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Fig@redurricanel Setals®nAR210d®Bti ¢ Basin and-
HURDAT2 (Daval oped. i ihehEmesaludyQfoast r e
TTropical Stiddum, i Hlanteo Chd egory 1 to 5 b

Huranes br-rebatwedddamages and h@oavayeprgei
economic | oss of al monstt h$el 6U iWbea ch k$ teanteleasn a b a | |
addi theem,pawsing over | and, they affect the a
amounts of precipitation and througheltehaemef or c
have beanndafeitaiiaieheats on toes dbewed;i thay Ccn th
repl eni sandagsuwiiflernsoi stunet hahdi tetanmenanuak f 1l c

just two( leixaanpd eBsai 2020)

Huricane Dat a
One of the primary datasets wused in workin
the National Hu r(rLiacnadnsee aC eamtde rFIr (aNik@ 3 Inu ®2e0sl 3i)n f o
as |l ocation tyteund/ls dsitgad,ustt hepiscadre stysatemopiha

cycl one, maxi mum sustained wind speed, mi ni mit
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guadrants of the syastt epno.i nAhsle 1 tywh igsi xeda owme mEyerde d
additional measur ement salbleifnogr tsaokneen bauttA bnhoet taili

i ssue with thei HURDATT@Rr idadlaseéaThecamenach emser e el

rel adJveaentchirnogugh ti me, owing to societal chan
abilities drucce tan dn etweeah nsoclioegy , such as satel]l
The reliability ofdafhteerd atthae ebsepgeicn mildgy a fmptrhoev e

to track tropheabegyohongsof thel%SaWNebhinche et

al . 2020)

Hurricane Metrics

Tabl e The-S$anfpfsiom Hurri c@®af MNimdl BER) e
Hurri cane Category Sustained wind sp{
Tropical depressior062 km/h
Tropical. ®torm (T 6318 km/h

Hurricane Category 11-B53 km/ h
Hurricane Category 15877 km/h
Hurricane Category 178308 km/ h
HurriCathegory 4 (H420®351 km/ h
Hurricane Category O 252 km/h

SafSiimpson Hurri:canme hWirred cScelnesi ty i swcategor
speuesdi ng tShiempSsaofnf iHurri cane( WawnwldoiScatl £Aal( urrardi0®d
is a class ovithopiwmaxi oyml snet ai ned wind spece
hour . Acytcrloopnecawi t h a maxi mum sustained wind s
per hour i s cal.lye,d aan d Iraotpks t2hail @ gsmheotrer  Tper hour
depr es.shh.onAl(tThough tropi cal d e pwiensds isthprese dagayn n
sti || drop significant amounts of precipitat
(Shepherd.etHealce, 200 0pfcdls G@ycmoonengelmpraaki heg
tropical depressions, tropibalhrBstanms, and al
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Accumul ateBEneGygeoyloo her met hod of guantifying t
Accumul ateEd eCHYLIEBRI | and ChACEiiash Q8060I at ed
maxi mum wind speed of the sysdiesnc uesvsea dyB ésa axe sheo
the wind speed is squared, ACE increases expo

potentisdlosrys { ¥tmeet .al . 2009)

Extremel RaMofti:@hihear rfreRM¥ ed precipitation me
rai nfal | oasl iamantuol Itoi gpitycead é tyu rdre r p evreridnide imagaix i me m,

the median of annual ma X Bomgs mapeeécidhiet ZtRiRDmett ir
better assesses the prsecdlpseédt menri cmpaEodortéaal
Harvey prodhueadi ngcomdnf al l of 45 to eaetr 50

Texas, including thehHopstohwwetwoptoh é it,amo \alrte

accedapdOP2 Using t Her rEiRiMamsec aHHaer,vey ranks the
alt hbargwhey wcaast eagolroyw s t.op.m n( H1lh ea nHacudtohr eda sntg, t ToX

SafSiimpson wiBrod mac &lte al . 2020)
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https://www.weather.gov/hgx/hurricaneharvey

Literature Review
HurriTcamaélisstProy,ect iSonisBitsakn d
Hurricane frequencylTheari evasaqgrresad ede d dchens .
activity 19050Gh,e @O 0BEReEGL i vely lLaersd APICRhE&elI
and Landsef tlIOOWBgh t he numberaodd maij meienhduthieei sgia
t hat iI's not n e cseescstidrra& m dgso uahndd b &t idwe dfo mul t i1 de
Lowfreqgweanmadybil ittty mennshekreiseisc bt nmoircge rdn ftfhiec uilntf [t

oBnt hr opbgmange c ha

No significant trend has been observed for
Uni t edf rSanmat129010%.t e br oadl y, no significant cha

f ougnldo b(aKknfuyt son .#heafregdgoa@éfry of tropical cycl

suab 1, 2pamgde®ted to decrease due to global w
hi gher cataaigdoxrpieecst,ed ,t asi nodeasaeéed in sever al
(Knutson et al. 2019)

El sner ehad@dbun@d2068) there has been an inc
most i ntense huhrdeeca@ilesEmanhet medphafhreoj ecti ons
intensi f.i®.ad ipéd mtbafi TWwar mimwr,r ipchamaseat @EIl ymere ns

et al. 2008)

Betrack data refer to data developed after
best possible estimates of tropical cyclone p
Het er ogenetirtaiceks diant ab efsotr t r opiscelr tcay cli mme & rcean

rel evan,t asattalseetmset hodands esd daeyHuvrihrethcascncanse a c
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armeor e siigmibtfechca arcth hhama geni zed, gsuggesdt idnag a
het erogened tryacikn diehceh niboel soig ( Kalks schaegedlé. 2020)
i ncrebbiest eimisri a yi calvacycbehween omeahnh kBiaginngia

in the Naqgrtth eAtalreaert diyo iwsh i.ccohn ftihniesd st u

Largeal e vcalrii neabdiml iatfeyig emlhianhateqg i ioms outsi de th
vari abil gawyd PONaO® fAtalntant har Ba(sLeompeest aFo 2008)
examplpepo et faolutnhda 208 8) antilesbBbudmnitemg&anaEER Ni

yed@dAnt mospheri chivatriaaanb ivlairsigabiisluirtfya ciedSsTg mpe r iat ur

canciha&l |l Eogsagt out the noi sd Kiors samaleyziang i2m¢

Much 1is wunknown about hurricanes and futu
apparent, especially trends in factor&orel evea
examBSTds,ave i nctoasad moapdher e can Chamled emorad .wa

Trenberth eAl taHau @ O0mogdel s diasbaogvreeree notni afmetdu rfea
expectadcawsuer ri cane intengiltenhaedAdpdri2ad Oopa)ated tyi, o
may be anrianafaeadse fbmtm hatrioande frequency

hurri(cKennueesson .et al . 2008)

