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Abstract

The mesoscale convective systems (MCSs)

westly monsYu nf raonndt Meliay essenti al role 1n

Ta

R a

p o
de

d

0

wan. A storm identificat$tom maribtt mac KAinma:
ar Jr ackinggradar data was applied to inv
l utions, dynamic, microphysics processes
a during SoWMEX/ TirMREeXd wtalse amtad rym eadh & roa d-
ntifiedthbhw aogcerddiedcdriivigy threshold value
eals entire precipitation system. On t hi
ates thke coorveofti ve  reyséeemiviTthye tdhurads
t i ndghuicledh € envecti ve Gramraefztoonnep)l eftreonpr eci pi
er i dercteil fly ianmge Icphairldadiite st orm properbi ds
Y), -weif ¢ etce¢ d(@@iedystirzoe d( A) , maj 6xoeakB Y, mi n
entation of the mdqjdnrd gikadad rri arlea trii we ptaa at
storm area are analyzed. I n addition, m
estigated by the vertical sl oppahdrhmetz
surements (DPMs). These properties thus
ck.

There ar e 38 sctaasteiss tsiecl aelcda&nds |d yod ie s ecabhsded 5
dy. Both horizontal andaraeealtyrzad qlhenbph
dency of vepadliacrail mestlroipce podr admeatler s vary |
i ng the detvhed ootinrgm.s t awgkes eocfuent | vy, t he t
itive during dissipating stage. The anal

el opment bpyo luatriilmeztirnfgu rdpudad@m mmomr @y sced hor
viii



sepanatdi st andearbt tcavieteenr s can be noticed du
st aoAsmt he rettal sephowsion distance-l @asl hwigh

condition (6 km).
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Chapter 1 Introduction

1.1 Moti vati on

I n terms of the intensity and the durat.i
either sittryongi timtemesrt tempor al duration or
Both of these two types of convective prec:
accumul ated rainfaldl readhetleeol umi ¢ mt odn r
process of the precipitation systemBeltdys c
understanding the evolution and devel opment

data is key to improve their short predict a

(201li8nvesmigatoplpy iceals of seven heavy
SoWMEX/ Ti MREX. The <collocated (Ndseowrwalt i Gast
At mospher i ecbaReas eDauraclth P | ar i)zaantdi oln6 Ddoi pspdl recor meR
analyzed to understDaSWDdr(bpesriekatfli sai @b ah oK
structures o f( d yaltliacu sne DPMs. Hmeaser e mamt sgai
understanding about the microphyasiwcfadl Iprex

combining radar observations and storm evol

With the develodpmeamtetabRMscafpracdom Iriad/gar c
to reveal cloud microphysical pr dperftiiles ar

20200effler ang Kad] iamawvezdz@liated the di st al

®w (differential refl ectivi ty9pecweigfiiom dinfdf ecr
shift) region for studying size sorting. Th

dynamical effect i selaipadiltiseud etro cienMesti gat e
1



Even thewdhhrduweltri c radaropglaywysioboobdly pbesee

the microphysical characteri-pol asi manr ibe p:
from radar dat a. With high spaciotempor al

di stribution 1 nf orThraac koinn gc asnt olr entsa rvai atinenreiB M
structur al evolutions and mi crophysics pr
Subsequently, utilizing the knowledge of t
fields can i mepcracsvte otfh e osnhveerctt ifloerep f € eir pathdt k
20} 8

1. 2iterature Review

Over the past few decades, various of tF
convective andystarpgptliyfimrgm trheagischrol ds f or bo
the fuzzy | ogic algorithm. By ct bdaydrsa mitya sn g

mi cr ophysasrrs ¢@irfofcersesnt r ai nf al |o btsyeprevéa ta oena i

Thsu, the simulations of microphysical proce
storm tracking technique is essenti al t o
measur ement s. Two types of t r accokrirnegnat h @ar |

i ncluding TINT (HINT IiIlngd )ddTRECTA2NDr1a9%c ki ng o

wi t h CorRienleahtairotn sa;n)d GO RECohd® 7T & ui ty afi TRE

et al). TmWeO 5centirmaildidmetghdd TAN (Thunderstor

Anal ysi s, armbd xNowcasdt \WBdg;IN(ESrt ok 9 e | | Il dent

TrackKiomgsoh9 pasBndalFor TraCC (Forecast and Tr a

Cl usVYielras ;edl ml adl@uw 0dto naslu.g g(e2sOtl Styh@artr ¢ Ihat ico 0 st

i's better i dehtt fagh da ectlelnstrraocikd it racki ng al go

entire storm evolutiiomomn of hceshosl duealt weds$ hteo
2



Dixon and Whawer pfapoes8ed a meotrhmo dradradg y

identification and tr aekiamg rtaaalrnidgue bbays eac
values for'Ypnpeflsadtrinwiagtnygd e(st{( ) m $phbeedefsitiyv
reflectivity-dBHEr edsBrzd b rf rcomv3eti ve stor ms \
off'Ywas seledB2dtasi 8&ntify convebbildeval aen

not properly ideftéefyecopvepbiseEdm@mndlym.t o s

the radar echo into convection and stratifo
i nt en«Kinteys,s ppenad surrounding grids. The infl
reflectivity threshalveragedt backgriaomudmdas ed
(20d8yel oped a fuzzy | egfy ¢(Bhyealigoei ahd

based on radar reflectivity observations. E

derived the classifications in a probabilis

Even though there are numer owsndaltgarciktil
detailed analysis in microphysical process

until t he a pppoelaarrai nzcagt u bobnr dreaadda ik @ev 1H& MG Kun

200omeyer etoafif |.2ORAp| &I).L2@2FI1 er and Kumj

ut id itzeenahea-y ¢ ar dataset from July 2O0ALt3 atnot iDce
and southeastern United States, aim to re
nonsupercel!l tornadic storms for hwhvisch hmdl
di stance between thaeandemwtiddi d eafchemaamaea m
tornado occurs. I n addition, the separation

motion around the toppéatibetorsnoldi Howm@mdawrviploiR:

this feature to aid tornado foredasnd Even
separation of convective stsotringsatiinm nTatiowawnn C

correlation betweenpohar icmatrraicte epasamesens



dynamical field.

Hu et ailnves2t0ilgat e four different types

convection, i sol at ecde |l de ecpo ncvoencvt @ cvtei osnt,o rnmu |atnic

cross section od )DPMisf  &Re é h tedc d,li vIRpeefycl iefcitc vDitf

Pha%e HDt)and Correl atm on @Geefkrfiexiaenntned. An e

de

et

he

Th

a l

co

e

e

p convectivehaser mrocebbBmgu d@daed smtoavch fi mo
al . 2019). The <cell continued to grow fc
ght and subsequently dissipaFeduidé¢apry. 3

convective processdcedagrtbe rhogfsetradld. sfloroovms

strong convective core nattstafBO meachad HFk

t

o 10 minutes along tFhegullleddk miair hcen.| aTine

at represent the | argest rajndeapk whecéu

e

S

10 minutes before the mainvpwvadmgei ked iboyn
bl ukei durmef c).nreached the surfatlke amaiamn
cCipitRhitguwhedh.asfhows t he <cor)r elleastsi otnh acno eOf.
and h=6km, il lustrateFiag wsi@eo.gtgas i @@m)a | 0
the retrieved Ongamovombumeedi ameind)r,op

egrated very high teasmdenlbyg It WHFQ mdti gdirt
pectivel y. Simil aheighestrgasi sacoif o DPMs
anal ytical met hod by calculating the ve
ained to uaodephlyaindalt hgr ocesses of conve

eal transitional signal from storm devel

Understanding the microphysidt<alrmpfocesas

O Iimproveithe smhemephy Fmumér inca lehamoad e.l

mpared the istbemépghysiacksoff rom obReswlat i

4



showi ng that®d alntdh opuagtht etrmes tahree sstiraeini(gatrh) i n

column of simulations may be an order great

i's still room for i mprovement of the microp

Diverse environment al condiTtaiiomasn aanrde ndiic
from other regions. The heavy predupstams on
Various studies investigate heavy precipita

from SoWMEX/ T2 MRHEX. arranged the weather p

experi et 2009 (2009 (20Hha&8d studied thepchar

size distrdubutmigon h@uS&yhpa impm.e, research re
data assimilation in different intensive o0

scheme were WeNLD26f0dI1leld2014201520172017

2018 20)Y9 Thesreeveamé studies of the preci|

observations and simulations. Yet, seldom s
wi t hin t he single convective core which \
I nvesti ghtarmgtehestics of mi crophysi cal pr

st oarne exipragdasgvotran predi ctability.



