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Collecting Observations



http://drive.google.com/file/d/1PWFSTittS9n7889pFsXAMCTn-4l54RNh/view
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Where does the data go?

Hurricane Aircraft
Nowcast Dbtaecast Research

Weather Models

Scientists
Forecasters -

National Weather Service National Weather Service Government Academla
National Hurricane Center Environmental Modeling Center International, Public
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Center location
Intensity

o 1-min 10 m wind speed
representative of the TC
circulation

Minimum central pressure

Radius of maximum winds
(RMW)

Wind radii (34-, 50-, 64-kt) in
each quadrant
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NOAA and the Air Force (53rd)

Aircraft are flying laboratories and can e Aircraft are operational

be research or operational o Specifically for National Hurricane

New instrumentation, non-standard flight Center

patterns, more windows e Equipped with fewer instruments

Scientists usually fly with aircraft (P-3)
Two P-3s and one G-IV

e No scientists onboard
e Ten C-130s
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NOAA and the Air Force (53rd)

Flight-level probes
Dropsondes

Stepped Frequency
Microwave Radiometer
(SFMR)

Tail Doppler Radar

Airborne EXpendable
Bathythermograph
(AXBT)

small Unmanned airborne
systems (sUASS)

Wide-Swath Radar
Altimeter (WSRA)

KalA

IWRAP

LIDARs (Wind and Raman)
W-band radar

e Flight-levelprobes
e Dropsondes

e SteppedFrequency Microwave Radiometer
(SFMR)

e Airborne EXpendable Bathythermograph
(AXBT)

*Italics indicates instrument is not available every mission
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What instruments are flown?
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What are the instruments measuring?

e AR ' Wind Speed and Rain Rate (NOAA 2020072511)
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Dropsondes
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http://drive.google.com/file/d/1ahUA-MLgc4okkWgb-ok-OPoaIjcneN0Z/view
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Dropsondes

3000 | Dropsondesin Hurricane Sam
(2021) released within 2 seconds
of each other

2500 r

2000 r

Altitude (m)
o
8

120 130 140 150 160
Wind Speed (kt)

100 110
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Dropsondes

Courtesy of J. Zawislak
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Dropsondes
3000 Dropsondesin Hurricane Sam
(2021) released within 2 seconds
2500 | of each other Advantage:
e Accurate, frequent

= 2000 | measurements in
E ol profile
2
¥ Disadvantage:

1000 | e Representativeness

(one advented profile)
500 ¢ e Sensor wetting
e Ocean (waves, sea

0 —

100 10 120 130 140 150 160 spray) influence
Wind Speed (kt)
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Dropsondes

« Surface winds are generally
not representative of a 1-min
wind.

 Use layer mean winds to
estimate representative
surface winds.

« Mean Boundary Layer
(MBL) ~30-40 s
e WL150~ 10-15s

1 1 1
160.0 165.0 1o

Courtesy of J. Franklin ' ' ' Wind Speed (kt)
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Dropsondes: TEMPDROP

003

UZNT13 KWBC 300018

XXAA 8000799205 7057907807 99957 244100712800884 ///ll Il
9230222404 09140850381940011131 70699 14231 1360388999 77999
3131309608 82359

61616 NOAA2 1218ASAM OB 19

62626 EYEWALL 045 MBL WND 08639 AEV 30406 DLMWND 11117 956695 WL
15007132 083 REL 2049N05789W 235953 SPG 2055N05804W 000448 =

XXBB 8000899205 7057907807 00957244101185019400 22818 19202
3380018203 44794180275573714408 66707 13809 7769514242

2121200957 07128119520713322943 07633 33940 066284493108141
5592708632 6692009653 7791209659 8889510147 998831065111873
1063822866 1063533858106374485011131 55823 116136669513601
3131309608 82359

61616 NOAA2 1218ASAM OB 19

62626 EYEWALL 045 MBL WND 08639 AEV30406 DLMWND 11117956695 WL
15007132 083 REL 2049N05789W 235953 SPG 2055N05804W 000448 =
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Dropsondes: TEMPDROP

003

UZNT13 KWBC 300018

XXAA 8000799205 7057907807 99957 244100712800884 ///ll Il

9230222404 09140850381940011131 70699 14231 1360388999 77999
3131309608 82359

61616 NOAA2 1218ASAM OB 19

62626 EYEWALL 045 MBL WND 08639 AEV 30406 DLMWND 11117 956695 WL
15007132 083 REL 2049N05789W 235953 SPG 2055N05804W 000448 =