Changes in riskptiombpictRgaygas eindrsoeinet al

changes in the trendsifoft hst grom ud talh a8 tom. ii B0 &h i ggr

pot efndn alloss of | ife, andeirfe psoml grleatvermeroa
dama@kRisel ke Jor et al. 2005)
The | atest I ntergovernment al Panel on CIli

precipitation associated with hurrieandss may
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speed at which the system moves, as opposed t
more precipitation along the storm plathi aamde a
Har ( &8y neviratnlehiest naelt.r i2c021s) al so | ess sensit
not require precisesmabsokbeaetotsisa ndfooa dB8g hlad n e

average transl ation speaedg oanf 1t9r4d®p itmal2 0clyec | on

A tropical cyclone has an inner region of
convective activity. Theosamnal wfe aa sssooorina taess
precipitation @€6HawasaebfTabpieak6Gregecl one si ze
negl eompdowmedt her rel evant Bentewad R 8118811t hease hat
no significant changes iwi ttHienAstllzaen tNoder ttBraceiacd d |y
(Knaff e®madll.er2Irdo)pi cal cyclones are more | ik
the cycionereasty Bharply operiladhlalragteirv eclyyc | soh

(Carrasco. et al. 2014)

| mpacHus rofc &neise toyn
The tfhaactt hurri canes can cause significant
wel | est amldind beed sfereditinel saal g of t hdtydeys tagawsd
and the |ives | ost. One of t MHa rcparniemeK aet xra mmpal, e s
causendostth ee nmoornnectuasr y | oswatednlyber Uoamnh erdtiiil hi st
struck litn wa®G05.ostly i n termemedss;time@meegtedrty mha m:
18 3161 wes e( Knabb etBeaxlamos2é @ed/lelped areas tend to

property values, Itareggecabmoct endses, safonmough
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society is lucandelry sairnec emotrheeypr epared for natur

mitigate the{({ Baaademéul akff20607%)

Ecol olmp &at s
Ecol ogi cal di sturbances ear ecwHemiftal c essy sot

components in referMdBrereeyetroectt Mahy ROAD3| ot dt 81

occdurehtamorikE@amesx chepmiue r i wanes occur, thoefy can
di fferent organisms in diverse ways because s
ot heWist man Dn@2) nstaeaorcal i sommani toifes in FIl or.i

affecteddubryi daonteérs Hu@Wi tammadn GIPHP2e)r &4t i ons wer e

uneexcpp ed ways duet hdi stthuer bsaemwceer iatnyd otfhe ti me i

occurred. A hurricane of greater severity, Hu
i mpac®&till, contrary to expect atciaonnes , Gitlhbee rd o
greater impact due to the fact that hurricane

Sponges had accu(niMiltammend 10M9 2)he reef

The relative influence of a tropical storm
and the tropical storm. Some st ommspeatreen tmuaclh t
i nfl uence BRoeaxoammpulne ,tys oning miorr e eoterre es t o hur ri
basedopographic factor sarmd cds paesc ts, H oapped, g rostlgdeira
factors such as soi l( Wayhmge aanddS Eaner2Qi0t8ya so fc owtl rde
more or-ptese btahsoesde ocnheeagedensity. For anot het
can cl easispetwhisame | eaves them more dWBaiulsabl e

1984)In South FloHuirdacahermrAdsmeapltgh ea fefceocltoegdy
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s u

btropical hardwood forests through alteratdi

native and exotic species a(fKwirt tehteial r ehg®EheE)

pe
di
de

co

Epi demi 8lgongifc &eompdsgxcad bnes

Among the myriad effects of tropi cal cycl
ntagious diseases. Tropical cyclones can of
pecially waterborne diseases, teandtohoseeropu:

read, par t i(cNualqavrilHy@ Bmadds) g waicttlmarnsd suusceh, ahsow b ui
signed, how peopla&nidoens ppoen d tpoeiotphl eer esvsaac swiad te,

ctomrms herucsheverity Qédndvi sider, daetmammgiend @eolbaw con

i seasgsShasupdrtezadet al . 2005)

Af ter t he sptagstshhenrge onfaya be suffering from

frastructur,eandpehoedlet' sc am@meisnf rastructure ¢
obl ems with tr anssspaoardt adti loenr, s easosnmaniat ed wi t
gi arhse oMor |l d suffer mor e€yfi,ompeasrhtei ceud Ifaercltys tohf
t as wel |l d-d g e & baprpedach aa® m@morge eat er capacity
clamaestdhres eguemceclet z et al . 2005)

One hef nddsvtiwoagtso alsesEssst o | ook at mortality

opl e di edHuarsr iac ames WKlatt r(@Knnaa, b bf oert edeagrepd 0B §
fferences between how such disasters are he
aths due to f | loadmreaap oarrtel ognonod raddndiegy asll lopi ng

untries often do not ,amav e vracchuwast i opphhesyegad readys,
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to more developed countries. To describe this
countries frequperndador tsiudifneatf had foprieesastecre st or m 't
compared to the phase where the storm is maki

during ¢8kRulstorent al . 2005)

Hur r i Moadred i ng
A modelonicepa ual rreptr esmatt iad alon voafr ido weerasle sy
model s ar emuwlstddprhaedimes snumecead del s f or a variet
phenofmp&Emomad. QIOIOMBAd kel s edestt utwea,s temperatur e,

patterns and. hfiterstpllegn dmoeturasoepsi coan U mubyeladd diremagd.i n

and pirnegditcrtopi cal cyclones is necessapyiabtelg au.
tropi cal cycl ook modstiagtistaesahd society bec
the behavior of tropical cycl ones ,t hwhiughh @arh e
meaf¥ickery .et al. 2009)

Tropical cyclone modeoboi dgtseamirchthri @yl esen
wind speed maps i notthheerr |IUd i.t e@ii vBaima ttehsatanwdi nd s
property an,d hionsfarda sagrmpecdauvree al so rel evant to d
areas such as buil di (fdHuamrms tert u cathi. ot nB-8a8nidp sit ry shuar
model s for tropicahotwpoblgnenakhage momeild,avdddr t
few parameters are commonly wused to identify
pressur &wi amddlspiegedl t wo of thehmosbe omodmdbnngAbf h
in individual sites madelkenxt gne dhdronri chand tar ac

newer deve®liocopmengt.et al . 2009)
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Vickery devel oped a new way of modeling hur

for i t s ctoinopnl ett ker oduugrha t he Atl antic Ocean. Th
determining the central pressure of (Wieclsgrmrsy er
et al. 2@00.al.Vi 2d0@y postelaerrc her s conducted. studi

Emanuel emaadé . f (ROOEND strides by usmamgyt dirimf er e

tracks andi ntgheenm styoidtietdbssminzy .et al . 2009)

Ext rRamenMuwlltli pl i er.

