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Morphaology ¥ianszuiuns erosion, dilation, opening tiae closing

import nuzpy as ap
impert cvd

from path inport path
teport os

from PIL iwpert Limage
import sys
Lo gl npaey

def plotey(label,image):

A2 RECSEI N F S R A

o2 . nazedilindow{label, ov2.MINDOH_HORMALY Seresiza wosualiy
cy2, deshow{label, Image)

2. waithey{s)

ev2, destroyal Bndoys ()

def convertGif2lpg{inpgif_dir,radname);
pring "convert 6if to IBG.. . T+radnase
pecanvert gif ta sy
far § in fopgif dir.files{patiern="%.pi{'}:
head, imfile = os.path.split{f}
out_fon=infile{0:26]+" . ipg’
iy
Irage.open(inpgif dirsiafile).convert{ RO%' ), save{inpgif_dirtout_fn)
except Exceptieon:
sys.exe_claar()
i Jeage, epgalinppii_dleding e oomvart {868 3. mavelongi £ dirinut_fa}

print out_fn
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fitEllipses

Fils an elipse around a sel of 20 points.

C+¥: RotatedRect Fireltipza{inpulaay points)
python: cva. fibdliipac(poinis} — retval

O OBl guy

tnane{tonsd Cviur points)

fyihon: o ¥ s ) -0 Bea gl
Parameters: points -
Input 20 paint set, stored In:

¢ godisvnstores Of Han {C++ Inferface)

,,,,,, = z X _&-.-.,.—um,..#’—.—f‘uuﬁ‘ﬁ’ﬁa‘ﬂ!‘;

» 52 pumpy atay (Python interface)

&

awidt 3.11 Fladdu fitEllipse
https://docs.opency.ore/2.4/modules/imgproc/doc/structural_analysis_and_shape de
scriptors.htrol?highlight=fitetlipse#fitellipse
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sl nearme{nny = Onse P Withdrawa PP T—-NunrPreviS- Bates=Nuni S Dates=NunrPt=MS=Dates—=

1998 3.7 as 58 97 166 44
1999 4.9 12 6l 67 211 29
2000 4.9 21 56 77 176 55
2001 4.7 23 60 87 186 34
2002 hXij 23 Gl 87 191 29
2003 4.1 24 58 92 171 44
2004 4.3 22 53 32 136 70
2005 4.5 24 56 92 161 54
2606 4.8 19 37 o7 191 49
2007 4.4 23 57 87 171 49
2008 50 2t 56 77 176 55
2009 4.2 24 39 92 i76 39
2010 4.4 26 39 102 166 39
2011 33 21 38 77 136 44
2012 4.5 22 56 82 171 55
2013 4.7 23 59 37 181 39
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F-realfe orvey (0 stors pr=pentod dcan
for filenase in os.listdir(path}:
if filename.endswith{*.nc4"):
print 'file: ', filename
2-read Ih4d
nc = Dataset{filenamz}
pC = nc.variables[DATAFIELD_HAMEY[:,:1.astype(np.floatsd)

d-ciilp GhdZ Fils

PcSub = no.variables{'precipitation’]{ lonli:ionui, 1atli:latui ) E-hpch
i

p_avg=np.mean{PcSub}

H

st

2 prript (Filer T, e, greg gueroger ‘o gy

# if cpaoi;
p_sum += p_Avg
cp +=1
if cpr=5:
p_aveg=p_sunf5.0
if p_avg>p _mean: pm_allipi}

pc_all{pil=p_avg
print 'area averag rain in pentad Yypl,t = Y,p_avg, op=",cp

cp=8; p_sum=0;
pis=1
£ += 1
if pir=73: break
print '2.nusber of read file: °, ¢

F-find cnselt genind

ct=6
for i in pm_all:
b3 Fo Tl FX Ty
if ((i==2} and {pm allfct+ll==1 and pm_allifct+21==1 and pm_allfct+3)==1}):
pt_os=ct
print “pentad: °, pt_os+l, * is snszat®
break
ck += 1

&-Find witharaw peniod

k=8
for i in pm all:
£ arigd i
if {((i==2) and {pm allfct+i]==2 and pm allict+Zi==2) and ct > 38):
pE_wd=ct
print “pentad: ¥, pt_wd+l, * is withdean®
break -
ct += 1

A 4.3 Taslumamfuduiuuas Tugavioveangases

= ' o o = 2 Les u 1 o w e w @
iesnliilsunsudiiaguinsinndiudoyasualvaidiorhnsmuibduas

:
i

7
H
i
i

§

ganavedguIgInIiBmIves Matsumoto (1997) fdedsldvimsiannldaluntul

i o o o = U w e oo+ 2
soufialynisUssinaillse@vinwazanunsanmasaunaiiudantedafawaa ldagnady

2 <} ~ s 1ol 5 s o Vo
F5UY ﬂqﬂiﬂﬂﬂ']ﬂﬂ 473 qﬂﬁ']ll'ﬁflﬂ'nﬁumﬂ']ﬂi]qﬂw%au@ﬂﬂ?'}ﬂfnﬂaEJ‘U’E}QFIULLﬁﬁﬁﬂ'l'}llW@Luaq

97U7U 3 pentad
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25 . Penlad mean rafnfall year 2010 o 25 __Pentad mean raipfall year 2011
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Pentad o Pentad =
% _ Pemtad moan rainfall yeor 2053 2% Féntad aaan ralnfal yeor w1z
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o
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il 4.4 s wundggugueedd (, b, ¢, o) 12010, 2011, 2012, 2013

IR Y \ = o T A & e o f
dimbldamiannlalumai 4.3 indssandliiudoyans 16 Tasaansadwaadaswming
. m‘#! o = ] o ot 1 A =
anlulideenunsoiainneihugleesnyideedclunmf - 44 sgwuhiidawna

w 1 o1 = of 1 cJ al-i) 1 1 b=1321 D] o 1 =
danamlimliouriu wazdrwamtifissluimasdilinsstulunnasil

4.1.2 ASIIULUNTEUURY

ludilesunsuanSouiisudmadnuasoasm  convective  Tudrnaumdaiuiiui
RIARREL BRI fé’haﬂ'lﬂfi’f*ﬁa;gaﬁuﬁmmﬁiﬁmﬂgm%’m&aﬁg@ 16 U lud dynnmns
nsedefiliorniuda Tassadehilunnia wasensfussansti

4.1.2.1 MINIE8NUTIIUNYaEITEULEY

of [ aa o
#M15714% 4.2 VOYAADANIIVUN PFs

Periodftype Tot PFs No. NCs _ Sub-MCSs MCSs Intense MCSs

No. % No. % Ne. % No. %
Pre-Ms 2296 306 4838 645 154 2.1 205 27
Monsoon 17884 265 46356 688 1954 2.9 1679 16
Post-MS 991 139 5951 834 128 18 59 0.8
Tot 21171 237 57145 722 236 23 1342 17
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nmsTnsilasiuunUss eIl ITRRaNITIE 2 agnui MCSs 3
unymethanndagUiuurlufiuinunsunansuaddulady wudh sub-MCSs dafiedndn
agflunga MCSs Tuiidndnanniis 72.2 % Tnoil NCs Fuliuduithill convective aglusfuiiil
dnean 23.7% Fserafiurly stratiform Midudumilives MCSs e enaidlumssaesves
MCSs  dwdndnudiefissanduggmassnuiludisiauggusgunasgausaidnd i

TndiAnsiuvaanguriduszinm uivdagausauasnuiidadinges sub-MCSs fifnnudiviu

BENUINGI B3%

ngusieg19ved Prs lunausguaniludndiiinnigaiiodiouivdinadu Fafluwaunen
ﬁl = ‘:i 3 G‘; o Ao l#l o T L) Qe o 1

avmnusanainduisnanih i ldlunsie s iaaifidwumnnin

$-find freguency soss cosbined
print ‘- >, galoulate freguency map of £5ds conbined'
lors=np.array(range({86,122,1})
Yats=np.array(range{-2,26,1}}
freg=np.zeros{(ten{lats), len{lons)),dtype = "float™)
for i in range(9,len{acs_conl:,6]}):
if {mes comfd G]>-2) & (mcs_com[i,8]426.8) B (mcs_coaf{i,1}>88.8) & (E(S’Coeil 13<122.8%:

lat_idx = geo idx{mcs com[1,8], lats)

lon idx = geo_idx{mcs_coa[i,1], leas)

freg(lat_idx,lon_idx]=freq{lat_idx,Ion idx}+3

Ef pFsfi, 88
Fregftat ddv, ion idel=freafiat uﬂ Loa idelzd

prind talsfiat idx], ' dengfton

SRR

.

ni_freq scs_com=freqfnp.aax(freq}*108.8 F-aurmoti/ied frogacocy

w-find frequenty sess cosbined
print “--.--3","celculate freguency sap of sub-pcs cosbised”
lons=np.array(range(88,122,1))
lats=ng.array(rasge{-2,26,1))
freg=np.zeros{{ien(lats),lenfdons) ), dtype = "{loat™}
for i in range(8,len{sub_mcs{:,81)): !
if {sub_pcs{i,8]>-2) & (sub_pmcs[4,8]<26.8) & (sub_ncs{i,1]>85.8) & (sub mcsfi,1]<122.9):
lat idx = geo_idx(sub_mcsfi,8], Iais)
Yon_idx = geo idx{sub_mcs{i,1], loans)
freqflat_idx,lon_idx}=freq[lat idx,lon_idx}+i

? if prats, gl
H Fregflot i« fon 10\; =fregftar ldx,don idnjel
¥ priat datsflot_fdx], *:*, icas{icn idgx}

na_freg_sub_ncs=freq/np.max{freq)*100.8 # nurualized frequemiyp

A e e e e e e e e e e L L e o __.__.

