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Abstract

The Sout hwest Monsoomeal&WwN) ,ofwhihceh Pohriiln
rainfall, has bedmwexésnsiavenlfyal §t urdicadphy
unexpl ored. This study investigates the 7
Luzon, PWiulrii mmi nehse 2018 SWM s,auassd g (dlau rae f1
PARSI VEL di sdromet®andrmdldalra zTaatg aoynt awe aG@ her

Fowpmecipitation types are presented: st
i sol ated comeeackt i omal(IDIWC)gcadamd eoveian stwWay i f
Appl prngci pal compomnemé anapysi zde (RIiCt) e gball
rain paP@Aeatogfrps<ss) ar e ilderkteidfd ocendi naamdad mi cr
procesGsesand theneeavgihoded [teZd i vdi §f erenti al
(ZbR , speci fic Hopfafnarpeonitaira |l polsdsae i Ojay) weoreef f i
ti-matched to revealexhielbsiegé&dr oxcrecseasretsrbaatri enG
dr oapnsd twii @d#hZpra nKbpv al ueaching heighypiopl tbod
convecti vMo sk ysatseenls v eld $ D@MGW @ roeb s e a 77 & dhpee a k
rafianld®el i qui d wdlLtVeJa ndigendt pelnai ni ng t he | arge ¢
sur fAYWE showed wider range oHGadbrsoems lvdeiwa megt & rh
transitionsmwihtehlivnensohafasy gsteed i nfi ey, emps spar
wei ghted meblwmphanddWCneé ecomparabl e toR SI Gl gbu
concentrationstygpicmadilyv dd cips vie&, t ebvuet( * 25 | e c
dBAerceonfatmetdhe |[|,ovwerncleeuveles shall owi &WSassi f
smal | sttzemdi dilr owsst dRywmi tnlataen evi degnabuirghtni
are tightly cluststedtbébom (E&8)ceerpachti ven

Contoured frequency by altitudaddr ageam:
proftiol speci fic PGavecBobh PIRDmMgdmnadueP 6 gh Vv e



of the same radarepéaegsalewv@EG§hr erHovetvered ar o
and usually show iZpamKkbmceBocos$hbhahbksowfconve
val usa$B86f dBEpnéabalediwn suggesting the | ess in
of this convection comp&@FADstbomwnt & ewrvaecackin o e n
(PG2) and modernatad edP G4 )g h Zfi Zoeaynkesvail eEeGsh f |
hassl i ghtly higher values, l i kely due to mor
refl ectZzeR@FADI.htelsee findings providePaimhopei d

preci piytsawehmesanh wer e not prnesenratedei n previo
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Chaptet NTRODUCTI ON

Thicshapter opens the discussion on rece
mi crophysics studi es, the weather and clim
Sout hwe s t( SMWhesaoxonn. Finally, the motivation

the studydbi mictoptei amd.

1.Adnprecipitation microphysics

Understanding the microphysical charact
systheems cruci al i mplications espechyadrloyl ogoirc
appl i cSaurifoancse. i ns tdri srmde otmetseucsh pasovide i nfor
di stribution (DSD), drop concentration, dro
more spatial coverage than point observatic
reflectsivape and typawvehqgqoydr ovaleWie.o c®ammgbeinmni
and rel ationpge nlso tohp pdbattauni ti es t o | osoukc hata sr
devel opaongumate rainfall estimadtes r diZd)iec e d

relationships which are signifi c(akrt ajperwsdkuic

Smith,. M@a0béavyer, knowing the raindrop spect
parametenumati odlIMcnraadelushar. et al ., 2015)
Var i oluismat ol ogi cal andnrebeomalmodphéter e

significamddtyerénefrned tccr ophysi cal c ha(rBrcitregii sd
al ., . Us3003) long term dbmensabhnahsvifdem twedr
(2023bpwed the differencleet wiene nD SSb ud Ha rKaocrteeal
Boseneggdnd t he United States (Norman, Okl ahome

shown to be I ight and were derived from sh
were found to be simiChen tetabads.ttehrehOdCBniinta ni
(MTOPn the contrary, rainfal/l from a more c

Okl ahoma, were typicaddal ehsecaevrgd avt parha ahehsesd c o
as wel |l as the production of grlampahotmear i g
Seela(2b0t@ahpared the DSDstafwoTdiswamdand nP &
Paci i ¢th more coneerzterdattioonl aofg emidd olprs armh s e
att emgetn etramnide 3 eDI b,e Dol(a&M,l88heakafetxami D@8 gl



di sdrometwhi cdhlmtwas®tdi vided into thaee kowgn
|l ati tudes. DSRI| g amisgbivieidt yu swag a statisti

component analysis (PCA) which helped cl ust

1. Thééhil i$gputnrewest Monsoon (SWM) season

The Philippinesbds geographic | ocatwbhnchn
i's the moopizali eg<il mneHG&@CYH | ¢ tmaakle.s, 120 Xdu)s ¢
t war iseewssere weather conditions which Dbring:
l i veli hood. I n fact, the country expects
Auguwsoti.nci ding withdmhe TTEpdeandbeEdc altihye kSnWMwv I
AHabagabécomes active and affects mddte of
di fferential dreads mgn bled wevesssts hveentde i sh @ f Ofc fe ¢
drives this. moWhknabai sestewmnds prevail from
over most of thRhe oumuwnt4dr3ya olfn tenfef eantn,u al ave
the country is @BIlsorcesaat& dBawli adotSWML969,; Bag