XXBB 8000899205 7057907807 00957244101185019400 22818 19202
3380018203 44794180275573714408 66707 13809 7769514242

2121200957 07128119520713322943 07633 33940 066284493108141
5592708632 6692009653 7791209659 8889510147 998831065111873
1063822866 1063533858106374485011131 55823 116136669513601
3131309608 82359

61616 NOAA2 1218ASAM OB 19

62626 EYEWALL 045 MBL WND 08639 AEV 30406 DLMWND 11117 956695 WL
15007132 083 REL 2049N05789W 235953 SPG 2055N05804W 000448 =
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T/ Dropsondes: TEMPDROP V

EYEWALL 045
Release location /\x
L/

MBL WND 08639 0.80 * MBL = Surface Wind
Estimate

Averaged winds 0-500 m
- Wind Direction: 85° (from the E)
- Wind Speed: 139 knots (160 mph)

0.8*139kt=111.2 kt
WL150 07132 083
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Dropsondes: TEMPDROP V

Eyewall Low-Level Wind Reduction Factors

EYEWALL 045 f \c\
Release location \J 175
. *-:::::3

MBL WND 08639  gga«witso= =™

£
Surface Wind B
111.2 kt Estimate = 5
0.83 * 132 kt = -

WL150 07132 083 109.6 kt 25

Averaged winds 0—-150 m
- Wind Direction: 70° (from the ENE) 0.75 0.80 0.85 0.90 0.95 1.00
- Wind Speed: 132 knots (152 mph) SEC Wind Reduction Eactor

- Mean Height: 83 m
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Dropsondes: Minimum Pressure

e Center (eye) drops are released at
the flight-level wind minimum, but
= may drift.

o] e Rule of thumb: Subtract 1 mb from
the sonde splash pressure for each

=| g full 10 kt of surface wind reported by
- h the sonde.

— | e Splash pressure 1004 mb.
§ | 2 e Surface wind: 24 kt.
: : ' oo e Estimated MSLP = 1002 mb.
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Flight-level data

Advantage:
e Accurate, frequent
measurements

Disadvantage:

e Representativeness
(one level)

e Sensor wetting

Flight track + Flight-level Winds: SAM (NOAA 20210929H2)
2N 7 - i
- [«

O 10 20 30 34 4D 45 50 55 &0 64 74 83 90 96 105 113 135 137=1%0
Wind Speed (k)



Height (m)
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Flight-level data

Mean Wind Speed Profiles

e Composite profiles were

All Storms
SARRE AR R A R constructed using dropsondes.
2500 |~ (e :
| —— outsrvirtex : e Adjustwinds from one
- (M==124) E
2000 prmd - W ] level/layer to the surface.
1500 |- . Outer vortex
i ] Outer vortex (not in
{caol. : SO I 0. 1 Fhight level Eyewall (convection) convection)
WS s, =091 1 700 hPa 0.90 0.85 0.80
OO S .~ M | 1 850 hPa 0.80 0.80 0.75
S 1 925 hPa 0.75 0.75 0.75
F | 1000 ft (305 m) 0.80 0.80 0.80
PRI il . —wrmiF B S
?J.Tﬂ 080 050 100 110 120 130

Nermalized Wind Speed
(WS/WS_ )

Franklin et al. 2003
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Flight-level Reductions

Mean Wind Speed Profiles 107 NOAA Eyewall Normalized Relative to 850mb
All Storms : i S
m_....!....i....\....!...,!...._ %
zml Eyewall ]
E (M==215) i
: Outer Vortex : —
- (N>=124) i i 1 E
2000 . : s = =
g | L] 3w
£ o = |
[T E i i g X
= L : : i I
i (=R
E : i j g
1000|- et = It |
I ] f
500 & X = / / :
I ] 10! ) Lot N
: g | Vil
0 il il BRI PP . /I- e _'\'"'._;.Il
L it b Sl L Ak ) 000 025 050 075 100 125 150 175  2.00

Normalized Wind Speed Normalized Wind Speed (WS/WSssomb)

NS 00 ) Courtesy of H. Holbach



WMO: Aircraft Data Analysis

Flight-level Reductions
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W5 (kt), RR {mm/hr)

Pressure {mb)

WMO: Aircraft Data Analysis

Wind Speed and Rain Rate (NOAA 20210929H2)

