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Katrina was an extraordinarily powerfahd deadly hurricane that carvediae swath of
catastrophic damage arnuflicted largeloss of life It was the costiest and one of the five
deadiesthurricanes to ever strike the United Statkatrina first caused fatities and damage in
southern Florida as a Category 1 hurricane on the SRiffipson Hurricane Scale. After
reaching Category 5 intensity over the central Gulf of Mexico, Katrina weakened to Category 3
before makindandfall on the northern Gulf coasEven so, liedamage and loss of life inflicted
by this massive hurricana Louisianaand Mississippiwere staggeringwith significanteffects
extendng into the Florda panhandle Georgia, andAlabama Considering the scope of its
impacts Katrinawas one ofthemost devastating natural disaster United Statesistory.

a. Synoptic History

The complex genesis ¢fatrina involved the interaction of a tropical wave, the middle
tropospheric remnants of Tropical Depression Ten, and an upper tropospbegile. This
trough, located over the western Atlantic and the Bahamas, produced strong westerly shear
across Topical Depression Tertausing it tadegenera on 14 Augustapproximately825 n mi
east of Barbados. The low-level circulationgraduallywe&ened while continuing westward,
and it eventually dissipatedn 21 August in the vicinity of Cuba Meanwhile a middle
tropospheric circulation originatinffom Tropical Depression Tetagged behindand pased
north ofthe Leeward Islands on 189 August A tropicalwave which departed the west coast
of Africa on 11 Augustmoved through the leavard Islands andnerged with the middle
tropospheric remnants dfropical Depression Tean 19 Augustand produced large area of
showers and thunderstorms tomf Puerto Rico. Thisctivity continued to move slowly
northwestwardpassing north of Hispanioland thenconsolidating just east of the Turks and
Caicos during the afternoon @R August. Dvorak satellite classificatiofrom the Tropical
Analysis aml Forecast Branch (TAFB)f the Tropical Prediction Center (TPC) begen1800
UTC that day The upper tropgsherictrough weakened asmoved weswvard toward Florida
and the shear relaxeshough taallow the system to develop into a tropical depresbp®800
UTC 23 August over the southeastern Bahamas about 175 n mi southeast of Nalsau



depressionwas designagd Tropical Depression Twelveather thanfiTe n 0 b & ceparatee
tropical wave appeared to be partially responsible for the cyclogeaadismore importantly,
thelow-level circulationof Tropical Depression Tewas clearly not involved

The Abest tracko of the path of the center
and pressure histories shown in Figs. 2 and 3, respectivEhe best track positions and
intensities are listed in Table T'he depressionontinued tdbecomeorganize& over thecentral
Bahamas during the evening 28 August Deep convection increag®vemight inthe eastern
semicircleof the cycloneand forned a welldefined bandhat began tavrap around the north
side of the circulationcenter early on the morning of 24 August. Based onaircraft
reconnaissance flighevel wind data,le cyclonebecameKatrina,the 11h tropical storm of the
2005 Atlantic hurricane seasomt 1200 UTC24 Augustwhen it was centeredver the central
Bahamasabout 65 n mi eastoutheast of Nassaulnitially the storm moved northwestward
within a weakness in the lower tropospheric subtropical ridge. However, as thalstetaped
an inner core andvolved intoa deeper cyclone on 24 Augustcame under the influence of a
strengtheningmiddle to upper tropospheric ridge over the northerti &uMexico and southern
United States. This ridge turned Katrina westwardon 25 Awgust toward southern Florida
Katrina generated an intense burst of deep convection over thievelvcenterduring the
afternoon of 25 August while positioned over the northwestern Bahamas. Further strengthening
ensued, an&atrina is estimated to haveached hurricane status near 2100 UTC 25 Autpss,
thantwo hoursbeforeits centemadelandfall on the southeastern coast of Florida.

The strengtheningidge over the northern Gulf of Mexico and south&hmted States
produced northeasterly middt® upperlevd tropospheric flow that forced Katrina to tuwest
southwestwarés itneared southerflorida. Katrina made its first landfah the United States
as aCategoryl hurricaneon the SaffifSimpson Hurricane Scaleyith maximum sustained
winds of 70 knotsnear theborderof Miami-DadeCountyand Broward Coumtat approximately
2230 UTC25 August While notdiscerniblein convetional satellite imagery, a wetlefined
eye became evident othe Miami National Weather Service (NWS) W-8BD Doppler radar
just prior to landfallon the southeastern Florida coast fact, the eye feature actually became
betterdefined while Katrina moved inlandand it remained intact during its entire track across
the peninsula The convective pattern of Kati as it crossed southern Floriaggas rather
asymmetricdue to northerly wind sheawhich placedthe strongest winds and heaviest rains
southand eastbof the ceter in Miami-Dade County. Katrina continuedwestsouthwestward
overnight and spent only abosix hours over land, mostly over theaterladen Everglades.
Surface observations and velocity estimates from the Miami and Key Dégxgiler radars
indicated that Katrina weakeneaver mainland Monroe Countyo a tropical stormwith
maximum sustained wids of 60 knots.The center off ropical StormKatrinathenemerged into
the southeastern Gulf of Mexico at approximately 0500 UT@@®August just north of Cape
Sable

Once back over water, Katringuickly regained hurricane status at 0600 UTC with
maximum sustained winds of 65 knotsEven though the center of Katrina continugdst
southwesward over the southeastern Gulf of Mexico and away from the southern Florida
peninsula, atrong andvell-defined rain bandnpacedlarge portions othe Florida Kegs with



tropical stormforce winds for much ofthe day on 26 August. Sustained hurricéoree winds
werebriefly measured at Dry Tortugas on the far western end of the islamdtichtafternoon

Situated beneath a very large up®rel anticyclone tat dominatedhe entire Gulf of
Mexico by 26 August resulting in very weak wind shear and efficient udpeel outflow,
Katrina embarked upon twaeriods ofrapid intensification(defined as a 30 kt or gater
intensity increase in a 24 period)between26 and 28 August.The first periodinvolved an
increasein the maximum sustained windsom 65 kt to 95 ktin the 24h period ending 060
UTC 27 August An eye beameclearly evident in infrared satellite imagesgirlyon 27 August
andKatrinabecame &ategory 3 hurricanwith 100 kt winds a.200 UTCthat morningabout
365 n misoutheast othe mouth of the Mississippi RiveDuring theremainder of the dayhe
inner eyewaldeterioraédwhile a new, outer eyewall formeahndtheintensityleveled df at 100
kt. Accompanying the intensification and the subsequent deterioration of the inner eyewall was
a significant expansion of the wind field on 27 Augutatrina nearly doubled in size on 27
August, and by the end of that day tropical stdéonce winds extended up to about 140 n mi
from the center.The strongmiddle- to uppertropospheric ridgéhathad kept Katrina on west
southwestwardrack over the Florida peninsula and southeastern Gulf of Mexico begduiftto
eastward toward Floridavhile a midlatitude trough amplified over theorth-central Uhited
States This evolving pattermesulted ina general westward motion on 27 August and a tur
toward the northwest on 28 Augushen Katrina moved around the western periphery of the
retreatingridge As Katrina churned westward on 27 August, it produced tropical dtce
winds and heavy rainfall over portions of western Cubidne new eyewall contractedinto a
sharplydefined ringby 0000 UTC28 August and asecond,more rapid intensificabn then
occurred Katrinastrengthened from law-endCategory3 hurricaneto a Categorys in less than
12 h reachng an intensity of 145 kt by 1200 UTC 28 Augustatrina attained its peaktensity
of 150 kt at 1800UTC 28 Augustabout170 n mi soutbast of the mouth of the Mississippi
River. The wind field continued to expamh 28 August, and by late that digpical storm
force winds extendedutto about200 n mi from the centeand hurricandorce winds extended
out to about 90 n mi from theeater, making Katrina not only extremely intense but also
exceptionally large.

Theneweyewall that formed late on 27 Auguahd contracted early on 28 Auglistgan
to erode on its southern sidery late on 28 Augustwhile arother outer ring of conveatin
consolidated. These structural chandjksly contributed tothe rapid wed&kening that was
observedprior to final landfall Katrina turned northward, toward the northern Gulf coast,
around the ridge over Florida early on 29 August. The hurricanenthde landfallat the upper
end of Category3 intensity with estimatedmaximum sustaineavinds of 110 kt, nearBuras,
Louisiana atl110 UTC 29 AugustKatrinacontinued northward ansade its final landfall near
the mouth of the Pearl River at the Loarsa/Mississippi bordestill as aCaegory 3hurricane
with anestimatedntensity of 105 kt. Therapid weakening oKatring from its peak intensity of
150 kt to 110 kduring the last 18 h or deading upto the first Gulflandfall, appears to have
been primarily due tointernal structural changes, specificatlye deterioration of the inner
eyewall without the complete formation of a new outer eyewallowever, Katrina remained
very large as it weakened, and the extent of tropical storoe and huicaneforce winds was
nearly the same at final landfalh 29 Augusts it had been late on 28 AugustheTweakening
could have been aided leytrainment of dry aithat wasseenerading the deep convection over



the western semicirclevhile Katrinaapprached the coast. Gradually increasing wind shear
slightly lower ocean temperatureand (following the first Gulf landfall)interaction with land
eachcould also have played a rol&Vithout extensive investigation, however, it is not possible

to assesthe relative roles played by these various factdrse weakening of major hurricanes

as they approach the northern Gulf coast has occurred on several occasions in the past when one
or more of these factors have been in pladedeed, an unpublished studby the National
Hurricane Center (NHQ)evealsthat during the past 20 yeais] 11 hurricanefaving acentral

pressure less than b 12 h before landfall in the northern Gulf of Mexico we@ed during

these last 12.h

Katrina weakead rapidly after moving inlandover southern and central Mississippi
becoming a @tegoryl hurricaneby 1800 UTC29 August It weakened t@a tropical storm
about sixhours latefjust northwest of Meridian, MississippKatrina accelerated on 38ugust
between the dge over the southeastermitéd Statemndan eastwaremoving troughover the
Great Lakes It turned northeastwardover the Tennesse&/alley and became dropical
depression at 1200 UTB0 August Thedepression continued northeastwardl transformed
into an extratropical low pressure system by 0000 UTC 31 Auglise low wasabsorbed
within a frontalzonelater that day over the eastern Great Lakes.

b. Meteorological Statisticand Observations

Observations in KatrinéFigs. 2 and 3jnclude datdrom satellites, aircraft, airborne and
groundbased radars;onventionalland-basedsurface and uppeir observing sitesCoastal
Marine Automated Network (MAN) stations,National Ocean Service (NOS) stationsean
data buoysand ships Selected kip reports of winds of tropical storrforce associated with
Hurricane Katrina are given in Table 2, and selected surface observations from land stations and
from coastal andixed oceandata buoys are given in Table Pata from many Automated
Surface Observip System (ASOS) sitesC-MAN stations, and buoyare incomplete due to
power outages and other weathiaduced &ilures prior to when peak windsnd minimum
pressuresccurred.