Studies have explored the combined effec
e enhancing effects B&dr eTLERt0 d i diee iMoo G o\«
ents in Metr & OManiulsa nfgr b s20VZAtions from
ather stations. They noted that the high:
at rains associated wiotfh tThGes tcaongtlarni abauiteetda
Isit)udi ed t hehiesfimfo®m@too n ofi ntreaiantftarl@m gl n f |

composition. Their study concluded that

—+

s O

nerate a strong southwesterly wind over
pported(B9WwBphghaahyzed high precipitati ot
ason. I nterestctongkydeT @i ¢ & c unadreennttRaEssne €9 0o%n
e dlattfausrettbbeeal ed t hat TCs wusuallynmpbptvbenh

nw u» o o —~
> ®© <« d® d® N T o < =T
o

~—+

Luzon and Oki nawal,n Jamatnh erurd tnwgd yH,P Etsh e deep
trough due to (Tlye hpoeaa ey pkhuood)n TWsb rt o t he r
enhanced SWM events (Baduasat 2022) and 2013

Though the Phil i ppi nessnhaansa gae dn ebtyw otrhke olfe
Science andPhethppiaoagy At mospheric Geophysi
Admini str aPAGASAPOSThe counthry s ewtod t didmsdearty w
SWM rainseveéht sel ati YTheystuodgr ek pHD0O B )etrhma n
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first to use r albaamdddra ifm od2ma mbhaal S, mbkMmialtii p
the dense rain gaugetonertenwcoornks tirrucMe ttrhae Marhi:
AugustTR® 12t udy revealed that i f the rainfa
it would have i ncr easdd cthl@BeOP®W awthdkc hn anoaRye vree
damage than whaitn wMet retdpMagiclmacetdher r adar f
Cri sol o(g200 éedty lctiln.ee pot ent i al for quantitatiyv
of t he Tbaagnady tdauyalC pol ari zati onAduel apol at ez
con{ Q@I ocess was i mphteemepwaest ddéBonegh under es
due to radar Al scalusbngtitdre $Scebie&pntadaed
potenti al of using QPE productbniaceamipl $ ta
Macur oy( 2e0t2Yapll.uat ed radar QPE from the Tag
di stribution (RSDhesa Sbuthesn thepagh few
potent$ ewedotfther irtagprscandons in the Philip

Aside from clifmacwdionmg can tsheddesaembbtsroe
has been waondeuttteadmt orophysi cal c haasrsaoccti eart ie:
withe SWM r ai no besveernvtastfiodirsss dfgradameotme-2280220 a | e z
et (&10.aAdapl yzed the RSD of SWM in thefrwenst el
convectolweemrwaeamsat the Clark station are sa
the maritime and cont i-maernittailméBerl, m g theuess, e & |h.e
not o blskeafveerd2 6 30t her | ooked into the DSD cl
in Metro Manila and developed QPE relation
Aragon( 20p4advi ded a detailed discussion or
characteristics between the monsoon systems
Northeast Monsoo,n c(oNE/M)r sseelays,o nt haengh izgeld d n d e
drops in both the transition months (TRA) a

13Moti vation of the study

The SWM has been extensivelfyr aant uydn et iian

climatpéepnpgpaatsitvef what i s known about this
|l ack of studies wusing bot IMosyrsfttawdey aenndd eraavdc
i nvestigat e t he mi crophysical characteri st
Philippines duringutsheg20hbh@& 8SWkKbisemado®SD

PARSI VEL di sdrometerspanidf th@&l Tagagyswgrradar |



a)Howo dDS/asaynopgeci pitation types during tF
based on disdr®meter observations

b)How are these variations i n ol afralmlet m
variables in different precipitation typ
14Scope and Delimitation
To have a gener al description of the se
Philippines, t his sDSulllagt au s2e020041)& e, Hofweelv eetr is e t
DSB adar anal ysi,s tohfi sr ariensfedd mn c behveenniz ¢s1 BouSaWdle s
to the | imited dat a.Talwveainmiachridp hys ifcoal oanrhaelry

the calculated ini{éd&Pmdwm aiim.f @i & e spearr mamred ma t
chosen since they descridrei abbditile tiyh g-b PHEHY a ¢
weat her radar dat a, uponguabpeyg(tQ@ma ¢ ®4 g n i
ensure the usability of the datareThet Cmbsh
neediehce. QC steps i mplemented may deviate or
-PAGASA or the earlier publ Weahtleemaparese siisg
i mprovemért dait m, i s s wensr emay Vv tdielwlait it drmabiam e c

hardwar.e i ssues



Chapt eDAZA AND METHODS

This chapter i notfr otdhuec erse stehaer cdho nsatiundy, t h
well as the data gathered. This also tackl e
the disdrometegrrahdt eaddpr odedsdDsaedsiRHEE®ET | abt pAalt
component anahgsssel ed¢t DO&GWh iodh classet sd aisdd reisb e
of preciSoiutaht . .ifoumailnh y, t he process of matochi
di scussed.