150 =

125 =

100 =

= SFME WS

20:00

Flagged SFMR WS

22:00

« SFME AR =« Flight Level WS

iy

Dropsonde 57 Ad) WLL50 W5
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T
01:00
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T
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1010 ™

T
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T
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T
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Time (UTC hh:mm)

T
01:00

T
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T
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SFMR measures C-band
microwave emission in 6
frequencies from foam on
the sea surface. The
measured microwave
emission is a function of
(among other things) the
surface wind speed and
the rain rate.
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SFMR
Shoa“ng —_ breaking waves in SFMR Wind-Induced Emissivity vs Dropsondes (SFRR Corr)
20 TN =342 ' -
areas of shallow water (< 30 m) RMSE = 0.01207 3
can artificially increase the "
SFMR winds. 030

At lower wind speeds (<30 kt) .

0.0 4

0.15 1

When aircraft turns (or in
turbulence)

SFMR Rain Rate (mm/hr)

0.05 -

Potential issue at higher wind
speed. Additional research and

o 0,00 |
a new algorithm are needed to T Dnnemetat oo

= New Curve
correct -0.05
o 10 20 0 40 =0 &0 0 ag
Courtesy ofH. Holbach Dropsonde WL150 Sfc Adjusted Wind Speed (m/s)

SFMR 4.74 GHz Wind-Induced Emissivity
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High-Density Observations (HDOBS)

HDOBS Message Format

Date of first HDOR

in this report

i.e. oB 01
URNT15 KNHC 281426
AF302 1712A KATRINA HDOB 41 20050928
142030 Z608N Q8756w 7093 03047 9333 +192 +134|133083 085 080)|999 00
142100 Z2605N Q8755w 7081 02054 9330 +166 +146|133106 115 103|999 00
142130 26108 0B754W 7058 03040 8285 +134 +134|135121 124 111|555 00
142200 26118 08753W 7037 03060 9291 +124 +124|138129 136 122|599 00

Time and positioning parameters Meteorological pa:Iam:s are IM0-= avprages
are ilnstantanscus values a averages except noted,

142230 2612N 08752W 7010 03057 9282 +102 +102)|141153 166 148|999 00
142300 2612N 08751W 7042 03010 9293 +088 +083)|133159 164 147|539 00
142330 Z2613N 0B8T750W 6999 03064 9279 +088 +088|138158 161 144)|5%9% 00
142400 2614N 08749wW 7005 03046 9281 +080 +080|138155 158 142|995 00
142430 Z2614N 0BT4EW 6998 03048 8278 +078 +078|138151 153 137|555 00
142500 Z2615N 0B747wW 7002 03048 9279 +084 +084|140146 148 133|995 00

£F
/ / / 1 /
SFMR rain
Geopotential Thermedynamic bloak: rate

height (=) Temp and dwpt Data flags

Statie pressure PI“;""“ = IU0 B "z;rﬂpzl:;“' Wind block: direction,
at £light level surface pressure (tenths of mb) flt-level wind, MAX

Time (UTC)  444.4 Pressure « 550 mb: D-walus (m) flt-level wind (10 second)
and SFMR sfc wind (10
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Vortex Data Messages (VDMs)

VORTEX DATA MESSAGE AL182021

A. 29/22:49:297 A. Date and time of fix

B. 20.23 deg N 057.91 deg W B. Lat/Lon of center position

C. 700 MB 2602 m C. Minimum height at standard pressure level
D. 943 mb D. Minimum sea-level pressure

E. 130 deg 10 kt E. Surface wind from center dropwindsonde
F.CLOSED F. Eye characteristic

G.C26 G. Eye shape/orientation/diameter

H. 117 kt H. Maximum inbound observed surface wind
l. 260 deg 14 nm 22:46:11Z l. Bearing, range, and time of (H).

J. 001 deg 134 kt J. Maximum inbound observed FL wind

K. 262 deg 17 nm 22:45:31Z K. Bearing, range, and time of (J).

L. 109 kt L. Maximum outbound observed surface wind
M. 086 deg 18 nm 22:53:50Z M. Bearing, range, and time of (L).

N. 179 deg 125 kt N. Maximum outbound observed FL wind.

0. 086 deg 19 nm 22:54:09Z O. Bearing, range, and time of (N).

P.9 C/3066 m P. Max FL T/PA observed outside of eye.
Q.16 C/3072m Q. Max FL T/PA observed inside the eye.
R.9C/NA R. TD/SST observed inside the eye.
S.1234/7 S. Fix determined by...