A 4.5 Taeausuanudlunssieun PRs
=9 € L ¥ a] t :J o s tg o 2 ot
Tumilleswiddtunvesnguduiduunesniy MCSs fu Sub-MCSs Tudniudaarinun
1 o4 o 3 P Y @ o = 2 Y o I
Tealwsouioruailuudasniafidaamsdun i 4.5 Feaunsaldfladduduuuyinsaing

d e o
URUYIRSANN 4.6
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il 4.6 uruvaNubiasn s PFs lududeugguiay gouigquuasvdagausdy @)

(b), () for MCSs {(d), {e}, (/) for sulb-MCSs.
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Armlvemsiin MCSs way sub-MCSsTumsiazghanandiauuanarefufanindl 4.6
wudiludieneussas 0w 4.6a Lag 4.6d %1 MCSs waw sub-MCSs aadify idnaandisly
neunansewnimaduladu madvesduladuiidadiuiige dnlutiasgunm d.6b uas
4.6¢ WHUT MCSs tay sub-MCSs snadduiidadiuiigenivisaugam Tasens sub-
MCSs nstBvvaannludaargy d MCSs uifwudaduigdlununiianivoussde

= =y ar g 3 A d!l ) r ar
AsunEsnaiiang Tumnuenlssalneludadiungunn diefinsanludimdsgausgy aw

A.6c uay 4.6f 13 MCSs uay sub-MCSs auadgiu sswurideauiaszagmannoils veia

Nlanazmaldvesdulain  Wemniinsidausvessungy  wrwuihvsilweunanives

Rennuildnadiuiganes MCSs wag sub-MCSs

4.1.2.2 auiasiBusangruluiuiineunanagiinaduladn
Auaryzvasasnghilunsunanpiinaduladulagnieswilaeldedudsan
gudoya PFs léun it minimum 85 GHz PCT FgERTRI SEYYIa YU 30 dBZ @
maevieuggalusy 6 nal. Hafildfamed 3 fenmiurinnsiisseguuesiius

STRRAY

o v I8 3 L= . T )
M50 4.3 AuisEFILUBsiILUITudY min85Spct AuguUnT 30dBZ Anugiuei 60,

Period Type Area Min85pct Maxht30 Maxdbz6
Pre-MS Tot PFs 26.0 276.6 5.0 22.5
MCSs 617.4 244.0 6.0 333
IMCSs 1300.5 168.3 113 48.0
Monsoon Tot PFs 26.0 2727 4.8 22.0
MCSs 494.2 238.1 6.0 336
IMCSs 1248.5 164.4 10.0 45,0
Post-MS Tot PFs 26.0 279.6 4.3 216
MCSs 598.2 248.3 5.6 31.7
IMCSs 1196.5 173.0 10.6 43.2

|

1) IAsed1efium (Area structure)
1 v H ey 1 i e o < PN P

ssvurlilundasdggmalilaianuwendduEewemnmnaindienSouiieusiia

' ot ar CJ T 5 ! ‘ﬁl
gasrilunguiedfudansen 3 uazam d.6a swiviou 95 % tulungurhuoni

¥ 1 & = 1 1 =l )

dnt 1,000 eg.nu, waievinsanguiuuuy. MCSs F2HUNUAINIANATYEE

e & s ) ' ' = = =
Insafinuiiuilusiaggana wohlugineungusgy MCSs selinnalveifignideu
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o

war g w ' =t 1 ' ' = 4 o 4
idffudiidmgehy dau MCSs Svunalvafgaludineugqusgndeivunalndidaeiud

\ | o & o = A o Y -
fAIEY IMCSs 'l,ufmwaaq@mqmjummmﬁanmLuamﬂmummmau

2) @ifAUTULIITBS convection HLFAILUS

= PRy : @ = oA A o
AuUMSHA 3 wwhaukegees IMCSs  Tudwdaggusguiianfisussdiaiouiu
' ~ B s . P ' . o e '
FRVRBUEAUTILS Min85PCT fiflanusuusiludisgy wafiguuasusiildana
Maxht30 ez Maxdbz6 Wie smsagvieugegalusedu 30 dBZ dudmsasviovugeen

o = o e ey @ &
Tuszduansgan 6 nusnudduildanmsasieinmuees PR uuaiiisy TRMM

v v et e ¥ d a4 = = r =
—weriiiiudaiinafigeliiiniledulaluneunanvemduiudsemvMESs=rmni-g7=

WeRdRa cumulative density function (CDF) wasAmsiinefAldlumsinmeiaiy
s sudioussuianstifeyaiamaluussassmgmatudoyandusly MCSs
Tneluitidonsfiarsandmdussig MCSs uaer IMCSs ilomdnanilunsiasmass
CDF iimhdeyanfinsaniomnuddundutamessui deyadning il
min85pct sdldndmoinduiuiinnssimsniuieutnouiiewnien PcT 4
gafemn 4.7b sgwuhiidadauiiasud 10% wihhmestayawandisidnsnga 250 wa
TuBamndn mingspct ﬁﬁ’]ﬁ’lﬂ’i’]‘lilﬁﬂﬁj’lﬁﬂ”l‘iﬂ'SSL%G‘Uﬂﬂﬂij:&l‘lf’]LL‘ﬁﬂuﬂfchfJuﬁgu usnIn
firngauansindungueuiibiresuussiviimasiuiiiuie  Memady  convective
ffar (Spencer et al. 1989) wiehiiBinaieuiudethafivmewiassiuiumaiy
¢ (freezing level) (Nebitt et al. 2000) %awé’nmﬁgnﬁmﬂﬁﬂuwﬁﬁ’afﬂm Xu et al
(2009) dwduma  convective  Ainsnedigeasldaniiding 225 iatumy
McGaughey et al. (1996) wiuiniliflosur 5% waenduduismpiiiiiwauesheies 1
ramveifoyanduruiifiduaurssnisnanisioutiugs

amil d.rc wudiinnndt 60%  vasnguuiisimedliivunisnszgndavesndanil
mmﬂﬁﬁmmﬂmﬂuLwiaa'ﬁguﬂfnmqaﬁmwi'mmnmé‘ffsLtﬂsmiagﬁaumaaL'smﬂu*ssﬁ’u
30 dBZ dwamiil 4.7d wuh 50%maaﬂejur-luﬁgmmaq‘lussﬁ’ummqqﬁﬁwn’h 6 nal.
witdlefimannudisg MCSs asnudildndannnd 90%vupanduruTinifTiiA g
it 15 a. Tasludnwouiliiensasfounnismdusannnd 50 d8Z Aszduany
g9 6 NI AILTYRY MCSs tudssdhdvnnquusslutiesludaenomngs arauuasnds
wsgumuadiuinmilideya min8spct maxht30 maxdbzé funw 4.7b, 4.7c uaz

a.7d Tasludianounguegueznudy d0% uaz 60% dwdufuds maxht30 uaw
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4.1.22 TasE¥renuniwesmmsasiomsand  Vertical  Profile  of Radar
Reflectivity: VPRR) '

[
=

a ' o e «f ¢ o o =y =

FBnslumsmainsasiougaavestadduduiliddunussduanuguniiofiugiivsemea

184 Donalson (1961) gminnldlunismiddauys MAXdRZ Tusuwes Xu et al. (2009) Tu

= g e e Y Ve s e - ¢ 1 wr ar
nyiwseduiEidlainualusunslulysawiiovhnsiesedmmsasiousassdu
= Iy ¢ | = ol

AUGWEEV VPRR andayalsmived TRMM PR fillenuasidanlunsnsieiadl 0.25 nu.
o o ) ) Ry . o

3o range bin resolution Inald¥ayarnisazviounlinin PF database w89 Liu (2013) &

&5 o2 s oA v o=
VPRR  HlasihuaSesiiolumsnsoaeumapussvetey  Beldnsasieunigiluuay

L"Jiﬂufu:::.:.?tixedaphas
and Zipser 1986; Zipser and Lutz 1994; Cecil et al. 2005, Xu et al. 2009)

PINMWA 4.8 Lans VPRR 181 MCSs wag sub-MCSs wilemaiiudulnduneunandlug
S GERHSRRY st MCSs ﬁammhanmﬁmmgquazmms‘mmmnﬂ'h sub-MCSs
Tushandeafy wuhiaesiousamigaasd iy MCSs gunilassdy 18 nuanfhiin
dwiuieunguigy anuguwsves MCSs tuiseugguseuildunnamiteldousy
qgMmafivRedinm 4.8a Turngiidismgusguivndiggusgulimmuunndeiumnniings
A 4.8b uay d.8c Uu%’lﬁtﬁutﬁl@iﬁmmLmnsha'lus’fmimqa%’N‘Luamqqmawﬁqﬁ dn
sub-MCSs  assriawggusguiuvaqusguiinupussnanhdrgguigilneinuges
wei USRIt 15 nuanseiuiuialandiniv 4.8d, 4.8e uag 4.8f
Tueidiees Xu et al (2009) szwuhilimiaevouiiuswasnisiugn mixed-phase
region Tugnannugesendne 5 fis 8 nal. videfirsgunni 0° s 20° ¢ Felurmidees Dye
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Foyamuiindudoyaiiumdududfmsnmsasuinisuveans convective Hiitngy
ﬁ’uﬁfiﬁiwmm’hua‘un'au*&:mqm‘lmquﬁuﬁﬁqqaﬂ'ﬁﬂ*ﬁwﬁu (William et al. 1995; Peterson et
al. 2002; Qie et al.2003; Yuan and Qie 2008; Xu et al. 2009) lumshasiwiduiilivh
mﬁmmsﬁﬁqé’mémﬁwLLaU'LuLLm'azfd'NqQﬂ"na‘u‘%nmﬁuﬁmaunmwm%u‘lﬂﬁu Haitldu
Sasfhuaunda flash rate Tudarouggusguussiuitdnuniidfonfiaefe 7.5% vesshuu
PEs stvmadanseil 4 Snnudhaihuauiuasasinnu 5 whWenama 10-99 Genane
1-9 Tunsflvasngusay druggriounsguanaaiiviun ¢ viwhlihreuguessuasau

oy ' & ] - A o of
wasmafiathaureagneuusgiiuiiginiigenady  deflesannmaill  flash  rate

v iulasgiuiiiindidssiunuves Xu et al. (2009) Tudranauggsas

ArNad 4.4 atfonsivhuaumileiiuaugiinieduladu

Period/criteria PFs with fashes With 1-0 No. With 10-99 No. With >=100 No.
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# -*- coding: utf-8 -*-