2.1 Domai n, i nstrumentation and dat a

Accordi ngp daekKPemdsre i gér mate c(lKotstidk cati ah

thel i mat ehofi pphienes, an ar chi pelcaogn sci ldeedrtendt r
equatori al rai Mmffor easitd, efqulaltAoh Thhaemi a oi Bnsaotiodm o f
Luz,onour subject domain, is under the combi

on the Modified CBronas &I| BEaeknaefdroad dtyl, ®@@u)ne t
(JJAS)considered the wet season with the S
year is divided into NEM season (October to
March to May. These foll ows (t 2@2 £T)haes spirfeisceantt
while iteaheovarsabssi ty across the season:c
season since an average of 43% of thehiasanu
seabAsuncion & Jose, 1980)

To observe mi crophysi cal chardics @dromet &
(heredf 6dr thraest ebore)en i nstalled at the Agr omet
of the HRhiBlaifp®PL& compound. This disdr ome
receiver which measures changes in signal
simultaneously measures part iwiltemi gli zsea mgprd d |
i nt earnvdalgr oups tHémiMahnegp & 2J obsidd,si 2@0Q@)hi s da
derive drop concentration, particle diamete
We cadedalkddieneaylpeiuntagresi ty and amounti R¥®s pr

Detail s about these are discussed in the ne

The primary source ofstwaagt her tihadadraddaazt
pol arization radar (hereafter, radar) whi ch

sout hern part of Luzon, I sl and, Philippines:s

5



Metro Manila and around 24 kms west of the
and, gi ven tthhee allawesutd ed atwaktnadhbhaivieah h&@has® r & la
radasr one of the major radar shdrsuomotplee awe atnh
regularly mai-RAGA DA dsCRIyIchdeOSdar technical

shown in Table 2. 1.

Tab2lldhe Tagmayrndaywed&at her radar technical S

Speci ficat.i Val ue
Radar Name DWSR3C
Locati on Lat: 14A86310 / L«
Al titude 752 m a. m. s. |
Pol ari zatic Du aH o |
Wavel ength 5.34375 c¢cm
Peak Power 250 kW
Antenna Diam 4. 3 m
Maxi mum Rang 120m
Gate Length 500 m
Vol ume Cycl e 10 min
Transmi ssi o Si multaneous

051 . 051424334352657..4021

El evati on An 14.7,169. 5

2.2 sdrometer data and quality control proc

The DSD <characteristics of prRARDIIMEL i
di sdr ¢ metrenft er, dvhs drhomjenttudire)r s aimpl es of bot
velocity of drops. -mh n st smiandult e aliSaWi usstae mipohf e
for mer used to observe the behavior of t h o
measur emHesgsi tofmi c form of the dadwaPnnzed i
hymasvei ght ed meDwmmnga nddeGy edn @whi l e the | atter

simulation of dual podmatsmat mechpgr ameters

The di sdoloime¢teed data starting May 2018
The data i nivieingAnrly Aastddofpspeced deveal ed periods
no data recorded. Thi s i ncons(ibktehcgquenta
interruptiooan@rt opkbeatsiames was severely afi
pandeTmiocugh thiesi dadtklextaanthe overall repr e.
variability of DSD in the chosen domai n, e

season ainm 2L sdeecaesmwend i isci ent.ly represented

6



TAG Radar
B UPLB PARSIVEL
A PORT AREA

A AMBULONG

A SCIENCE GARDEN

123°E

Fi gBIDei gi t al El evati on Map (DEM) of the are

Mi ssion (SRTM) (2013). The | ocation of the Taga

symbol, while the red box remeéesent$héehersa

of D®ESTASA synoptic stations: Port Area, Ma
Garden Qued{aonag@intt ya) .

To ensure no contamination of rainfaldl e
cycl ones a(nfTa@ iylsiimsDiSIDe dat a were subjected to
certasinkeby amygooptdiTCy andnCtin.day s were det el
the analysis. This is achieved by <calcul ati
| ocation and t he Aeyleayori sc eemdnasyi daerfrdetdd xac MME e d
cal culhawueddd3 st anceil ®» mkStuscshs ttheacnh nliOg0ule khas b
earlier studies that di(sBEagtnma snaa,t e Camtornigb urt e
Cyclones to Rainfall TiCn itnhermhitliiopp iwaes ,ga20
Oceani c and Atmospheric Administration I nt
Stewardship (NOAA I BTr ACS) for the period o
every t hlrheies hporuerlsi.mi nary cho®wuk ddvtedabran®il ndeady sl
with availablarei sonemeteedtdalChdDpd. satmed et
in 2018 were reducednbghadlodet aBkedf tdesctih

TC/ ATdCn |l as siifsi csahtBivwapru n e 2 . 2 .