Satellite observations include geostationary satdiiged DvorakTechniqueintensity
estimates from TAFB, the Satellite Analysis Branch (SAB)d the U. S. Air Force Weather
Agency (AFWA). Microwave satellite data and imagery froNational Oceanic and
Atmospheric Administration NOAA) nearpolarorbiting satellites,Defense Metorological
Satellite Program (DMSP) satellites, amthtional Aeronautics and Space Administration
(NASA) satellites including th&ropical Rainfall Measuring Mission (TRMM), QuikSCAT, and
Aqua, were also useful in tracking Katrina and assessing changssnternal structure.

Aircraft reconnaissance missions were tasked on an almost continuous scheddie from
genesisof Katrina until its final landfall. Observationfrom aircraft include flighdevel and
dropwindsondalatafrom 12 operationalmissiansinto Katring conducted by the %8 Weather
Reconnaissance Squadron of the U. S. Air Force Reserve Conwitaold producedi6 center
fixes. Three missions were flown likie NOAA Aircraft Operations Center (AOGjurricane
Hunter WP-3D aircraft, producirg additional flightlevel and dropwindsonde observatipd®



center fixesreattime data from the Steppedrequency Microwave Radiometer (SFMRHd

airborne [ppler radaderived wind analysespr ovi de d by NOAAOGSs Hur ri
Division (HRD). Additionally, the NOAA GIV jet conductedsix synoptic surveillance missions

during 2429 Augustto collect dropwindsonde observatippsimarily for enhancing the amount

of data available t@perational numerical models that provided guidance to NHC forecasters

An Air Force G130J aircraftconducted one surveillance mission jointly with thd\Gon 25

August.

NWS WSR-88D Doppler radars across the southeastdnited Statesand U. S.
Department of Defense radars located in the Bahamas provided foesdem Katrina. NWS
WSR-88D velocity data were used to help estimate the intensity of Kattiea it was near or
over land.

Katrinads Florida | mear@f3@& UTIC 25 Auguatnbssed gn o f 7
redudion to the surfaceof elevatedvelocites from the NWS Miami WSR88D radar. The
Miami radar, and 65 kt winds measured by the SFMR onboard a NOAA Hurricane Hunter
aircraft, also indicatd that Katrina hacdearlier become a 65 kt hurricane at about 2100 UTC.
Due to Katrinabs as y asmtepassad overcthe -lorea peninsda, theat t e
strongest winds occurred sowthd easof the center in MiambDade County. While the eye
movedwestsouthwestward ovarorthernMiami-Dade, it passed over the NWS Miami Forecast
Office / National Hurricane Ger facilitynear SweetwateFlorida(Fig. 4),where a pressure of
983 mbwas measured at 0105 UTC 26 August. The eastern eyewall moved over thedacility
few minutes lateand sustained windef 60 kt with a gustto 76 kt were measuredear0115
UTC. The strongest sustained wind measured by a-baséd anemometer w&S kt on
Virginia Key (Table 3) Dopplervelocities from boththe Miami and Key WesWSR-88D radars
suggesthat maximum sustained surface windsrelikely just less tharhurricane stengthwhile
Katrina was centered over mainland Monroe Coamiggwhile crossing thesouthwesterrrlorida
coast However, these dataombined with Dvorak satellite intensity estimateslicate Katrina
regained hurricane strengshortly after energing oer the Gulf of Mexiccearly on 26 August.
Later thatday, from about1930 UTCto 2130 UTC,the Dry Tortugas €@VAN station (elevation
6 m)located abou60 n mi west of Key West, Florida reportetistained hurricar®rce winds
as strong ag1 kt with agust t091 kt. While sustained hurricar®rce winds were not reported
elsewheran the Florida Keysmuch of the island chain experiencaastained tropical storm
force windswith peak gusts betwedi® and70 kt while the center of Katrina passed to timth
on 26 August (Table 3).

Aircraft data indicatehat Katrina continued to strengthen on 26 Augbsit concentric
maxima in flight-level wind data andmicrowave imagery from severalearpolarorbiting
satellitesdepictan eyewall replacement cydleat occurredn 27 August. The deterioration of
the inner eyewall can be seen dympaing Figs. 5a and 5b This cycle temporarily prevented
further strengthening, and aircraft datad Dvorak estimatemdicate the intensityemained
steadynear 100 kthroughout that dayKatrina produced tropical storforce winds in portions
of western Cuba on 2August with gusts as strong as 54 kt and rainfall totals exceeding 8
inches in some locationsAfter the new eyewaltonsolidated and began to contraety early
on 2 August (Fig. 5c) Katrinadeepenedhat morning at a very rapid rate. Dropwindsonde
observatios from the Air Force and NOAA Hurricaneuhter aircraft indicatehe central



pressure felB2 mb in 12 hto 909 mb by 1200 UT@8 August The first wind observatiorno
supportCategory5s intensity wasa peak700 mb flightlevel wind of 153 kiat about1100 UTC

28 Augustwhich correspondso about 138 kt at the surfaaesing the 90%adjustmenbased on

the mean eyewall wind profiléerived fromseveral past stormsThe strongest flightevel wind
measuremenin Katrinawas 166 kt near 1400 UT@hat day corresponding to about 150 kt at
the surface Dropwindsondes on 28 August provided surface wind estimates, derived from the
mean wind over thlbwest 150 m of the soundirfgl ab el e d 0 L thatMereingreateri g .
than about 13A35kt, buta few of thesesondesdirectly measurd 140-143 kt winds at 10 m.
However,none of these sondes were relegsestiselyfrom the point where flightevel winds
were 166 kt, and it islsonot likely that any of these sondes measured the maxiswface
wind in the circulation The SFMR, with a posttorm recalibration appliesb compensate for a
previouslow bias at extremely high wind speeéstimatedurface windsas strong a4l kt on

the afternoonof 28 August when maximum flightevel winds were about 160 kt. All available
data from dropwindsondes and the SFMR indicate that, on avetreg®0% adjustment of
flight-level windsto the surface wasalid until very late on 28 August.

The centralpressuren Katrinafell to 902 mb near 1800 UTZ8 August Thispressure
was (at the timé the fourth lowesbn record in the Atlantic basin, behind 888 mb in Gilbert
(1988), 892 mb in the Labor Day Huaine of 1935, an899 mb in Allen (1980) Howevery it
has since quickly fallen to sixtowest following an observation d97 mb in Hurricane Ritan
September 2005 artle new recoraf 882 mbin Hurricane Wilma in October 2003Based on
the 902 mbpressure, and on the earlier 166 kgtit-level wind, the peak best track intensity of
150 kt is estimated to have occurred at 1800 ZBQAugust Fig. 6is a visible satellite image
of Katrina at that time.

The structure of Katrina changed dramaticatbyni 28 to 29 August as it approached the
northern Gulf coast TRMM 85 GHz mageryat 2133 UTC28 August revead a developing
outer eyewall and subsequent microwave overpasses ampitte inner eyewall steadily
eroding especially on the southern sid&he central pressure gradually rose to 920hylthe
time of the initialLouisianalandfall near Burasat about 1110 UT@9 August Maximum 700
mb flight-level winds were still 13@35kt east of the eyaround that tim@and were the basis for
the operabnally assessethtensity of 120 kt at the Buraslandfall and at 1200 UTC NWS
Slidell WSR88D radar dataonfirmed thestrength of theeflight-level winds, but the center of
the hurricane wasnuch too distant for the radar to provide concurrent reeiace wind
estimates close to the ey®oststorm analysis of numerousopwindsonde profilesndicates
that the stucture of Katrina had changed since the previous day when it was at its peak intensity,
such that theisual90% adjustmenof flight-level winds would likely provide overestimates of
the surface windson 29 August Comparison offlight-level winds collocated with
dropwindsondesral SFMR data suggest the fligletel to surfaceeductionfactorthat morning
was closer to 80% or perhaps evensl Additional evidence of tls structuraltransformation
comes from @mborne Doppleradarderived windspeedcross sectionsn 29 Augustobtained
from the NOAA Hurricane Hunter aircrafexample inFig. 7). These dateeveal & unusual,
broad,andelevated wind maximum in the2km layer(centered near the 700 mb flight level)
well abovethe more typical locatiorof the maximum winchear the top fothe boundary layer
(~500 m)thathad beerobservedon 28 August The example in Fig. 7b is one of seal cross
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sections from east of the eye on the morning of 29 August that depict the atypical elevated wind
maximum.

The aircraft datafrom 29 August indicate thathe structural changes in Katrina were
associated with itsapid weakeningto a high-end Category 3hurricanejust before landfall in
Louisiana. The strongest surfag@0 m)wind measuredby dropwindsondeonthe morning o9
August was 99 kt from two separate sondes. The maximum surfaceestintatefrom a
dropwindsondegderived from themean wind over the lowest 150 m of the soundugjngan
averageadjustmentderived from profiles in several stormsas 98 kt However, aalysis of
several dropwindsonde profildsom 29 August suggests that a slightly differeatdjustment
could have beenalid that day This differencewould resultin 10 m wind estimatederived
from the lowest 150 m othe dropwindsonde profilebeing3-5 kt strongeror up to about 103
kt. Themaximum surface wind measured by 8EeEMR on 29 August wa86 kt just after 1200
UTC. Thebest trackintensity of Katrina at 1200 UTC 29 Augusthortly after the initial
Louisiana landfalwhen the central pressure was 923 s been adjusted downward in post
storm analysiso 110 ktfrom the operationally assessed value of B20The Buras, LA landfall
intensity about one hour earlier has also bestmated ai10 kt, when the central pressure was
only slightly lower at 920 mb.This estimate isstill about 10%greater tharthe maximum
surfacewinds from the dropwindsonds and SFMR accounting for theossibility that thee
instrumentsdid not samplethe maximum wind It is worth noting thatKatrina was likely at
Category 4 strength with maximum sustained winds of about 115 kt near 0900 UTC 29 August,
couple of hours beferthecenter made landfall ne&uras, LA Due to the large (~230 nmi)
radius of maximum windsit is possible that sustained winds of Category 4 strength briefly
impacted the extreme southeastern tip of Louisiana in advance of landfall of the center.

The estimatedBuraslandfall intensityof 110 kt,just beneath the threshold oat€gory4,
is quite lowrelative to many other hurricanes waltomparableminimum central pressure. In
fact, the central pressure of 9&tb is now the lowest on record ithe Atlantic basin foran
intensity of 110 ktsurpassing Hurricane Floyd (1998atat one point had a central pressafe
930mb with an intensityf 110 kt. The 920 mb pressure is also the third lowest.z8. landfall
on record, behind only HurriceanCamillein 1969 (909 mb) and the 1935 Labor Day hurricane
that struck the Florida Keys (892 mb)he relatively weak windi Katrina for such a low
pressure are the result of the broadening pressure field on 29 August that spread the pressure
gradientover a much larger than average distance frontéiméer,as confirmed by both surface
and aircraft observationsThe generallyweakening convectiotikely alsoreduced momaum
mixing down to the surfagecontributing to surface winds beimgss than whathe usual 90%
adjustment from flight level winds would dictat&atrina exemplifies that there is not simply a
direct oneto-one relationship between the central pressure and the maximum sustaingthwind
a hurricane.