Created on Sun Apr 14 18:00:09 2019

#--sub set parameter and study area

Read alt PFs for each month and subset for interested parameters by large studyarea
and stack month to each year

Write to pfs file of each year in binary format

" 1

Togtdrariay:

L

MAXHTLAT;MAXHTLON;MAXHT;NPIXELS PR;BOOST;LANDOCEAN;MAXHTA0;
NCONV_2A25;FL ASHCOUNT;MINSSPCT ;Y FAR; MONTH; DAY;HOUR:MAXDBZ

Next: read and subset for small subset areas [land and sea]

@author: Nattapon Mahavik, Naresuan University, Thailand

#selfleft = None

importgc

ge.collect()

impart os

import maiploilib as mpl

import matglotlib.pyplot as plt

from mpl_toolkils.basemap import Basamap

import numpy as np

from pyhdf.SD import SD, SDC
path="D:/Yang/1Geoinformatic_data/Satellite_Rain_products/TRMM/1PF_HWRPF_level2l
cutput_palh="0./Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/1date/ 1pfs_subset/large_area_y
earlyl

as.chdir(path)

Ist_fd_yr=[x[1] for x in os.watk(path)]
ist_fd_yr=lst_fd_yr[0] #-get sub folder only

#-loop through each year PFs

#-loop main folder of all sub year folders herel
#pfs=np.zeros(54) #-for Indachina land

for yrfd in st_fd_yr:

-2
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i o S T RS TS Tl B

os.chdir{path+yrfd) #-change dir

print "+

print *+*

pring "+

print
B I S a0 T o [ K B A B VA Y I IR S Sr AT
4 et

print ->Find pentad each year to define pre, monscon and post period in: "yrfd

print

B R I B B B B e I R L o o IR BT ST SRS AT SIS B SRS AU

e
#-loop files *nc4 inside sub year
ct=0
pfs=np.zeros(5H4)
for filename in os.listdir(path+yrid):
if flename.endswith(".HDF"):
print *---' filename
hdffile = os.path.join{path+yrid, filename)
hdf = SD{hdffile, SDC.READ)
# Read dataset.
lat = hdf.select('MAXHTLAT") #-0
lats = lat(:]
lon = hdf.select{'MAXHTLON #-1
lons = lon[:]
mht = hdf.select(MAXHT") #-2
mht= mhi{:]
npr = hdf.select(NPIXELS _PR') #-3
npr = npr{:]
bot = hdf.setect('BOOST') #-4
bot = bot[:]
loc = hdf.select{LANDOCEAN}#-5
loc = loc[:]
m30 = hdf.select{' MAXHT30"%-6
m30 = m30[:]
ncv = hdf.select{NCONV_2A25"N#-7

-3



Aasundslassainmensszuuduntaganidion TRMM Udnaduladunaunats § 19

J
.‘).‘:

ncv = novl:]

fct = hdf.select('FLASHCOUNT)#-8
fot = fell:]

m85 = hdf.ssleci{'MINBSPCT")#-9
m85 = m85[:]

yy = hdf.select('YEAR") #-10

vy = yyl:]

mm = mm[:]

dd = hdf.select(' DAY )#-12

dd = dd[:]

hh = hdf.select('HOUR')

hh = hhl:]

mdz = hdf.select('MAXDBZ') #-40 columns
mdz = mdz[;,:]/100.

#-storg > all paramelers
var=np.zeros{{len(lats),54 ), dtype = “float™)
var[:,0)=lais[}]

var[:, 11=lons[:]

varl:, 2l=mhtf:]
var[:,3]=npr(:]
var[:,4]=hot[:]
varl:,5]=loc[]
var{:,6]=m30[]

varf:, 7]=ncv:]
var[:,8]=fct[:]
var[:,9]=m85[:]

var(:, 10]=yy(]
var[,11]=mm[:]

varl:, 12]=dd[}]

varf:, 13}=hh[:]

var[:, 14:1=mdz[:,:]

del lats,lons,mht,npr,bot,loc,m85,yy,mm.dd,hh,mdz

-4



anasuulsiassairansasruulunndeyanifion TRMM Unaduladunaunans | 2o

S T P B S T B T R o e s N s . S

#-find vertical profiles of maximum radar reflectivity for each PFs

#-pfs ovaerland and sea

tmp_pfs=var[{varf:,0]>-2) & {var[:,01<26.0) & (var[:,1]>88.0) & {var[;,11<122.0)}
del var #-clear memory

pfs=np.vstack{{pfs,imp_pfs)) #-append

# ct +=1

# if ct<12:

# pfs=np.vstack{(pfs,tmp_pfs)) #-append
i else:

w break

#  break

#-write array o binary for each year PFs
pfs.astype('float32") tofile(output_path+'pfs'+yrid+ bin')
print '--- writing: ",output_path+'pfs"+yrfd+" .bin'

del pfs

#-read binary array and reshaps

#pts_read=-np.reshape{np.fromfile('pfs.bin',dtype=np.float32) . pfs.shape)
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e ae i e A

-*- coding: ulf-8 -*-
Created on Sun Apr 14 21:17:27 2019
f#i-subset seasons by excluding mdz used for VPR
read parametrs from cutput *20180414PlotGetGmonsconPentadAllyears.py*
yrfd,p_mean,pt_os,pt_wd,date_onset,date_widmw,mno,mnw,leap_year, num_prems_date,

num_monsn_date, num_posms_date

PSR EMOnNSOoNT:
MSA=MOoNscon

ptm=postmonsoon

output array:

MAXHTLAT, MAXHTLON; MAXHT;NPIXELS PR;BOOSTLANDOCEAN; MAXHT30;
NCONV_2A25;FLASHCOUNT;MINB5PCT; YEAR;MONTH: DAY:HOUR

#-next to subset by small areas land and sea

@author: Nattapon Mahavik, Naresuan University, Thailand

(113

import gc

ge.collect()

import 0s

import matplotlib as mpl

import matplotiib.pyplot as plt

from mpl_toclkits.basemap import Basemap

import nLUMpPy as np

path_para=r'D:\Yang\1Reseach\0.2562, TRMM_PR_struciurePrecp\iresults’
os.chdir{path_para)

para = np.loadixt(*Toutput_ monsoon_period.ixt™, defimiter=""*, unpack=Falss)

pf_path="D:/Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/idata/1 pfs_subset/1large_area_yearl
\h

os.chdir(pf_path}

#pfs_ms=np.zeros(b4)

#pfs_prem=np.zaercs(54)

#pfs_ptms=np.zeros(54)

q-2
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pfs_ms=np.zeros(14)
pfs_prem=—np.zeros(14)
pfs_ptms=np.zeros(14)
for i in range(len(paral:,0])):
# printint{)
#-find dates on season
if parafi 8]==1.0:
#-premonsoon
if parali,6]==4.0:

di_endprem— parali,4]-20+1-1

i parali,6]1==5.0:

dt_endprem—parali,4]-120+1-1

#-monscon
if parali,7{==9.0:
dt_endms= para(j,5]-243+1-1
if parali,7]==10.0:
dt_endms=parali,5] 273+1-1
if parali,7]==11.0:
dt_endms=parafi,51-305+1-1
dt_endptms=336+1
else:
#-premonsoon
if parali,61==4.0:
dt_endprem= parali 4]-90-1
if parali,6]==5.0:
dt_endprem=parafi,4]-120-1

#-monsoon
if para(i,7]==9.0:
dt_endms= parali,5]-243-1
if para[i,71==10.0:
dt_endms—parali,51-273-1
if parali,7J==11.0:
di_endms—parali,5]-305-1

-3
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dt_endptms=336
dt_sfprem=+
dt_onset—dt_endprem+1

dt_wildw=dt_endms+1

#-screen pericd of season using finding dates above

pf_file="pfs"+str(int(parali,0]))+".bin'

7=

printpffi
#-read pfs file
pfs=np.fromfile(pf_file,dtype=np.float32)
row=pfs.shaps[0]/54 #-get number of row by number of cal=54
f-set new name by file name year
pfs=np.reshape(pfs,(row,54))
vy pi=int{pf_filal3:71}

#  printyy_pf

#-screen season period #-need to do one by one season due to memary errer

#-stack screen data to each period file

fi-run one by one seascn due to memory run cut

#-pre_monsoon

prem=pfs[(pfs[:,10]==yy_ph& (pfs[:, 113>=2) &(pfs[:,11]<=parali,B])
(pfsf:, 12]>dt_stprem)&(pfsl:, 12]<dt_endprem)]

pfs_prem=np.vstack((pfs_prem,prem{;,:14])) #-append not include mdz

f  #-monsoon
ms=pfs[(pfs[:,10}==yy_pf& (pfs[:,11]==5) &(pfs(:, 11]<=parali,7])
{pfs[:,12}>=(dt_endprem~+1))&(pfs[:,12}<di_endptms)]
pfs_ms=np.vstack((pfs_ms,ms[:,:14]}} #-append not include mdz
# del ms,pfs,yy_pf
#  go.collect()