Number of Days

Number of Days

Af ter the pr,eltihnei nQQG yprcohceecsks f or . Drlog sdi s
falbubnhgi 8%t apfeddthpei di @aamleeleosci t(PBeaudwe 976
excl rdgddae a®gd . 2 Thi s ensurreesmdbhesfdo roeu tpdrnadcress s

wi || nbhe skfelssud tassd dr ess bias in the disdro
rainfall cal cul ated from b oatvhe rtahged dsctoartpiaa re d
mul tipli oweatsip@n icfeal crtteartimi thtue eo™&SD t hereby rem
retainingthdé eD@EHhaanpge eotT hael .c,hod 20)t o utili ze
rain instead of rainfall data with finer ti

t he r esturrifeavceed o b & e rdvhae | swatraeagdd ed weat her s
Fi g24dcreeveal sOaldRbdBerbet ween the station an
the disdrometer. This impliras nflaad whbédedi s
A rainfall thtiess huwsl edd otfo 1sinfmt htrhr ough vario
this set threshold beind sxaapleed | ®owt icthealry
QC process for tsheown sidn3.ofmedg werre da.t a i s

2018 : TC vs Non-TC Days 2019 : TC vs Non-TC Days 2020 : TC vs Non-TC Days
Total Days: 183 Total Days: 164 Tolal Days: 28
TC DAY:33 TC DAY:27 TCDAY:3 - NON-TG DAY
NON-TC DAY: 150 10l NON-TG DAY: 137 NON-TC DAY: 25 I TC DAY
30 30 30
¥
24 Q2 = Q%
22 5 22 5 22
20 = 201 o1s = 20
18 @® 18 oM7017 O 18
16 £ 16 €16 o4
i3 R R
10 z 10 z 10
g g g 34 07
4 4 4
% 8 % 0/0 00 0/0 0/0 0/0 0[O 0{0 0/0 0/0
L& > S R L& > S A 0O L& > S
FE @ @ VPR P TP W@ VPR P S F W W P PP P
Month Month Month
2022 : TC vs Non-TC Days 2023 : TC vs Non-TC Days 2024 : TC vs Non-TC Days
Tolal Days: 89 Total Days: 151 Tolal Days: 62
TC DAY: 26 TC DAY: 23 TC DAY: 1
NON-TC DAY: 63 NON-TC DAY: 128 NON-TC DAY: 61
30 30 30 j
£2
24 024 024
22 5 22 6 22
%4 5 78 5 18
16 £ 16 €16
12 R R
1 = 1 = 1
6 6 6
4 4 4
5 6 5
L & NS S oA O L& > & A O L& N S s]
FEL E@ S V@R P FEL @ PR PSS FELE E@ S P PP P
Month Month Month

Fi gh22e018 t o 2024 plltdsayfso.r NoQ ev st hnaotn t h ¢



4 \ 4 N\ . . )
Remove
drops .

Removal of . Iculation . )
emoval o outside the Calculatio Calculation T-matrix
data under DV curve of DSD of IRPs simulations

TC days : ’ parameters
bias
correction
\_ J \ J . J —— —
Fi gh4Tehe quality control process i mpl
2018-06-10 2018-06-10 QCed [ 61.1094% remaining]
T T 19 T T T T T 4
n . 35
3
%12 (A 25
210 1
E U 2
g
{:;.E f 1 15
1
0.5

Fi gR3Seampl e
from observed

Diameter (mm)

Bias: AGRO vs PARSIVEL (2018-2023)

1213141516 17181920
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2. 8Bal culod®dtSiDon nf or manttieognr aalndr ai nf al | par amet ¢

Thaumber of raindrops per-equiivalwmnltu ndei aj
repres&fprdmb)y in the form

50 00 Qm®RQO 1)
Thgammadaefl t h(UIDIBMDI dhs, clhh@&3A)ct er i Mogndn by t
'm3 , shapes(diamameiten| ess) samm). BH eopee  paarr aameett e
be derived by calculating the integration o
" ¥ 0
—_ 2
S @
. PO YDO Y .
¢p O
f Tbg
_— 4
¥ 5 4)
wher e
5
0 3 = 5
T ®)

To derivewveti lgdt ends sneDmrf moh) amether t hi rd an
moments are also used.

0 — = ©)
¥ 0
To comparcer a wLWGandi,f freooremmatl i zati on shou
such a way that the intrinsic apldamaenedfertshe |
study, we use the normalized dJadarmemd udi ®ttr iab |
Willis, 1984; Sekhoddh@msri vadtianhNgmdae®@tl) par

can be derived from

8t p1mO WO
0

(1)

10



whemies the density ®lanldWG gwWatceal c(ull.a0t ed fr o

Thewpar amatnmembe i ncorporated intandheéragammar
the normalized igarmrma diogtmr i buti on
b0 0 Qwn 18t o (8)
0 0 o) wn T o
wher e
T8t
“Q‘ (p (9)

T8t 3 1

In thisisgutdphe ODSD measured by the opti
per uniN(iPkahume ¢arowlght ed
b O i apy
y 0 0 6 60
wh eDiieshder op di armhetrert h@dm)dopef bl h vel owi(iPy i s
Ai's t he s atmpsl itnhge asraemapqDii(mgm)#d h enec amrdes pondi n

i nterval

| RRsan be deduced from DSD information.
cal cul at e Rf ammmhlawW@ g F)at et ot al n u miNe(rm), ¢ oanncde n
refl ect iz¢g mmym’ )f aotmoDSD dat a