Bonsa et al . (E®’MO) Edevemep ®dasnfad |i nmvtud ittiipv e
for undeexsttraennde ngai nf al | g\vd mtt .d Iptr ec s piat ahtuir
expresoepscarlaicryfcdlolneaddcdai mat ol @d¢ ieycadtduyr nd epreirvi eod
rai mivalndtgi vfen duira¢i ont he median of annual ma >
To put this anotheyryddagyg, dadapnhgmakh muoc ataii oo
eveaeinn aarye aramntkeidg biftourdeal | ,1¥WeddBr «,,0 tehGghl t he me
within that series is wusterdo miscoaalmbdasal meerfor

used to access tropicawi td ¢ b piate dd oceosa siEdddeiyr i S

preci paosiRRMibesa, Another advantage is that it sl
t@8year retur,n wheiraclhbhdceaemnwemake it ea¢$¢Besmbdoetnde
2020)
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ThrRaet eBen&rdieaep er @Gstcuirlel ati on: Atl antic Mul ti

Pacific Decadal Oscillati on, and EI N i

Atl antic Multidecadal Owmditlildegaiacenld AaViOJ d GO
SSTisn the North Atlantic Ocean that is I|inked
regions of the worr8l0d.y elares ow ddhegai exeanlg@esultsfi6ls.. 4
the signal for AMO is most prominent in the N
in the North Pa(ceEnffiicelQl eeatA M®Dla.s s 286 L 3 retnidreadp 0 g e
war ming should nat Tihref IrueegnicoéhO tilbe dgoseid guaeaelda tOt h u c
At l antMiud t i pl e wasr nh aawedb $ceadivde ceh als8e6 0, but alt ho
NorAthl ant havB8abéean higher tthannavebagdeséenmené
is a warm phase(MoCahe ARMOabpbhited®ayradal Osci |
another pattern of oscillmdapaeagdiSiSvearecirmy t pédyBa
processetsotgheeMle wmgn e.t EIl .Ni2Ohd 6out hern Oscil | a
anomal ousl y HhlirppR&&IMEIi cnOtkan dramgesbyaatimos

cause many wunusual a(™r exkderetme WEBG)her events

A positive correlation has beeass$ocandt et w
rainfal]l in Florida and ot hemnfepgaddmvreolfattih@en slo:
been found bet ween EaNSSsOo cainadt e dx @(sdNicmpfl @lichy il ®thTee
2013aPDO may be a driveAtbdthnhandBasanaeanaetriacit )

with ENS®oO et al . 2008)
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Description of the Emerald Coast

The study area for this project, The Emer a
the adjacent regionfhaofs Alraellmama tgoe ntereal Wegstc.on
primarily of Escambia, Santa RosapopuWhl some Ba:
i n Al abama, especially Baldwin County, 2can al
The Emerald Coast is wurbanizing and under goi ng
such as habital atdddit gpcahoadrlggensof ef fl uent from
the outlwittsalofr imaelys tduwda tfoe etdh d@inrt oe cecsnt awraird easn
The surface geology isjitompesadmof dsedadienbar
by the Gul f ofgrMaxnidovwa (@#fnd Ele.aBreéPeB §) | n asboauntah er n
and western Floridarnomnée rnesgiadms,o amd at heir s ultjaac

are changing and are relevant to |l and use and

Knowl @adpgse

T Li miatvead | abi Il ity of ,egrpiecdead |hurbreif camree tdceet & at
T Gl obrailvers and | ocal i mpact analysis for the

My research aavdaielsalisl itthyy @wmfongri dded hurri c

hurricandn ddhataa d est .used tac saed |gyrzeec ihpuirtraitciaonne c h

Objectives
Tht Beasiiness t o under st amthtophecapatygcengerreaslsdk sCoas |
encompassing southern Al abama box itZheFNoOlahwe
goal of the study is to under sutsaen dc htalmeg ei nopna chtu
activity in the region.-télemeadswenhayeenaoaweaimn

overall hurrd9c@h 9 arcd i tvh deixrt rpermpeac pi ba20p% (194
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Specific objectives are:

(aDevel opr eas dhligthi on gri dded MHWRDIAJGI&ne dat aset
devel op#l ROGRIMAX ad t o i nvestigate hurricane t
separatel y20d@mad¥Wi0@ nwesti gated how hurric
overall intensity, determined by maxi mum w

(bl)nvesti gatreelhatereandiychpme ci piTthat serw oamvde pthase 0O
analysis investigates how precipitation al
unkOll9Blvei | abi-tesgl oti bnghri dded precipita
precipitation @&@mnallrysa sr dli9efV8@ dfo WAt i s avze
precipitation dat-kHURDAIa&fttdmbidse Pueieti e fdG R le D
overl ayeddURDATRRIdat a with the precipitatio

hurr+ebmaeed precipitation trends.

JustifichevelnopgmeGtddefd iDad mes eGtRHIUIRDAT 2
Anot her gridded hurrilkasees edvaet!| aospeetd cubg itl ’egd sHU ReS
(Kossin et SHAUR3 ART0O 2h0a)s some drawbacks and insuf
track data, which may be more accurate. The m
ti me and spateackhdatrasebsestanatagelURSA&@hmai n
only co2@r{sKols%s719n et Oatlt .gR20Q@O¢HURDRATS,eth a GRA eDe
gener at edt ruascikn gd abteas.t Hence it goes Haeakgrtmo t he
anal ysiosne potentHlPATUZ easr @farGeREHgpsabon§ t hadtr.
system path, analyses of precipitation along

system trajectory.
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Tabd e GRHUIRDAT2 and HURSAThEGompamiseon voeRldev el o)

HURDAT2, is contrasted with another gridded h
GRI-BURDAT 2 HURSAT

Derived from HURDAT|Derived from satell
Het erogenous throug/Homogenous through
CovdlOeL®19 Cover s2011977 9

Resolution of 0.25 Resolution of 8 ki
degrees |l ongitude
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Chap2ter
Data and Tool s
HURDAT?2
NOAA has maintained a hurricane database
preswune, snpeedyi md ,s plececdati on through ti me, an
al ong t he hurriocraingei nalr achkur r iThha@ne dat aset

(https:// www. aoml.noaa. govddcegdhahs2@ZaDdied HUF

a portmanteau of hurri whne hadcawnlbcattad eat HURE
NOAA weibsett eevi sed version of HURDAT and is a
has been i mpr ovedftahnrdofuag h tahned ii noce euessiioopny nma x ir o
depressions and (hhassdstraaak dwiFh a@tnak &fidino @ OmdBr)e r
are more accurate thhecalsderchateayene HURDATHLU
back to .tdbenemb&@®s watridmdsnuper i aare naevtahioldasbl e t o
information about the tropical systems. The |
(Nati onal Hurricane CehAT2nriotgegut archanges sect

cyclone analysis.