T.0.01/1 nm T. Fix accuracy (navigational, meteorological)
U. NOAA2 1218A SAM OB 15 U. AC ID, mission ID, storm name, ob number
MAX FL WIND 134 KT 262 /17 NM 22:45:317 Remarks, including max FL wind from most recent passes through each octant

MAX FL TEMP 17 C 084 /13 NM FROM FL CNTR
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Vortex Data Messages

VORTEX DATA MESSAGE AL182021
A. 29/22:49:297

B. 20.23 deg N 057.91 deg W
C. 700 MB 2602 m

D. 943 mb

E. 130 deg 10 kt

F.CLOSED

G.C26

H. 117 kt

I. 260 deg 14 nm 22:46:11Z
J.001 deg 134 kt

K. 262 deg 17 nm 22:45:31Z
L. 109 kt

M. 086 deg 18 nm 22:53:50Z
N. 179 deg 125 kt

0. 086 deg 19 nm 22:54:09Z
P.9C /3066 m

Q.16 C/3072m

R.9C/NA

S.1234/7

T.0.01/1 nm

U. NOAA2 1218A SAM OB 15

MAX FL WIND 134 KT 262/ 17 NM 22:45:31Z

A. Date and time of fix

B. Lat/Lon of center position

C. Minimum height at standard pressure level
D. Minimum sea-level pressure

E. Surface wind from center dropwindsonde

F. Eye characteristic

G. Eye shape/orientation/diameter

H. Maximum inbound observed surface wind
l. Bearing, range, and time of (H).

J. Maximum inbound observed FL wind

K. Bearing, range, and time of (J).

L. Maximum outbound observed surface wind
M. Bearing, range, and time of (L).

N. Maximum outbound observed FL wind.

O. Bearing, range, and time of (N).

P. Max FL T/PA observed outside of eye.

Q. Max FL T/PA observed inside the eye.

R. TD/SST observed inside the eye.

S. Fix determined by...

T. Fix accuracy (navigational, meteorological)
U. AC ID, mission ID, storm name, ob number

Remarks, including max FL wind from most recent passes through each

MAX FL TEMP 17 C 084 /13 NM FROM FL CNTR octant




Blending Intensity Estimates

WMO: Aircraft Data Analysis

Wind Speed (kt)

200 o Best Track
190 = Ovorak (TAFB)
180 H O Dworak (SAB)
1l m ADT
170 1 7 Alrcraft (sfc)
160} & aircraft it to sfc)
150 H © Alrcraft (DVE PW)
[l & Scatterometer
140 ] % surface
130 ] ® Drop (sfch
12(] H v Drop (LLM xtrp)
110 ] & Analysis.
1 SATCON
100 [
0
80 -
70F
60 -
S50F
40 - o
30+ P
L
20 %
10}
0

Hurricane Dorian, 24 August-7 September 2019

8/27 8/29

8/31 9/2
Date (Month/Day)

9/4

9/6 9/8

NHC Tropical Cyclone Report (Avila et al. 2020)
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Use of Tail Doppler Radar

WMO: Aircraft Data Analysis

Y
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Low-level center

Winds at 2 km

Mean Center Fix:
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]

)

=40
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Midlevel center

-30 _::"
Mean Center Fix: Winds at 5 km /]
25.59, -74 93 i

W0 -m3  -20 -1 0 10 20 30 40

East-West distance (n mi)

155

Real-time airborne radar observations of Humberto (2019)

NHC Humberto
Discussion, 2 h later:
“The storm is still feeling
some effects of
southwesterly shear
and drier_air, which is
causing...strong tilt in
the aircraft data...
conditions are expected
to gradually become
more conducive for
strengthening ”
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Use of Tail Doppler Radar V
Improved real-time depiction of TC structure

Real-time NHC display of radar winds and satellite GLM-detected lightning flashes in Hurricane Lane (2018)

i
..Hl

Lightning flashe Semmey, o2 . .

gl
2 Ty

@ Radius of N

Winds L
i -
d to Ground GLD Lighthing Plot | Mon 171 g-18
AGL ReconRadarWirid96~ (knm) Won 17:01 ot 31
AircraftDoppler 3 ki 20-Aug-1
AircraftDopplar 2 km AG - Aug-18

L T B '+ o;7s ciian | Hon 17062 2008
e Lightning concentrated within RMW
* Intensified 15 kt to near Category 5 in next 12 hours -