# #-postmonsocn
pims=pfs[(pfs[:, 10]==yy_pi}& {pfs[:,11]>=parali,71) &(pfs[:, 11}<=11)
(pfsl:,12]>={dt_endms))&(pfsl:, 17]<dt_endptms)]
pfs_ptms=np.vstack((pfs_ptms,ptms[:,:14]))  #-append not include maz

-4



13 = = = 4 el l a,
Anufsinssafunenszuuianndoyaaidon TRMM UShadulalunounans | 2012

#-write to files
output_path='D:/Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/1datal1pfs_subset/1large_area_s
eason/'

pfs_prem.astype(float32").tofile{output_path+'pfs_premonsoon.bin’)

output_path="D:/Yang/1Reseach/0.2662. TRMM_PR_structurePrecp/1data/1 pfs_subset/1large_area_s
easan/
pls_ms.astype('float329).1ofile(output_path+'pfs_monsoon.bin'}

#

oulput_path="D:/Yang/1Reseachv/0.2562. TRMM_PR_structurePrecp/1data/1pfs_subset/1large_area_s
eason/’

pfs_ptms.astypa('float32').tofile{output_path+'pfs_postmonsoon.bin'}
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# -*- coding: utf-8 -*-

Created on Mon Apr 15 14:03:59 2019

#-subset seasons inland IP by including mdz used for VPR

read parametrs from output *201804 14PlotGetGmonsoonPentadAllyears.py’

yrfd,p_mean,pt_os,pl_wd,date_onset,date_witdrw,mno,mnw,leap_year, num_prems_date,

NEmEROnSEdaler U posTSTaale T e
PIM=premensoon

MSN=Mcnsocn

ptm=postmonsoon

ocutput array:
MAXHTLAT;MAXHTLON;MAXHT;NPIXELS_PR;BOOSTLANDOCEAN;MAXHT30;
NCONV_2A25;FLASHCOUNT;MINBSPCT YEARMONTH; DAY;HOUR;MAXDRBZ
#t-next to calculate vprinland ip

@author: ANS

import gc

gc.colleci()

import os

import matplotlil as mp!

import matploilib.pyplot as pit

from mpl_toolkits.basemap import Basemap

import numpy as np

path_para=r'D:\Yang\iReseach\0.2562. TRMM_PR_structurePrecp\tresults'
os.chdir(path_para)

ara = np.oadixt(*1output_monsoon_period.txt", delimiter="", unpack=False)

pf_path="D:/Yang/1Reseach/0.2562.TRMM_PR_structurePrecp/1data/1 pis_subset/+large_area_year!
v

os.chdir(pf_path)

pfs_ms=np.zeros(54)

pfs_prem=np.zeros(54)
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nfs_ptms=np.zeros(54)
for i in range(ten(paral:,01)):
#  print int(i)
#-find dates on season
if parali,a]==1.0:
#-premonsoon
if parali,6]==4.0:
dt_endprem= parali,4]-80+1-1
if parafi,6}==5.0:

dt_endprem=parali,4]-120+1-1

#-monsoon
if parali,7i==9.0:
gt_endms= parali,5]-243+1-1
if parali,7]==10.0:
dt_endms=parali,5]-273+1-1
if parali,7]==11.0:
dt_endms=parali,5]-305+1-1
dt_endptms=336+1
else:
#-premonsoan
if parali,gl==4.0;
di_endprem= parali,4]-90-1
if parali,6l==5.0:

dt_endprem=paral(i,4]-120-1

#-monsoon
if parafi,7]==9.0:
dt_endms= parali,5]-243-1
if para(i,7]==10.0:
di_endms=parali,5]-273-1
if parali,7i==11.0:
dt_endms=parali,5}-305-1
dt_endptms=336

dt_stprem=1

94-7
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dt onset=dt_endprem+1

dt_witcw=dt_endms+1

#-screen period of season using finding dates above
pf_fite="pis"+ste(int{parali,c]))+".bin'

print pf_file

#-read pis file

sasg

—pls=npfomfile(piziilcdiypesnpiioatss)
row=pfs.shape(0]/54 #-gel number of row by number of col=54
fi-set new name by file name year
pfs=np.resha pe(pfs,(row,5_4))
yy_pf=int(pf_file[3:71)

# print yy_pt

#-screen season pericd #-need to do one by one season due to memary error
#-stack screen data to each period file

#-select boundary

pfs=pfs{{pfs[:,0]>14) & (pfs[;,0]<21.0) & (pfal:, 1]>98.0) & (pfs:,11<105.0) & (pis[1,51==1)]

#-pre_monscon

prem=pfs[{pfs[;,1 0] = = yy_pi&
(pfsf:,121>dt_stprem)&(pfs[:,12]<dt_endprem}]

pfs_prem=np.vstack({pfs_prem,prem)) #-append

# #-monscon
ms=pfs[{pfs[:,.1 0] = = yy phi&
{pfs]:,12]>=(dt_endprem+1))&{pfsf:,12]<dt_endpims)]
pfs_ms=np.vstack{{pfs_ms,ms)} #-append
# del ms,pfs,yy pf
# ge.collect()

# #-postmonsoon
ptms=pfs{(pfs[:,1 0] = = yy_phH&
{pfs:,12}>=(dt_endms))&(pfsf:,12]<dt_endptms)]

(pfs[:,11 1>=2) &pfs[:,1 1] <=parali6]) &

(pfs[,11]>=5) &(pfs{:,1 1] <=parali,7]) &

(pfs[;,;1 1 1 >=parali,7]) &pfslLtil<=11) &
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pfs_ptms=np.vstack((pfs_pims,pims)}  #-append

#-write to files
oulput_path="D:/Yang/1Reseach/t.2562. TRMM_PR_structurePrecp/1data/1 pfs_subset/1I1P_inland se
ason/'

pfs_prem.astype(floata2").iofile(output_path+'pfs_ip_premonsoon.bin')

output_path="D:/Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/1data/1 pfs_subset/11P_intand_se
ason/

pfs_ms.astype('float32').tofile(output_path+'pfs_ip_monsoon.bin'}

#
output_path="D:/Yang/1Reseach/0.2562. TRMM PR_structurePrecp/1data/ipfs_subset/11P_inland_se
ason/'

pfs_ptms.astype('floata2’).tofile{cutput_paih+'pfs ip posimonsoon.bin’)

-9
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# -*- coding: utf-8 -*-

5ia

Created on Tue Apr 09 20:08:29 2019

Plot graph VPR of classified PFs
Classify MCSs, inlense MCSs, sub-mess follows Xu et al. {2009)

*Rainfall characteristics and convective properties of Mei-Yu Precipitation Systems...*

Output:
Plot graph of classified average MCSs MAXHT + sid

Data:

#hitps:/hdfeos.org/software/pyhdi.php
#-hitp:/latmos.tamuce.edufitmm/data/software/
#-hitp:/fatmos.tamuce.eduftrmm/dataftrmm/

@author: Nattapon Mahavik, Naresuan University, Thailand

(1%

import os

import matplotlic as mpl

import maiplollib.pyplot as pit

from mpl_toolkits.basemap import Basemap

import numpy as np

ffpath=c'D\Yang\1Reseach\0.2662. TRMM_PR_struciurePrecp\idata\samplePfsiiviievel 1’
path=rD:AYang\1Reseach\0.2562. TRMM_PR_structurePrecp\ data\samplePfsLiutevel2\rpf
os.chdir(path)

#hdffile = '1£09.19980705.03455.7 .hdf'

filename = 'pf_199807_lavel2.hdf'

#ilename = 'pf_199801_level2.hdf'

hdffile = os.path.join{path, fiiename}

from pyhdf.SD import SD, SDC
hdf = SD(hdffile, SDC.READ)

A-2
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# List available SDS datasets,

#print hdf.datasets()

# Read dataset.

lat = hdf select{'MAXHTLAT"}
fats = lat[:]

lon = hdf.select('MAXHTLON")
lons = lon[:]

mht = hdf.selact(MAXHT")

mht= mhi[:]

npr = hdf.select{NPIXELS_PR")
npr = nprf:]

bot = hdf.select{BCGOST")

bot = bot[:}

loc = hdf select{' LANDOCEAMN}
loc = loc[:]

m30 = hdf.select!MAXHT30")
m30 = m30[:]

ncv = hdfselect(NCONY_2A25"
ncv = ncvl:]

mdz = hdf selecl{'MAXDBZ")
mdz = mdz[:,:]/100.

