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AIRCRAFTAIRCRAFT

WCWC--130 H130 H

WCWC--130 J130 J
(Primary)(Primary)



WCWC--130 J 130 J 

WCWC--130 H130 H



NOAA Research AircraftNOAA Research Aircraft



PERSONNELPERSONNEL

5 person crew5 person crew

10 Full Time ART crews10 Full Time ART crews
(Civil Service and Reserve positions combined) (Civil Service and Reserve positions combined) 
10 Traditional Reserve crews10 Traditional Reserve crews



Area of ResponsibilityArea of Responsibility
MidMid--Atlantic (55W) Atlantic (55W) –– IntInt’’l Datelinel Dateline



10 – 12 hour missions





Fabian and Fabian and 
Isabel Salt Isabel Salt 

AccumulationAccumulation

6.9 hrs.  6.9 hrs.  
< 1200 ft. < 1200 ft. 



Low Level Mission: Birth of a StormLow Level Mission: Birth of a Storm

““Are the winds blowing in a counterAre the winds blowing in a counter--
clockwise circle yet?clockwise circle yet?””



Is there a complete counterclockwise 
circulation of winds?



Is there a complete counterclockwise 
circulation of winds now?



After Our Third Invest on Some Tropical Trash:After Our Third Invest on Some Tropical Trash:
… THE INTENSITY FORECAST IS FOR LITTLE CHANGE TO 
THE 30 KNOT MAX ONE-MIN WINDS ….

Yawn...



36 HRS LATER:36 HRS LATER:
LENNY IS STRENGTHENING RATHER QUICKLY THIS MORNING. 
REPORTS FROM AN AIR FORCE RESERVE HURRICANE HUNTER
INDICATE THE CENTRAL PRESSURE HAS DROPPED TO 971 MB...WITH 
MAXIMUM 850 MB WINDS OF 100 KT....AND SATELLITE INTENSITY 
ESTIMATES ARE ALL 77 KT.  

We’re on-scene to catch sudden changes



Why Do This?Why Do This?

•• Vortex Vortex MsgMsg
•• HighHigh--DensityDensity
•• DropsondeDropsonde
••#1 position#1 position
••#2 SLP#2 SLP

“Duty … Honor … Data…”



Hurricane Flight PatternHurricane Flight Pattern



What is the Stadium Effect?



ISABEL 2003



HIGH DENSITY DATAHIGH DENSITY DATA
SXXX50 KNHC 130751

AF966 1408A FLOYDFLOYD HDOB 14
TimeTime Lat   Long       PA     DV   WD WSWD WS TA TD  MXW   RA
0731 2311N 07059W 03048 5091 317 064317 064 104 100 065 02974 0000000000
0732 2313N 07057W 03048 5102 318 064318 064 108 100 066 02964 0000000000
0733 2315N 07055W 03052 5113 317 066317 066 112 106 067 02958 0000000000
0734 2317N 07052W 03057 5126 317 066317 066 112 104 068 02949 0000000000
0735 2320N 07049W 03058 5141 317 072317 072 110 094 073 02935 0000000000
0736 2322N 07047W 03070 5161 317 078317 078 112 102 080 02926 0000000000
0737 2325N 07044W 03065 5190 316 085316 085 106 106 088 02893 0000000000
0738 2326N 07042W 03070 5224 320 096320 096 108 096 097 02863 0000000000
0739 2328N 07040W 03054 5271 316 101316 101 106 106 103 02800 0000000000
0740 2331N 07038W 03076 5327 318 110318 110 112 108 111 02767 0000000000
0741 2332N 07035W 03021 5412 308 119308 119 108 108 120 02626 0000000000
0742 2334N 07031W 03063 5504 294 080294 080 134 134 120 02577 0000000000
0743 2337N 07028W 03004 5563 276 042276 042 226 120 076 02458 0000000000
0744 2340N 07026W 03031 5570 280 015280 015 244 052 036 02478 0000000000
0745 2343N 07025W 03056 5574 341 341 004004 238 052 012 02499 0000000000
0746 2346N 07024W 03060 5578 057057 010010 238 050 017 02499 0000000000
0747 2348N 07022W 03058 5584 104 014104 014 246 048 015 02492 0000000000
0748 2350N 07019W 03050 5587 125 030125 030 238 074 036 02480 0000000000
0749 2352N 07016W 03058 5567 133 074133 074 204 102 083 02508 0000000000
0750 2355N 07014W 03061 5504 139 122139 122 140 138 125 02574 0000000000