HURDAT2 includes the following information in
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https://www.aoml.noaa.gov/hrd/hurdat/Data_Storm.html

Tab33WURDAT2 Data Exampl e.
ColumniBd Column2 B3 ColumnzE Column4Ed ColumnSEd Column6kd Column 7l Columnéld Column<Ed Column1CEd Column11Ea

Date Time_Name Number_of Recordlder Latitude  Longitude Maximum_:Minimum_F 34-kt_wind_34-kt_wind_i34-kt_wind_1
AL011851 UNNAMED 14

18510625 0000 HU 28.0N 94.8W 80 -999 -999 -999 -999
18510625 0600 HU 28.0N 95.4W 80 -999 -999 -999 -999

Tab4d e HURDATEx ®mphe Continued.
Column1ZBd Column1-Ed Column14Ed Column1=Ed Column1¢kd Column17Ed Column1€E Column1<Ed Column2CEd Column21k

34-kt_wind_150-kt_wind_|50-kt_wind_|50-kt_wind_|50-kt_wind_|64-kt_wind_|64-kt_wind_|64-kt_wind_|64-kt_wind_radii_maximt

-999 -999 -999 -999 -999 -999 -999 -999 -999
-999 -999 -999 -999 -999 -999 -999 -999 -999
Tab3 e Hurricane Michael Exampl e Dat a.
AL142018 MICHAEL 38
20181006 1800 LO 17.8N 86.6W 25 1006 0 0 0
20181007 0000 LO 18.1N 86.9W 25 1004 0 0 0
20181007 0600 TD 18.4N 86.8W 30 1004 0 0 0
20181007 1200 TS 18.8N 86.4W 35 1003 120 180 0
20181007 1800 TS 19.1IN 85.7W 45 999 120 180 0

Column 1: Two character sLlfnort hteh ecAdldassnani, ctABea s i n
characterss fpolractehei nsttoramt year, and f
Afetr  t he headitnhgeedorantedaFora nex amgloe,
Hurricane KPoOclh8a)e Inwes(sAtlolr m Aitn amhéeé c Bas

(AL. in 2018.
Column 2: Name and ti me.
Column 3: Number of entries.
Column 4: Category.
Columns 5Landtdde and [ ongitude.
Col umn 7: Maxi mum smi sntda ismeeterot s .

Column 8: Mini mum pressure in millibars
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Colum@gmn:9 Wind radius in nautical mil es.

Tropycal
Tropycal i's a Pyt hon ptarcokpaigceadtadcar.cel thrimiece Vieg o0
package wasSdmviitbpa@ae kwni ver sity Lafl |Bo Rl0ORerd ni
work with different datasets to present infor
worl d, but Jfwer omudry psregioHe&JR DIAWTa2t i s thel dakase
i n Atdlret i c¢ BMesiunsed the Tropycal package to con
for alll storms 2008523l firadmst90@tion of the T

given in Appendi x A.

Atl antic Multi,dacbEgmabédd®dkc@éhtdalktEilatNNionno Sout her n

Atl antic Multidecadal Oscillation (AMO) i s
in the Atlantic Ocean which may( bref iomled dati valr.
We accatasefdod Atl antic Multidecadal Oscillatic
SciencesorLydlioén\iXaNat i onal Oceanic & At mospheric

Sciences Laboratory 2023a)

Pacific Decd®PDOnNOs é&NilnloatSoount her nalOscp &t ae i ©
okea surface t e mpPerca tfurcen &icheaamag e atl ,moop h ena |l uceynccle
i n Athleant.We BasiemsaRDOdt htrlhbeu ghat i onal Centers f
| nf or ma NOA R Nwaintah Oceanic & At mospheric Admini

Environment al .IWef ocarcnecaatsfsoend BB 3 @) tPhhrycsu gcha |l t WSec 1 e |
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Laboratory( Nafti NQAA

Laboratory

2023b)

Oceanic

& At mospheric Ad

NOABPhysi cal

Precipitation

Precipitation

Science

Dat a

over

Labor aBaosreyd DAantaal:y sdPsC ol

CONUS:

N A Av efll boypsei dc ad aiSlcyi eq

l‘ / =
34°N — ‘, 'I‘A.
|| :l ’I‘ \"'“ N
32°N - ' LY
‘ | ,———-——A‘
s 1.{‘,1)'-—4- S “'-"7
30°N i\ —— 5 W ' \
= Y = “y \
28°N — \ } %\
3 Z \
. y 1 W o
26°N — Ty
e 5 \ }
-"'I -
24°N — "
22°N - .
i Harvey (2017)
20°N .~ ¥ ¥ ¥ x — = ¥ ¥ & T ¥ x
105°W 100°W 95°W 90°W 85°W 80°W
10 130 250 370 490 610 730 850
Fi §. FDavyebot Bleci pjHnat ingn on AuguBur i3n0gt hH
Harvey in CPCBdnedi Pde Giapigteat i onUAntal vy
precipitation in five days.

precipitatdtoarh aleaddh @alsXargv &tti)@anBh & s2e00p/r eci pi tat

back to 1948 wunti |lr etshoeli uptri@ab®drte e Tlheaet- dsepgadtei ead C

l ongi t®deé dU ( 3a0mddhl 2@t i 210. dRGBN8T 5Ns -3D30 8T BEE

Anexampl e as faowtiuerg iHaarnvesy pr obMigde @ .i n
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https://psl.noaa.gov/data/gridded/data.unified.daily.conus.html
https://psl.noaa.gov/data/gridded/data.unified.daily.conus.html

Summary o0oX Chapter
lus eI RDAT2 as thdrpopaslof hvddeandhagbk eded
precipitatiGhi chatea Pr eam d& hdeantna Cfearh dANEN,SOPDO® o m
t Pehysi cal Sciences Laboratory of the.National
Addi t itblhbRRDATy2, data were used totfopdodmt es of
frequemnscyYeaonabgHUROAIN@r t he AdXvEeranladnycsidhd oce
gridded precipitad¢ spanescdiaptiat anteiroen uageodruga etdh ed st o

for AMOan®DEINSQO nvestigate their.influence on
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Chap3t er

Tropical System FregAthayt TorBagihnTi me

31 Introducti on

The first phase of our analysis was to inyv
has changed since 1900. Mul ti pl e nee atsruernedss chaan
changed through ti me. The frequency of tropic

hurriscdanese t he UWrhietyed oQutlalt esadsdr mpr enodamagec.i

3.2 Met hods

For this phase odf tohurro uagnha |tyhsei sd,a twaes esto rHUeR D A

tropical systems of all Atclad retgioan i Ba&sThireeyne, a rwee n t
analyzed the data graphically and performed t
has c¢chweirgene. o We separated it into different