1.3 Research Purposes

Previous studies had il |l ustdeav eldogtmikentr
mi cr ophysibgyalstpurdepaoehsgsr dmat ri ¢ parameters fe
and numeri cal simulation studies focus on
will focus on the statistical -gpuearlfiotrymaNGAeR o
radar data collected from the SoWMEX/ Ti MRE X
to utilize the advantage of storm trackincg

feat uDPeMs offr om storm devel opment to dissipa

14 PaperrucSttur e

The structure of this study includes a r
Met hodol ogy section i ncl udes det ail s abou
campai gn, storm identification and tdaaaki af
t he -pdoulaalr i metri c parameters presentation. T
SPOL observation from the international fi e

verticmdl|l aduanet ri c par arhet emotd emarwvaddtonr,s a

observations and reanalysis data.



Chapter 2 Data and Methodology

Before the analysis of convective stor ms
technique using radar data iat@aroposetdi and:e
radar data processing and synoptitotmeakiand g s
technique wil/ be introduced as -pwdlalr.i mét n

par ameters.

2.1l nternationailgfi el d Camp

l 2008, from May 15th to June 30th, the S
also called -ThMR&EXEnc@&dr Manhsoon Rainfal./l Exp
Tai wan. The goal iomprtdve telxe ecaan@bi@d nittsyt tadf i v
Preci pksttatmaocQuoam tade t i pleotreaetciackariingg t he Asi a
Monsoon. sTecasioomnvestigate the characteristics
t he durati on of mi cr oploy stihceal h ecahvayr ac aiemj st
measurements were set at t he norbahned nd urali
pol ari metric Doppl-Br fblRhadlarmody 4 tee np)o,| aTaane t 1
system), and MRR (Micro FRaOL Radarr Fi g% rsdmawr
1LDuring the experiment, 9 I ntensive Observi
are as foll ows:

|l OP 10519 006Q22Z2000 0P @5D6 005249 O

| OP 529 2060681Z2100P @621 Z006AD XO

| OP 20603 11860421220 0P 660A8 X006 A& O



|l OP M612 00603ZZ1200P 886 DH X006 L2 XO
| OP 9623 GOG262Z21 200

During the 1 OPs, soundiiomgs WBWgreol aenthaea

dat a, environment al wi nd can be obtained.
(ITTCEQaak b AOE XO@# S .,) Pi nAgitpuonrgt (46750) sou
chosen to reveal the environment al condi ti o

2. 2Reanal ysi s dat aset

Owing to the fact that the sounding dat ¢
datum i s utliQP zceadsreésa n aTinyeni s dat aset i's col
Centre f-BanNedWeamt her Forecasts i(lBECMWE)M (E®R
I nteri m) is the product chose for the fur
TMcuipquiJn | ongatudedandThe t e mp éeiroaulr r(es0o IUUT
06 UTC, 12 UTC, 18 UTC). With 37 vertical P
hPa to 300 hPa by 50, 250 hPa to 100 hPa b

par ametiem st hisedstudy are the U and V compon

23 Storm I dentification and Tr ac

Based on the storm identifDcabhoandntVi ¢

(19933 storm identi fi 6SaMA R®(nS taonrdm tMoatcikoi nn gA nsay
Radar Tracking) was devel oped by Radar M e
At mospheric Science, Nati onal Centr al Uni v e

(20.19The SMART0 iisnvwetsitliigzagde tt he characteris



dur ati on of mari ti me and continent al conyve

condition during warm season.

23. RadaatRDocessing

SMART can prDoicnesessma| babhitms@wa| composite rad
single radar data as |l ong as the Radar co
coordinates. This study focus-kis|l ommettehre hsoirr
resol uti-bnl amat eOr. 5v e@mt iw atkh ilmoens®®l@rt r adar re

kil ometer height.

For data qualityPCQlonrtardoars, otfheNGAR iS e pr
(20,18but modi fy the” tamdeéshwol dsa nfod @a plteht e
preci pi tTahtei odna taar ensi.t h|l ebe vaAhuneOofy agqalt here
than 0.0 dB Whel SBOLremdoaedcanbamanlisoni itz @amto
vertiaalveEMI|I t ernati vely,abwdedrthleOwmaested resn.gt Wi
wave | ength, SPOL has | ess attenuation i ss
observed.

Aschemdtoiwc di agram before stForgmRiedARMtte If itc
data quality comitgwuhReg adf, rddtaa wata i(nterp
coordinates in different l evel s, namerl)y C/
(Fi gurébp) . Dat aDifrmsommadt sftomr m2 i denti ficati on
(FiguRkecpP), which found dtheeanahlkioaulmumrefdlec\ d
After -phepaeédttl dataset, SMART can successfu

i nterested in.



2. 32Di mensaondmBnensSooamam | dent i f i

To anal ysi s t he compl eexcittiyweofsyshemmeé 8¢
identification by selecting single thresho
composition structure of mesoscal e convect
composinumenoo$ convectiveadosésaantiomamwpde
When applying storm identification with a s
o f weak <convection and dissipating convec

reflectivity theceshettdi cancecraptwirtthitmet he e

anal ysis of cell structure, only the matur e
the other hand, a weak reflectivity thres
Precipopntaeéel |l s without a convective core ma:

which only contains the stratiform precipi
convective storm. Consktlheent Vitryitdhibe cidd ap dé
in this study. It i's designed to capture

convective core existed.

Accor diinxgmmt oWi ener bebitnme2n)si o-DaimeasdoBal S

identiforciathmni ml §MART can identify thunder
storm refl ecYi waintdy sitYdtr emTshievzywaag( useet as’Y35 dI

was set ?2fasr 19t &krmm i Diexdnidf iWe aetnieo nl il chd)s st |

reflectiviity) tweareeshapplsihgd tsd odims triermgg win . T
sensitivity of the precipiYawsoheatedrom tuh
wi t h 5 dBZ interval, using t he QPESUMS (
Segregation Usr)ngdavtud tfirpdme GWB s(o@entexalmpWea
May 21, -2WldadMeiiFsi gsuhdewmz-dBZ captures the

i ncluding both convective . arOh dthrea tcidfBdrrmarp
10



captures smaller domain but the core of the

Based on the results of'Yahd&, vhoweusr ehl
thresYyol @ é&nd higher r évi; | @ c tairwei tdyettelmme s1iledl «
dBZ objectively and theoretically for the
i ddntciati on resulYgs fWwerei dedmaiwvéenghi, Vg elflor
i dentfichyi algncde Itthe st orm content both convec

ficel | doembed

Asc hemati oofdicaedrl a meuambienr danfdf earrtent refl ect
i Fi gude TRhere were four <cells identified by
FigudHdeapP, whi didhhirledp rikcisdeunke b2, t hree cell s w
30 dBZ reflectivity fparreersth odmil,d uwld€i ac2h. a nedo r (el
par-ealtlonl y cont ai nsc elnle;, cuhal édn ocnetlali n(sc htihlrde e
(chadldl 2 and 3) ;-c éBolweovnetra i npsarneonnte of t he <ch
applyingf ldeadsvolty ¢(BugurldB2) ,-celalreemd 2 wi |
mai nt ai-emlaésd zred | 2, which maintain both <con
precipitation area f roam vpeacrteinvte -ccedrle i datuwp d rk
excluded by the Dual dBZ threshold met+hod
emb-&#2dand 2) for further statistical anal ysi

For the identified storfis) Itda®8Qatilems w
Di mensi onal radar data are also réwowaeccd; | @r
t hanQdlion-Didmensi onal radar data20kMmoshemat it &
di agirsamdr Riwghu b.en Pumber s in colored grid poi-
by different r d&filfotect BO iAot aBé&skHBLZAds Whker e s
3 are the storms we are interested in. Stor

cel | i n one parent cell; Storm 2 stand for

11



the insufficient area.