##-store > all parameters
var=np.zeros((len(lats),48) dlype = "float”)
var[:,0]=lats[;]

var[:, 1]=lons[:]

varl:, 2]=mht(:]

varl:,3]=npr{:]

var[:,4]=bot[:]

var[:,5}=loc[:}

var[;,6]=m30[:}

varl:, 7i=ncv(:]

varf:,8:1=mdz[:,]]
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# e e s e

#-find vertical profiles of maximum radar reflectivity for each PFs

#-1P land

pfs=var[{var[:,0]>14) & (var{:,01<21.0} & {var:,11>88.0) & {var[;,1]1<105.0) & {var[.5]==1)]
mes_int=pfs[{pfs{:,3]*(4.2**2.0)>=1000.0) & (pfs[:,6]=8.0)& (pfs:,7]>=1)]

TR0 o) S L) ) i G

sub_mecs=pfs[{pfs[:,31*(4.2*2.0)<1000.0) & (pfs[:,7]1>=1)]
ncs=pis[(pfsh:, 71==0)]

#-average "MAXDBZ" by height
#-pfs

vpr=pis[.,8:]
vpr({vpr==-88.88)]=np.nan
ip_avg_pfs=np.nanmean(vpr,axis=0)

div_range=range(vpr.shape[1])

#-mes_int

vpr=mes int[:;,8:}
vpr[(vpr==-88.88)}=np.nan
ip_avg_mcs_int=ng.nanmean(vpr,axis=0)

db_range=range(vpr.shapg[1])

#-mes_ord

vpr=mes_ord[:,8:]
vpr{{vor==-88.88)}=np.nan
ip_avg_mcs_ord=np.nanmeanf{vpr,axis=0)

db_range=range(vpr.shapef1])

#-sub-mcs

vpr=sub_mecs[:,8]
vpr((vpr==-88.88)]=np.nan
ip_avg_sub_mcs=np.nanmean(vpr,axis=0)

db_range=range(vpr.shapse[1])
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#-ncs

vpr=ncs[:,8:]
vps[(vpr==-88.88)]=np.nan
ip_avg_ncs—np.nanmean{vpr,axis=0)
db_range=range(vpr.shape[1])
#plt.plot{ip_avg_ncs,db_range)
#olt.show()

#-plot

#-htips./matplotliv.org/galieryflines_bars_and_markers/line_demo_dash_control. htm!
fig, ax = plt.subplots()

# Major ticks every 5, minor ticks every 5

major_ticks_x = np.arange(0, 75, 10)

major_ticks y = np.arange(, 75, b)

minar_ticks = np.arange(0, 75, 1)

ax.set_xticks(major_ticks_x)

ax.set_xticks(minor_ticks, minor=True)

ax.set_vlicks(major_ticks_v)

ax.sei_yticks(minor_ticks, minor=Trua)

pltaxis([10, 60, 1, 20])

# Using set_dashes() to modify dashing of an existing line
line1, = ax.plot(ip_avg_mes_int, db_range, labal="Intense MCS")

linel1.set_dashes([2, 2, 10, 2]) # 2pt line, 2pt break, 10pt line, 2pt break

# Using ploi{..., dashes=...) to set the dashing when creating a line

line2, = ax.plot{ip_avg_mcs_ord, db_range, dashes=[6, 2], label='"MCS-ORD")
line3, = ax.plot{ip_avg _sub_mcs, db_range, dashes=[6, 2], label="SUB-MCS")
lined, = ax.plotiip_avg_ncs, db_range, dashes=[6, 2], label="NCS")

lineb, = ax.plot(ip_avg_pfs, db_range, dashes=[6, 2], label="PFs all)

pit.xlabel{'Max Radar dBZ")
pltylabel("Height [km1?

plt.iitle('Indochina Peninsula PFs")
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ax.legend()

pit.show()

#-find vertical profiles of maximum radar reflectivity for each PFs

==1=3E5

pfs=var[(varl:,0]>11} & {var[:,0]<17.0) & {var[;,1]1>110.0) & (var[:,1]<116.0} & (var[;,5]==0)]
mes_int=pfs[(pfs[;,3]7(4.2**2.0)>=1000.0) & {pfs[:,6]>8.0)& (pfsl:, 7I>=1)]
mes_ord=pfs[(pfs[:,3]1%(4.2"*2.0)>—1000.0) & (pfsf;,6]<8.0)& {pfsl:,7]>=1)
sub_mcs=pfs[(pfs[:,31*(4.2**2.0}<1000.0} & (pfs[:,7]>=1)]

nes=pfs[(pfs(:,7]==0}] (

#-average "MAXDBZ" by haight

#-pfs

vpr=pfs[:8:]
vprl{vpr==-88.88)]=np.nan
ip_avg_pfs=np.nanmean(vpr,axis—=0)

db_range=np.arange(0,20,0.5)

#-mes_int

vpr=mcs_int[z,8:1
vpr{(vepr==-88.88}]=np.nan
ip_avg_mes_ini=np.nanmean(vpr,axis=G)

#db_range=range(vpr.shape{1])

#-mes_ord

vpr=mcs_ord[:,8:]
vpr{(vpr==-88.88)]=np.nan
ip_avg_mes_ord=np.nanmean(vpr,axis=0)

#db_range=range(vpr.shape[1])

#-sub-mcs

vpr=sub_mecs[;,8:]
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vorf(vpr==-88.88)]=np.nan

ip_avg_sub_mecs=np.nanmean{vpr,axis=0)

#db_range=range(vpr.shape[1])

#-ncs

vpr=ncsi:,8:]
vpr[(vpr==-88.88)]=np.nan
ip_avg_ncs=np.nanmean(ver,axis=0)

#cdb_range=range(vpr.shape[1]}

#-plot

#-htips://maiplotlib.org/gallery/lines_bars and markers/line_demo_dash_control.htmi

fig, ax = plt.subplots()

# Major ticks every 5, minor ticks every 5
maijor_ticks_x = np.arange(0, 75, 10}
major_ticks_y — np.arange(0, 75, 5)
minor_ticks = np.arange(0, 75, 1)
ax.set_xticks(major_ticks_x)
ax.set_xticks{minor_ticks, minor=Trus)
ax.set_yticks{major_ticks_y)
ax.set_ylicks{rminor_ticks, minor=Trug)

pltaxis([10, 60, 1, 201)

# Using set_dashes(} to modify dashing of an existing line
line1, = ax.ploi(ip_avg_mes_int, db_range, label='Intense MCS"}

linet.set dashes{[2, 2, 10, 2]) # 2pt line, Zpt break, 10pt lineg, 2pt break

# Using plot{..., dashes=...) 1o sel the dashing when creating a line

line2, = ax.plot{ip_avg_mcs_ord, db_range, dashes=([6, 2], labal="MCS-ORD')
lingd, = ax.plot{ic_avg_sub_mcs, db_range, dashes=[6, 2], label="SUB-MCS")
lined, = ax.plol{in_avg_ncs, db_range, dashes=[6, 2], label="NCS')

line5, = ax.plot{in_avyg_pfs, db_range, dashes=[6, 2], label="PFs all')

plt.xlabel{'Max Radar dBZ")
pltylabel('Height (km}'}

A7
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plt.title("SCS PFs7)

ax.legend()

pit.show()

#- e
#-find vertical profiles of maximum radar reflectivity for each PFs

f#-Andamam

pisevariivar=6i=6: S RUF VAT HE SO & vart, pl==t
mcs_int=pfs[{pfs[:,3]*(4.2**2.0)>=1000.0) & (pfs[;,6}>8.0)& (pfs[.7]>=1)]
mes_ord=pis[(pfs[:,3]*(4.2**2.0)>=1000.0) & (pfs[:,6]1<8.0)& (pfs{:,7]>=1)]
sub_macs=pfs[{pfs[:,3]}4.2*2.0)<1000.0) & (pfs[;,7]>=1}

nes=pfs[{pfs[:,7]==0)]

#-average "MAXDBZ® by height
#-pfs

vpr=pfs[:,8:]
vpr[{vpr==-88.88)1=np.nan
ip_avg_pfs=np.nanmean(vps,axis=0)

db_range=np.arange(0,20,0.5)

#-mes_int

vpr=mcs_int[:,8:]
vpr[(vpr::—BB.BB)]:np.nan
ip_avg_mcs_int=np.nanmean(vpr,axis=0)

#db_range=range(vpr.shape(i]}

#-mcs_ard

vpr=mcs_ord[:,8:]
vpri{vpr==-88.88)]=np.nan
ip_avg_mcs_ord=np.nanmean(vor,axis=0}

#db_range=range(vpr.shape(1])

#-sub-mcs
vpr=sub_mces[:,8:]

vpr{{vpr==-88.88}]=np.nan
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ip_avg_sub_mcs—np.nanmean(vpr,axis=0)

#db_range=range(vpr.shape[1])

#-ncs

vpr=ncs(:,8:]

vpr[ (vpr==-88.88)]1=np.nan
ip_avg_ncs=np.nanmean(vpr,axis=0)

#db_range=range{vpr,shape[1])

f#t-plot

#-hittps:/matplotlib.org/oallerylines bars and_markersfine dema dash control.html
fig, ax = pll.subplots()

# Major ticks every 5, minor licks every 5

major_ticks x = np.arange(Q, 75, 10}

major_ticks_y = np.arangs(0, 75, 5)

minor_ticks = np.arange{0, 75, 1)

ax.set_xticks(major_ticks_x}

ax.set_xticks(minar_ticks, minor=True)

ax.set ylicks{major_ticks y)

ax.sel_ylicks{minor_ticks, minor=True)

plt.axis((10, 60, 1, 20])

# Using sel_dashes() to modify dashing of an existing line
linet, = ax.plot(ip_avg_mcs_int, db_range, label="Intense MCS')

linet.set_dashes([2, 2, 10, 2]) # 2pt fine, 2ot break, 10t ling, 2pt break

# Using plol(..., dashes=...) to set the dashing when creating a line

line2, = ax.plot{ip_avg_mcs_ord, db_range, dashes=[6, 2], label="MCS-0ORD"}
line3, = ax.ploW(ip_avg_sub_mcs, db_range, dashes=[8, 2], [abel="SUB-MCS"
lingd, = ax.plotlip_avg_ncs, db_range, dashes=[8, 2], label="NCS")

line8, = ax.plotip_avg_pfs, db_range, dashes=[8, 2], label='PFs all)

plt.xlabel{'Max Radar dBZ*)
plt.ylabel('Haight [km]1?)
plt.title('Andaman PFs’)
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ax.legend(}
plt.show()