Y ¢ pm DO G 0 0YO (1)
D wo (p;nnn 0 0 030 1y

0 0 O 30 (13

A 0 0 030 1%

11



The mass spectr ubm( smmanvhd rcch  d esvhDgaet pi ewnmd ebnet
expressN(dd)espmgsent ed (RY.TVWhi)l sl i paamrsa neett.eralt el |
masses of ®Ohopgsowarvealfuresmusual | y,apnedr tha igrms vtac

araessoci ated with convectivieze@secipitation

(o) B O O 0 00QO0
T B L 0OO0QO

(>

The DSDRB#mown in this sectibobheamecemphuy

characteristics of each precipitation type

2. Tdmatri x scattering simulation

To calculate dualfpomaDbRaitnbomempat abmeEa e Ir
scattering s,wmmuvafiiro;mt mern throad (& 8,d 1vpays Wadh &ad m
met hcoad cul ates el ectromapdireatiicaPapatmtied reit ®g s
radar wavelengt h, el evation angl e, axis ra
simul ate r allhe @pxairamedteirse.i s assumed to be
mod el proposed( D9yOByamdean el ef oepb pt rdvens| syendo maisa |

equati on:

[ TBOWUL PIBIC WP TBIO PO T TMIMUVA O TITTTIC © Ww( @
whegies the axis ratio (verticalDia&xitd eddevgiud &

vol ume drop Diameter (mmye i s set to 0.01 n

Comparperde vtioou(sMad wrdoye set al ., 2021; Il bafce
2024) his study set the enfvdrr otnhme n3IWEN wahe angpaer
based on t1h%eP1r2Ci amg¢ dl ogi c al POGCHREA oY ndmt
stations ndareet Tabal)e mRciBdnce Gardenh Por tQuAtr
Manj |l gecd Ambul ong stati.dhisnvBhuangas mBchyv
20AC initilbeebagr | setr sy udi es. It ce@n shiet invoet
temper at ur(el ameersioanb s Ioli%i9%y2 )i e & r uvéaad llWadstoias € O n
i n attenuation coeffi ci enalsslodeuwe biwdn htee mpe ka tc
Loh e(t208aphlighting the i mportance of si mi
temperat.ihe daet hesbubhol ceoonmhhmaionddhlte 2. 2

12



Tab22€ontrol comdttignschotesfédgret mukbatei pabar
variables from disdrometer dat a.

T-matri x control Val ue
Radar wavel en 5.3 ¢cm
Radar el evatio 0A
Hydr omet eor t Rai n

Environmental t 28A¢C
Raindrop shape Brande62602) al
Di ameter ranc O.mMmt @0 mm
Di ameter 1inte 0.1 mm

Tab23®ont(hrhoyn _awve)seswmnawer(age t ¢Mmdearoant urhe ee sy

st atniemrmrs t he dolnaRM0zZ0 a snad od o g(i CGRB A A0S AT & Enk. edn. c) e
Garden and Port Area are |l ocated north of th

respectively. Ambutl e gP rsdBaittiaooay adsfs wlhha cdt é & isrout

M ‘0 Stations Average
Mt SCience Ambul o1 Port A mon_a swm_a
June 29. 1 28. 7 29. 7 29.1

Jul 28. 2 27 . 8 28. 7 28. 2 > Q
Augu 27. 9 27 . 7 28. 5 28. 0 '
Sept e 27 .9 27 . 8 28. 4 28. 0

25TagaytbhaynwdC weat her radar daotadames qual ity

For this study, radar data .frdmittheal20In&
the raw radar data r ey @éirad cerds it shteevridyu Esfwa h g o p
the radabpef il dé ngyXtNtBe)nuati on eslpeavad Indfrad flor
( 4h)u g e anreegaa tur¥vael (2se Fi.ueetd. 6 hese identif
comprehensive QC procedure must be done

An earlier study on this same radar no
prompted recalibratiomsofstreafolyCrditsicon inoi ggou westi n:
The QC procedures 1 mpl eSaenndt eids ammoes tslhyo wbna si end
Loéat . (220&Bpd assessed the rebbemeofeit@lcShoast

andba&méadars in Tai wan.

13



Removey p,,

<0.85 A pp .
EXC!Ude unfolding, Attenuation SyStem Calculate
the first 4 SDA pp> 15 ; : Bias
subtracting, correction . Kopp
kms of data SNR > 15 smoothing correction
dB
Fi gB5Tehe quality control process i mplemented
20180622075004 00.5 DZ 20180622075004 00.5 DR
20 - 60 20 T

18 18

16 45 16
14 40 14
12 12

10 25 10

(SRS RGIR VIR R IRV IR R G IRC IR Y )

6 10 6

4 5 4 ey

2 ° 2 (= - :35
5 : .55

0 10 0 Lt . . 27

20 25 30 35 40 20 25 30 35 40

1 20 20180622075004 00.5 PH

0.95 18

0.9 16

0.85 14

0.8 12

OUIOUIOUIOUTIOUIOUIOUTIOUIO

0.75 10

OUTCUIOUOUTIOUTIOUICUTIO UTOUTOOIINN WU AUTUIDIOSI0

OUIEHINNUWWE AUIUIDNO

0.6 4 =
0.575
bl
0.55 2" L
0.525 l
0.5 o MEY .
20 25 30 35 40

Fi gRGSeampl e raw PRl (@hi&) faornbef(l@d)wiZng i ssue:
addressed in tha&ndaQyipr acesg.anhDlee ix kil or

25. Appprocessing

Di f f e phearshei dsQ( raadar parmemesttdpeh dddiefti er enc
bet ween |hpnmrd zwWeptddilecdailkaves as it moves throu
(Car ey edtThals. ,pa2rOalnbe)t e rmowmnmsou aolmli y¢ Aihrmgogr euansdeesr  r
condi toikoenveenrc e x cC eietdssx i mum unambi dwd Wds ngaloue \
can .oStcruoong r aamséealelr ed wemmtf S ect end o yd i fngl dirmog
t hnepi s applied to the dat a.