23. Storm Properties

Il n or daelry zteo saam ucture properties and cl o

convective stor ms, properties of storms nee
to the gridded data set, it iI's straiagket ffo s
whiweh had calcul ated are as foll ows:

Ar e a

T A®O Qa ()

where n is the number of ,dArmAlpoient et
Cartesian gZandd spaspegtiwvel y.

Vol ume

6 B 5 Qda Q4 (2
where h is number oft hileratyerr psoalWatiytZdhht sve n ¢

the Cartesiatd grid spacing in

Geomeemtroi d

@ B o -N& B & - ( 3)

Refl e?¢igfCtptroid

® B o - - N B w - - (2
wheowd s the echpoionft each grid

Orientation
[ OAl - (2-5)

whenftendare the normalized eigenvector a

12



Maj or iammd MXxi s

(k m) (2-6)

‘I ”
whey e andgd are thedstdeofd athendata in

direction. Meb I @ & he i deiidlobnii xadid r Wi ener (199

2. 32D mensMomaht | nvariants

The transl ati on, rotation amdasscalkoirity 01
period of time. To gain a ban telrgomaittchhn nsgo Ir
recognition pr ovolmenmst wenrvea ra papnlitisedt.heory i s

geometric cdHuaspacetemDiEBi Tbere are four invar

i n atmospheric science to desce¢kdibreensi @ommad
order moments present p hgy sarcchd r qrpamedsnettngt @ f
parameters relatedrtder smomemnsfapeesent the
and sdhapreder moments present degree of di st
i mage asymmetry). The concept are as foll ow

Tw-d mensinofnalorder moments of a continuo:

i dent i Qj caartei cars sume .j Whredceer moments are defi
a » OO, QA0 /M miphghs (2-7)

Where x and y are thehxecanddyndt eepbbBoOobhi on a

The centr al can be written as:

W — O — (2-8)
Center moment relative to the central are d
‘ O ® ® O Qp Qe AWM Tipkis (2-9)

13



Af ter normalization by reference scale, cen

- —_— b N CFUFI[FB (2_10)

With the -biasear od o mminsa@vieoan fee~et)u rweist h( physi c
geometric signigfiaman o deer moene nby were pre

coordinates.

%o — - 2-11)
(
%o - - - ( 42
%o - o— o— - ( 43)
%o  — - - - (2-14)
%o - o— - - - - o - -
(2-15)
o— - - - 0o- - - -
%o - - - - - -
(1%
T_ —_ —_ —_ —_
%o  O— - - - - - o - -
21y

Notice that for the continuous function gra
the above seven f eddournmad iwialtli omo tarbee coohmprug

seven featur es:

o Q pftfaft iy (13
%0 %0
The vad wel bfl ies between 0 and 1, msepresent
To quantify the similarity of storms, th
and the portion of the following time per
di mensi onal vector:
0 & ho ho he ho ho ho

(1%

R R L

c
()
=
e
=
()
=
()
=
e
=
()
=
()
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Af ter that, we can ca$8ubadet hkbealdigsteatswed 1t

two vectors:

0Y: p (2-20)

- ' ' 2-21
&Y 0 A AR A ( )

WheiOe; is the EuclO geanB diwstwan)ke; (
WO O0is the indeolOpE odar ) ¢

O and) £are thed |l eBgtdh (AMA B o« ).
Accortdoi tgh24¢gan2erpg.oifRe $BhreU Jaaleu e Modfdhe t o
closer vector |l ength and smaller included
i nvari awmt itseqgsumatt(i-2028n) .( 20l n the caesbbodef DSnlomow

AS is much more i mportant, the weighting of

- p T® $3 ! 3 (2-22)

2352-Di mensbooamam Tracking Met hodol

In thi® Ftadkjng al gorit hbn wenm eamuud elli. e rAe

cel | matctclmirsg i nclude the di f faer(ednAc)e sb eotfwedei
within two &M)umeescanmnsi §ered in the track
(2019 d shown that considering the momentum
accur acytroafc ks.t ofrhhmus, the tracking algorithm
di stance, size and momentum invariant of f

di fference, her éiCadtt eFuaincskt icomamms ibde mdd aasned ¢

~

Suppo $ & e ss tadEanmoo Y ) w W

ho
. o 2-2 B
Eato : 7Y ®w h h b §



AOOOIOEIA©A AORBIGOAT A OOI Oidd AO

X and Y represent the |l ocation of the
't i s defiCo&td otmh Ftttad kX aitse obt ai ned a
#1 O@s$s Al A- (2-2 %
AS o o 6o e (25
A5 o (22 B
, Q0 Qo

A- —=— b (2-2'y

C
Additional assumptions ar e:

1. We consider that theo&hetoemsdifher enc
t hsea men. e

2. Stopoimdicthosrimeeer e stihnmei lharg,her p rsoabnaeb iolniet.:

3. If the aailsu ec |ddbsietr iat abiotc lahe¢i egsio s s itboi Ibiet yt h
same .storm

4. We al so aistsuimg itm@aaossi bl e f e&ri | otmert g t
mi nutes. So, the maxié‘rhiutmosdco)rtmhespfeLerdthne

Accor dbingont ocand Wi bBeemaxilmdm) expwas ed

revise&«ifloonmter peki lmo matters ger 1mi8nut e

of storm speed wiblmensuneftaeteapmoteo

Through the entire process, a successfu
nformation of cell parameters during the ¢
duration, storm movemewrt udi mgc air @ag taw.d oasamr &
obtained. The storm microphysi capolparraceests
parameters can be investigated as well . The

16



24 DuaPlol ari metri c Parameters

Unilke the Doppbkarrmdarjcduvadar transmit ¢
and vertical pBlysatof i zadgot wav & Ms , t he i
i ncluding size, shape, phase composihibdbhi s
study are |listed as foll owing:

Refl eax ) v[ uB"i]:{ s:

W is one of thpwl@prodrecattds esfi ngo process
t he same pol arization el ectromagnet.
backscattered powers « riosn ¢e tdmyi mtihteadsiio
and distribution of hydr ometers. Assu
particle size is smal-beat ttdrainngwawred £3

Rayl eigh region can be written as bell
& 00 0Q0 (2-2 B

The stronger backscattered powers, the
Di fferenti al) Rletifdfetcsi vity (

W is the Il ogarithmic ratio of t he bacd

vertical Apotar dSzeagiigoomsa.nd, ®Brc¢camibdé 1Wr7i6t

as eq@29.i on
G prl G (2-29)

)
For those spheribdcalquay édr d me tzeerad,e matish g
at both horizont al and vertical pol ari
the suffer air resi stance changes the

Theref orde ,willdr goeer observed fr dmwhive drs

mu c h mor e senghbasee hydr dmetuardp h@aoep a

17



hydrometers. That is, fod walgieenf si aie

be much | addbgeal utbaafthail . ®The nodusead e
for the following research: (a) Partic
estimation (QPE) of rain and ice (c) R
To insure the hydrometers wemre piosithe

correl atidonvablesteweaennd dr op si zde vianl utehsi s
bel okwi 140 met er hei ght were analyzed. To
drop size ygerntsid opBdt odelegrtical profil e
The posil tuvee mtfil ople represents the | ar ge
hi gher | evel; Onvetrhteiadcolamtofass!l, omegraepw
hydrometers were at the |l ow | evel
DifferencedREUh&BsI Vity (

w wadefined as the difference btgt weten
can be expre8PWh < he g wsa tdfndna i (2 ed e um

W ).