The central pressure in Katrin@rginued to gradually rise during thnext few hours
leading up to its final landfalhear the Louisiana/Mississippi bordarabout 1445 UTC, when
the pressure had reached 928 mibhe eastern eyewaldf the hurricane remained too distant
from theNWS Slidell WSR88D radarduring this periodor the radar to provide neaurface
wind estimatesvhere the strongest winds were occurringowever, all available data from
aircraftindicate that Katrind s  wweakdngd only slightlpetween the first and la§ulf coast



landfalls Just prior to final landfallsurface(10 m)winds measured bgropwindsondeavere as
strong as 99 ktadjustment to the surface of the mean wind speed in the lowest 150 m of
dropwindsonderofiles yielded surface winds &0-95 kt, and SFMR winds were as strong as 91

kt. Making a similar assumptionas for theBuraslandfall intensity,that the available data did

not sample the maximum wind the circulationKatrina is estimated to have made finald&ail

at an intensity of 105 kb kt less than what was assessed operationally.

The strongest sustained windeasuredfrom a fixed locationat the surface on the
morning of 29 August wag6 ktat 0820 UTC bythe GMAN stationat Grand Isle, LA This
stationds a6 mmeatie; failed, at abbdut 0900 UTC, about two hours before
closest approach of the eye. T®euthwest Pass, LE-MAN station(30 m elevationjneasured
a sustained wind of1 kt at 0420 UTC, before the station failed at about 0500 UTC due to storm
surge, aboufour hours prior to closest approach of the.eyée strongest reported wind gust,
although unofficial, was 117 kt in Poplarville, MS at the Pearl River County Emergency
Operations CentefEOC). A gust to 108 kt was reported in Pascagoula, e Jakson
County EOC and a gust to 106 kt was reported by an amateur radio operator at Long Beach,
MS. The strongest gust from an official reporting station was 99 kt at the Grand-MENC
stationat 0838 UTC 29 Augussbout 2.5 hours prior to thiguras,LA landfall.

While the intensity of Katrinavas Category3 as thecenter of theeye made its closest
approach (about 20 n mi)to the east ofdowntown New Orleans, the strongest winds
corresponding tahat intensity were likely preseonly over water tohie east of the eye. The
sustainedvinds overall of metropolitan New Orleans and Lake Pontchartrain likelpained
weaker than @tegory3 strength. The strongessustainedwind in New Orleans isubject to
speculation since observations are spatge,n partto the power failures that disabled ASOS
stations in the area before peak wind conditions occuretew instrumented towers placed in
various locations in the metropolitan areatbg Florida Coastal Monitoring Program (FCMP)
andby Texas Tech diversity measumsustained winds in the range of-6& kt. The Mid-Lake
Pontchanain NWS site(16 m elevation)locatedalong the Lake Pontchartrain Causevadput
8 n mi north of the south shore of the lalilsomeasured aneminutesustained winaf 68 kt
Even though tesevarioussites likely did not experience the maximum wind in the area, the
Mid-Lake Pontchartraigite hadopen marine exposurenlike most locations in the city of New
Orleans. The NASA Michoud Assembly Facility in eastern N@wleans measured a peak gust
of 107 kt (at an elevation of about 40 ft), and a nearby chemical facility measured a peak gust of
104 k (at an elevation of about 3@.f Overall, t appeas likely that most ofthe city of New
Orleans experiencedsustainedsurface winds of Category 1l or Category 2 strength It is
important to notehoweverthat windsin a hurricane generalipcrease from the ground upward
to a few hundred metens altitude andthe sustainedvinds experiencedn upper floors ohigh-
rise buildingswere likely strongerthanthe windsat the same location near the grourfor
example, on average the 25th story of a buildinguldioexperience a sustained wind
corresponding to one SafB8impson category stronger than that experieratethe standard
observing height of 10 m

A precise measurement of the storm syrgeduced by Katrinalong the northern Gulf
coasthas beencomplicated by many factors, including thédespreadailures of tide gauges
Additionally, in many locations,most d the buildings along the coast were completely



destroyed, leavingelatively few structures whin which to identify stillwater marks. Despite

these challenges, several high water mark observations of the stormfreungelong the
Louisiana,Mississipp, and Alabamaoass were collected andnalyzedunder the direction of

the Federal Emergency Management Ageriy\A). These datandicate that thestorm surge
wasabout24 to 28ft along the Mississippicoastacross a swath about 20 miles wide, cextere
roughly on St. Louis Bay. This area encompasses the eastern half of Hancock County and the
western half of Harrison County and includes the comnasdf Waveland, Bay St. LouiBass
Christian and Long BeachThe maximumhigh water marlobservatiorof storm surgevas27.8

ft at Pass Christian, on the immediate Gulf coast just e§t. Louis Bay The dataalso
indicate that the storm surge was tb 22 ft along the eastern half of the Mississippi coast,
roughly from Gulfport to Pascagoulalhe suge appears to have penetratgdeastsix miles

inland inmany portions of coastélississippiandup to 12 miles inland alondays and rivers

The surge crossed Interstate 10 in many locati@isservations also indicakatrina produced

a lesser butstill very significant storm surgeof 10 to 15ft along coastl areasof western
Alabama(Mobile County) including Dauphin IslanKatrinaalsocaused floodingesseral miles

inland from the Gulf coast along Mobile Bayhere data indicate a storm surge8ofo 12 ft
occurred in particularalong the northern and western shores of the lialyservations indicate

that the storm surge along the Gulf coast of eastern Alabama (Baldwin County) was as high as
about 10ft.

Although the storm surge was high# the east of the path of the eye of Katrinagay
significant storm surge also occurred west of the path of the &y® the level of Lake
Pontchantain rose, sveralfeet of water were pushed inttommunitiesalong its northeastern
shorein St. Tammany R&h from Slidell to Mandeville, buisiana High water mark data
indicate the storm surge was 12 toftléh those areasThe data also indicate a storm surge of 15
to 19 ft occurred in eastern New Orleai®. BernardParish,and Plaquemines Parishwhile the
surge wadl0to 14 ft in western New Orleanslong the souirnshores of Lake Pontchartrain
Farther west, observations indicate a storm surge of 5 foalong the shores of western Lake
Pontchartrain.The surgeseverelystrained the levee sgsnin theNew Orleansarea Severabf
the levees and floodwalls were overtopmatt/or breachedt different timeson the day of
landfall. Most of the floodwall and levee breaches weue to erosiomn the back sideaused
by overtopping but a few beaches occurred before the waters reached the tops of the floodwalls
The sirgeovertopped large sections of tleweeseast ofNew Orleansin Orleans Parish and St.
Bernard Parishandit also pushed wateup the Intracoastal Waterwand irto the Indugrial
Canal. The water rise in Lake Pontchartrain strainedlabewalls alongthe canalsdjacento
its southern shorencluding the 1th Street Canal anthe London Avenue Canal. Breacles
alongthe Industrial Canal east of downtowsew Orleansthe London Avenue Canal north of
downtown, andhe 17h Street Canal northwest of downtown appear to have occurred during the
earlymorningon 29 August Overall, about 80% of the city of New Orleans floodedvarying
depths up to about 20, within a day or so after landfallof the eye Following the setbacks
caused by additional flooding associated withlgte September 2005 passage of Hurricane Rita
to the south,ite Army Corps of Engineers reporteal b1 October 2005, 43 days aftemat r i na 6 s
landfall, that all floodwaters had been removed from the city of New Orleans.

The massivestorm surge produced by Katrina, even though it had weak&oed
Category5 intensity the previous dalp Category3 at landfallin Louisiana can begenerally



explained bythe huge size of thetorm Katrina hadon 29 August large(about25-30 n mi)
radius of maximum winds and a very wideath of hurricane force windwat extended at least
75 n mito theeast from the centerEven though Hurricane Camille (1969) wasrn intense
than Katrina at landfalivhile following a similar track,Camille was far more compact and
produced comparably high storm surge values along a much narrower sMsdhKatrina had
already generateldrge northwardpropagating swellsleadingto substantiaivave setup along
the northern Gulfcoast when it was at @tegory4 and5 strergth during the 24 hoursr so
before landfall. In fact, buoy 42040operated bythe National Data Buoy Center (NDB@nd
located about 64 n mi south of Dauphstand, Alabamareporteda significant wave height
(defined agheaverage of the onrthird highest waves)f 30ft as early as 0000 UTC 29 August
This buoy later measureaa peaksignificant wave heighof 55 ft at 1100 UTCthat matcheghe
largest sigificant wave height ever measured by a NDBC bu@yv er al | |, Katrinaods
storm surge isttributablemainly to the largehorizontal size of the hurricane, with the total
water level being further increased by waves, including those generated\tioeipiaay when
Katrina was at Category 5 strength

Katrina also produced some storm surge outside ohtimthern Gulf coashurricane
warning areas.Gauge data indicatiat sorm surge ranged frombout6 ft along thewestern
Florida panhandle to aboahe ortwo ft along most of the westentralcoast of Florida.About
two to four ft of storm surge occurred along the extreme southwestern Florida dastrm
surge of aboutwo ft was reported at Key West, Florida as Katrina passed by to the mog o
August. The surge wasilso small about twoft, along portions ofthe southeastern coast of
Florida.

Rainfall distributions associated with Katrina across ssmithFlorida were highly
asymmetricabout the storm trackyith the greaestfloods occuring over the southern semicircle
of the hurricangprimarily affectingportions ofsouthern MiamiDade County. Seleetl rainfall
totals from MiamiDade County include 14.04 inches at Homesteadréice Base, 12.25 inches
at Florida City, ad 11.13 inchesn Cutler Ridge Rainfall amounts to the north of the center
over northern MiamiDade Countyand Broward Cougtweregenerally2 to 4 inches Rainfall
amounts over interior and western portions of the southern Florida peninsula were much less and
generdly ranged from 1 to 3 inchd3able 3)

Precipitation amountsduring the landfall along the northern Gulf coasrevgreatest
along and just west dhe trackof the center A large swath of 80 inches of rairiell across
southeastern Louisiana andushwestern Mississippiwith a small area of @2 inches over
eastern Louisianancluding 11.63 inches reported at tBéidell, LA NWS office. Katrina
produce rainfall amountsof 4-8 inches well inland over Mississippi amubrtions of the
Tennessee \ey.