1970 f,oowaed if different tr enarmsanwoluylsd sb ewopurl e

|l ess subjectinotiidder pepontdi ng

3.3 Resul ts

Storquédemey JaWeaanyasliyszed al | storms recorded
i ncl udiompd cal ,tdreppiecsali amglorHis t o H5 in ter ms
occurrences per year. Then | fit a | ieneenari ntr e

Fi4gFor the penilwea flOWMd tad statisticall yp- signif
valok® . Qfdr t he p20 wed flousa@ tao statistically in
wi t hv al ue 8 ofandd. Of or t h20pler fodnd9 40 stati sti ca

decreasi ng-vtarleured owi tOh 8al .p
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(A) Number of Tropical Cyclones per Year
- 1900 to 2019

45

p-value < 0.01 y=0.0981x-179.66

30

15

0
1900 1931 1961 1992

(B) Number of Tropical Cyclones per Year
. - 1950 to 2019

p-value = 0.08 v=0.0445x-72.915

ROR Y/ AN

0 -
1950 1957 1964 1971 1978 1985 1992 1999 2006 2013

(C) Number of Tropical Cyclones per Year

- 1970 to 2019
45 - p-value =0.81 y-=-0.0427x+101.6
30 -
15 4

0 4
1970 1977 1984 1991 1998 2005 2012 2019

Fi4g. HurrmiequerMc §yf elneletri ¢&A3. i s 1900 onward, w
signiifniccraenatse of O0.98 tropical cyclonas per d
statisticalhgrenasiegnonifDcdbtt nepmilawad,. @8 cd)o niess
1970 owhwacrhd d oeasn niorntctrsdeamssi nign hur.r iTchene ifgrnd g u e
of the trends varies greatly between differe
over; tame /deacradmul (vhird@absded yl at er)

33



3.4 Discussion

According to the background information tF
many tropical systems adégluyntwedre nit nfAtf d nasdit ti yon vBears
before the 1950s, but after that,h eadspeyaitel |y
identf{ Nhcedoaa.Thev.trz2ha208% 593@@ itseaically si gl
to those 2f00lan d 9BRBDQG 9wt i c hCaautei onnoti.s neehdeed t O
hurricane tr eddu & rtoon UPOOr rteopor t itnhgerledF5 Chsur r i

per.i od
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Chapit er
Vali dati edURDIAT@RIalhd Accumul ated Cycl one E
4. 1 I ntroducti on
This phase af medetanalrypysuse aggregamned cy
di fener geographic areasit)ol treareednd woalpiudptse
GRI-DURDAT2( 2mwndetter understand i1 f tropical c
in the areas mentioned, taking iThtomeassiraden al

ACEwi @espea&saur e of tarcd p(ivaud,ly 220y0c9d)o n e

ACE is calcul at ed wiyndt dskpirnegd tcltye | maxi rmwrar y
summi ng t helnonag gweitthhref e of the storm (AEdE. ch)n. t.

be calculated by summing the ACE of all the s

000 pmBL

Equatli oACE EO0QALCeEt iequ.al s t he summation of the
tropi cal -hcoyucrl oinnet eartv al s. Vmawi ma p@suermsietah:t s1 0 *hde
kt~2).

4. 2 Met hods
4. 2.1 Cr eatHURDAdJf2 GRI D

The first step Iin thrnesatpehasegmrifddhdeadllysnrsi a
GRI-DURDAT 2. It was necessary to further devel
cyclone intensity, in the southeastern United

precipitata omu rdaastsaadceida tfeodr preci pitation anal ys
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To creatreeoalruthiigrh gri dded datasetpgavle. use:t
This python package carlwaworkT ket RiBAT Htf 2reans v
files) was us€é&€dopgcalhnpub e ¢tiasu dtdhetd thRiDUMAST@ad t as et
for hurricane paths in the Atlantic, and it i ¢t
The following is a descrisptpiroond uocfe dh own tthhien gJruij

the TroPYcal python package.

Step ltropycal .tracks was i mported as tracks

Step 2Load i n t he HURDAT?2 dat aset as hur d

tracks. T¢hakDatéasetth_atl anticd, source-=

Step 3Got a key for each of the hurricanes to

for each storm includi nAt Itahnet ifbocarsBansg lintt h
storms in our study, the year of the st
kes = hurdat _atl . filter _storms(year _ran

Gridded files

are
‘ comverted to
netcdf files

Gridded files
are made
from each

stom.

Hurricane Keys are
files are made for

loaded in each storm.
for transfer

Fig. FIl owdkactCr bat i on -HURDARI2D

Step 4The main function usedoltwtigeemnegmrita&detd e
gridded_svoatlt g) abubuittindividual stor ms,
t hat .riTddeedg stats function was then usec
wrote to plot out individual storms, wh

storm.to_netcdf function, storm.to_net
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The steps FdeschH i predldtiensedt with one netcdf |
HURDAT2 dataset. The f.of.mat Atbanthe Bt haphhthes:

Basifoll owed by t veo pdiagiet swiftdir nt Hteh es tyceram it

Toad V. Pierce 29 Harch 2035
4 T riables_sirr o dataras varidbls.
13°; Yo sean acts
dizplaved rane: 0 to 155
double lon( Currents (0104, J490) 0 (288, weds. 28]

double a t, ) . (ORI TR 1 (RS | Gs

xar
double aE( ; Zowsa | P ||| e | WX 1| Gineoe || musn | Forge | [ Biclin | Prane
la

Fi §g. Storm Plahen iDmage to the right shows each
Hurricane Katrina. €hehilfmage’'l®awitmasedgeft show

digits for the year. The fil es ¢ omwt aidn,sdgaetfeaur
a resolution o06s h0o.ws5 adelgrtehees .t rFopgi.c al cycl one

Katrina open asl anagtrhag hdhact ae xcaonmptlaei ned wi t hi n ¢

This dat asvell plhaisn belea@a phases of our anal y:
anal yses ng thepteflf §owAs th auwiersd |, & pheudrdr ti it e nfea ctat

and ACE can both be determined with it al one,
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datasets of the same resolutionforoomer fporemi @t

anal ysi s.