) pi 1 GO ® (23D

For ice partiwhliée, fahéypwnopemimbhe ece g bhal
However, rain particles are become mor
and madel ahgew .Fbobant he nrie@asoakdnees i mp

t hedt i s itniswerstio t Heloinge eparatli.cllédD 8)

Differenti al) Phwfsiet Shi ft (

. i s the difference phase shift bet we
Theoreti csdloluy,d been zZreardmrwhemi tting t he
t héreno perfect waveguide-zamad wal e ad
Ther gd osrheoul d be eatd¢kulratad bt nwhaemd s

cal cut a.t iTnhge o b sceamn eldet eem a@3lpquati on
18



e+« 1 B&QiQ (2-31)
Wh eree . e 1 i s t he backscatter di f f el

det ai | descri pkumnsawef 2@0)Ws] wiee & nivav,

is a phase measurement, t owi | not a
above reasone, fwer odttteenn wastei on correcti

control
Speci fic DiffeOre)nt{'w%m&dtBhase Shi ft (

By calculate the rangeeowdéedipanb@aimed eo f

can b deri ve

e
(@
Qi

allel

(2-32)

Compare witihs much more straightforwar
phashydromeit ers.rédl abed to emi sgsiveen wa
drop si ze, shorter wavel &ngunh iakial 4 | e
proportionaneitghhtthie mm@asany dohmeteri sfgst e
proportional to | iquid whatherdikpnfteernt (
guantitative precipitation estimati on
UusimgneQ onley2 (PDoviesti gate the spati al
guanti vatritsiledagge oM vertical pr ofhiel e w
p osivtail vueee rotfil crgee r 2 heentl arlgoecratleVdC hi gher
On t he contvrea dvtiad adet goptepirvees e nt tweeadl ar g
the | ow | evel, | enaad to a heavy precipi
Correlatioh )Coeulnfifftdsi:ent (

Th e Correlation Coef fipcaleanrt cosrraeefaitnae
horizont al and vereéescalUngpget anoembai oni

val u®e wil I |l ays between 0 to 1. For i

19



regi”om,i | I shows near’l ywill |l lattédedcbaoath
0.8 in the mixingr”phiass e trheeginoonr.e Hhiek ellc
met eorol ogy echd. chme bede fwiquittt i 8@ ackf2 h e

applicationtdadis study is for the radar

. 8Y Y O 05
®Y sGBY sO

Line@po!l ar Rataid d)o( ulnlifth :

0 is one of thpoprascdscts tefri argops ocess

wi || only transmit horizontal npal araina:

vertical channel s.

0 pnll% (2-34)

For meteor ol ogilklal | ¢33 beowéen!|ldm rain

shows mor 85cl(onoesnt |-y barbgvee nappl Dcati ol

i hits study is for the radar data qual.
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Chapter 3 Resultsand Discussions

3. Dverview oSPORPOWNEXer vati ons

The weather conditions of each | PPgudeaer.
3 L Bl ue boxes indicate the time period of
| OPs. I n general, | OP1 contains a widesprest
convective cell; | OP3, | OP4 aroewatride tlhien d arn
contains a |l eading convective system with t
convective system; | OP7 contains a frontal
from the ocean; | OhR® wonthaiwn deecpveati ve al |
toward the | and and a MCS (Mesoscale conve
contains |inear convective system organized

The entire NCAR SPOL radXrwdataappbmeBoV
and the result of storm identifi cateildn- ipmcle
cell =amdedel Iwill Fbemi att odbceétce tadeaht Il gy rneu nd.e
2( 39 nd pcaerFeing(2ebB), three extremum Sttadbfdm nu
Junélt a4 ed J'utnoe' 28 hi ch are | OP4, | OP5thd OPG6
SoWMEX/ Ti MREX wday o omheniend of June, most
are reMeVlVedfrnont or East Asia southwester/|
stratiform region with several I rmdki wiccwals
Figuk(ea)d.and (b) are corr etsopwenvde rn,g etnob & ch ec eple
by dgwdll ectivity Fihgrueeselo 8l.doelBowonti appears tf
during llIlQRGtadastte of -dehlel spaccemttai n e dc aerolr ed urhia

| OPBauunder sctaadmbetiedi starihtybt i phe aedl di stri
21



scalsehoiwhgursed 3THhaxi®w is tmheitsi me, teredcreyw mmber
within a«red Fgand@&nBi.t shows &hetetlmoxtondfaitnise o
chicled | . Howecveelrl, caam aalesnot conteal hsupThe deg:!
the mul ticel | ulsaoruitthyweosft etrhley Hraosnts oA¥Sui ah c o o mp
To further iIiweeédt iagaetae rpdhbradmmeregeadehBr

the distri becuetlilonarocefa pcaorrenetsponds to cel |l ma
t hough tcheel Ipaareena can 8p06&d kmdsdtel 9f oviee

reflectivity are within 50 dBZ to 60 dBZ, w
during the ehkigabehpedi mémni kwuwtl iaorne ao fc oprarreesr
to numbecelolf embéd i s shown. -cNed I maitst efrf otmh e2
up to 250t0l0e kgr eatestel humbhery ecfancliulpgport wi
Figube &8 .positive correlation was$l|lshowm, wi
c hicled | embed FdlgudbseihBawsed he. st orm durati on

cell spedkhseeccur jJFugublPbhdwbe timestasate tha
cells were observed, mdwitt hoifn t3h0e F anguativeesn 3 s h
a vaguely negative correlation between stor
i's shown. It is postulated that splitting

shifted dramatictaltymen,thhes hefraccrkgg eargi wd @t o
splitting and merging. The storm split and

will be further i mproved in the future.

3. 2Case analysis

Ater reviewing all o fm tNhCeA Rs tSaPrOnh torbas ek ivag
tracking with splitting and mergi Tdiiiss su adg

focuses on the iIisolated convections with su
22



three conditiFonmstwersd sghrlei skl ected to avoli

of mudelilpl eSecond, storms of | east 10 radar
for anal ysi s. Third, storm size shoulg be
stor ms.

Frdmgu8(ea)3d,, daily number of storm track

t hr eshofadr, e al Ot hkrmasé‘h(oslpdeeadndt h0e slimolod dies ¢ lbow
compl ectyecllei foef a st or m, storm with short |
threshold of | east 10 radar scans is applie
there were 780 sRiogumeblBe.f tFuas hsehronomr ei,n an art
30 to?B980f umther applied to avoid storms wi
i ssues. Overall, there WegeB@cB.caStewsr metl rexd

showRhi gunBe 3i.ne color represents different

Detail informatiomTablleathctase nmyr stpmrens anta
storm end ti me, the case number used i n th
Vi sual examine of each st arcrhiwas riempull & me motfe

Considering the | imitation of the scan s

zone) , storms olfeweli cthiO)hn dyinzeesrid ¢ Owower t ha
height to i eseilr estohedthewst orm was wel |l o0bse

higlevel blOfnduzsoneée( higher than 3.5-kivled me

structure of the storm was well observed. /
ti mei steppiwqudeBIl3ack | ines from the bottom t
height, -@&dfndXxlODometer, respectively. The gr
observationhadeda. i Goltdhhreedst®rm area in the
shows the blind zone above the maxi mum el ev
bel ow the | oweBtgellda@tt @n( k)Frosmt orm moves

23



through time, | ed -lteov elh eb Ohyen agnhit e koefl (bbo@)hn ch i zg
of the storm Fhoankthyge HBthbhasemeare | eft (coa

were removed) .