14



Upon inspection, iNbpva@admebe abboer vneedart hte
i nconsistent, hence warranting the decision
step is eaprusi aubsraceed fApdmort PHJiaOme $ 0 m)] 1§
to odibawmi ch is wused fori nattéheeeuapaoh obr t &
After these pr onpeisssedsoonesmoot hing of

20180622071004 00.5 PH i 30 20180622071004 00.5 PP
T ol 170 T% Ty

20 20 20 g

B 100 ’
-10 % 10r %

-20 120 -20F

30 kel 180 -30 ‘ S S
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30

Fi gRfnepprocessing -hamd Tagd swbaghavCa.at(aapahtde ( bl

Green box is the area of folding shown by 1t he
25. Removabiemoaned eor ol ogi cal signal s
Once i savpbs beietnh adrdeamoweld, of -meoti escer calnodg i

sighal $@Wrwiss. ol o0g»®»0,k4worakli.ng onaddtheesame trhdedsa
through fuzzy Wwlhigd i mdtsd ad il fyi pateisenf2®d2by V
recent st ud(y2Obadyll $Loi nmaedte auls.e of the fuzzy | c

signals wusing three radars in the Philippi
Tagayt ay.

Asi m@mlpeemr oach to addressing these unwant e
current radar davpagbevngiolidgirshseseldanieqgmn) coef
angdetting t hOe 8tShresihof al It powial uiess krnaonwgne tfhraot
Setting th@.t8hredhHolcd emfnl yoemcbuodesenens s
sea clutters, biological Fsddtotwdarngr tehnd an e
of noise by using aAph(@wnpptaehdéaidedeei ghboni o
UApp> Q@O0 data is therebyt®aicsd eaSIMRIta fd il peEblBl syt, h asn

al so eliminated to ensure that the data onl
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20180622071004 00.5 DZ 20180622071004 00.5 22
- T ¥ y ey
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Fows § iy =¥
55 B o G : 60
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Fi gR8Reemovi-mgteonol ogi cal shamdlrsadanr alatgdaa
( byafZgrearn@ ppt hr e swheoaedps! i e d .

25. Bttenuation correction

As observed in the radar raw plots, esp
data suffered frappesaeVvédha Daftee rau aitn @gd@one o f
anfdhrval gesee Fi-g)Attee n2.aflsda dkm doverc ome i ncr easi n
especially for<hbhealdaw (Mamycrhe kgtliHd ,iTmgworn tsts,ue
not unexpected since this hé&ande eTahdubsh, 6§ er e e
the data cpmoper uaeadl gshikes actatne nbuea tdeodn er,adar n

be corrected.

Generaaltleynwane fomect i vely estimated thr ouq
Kogkm) since this radar parameter is relati
recei ver ,gtati en U aptoimaenmr s par t babt beaannd bW leoscsk asgeen
to the DSDChanmngakitl aty, 2014; Loh .Addald. t o2
this advantages heHptrthee Hdtntwatyh & pétradeinidv@ t d8n  (
km) and differ Aokt idaB)akemt s eowmati ont lfe ( W8.OK) of

Recatlt hiammgri s t wi ceKopheersua oppeci fieder an
Appb a smeedt {dBd i ngi gte sali.matBItOegr patlkd attenua
di fferential attenuati opd OPpDAYri pstagi ohe i

0 00 | ®3%o ay
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0 0001 (3%o (1

whegneri s the i ncr ensmmtd dfheo bmebfafrdat ii exrt.tdsBZ Kk

0.3 T T T T 0.3
o A
A ALL B. SWM H
o App
0.25 . 0.25 RH\I‘ Fitted Line | -
= = = A Fitted Line
o2t A,=00623K, . ] o2t A,=0.0631K
TE oI o. o PR o © o 3 o
N 0.15 App=00170K < ’}‘ 8% 5 oS 015k App=0.0177 K, &
a 0 v @t PO 0 “ 0 p°
0.1 017
0.05 | ¢ . 005
.5 .5
0.3 T T T T 0.3
C. NEM D.TRA
0.25 . 0.25
02 A,=00553K, . 02 ALy=0.0706K,
- o
£
g 015t App=0.0121K, . - oisf  App=0.0217 K,
s o Yo a

25

Fi gR9Aest t enuat i oba cmyed rfiivwd d nftosAum n fhirASbriensgp eke t
(a) all season data, (b) SWM, (c) NEM, an