Finally, | developed an animation to visua
year , I plotted the hurricanes 'mrginlge .NCIARe nC.o m
used MATLVABleoWriter flunhO tpmg ftiol ese a(dl %00c ht o 2
movie. This ani maas owni hhac data algadbmpz deeiddt rho grya n

i's shovwnpemditir.e

4. 2AQcumul ated Cyclone Energy Analysis

The primary dataset we used for this analy
HURDAT?2. 't has | ocation througwi ntd nsep eflodro ttsh e
which are both necessaviydf @pesslendidEd | acnual | ayt siiosr
of ACE, rtegndi aveatle ti enr mvhmagg year each storm's AC
was necessayfyyi foer,bmyausrkesgniigr n ntgos pdeettiea Itmh emcerA&@iEra t
would be for. We usedl yasinsasiknttoo tsherpeaer adtief foeure
Atl antiaodBasaisnhern United States, which includ
t hfet | ant;itd eBaesisnt er nwhUnciht etdhceS tuadigedsi, nent al Uni t e
t hset aof esNort h Dakot a, Sout hal balgb twa ,t hiNaarbd ats h e |
sout heastern Wrhiiftavdacd®D alhem ansodusi sSi aMai,ssi ppi
TennesbMAbam®r,orat h Caodtlh n@amaH iomi dawi tahl otnige
coaslige dids telkepsewveedpul d find different tre
included the entire southeastern United State

because we wantedcabewsdomdvdtrampd cladr gggcl one <ch
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Apart from separating AdE edlpatti alelnyp obryal il & ¢

periods: 1900 f orWerdi thontdih $1al5a0t e odriwfafredr.ent tr e

gener al , and, mose maréi cecentydabacare more
coll ection methods, especially thegiennimpd ogfi r
satellite era in 1979. I n addition to dividin
téem by ctant emioa gl depression, tropical 5stalim, €

based on maxi.mum wind speed
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For the script that was wused to develop AC
mask files, were fhastwepentdkemhéromrthbl gsi
wi nd ,spleaetdit ude and | ongitude, represented by,

t hen cal cwilmd emdp@aerddnigng to time and region.

Ahurdat ana_amv _ana?2_isnd_hset osrcm_irpev 2 _hsaa u twha.s

t hat ACHhekatresadater can find it in the appen

4 3 Resul t s

Val i dat i edlJ RDFATG@RI D
GRI-DURDAT2 compares'swAdlCE est hmBOAAedbedof fi

by NOAA was used as a benchmark to compare oul
we madeHUBRBRAD2, and our methods. Our results
NOAA, with a correlatiofRfi goefcthcwentnoér pr oédg,
our dat aB@RDATGR,| Mtsheralstdati sti cal metrics wer

it because the two calcul ations are at di ffer

The ACE index pr-ledRDAT2 usalngu IGRtl é&ss PAe€C&Ed u s i
estimate at each grid point along'st A€EEpathi omfat
was cal cuwian e des sutsienagt es every si-HURDAT2. ABEnc
estimate is one Br ACE leatgenmattehanrto®@)aanmp | 201
calcul ated by NOAA was 239.4 (unit: 104 kit~

HURDAT2 was 2237. 1. Howevaears, nmirka@aifr. 0idpt. er annua
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Lormgerm Hurricane Trends

Hurricane actiovetrythasoiceanebsé¢dnot over |
increased over | and and ocean together, thoug
eastern URI P4 0) St dhest(end is consistent when

categories of tropical cyclones &Bnddwhen obse

When all categories of tropical cyclones a
statliywytsicamni ficant over | and20aiRd gp<ce@.nN0OL).om t |
However, when the tempor al perd W9 tolf e tthree madc ail <

signiFigGntO(05)

As trends in ACE could vary between tropic
tropical cyclones of greater intensity, | pr o
tropical cyclones of | esser intehsesiagwal Whena, t-
trend is still statistically si @0iPilrlpat over

0.01). However, Z20bYthel ppdi addl6866anhp the tr

threshold for sthdugh iictal dcsRighrad poc.alh®)e., i tal (

Excluding both tropical cyclones and hurri
makes apparent an increasi irg JBp<er0od 0iln , AQEh i cwe

significant empeonr a&i PHpen tOar0 b ) .
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AMO, PDO and ENSO

ACE, PDO, andt Env8@]|s aIfl sea surface tempera

to be potential drivAetlsamtf.i duBasicamne activity

Of the three, AMOai potshdiowrel xoaome | taltatonh avs

greatest correl at ikinhb5c~o elf gd<i 50i. Onlit)n.to uiTi hitiisvee It W r ma |

sense, as AMO occuwlserien Hhthrer iAdd mend i fcorBm sa md mc
t wo modestbecupairns of the world. Confining t
have an appreciable efFegéro@pa6®. k).l they <c

Il n contrast to AMO, PDO has &i ysa#. d8gati v
<0.01) . MTR20tl1Re pE90 @20 BN dpdmwi5®d we found si mil e

bet ween PDOIi B&d-0AR, 0. 01) .

The results for ENSO are quite similar to
correlati &npharFOh 284CBH . (01), though it,itsvaotabl

more between t he Ftiwdr=t0e. ngp,r0a.l0 Ip)e.r i ods (

4 3
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(A) ACE Over Land and Ocean
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(A) ACE Over Land and Ocean
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(A)  ACE Over Land and Ocean
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(A)  ACE Over Land and Ocean
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(A) ACEOver Land and Ocean
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Fi g5 SST
pl otted
ENSO and

PDO and ACE Compared - 1900 to 2019

3000 7 Correlation Coefficient = -0.23 3
P-value < 0.0
2000 A
g 8
1000 A
1900 1931 1961 1992
ACE PDO  ereserane Linear (ACE)  sesesases Linear (PDO)
ENSO and ACE Compared - 1900 to 2019
3000 1 Correlation Coefficient = -0.24 2
P-value < 0.01
1
2000 A
w @]
g " g
1000 -
-1
i e
1900 1931 1961 1992
ACE ENSO  «ceceress Linear (ACE)  +-seseee- Linear (ENSO)
AMO and ACE Compared - 1900 to 2019
3000 1 . . . r 1
Correlation Coefficient = 0.45
P-value < 0.01
2000 A
L (=)
g 02
1000 -
] A
1900 1931 1961 1992
— ACE AMO  cecerenne Linear (ACE)  =«eeceee- Linear (AMO)

Anomal i es TA®r@a rt dddi ROl PACGE SST

anomal

against AACBnwifchiBadPRe® ¢ ot ipresent, i
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Fi §6SST Anomal i es

pl otted
ENSO and

PDO and ACE Compared - 1950 to 2019
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ndn Di scussion