WMO: Aircraft Data Analysis

Use of Tail Doppler Radar

e -3

Morth-South distance (n mi)
[}
B

20100511 (DELTA) 20100511 {DELTA) 20100511 (DELTA)
190500 to 200900 UTC 200900 ta 215500 UTC 215500 to 232000 UTC
Wind Speed (kt) at 1.0 km Wind Speed (kt) at 1.0 km Wind Speed (kt) at 1.0 km
155 155
140 140
bl
< 125 125 0o
—
Tt 110 = me 110
E z
. ko E 05 c sa
4 T 64 S
i s
s g 0 B 5 0
52 ‘:-5 52 §
%6 @ a6
40 "E =50 4 £ -50
u = u =
25 100 ]
16 16 “ioe
Carter Fix: Canter Fix Canter Fix
16,14, -79.23 7 16,26, -T9.32 7 16,41, -79.50 7
-100 =50 o 50 104 -100 -50 a 50 194 ~100 T o 50 100
East-West distance (n mi) East-West distance {n mi) East-West distance (n mi)

e Each pass through Delta (2020) showed stronger winds

e TDR swath able to sample majority of inner core (small storm)
31
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Closing Thoughts V

Aircraft observations have limitations complicating interpretation.

Specialist attempts to blend data in an intelligent manner that
recognizes the strengths and weaknesses of each data source.

NHC’s analyses of TC intensity and size have considerable error.
o Intensity only good to within ~10% (e.g., 100 kt +/- 10 kt)
o TS wind radii to about ~25% (e.g., 120 nm +/- 30 nm).
o HU wind radii to about ~40% (e.g., 25 nm +/- 10 nm).
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Exercise: Determine TCintensity v

Given the TEMPDROP messages
and Vortex Data Messages (VDMs),
what is the intensity of this storm?

*Round to the nearest 5 kt**



WMO: Aircraft Data Analysis

Exercise: Determine TC intensity

. Date and time of fix

. Lat/Lon of center position

. Minimum height at standard pressure level
. Minimum sea-level pressure

. Surface wind from center dropwindsonde

. Eye characteristic

. Eye shape/orientation/diameter

. Maximum inbound observed surface wind
l. Bearing, range, and time of (H).

J. Maximum inbound observed FL wind

K. Bearing, range, and time of (J).

L. Maximum outbound observed surface wind
M. Bearing, range, and time of (L).

N. Maximum outbound observed FL wind.

O. Bearing, range, and time of (N).

P. Max FL T/PA observed outside of eye.

Q. Max FL T/PA observed inside the eye.

R. TD/SST observed inside the eye.

S. Fixdetermined by...

T. Fix accuracy (navigational, meteorological)

U. AC ID, mission ID, storm name, ob number
Remarks, including max FL wind from most recent passes through each octant

ITOMNMMOOm>



Height (m)

200

175

WMO: Aircraft Data Analysis

Exercise: Determine TCintensity

@

150

TTTT
PRI

125

TITEETS

100

75

TTTT
PRI

50

25

TT
F-r=-q-r-r

=
-..J
L]

0.80 0.85 0.90 0.95
SFC Wind Reduction Factor

Outer vortex

Outer vortex (not in
Fhight level Eyewall (convection) convection)
700 hPa (.90 0.85 0.80
350 hPa (.30 (.80 0.75
925 hPa 0.75 0.75 0.75
1000 ft (305 m) (.80 0.80 0.80

Direction

X
WL150/07

1

32

\

Mean Height

f
083

Speed

0.80 * MBL = SFC
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Exercise: Determine TC intensity u

What was your answer?

Which observation did you trust the
most?
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Hurricane Sam (2021)

Hurricane Sam, 22 September-5 October 2021

IBG — Best Track
170H = Dwvorak (TAFB)
H O Dvorak (SAB)
160 [| m ADT :
150 H v Adrcraft (sfc)
H A& Awcralt (Mt to sfc) v
140 1 © Aircraft (DVE PW) = g A
130 H Scatterometer .
H & Drop (sfc)
by 120 | v Drop(LLM xtrp)
f. 110 H & Analysis
=] H OO0 SATCOON
@ 100
o 90
2 80p
= 70t
60 r
50
49 [ ams meew
30f = 0 gy el
- WO
20}
10 i

9/22 924 926 9/28 _ 9/30 __10/2 10/ 10/6
Date (Month/Day)
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