A total of 43 reportedtornadoesvere spawned by KatrinaOnetornadowas reportedn
the Florida Keys on the morning of 26 Augu€in 2330 August,20 tornadoes were reportéa
Georgia,1l1lin Alabama,and1l1in Mississippi The Georgia tornags were the most on record
in that statdor any single day in the month of August, and one of them caused the only August
tornadofatality on record in Georgia
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C. Casualty and Damage Statistics

Katrina was a large and intense hurricane that struckri@gopoof the United States
coastlinealong the northern Gulf of Mexicthat is particularly vulnerable tetorm surge
leading to loss of life and property damagieimmense proportions The scope of human
suffering inflicted by Hurricane Katrina in tHénited Statedias beergreater than that of any
hurricane to strike this country geveralgenerations.

The total number ofatalities known as of this writingto beeither directly or indirectly
related to Katrina is 833, based on reports to date rficstate and local officials in five states:
1577 fatalitiesin Louisiana, 28 in Mississippi, 14 in Florida, 2 in Georgia, and 2 in Alabama.
The total number of fatalitiedirectly related tahe forces ofKatrina is estimated to be about
1500 spread acrss fourstates, witrabout1300 of thesen Louisianaabout200 in Mississippi,6
in Florida,and onein Georgia Especiallyfor Louisiana and Mississippihe number of direct
fatalities ishighly uncertain and the trusumberwill probably not ever beknown As of this
writing, several hundregersons are still reported missimgassociation with Katrinaso it is
possible the death toll could grow beyond current estimates

Presumably most of the deaths in Louisiana werdirectly caused byhe widepread
storm surgenducedflooding and its miserable aftermath in the New Orlearea However
severalindirect fatalitiesin Louisianahave beerconfirmed orare suspected, and some deaths
included in the totamight not be related to Katrina at all.ouisiana also reports that persons of
more than 60 years of age constituted the majority of the Kaklated fatalities among its
residents. The vastmajority of the fatalities in Mississipgrobablyweredirectly caused byhe
storm surge irthe theecoastal countiesin Florida, hreeof the direct fatalities wereaused by
downed trees in Broward Countgnd thethree otherswere due to drowning in MiamDade
County. Two deaths were also reported in Geargvith onedirectly caused by a tornadand
the otheroccurringin a car accidentndirectly related to the storm Alabama reported two
indirect fatalities in a car accident during the storDespite the fact that inland fresh water
floods produced the majority of fatalities due to tropicatl@enes during the past few decades,
Katrina provides a grim reminder that storm surge poses the grpatestialcause for large
loss of life in a single hurricane in this country.

Where Katrina ranks among the deadliest hurricanes on record ldnitexl Statess
somewhat uncertain, due to thekmown numberof fatalities causeddirectly by thishurricane
andby some others in the pasKatrinais surpassed by the Galveston, Texas hurricane in 1900
that claimed at least 8000 livesd by the 1928 L&e Okeechobee, Florida hurricane with over
2500 fatalities If the assumption is correct thast of theKatrinarelatedfatalities were caused
directly by the stormthen Katrina ranks as the third deadliest hurricane in thated States
since 1900 ard the deadliest in 77 yeardHowever two hurricanes in 189#&ight each have
been directly responsible fanore fatalities in the United Statethan Katrina One of these
struck the southeastern Louisiana barrstaind of Cheniere Camimala and killedabout 2000
peopk, while another struck Georgia and South Carolina and claimed somewhere between 1000
and 2000 lives. As a result, Katrina raméarth orfifth on the list ofthe deadiesthurricans on
record in thdJnited States.
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The extentmagnitude and impact®f the damage caused by Katrina are staggexily
are well beyond the scope of this report to fully describrousands of homes and businesses
throughout entire neighborhoods in the New Orleans metropolitarwarealestroyed by flood
Strong winds also caused damage in the New Orleans area, including downtown where windows
in some high rise buildings were blown out and the roof of Litheisiana Superdome was
partially peeled away.The storm surge of Katrina struck the Mississippi cosstith such
ferocity that entire coastal communities were obliterasenneleft with little more than the
foundations upon which homes, businesses, government facilities, and other historical buildings
once stood.Despite beingnore distant from theye of Katring the storm surge over Dauphin
Island Alabama destroyed or damaged dozens of beachfront homes and cutanaétihrough
t he 1 sl and o Manywa the raostrsevarety dmpacted areas along the northern Gulf
coast could take years to cplately rebuild. Kat ri nadés heavy rains 1in
some neighborhoods, primarily in MiasbiadeCounty. Many otherstructuredrom Floridaand
Georgiawestwardto Louisianathat avoided surgeor fresh water floogl including some areas
well inland, were damaged by strong winds and tornad@msiderable damage somehomes
and agricultural facilitiesvas causedy several tornadoes in Georgigtrong winds caused
significant tree damagthroughout muctof Mississippi and Alabama.Combhing all of the
areas it impactedKatrina left about three million people without electricity, some for several
weeks.

The economicand environmentatamifications of Katrina have beerwidespread and
could in some respects bmng-lasting, due tompactson large populatiomnd tourismcenters,
the oil and gasindustry, and transportation. The hurricane severely impamtediestroyed
workplaces inNew Orleans and other heavily populated areas of the northern Gulf coast,
resulting in thousands of lost jpland millions of dollars in lost tax revenues for the impacted
communities and statesAlong the Mississippi coast, several large casinos on floating barges
were damaged or destroyed when the surge pushed them onthage. numbers of evacuees
have notreturred home, producing a shortage of workers for thbsmsinesseghat have
reopened.Major beach erosion occurred along the tourg@pendent coasts of Mississippi and
Alabama. A significant percentagef United State®il refining capacity was digpted after the
stormdue to flooded refineries, crippled pipelines, aederaloil rigs and platforms damaged
adrift or capsized An oil rig under construction along the Mobile River in Alabama was
dislodged, floated 1.5 miles northward, and struck@behrane Bridge just north of downtown
Mobile. An offshore oil rigwashed up near the beach of Dauphin Island, Alabama. Several
million gallons of oil were spilled from damaged facilitiegattered throughout southeastern
Louisiana While sveralfacilities have since resumed operatioas, of this writingoil and
natural gagproduction and refining capacity the northernGulf of Mexico regionremains less
than that prior to KatrinaKey transportatiorarteries weralisrupted orcut off bythe hurricae
Traffic alongthe Mississippi River wabelow normal capacity for at least tweeeksfollowing
the storm Major highways into and through New Orleans were blocked by $loddajor
bridgesalong the northern Gulf coast were destrqyiedluding seveal in Mississippi and the
Interstate 10 Twin SpaBridge connectingNew Orleans and Slidell, Louisiana.

The American Insurance Services GroifdSG) estimates that Katrina is responsible for
$41.1 billion of insured losses in therited States The estinated insured loss from flooding
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from the National Flood Insurance Program (NFIP) is $25.8 blllioAn estimate of the total
damagecost ofKatrinain the United States obtained by doubling the AISG figute account

for uninsured losses and adding tinsured losses from NFIP. This yields a total damage
estimate of $108 billion in the United States for Katriitéis figure makes Katrinafar and away

the costliest hurricanm United Statedhistory, overthreetimesthe total monetary damagef
Hurricane Ike (2008), the second costliest United States hurricanegagidyfour timesthat of
Hurricane Andrew (1992F. Normalizing for inflation and for increases in population and
wealth, only the 1926 hurricane that struck seuthFlorida surpasses Kata in terms of
damage cost. The Insurance Information Institute reports that, mostly due to Katrina but
combined with significant impacts from the other hurricanes striking the United States this year,
2005 wasby a large margin the costliest year efggrinsured catdsophe losses in this country.

Data provided byFEMA indicate thatover 1.2 million people along the northern Gulf
coastfrom southeastern Louisiana to Alabamere under some type of evacuation order, but it
is not clearhow manypeopleactually evacuatedMedia reports indicate that many displaced
residents have moved either temporarily or permanentbtherareasin the United States.A
large number of these people might never return to live in theiKgigna homes or cities.
Thousandof people are still living irhotels andemporary shelteras of this writing Some
people remain separated from other family members and/or are unable to determine if their
family memker(s) survived the storm.

d. Forecast and Warning Critique

The possibility ofdevelopment ofthe system that eventually became Katrina was
conveyed in the Tropical Weather Outlook (TWO) issuetheyNHC, beginning about 36 hours
before it became a depressiom 23 August Only gradualdevelopment was anticipated the
TWO until the incipient system began to consolidate earthémorning of 23 August, about 12
hours beforeghe first advisory was issuedhe possibility that a depression could form later in
the day was conveyed the 11:30 am EDT issuance di¢ TWO on 23 August.

Average official forecast track errors in nautical milesr(in (with number of cases in
parenthess) for Katrina were 24 (27), 42 (25), 64 (23), 96 (21), 174 (17), 213 (13), and 244 (9)
for the 12, 24, 36, 48, 72, 96, and 120 h fasts respentely. These forecast errors kee
considerablydssthan the average official Atlantic track errors for they#@r period 1992004
of 42, 75, 107, 138, 202, 236, 310 for the 12, 24, 36, 48, 72, 96, and 120 h forespsigively
(Table4). Note that average errors at 96 and 120 h reflect only the perioe220divhenthose
forecasts hdibeen made either experimentally (26I2) or operationally (20084). The 1248
h official forecasts during Katrina represented significant improveswé3%, 44%, 40%, and

! The county NFIP losses are multiplied by the estimated county penetration rates for the highest

flood risk area using the Federal Emergency Management Agency (FEMA) special flood hazard area
(SFHA, e.g. the 10§ear base flood plain) for a more accurate estimate. This estimate should still be
conservative for total flood damages because mo

areas outside of the SFHA can also experience signifilcading.
2NOAA Technical Memorandum NWSNHE, fiThe Deadl iest, Costliest, and Mc
Cyclones from 1851 to 20100. Revised August 2011.
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31%, respectivelyover thecorrespondind 0-yearaverags. The relatively small errors at 128

hours greatly helped inthe issuance ofgenerally accurate and timelgoastalwatches and
warnings(Table5). The 72 96, and120 hofficial track forecast errorsvere still less than the

long-term averages, but only 4%, 10%, and 25%espectively. The errors atthese longer

lead timescan beparially attributedto thedifficult f or ecast scenari o associ
westsouthwestard motion across the southern Florida peninsula and eastern Gulf of Mexico.

Even though the officiarack forecasts wergenerallymuch better than therevious10-
year average the official forecastwerebetteredon averaget various leaditnesby several of
the numerical model§Table 4) Specifically, theinterpolatedUnited Kingdom Met. Office
global model(UKMI), the Florida State University Superensemble (FSSE), and the CONU an
GUNA consensus models on average provideelcastdhatwere more accurate than the official
forecastout to72 h Theinterpolated versions of tt@FDL and NOGAPSnodels, GFDI and
NGPI, on averageveremore accuratéor Katrinathan the official forecast a2 and 96h; GFDI
was also more accurate than thioadl forecastat 120 h. Contributing to the lower GFDI errors
was the fact that, before Katrina crossed Florida, the GFDI forecast a more southerly track across
the Florida peninsula and a track farther to the west over the Gulf of Mexico than tied offic
forecast.