We found that in ththseadtherarstl@mrint dJdi $teadt &4
results were stadnythweradilgygarmrse gnattegamy. foaor Al
found the iIincrseasimsggoabhgamtasf or mul tiple h

periods, and it dyacmmds scaime gawaimscy uh adt dlel be

betttrelcking in the ocean going forward through

We interpret the results to mean Athaatnth wr r
B a sh unt not over the continental United States
ACE in vaftMouskamiyset al. 2014; Villari,ni and
none have divided the study area into spati a

usefulness of the dHdURBART?2 wesa sliewvdeil yperds a bkGRd Di 1

our analysis across the three spatial domains

As to the reason ACE seems to have increas:¢
could be reflective of reality, orati ti nc,duled pke
some of the weaker cyclones were not identifi e
st ar merlen owretrrtdhsetryd may have been easier to id
Assuming rtehfehatoeisad r e®ssi ng trends in hurricane

l ine of specul ation i s t(hTarte n merrtelas20055)STs co

Regarding the connacti BENSOt hate AMOt hPROE,
of our results is that all threeAtalrentdira vEasi o
AMO sedmsdgtheeat est of the three, given that th
which makes sense int8iTtpaelgerbewatutbenAMDei &t

hurricanes otbter othercowbr ST, patterns occur
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has an inverse relationAhlianwi é hBapponitcadebwnc
of LupoO8?) ,alpar(2PhO&Eadm whuaAda gt i onal | vy, ot he
evidence that AMO contributeAtldamteicZhBagiomrmdr

Del wort.h 2006)
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Chapst er
Hurricane I mpacts on Precipitatio

551 I ntroduction

Tropical storms drop tremendous amounts of
suggests that tropi,catkhes tsoprene disr aants | vahtii cohn tshpee e\
may be decreasing, which could allow | arger ¢
(Kossi.n RP®Wa83im of this phase of analysis is
United States. Using the gridded hurgawgend fi
basgdi dpdreedci pi tati on dat a, t hi s cphh apsreecofpi amdli
dropped along the tropical cycloneapht hebbor t

plots them all a30h9time series for 1948

ERM i s then used as anot her njeBtorsinta teada cad mp d

Yk
O'Y i A A
h
Equat2i oBRM EqS arteéprnesents the storm, t is the
the raintf alelprdeespetnit.s t he 2yai avaelrlageepelcutroentcl
the same duration and | ocation.

Once we had our hueditchhmeugphlthr dpyeasl gewe rte

data from the Physical gL ebhates: LaPOBaAd©dye @

Anal ysi s o f Dai |l vy PrebDAAt thivemnm calveThie®&NMUSES

precipitation data go back to 1948 adagruee unt

| atit uéddee gxr ede 2150%.00 tu @80 Ux 420)8,7 5N] 3PDBDNBT 5 EE

55


https://psl.noaa.gov/data/gridded/data.unified.daily.conus.html
https://psl.noaa.gov/data/gridded/data.unified.daily.conus.html

5.2 Met hods

The data files HURDATEZme nfdr CRCGPIaD |y Pr eci
HURDAT2 dataset doesn't i wetl uale d¢gateaxi pr omt it &
Prediction Center (CPC) amd ddelngc tmad chrrengi pihtc

HURDAT?2.

The tropical storm path fil ensakwe rdensecnemc dtoe
work with. The HURDAT2 datasetdwas fthéteordi 31
United States was recorded and matched with
precipitatitdary fpeer itolde affitvee | andf al | . Because

amounts of precipitasednt-tbatedt tmtebdeat ehafi nhadady .

the continental dédmiitvedt&tatife anal precipitatiol
account for storms |l asting more than a day. I
si momeane storms originally ma@entlraald f Arhdr ioma , Carr

the United States.

Ast epdvd ssceri ption of the preci7piotTh0a oonr iagiian ay
tropical storm path fpioies al ooagonheg pachuoé oIl
script was writtenl@®kmnX]| L@ @krreodynadt é¢tohtee, tTe. [A.s
anglel ect the maxi mum pr eecicpHdeat t@amegiHiad vegl It o
resul tsdamd vAbwe of 877.58 ammwioth pwlat pot her

repo(rBEmadnuel 2017; Van.Oldenborgh et al. 2017)
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Step 1Select a huHURDATN2) .( GRI D

FigavZePrecipitation Analysis Step
Step 2Sel ecdayf itveet al preciopasaedi PnecCpPpCteauogpa)

1 i s the | acdhakermdabesobni hed St ates

34°N —

32°N
30°N
28°N
26°N
24°N
22°N
20°N

1

10 130 250 370 490 610 730 850

FigaBePrecipitation Analysis Step
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Step 30verlay these two maps

Figa®ePrecipitation Analysis Step
Step 4Go through t hoenehugrriidc acnedl rmaatithd,eanttii fmye t he

precipitation by expandi ng btolxesagnrde dt ttoha m&0i |

precipitation grid celd/l (25 km X 25 km)

FigaobePrecipitation Analysis Step
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Step 5Repeat Sltlept Me foorri ca cel,l scriana ttahneg ahyu rorfi c &

maxi mum precipitatiaon along the hurricane pat

Step 6Select the maxi mum value for the maxi mu

5 3 Resul t s

Annual, MaxiAsmoldurnmtiedawe eci pitation
Annual ma X i meusrs chauiratiecda nper eci pitation has ir
United States. | found t hatthewviprhea coni pihtea tcioonn i ans

t he greadt eesvtenrtasi npfraolduced by hur 20d4RinZls. has i n
However, this trend is highly dependent on th
such as Hurricane Harvey and Hurricame FIl oren
2017, 2018 and 2019 FhaRtrAfntdern scdlesws| atiigmg f EF

supported those resufFit@g#)n both tempor al per.i

Fi gshhnadZd how annual Mmaad snuan atue d i graenei pi t at i
diefrfent ti me periods, and excluding various ca
statistically significant when the years 2017
are excluded, the trend is liecsa&al sdynlidne anat ec

period2a®e&8 when accounting for different cat ¢
trend becomes gradually more pronow@miicpeed as th

0.03) .

ERM was usedrtess ud dlsi,d atned dthre ERM we cal cul
the previous results,i20alPt HBul dowgvemn, tihe tpPle

1948016 the results of the ERM calcul ation do
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results. As with the precipitation analysi s,
categories odarter oepxicclauld ecdy, c |t cdeogur gele(ot | ho t he s

particular, 4tdeéstnenhdstati Btgcalkly significan
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pdbn Di scussi on

We found that there has been a statistical
along the storm path. The ERM rkisdddatn@aaree i n
statistically significant-asddadegdapl escihpiwt a thiad
storm path for the maxi.BhRNk nrca iemfeald2109B8Be nd rsd off I
trend was stil] present when eXhlemditrhg tyre@pisc
201la8hd 2019 arermemawned cattlkeggolry becomes a more
the significa@ae iofunt lpetetce gpd diast isotnat iFsitgiazcal |y

(d, whehegsare not sign(iFig.an24) or ERM anal ysi

The discrepancy between the resasstoscifadred
precipitation resul t sheaxniRstehta lERM ireetsafl faescto so

t hgel obal war mmay k&vVv e tibaentnho@abksiendu m p o(@Eh eartert et

al . ;20202 )t he denominator in ERM equation (Eq.