The mean DPM profiles of each selected
Lagramgceaaphysical characteristics. The DPI
averaged from each storm, thus the mean DPNM
mean reflectivity | ower than 20 dBZ was aprtg
SNR (signal .Ftoo mdilgd hreatsieas)®® $ roof foilmeesasmac h st
track are summarized in Appendj xAppandi B. BA

strongdglhaoeessesxampl es wi | | be introduced i n |

3. Bthtistical Characteristics o

Three different types of st or nkitgrualcgk i3n g
di ssi patFiga dPt &gned (devel opi ndgitgar AdBi sAsriep asthiomw
The time beforetshmastoemsragehase cl assify
contrary, the time after the storm reaches
The definition of mature JFhagstofmsiornmevelt
iehosen frhbmOude THe storm case number is
to O011Bi a4 a3. shows the vertical evoluti on
(whered ). I n this study, the maxi mud )acicsumu
defined as the mature stage with most stro

accumul ati vee/@k pfl secsheoiwhyaé bel ow

G |, 0 00 (31)

In case 30, |plwevelaxbimd®) =aoppea('diate tshep
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aboukti | omet er hed,ght e@bbi ghtmeofst ep ;s trmae k
mini midpevel bl EDDH appeaiXtsi naet stthekp,l oanbectuetr 7h e
(hei gd#t noéach time step )iBy matketdawabsngheheé
reflectivity firAdn mhekbeombternfforthkhasdadi g
effectiaé e@lachtddB@neyv sltieeps (were show as the
accumul ative retwl)ecwasvitthyud malxt.aiarceced ( mar ke
showRi gnd& aJ.. ThdMhareemaoh increasing from
to the end of the stooramppeaarcsk,atwitthettliagaamatxi

step), indicating that the storm continues

Figurlell B). shows the vermti(owhlesrOgof)i.l eT hoef
calculation @&f ia@ccsuhmouwnati 29 e quDdtfiftoeBie (B t O
accumul at i arcD.PM) DPaMsc | at es only (tA&, mal ue
to 4 kil omet eanmsl yheiimgehtt nmd roa ;erDemrrckcoe sshe hi gh
bet weeand ,patt i gud# b3. i s Fsigmidldaald ..t obut wit

variation. | n odiasoe cRO-i te pmabre.f caed.t he max.

GoBG G 0 (32)

Figud& c3. shows the vertical( vehedrReudd ) on pr
The cal cul ati om iosf sahcocwunmuil3dg t.e gdeme iamaocc(cr s
at t hnea xt.i daecocc.cur s, Il Tustrating | arger drop

the stor modtsaakhdoEotilndi cate the mean size

Gaed |, ,® (0]0) (3-3)

Figufd& dc3hows the vertical 0eValhetrSieon) pr of
The cal cul ati oon iosf sahcocvunmuit4gT .6 geeeantbiac .c(clur s
at the sameax.i e ®%tegppla.s It shows that the

(LWC) appears earlier than forming numerous
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OoBw 0 (0]0) (34)

I n this stmdyj maml aoé¢umihleati ve DPMs were

-~

el ationship between storm development and

A storm in dissifpraotnm oNhA ys2t@@gdeu (i . 3cThipes eqt o

case number is 5 and was tfFagkdd& adr oono 0(4dl)5

~—+

he samei ghimecr oFsisgugledcaldi.ono acd9t,orbmti f odi &4
st algpeee @c¢ FRi gung ahows tahcedb.matx.t he secbnd t
the track, and continuous decrease lgmadasadé¢l
5, the height of the storm (mean reflectivi
storm decreasing.

Last exampflreom sMacylP@2Brud 8, 3t he storm cas:¢
and was tracked fromi @ILAR adT A o o( dI)5 0s7h oUMSC .t
presenthengghtt icmeo sksi gsuerkedf 83p.nt afsqrd) st drum evol u
devel opment st aghs tsoh @wipsii®al makh b eogecec.ur s

at thiemd&g step, wiatthh. tshegniadc rsedasritngt rom t he

~+

rackmawn. tthetchen foll ow kayx ¢t lse gaheadr & os it rhge
storm track. SrhoomMi nigntteresietvy liunt idbi fferent s
from 1 to 6 are define as the storm in deve

het i8me stépime shepl?2

~—+

Asdi scugtsedet( 28,IsX)orm di ssi pation stage

maxi mum reflectivity reached its maxi mum he
Base on this concebp ,wevrea td(aladguHed radfduggum &€ B8 h
13 frohmeitghdA@ fFr@EIOT 4 i | ometi g todt, altlhe maxi m
value and their (markedpasdilimnghhebiyputerlegd o3 .| o

need ttoailmde delmach ttoi mevostdepni ssi.hgheabhai gamtd a
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maxi mum valueOj s®EH, ghlee tsil doaple wi |l |l be,calcu
TMto that | ewvels,l oaplep owsiiltli vbee der i verdeas e dwicta
i ncreasing altitude. On the contrary,O,if ¢t}
t husvetrhteil ogple cal Oy lmAE letdo-kfidlooomet er s hei ght ,

negavervieil ople wi |l | be ovbetcasliincepte rmldéhper epsoesnitt it vhee
droplet is floating veatr tsal opileg hoefrp r aelsteinttu cae ;hi a
water content | oc aitpeoss tautl aat ehdi gthheart eapltstisi @ doliedvee.

can be eeseopredi hht he devedluogwitnip.l (di2Dsli9pat i

Maxi mumoWw®Meods each caski qaured shiomen ofn t h
acd. are del inMe gay & hod@r eprstshentt i me abcedh.qr e m:

il lustrating st oRPaonsiivimilvie®v epffroe@s emmgt st m@get i me

@ ,illustrating storm in dissipatmamc &t age.
value, the mamgmrict uvdael uwef atrhee sthamwdh witde hef | ed

Cases wintaha.hdd.ghheltue are shown at the upper
wi t h gnmaad.clcée.rval ues ar ebsthtoavm m@mar ttAhseEfi guhe B
14a) to (d) shown, | arger value appears at

t he am®...

Vertical sl ope of DPM&i gtirl&B8 hc @lac el atrie
ver tsilople of different parameters, this st uc
di ssipation stage \Ver tsiicmge nd of davehretpotsadgiadt v e
Unfortumatrel i, s no cl eavertieincdgeecyr @ms fpersri it n
ver tsiloghle signal of thewvérltibealdi slcopsetdr @

t he f onldpotwianggr aph.
Figul&bl3vs t he number defrvseirttsyl ofglen can d nma x\
val ue with t hemaximeunm eacactu nvuel atobecvcéh exFeifd vercet i
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31qa)l¢e)Yeand (g) ardei ftfheer enOF noefasrd oPRYsnNn&eBt i
(bYd)@f) and (h) are the NDF of .daYfame&n(tb)mefa
reflectivity (D2Z); (c) atnidvi(tdy) (fDoPr) ; me(aen) da
di fferenti al reflectivity (DR); (g) FRmdan ( h)
Fi gurleg B3)., (d), (e), (f), (ha) acc@ descehdivn.
Figud€ ed. shows that | arger rain drops have
stage (verdidcadr esd ©ipreg ods st orFm gpualsés b3n,g e}

(f), (h) indicate that the streacgdb.h of stor

To investigate the variety of sleopge cpuarst
of DPMs were calcul atadcdbef Arpoaindi wd teend
ver tsilcogples i ncreasing wuédrttsitcogples Hewewvase |
negative tendency wil/l be obhteaiamsecde.n dTi hneg phoys

and negative tendency represents descending

signal from the development, mature to di s:¢
max.co®. i s reANFigeds& hoo.wn, most of the data ¢
acd®., with the time aloof, quantity of dat a

For &ocruer ate description of DPM characte
DPMs vertical sl ope anguimakednuimntval ueumweg e
di fferent sGrooup elvodrud i ncan be consi dered
Group 3 and 4 can be consFdgukdi&dp hhkiyboixpdto
of maxi mum value and the tendency of maxi mi
dat a-2wi t<b tanrd group 2 i#Hclkudex tOhe Gd atugp Bi t
with B antd group 4 includRed tthemedatna tvwiet mi &
box represent the median value of the dat a:

75bercentile of the dataset (hered}pkeece®@s8) |
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of the dat askrnorm htehe arhdkirguwihd adl, ud c(), (e),

acl early increasing from group 1 to group 2,
peakoap 8r subsequently decrease all t he w
tendency of the maxi mum value, thed mdst po:

and (Figudd&b3l), ((h)). OHywe g (i &H8H.) shows a
variation from Q2 t o @wQ3na xii mdiimc astad sudet. ihsO wa aig
relative measur ement ibceatlwecehna nhnoerli,z otnhtea | v aalnt
strength of the precipitation. oHecavwpapee di
shall ow precipitation.