AIRCRAFT
TRACK

DROPSONDE 
TRAJECTORY

100 90 80 70 3 km

~2-3 km

53rd Weather Reconnaissance Squadron  “The Hurricane Hunters”

Capturing the Max WindsCapturing the Max Winds



VERTICAL PROFILEVERTICAL PROFILE
KNHC 220741
XXAA  72077 99248 70878 08147 99899 27428 33535 85495 
24434 34534 70199 25867 01018 88999 7799931313 09608 
80714
61616 AF307 1618A RITA OB 13
62626 EYE SPL 2478N08778W 0717 MBL WND 34532 AEV 
20507 DLM WND 35030 898722 WL150 34032 082 =XXBB  
72078 99248 70878 08147 00899 27428 11850 24434 22773 
2125033739 26866 44697 26064
21212 00899 33535 11889 34530 22850 34534 33743 36022 
44728 01520 55697 01017
31313 09608 80714
61616 AF307 1618A RITA  OB 13
62626 EYE SPL 2478N08778W 0717 MBL WND 34532 AEV 
20507 DLM WND 35030 898722 WL150 34032 082=
••Eye drop on second pass Eye drop on second pass –– 899mb at surface, but with 35kts 899mb at surface, but with 35kts 
of wind.  NHC estimated 897mb at the center (3rd lowest of wind.  NHC estimated 897mb at the center (3rd lowest 
pressure recorded in an Atlantic basin hurricanepressure recorded in an Atlantic basin hurricane



…….Weather Buoys.Weather Buoys……..



VORTEX DATA MESSAGEVORTEX DATA MESSAGE

A.  13/0523Z            A.  13/0523Z            DATE AND TIME OF FIXDATE AND TIME OF FIX

B.  23 DEG 35 MIN N    LATITUDE OF VORTEX FIXB.  23 DEG 35 MIN N    LATITUDE OF VORTEX FIX
69 DEG 56 MIN W    LONGITUDE OF VORTEX FIX69 DEG 56 MIN W    LONGITUDE OF VORTEX FIX

C. 700 MB 2450 M        C. 700 MB 2450 M        MINIMUM HEIGHT AT STANDARD LEVELMINIMUM HEIGHT AT STANDARD LEVEL
D.  NA KT              D.  NA KT              ESTIMATE OF MAX SURFACE WIND OBSERVEDESTIMATE OF MAX SURFACE WIND OBSERVED
E.  NA DEG  NA NM     BRG AND RNG FROM CNTR OF MAX SFC WINDE.  NA DEG  NA NM     BRG AND RNG FROM CNTR OF MAX SFC WIND
F.  211 DEG 126 KT      F.  211 DEG 126 KT      MAX FLIGHT LEVEL WIND NEAR CENTERMAX FLIGHT LEVEL WIND NEAR CENTER
G.  123 DEG 017 NM     BRG AND RNG FROM CNTR OF MAX FLT LVL WINDG.  123 DEG 017 NM     BRG AND RNG FROM CNTR OF MAX FLT LVL WIND
H.         923 MB       H.         923 MB       MINIMUM SEA LEVEL PRESSUREMINIMUM SEA LEVEL PRESSURE
I.  I.  11 C/ 3068 M        MAX FLT LVL TEMP / PR ALT OUTSIDE EYE
J.  24 C/ 3048 M        MAX FLT LVL TEMP / PR ALT INSIDE EYE
K.   5 C/  NA           K.   5 C/  NA           DEWPOINT / SEA SFC TEMP (OR NA) IN EYEDEWPOINT / SEA SFC TEMP (OR NA) IN EYE
L.  CLOSED WALL      EYE CHARACTER: CLOSED WALL ETCL.  CLOSED WALL      EYE CHARACTER: CLOSED WALL ETC
M.  C20                  M.  C20                  EYE SHAPE,ORIENTATION, DIAMETEREYE SHAPE,ORIENTATION, DIAMETER
N.  12345/7              N.  12345/7              FIX DETERMINED BY / FIX LEVELFIX DETERMINED BY / FIX LEVEL
O.  1 / 2   NM           O.  1 / 2   NM           NAV FIX ACCURACY/MET ACCURACYNAV FIX ACCURACY/MET ACCURACY
P. AF966 1408A FLOYD         OB 04P. AF966 1408A FLOYD         OB 04