We interpret the results to mean that the |
the maximum rainfall events of each year has
cMoone translation speeds, al though tthygesar ses ul

202M1Phe hurricane associ attreangiamdnd ea sattrdgr | pbrue
hurricane stalling events, wé&hiaodnfairreedvharme a has

Har ve(yVan dOlI denbo.r gAn eitna@arlea 20y )tewerdt s nhdasirbe

found by Hall and -K0$8) na(lOoilBitédomotlB4B80 de
and to an increase in abrupt changes in traje:a
fac(thtal I and .KoAsnsoitnh e20 1s9t)udy has found that AN

factor to tropical cycl ontte racuwmg adh ,tlaét mosgh

65



as our(sNodgjawes ra .etOuarl .f i2n0dli3nbg) t hat t he most e
caused by tropical cyclones (&rog ii retl iane WIiOt212 ;

Davis 2009; .Lau et al. 2008)
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Chapst er
Summary and Discussions

6. 1 Main Findings

For trends in gener al hur r wefamuwen da ctth avti ttyh er
not been a significant increasing or decreasi
trend over the ocean, but tmanteicsedektel Jebadas;s
data more recently in the dataset. For trends
there is an increasing trend in precipitatioc
precipitatilovasi mmleach owenarntdh £INSOMa@,r ePRAOI | i ke

factors to the forma®AtbanoicamBdpgAM@li £ytch® nmes

among t hem.

cbH Uni que Contributions
ACE has already been devédlkopedque cohmeéeri du
i's Wwédatd it us tHHUR DA G@GRINVEI ppad, wand Then i s

calculation to the southeastern United States

The precipitation hataliytsima k essU&IDsed Zufn i GRileD
' imited spatially ,modsthiemaibess epnedinpitteatiSomat &:

cycl ones.
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AppenAi x
Script UseGRItJ RMrAdRu c e

1. tropancdaldattreatcikme are I mported.

i mport tropycal .tracks as tracks

i mport datetime as dt

2 . The dat aset is |l oaded.

hurdat _atl = tracks. TrackDataset (basin="

north

3. We get a key for eaoccdchp.ofThehekewurirsi caa nuersi ¢ we

storm including thdtbasitmhoirBasl inhhewbitohmssin

year of the storm, and the storm's place duri
keys = hurdat _atl . filt@)y, rseatoumms (keyvws=Tramnmgl =( 1
4. This part is used to take each individual
function, which plots outAttthhemtstch Basiwmhat dwee

because the griddedtstamse pancodenboannptotnd

for key in keys:

a = hurdat _atl .get storm(key)
b = a.to_dataframe()
c = b["date"]

d = c[ 0]

e = c¢cLl]len(c)

f = str(d)

g = f[5:7]

h = f[8:10]

i = str(e)

j = i [5:7]

k = i [8:10]
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Hurricane Michael fromighan yteeaxrt )2 0slt8r iiksi nfge atthue
Uni ted States. l't'"s cutoff aer lort hb€aomé s nan

extratropical <cyclone. It made | andfall at 17

5. This is where the gridded_stats method is
chose resolution 0.25 where i tamemumowsntdi nsi
as the request for what to plot because we ne

are mapped according to binsize.

storm = hurdat _ _atl .gridded_stats(request="max
year range=(int(l),inxQ.mM5H,, dradteu rrm nagxe=Trny e,) , rbe
6. The file is converted into a netcdf file f

I n the program we used t o wdaldc dlpteradf AGE it heut$
generated using griddeidngttah ewiraradd i Sopasieecdelda tad s

intervals and summed together.

storm.to_netcdf (str(key) + . hc')
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Script Used tfo onaiBARIDAITE MAQE a

i nDir = "/ gl ade/ work/ kumar 34/ HURDAT2"
f1 = addfile(inDir+"/ HURDAT2 "IfND_STORM_1900_2
f2 = addfile(inDir+"/ HURDAT2 _ _1900_2018.nc", "

print(f1)
|l at ->% aft 2
|l on ->= ofn2

print(lon(0:10))

nlat = dimsizes (Il at)

nlon = dimsizes(Il on)

fe = addfile(inDir+"/hurdat2 east _us_mask.nc"
fs = addfi ha(dabDRrsouth_us_mask.nc", "r")

ws _yr>hurfdat 2 _ws ; 1 knots = 1.151 mil es
ws_yr = mask(ws_yr, ws_yr.ge.137.0, True)
time = ispan(1900, 2019, 1)

east _ meskast fmas k

sout h_masda&autehfmask

nti me =(dims) zes

P1 = new((/ nt i9n®e99 .30/)), "double",
do i =-10, nti me

ws = ws _yr (i, . . D)

ws = mask(ws, ws.I|It.35.0, Fal se)
templ =4)Y{wO"DN ; eql from Chylck and Lesi
P1(i, 0) = sum(templ)

end do

do i =-10, nti me

ws = (ws,_vy:r, . D)

ws = mask(ws, ws.I|lt.35.0, Fal se)
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ws = mask(ws, east_mask.eq.1.0, True)
templ =4){wWwO"2DN 7 eql from Chylck and
P1(1, 1) = sum(templ)

end do

do i =-10, nti me

ws = ws _yr (1, . . D)

ws = mask(ws 35. 0, Fal se)

ws = mask(ws, south_mask.eqg. 1.0, True)
templ =4){wL*dDN 7 eql from Chylck and
P1(i, 2) = sum(templ)

end do

Kok ok Kk K Kk K ok K K K Kk Kk ok K K K K K Kk K K % *

optl = True
opt 1@f out =
fmtx = "3f15. 8"

write_matrix(P1, f mt x,
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ApperniBi x

Ma t Pradbg r &me & toHu rtr h Btoavn ee

writer Obj = HWird e acWrniet_elrODUOR D2A0T129.; aG/R I' D
open(writerObj);
foKr = 1 120

fil ename h=ursrpircianntef (%d, g 2@h+Kev1l. png'

thisimage = imread(fil ename);
writeVideo(writerObj, thisimage);
end

close(writerObj);
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Suppl efniedh ABCIE Anal ysi s
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ACE Over Southeastern U.S
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Appenldi x
Suppl efmeghonl Precipitation Analysis
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Max Precipitation for Category 4 and Above
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Max Precipitation for Category 1 and Above
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AppernBi x
Hurricane Atl as
The foll owing hurmasacgénal lattl laes tcrompgiad aals cycl

hurricane season.
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