Tof urt hert hreex avadnmeletsy tsil ogple and maxi mum ar
gr oespsweéehlal er tsil mgple and tweer tsikkcnagle nay € ol &ixnpvino t
Fi gB8rld8 Fwvamo®er tsil oighei g Brled a() g ) , (e), (g9), (
hi ghest value at group 2 avnedr tdilheanle dtda moduer re@ y
318 b), (d), (f), @h)Pi,gumbe t8)p fgrtchuep d3atar eof
al ®oand (Figun& d3. ahdvéhmdre negative val ue
t hatv etrhsl cogter echass es G hhrpsty @hndnédhen |l | leustr a
| arger drop size will falls earlier than sn

To understand the characteristic of- maxi
pol ari metridea spai dmet ems ,0f max i mum maceauamu |l a
@ time of all 3Bi gt & 3. s Holwewreri npeaks of
a highly ma»xcbap dwirtthhewi tribPAMeat umaés of t h
were separated into smaacncgd.anxdc eneedask 5g0r 0o upBZ
be classified as a stnmaoamgd.casebelDawwiblel0 cloe ]
classiweaek assea. There were 21 stronfomases
the stréoemgucléskB)s) (most of the damtaaa.csthows a

appearnmaxcddod.sandaxc.d0 appear nadee®. andur s at
29



|l abt .i s pboatult haecetlarger size otoamabhesacdnopsp
as It descending to surface durcioh ¢§-¢ aelack aroinn g
process, it is necessary to aVveesuwfufriianige mte
stage. Therefore, the timeldlagdbeadawelra. matixi

As di schiis setd2 GilIndt) h & hviahues occur at | ow | eve

reflectivity reaches the highest | evel ar e
raindrops. The resFulgturicabld).al whi dke of febn dieex n
square) firs® apmpee@ars ngr dred end Ofu)t henodies
numerous smaller rai ndraogpso.ariemeé nf.€ededmt)p
l i kel y eddeartge trtai ndrops had already fall en
(Figudg c3.) shows thiegsddgQaedreabllt the max. ac

t he ganeme sthiowi ng no significant time | ag bet

To summary from the resul ts of staat i st
concept dalr i mgdelt orm e¥obuRB eaBx iiss sshhoowsn tihne
from storm devel opment stageri $sosbows mtdesap
hei ght aamnxd sr isghhotwsy t he rel ative mean &@al ue

and bl ackodambahi ne

As the conceptual model shows, mean drop
before the storm reaches its mature stage,
solid |ine). Froo m kb lhdex doie al ni nvea)l,u et hoef peak of

at the time before the mature stage of stor

st ageki gluSleg@ 3.

As the drop size (bé uleasdapekrop hviwse anoe
al tiithudge, odpaal t ovetrhteill opgoiesMsb.i vieePw of t he | ar

occurs at the near surface at the time righ
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ver tsil opl@éMso(fselegu d ¢ 3.

As ¢sihading bar shows tme tdrbaimgee) ceppuasem
percenmage vat(cmax. ®a@appears during .Ahetlse ol
orange bapeasakowss athégmdgmtef wihé istte@am@ami mun
LWC before the matQm et hsd lamoerbtiorieersyp,ar ms hows t
3, I lrmastt reaf mthderdigasl a | afrtgeerr tshiez emaat ( sleiegtage

319

3.2.2 Horizont al SéePasasi on Di sc

Af teexrami ning the characteristics of wvert
mi crophysicalzpntoxlesBPMtftheathwrres associ at ed
di scussed iFn vtehicaseasctairen.sel ected for inve

separation of DPMs to the environment wind

i nntsei t i es. To gain more understanding of tl
environmental wind field, fmurPihegt dngcaissp o
data were wutilized. I n this sedcafiiom@drtsse i

therefore, sttepe offi rtshte tsitmoer mO tpraancdk swoi loln be d

Figukeé Figukd Figuk& FIiguB@&nBli guB&hdDw t he
horizont al reflectivityduafi nghd hget ewrhm cant dtola
containl eangl |mwi nd zone of the seapamesenaste(

pat hwi th the initial period mar ked as etdhe b

centroid marked as the | ight green cross.
properties, i ncl urd i nsgt osrtno rpym i aemnet ahe ¢ Pone i(n mAj «
axis (R1 and R2) in ,kKmo Klisnd,s fodhom otpih ddvem efl |
dash | ine and bl ack ddodt al nidner, eghu ncthh ea rbea stihse
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val ue gathertcigli@)¥ 75he data aMValtuhdB8acodr sé&0tWvn
at the bottTohhe rda mgbhameop romermr.epresent the ar e:
contrary, Ot hreegemmameeresent the arSeas ndfi niga
wind speed and tdecanasaeda nee @ t(bseetpvaaernt i iom di
kil ometer are shown at tHkéeéghotttsomwiltdfta cedn
the time period chosesi §o0r the further moti

Figure F.guréd FI.gured F3I.g8BdandrFi guBes h3o.w
t hehandeardo center patal taitGruddéelnbs dr dntne i s t
tracking result from SMART,; Bl ue anddbl ack
center and0 thenteethamtcet he current | evel

Fi gur2eg8Fi3gu r2eFi3g Br2eOFi gurdea n3ddi gurdes lBaw t he
hodogfrrapmh s ukiflaccieet(edht ; mar ked astohé Wi luer
hei goht ked a6Gs ytnhpeonibfsigdrand 5 vect@b) fti alh@f)
chosen time are marked as the reBiguddg 3n
Bl ack arrow is the cell moti on, calcul ated
dat a; Red arrow is the system moti on, cal c
| ocation by trh)e. iThhe isatterdm | prcagagati on can
system motion by céeklkel momoonophsygssemr moprop

arrows are the separatwoneneetwte,nt@ei mtti n

current ti me, calcul ations are as foll ows:
e L JJITITIA I NQQQ
3ADAOADEC OE- L (3-5)
W PTTT
R WY s o oY (3-6)
o WY s e T Y (3-7)

The Seipoanr aLengt h-5i n se ¢ whaet idads t¢ad@incteerb eatnwde e

cenfercal cadae¢ stpieard of the hydrometers, we
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all s-kitometder heigerrtmi PAdIs oy eldd difteyr emft Hi g

co

€eq

eq

gr

t

h

nsidered in two situations. The shorter

uat-6)on Qn3 t he contrary, the | onger separa

uat-Nadme(@beri cal assumpt iGams werde Kileifgehrte i c
eenraprdadentws nd sha&alar| otmew®amkO etno arr ow

e storm reDetiaveée deedrnaodrthimmsotdson of eac

3. 2. Wedk C@scs@&sd number 22)

The weakessgseledathrom June 4, 2008, 00
with 12 radafrnstanmsms doftalk® omnldo $&sO0td adTaCy n dsi
sel ekitegwW2 &8 hdws t he horizontal-kirledmecei v e
I n this casesfriomewedut hywansoiored ht movhe ar
center of the radar

The mean vertbcab ApMepdidend x . wac c.
max . acacnrmdax . Uacacp.pear s at st pp 3ta meancasdp.me
ace. (O pp)Showahmast significant time | ag
par amé&tr emsv.tehh ésilcoaple o f di fferent pa@r amet ¢
decreases to negati®me VvTahleues taofrtne rh atdh eh i ngahx
|l ocate at the |l owest | evel as the ®&torm
high value | dc a®d elaidg teor wteheasy ogiet itvher ou g
entire storm track;wFRrhhen ¥tdleuées mar deb gthwe
4ki l ometers height, |l ead t od awma luunes,t add es ¢
i rregeaed taitogple di stributivonthermayitm@mue s u
shows practically @tmtheéeladv ¢ lov gtrinwit cnaeld sy ¢

From t he® vahndi eknoofwi ng that case 22 is a s
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With the higher DPM |l ocate at the near s
Figue&dshdws the horizont al reflectivit
withwtherd enhance region are lodc attheed satto
(sowe it . Bhaepar at i ofw dasd ahce+wki Bomet er ,
kil omekielromet@bowhei gihamn@iigau2® 3w th the |
di stance a'dmpedtheemedt stdkepr,dsfiondsha@gdevel opn
of theFrsotnbe mhodé&ggamBt Ben wind di Feckwbgael
with hei ghest{stojuwrs@@ds e€he cell motion and
show al most the same direction ané‘ji)s.peed
As dthreengt hc mrft icrasse t2aFiiqwch & b3-e tgufRrde d ,
separation vgeern e ntdouatinhsa rmsotroer m .1 éalha&ss g g W
the stor ef rpagm paguatdewtelsega sheg, hsgbwcorrel at i
separation vector. Al so, due to the si mi

propagatibopar os al most

3. 2. Wedk C@sc®&se€ number 20)