MAX FL WIND 126 KT SE QUAD 0518Z. GOOD RADAR SIGNATURE.      MAX FL WIND 126 KT SE QUAD 0518Z. GOOD RADAR SIGNATURE.      



The suite of forecast models

Initialize!



Without Without 
Hurricane Hunter Hurricane Hunter 
reconnaissance reconnaissance 

datadata

Data collected enables National Hurricane Center to 
increase the accuracy of forecasts by 25%, which at 
One Million dollars per mile, saves millions of dollars 

for every storm !



What do we do in What do we do in 
Winter? Winter? 

Extends data network overExtends data network over
Water to enhance accuracyWater to enhance accuracy

National Winter National Winter 
Storm OperationsStorm Operations
Plan (NCEP) Plan (NCEP) 



Public Affairs
2004 Outreach : Over 45,000 People, 72 Speeches 2004 Outreach : Over 45,000 People, 72 Speeches 
& Tours and over 23 Major Media outlets& Tours and over 23 Major Media outlets



How many would move to FloridaHow many would move to Florida
…… with the activity of the 1940s?with the activity of the 1940s?



TOP TEN COSTLIEST HURRICANESTOP TEN COSTLIEST HURRICANES
($ billions, as of January, 2006)($ billions, as of January, 2006)

Estimated insured losses (2004 dollars) Estimated insured losses (2004 dollars) 

Year/ Rank/ Hurricane Year/ Rank/ Hurricane BillionsBillions of Dollars (1)of Dollars (1)

1  1  2005 Katrina  2005 Katrina  80+  (1300+ deaths)80+  (1300+ deaths)

22 1992 1992 AndrewAndrew 35 35 
3  3  2005 2005 WilmaWilma 14.4  (35 deaths) 14.4  (35 deaths) 
4  2004 4  2004 Ivan Ivan 14.2 (92 deaths)14.2 (92 deaths)
5  2004 5  2004 CharleyCharley 14.2 (10 deaths)14.2 (10 deaths)
6  1989 Hugo                 9.76  1989 Hugo                 9.7
7  7  2005 Rita 2005 Rita 9.4 (6 deaths)9.4 (6 deaths)
8  8  2004 2004 FrancesFrances 8.8 (7 deaths)8.8 (7 deaths)
9  9  19721972 AgnesAgnes 8.68.6
10 10 1965 Betsy   1965 Betsy   8.58.5

Source: Insurance Information Institute/Insurance Services Office, Inc. 

Estimates, Expressed in 2004 dollars.



8 Most Intense Storms on Record

• Hurricane        Year         Pressure (MB)

• WILMA            2005           882 
• GILBERT 1988            888
• Labor Day 1935            892
• ALLEN 1980            895
• RITA                2005           898
• KATRINA         2005           902
• CAMILLE  1969           905
• IVAN                2004           910



Hurricane Frances

30 Aug – 6 Sept
22 Missions
209.6 hours
44 fixes, 2 missed fixes, 1 late
1 buoy drop
3 surveillance

Eye of Frances on Sep 
4, 2004 at 18Z



Rainbow seen in the eye of Frances on August 29, 2004 at 18Z.



Eye of Frances on September 4, 2004 at 18Z.



Eye of Frances on September 4, 2004 at 18Z. 
Cirrus Eddy ~30,000ft?



Surface within Frances seen from 10,000 ft on September 4, 2004.