A-10
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P

# -*- coding: utf-8 -*-

Created on Mon Apr 01 18:29:35 2019
Created on Mon Apr 01 00:43:02 2019

Find (leap and non leap year)

1. pentad mean following Matsumoto(1997)

2. anset, monsoon, withdrawal pentad

#-subset data in natedf file

hitps://stackoverflow.com/questions/29135885/nstcdf4 -extract-for-subset-of-lat-fon

#-modify codes from
httos:/github.com/guintusdias/hdfeas_python_zco/blobimaster/zoo/gesdisc/irmm/TRMM_3B42_preci
pitation_scan.py

@author; ANS

impori os

import maiplotlio as mpl

import matplotlib.pyplot as plt

from mpl_toolkits.basemap import Basemap

import numpy as np

#path=r'DYang\1Geoinfermatic_data\Satellite_Rain_products\TRMM\3B42Daily2004-2006°
path="0:/Yang/1 Geoinformatic_data/SatélIite_Rain_products/T RMM/3B42Dailyf16yr_farStructurePRS
#path="D:/Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/idata/sample TRMM3b42/3b42TMPA/?
0147

os.chdir(path)

#-inquire bounding box to get dimension of pm
filer = 'sample.nc4’

#filer = '3B42 Daily.20140629.7.nc4.nc4”’
DATAFIELD_NAME = 'precipitation’
USE_NETCDF4 = True

if USE_NETCDF4:
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from netCDF 4 import Dataset
# lgnore the leading singleton dimension,
nc = Dataset{filer)

pc = nc.variables[DATAFIELD_NAME]:,:].astype(np.float64)

#-subset defined bounding box
#-hitps:/fstackoverflow.com/questions/29135885/netcdid-extract-for-subset-of-lat-lon
tatbounds = [ 14, 21]

lonbounds = [ 98, 105 ] # degrees east ?

lats = nc.variables['iai'][:]

lons = nc.variables{lon'][:}

# latitude lower and upper index
latli = np.argrin( np.abs( lats - latbounds[0] ) )

letui = np.argmin{ np.abs( lats - latbounds{1] ) )

# longitude lower and upper index
lonli = np.argmin{ np.abs( lons - lenbounds[0] ) )

lonui = np.argmin{ np.abs( lons - lonbounds{1] } )

# Precipitaton (latitude, longitude)

PcSub = nc.variables('precipitaticn’]{ fonli:lonui, latli:atui ]

# The lat and lon should be calcutated manually.

# More information can te found at:

# http://disc.sci.gsfc.nasa.goviadditionalfag/precipitation_fag.shtmi#lat_lon
#Hatitude = np.arange(-48.875, 49.875, 0.249375)

#longitude = np.arange(-179.875, 179.876, 0.25)
latPc=nc.variables['lat][latli;latui]

lonPc=nc.variablas{lon'][lonli:lonui]

# ...... -
#-get folder names and lcop all files in sub folder
Ist_folder_main=[x[1] for x in os.walk(path))

ist_folder_main=Ist_folder_main[0] #-get sub folder only

-3
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output_para=np.zeros(12) #-store output parameters for each year
#-loop main folder of all sub year folders hargl
for yrfd in ist_folder_main;

os.chdir(path+yrid) #-change dir

pant "+

print "+

print "+”

prnt
B A o L o o B o o S S I S

A

print
B I o o 0 o L A S B B B L T T S N S RIS ST S

o+t

#  print yrfd

# 9

#-find peniad mean
pm=np.zeros((latPec.siza,lonPc.size) diype = loal")#-creaie array of pentac mean
pm_avg=np.zeros((73),diype = "float)#-create array of pentad mean
c=0 #-counter
cp=0 #-counter day in pentad
p_sum=0
pi=0 #pentad counter
#-create array o store pm=pentad mean
for filename in os.listdir(path+yric):
if filename.endswilh(".nc4"):
i# print ile: !, filename
#-read 3h42
nc = Dataset(filename)
pc = nc.variables[DATAFIELD_NAMEIL, ). astype(np.floaisd)
#-clip 3b4? file

PcSub = ne.variables['precipitation'][ lonlilonui, laililatui ] #-here shouid be index

a4
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p_avg=ng.mecan{PcSub)
# if cp<5:
p_sum += p_avg
cp +=1
if cp>=5:
pm_avg[pi]=p_sum/5.0
cp=0; p_sum=0;

pi+=1

cH+=1

#iprint "1.number of read file: ', ¢
#-find pentad mean
p_mean=np.mean{pm_avg)

print "pentad mean: *,p_mean, "mm"

- SN A - S

#-find mean fer each pentad
#-calculate either exceed(1) or below (2) pentad annual mean array
#-find onset, s monsoon, break,2nd monsoon,retreat pentad
pm_ail=np.zeros((73),diype = "uint8)#-create array of pentad mean [1 exceed pentad mean, 2
lower]
pc_all=np.zeros({73),dtype — "float*)#-create array of pentad mean in mm.
¢=0 #-counter files
cp=0 #-counter day in pentad
p_sum=0
pi=0 #pentad counter
#-create array 1o store pm=pentad mean
for filename in os.Jistdir(path+yrid):
if fllaname.endswith(".ne4"):

# print file: ', filename

#-read 3b42

nc = Dataset(filename)

pc = nc.variables[DATAFIELD_NAME][:, ].astype(np.floats4)

#-clip 3b42 file

PcSub = nc.variables["precipitation’][ lonfizlonui, latlilatui ] #-hare should be index

+5
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orem LT TR

p_avg=np.mean{PcSub)

# print file: ', c," area average: ', p_avg

# if cp<>5:
p_sum += p_avg
cp +=1

if cp>=5:

TPCavVOEpeSumi0n
if p_avg>p_mean: pm_all[pil=1 #-area average rain exceeding annual pentad mean
if p_avg<p_mean: pm_all[pi]=2 #-area average rain below annual pentad mean
pc_alllpil=p_avg

# print 'area averag rain in pentad '\pi,' = ' p_avg,' cp="co

cp=0; p_sum=0;
pi+—1

c+=1
if pi==73: break

#print '2.number of read file: ', ¢

#-find onset pentad
ct=0
for iin pm_all;
# printi
if (i==2) and {pm_ali[ci+1]==1 and pm_al[ct+2]==1 and pm_alllct+2]==1)):
pi_os=ct
print ‘pentad; °, pt_os+1, * is onset"
break

ct+=1

#-find withdraw pentad
ct=0
for i in pm_all:
# printi
if {(i==2) and {pm_all[ct+1]==2 and pm_all[ct+2)==2) and ct > 30): #-ct>30 is date to screen

-6
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nt_wd=ct
print “pentad: *, pt_wd+1, "is withdraw"
break

ct+=1

f##-next refine codes
#1.by using 18 years TRMM by looping sach folder years
#2.Get list of pentad mean(pc_all), mean anual pentad (pm_mean), marked period (pm_all)
{write to files)

#3.Get premonsoon, mensoon, pastmaonscon, onset, withdrawal pentad (sama array) {(write to

files)

#-finc result array

resulls=np.zoros((73,4),dtyge = ‘float’) #[0,1,2,31=[index,pentad mean,marked ceriod,periods)

for iin range(len(resulis)):

if i<pt_os:

results[i,0]=i
resuitsfi,1]=pc_ali[i]
resultsfi,2]=pm_all[i]

results(i,3]=1 #-premonsoon

if i==pi_os:
rasults[i,0]=t
resullsfi,i]=pc_all[i]
resulisfi,2]l=pm_all[i]

rasults(i,3]=2 #-rmonsoon onset pentad

if i>pt_os and i <pi_wd;
results(i,0]=i
resulis[i, 1]1=pc_all[i]
results[i,2]=pm_all[i]

resultsfi,3]=3#-monsoon

if i==pt_wd:
resulis[i,0]=i

results[i, 1]=gc_aiili]

37
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resultsi,2)=pm_ali[i]

results[i,3]=4#-withdraw pentad

if i>pt_wd:
resuits[i,0]=i
resultsfi, 1]=pc_ali[i]

results[i,2]=pm_all[i]

P

S TEBUIS HoP=DH-DOSHINONS0UNR

#-next save "resulis’ to file

#finding date ranges of premonscon, monsoon, postmonsoon
ly=np.array([2000,2004,2008,2012]) # leap year 366 days
date onset=(pt_os*5+3)
date_widrw=(pt_wd*5+3)
leap vear=0
if {yrfd=="2000") or (yrfd=='2004") or (yrfd=="2008" or (yfd=="2012"):
leap_year=1
print “leap year [
#-cnset
if date_onset>=61 and date_onset <92: mno=3
if date_onsel>=92 and date onset <122; mno=4
if date_onset>=122 and date_onset <153: mno=5
if date_onset>=163 and date_onset <183: mno=6

print "date_onset: ", date_onset, 'mon_onsat; *, mno

#-withdraw

if date_widrw>=214 and date_widrw <245: mnw=8

if date_widrw>=245 and dale_widrw <275: mnw=9

if date_wtdrw>=275 and date_widrw <307: mnw=10

if date_widrw=>=307 and date_widrw <338; mnw=11
print "date_wtdrw: ", date_wtdrw, "mon_withdraw: *, mnw

date_lastpostms=337 #-end of november

else: #-for leap year

#-onset

4-8
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print "commaon year 111°

if date_onset>=60 and date_onsat <91: mno=3

if date_onset>=81 and date_onset <121: mno=4
if date_onset>=121 and date_onset <152: mno=5
if dale_onset>=152 and date_onset <182: mno=6

print "date_onset: *, date_onset, “mon_onset: *, mno

#-withdraw
if date_wtdrw>=213 and date_wtdrw <244: mnw=8

if date_wtdrw>=244 and date_wldrw <274: mnw=8

if date_widrw=>=274 and date_widrw <306: mnw=10
if date_widrw=>=306 and date_widrw <337: mnw=11
print "date_widrw: °, date_widrw, "mon_withdraw: *, mnw

date_lasipostms=336 #-end of novermber

print ‘premonsoon period: ','32 -' .date_onset-1
print ‘'monsoon period: ",date onset,'-',date_witdrw-1

print ‘postmonsoon pericd: ', date_wtdrw,'-', date_lasipostms

#-next save "results” to file

H# . o N TR SV PR 2 T+, W SR A W -

#-plot
#plt.plol(resuits[:,01,results[;, 1].marker="0",markerfacecolor="blue', markersize=4, color="skyblue',

linewidth=4, label="pantad mean rain®)

outpul path fig=r'D:\Yang\1Reseach\0.2562.TRMM_PR_structurePrecp\iresults\1fig_pentad_season
Sl
os.chdirfoutput_path_fig) #-change dir

fig, ax = pit.subplots{figsize=(8,6))