The officialtrackforecasts for Katrina issued within about two and a half days of landfall
of the centeiin Louisianawere exceptionally accurate and consistent. Every official forecast
that was issuedeginning at2100 UTC 26 August shaved a track crossing the coast of
Mississippi and/or southeastern Louisiarnihe NHC does not explicitly issue forecasts for the
precise location or timing dandfall. However, it is instructivéo examine the forecaster
Katrina verifying at 1200 UTC29 August, less than an hour following the initial Louisiana
landfall. The official track forecasts issued 12, 24, 36, and 48 hours prior to 1200 UTC 29
August were in error by only 19, 24, 32, and 56 n mi, respectively. These errors are less than
half the magnitude of the corresponding-yiar averages among all Atlantic basin forecasts.
Importantly, they were all issued with a hurricane watch or warning in effect for the northern
Gulf coast. Much of the credit for these very small errors must ben diveéhe guidance
provided by several dynamical models during this time frame.

Average official intensityforecasterrors during Katrina were 10, 17, 28, 27, 43,and
36 kt for the 12, 24, 36, 48, 72, 96, and 120oteéasts respectively These errs were
considerably larger thame correspondingitlantic 10year (19952004) averages of 6, 10, 12,
15, 18, 20, and 22 ktDespite the larger than average intensity errors, the official forecasts did
provide some useful indications, especially withpees to the issued watches and warnings, of
what the intensity could be at the initiahited Statedandfall in Florida. Additionally, every
official forecast within about three days of landfall in Louisiana correctly anticipated that Katrina
would be amajor hurricane (at least Category 3) at landfall on the northern Gulf coast.
average official intensity forecast errors at all lead times were less than those for the SHIPS
model (with inland decay component included), the GFNI (interpolated GFDN)the FSSE.
However, the GFDI (interpolated GFDljtensity forecasts were on average more accurate than
the official intensity forecastsgxcept at 12 and 120 hKatrina was an unusually intense
hurricane and underwent two rapid intensification periodsuding thevery rapid strengthening
from Category3 to Category5 on the morning of 28 August. Obviouslycarately forecasting
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the timing and magnitude slucheventsremains an operationahallenge, in part because the
availableintensity guidace modelggenerallyhavelittle or no skill in forecasting rapid intensity
changes However,the GFD wasquite accuratdn forecastingabout two days imdvance, that
Katrina would reacltthe Category2/3 intensitythresholdearlyon 27 August. In fact, it was in
error by only 2 kt withits2dh f or ecast of Ké&dmreb kt @bkt bg0600e n gt h e
UTC 27 August. The GFDI model also consistetly forecast Katrina to reach Category 4
intensity beyond that timeand to remain a major hurricantil landfall on the northern Gulf
coast. The GFDIfell short offorecasting at any lead tintae strengthening of the windsom
Categoy 3 to Category Sntensityon 28 August However the modeldid forecast the central
pressire to fall to about 920 mbelginning about two days beforeat occurred on 28 August,
and it even forecashe pressure to fall below 910 mbout24 hoursn advance of whethe 902
mb minimum pressurevas observed.

Table5 lists all of thecoastawatches and warnings issued Katrina. A tropical storm
warning was issued for the central and northwestern Bahamas at 2100 UTC 23 August,
approximately 15 hours before Katrina strengthened into a tropical si@nthe BahamasA
tropical storm watchvasissued or24 August at 030 UTC, approximately 43.5 hours prior to
the landfall of the center dfatrinain Florida, for portions of the Florida Keys and the southern
peninsula of Florida from Seven Mile Bridgerthwardto Vero Beach. A hurricane watch was
later issuedrom Florida City to Vero Beaclon 24 August at 1500 UTCapproximately 31.5
hours ahead of landfadif the centerand this was changed to arhicane warning on August 25
at 0300 UTC, approximately 19.5 hoymsor to landfall. The lead timeson the hurricane wath
and warning for southernFlorida were less than the usual targebf 36 and 24 hours,
respectivelys i nce Katrinads f or wa rlateron@3 Augusivastfasterar d t I
than forecast. Howevethe hurricane watch and warningereissued whle Katrina wasstill a
tropical storm. Despite the uncertainties in intensity forecastiriggergythening to a hurricane
beforethe Florida landfall was correctly forecasbm the time the hurricane watch was issued
Strengthening to near the threshofchurricane status before landfall was also indicated in every
advisoryon Katrinaissued prior to that time.

A tropical storm watch was issued for the middle and upper Florida Keys about two days
before tropical ston conditions reached those areas.owdver, subsequent tropical storm
watches and warnings for the Florida Keys émelsouthwestern coast of the Florida peninsula
were issued with less than the desired lead times, due to the actual motion of Katrina across the
peninsula being more rapid antbre toward thevestsouthwest than forecasA tropical storm
warning was issuedt 2100 UTC 25 Augudbr the Florida Keydrom Key West northeastward,
and along the southwesh coast of Florida from Longboat Key southwaadbout ninehours
before trgical stormforce windsbeganin portions of tlat warning area.Additionally, while a
tropical storm warning was issued for Dry Tortugas a®00UTC 26 August, a hurricane
warning was neveissued for that island Siwstained hurricanéorce winds were regted there
for a brief period near 2100 UTC 26 Augudilowever, sistained hurricanr®rce winds were
not reported anywhere else in the Florida Keys.

A hurricane watclwas initially issuedor the Louisianacoastfrom Morgan City tothe

mouth of thePeal River at the Mississippi border, &V August at 1500 UTC, approximately 44
hours in advance of the initial Louisianantfall of the center of Katrina This watch was
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extended eastwardt 2100 UTCthat day to include the entire coastlines of Mississgm
Alabama more than4l hours prior the landfall of the center near the Louisiana/Mississippi
border. Ahurricane warningvas later issueffom Morgan City to the Florida/Alabama border
at 0300 UTC28 August approximately32 hours in advance of theitial Louisianalandfall of

the centeand more than 3Bours prior to the final landfatif the center These long lead times
were necessary to account for thege extent of hurricandorce winds from the center, and the
need to complete preparatiopsfore the even earli@rrival on the coasof tropical stormforce
winds. The timing of the watches and warningasiespeciallyprudent given that Katrina
reached the coaslightly faster than forecast at the time yheere issued. To allow for
sufficient lead time while accounting for forecast uncertairtgsd watch and warning areas
were fairly large. Howeveisince hurricandorce winds extended at least 75 n mi to the east
from the center of Katrinan the morning of final landfalif the watchand warning areasad
been any smalleon the eastern end, portions of the coastline would not have been properly
warned Sustained hurricarierce winds were reported as far east as Dauphin Island, Alabama
leaving at mosabout30 n mi to spare withithe eastern end of the hurricane warning area.

About 24 hours before theenterof the hurricane made final landfall, NHC public
advisoriesbeganconveyng the expectation that the storm surge wouldlB&2 ft, locally as
high as 28 ftnear wherever theenter of Katrina would make landfallThese forecasts were
based on redime, operational runby the NHCof the Sea, Lake, and Overland Swfiem
Hurricanes (SLOSH) model. The observed storm surge values described easdietian b
indicate thatheseSLOSHbased NHC forecasts of storm surge were quite accurate.
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Table 1.

Best track for Hurricane Katrina, 22 August 2005

Date/Time Latitude Longitude Presure gv 'gg d Stage
(UTC) (°N) (°W) (mb) ) J
23 /1800 23.1 75.1 1008 30 tropical
depression
24 / 0000 23.4 75.7 1007 30 !
24 / 0600 23.8 76.2 1007 30 !
2411200 24.5 76.5 1006 35 tropical storm
24 /1800 25.4 76.9 1003 40 !
25 /0000 26.0 77.7 1000 45 !
25 /0600 26.1 78.4 997 50 !
25/1200 26.2 79.0 994 55 !
25/1800 26.2 79.6 088 60 !
26 / 0000 25.9 80.3 983 70 hurricane
26 / 0600 25.4 81.3 087 65 !
26 /1200 25.1 82.0 979 75 !
26 /1800 24.9 82.6 968 85 !
27 / 0000 24.6 83.3 959 90 !
27 /1 0600 24.4 84.0 950 95 !
27 /1200 24.4 84.7 942 100 !
27 /1800 24.5 85.3 948 100 !
28 /0000 24.8 85.9 941 100 !
28 / 0600 25.2 86.7 930 125 !
28 /1200 25.7 87.7 909 145 !
28 /1800 26.3 88.6 902 150 !
29/ 0000 27.2 89.2 905 140 !
29 /0600 28.2 89.6 913 125 !
29 /1200 29.5 89.6 923 110 !
29 /1800 31.1 89.6 948 80 !
30 /0000 32.6 89.1 961 50 tropical storm
30/ 0600 34.1 88.6 978 40 !
30/1200 35.6 88.0 985 30 tropical depressio
30/1800 37.0 87.0 990 30 !
31 /0000 38.6 85.3 994 30 extratropical
31/0600 40.1 82.9 996 25 !
31/1200 merged with front
Maximum wind
28 /1800 26.3 88.6 902 150 andminimum
pressure
FL landfall at
25 /2230 26.0 80.1 984 70 BrowardMiami-

Dade County line

17




29/1110

29.3

89.6

920

110

Landfall near
Buras, LA

29 /1445

30.2

89.6

928

105

Landfall near
LA/MS border
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Table 2.