Hurricane Ivan

6-24 Sept
26 Missions
249.4 hours
53 fixes, 1 invest
1 late fix



On September 7, 2004 at 18Z, near Grenada, 
the eye of Ivan is very sloped at flight level.



Breaking through Ivan Eyewall



Ivan on September 8, 2004 at 00Z.



Vortex Remarks
• South 20 percent of eye wall bulging outward 8nm; rest 

circular.
• South eyewall open w/banding feature wrapping from sw to se 
• Inner eyewall ragged and open s-e
• Occasional lightning stadium effect -- top of western eyewall

brightening as sun rises eye is cloud filled below fl level 
(907mb)

• Stadium effect lit by moonlight and by lightning within eyewall
• Perfect stadium effect and textbook radar depiction of eyewall.  
• Inner eyewall structure dissipated. Good 35 nm diameter outer 

banding 
• Max fl temp 16c, 299 /18nm eye open 245-355 degrees 



Thursday – Felt Sorry for Florida
Thursday forecasted 
track prior to Katrina 
crossing Florida 
showed “no threat” to 
Keesler Air Force 
Base.
Just in case, “dusted 
off” HUREVAC plans 
Commander directs 
implementation of 
HUREVAC plan 
starting 1100 Friday 
“just in case” due to 
possibility of > 35 
knot winds



Cat 5 
KATRINA 





Friday – Felt Sorry for BIX

Katrina continued westerly after 
crossing Florida
Friday at 1700 forecast track 
dramatically changed –
BULLSEYE ON KEESLER
Base orders evacuation of non-
mission essential personnel and 
sheltering of all others NLT 
Sunday evening
Aircraft evacuation began







KATRINA Cat 5
• UZNT13 KNHC 281436 

XXAA 78147 99261 70879 08167 99919 26800 ///// 00/// ///// 
///// 
92/// ///// ///// 85688 22001 10671 70371 14800 13621 88999 
77999 
31313 09608 81421 

• 21212 00919 ///// 11913 06657 22908 06161 33905 06657 
44900 07158 55895 07665 66887 07661 77884 08179 88882 
08181 99880 08680 11877 09168 22871 08673 33868 08685 
44866 10734 55853 10174 66842 11167 77822 11684 
88803 12155 99793 12167 11777 13117 22769 13114 33697 
13620 

• 234kts????????



KATRINA HDOBS
• 1417. 2559N 08802W 03049 5712 142 001 256 058 002 02385
• 1418 2601N 08802W 03048 5717 098 007 252 062 010 02379 
• 1418. 2603N 08801W 03046 5719 093 018 248 064 022 02375 
• 1419 2604N 08801W 03051 5717 107 023 254 074 026 02382 
• 1419. 2605N 08759W 03046 5719 121 036 236 108 040 02375 
• 1420 2607N 08758W 03047 5715 127 052 218 118 062 02380 
• 1420. 2608N 08756W 03047 5698 133 083 192 134 089 02397 
• 1421 2609N 08755W 03054 5671 133 106 166 146 115 02432 
• 1421. 2610N 08754W 03040 5639 135 121 134 134 124 02450 
• 1422 2611N 08753W 03060 5596 138 129 124 124 136 02512 
• 1422. 2612N 08752W 03057 5546 141 153 102 102 166 02560
• 1423 2612N 08751W 03010 5496 133 159 088 088 164 02563 
• 1423. 2613N 08750W 03064 5462 138 158 088 088 161 02651 
• 1424 2614N 08749W 03046 5430 138 155 080 080 158 02665 
• 1424. 2614N 08748W 03048 5399 138 151 078 078 153 02697
• 1425 2615N 08747W 03048 5372 140 146 084 084 148 02724
• 1425. 2616N 08746W 03055 5343 142 142 108 108 143 02761
• 1426 2617N 08745W 03049 5319 144 137 104 104 139 02778 
• 1426. 2618N 08744W 03049 5296 145 131 114 114 133 02801







Landfall 

Huge storm - 100 mph winds stretched for 150 miles from eye
Eye passed 40 miles west of Keesler Monday at approximately 1100
Keesler/Biloxi in worst area of storm – Northeast quadrant
Keesler battered by Hurricane force winds (> 74 mph) for over 10
hours (100+ mph for over 4 hours, max winds over 150+ mph)
Estimated 30 foot storm surge hit Biloxi from three sides