#-set font size
#-hlips:/fstackovarflow.com/questions/3839980/how-to-change-the-font-size-or-a-matplotlib-plot
SMALL_SIZE = 15

MEDIUM_SIZE = 20

BIGGER_SIZE = 30




rrmfudslaraiamanyseoudundeyaaraiiou TRMM Uinaduladunaunang | 22

A IR L, ST E iz

plt.re('font’, size=SMALL_SIZE) . # controls default text sizes
pit.re(’axes', titlesize=SMALL_SIZE)  # fontsize of the axes tille
pit.rc(’axes', labelsize=MEDIUM_SIZE) # fontsize of the x and y labels
plt.re('xtick’, labelsize=SMALL_SIZE}  # fontsize of the tick lakels
plt.rc(ytick’, labelsize=SMALL_SIZE) # fontsize of the tick labels

piETet fegend TTonSize= SMAEISIZEr—#F [egerariomsie -

plt.re(figurs’, titlesize=BIGGFR_SIZE} # fonisize of the figure tile

# Major ticks every 20, minar ticks every 5
major_ticks = np.arange(C, 75, 5)
minor_ticks = np.arange(0, 75, 1}
ax.set_xticks(maijor_ticks})
ax.set_xticks(minor_ticks, minor=True)
ax.set_yticks{major_ticks)
ax.set yticks(minor_ticks, minor=True)

# axlick_params{axis=Ydirection="in"}
ax.tick_params(which="minor', direction="in")

axtick params(which='rnajor’, direction="in")

pit.har(results(:,0) results]:, 1])
pltaxis({0, 75, ©, 25])
pltaxhtinely = p_mean, marker=", color="red’, linewidth=3, finestyle="dashed', labei="pantad

annual mean”)

#-plot month lines at pentad
if leap_year==0:
xcoords = [1, 7.2, 12.8, 19, 25, 31.2, 37.2,43.4, 49.6, 55.6, 62, 68.2,74]
else:
xcoords = [1, 7.4, 13.0, 19.2, 25.2, 31.4, 37.4 43,6, 40.8, 55 .8, 62.2, 68.4,74}
for xc in xcoords:

pit.axviine(x=xc, marker=", color="grey’, linewidth=1, linestyle='dashed")

4-18
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plt.xlabel{'Pentad'}

plt.ylabel('Rain [mm/Pentad]’)

plt.titte{'Pentad mean rainfall year "+yrid)

pli.show{)

#pngfile = 'pentad_mean'+path[77:81]+'.png’

pngfile="pentad_mean'+yrfd+'.png'

if os.path.isfile(output_path_fig+pngfile):
os.remove(pngfile) # Opt.: os.system{"rm "+strfile)

#plt.savefig(strFile)

fig.savefig(pngfile, dpi=300)

#-store parameters in array for each year

num_prems_date=date_onsel-32+1 #-num of premonsocn dates starting form 1 february
num_monsn_dale=date_wtdrw-date_onset+1 #-num of monscon date
num_posms_date=date_lastpostms-date widrw+1 #-num of post monsoondate until end of

november

ou{puLpara:np.vstack((output_para,[yrfd,p_mean.pt_os.pt_wd.date_onset,dale,wtdwv,mno,ninw,lea
p_year, num_prems_date, num_monsn_date, num_posms_date]))

#i-final cutpul parameters will be used for screening PFs in next program

ouwtgut para=output_paraf1:,:]

#np.savetxt(output_monsoon_period.Ixt', output_para)

os.chdir{r'DAYang\tReseach\0.2562. TRMM_PR_structurePrecp\resuits')

np.savetxt{'loutput_monsoon_pericd.ixt', outpul_para, delimiter="", fmt="%s")

3-11
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-*- coding: utf-8 -*-
Created on Thu Apr 18 07:44:47 2019
Caculate FlashCount frequency and Averags
We use conditional PFs where flashcount>0. It means use PFs when it meet condition
#-read files from 201904 14subsetSeasons.py'

#-alt parameters

AR A R R T FON AR NP EES PR BUO ST EANDUCEAN AR 30
NCOMV_2A25;F LASHCOUNT; MINSSPCT YEAR;MONTH: DAY :HOUR

@author: Nattapon Mahavik, Naresuan-University, Thailand

import go

ga.collect()

import cs

import matplotlic as mpl

import matplotlib.pyplot as plt

from mpl_toolkits.basemap import Basemap

import numpy as np

pf_path='D:/Yang/1Reseach/0.2562. TRMM_PR_structurePrecp/1datal/pfs_subset/1large_area_seas

on/'
os.chdir(pf_path)

#-find frequancy of MAXHT

#https:/stackoverflow.com/gquestions/33789373/netedf-and-python-finding-the-closast-lon-lat-index-

given-actual-lon-lat-values

def geo_idx{dd, dd_array):

Iy

search for nearest decimat degree in an array of decimal degrees and return the index.

np.argmin returns the indices of mirium value along an axis.

s0 subtract dd from all values in dd_array, take absolute value and find index of minium.

wen

geo_idx = {np.abs(dd_array - dd)).argmin{)

refurn geo_idx
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for filename in os.listdir{pf_path):
if not filename.endswith(".bin™): continue
print '--->" filename, "...."
pfs=np.fromfile(filename dtype=np.float32)
row=pfs.shape(0]/14 #-gel number of row by number of col=14 by excluding mdz

pfs=np.reshape{pfs,(row, 14))

# e ——————————— e

#-find frequency pfs
print '-----> 'calculate frequency map'
lons=np.array{range{88,122,1)}
lats=np.array{range{-2,26,1)}
freq=np.zeros{(len{lats),len{ions}},diypa = "float”)
for i in range{0,'en(pfs;,00):
if (pfs[i,01>-2) & (pfs[i,0]<26.0) & (pfs[i,11>88.0) & (pfs[i,11<122.0):
tat_idx = geo_idx{pfsfi,0], lats)
lon_idx = geo_iax{pfsfi, 13, lons)
# fregflat_idx lon_idx]=freqlat_idx,lon_idx]+1
if pfsfi,8]>0:
fregilat_idx,lon_idx]=freq[lat_idx,lon_idx]+1

# print lats[lat_idx],””’,lons[lon_idx]

nm_freq=freq/np.max(freq)*100.0 #-normalized frequency

N — NSNS g

#ind average height of MAXHT
print '----->''calculate average FLASHCOUNT map'
lons=np.array(range(88,122,1})
lats=np.array{range{-2,26,1))
freq=np.zeros{{len{lats}.len(lons)),diype = "float’} #-sum number of MAXHT for each grid
sumh=np.zeros((len(lats),len(lons)),dtype = "floal’} #-sum MAXHT for each grid
for i in range{0,len{pfs:,0]}}:

if (pfs[i.0}>-2) & (ofs[i,0]1<26.0) & {pfs(i,11>88.0} & (pfs[i,1]<122.0):

lat_idx = geo_idx(pfs[i,0], lats)

q-3
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lon_idx = geo_idx{pfs(i, 1], lons)

# sumh(tat_idx,lon_idx]+=pfs[i,8]
# freqflat_idx fon_idx]+=1
if pfs(1,8]>0:

sumhl[lai idx,lon_idx}+=pfs[i,8]
fregflat_idx,lor_idx}+=1

it print lats[lat_idx],"" lons{lon_idx]

avg_FLONTF=sumffreq #-average height of MAXHT

avg_ FLCNT[np.isnan(avg FLONT}]=0.0 #-convert nan to zero for plotting

#-plot frequency map

# initialize basemap

# NOTE: TRMM data runs from 80N to 608, OF to 360F
fig, ax = plt.subplots{figsize=(12,7))

m = Basemap(projection="marc' llcrnrlat=0,urcrorlat=25, llcrnrion=90,urcrnrlon=115 resolution=")

# create lat lon meshgrid

# trmm array has a resolution of 480x1440, with each pixel at 0.25 degrees
lons = np.arange(88, 122, 1.0}

lats = np.arange(-2, 26, 1.0)

X8, ¥ = np.meshgrid(lons, lats)

X, ¥ = m(xs, ys)

# generate meridians and parallels for plotting
meridians = np.arange(80, 120, 4.0)
parallels = np.arange(0, 30, 2.0)

# plot

cmap = pit.cm.jet

cmap.set_bad(color="whiie")

m.peolormash(x, y, nm_freq, cmap=cmap, viax=100, vmin=0)
m.colorbar{abel="normalized frequency [%])

# m.drawcoasilines()
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m.drawcoastliines(linewidth=1.25, color="black")
m.drawmeridians(meridians, labals=[1,0,3,1]}
m.drawparallels{parallels, labels=[1,0,0,17)

plt.tite('Frequency of Flash Count\n'+str(filename))