The secondcwesak st ecmed from June 3,
UT C, with 10 raldmrt esrcransofdiubet c2linos@Ba ait &
sel ekiteuwWR & hdD.ws t he hor i zhoen tsa lekrirnte bahe clé i v e
In this case, the storm Imobwatdi ddnhemr waeatr |

From ApMd.edhdiswellriltfieme dfevaermmagpitso adesgi pa:
stage hé&és ebeWidtna xt. hdea cacp.p darB@st) ,( maen acc.
®w anmax. Vacacp.pedrt@mw) ,( famméarys t e (Gnax. a
@® Showing tkeltektltii®hmerfd eicnt ensel y durin

of the&rotmvremhiil cagfle refl ecti vity, mo 80t of t
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after mnmaxwemecadual |y decreasi ngvemitsihoale ne
As f o weleue, thheemghtuodr e at at hibtet tng be.
ace®., and suddenly dliradgmemdxthaaac s bwerndge
| arger drop size wer e obtsiemesr ealf amha x Alea oee.
from the shadivmdgsdetr maaa wit heahxe i gahctc .af t
i1l usmalalaeémop started to fall, Il ead to a
sur f actehddegyvelause more hetalvg tmraee i geictcat i o
Frosm orm pathi gsuhrdetvh3e.i st or mt ey ®ts tf o oty
west, al most the same direction of the e
W center was | ocatodd tdte tshowamp Wwweswassd a e
|l ocated he | ®fewtama st afeimg (2d 8., saréee )t h(ef )t i
st oapnpr odohit mgegs tnaagteu,r es h o wian ga ntdh er eegsiaam c e
mor e condé&eoffirq@u rebt Be e rmhacneret er npahlowdo
signifi ccamet wbkd i ® makei2l o ,me whieorehh had ca&n d
U cengaetthspmayedsi mi | ar atlek bthted esrt adhr@m gtthre a c
expl diroendt he Foda®R@aa®hei wi nd speed is ve
surfdkel omeight, restrict t Deaei bshilnuiéleacreist
of celnl amat isystem moti on, s{eaﬁmtre%m)pe(@am
I n 26msoet i on vectdromoft htehenastworemapnpet 8kodn
fro&mguR b3..thoe (dfi)recti on of separati on Ve
direcenenrofvmedt Biheaotvheer ,di rtehcet isoenp aorfat i o

shows highly cordrevalt iwinndiftiheltd.e hi gh

3. 2. Mo®Ber at(ea€asaumber 34

Amoderate storm case is selected from
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with 10nsadarastanms oft e ucllBo suglisQd a tsa ,s e |
Figuke@&hd®dws the horizontal -kielfdmettérniltgi ot
case, the storm moves fhromocf@aat lhent oacanr t |
FroApperd3 x t ke mek @a.nmax. dacacp.pears at
same O®igne w@ax h dacacnmdax. Lacacp.pedrisne2 steps
O Y.ll lustrate more | aregeéheratordr opsachers
As the sol i d Fil guuee dhié.es tsohronwnmoivned fr om so
fromacheet i oadSabdt hg ofoftrhed | setcedm srtggaeatk at
UTC to 1945 UTC, with the septahatoonowvebh
changed to westhotwo ngagtheafstaene d(ifrreocnt isoonu t\
north -¢daosRwetstte ermhaancde center path in di
(Figurga.ncrement of <sadparhaet isoanmed itsitnaen cien
was obkemvedd by t hesirgandalr -koieblsoemeevtlgahi loteh ,
nokte obser helderfgeaere,separati on di sftraomc e hceo
hodogrFaipghG Righawi md r est ni dmndlfteiatewdaw@arsli gt enc
the -sout wensdt cdd4eal though the speed of
mot isthiows ,siitmhier 2cti on are different, | ead
(4.é‘B{ )F.r ofm g WBr.2e9( b) to (e), a | arge threi en:
separ at saomd steloa mrr el ati ve oiimectsihemrof s
Sshoalsmost dhke saekl ma teimo mdldornwetwred i, s § ehtei o
of stehpear ati on tveastut hcehaasntgebdef ore t he tur

(O ¢, which is the stdaomeopagatcitom.n of t he

3. 2.2t 4ong (cCassee nluymber 29

Astromgrm casedi $r 8 el2dar@dol A 1t3dJ0r C,

36



wi B adar scalns tdaurrms | ofnt.ls ® u cll?o sUglsQd a tsa ,s e |
FiguB&hdws the horizont al refl ectlinvitthyi so
case, the storm moves from t lod 4 det hh atda r1

FroAmppemBdilkhe ma#. amadc max. appe.ars at
same @ igme Wi thomanmd aad. appeames L2t eps bel
O ¢, the sequenee wis hexastl B 40 p Bandoiws inmgi |
t he cealollil ®icanon effect Iis more intensely
The vertica® ahdpehofnsibeatrh pattern, with
|l ocated at the highvaeael tsiltopbke f olredd et @& ntt h
forvehsil ople ,of captures the varietoy, befo
with theepsdoplevgradual |y decrease durin

Frorm guBf g3. @aroe (tfhe strongest time pe
center od reemchiammcei denti cal | aocccaot nepda na te dt hb
center refgyi on at the | eBwhodtobceadtei oonf otfh et |
the ledWwectti ve radaarobedr 8aki balmeiitsudeohe
|l ow enough for st he opfatehnidénago. e eTtheerr eafnodr et, h €
enhamceeni #f gBr3eldonogshoawnyi gni fi cant di ff e
di f felrteinBudmst he hFodgougBrdaadh, mdnr ect i on chan
south tofrsomtlhaveslitevelwattehl by gthigmgicenvde L.s p e e d
FigumBg b3). to ((fo'Mi0emetBeeptofachthiBeost omen
st r osnhgeea n r e fl Ine a2t@iswihtey .c e | | motion i s much
moti on, |l ead to a é%jft)pohgtpdopagmtitdmle b1
near |l ysthe oppd he stomor trlel)iAési Yy@utwh hd sk
vector Fihgpud ¢n. to (f), all of ttdremm raelea tn

wind shear.
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3 L

3. 2.2t kvong (cCaassee n2umber 30

Thet rosigersm case i s 4seké0@®a@ € OtldENC ,J un ¢
wi tlr adar s calnms tdaurrmas i ofnt. s ® u cOldo sUglsQd a tsa ,s e |
Fi gurdeés h3ows the horizont al reflectivity ¢
ca8%8@P the storm moves frawayhtereomut hbe¢ boad

FroAppemBdilX3t he amxanmhax. Ulacacppears at
same ©®iwgne wi tma xt hdm cacn.ma x . a cacp.p & awios ¢ e p
aftGeppln GHSMART only capture the storm
mature stage.elstobsmamergbuaedthe héaxt ti
of the sErooamv é&heicdigple of all par,ameder s,
and ,t he height of the maximum valuelli ncr
in the devel opment.Asthgar byd sdhrpth mad gsio®n st
arreevsealbmguBgi3d. wbi ¢k)i s the strongest s
stor mFr ofmcku r3ef a3). ,t ot hec )separacrehsdossatshpn
t hroughWWhheihghts. it het bhé 9t s & @ sfgesaedorlitr stitzee s or
effEcom t he hbidpuynmeépd). winnd digestfimeamcdha
sout heast ,hewsongtlwmest t tyesteam@modiutomwe s
t 0 norHohweavsetr),. ddi ufef etroe ottleec slpleehot i on, aand
paral |l el drhrpercchpanmaf"din‘avmsnrchllrE'ugaBﬂctB).
to (f), the | argest orientation occurs f

corresponds to the strongest intensity wi

To summari ze the chariarctt egtiadtliiecrs d@ocafb htehven
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1. The directd on Isetpvagean i on vector and t
l evel wind (6 ksmowsf halglh tphoesi ¢ ases co
strongest cases (case 30), which shows

2. The relation between stormw prhowasgatlii gr

positive

correlati omi tThhd owesak g rhdi (gshterro

has sl ower (faster) propagation.
3. The direction between storm propagati ol
correlation to each other. It i s postul
o f i nhsyabislurface moisture, topography,

modul ated the direction storm propagat

To verify the results above, the reanaly
the 38 cases. The neswlctts omrre shown in the
3. 3St at iPsetrifcoarlmBllocieoowEVect or

Dud o the | ack of sounding dat a, cTages f
reanal ysi s datlan,t eranme |dyattabsee tERAver e appl i ed

the 38

cane

(20,180 he se

orthogo

nal

bet hosl uded to thelLbeffher amal

parationbv veentoer geinbeindg foorme

when ahe ooasuper dbbel resuht ca

pol arimetric radar measurements to gain a

to find

t he

relationship between DPM separ

¥

n
b

a

FiguBé& 8ws the relati ®@nabmet wéeoem max opaga

stor m.

