
Convective Structure

Strong convection seen from radar
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Scales sampled by Airborne Observations
Microphysical Structure

Flight track and LF image Cloud physics particle images
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New Airborne Platforms
Global Hawk Aircraft (Unmanned Aerial System)
* can stay airborne for >24 h;, compared with 8 h for P-3 and G-IV

First Global Hawk landing at Wallops S 2 p—
Flight FaC|I|ty, Sept 7, 2012 |
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New Airborne Platforms
Long range of Global Hawk

S _
& o B " o TS Nadine
4 A September 19-20
.; /———"——__

Post-Nadine
September 22-23

TS/Hurricane Nadine

September 14-15
TS Nadine
September 26-27

o : 4 TD14/TS Nadine
Transit/Hurricane Leslie ™. September 11-12
i
September 6-7

 J

(Hurricane and Severe Storm Sentinel, HS3, from 2012)
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New Airborne Platforms
Coyote (Unmanned Aerial System)

* released from P-3 like a dropsonde,-can be controlled for ~2 h
* can get measurements down to surface, where manned aircraft can not reach
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New Airborne Platforms

Depiction of Coyote launch
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2. Use of observations to improve hurricane
forecasts

* Improving the specification of the initial state of the
atmosphere (Data Assimilation)

 Evaluating and improving the performance of numerical
models (Model Evaluation)

* Improving the understanding of tropical cyclone behavior
(Hypothesis Testing)
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Use of Observations — Data assimilation

Vertical cross section of wind-speed in Isaac (2012) at start of model forecast

e e e o= Wfithout radar data o e er=\With radar data
MAY E—W WIND (kts) 70.3145 MAX E—W WIND: (kts) 57.3286

Improved representation of vortex tilt
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Use of airborne Doppler — with radar

improved initial vortex
structure

Resulting intensity forecast
was improved

Many more cases must be
evaluated, DA system must
be improved (ongoing)
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Use of Observations - Model evaluation

Sensitivity of radial wind to mixing processes in low levels

Radial inflow for different model runs

Old mixing version New mixing version based on observations

Inflow depth based
on observations
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* Inflow layer too deep
* Inflow strength too weak

e peak radial inflow stronger with more accurate mixing

e depth of inflow layer more consistent with dropsonde composi

more accurate mixing e
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Use of Observations — Hypothesis testing

Hypothesis: TC intensification is favored when convection exists upshear inside RMW

Reflectivity, echo tops, and upper-level updrafts in Hurricane Edouard (2014)

20 dBZ echo top heights from airborne Peak updrafts in 8-16 km layer from

Lower fuselage reflectivity (shaded, dBZ) Doppler (shaded, km) airborne Doppler (shaded, m/s)
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14 Sept (R perl.od). Strong updrafts, high echo tops upshear left and inside RMW e mﬁm‘.&m’éwﬁ”
16 Sept (SS perlod): WEELE updrafts, mostly downshear |€ft, at RMW jcheanoqraphicand Meteorological boralory
e Can we predict likelihood of persistence of convection upshear based on obs, model? Hurricane Research Division




3. Flight profiles
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Aircraft sampling of TCs
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P-3 and G-IV Atlantic bases of operations

Assuming 2 hours of on-station time

G-IV

" i e @
.| g

Natlonal Oce: ‘, '.‘ / V.
Allantic Oceanographic and Meteorofogical lboratory

Hurricane Research Division




t track into Hurricane Hermine
Septe rl, 2016

Lower fuselage reflectivity (shaded, dBZ) _ _ .
and flight-level winds (kt) ight track and flight-level winds (kt)

Sample P-3

convection module:
NW IP, upwind to
SW, cross band,
downwind to NE
endpoint. Drops at
turns and midpoints
(bad drop at end of
upwind leg)
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4. Views from the aircraft
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3 Aircraft
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Dropsonde release on P-3
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Inside the G-IV Aircraft
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Hurricane Eye Fenetration




Within the Eye of Hurricane Georges (1998)
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