Aircraft observations




- Satellite/aircraft
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.
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http://grip.jpl.nasa.gov

GRIP Portal - NRT in 2010, Atlantic

Satellite Observations

Nasa

Athour: | 07:0000 ¢

STORM TRACKS

M/ TRMM PR _Nadir % |
¥ Cloussat
(caupso
ms
O Tomperature

NasA

’ z
e T G roraie T — iy oo

Athour: | 09:0000 : |

[ sroam TRAcKs.
O sarevure para
Llsst

_loHe.

[ wina (ascan

Jet Propulsion Laboratory
California Institute of Technology

Jet Propulsion Laboratory
J> California Institute of Technology

Jet Propulsion Laboratory
N
ASA California Institute of Technology

BRING THE UNIVERSE TO YOU: BRING THE UNIVERSE TO YOU!

TC-IDEAS
T G o

The current time is Thu, 11 Nov 2010 06:50:59 GMT

¥ Wind Speed
TPW (AMSU-A)

(_AH-AIRS Press. Lovel | 850 *

%y o

0 Rain Indicator 420

[ i 3

o Status Bar o Grid

/Animation: ©Observation Data ©OModel Data

Select a time range to animate: (from 2010-09-14 13:00:00 to 2010-09-15 13:00:00)
Start 2010-09-14 | 13:00:00 3] End 2010-09-15 | 13:00:00 %

) Status Bar 0 Grid
o Animation: ©Observation Data ©Model Data

Zran Select a time range to animate: (from 2010-09-14 13:00:00 to 2010-08-15 13:00:00)
CATRMMARR( Naci- 2} Start 2010-09-14 (130000 ¢ End [2010-09-15 130000 :)

Animation Step  1nour 3

Download

(Animate ) Stop Downioad Cloaurso ( Animate Stop

BRING THE UNIVERSE TO YOU:

|Hurricane Igor as seen in the JPL GRIP portal on
|September 15, 2010. Top left panel shows two overlays
|- the IR brightness temperatures in the background and
|the rain index (foreground, in color), computed from
|multi-channel passive microwave observations. The
|thin lines indicate the nadir tracks for different satellite
—= = land provide information on the particular satellite and

TC-IDEAS

The current time is Thu, 11 Nov 2010 02:25:38 GMT
2010-08-15 09:00:00

[ [ 7 [ 75 7[5

5;;‘:'% |time of overpass. Top-right panel shows similarly the
gz |overlays of the rain indicator and the ASCAT-derived

o |surface wind speed, revealing the large spatial extent of
|the hurricane winds. Bottom panel reveals the 3D
|structure of the precipitation as depicted by vertical
|cross-sections of reflectivity observed by TRMM and

0 B -
s ofUse [ e

O Status Bar 0 Grid

Animation: ©Observation Data ©Model Data

Select a time range to animate: (from 2010-09-14 13:00:00 to 2010-09-15 13:00:00)
Stant 20100914 | 13:0000 % End (20100915 | 13:0000 %

Animation Step | 1 hour %

|CloudSAT, illustrating their complementary natureg.

Animate Stop Download




GRIP Portal - NRT in 2010, Atlantic
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e

NOAA’s W-band radar for-airborne
observations of sea spray

- Con :,--ruction is underway for the repacked radar to be housed
nSide a pressurized Pod for use in NOAA's P3 research aircraft

e -

1_1‘ Integration and flight test plan for the sea spray studies has

-

een approved with NOAA flight operations

s

J
o D—

'r‘ —

'0._Preliminary ground testing is scheduled for the fall of 2012 with
final integration and flights set for mid 2013

® The new dual use construction will allow for easy re-
configuration for future flights as well as shipboard deployments
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In a multi-case approach to investigating asymmetric hurricane structure,
Doppler analyses are composited relative to the SHIPS shear direction

(P. Reasor, R. Rogers, and S. Lorsolo)

Composite analyses of
observed shear-relative
reflectivity, wind, vortex
tilt, local shear, vorticity
and divergence serve as
an essential reference
for similar model-based
diagnostic analyses.

Z (km)

Shown: Quadrant
averages of shear-
relative reflectivity (dBZ,
shaded), radial wind
speed (1 ms', gray),
and vertical wind speed
(0.5 ms, black) with
radius scaled by radius
of maximum wind
speed.

Note: Largest low- to
mid-level ascent found
downshear, and
maximum precipitation
found downshear-left
(DSL).



Relationship between TC inner-core structure and
intensification

Axisymmetric vortex structure from airborne Doppler radar
composites of intensifying (IN) and steady-state (SS) TCs

Vertical vorticity (x 104 s-1)

height (km)
height (km)
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IN cases show (significant at 95% confidence level):
* ring-like vorticity structure inside eyewall
 low vorticity outside the core
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Using HRD’s aircraft observations to improve and validate
PBL thSiCS (Gopalakrishnan et al. 2012 JAS)