The

stormxprsopagatailcu |l att etdh dyy cel |

system motion from the SMART. The value of
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cor Wemp ({Pp ialtleusthe strength of the storm is
propagation. The storms are further cl assif
for further investigation.

FiguB& hdiwlset at i sti cal resul si guBdiaBf darse |
t hceel |l . matcahated bylteahawgsitbadat asete; i s
i n environment al wi nd nsgp esetdo rbnest. weleune weoa kt hae
reanal ysi s dat aset bet ween weak and stron
determined by the following two factors:

1. Speed of system moti on.

2. 0rientation between cell motion and sy

Fi gumdel b8 hotwlssey st em, moal oslt atreidnrdgeysa k t f r o
SMARITt shows that the storms with faster sp
storm shows high probamidaddiytii oanf atshers motve
cases have more variability than weak cases

The storm propaFgiagtuiéhc3dps! ahgogen variabildi
caagae well. Nevertheless, the result shows t
than 1in weak <cases. High similarity in of

demonstrate other factors needf cat beeciomsT a

40



Chapter 4 Conclusions and Future Work s

4. IConcl gsi on

In t his research, t he epnotliarrei m&o WME X /rTai dM

sounding data werme xohi lainzledVs eBa& sne dide®m BaH d c

tracking algorithms, Storm Motion Anal ysis
giving the reflectivity threshol d, area t
Lagrangian description can be atlkoempholsd edi
the storm track were applied to preserve si
to study the statistical characteristics ¢

di scussi on.

The results areoadig,ddd?A)i ttati bt eeal c |
description of horizontal separation and (C
results are as bel ow:

A. Statistical Characteristics of 38 Case

1. Adecrease signal camni ddre ofeemax inmun e
dupbl arizati @on,cpadamed e¢r sdi(vi ded by
of maxi mum accumul ative reflectivit:
decline after.(sEegmd®$. 3acc.

2. Onltyhe di stvéarbtgitaoapl®d appears the decr
after t he ma x i mum accumul ati ve re
hydr ometers shows more pr onournacdeadr f i

dattskeiegudé 3.
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Af tceirvi deal afher tsil cggfle DPPM 0 4 gr oups,
verticsalarel ompeated at the positive r
of the maxi mum ovcaaltuees sjeulsdto -hbuvek bDha
zone.Eiegud@® 3.

Among all t htehtepadaeméy emdgt i cal sl op
pronooneaegatdi ve val ue niga rsgiezodurpo3g $§ @dolll us

earlier shaar dfm&Elcbed @ 3.

From all the pheamentr bye obfh entadxdi dneunnc
shows the most positive value in grc
negative value in group3. ' 1T ustrat

changed signi-mioanebybwfbohena®f afte
(skeiegud¢ 3.

Therdiime dag between rmbaxainmum ed cactu nvuel
t o maxy ianccs.t rong c ade sa.p plehaer sp efai kr satc ¢
O peak. Thi spdteeantuirael Inyayi denti fy t he
di ssi pate st(asdegufldt Be st or m.

rizont al Separation of 5 Cases

The storm propagatrom weakscaoeesntno
At tritbhduetesli mi |l arity of both speed an
and system moti on.

In stronger cases,mdx.n@aeacacmdaxme d eqg. be
wi Bppetawtosi nfe step differenbkikgdwtwWwmel e
step -toirmemoxnt ep di fference.

The dir d&xctainadn soefpar ati on shows a higt

direction ofmi«€eviel onmeld il @ aken) wi t h
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soundingl daebh, wimnhnd direction can be
separation vector.

4. Théehavior of storm propagation and
an i nconsi st enftf ecrheanrta cctaesre ss.t ilcl liuns tdri

boundary conditions need to be consi

C. Statistical PenWdromasnce of Moti on
1. A Il ow correlation coefficciamd dHeodwe
propagation illustrate the strength

4 .

I
hor i
char
t he

Futu

1.

2.

of pr opeEaxgpataiionn.ng ot her factors need
propadatiecgnun B8 3.
2. Underr darmiese of similar cell moti on,

motion is the key to determining the

Fut Woe ks

n this research, a pmielriomihryari y si rcvheag taicd
zodht alr tainc al t er ms of st or ms war e ouse\
acteristics of structural evolutions, d
potenti al of diagnosi ng -pdlearsitnoerterrisice vpea
re works aim for both SMART and storm a
Storm split and merge need to be consi
Devel ®p m@n3i onal tofhc&kingfabia&at hm
To verify toghecasleltss wimdr &€ o nmpel eedt et ol ibf
applied.
To st udy optagramti mms pher i ¢ ccoomdsiitdieanesd n e
To study more detail convective storm

need to be considered.
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Tables

Tabll L1 st of 47 cases

Mont dat St art End t Case St orm IOP #
19 2 151 2252 1 06 1
20 1254 1437 2 05 1
21 0422 0552 3 08 1
22 0345 0507 4 10 none
22 0415 0522 5 22 none
22 0540 0645 6 24 none
05 22 2122 2307 7 05 none
26 0609 0722 8 01 none
28 2115 2237 9 37 2
28 2215 2352 10 12 2
29 1837 2037 11 07 2
30 0515 0622 12 01 3
30 1545 1700 13 08 3
01 155 2 17 30 14 02 none
02 06 2 4 08 0 7 15 15 4
03 0915 10 37 16 04 4
03 0915 1100 17 05 4
03 1845 20 22 18 04 5
00 03 18 4 5 2052 19 09 5
03 1945 2052 20 18 5
03 2152 2307 21 11 5
04 0000 0122 22 16 5
08 08 37 1015 23 04 none
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Mont dat Start End t Cas e Storm | OF

09 0552 0707 24 01 non
09 07 37 0900 25 03 non
11 0700 08 2 2 26 02 non
11 09 30 1215 27 04 non
11 2532 2352 28 06 non
13 1145 1330 29 01 7
14 0000 0115 30 15 8
15 1345 1530 31 03 8
16 1322 14 45 32 03 8
16 1522 1600 33 08 8
16 18 5 2 2000 34 04 8
17 07 45 09 07 35 07 8
% 17 0800 09 07 36 08 8
17 08 07 09 22 37 11 8
18 0252 0407 38 03 non
18 2052 2300 39 07 non
26 0352 0515 40 20 9
26 1937 2115 41 25 non
27 06 2 2 07 37 42 37 non
27 16 00 17 2 2 43 03 non
28 0231 02 46 44 01 non
28 08 2 2 09 30 45 24 non
28 08 52 1000 46 06 non

28 0945 1100 47 30 non
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cases.

Tablk | 3itegradoiosat oaml moti ons of
Weak Moderate Strong
Case 22 Case 20 Case 34 Case 29 Case 30

Storm relative wind

shear

S

=N

Zpr — Kpp ‘ a
Separation ’ ’ ‘
Direction Environmental
mid-level wind d # r a ) '
(6km)
Storm propagation 1.7 0.4 4.3 13.9 9.3
St gth b
ren
Max.(dA;;.) Zyy 369.69 | 490.84 | 424.12 | 600.90 | 731.94
Storm propagation ﬁ ’ s t r
Direction

by
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(a) SPOL Storm Track mean DZ
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(b) SPOL Storm Track mean DP
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