Selected ship reports with winds of at least 34 kHomricaneKatring 23-30

August2005

Date/Time | Ship call sign Latitude Longitude Wind Pressure

(UTC) (°N) (°W) dir/speed (kt) (mb)
25 /1800 ZCAM5 26.8 79.3 080/ 37 1005.5
26 / 0600 WNDG 24.5 80.3 190/ 45 1005.0
26 / 0600 WTER 24.6 81.8 260/ 40 999.3
26 / 0600 KSYP 24.8 80.4 180/ 36 1004.5
26 /1200 WFJIN 24.0 81.8 250/ 37 1003.0
26 /1400 WTER 24.6 81.8 200/ 50 1000.8
26 /1500 WTER 24.6 81.8 200/ 55 1000.8
26 /1800 WTER 24.6 81.8 180/ 39 1002.9
26 /1900 WTER 24.6 81.8 160/ 52 1002.2
26 /2100 C6FM9 24.4 80.4 180/ 40 1007.0
26 /2100 WTER 24.6 81.8 160/ 35 1001.4
27 /0000 ELQQ4 24.1 82.0 180/ 37 1000.5
27 /1 0600 V7DW6 22.8 84.3 240/ 45 999.0
27 /1200 KS049 22.7 84.5 240/ 36 994.1
27 /1800 H3VR 23.2 83.3 190/ 40 1001.0
27 /1800 KS049 23.5 82.6 160/ 41 994.5
27 /1800 ELQQ4 25.5 83.1 120/ 37 1003.5
2712100 WDB325 23.8 86.8 340/ 38 995.2
27 /2100 WGXO 23.8 82.8 150/ 37 1001.2
28 / 0000 PFSK 21.1 84.4 200/ 35 1005.5
28 / 0000 WGXO 23.5 83.2 160/ 37 1000.3
28 / 0300 WGXO 23.2 83.8 160/ 37 1002.0
28 / 0300 WDB325 23.7 85.5 220/ 37 996.0
28 / 0600 WGXO 23.0 84.5 170/ 44 1001.2
28 / 0600 WDB325 23.7 84.7 190/ 54 999.5
28 / 0800 V7HD3 27.6 92.1 000/ 35 994.0
28 / 0900 WDB325 23.7 84.0 190/ 48 1001.2
28 /1200 WGXO 23.0 85.9 190/ 44 999.5
28 /1200 PESK 23.0 85.7 200/ 37 1001.9
28 /1200 PJOJ 27.6 83.0 130/ 35 1007.3
28 /1400 AUBK 24.0 88.3 250/ 37 1000.0
28 /1400 VRZNS 27.9 91.0 040/ 47

28 / 1500 WGXO 23.0 86.8 210/ 40 1000.8
28 /1500 C6FE5S 23.1 86.5 190/ 36 1006.5
28 /1500 V7HD?2 27.1 91.6 010/ 40 1003.0
28 /1700 VRZNS 27.9 91.7 040/ 47

28 /1800 C6FE5S 23.8 87.0 200/ 36 1004.5
28 /1800 MCLQA4 26.0 84.9 180/ 42 1005.0
28 /1800 V7HC8 27.5 90.6 020/ 40 998.0
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28 /2100 WGXO 23.5 88.2 240/ 37 998.5
28 /2100 V7HC6 26.2 91.4 350/ 35 993.0
28 /2100 V7EA2 26.9 91.7 350/ 37 989.4
28 /2100 V7HD?2 27.0 92.3 350/ 35 1001.0
28 /2100 V7HCS8 27.4 90.9 010/ 35 997.0
29/ 0000 WGXO 23.7 89.1 230/ 37 998.8
29 /0000 C6KJ5 24.9 89.4 240/ 38 994.5
29/ 0000 V7/HCG6 26.2 91.4 320/ 40 993.1
29/ 0000 ELXL3 26.6 90.9 310/ 55 990.0
29 /0000 V7EA2 26.8 91.7 340/ 44 986.8
29/ 0000 V7HD2 27.0 92.7 350/ 40 1001.0
29 /0000 V7HCY 27.1 92.6 020/ 37 998.6
29 /0200 VRZN8 26.5 92.7 350/ 54 997.0
29 /0300 C6KJIS 25.2 89.7 220/ 38 995.7
29 /0300 ELXL3 26.5 90.8 310/ 52 991.0
29 /0300 V7EA2 26.8 91.7 320/ 44 988.2
29/ 0400 V/7/HCS8 27.1 91.4 350/ 40 996.0
29 /0500 VRZN8 26.4 92.2 330/ 54 996.0
29/ 0600 C6KJIS 25.5 90.0 220/ 38 997.0
29/ 0600 ELXL3 26.4 90.8 290/ 45 994.0
29/ 0600 V7HCY 27.0 92.7 340/ 37 998.3
29/ 0600 MCLQ4 27.6 85.2 150/ 36 1005.6
29 /0700 V7EA2 26.8 91.7 300/ 40 988.0
29 /0800 V7HC9 27.0 92.7 320/ 38 998.6
29 /0900 C6KJIS 25.9 90.5 220/ 35 997.5
29 /0900 VRZN8 26.3 91.4 330/ 54 995.0
29 /0900 ELXL3 26.4 90.8 260/ 44 996.0
29 /0900 V7EA2 26.8 91.7 290/ 35 989.9
29 /1100 C6FM8 22.3 88.0 230/ 35 1009.0
29 /1200 VRZNS 26.5 91.0 040/ 47 995.0
29 /1200 MCLQ4 28.3 85.5 170/ 36 1004.3
29 /1500 VRZNS 26.9 90.7 270/ 54 999.0
29 /1800 MCLQ4 28.3 86.4 200/ 39 1004.8
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Tabe 3. Selected surface observations for Hurricane Katrird)28ugust 2005.

Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Tof[al
rocaton D_ate/ Press. D_ate/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]

time time B

(UTC) (mb) (UTCF (kt) (kt)
Florida

Official

\évvse%t':/"v;atg)(”ear 26/0105| 983.1 | 26/0115| 60 76 5.90
Virginia Key (RSMAS) 25/2254| 990.2 | 25/2355 63 81
Fort Lauderdale (KFLL) | 25/2245| 988.8 | 25/2355 52 71 3.07
West Kendall (KTMB) 26/0109| 986.1 | 26/0137 43 66 7.71
Miami (KMIA) 26/0020| 987.8 | 26/0124 42 68 5.10
Virginia Key (AOML) 25/2300| 988.0 | 25/2330 66 7.40
Boca Raton (KBCT) 25/1950 56
;ﬁg;?”gf&%'f‘zxecuwe 26/0028| 41 57 2.90
Pompano Beach (KPMP) | 25/2213| 997.6 | 25/2213 41 54 1.63
Opa Locka (KOPF) 25/2327| 987.5 | 25/2229 39 57
Pembroke Pines (KHWO)| 25/2156| 992.9 | 25/2156 39 56
Miami Beach (KMBF) 26/0000| 987.8 | 26/0000 30 47 3.48
West Palm Beach (KPBI) | 25/2000| 1008 | 26/0243 28 35 1.21
Naples (KAPF) 26/1100| 1002 | 26/1711 24 36 0.66
Homestead (KHST) 14.04
Chekik& 26/0235 66 8.14
Racoon Poirft 26/0435 34 3.94
Tenraw 26/0220 63 3.70
Caché 26/0715 58 5.31
Ochopeé 26/1135 44 1.36
Oasi§ 26/0430 55 1.55
Key West (KEYW) 26/1353| 999.3 | 26/1527 53 64 est2.5 | 10.05
gfaﬂl\é\:]e(smg‘;g' Alr 26/1549| 48 60
Marathon (KMTH) 26/0728| 1000.7 | 26/0836 30 44 9.71
Big Pine Key 26/1340 33 44
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time time b
ute) | ™ | Groe | o (k)
Fort Myers (KFMY) 26/0950| 1004.4| 26/1742 26 34 1.17
Fort Myers (KRSW) 26/1008| 1004.1| 26/1649 27 35 1.53
Punta Gorda (KPGD) 26/0956| 1006.4 | 26/1728 29 36 1.37
Winter Haven (KGIF) 26/2019| 1008.5| 26/2038 28 34 0.21
St. Petergurg (KSPG) 27/2053| 1006.4 | 26/1837 34 42 0.33
Fort Myers 0.96 2.34
St. Petersburg 1.07 3.35
Clearwater Beach 1.13 3.81
Apalachicola(KAAF) 29/1850| 1005.1| 29/2055 28 34 0.27
Panama City (KPFN) 29/1650| 1002.4 | 29/1507 24 34 0.44
Destin (KDTS) 29/2053| 999.3 | 29/1722 30 44
Pensacola (KPNS) 29/1757| 995.3 | 29/1452 49 60
Crestview (KCEW) 29/1523| 998.9 | 29/1855 30 38
(E}?\'}ggr Force Base 20/2023| 998.9 | 29/1958| 33 46
Mary Esther (KHRT) 29/1935| 998.9 | 29/1517 38 52
Zfa’;;f‘(’}ia,\l'\;%a' Alr 20/1756| 995.3 | 29/1811| 49 62
Pensacola (PENF1) 5.37
(SFa:/T/tEFI:;)sa Sound 4.10
Destin (EPSF1) 4.52
Unofficial
North Miami Beach 25/2330| 985
Pembroke Park 25/2214| 985.8
Z‘r’&‘iftead General 26/0345 84 11.80
Port Everglades 25/2300 80
\(’(\éiitnfs/”\?ﬂ:k) 26/0130 75 6.93
Miami i The Falls
(from Weather 26/0050| 988.7 | 26/0150 56
Underground)
Palmetto Bay 26/0005| 994.9
Pembpke Pines 25/2000 56
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time (mb) time . (k)" (k)
(UTC) (UTC)
‘L’Jvne(fé?grg{;rg)wather 26/0130| 997.2 | 26/0130 40
Boynton Beach 25/2000| 1003.2 | 25/2000 48 2,51
Davie 25/2314 64
Fort Lauderdale 25/2218 58
Miramar 26/0042 57
Hialeah 26/0044 52
Coorer City 26/0020 52
Miami Shores 25/2318 51
Pompano Beach 25/2339 50
Pembroke Park 26/0029 47
Coral Springs 26/0020 43
Perrine 25/2330 42
Marco Island 26/1530 67
Cudjoe Key 26/1103 44 63
Perrine 16.33
Key Biscayne 7.36
Hialeah 4.30
Big Cypress 3.93
Hollywood 3.78
Fort Lauderdale 3.51
West Boynton Beach 2.66
Palm Beach Gardens 2.57
Devils Garden 2.20
[(:Sl?:r\llt\j/i/lgltg_ﬂg) 12.25
Ry
Gt 8
(FSICI):r\I/(\j/?/ISgDAFl) S
'(:SI?:r\II(\j/T\I/IgltéBBFl) 6.02
Gould$ 457

(SFWMD BCPF1)
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time time b
ute | ™0 | rop | ko (k)
Leisure City 4.40
(SFWMD BHMF1)
g;:lr(y Hammock State 9.89
Key Largo (John 594
Pennekamp State Park)
Flamingo 2-4 3-5
Key West _ 25
Southermost Point
Steinhatchee 2.40
Walton County 5
Bay County 5
Gulf County 5
Franklin County 5
Wakulla County 5
Taylor County 2
Dixie County 2
(6 m west of Mary Esthen) 201434 51 | 60
Destin 37
Pensacola (WEAR TV) 50 3.06
Philpot 7.80
Milton 4.50
Molina 5.00
Okaloosa County est4-6
Santa Rosa County est5-8
Escambia County est7-9
Cuba
P. R. de San Diego 27/0600| 1003.3| 27/0940 25 32 5.16
San Juan y Martinez 26/2300| 1002.6 | 27/1550 35 45 8.45
Bahia Honé 27/0600| 1001.2 | 27/0950 32 40 5.24
Pinar del Rio 27/1305| 1002.3 | 27/1605 38 48 8.20
La Palma 27/0900| 1000.6| 27/0930 40 50 5.84
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time time b
ute | ™0 | rop | ko (k)
Isabel Rubio 27/0850| 1002.3 | 27/0635 37 46 8.30
Cabo de San Antonio 27/1200| 1001.8| 27/0930 46 54 0.98
Santa Lucia 27/0900| 996.4 | 27/1030 35 44 2.06
Casa Blanca 27/0505 43 52
Santiago de las Vegas 27/0500| 1003.2 | 27/0600 37 41 6.94
Alabama
Official
Dothan (KDHN) 29/1758| 1002.0 | 29/1848 24 38 2.16
Mobile (KMOB) 29/1632| 983.4 | 29/1546 57 72 3.80
Mobile (KBFM) 29/1653| 985.8 | 29/1501 58 73
Evergreen (KGZH) 29/2224| 993.9 | 29/2008 32 42
?I/l\/loéjlgif)tate Docks 11.45
Dauphin Island (DAUAL) 6.63
Perdido Pass (PPSA1) 5.81
Open Pond 29/1620 37 227
Birmingham (KBHM) 30/0340| 992.9 | 30/0418 31 45 0.78
Oakmulgeé 30/0220 43
Montgomery (KMGM) 30/0059| 995 | 30/0108 31 39 0.20
Anniston (KANB) 30/0720| 997.5 | 30/0720 29 37
Troy (KTOI) 30/0101| 999 | 30/0147 27 36 2.18
Calera (KEET) 30/0349| 993 | 30/0345 28 39 0.83
Huntsville (KHSV) 30/0934( 991.2 2.05
Decatur (KDCU) 30/0522| 990.2 2.33
Muscle Shoals (KMSL) 30/0721| 986.1 3.52
Unofficial
m?giiiéma) 2l D12
Semmes 29/1715| 982.7 57 5.70
Daphne 4.97
Thomasville 3.17
Oak Grove 6.00