Keesler during Katrina

New water hazard at golf course

Just off main street

Area around steam plant

Commissary/BX area



Energy Conservation
Katrina StyleBefore After

Keesler/
Biloxi Keesler/

Biloxi



Overall Impact of Katrina 
on Keesler and 403d Wing

– Relocated flying 
operations to Dobbins 
ARB (near ATL) to 
continue storm/ relief 
missions

– Wing HQ/Hangar severely 
damaged by water, mold, 
& wind, forced to relocate 

– Over 170 reservists homes 
severely 
damaged/destroyed

• Total cost for Keesler AFB 
estimated at over $1.3 Billion

• Family housing - over 800 of 
1800 homes severely 
damaged /destroyed –
unusable for near future

• Hospital flooded/unusable –
estimated 6-12 months repair

• Commissary/Officers’ Club/ 
Base Exchange were flooded 
-severe damage or destroyed

Keesler AFB 403d Wing



403d Buildings after Katrina

New Two Bay Hangar 403 OG/ 53 WRS Building

Wing HQ – failed attempt to stop moldMaintenance Hangar 5



Community Support Structure in 
Area Virtually Destroyed

Tremendous impact on quality of life/cost of living
Over 100,000 homes (out of 171,000) destroyed/severely damaged 
- 15-20% rise in housing costs
Basic services severely impacted (some areas still without 
potable water, electricity, phone)
Businesses (restaurants, shops, motels, grocery stores) destroyed 
resulting in job loss and tax revenue loss for city/state
– Casino industry alone resulted in over 17,000 jobs lost and 

$500,000/day tax revenue loss
Road/bridge system severely disrupted 
- 4 lane highway along beach (US 90) destroyed
- 4 of 5 bridges across the bay damaged or destroyed 
- Severe traffic congestion
Over 250 lives confirmed lost



Biloxi Area Destruction
Historic Antebellum Homes

Casino Barge on top of a motel
(¼ mile west and ¼ mile inland 

of mooring spot)

Famous Souvenir Shop on beach
Note: missing lower 2 floors

Biloxi Welcome Center
Note: missing lower 2 floors



Biloxi - Casino Row
Before After

Impact of storm  surge



Gulfport Area
Before After

4 lane -Highway 90 
Virtually destroyed Biloxi to New Orleans



Waveland Area
Before After



Biloxi



Biloxi



Treasure Bay Casino



Gulfport



Biloxi 







RITA (899mb)
• A. 21/2313Z
• B. 24 DEG 31 MIN N 86 DEG 46 MIN W 
• C. 700 MB 22472 M
• D. 80 KT
• E. 213 DEG 24 NM 
• F. 305 DEG 142 KT 
• G. 198 DEG 11NM 
• H. 899 MB
• I. 8 C/ 3053m 
• J. 28 C/ 3042 M
• K. 01 C
• L. CLOSED WALL
• M. C20
• N. 12345/7 
• O. .02/1 NM 
• P. NOAA3 WX18A RITA OB 23
• MAX FL WIND 161 KT NE QUAD 1932Z



RITA (along eye wall)



53rd Weather Reconnaissance Squadron  “The Hurricane Hunters”

Radar Placement of StormRadar Placement of Storm



Cat 5 RITA 21/2313z



RITA 22/06z (898 mb)
• A. 22/05:38:00Z 
• B. 24 deg 46 min N 087 deg 34 min W 
• C. 700 mb 2218 m 
• F. 139 deg 165 kt
• G. 063 deg 012 nm 
• H. 898 mb
• I. 9 C/ 3044 m 
• J. 28 C/ 3047 m
• K. 3 C
• L. CLOSED WALL 
• M. C16
• N. 12345/ 7 
• O. 0.02 / 1 nm 
• Q. MAX FL WIND 165 KT NE QUAD 05:34Z FREQUENT 

LIGHTNING MODERATE TURBULENCE IN EYEWALL 
EXTREMELY IMPRESSIVE STADIUM EFFECT IN MOONLIGHT 



Cat 5 RITA thoughts from ARWO
• High-end moderate turbulence on 1st NE pass (good shaking, but 

no sustained negative G).
• Flight level winds maxed out at 165kt.
• 1st words out of pilot were "Holy %^$*@&#!" 