For this study, using the,awaadilcammeldd i @I r
Uanfarceal cul at ed usi ngKopankberAgfuoarr e(sa )f iatltli nsg
S WM, (c) NEMaand h@Oa)n 2F&RAJF i dulilseé ng t hese at:
coeffaocdenhe cal cul,A&ibedbrcPalnA tahnedn PbleDAcor r ect

) “» 000 ay
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) ) 0 "0006 7))
whez%"s t he ZgaonZbe’c $ et he Zsrdlrahd @t €d 4 s hows tF
coefficients calcul ated for S WM, NEM, TRA a

Tab24Adt t enuati on coeffici-equar e |lfeMithm@mitbredides d fh r O U ¢

Attenuati on ALL S WM NEM TRA
U 0. 062 0. 063 0. 055 0.070
b 0.017 0.017 0.012 0.021

254Zprsy St em bias correction

Tduraddress thbaei ssegeowsd béomegati o of
foll ows attendpestyisobne mcsorirse caketoenr.mi ned t hroug
assuming that the cahapaceaf( VYiawenkdacmoapnad aant eSO

However, this can be quite a challenge sin
Smyth and (111919 8gygwscrdtali asf ngm weakekelkbdotireigi)y
regions dfn Ipirgmtcirpdien rain drops in these r

I'n this studyZor$tpstamchil as e ftloe & dlel owin
to classify regions of light rain:

a)lnvw> 0. 95

b)L5 dBXD Q@5Z dBZ

cC)gnpr< LIBM

d)altitude: below 4 km (to avoid freezi
e)J)complextcellyde beams with bl ockages

Mo s t of t hese paramet er s (a&l0sad ptepsdl eiagr hetd
di fferencd@smeamrl abme gaddfag cal cul atetlorf r aml
el evati Dme asgmmeaivse rcaagl ecd10a28e M4 § d o om&dPer dat
Final Ilwalsatdee s e used tZorsgalteml @t asthseing the

® 0 Qoia Qwd & Qb 21

26Ti nhbeei ght pl ots of averaged dual pol ari zat

After all the QC gteaps alheaigh e Zapessd i | @eft e

anjgwover the dif ®dt tTohmesstee rplsoittse are used to ex

18



profile over the disdr ometTehri ssiitse ddounrei nbgy sse
by l1@r,eawi th the disdrometterri natt hteh sseed eexcd sealg
for evevi Yh2&v &klm v er tWhd avie rraegsi onligs t viead muleeess € e n t
or datnpenmagfiihpead&amet esdpul d <ctaipltlur & d ¢ drea tde
features of precipitation systems that pass

27Pri nciopmploaratoym iBSD dat a

To provi-deptahn ainnal ysi s on t he mi cr ophy
correspoadsngions within the precipitation
anal(yGAs) to study the current DSD dat a. T
basedO&Bvhest udi ed gl obal DSD datasets and
corresponds to domi nasntvamiicfriogpchylsy ctatlhe pmat
radar d@hta study made use DOfl &iitbued ys, d naddwcpha raasr
Dm Um| ogLWC,anldogRhese DSD parameters deesrce i blec
the DSBnidttsevwdimfhaebsbhmeyphresihol apmwlfi ed to d
groupbhowever, it should be noted that t hi
decrenbi sgearda nestelarss esYyer | ap DbOfldBetearr mil ue
seven PCA groups (PGs), with the six groups
processes and the one set pasi namhpiad vwocuesmp(asph
with this<hgaracp.t riehgriccussdmadvns u mim@a r T2z .kbld e

Tab25CA group characteristics based on |

PCA gr Characteristics
ConvectPiGtehas componentbsasoefd bport:
1 and conf omBms nwii(t2®0tOMe@ hcef or t h
convexsttr avteiCisgpmar ati on | i ne.
StratThiosr PG corresponds to wea
) smal | -stiz erdi ddr o pDma nldonpuc emas e hgt e
increasing bright band (BB) -int
grown particles | eads to aggre:
ConvectShvad | ow weNaukmecroonuvse chtuito ns. |
3 shall ow echo top height and gel
weak convective motions (tropit
4 Strati Chamacterized bgbhuwval gers

compared BB P62l ectivity reachi
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ConvecthDovei nated by eapeiwcial ny p
S convectionoalCes$tend eangsradwiels so f
Conforms the BRO0O9 CS separati ol
ConveckLtbeavseeed convectMelet ignga cadpfe il
6 handésudbtilsarge drops at thelSsurf
separation | ine.
AMB DSDs that overl aps with multipl

28Sel eanidod e s g taisgetuidare s

To facilitate the detailedrekxamedaphpsi a
characteristicsl iasntd onfecphansgisimse @ase studi
matching both the avail a®dret idniusodurso nreaiemrf aar
considered when Rhe temse ghpnbetRmeegdall It cev
with time gaps exceedi ng@ntthdirn s Ifseerte nth rreasi hnofl adl
threshold all ows effi ccisgretciiaddlyatfioan dafy sr awi
events ®&8bsafabwi.tehv ernctasomdaidlt i ons | ess t han
excludesdi fidEadheyradgromskeywarsy 10 nneil nbulitieessgg s hor
l' i ved raimfalhlecanabgsgai te chiaimi ewaigtihd gtshgei v ¢

availThel e.emaining possible rainfall event
avail a-bekeght maveraged vertical pr ofaulZms of d
Kbopa njehv