25




Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time time b
(UTC) (mb) (UTC) (kt) (kt)
Baldwin County ge_zi
Mobile County 1§_slts
Cuba 955.0 69
Vance 59
Giromie Hale Mission) 992.2 52
Bl 41
(hcvent Schoo) 992.9 37
Birmingham Race Course 995.6 45
Guin 986.5 41
Ranburne 39
Attalla 34
(Meroedes Band) 9885
Gadsden 998.3 0.92
Hamilton 4.82
Addison 3.62
Selma 2.00
Anderson 4.35
Athens 2.59
Mount Hester 6.85
Dime 3.31
Hodges 3.96
Red Bay 5.90
Russellville 6.95
Russellville TVA 6.10
Hytop 2.06
Oakland 2.12
Wilson Dam 3.57
Moulton TVA 3.84
Athens TVA 2.47
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lthr)gce 3‘?)% r(ﬁ’:;]
time time b
ute) | ™ | Groe | o (k)
Monrovia West 3.07
Guntersville 2.16
Northwest Morgan County 2.59
Pence 2.14
Toney 2.67
Tennessee
Official
Fort Campbefi 30/0915 36 3.01
Camden Towér 30/0505 52 2.42
Meigs EOC 30/1605 36 0.46
Coker Creek 30/1540 49 1.50
Unofficial
Sewanee 2.58
University of the South 2.49
Mississippi
Official
Pascagoula (KPQL) 29/0953 38 44
'&"gf)'()' Keesler AFB 20/1400 | 52 85
Gulfport (KGPT) 29/1025 40 55
Pascagoula (PSCM86) 12.16
Green Pass (GRPL1) 11.27
Meridian (KNMM) 29/2355 | 964.4 | 29/2051 70
Jackson (KJAN) 29/2129| 973.3 | 29/2014 56 3.93
Columbus (KCBM) 30/0355| 980.4 | 30/0100 50 5.79
Greenwood (KGWO) 29/2153 46
Greenville (KGLH) 30/0156| 992.8 | 29/2223 44 2.08
McComb (KMCB) 29/1742| 972.2 | 29/1742 42 56
Sharkey Delta Ro&d 30/0105 44 3.87
Holmes 30/0105 51 5.48
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
Storm | Storm | Total
Location surge tide rain
Date/ | press.| DA | sustained| Gust | ®° | @ | (n)
time (mb) time (k)" (k)
(UTC) (uTC)y?
Hancock 29/1605 43 74 10.05
Pike® 29/1705 34 57
Wausafi 29/1705 57 5.96
Greend 29/1610 57
Black Creek 29/1800 43 69 7.64
Neshob& 29/2110 52 6.53
Bienville® 29/2105 48 6.35
Copialf 29/1705 44
Bud€e 29/1905 43 3.71
Covingtorf 29/2005 47
Marion® 29/1605 38 8.19
Winborrf 30/0205 35 4.00
Pass Christian 27.8
Long Beach 25.7
Unofficial
Wortham (Biloxi River) 26
HancockCountyEOC 28
Jackson County EOC, j
108
Pascagoula
Pearl River County EOC, i
. 117
Poplarville
Stennis Space Center
(Texas Tech Univ. 10 m 29/1500 59 102
tower)
Long BeachHamateuradio 20/1115 106
operator)
Pascagoula (Florida
Coastal Monitoring 29/1549 64
Program (FCMP) tower)
Pascagoula (Univ. ofdaith
AlabamaMesmet sitg 29/1451| 976 | 29/1413 58 66
Agricola (Univ. of South | »q1 649 969 | 20/1520| 29 51
Alabama Mesonet site)
Laurel 29/1900 96
Forrest 29/1800 87
Columbia 29/1800| 951.0 | 29/1800 70
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
' Storm St.orm Toftal
rocaton Date/ Press. Date/ Sustained| Gust S(lfjtr)gce E:‘(tj)(i r(ﬁ’:;]
time time b
ute) | ™ | Groe | o (k)
Starkville 30/0300| 977.0 | 30/0030 66
Columbia 8.20
Ack_erman (Tombigbee 752
National Forest)
Noxapater 7.90
North_ of Hattesburg 735
(Bowie Creek)
Conehatta 7.00
Kosciusko (13 m SSE) 6.80
Brooklyn 6.78
Philadelphia 6.72
Sanford (Okatoma River) 6.19
Edinburg 6.15
Pelahatchie 5.90
Ofahoma 5.88
Ethel 5.70
Hattiesburg 5.18
Kosciusko 4.27
Louisiana
Official
Slidell (KASD) 29/1400| 954.4 | 29/1243 32 44
Bootheville (KBVE) 28/2137 26 39
E\lKel\\;lvs(\)(r)leanSntl Airport 20/0305 og 3g
e ™" o
e 5
Qﬁl‘[’)"oft’r('ﬁﬁéﬁ)kefrom 29/1300| 958.4 | 29/1153| 60 75
Tallulah (KTVR) 29/1834 48
Slidell NWS 29/1438| 934.1 11.63
Ponte a la Hache (BGNL1 14.14
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
Storm | Storm | Total
Location surge tide rain
Date/ | poss.| D2 | gustained| Gust | ®)° | @0° | (in)
time (mb) time (kt)b (k)
(UTC) (uTC)y?
Lake Maurepas (MAUL1) 3.05
Baton Rouge (KBTR) 29/1553| 984.4 | 29/1710 39 43
Big Branch NWR 29/1620 50 14.92
SE St. Tammany Parish 16.0
~10 mi SE of Slidell :
SE St. Bernad Parish, neal 18.7
Alluvial City '
Mississippi River Gulf
Outlet, eastern New 15.5
Orleans
New Orleand.akefront 118
Airport
Unofficial
Buras(Univ. of LA- 29/11%6 | 920.2 | 201021| 73 93
Monroe 2 m tower)
Slidell (videographerat | 515051 931 | 29/1435 est 105
Memorial Hospital)
NASA Michoud Assembly
Facility T gage 1 29/1404| 949.9 | 29/1100 est84
btbisin WoEneUe seselsly 29/1415 est107
Facility i gage 2
Eastern New OrlearisAir
Products and Chemicals 29/1400 est104
Faclity
Belle ChaseNAS
(FCMP tower) 29/1427 68 89
Galliano (FCMP tower) 29/0936 67 83
Slidell Airport (Texas TecH
Univ. 10 mtower) Z2iLEl o &
Vagherle (Texas Tech 29/1200 48 64
Univ. 10 m tower)
Grand Isle 12
Port Fourchon 8
Gretna 29/1400( 950.6
Baton Rougé Ben Hur 29/1438 43 54 283
Farn!
Baton Rougé Burden 20/1404| 34 48 2.96
Plantatiofi
Port Sulphut 29/1000| 962.2 | 29/0937 75 88
Franklintor! 29/1615| 953.7 | 29/1915 43 69 5.03
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
Storm | Storm | Total
Location surge tide rain
Date/ | press.| DA | sustained| Gust | ®° | @ | (n)
time (mb) time (k)" (k)
(UTC) (uTC)y?
Houmd 29/1244| 976.6 | 29/1100 44 60 3.68
Hammond 29/1602| 965.3 | 29/1644 48 66 4.61
Manchad 29/1558| 960.9 | 29/1559 59 74 5.55
Livingston South 29/1637| 974.5 | 29/1432 35 49 2.68
Livingston West 29/1608| 972.8 | 29/1451 42 2.21
St.Gabriel 29/1436| 979.5 | 29/1643 44 53
Buoys/GMAN/NOS Sites
Settlement Point (SPGF1)
(26.7°N 79.0°W) 25/1100| 1004.2| 25/1050 36 45
Fowey Rocks (FWYF1)
(25.6°N 80.1°W) 26/0000| 997.8 | 26/2310 57 69
Virginia Key NOS
(VAKF1) 25/2254| 990.2 | 25/2330 55 67 1.0 3.2
(25.7°N 80.2°W)
Vaca Key NOS (VCAF1)
(24.7°N 81.1°W) 26/0724| 1000.5| 25/2200 27 41 2.0
Sombrero Key (SMKF1)
(24.6°N 81.1W) 26/0900| 1000.6 | 26/0900 58 69
Long Key (LONF1)
(24.8°N 80.9°W) 26/0700| 10002 | 26/0820 45 60 2.1
Molasses Reef (MLRF1)
(25.0°N 80.4°W) 26/0500| 1001.7 | 26/0600 53 67
NW Florida Bay (NFBF1) . i i
(25.1°N 81.1°W) 26/0554| 994.2 | 26/0654 51 60 2.5
Dry Tortugas (DRYF1)
(24.6°N 82.9°W) 26/2000| 974.4 | 26/2000 70 91
Sand Key (SANE)
(24.5°N 81.99W) 26/1500| 999.7 | 26/1530 54 67
Key West NOS (KYWF1)
(24.6°N 81.8°W) 26/1300| 999.8 | 26/1818 40 52 1.4
Naples Pier NOS (NPSF1]
(26.1°N 81.8°W) 26/1000| 1002.6| 26/0700 18 32 2.5 3.0
Buoy 42014
(25.3°N 82.29W) 26/1429| 977.9
Buoy 42003 . j j
(26.0°N 85.9°W) 28/0350| 987.8 | 28/0230 57 78
Buoy 42001 28/1950| 981.3 | 28/2030 48 64
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
Storm | Storm | Total
Location surge tide rain
Date/ | press.| DA | sustained| Gust | ®° | @ | (n)
time (mb) time (k)" (k)
(UTC) (uTC)y?
(25.8°N 89.7°W)
Cedar Key (CDRF1)
(29.1°N 83.3°W) 28/0900| 1007.8| 28/2220 30 37 2.07 5.1
Tyndall AFB Tower
(SGOF1) (29.4°N 84.5°W) 29/1000| 1005.5| 29/1000 35 42
Panama City Beach NOS - ;
(PCBF1) (30.29N 85.9°W) 29/2024| 1002.3 | 29/1448 38 48 4.2
Pensacola NOS (PCLF1) ; i j
(30.4°N 87.29W) 29/1300| 995.7 | 29/1700 37 49 3.1
Buoy 42036
(28.5°N 84.5°W) 28/0950| 1003.7 | 29/1050 29 35
Buoy 42039
(28.8°N 86.0°W) 29/0950| 1000.2| 29/0850 37 47
Dauphin Island (DPIA1)
(30.3°N 88.1°W) 29/1505| 986.1 | 29/1350 66 89 6.2
Buoy 42040
(29.2°N 88.29W) 29/0950| 979.3 | 29/1010 55 72
Buoy 42067 - ;
(30.0°N 88.7°W) 29/1130 60 76
Buoy 42007(30.1°N
88.8°W; went adrift 29/1450| 927.4 | 29/1535 56 74
~290500 UTC)
Waveland NOS (WAVM®6) ; i i
(30.3°N 89.4°W) 29/0936| 986.5 | 29/0936 44 54
SW Pass (NOS tide gauge
(28.9°N 89.4°W) 29/0948| 921.6
Southwest Pass (BURL1) : - ;
(28.9°N 89.4°W) 29/0500| 979.7 | 29/0420 72 88
Grandisle (GDIL1) i j
(29.3°N 90.0°W) 29/1100| 944.3 | 29/0820 76 99
Bayou LaBranch NOS ‘ . '
(LABL1) 29/1130| 976.9 | 29/1130 43 61
(30.1°N 90.4°W)
Bayou Gauche NOS 4
(BYGL1) 29/1042| 975.4
(29.8°N 90.4°W)
Isle Dernieres (ILDL1) i - i
(29.1°N 90.5°W) 29/1100| 9684 | 29/1000 67 84
Mid-Lake Pontchartrain
NWS Gaige 29/1520 68 86 6.8
Tambour Bay (TAML1Y < i ;
(29.2°N 90.79W) 29/1100( 972.9 | 29/1000 55 69
LUMCOM Marine Center | »q,1165| 970.5 | 209/0800| 43 54