Pilot said I had to come up and see it, but I was still a bit 
preoccupied with finding the center.

• After the center fix and saw an extrap pressure in the mid 890's, I 
unstrapped and ran up to the cockpit.

• A wall of ghostly white was in front of us in the moonlight. Out of 
the pilot's side window and looked up. The curvature at the top of 
the eye was amazing. The eye was only sixteen miles across, with 
black sky and stars above. We often encode stadium effect -- by 
all rights I should have coded this "stovepipe effect", because 
that's what it was. There was no bowl shape evident. The eyewall
was vertical from below us right to the top. 

• With such a small eye, I ran back down to strap in again and get to 
work on the vortex. As I did, drop sent me 

21212 00925 ///// 11900 06705 22888 07192 33860 
08683 44858 08685 55849 09687 66697 14653 



RITA VORTEX 22/07z
A. 22/07:14:30Z 
B. 24 deg 48 min N 087 deg 46 min W
F. 225 deg 148 kt
G. 134 deg 013 nm
H. 899 mb
I. 9 C/ 3047 m 
J. 31 C/ 3043 m
K. -3 C
L. CLOSED WALL 
M. C16 
Q. MAX FL WIND 165 KT NE QUAD 05:34:00 Z 
STADIUM EFFECT VERY VISIBLE IN MOONLIGHT 
FREQUENT LIGHTNING WITHIN EYEWALL
21212 00925 ///// 11900 06705 22888 07192 33860 08683 44858 08685 55849 
09687 66697 14653 31313 09608 8053461616 AF307 1618A RITA
Northeast eyewall during first pass – 205kts (235mph) at 900mb



RITA 22/09z Vortex
• A. 22/09:12:20Z
• B. 24 deg 55 min N 087 deg 55 min W
• C. 700 mb 2245 m
• F. 303 deg 134 kt
• G. 228 deg 010 nm 
• H. 902 mb
• I. 14 C/ 3068 m 
• J. 29 C/ 3057 m 
• K. 8 C
• L. CLOSED WALL
• M. C18 N. 12345/ 7
• O. 0.02 / 3 nm 
• MAX FL WIND 165 KT NE QUAD 05:34:00 Z STADIUM EFFECT 

LIT BY MOONLIGHT AND BY LIGHTNING WITHIN EYEWALL



RITA 22/11z Vortex
• A. 22/11:10:10Z 
• B. 25 deg 07 min N 088 deg 12 min W 
• C. 700 mb 2287 m 
• F. 040 deg 133 kt
• G. 304 deg 009 nm 
• H. 907 mb
• I. 11 C/ 3062 m
• J. 27 C/ 3064 m 
• K. 5 C
• L. CLOSED WALL
• M. E03/20/16
• N. 12345/ 7
• O. 0.03 / 1 nm
• MAX FL WIND 159 KT NE QUAD 09:16:30 Z OCCASIONAL 

LIGHTNING STADIUM EFFECT -- TOP OF WESTERN 
EYEWALL BRIGHTENING AS SUN RISES EYE IS CLOUD 
FILLED BELOW FLIGHT LEVEL



2005/2006 Hurricane Season

• Average   2005   *2006

• Tropical Storms:     10        27       17
• Hurricanes:             6         14        9
• Major (Intense):      2          7         5
• *1 Dec forecast
• Adjustments (1 Apr, 1 Jun, 1 Aug)



The Future

• Stepped Frequency Microwave 
Radiometer (SFMR)

• Measures surface winds 
• First tested in the 1990s
• One on our J model by Sep 2006?
• All ten by 2007 storm season???



http://home.att.net/~t
yphoon1/index.html







http://http://www.HurricaneHunters.comwww.HurricaneHunters.com



Questions, Comments, Suggestions?