From the viable 2@ B3wedraal @ant iaf iteod afl r coni t4
rainfa(FigueatBhdda)wer e f 0 ouly esetsrcw iradsessi pf ri eeadc
conve(cBCi)oinr ion glcaotnevde(cSli @weak shall ownwleakect
strat(iWwS)hmse <cl assifications weéelrheo mpa®adalon
(20,15her eafwhegrhd ktifa@&idnf af t ac moentcal oceanic deé
from Manus| ambdo Gtan31% of the cases are WS,
same at 36%. WC and SI C are about 17% and 1

29 Contoured Frequency by Altitude Diagr ams

To furtheheexplatéeonship between the av
di sdromet er obser D&Miaotnas , webroet ht ornmaedrama taenhde @ r
freqguency by al ti tZudera dkkbef gorra msa c(hCHPAIBs ) of
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't can be recalledmithati mber ®S®I| dtait @an hwal
every 10 Timeset els.fferences in time resolut
comparing both data ther etbhPeCAr gabiupgta dibe
radar verstiinccael ipnr oofniel er adar ti meTetadprlelas
mins worth of PGs per identified radar sca
domi nant DSDs were chosen te fepr ¢ dhant stame
Thi s stri ngeomwte viehrr, ¢ @ hhdrledhtt memis decrease radar
suab PGBG@&midch has relatively |l esser sampl e
PG5 and PG6, once DSD samptllreesy cwinltlai autad me
represented by such PGs.

Excluding t he (afm®fingouro utsh eg reonuspldByDeSIBs aod a rl
sampl eisdeve(rief ged wi B0l QB )2®Bd3(* repredaeamd2m@ P
respeclthiiweliyws. fol Réwé @ 7bhby aRB4PBEB) atPG5 and F
behind ewsiatnhp IBeesw 4) anTWheée % gdgr. vertical prof

combi ned t o tcbraecatle taat@FALhe joint analysis

W

FigRBr@®i e charts focl psecdmdhees iidemttay@e d.
(a) preci mintdat(ibon DtSyDp egsr ou p s
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Chapt e RESULAMNIDI SCUSSI ONS

This chapter discusses in detail the res
previous chapter. This includes the wvari al
emphasis on the SWM, changes in thmg mheroa
event s hloawwDhannldW&spl| ane, and the modes of D
matched with -hbegavepagéd!| esmef r adarc odnpalr e
the general characteristics of t lpes epurdesc irpaintc
height indicat@RFRADQ PaRHel )alpslootpsr easnednt e d .

3.1 SeasonabSMarSautbnLofon

To show var sadrn ons| afaBh@diDe t s we rfer ogne ntehrea
20280 24. dAtaund 60% of the datas®encereenhoanm
represent thigengaafpos.e FOdr dtilsecussi on, we ¢

these seasons shown in Figure 3. 1.

The frequentcgdwDnpglt ¢tF® guidgreh.eral |y shows
of the DSD fall bel pwt hbhe BRSOl assaspeatfrad d isénsart
Aver age DaElow dmd TRA are -ve gygygem d\vheamad e,e
generally has allndygtalk he cameammsedaswinels\daread
Tabl eF8rt 12l I adwevaasioune,s ar e ‘anrfwiuddy a3 uzsmmat 1.
FoSWMmean Vv a&labw a8amBm'm3 which i s isewesront marer
and the NHEM.ZVedm gtowtehvimay e rfaogre $SWWMe highe
recorded at 1.8 mm, WwiothoWENBM bbyaiTRAngtbé&hi7n
not unexpected for NEM since most of the
stratTifeoramer age values Ifoomehpplughe npar ammeatye
compar eddettoe rtnnhonseegl 0 (y2et.E 4 fpulrder eBv.eal s much mo
as DSDs are cl asasndtiread iifmtran oga mwecst.i Vviehi s |
the R >-11G hmmshhrol d t o consider a DSD as con
and stmeadf ofobmt h SaMMe actidoeS &Adot | O EM) al ntt adl
by Bri 0g@0.080Dhenasdl&EM yabnetshe ot her hand, i s n
cluster (MT), which is characterized by hi
consi stent i wdstumcghs raittbiadila £ 2 @ & 2Alrl a g o n( 2e0t2.4 )a |
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Fi gB2Aever aged seasonal DSD per rain rate cl
4, (e) Class 5, and (f) normalized DSD. R ¢
green. Val ues presented iasomepetl otaiamer mee

To further investigate the differdHaobDes i
anbhare examined by gr Repiarsg eb Qdehi.gtuone vt&rii so
fiRel asses were dRst e®B.ntinmedC B$ a5.81 nMm hQl ass
3R= 1P51mMm hQl Rss28B01mWm hand Y a%sG Hm hrThis
classification was addptedd fetomlpr, e iddiFs rAe
was modified for this study due to the nun
drops te smylsli a0 min) and | arge (>3 mm) dr
Regardl|l eRxd asfs,t he can be cl eal lmm)s,eeMEN hhad
hi ghest concentration compihazed to Ltaegetdteo
2.5 mm, SWM and TRA has much higher concen
i n cl asseBs wedihf ihd glhley cl asses 3 and 4
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