(LUML1) (29.3°N 90.7°W)
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Minimum Sea

Maximum Surface

Level Pressure Wind Speed
Storm | Storm | Total
Location surge tide rain
Date/ | pross.| P | gustained| Gust | ®)° | @ | (n)
time (mb) time (kt)° (k)
(UTC) (UTC)?
Salt Point (SLPL1) - : ;
(29.5°N 91.6°W) 29/1000( 990.3 | 29/1000 33 38
Marsh Island (MRSL1)
(29.4°N 92.19W) 29/1100( 993.7
Buoy 42038
(27.4°N 92.6°W) 29/0450| 996.6 | 29/0030 32 41

& Date/time is for sustained wind when both sustained and gust are listed.

b Exceptas noted, sustained wind averaging periods #MAN and landbased ASOS reports
are 2 min; buoy averaging periods are 8 min.

¢ Storm surge is water height above normal astronomical tide level.
4 Storm tide is water height above National Geodetic Variimtum (1929 mean sea level).
¢ Remote Autorated Weather Station (RAWS)
" Louisiana State University (LSU) Coastal Studies Institute Station
9 Louisiana Universities Marine Consortium site

" LSU Ag Center site

' Incomplete data

I South Florida WateManagement District (SFWMD) site

est: estimated
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Table 4. Preliminary forecast evaluation (heterogeneous sampleH@oricane Katrina,
23-30 August 2005 Forecast errors (n mi) are followed by the number of forecasts in
parenthese Errors smaller than the NHC official forecast are shown in-faclel type.
Verification includes the depression stage, but does not include the extratropicalMtaipds

not available at the time the official forecasts were made are indicatédl by (

Forecast Forecast Period (h)

Technique

12 24 36 48 72 96 120
CLP5 35 (27) | 81 (25) | 148 (23) | 222 (21) | 379 (17) | 521 (13) | 690 ( 9)
GFNI 27 (25) | 45 (23) | 59 (21) | 73 (19) | 149 (14) | 194 (10) | 196 (6)
GFDI 31 (27) | 55 (25) | 75 (23) | 97 (21) | 147 (17)| 184 (13) | 165 (9)
GFDL 27 (26) | 53 (25) | 72 (23) | 92 (21) | 133 (17)| 168 (13) | 188 (9)
GFDN 34 (24) | 50 (24) | 60 (22) | 71 (20) | 133 (15) | 183 (11) | 193 (7)
GFSI 27 (25) | 49 (23) | 75 (21) | 104(19) | 191 (15) | 331 (11) | 493 (7)
GFSO 26 (26) | 43 (24) | 71 (22) | 94 (20) | 165 (16) | 290 (12) | 489 ( 8)
AEMI 27 (25) | 46 (23) | 67 (21) | 91 (19) | 152 (15) | 254 (11) | 367 (7)
NGP| 27 (27) | 48 (25) | 72 (23) | 96 (21) | 161 (17)| 194 (13) | 242 (9)
NGPS 34 (26) | 54 (24) | 80 (22) | 96 (20) | 143 (16) | 179 (12) | 203 ( 8)
UKMI 21 (23) | 33(22) | 53 (21) | 85 (19) | 154 (15)| 263 (11) | 380 ( 7)
UKM 28 (13) | 28 (12) | 40 (11) | 67 (10) | 128 (8) | 208 (6) | 324 (4)
A9BE 33 (27) | 58 (25) | 81 (23) | 126 (21) | 238 (17) | 346 (13) | 411 (9)
AQUK 32 (13) | 63 (12) | 96 (11) | 129 (10) | 209 ( 8)
BAMD 26 (27) | 45 (25) | 65 (23) | 86 (21) | 111 (17) | 197 (13) | 326 (9)
BAMM 31 (27) | 61 (25) | 86 (23) | 108 (21) | 143 (17) | 229 (13 | 398 ( 9)
BAMS 59 (25) | 109 (23) | 138 (21) | 158 (19) | 185 (16) | 255 (12) | 408 ( 9)
CONU 21 (27) | 37 (25) | 54 (23) | 78 (21) | 148 (17)| 196 (13) | 260 ( 9)
GUNA 21 (23) | 38 (22) | 57 (21) | 84 (19) | 156 (15) | 229 (11) | 307 ( 7)
FSSE 21 (22) | 38(22) | 61 (20) | 95 (18) | 160 (14) | 221 (10) | 253 ( 6)
OFCL 24 (27) | 42 (25) | 64 (23) | 96 (21) | 174 (17)| 213 (13) | 234 (9)
NHC Official | 42 75 107 138 202 236 310
(1%9;2804 (3400) | (3116) | (2848) | (2575) | (2117) | (649) | (535)
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Table 5.

Coastal vatch and warning summary for Hurricane Katrina323August 2005.

Date/Time (UTC)

Action

Location

Tropical Storm Warning

Central Bahamas to NW

2312100 issued Bahamas
24 /0300 Tropical Storm Watch issue( Seven Mllseigﬂge to Vero
24 1 1500 Tropical S.t.orm Watch Seven Mile Brldge to Florida
modified to City
24 ] 1500 Tropical Storm Warning and iy, city toVero Beach
Hurricane Watch issued
24 /2100 Tropical Storm Watch issue¢  Vero Beach to Titusville
24./ 2100 Tropical Storm Warning/ Lake Okeechobee
Hurricane Watch issued
Tropical Storm . .
25 /0300 Warning/Hurricane Watch Florida City to Vero Beach
: . and Lake Okeechobee
changed to Hurricane Warnir]
25/0900 Tropical Storm Watch Issue FIc_)rlda C_:|ty to E_nglewood
including Florida Bay
Tropical Storm Warnin Grand Bahama, Bimini, and
25 /1500 P o d the Berry Islands in the NW|
modified to
Bahamas
25 1 2100 Hurricane Warning modified| Florida City to Jupiter Inlet
to including Lake Okeechobee
Jupiter Inlet to Vero Beach,
25 1 2100 Tropical Storm Warning Key West to Ocean Reef &
issued Florida City to Longboat Key
including Florida Bay
25172100 Tropical Storm Watch issue¢ Longboat key to Anclote Key
Tropical Storm Warnin Grand Bahama, Bimini, and
25/ 2300 pice . 9 the Berry Islands in the NW|
discontinued
Bahamas
26 /0300 Troplgal Stqrm Watch Vero Beach to Titusville
discontinued
26 /0300 Troplcgl Stor_m Warning Jupiter Inlé to Vero Beach
discontinued
26 / 0500 Hurricane Warning Changeq Deerfield Beach to Florida
to Tropical Storm Warning City
26 / 0500 Hurricane Warning Deerfield Beach to Jupiter ar

discontinued

Lake Okeechobee
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Tropical Storm Warning

Dry Tortugas to Ocean Ree

26 / 0500 modified to including Florida Bay and
Florida City to Longboat Key
, , Florida City to Longboat Key|
26 / 1500 Tropical Storm Warning all the Florida Keys and
modified to :
Florida Bay
26/ 2100 Troplgal Stqrm Watch All
discontinued
26 / 2100 TropicalStorm Warning |ty i City to Longhboat Key,
discontinued
27 /0900 Tropical Squm Warning Dry Tortuga_s to Seven Mile
modified to Bridge
Tropical Storm Warning
27/1500 modified to Dry Tortugas to Key West
27 /1 1500 Hurricane Watch issued Morgan City toPearl River
27 /2100 Troplcgl Stor_m Warning All
discontinued
2712100 Hurricane Watch modified Intracoastal City to FL/AL
border
28 /0300 Hurricane Warning issued Morgarl City to FL/AL bordgr
including Lake Pontchartrair]
28 /0300 Tropical .Storm Warimg FL/AL border to Destin
issued
28 /0300 Tropical .Storm Warning Intracoastal _Clty to Morgan
issued City
28 /0300 Hurricane Watch modified to FL/AL border to Destin
Tropical Storm Warning Destin to Indian Pass and
28 /0900 . .
issued Intracoastal Citya Cameron
29/ 1500 Hurricane Watch discontinug All
29/ 2100 Hurricane Warning changed | Pearl River to FL/AL border
Tropical Storm Warning including Lake Pontchartrair]
29 /2100 Hurricane and Tropical Storn Cameron to Pearl Rer and
Warnings discontinued FL/AL border to Destin
30/ 0300 Tropical Storm Warning All

discontinued
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Hurricane Katrina
23-30 August 2005

Figure 1. Best track positions for Hurricane Katrina-23 August 2005.
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