Original Km in HWRF Observation-based modification of Km in HWRF

10 T 7 10 T
;II.‘ I[ e ,J /9 J'/
e / 1
5 i |~/ ModeledVr| o a4 Modeled Vr|
777)V>{‘ﬁ’f—7?'—774p<(<<<<<<<<<<<<< .‘" 5 <<<4;v.\-—>r—77<<<<<<<<<<<<<<<<<fp7 .‘
I ~! 7 | -3
I
8 ;\. ].‘,".“ 0.8 8 4\“,\
I\AT“‘){b"’r‘?7ﬁT‘\'v((((((((((((<(< —-6 v.:&d;»‘»4@&7<<<<—,7>>>>>777/\\-r<<<< =€
7 ‘tlc" -9 7 -9
6 r<<L>F:->«-fr~w7777,\v<<<<e<<<<<<<<<<< _12 6 V\/V;,a* -‘,i<<<‘..7>>7,|<<<<<<<<<<<<< _12
e 1ﬁoe'
3 \' -15 -15
Z(km) 5 477)7]1’7‘|ﬁ>7-7p<€€€¢€€€(<(<<<<(<< Z(km) 5 '~-4>|77\A<<<c<<<<<<<<<<<<<<<<<<
j —-18 | —-18
|
4 A-f—.t'?'v ?74v<<<<<<<<<<<<<<<<<<< —R1 4 “‘7-’7'1‘*-7<<<<<<<<<<<<<<<<<<<<<< —-R1
| |
5 i \I oe 5 »
N AT 17\rv<t<<<<<<<<<<<<<<<<<<< 2 A AT Ty s T eC L L
| -3 —27 3 -27
2 > ;‘ L ool € <€ CRAQIKC LK 215> W HI> 2 33 T L CCC LT T ELT
P —30 —30
1 7 e e & 17>>" ez
- e 7> F
0 ' oLl
30 60 90 120 150 180 210 240 270 90 120 150 180 210 240 270
R(km) R{km)
—- —
5 5

Dropwindsonde V:

e depth of inflow layer consistent with :
dropwindsonde composites )
e strong peak radial inflow with more accurate Kn Y e _°2
gmoo— P :

The purple line in the upper two panels is the inflow-  © ::: )

layer depth from the composite analysis using data
from hundreds of dropwindsondes (Jun Zhang et al.
2011b MWR).

2 3
r/ RMW



Using HRD's aircraft observations to improve
hurricane model surface-layer physics

(Gopalakrishnan et al. 2012 JAS)
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What is the dominant thermodynamic factor impacting TC surface moisture flux?
Ocean (q4(SST))...or...Atmosphere (q;,)

20 <U,, <25 m/s

30<U,, <50 m/s
30 30

4y, 9, (SST) g/kg

qg(SST): r2= 0.188 q,,: 2= 0440 o
y = 035x + 21.94 y=-0.65x + 2194 o}
rmse = 1.53 g/kg rmse = 1.84 g/kg
-25 0 25 5 75 10 125
Aq g/kg

20<U10<25 m/s

9, 9,(SST) (gkg)

q,(SST): P =0.44

y=0.63x +21.35
rmse = 0.85 g/kg

q10:r2=0.21

y=-0.37x +21.35
rmse = 0.85 g/kg

5 0 25

5
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4,5 9,(SST) g/kg

qg(SST): r2= 0.111
y=0.32x + 22.46

q,,: r2= 0.356
y =-0.68x + 22.46

rmse = 132 g/kg rmse = 1.55 g/kg
T T 1 T T
=25 0 25 5 75 10 12.5
Aq g/kg
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a,, 9,(SST) (g/kg)

q,(SST): ¥ =0.38
y=0.73x + 21.68

rmse = 0.93 g/kg

qm:r?:o.oa

y =-0.27x + 21.68
rmse = 0.93 g/kg
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2012 IFEX Field Campaign Recap

Sandy 2012 flights (all)

*Highlights




Pre-storm

* High levels of oceanic heat content
(OHC) were measured 9 days before
Isaac. Successful probes during the

P3 flight: 19 AXBT, 21 AXCTD, 5
AXCP, 8 dropwindsondes.

- Altimeter-based surface

geostrophic currents during the day
that Isaac moved into the Gulf of

MeXxico.
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Expendable probes deployed during in-storm flights in Isaac
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OHC (kJ em~2)
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30°N Intensification to
hurricane status over

OHC gradients.

Stronger hurricane
winds occurred across
OHC gradients.

29°N "}
28°N 1 -
27ON ; —

260N __ ) =

25°N 4 mTS -
] mHI L
24°N +—+—1—1—+—1——1——1——1—1—1———1———— 24°N 11—
90.0°W 88.0°W 86.0°W B4.0°W  91.0°W 89.0°W 87.0°W 85.0°W

17



Expandable probes deployed during the post-storm flight

30 Aug 2012 OHC (kJ cm™?)
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HS3 Explores Nadine

Target: Nadine

Goal: Examine whether SAL air is getting into
Nadine’s circulation and perhaps slowing its
development

Goal: To investigate how wind shear affects
storm structure and intensification

The “Environmental” GH
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G-IV Doppler radar

HEDAS analysis HEDAS analysis
with G-IV Doppler Radar data HDOBS and dropwindsonde only
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HFIP Visiting Scientist
Ryan Torn - University at Albany
Yongzuo Li - Oklahoma
Dave Zelinsky - NHC
Stacie Stewart - NHC

Other visiting dignitaries and scientists
participated during Isaac and Sandy flights
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