# save the figure and show it
plt.savefig('Frequency_MAXHT_'+ilename+'.png’, format="png', dpi=500,transparent=True)

plt.show()

i#
2

#-plot average MAXHT
# initialize basemap
# NOTE: TRMM data runs from 60N to 603, OE to 360E
fig, ax = plt.subplots(figsize=(12,7))
m = Basemap(projection="merc" llcrnrkat=0,urcrnrtat=25 licrnrion=90,urcrnrion=115 resclution="")
# create [at lon meshgrid
# trmm array has a resolution of 480x1440, with each pixel at 0.25 degrees
lons = np.arange(88, 122, 1.0)
lats = np.arange(-2, 26, 1.0)
X8, ys = np.meshgrid{lons, lats)
X, ¥y = m(xs, ys)
# generate meridians and parzllels for ploiting
meridians = np.arange(80, 120, 4.0)
parallels = np.arange(0, 30, 2.0)
# plot
cmap = plt.cm jet
cmap.set_bad{color="white")
m.pcolormesh(x, y, avg_FLCNT, cmap=cmap, vimax=20.0, vmin=0)
m.colorbar{label="Average flash count [#/min]’)
#  m.drawcoastlines()
m.drawcoastlines(linewidth=1.25, color='white'}
m.drawmeridians{meridians, labels=[1,0,0,1})
m.drawparallels(parallels, labels=[1,0,0,1])
pit.tite(’Average of Flash Countin'+str(filename))

# save the figure and show it
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Nattapon Malavik and Sarintip Tantanee / GMSARN International Jouwrnal

Developed Radar Quality Index of Mosaicked Weather Radars over
The Chao Phraya River Basin, Thailand

Nattapon Mahavik* and Sarintip Tantanee

Abstract—The weather radar is one of the tools that can provide spatio-temporal information for Nowcast which is useful
Jor hydro-meteorological disasters warning and mitigation system. The ground-based weather radar can provide spatial and
temporal information to monitor severe storm over the risky area. However, the usage of multiple radars can provide more
effective information over large study area where single radar beam may be blocked by survounding terrain Even though, the
investigation of the sever storm physical characteristics needs the information from multiple radars, the mosaicked radar

L ___product has_not_been available for Thai reseqrcher vet In_this_sindy.algorithm_of mosaicked radar_reflectivig-has-beep——

developed by using data from ground-based radar of Thai Meteorological Department over the Chao Phraya river basin in
the middle of Thailand. The Python script associated with OpenCV and Wradlib libraries (Heistermann et al., 2013} are used
in our investigations of the mosaicking processes. The radar quality index (RQI) field has been developed by implementing
an equation of a quality radar index to ideutify the reliability of each mosaicked radar reflectivity pixels. First, the
percentage of beam blockage is computed to understand the radar beam propagation obsiructed by surrounding topography
in order (o clarify the limitations of the observed beam on producing radar reflectivity maps. Second, the elevation of beam
propagation associated with disiwice field has been computed. Then, these two parameters and the obtained percentage of
beam blockage are utilized as the parameters in the equation of ROL Finally, the detected radar flare, non-precipitating
radar area, has been included io the ROI field. Then, the ROI feld has been applied to the extracted radar reflectivity fo
evaluate the quality of mosaicked radar reflectivity to inform end user in any application fields over the Chao Phraya river
basin.

Kepwords—— Radar mosaicking, Quaiity index, Thailand, Chao Phraya river basin, Python.

severe storm  which can increase the accuracy on
1. INTRODUCTION forecasting and warning system.

In developed countries such the United State, the
algorithim of the national mosaicking of multiple radar has
been developed by using the operational WSR-88D for
producing real time vadar-derived rainfall product to
support the wamning and forecasting mission of the
National Weather Service more than 20 vyears [2].
Recently, the national mosaic integrating radar, rain
gauge, satellite and numerical weather prediction data
have been fused into a seamless nationat 3D radar mosaic
product [3]. The depiction and rendering of storm
structuie from the 3D radar mosaic products can provide
more insightful information which US meteorologists can
apply to their warning systems. This can help reducing the
losses from the hydro-meteorological disasters. However,
in the developing countries including Thailand, official
mosaicked radar products are unavailable to be used for
research purpose and real-time monitoring of severe
weather.

Several factors affect to radar veflectivity observed by
the weather radar leading to uncertainty of the radar
measurements. Zhang et al, (2011) [4] have introduced the
Radar Quality Index (RQI) by a combined measure for
beam blockage and the vertical profile of reflectivity
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The developing countrics inclading Thailand, people
still have suffered from disaster since they are lacking
adequate information fo cope with disaster. Well
preparedness for disaster management is one of the most
important responsibilities of the governments all over the
world. However, appropriate information is needed io
cope with spatial and temporal variations of destructive
disaster. The deployment of the weather radar network
from Thai Meteorological Department (TMD) has
provided meteorologists with critical information toward
the issuance of warning for severe weathers, severc
storms and flash flood. In addition, the information of
nioving precipitation derived only from the single radar
has provided information to public over the radar
coverage. 'The disadvantage of using single radar has
been addressed such as spatial differences in the sampling
properties for both hovizontal and vertical, beam
blockage, range-dependent biases [1]. However, the
mosaicking of multiple radars will provide more
information for meteorologists to observe an evolution of
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QPE uncertainty associated with VPRs, The RQI field
accounts  for radar Dbeam sampling characteristics
{blockage, beam height and width) and their relationships
with respect to the fieezing level. llowever, the VPRs
information is hard to derive from TMD data due to
limitation of elevation angles used in the operational
observation. In fact, the radar network over the middle of
Indochina Peninsula mainly in Thailand is quite densely
distributed, but rainfall products derived from these radars
are not yet publicity. In addition, these radars are not
unified in terms of their set parameters, scheduling of
observation times, and data formats [5]. Apart from radar
observation products, Friedrich et al. (2006)[6] have
proposed the first quality control concept for radar
reflectivity, polarimetric parameters and Doppler velocity
based on a pixel-pixel basis. The quality-index field is
transferred together with the radar data to end unser who
chooses the amount of data and the level of quality used

The Phitsannlok radar site is located at latitude of
16°46'30.358"N and longiiude of 100°13'4.312"E over the
height of 47 m above mean sea ievel with tower height of
30 m. The Chainat radar is located in the middic of Chao
Phraya River basin over the height of 18 m above mean
sea level at latitude of 15°9'27.898"N and longitude of
100°1124.242"E which is in relative flat area comparing
to Phitsanuiok radar. Both radar data are observed by Thai
Meteorological Department (TMD) at four time per hour,
while the data has been archived as images by Hydro and
Agro [nformatics Institute (HA1) at frequency of once per
hour in format of GIF. The observation radius of the
Phitsanulok and Chainat radar is 240 km observing in C-
band frequency with beam width of 1°, In this study, the
Plan Position Indicator (PP1) image of the first elevation
at 0.5° from horizontal line have been collected and used
in the analysis and radar data during influencing period of
Sonca tropical storm on 26" July 2017 according to TMD

—for-fusther-prosessing=

In this study, the ROQI for TMD radar mosaicking
product has been devecloped. First, we develop simple
method to obtain mosaicked radar reflectivity over the
Chao Phraya River basin which locates in the middle of
Thailand. The developed RQI field has been inlegrated
with detected radar flares which are the non-precipitating
rain pixel before applying to the mosaicked radar
reflectivity.

2. DATA AND STUDY AREA

Radar reflectivity data of two stations, which are
Phitsanulok and Chainaf, has been used in mosaicking
process to find radar flares. The Phitsanutok and Chainat
weather radar stations are [ocated in the Chao Phraya river
basin, Thailand (Figwe 1).
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Figure 1 Study area over Chao Phraya River basin (shewn in
biue area) located in the middle of Thaitand, Radar
observation radius at Phitsanulok and Chainat stations wiih
two gbservafion ranges of 120 and 240 km, respectively, in
the mode of 1" PPI (0.5°) provided by Thai Metcorological
department.

investigated to develop RQI.

3. METHODOLOGY

The workflow of this study is shown in Figwre 2.
Quality index of mosaicked radars is developed to
describe the quality of mosaicked radar reflectivity pixels.
Three factors have been considered to develop the radar
guality index (RQI). Python script was used during the
development process for this study. An open source
library of weather radar written in python, i.e. Wradlib
[10}, has been used in the analysis of beam-blockage
fraction to simulate terrain obstructed for propagating
beam. We have developed a method to detect the radar
ftares using Digital lmage Processing (DIP) in computer
vision technique by employing OpenCV (Open Source
Computer Vision Library) nsing Python script interface.
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Figure 2 Flowchart of the developed radar quality index in
assessment of the mosaicked reflectivity of two radars,

To reconstruct of the propagating radar beam through
the atmosphere, the spherical coordinate radar reflectivity
was considered with the elevation above mean sea level
{MSL) obtained from the SRTM Digital Elevation Model
(DEM) V4 with resoltion of 3 arc second [7] for each
range bin at resolution of I km. The height of each range
bin was calculated using the standard refraction relation
from [8]:

H=Jrt + RZ £ 2rR'sin® — R +Hy, ... (1)

waing——announcement=—has=—been=——processed=—and=-



where v is the range from the radar to the point of
interest, o is the cievation angie of the radar beam, Hy is
the height of the radar antenna, R* = 4/3R, and R is the
earth’s radius (approximately 6374 km).

First factor is the geometry of radar beam propagation
which has been used to find area where beam blockage
over 50% of beam width by considering with terrain data
from SRTM DEM as equation {I). Second factor is the
clevation of center radar beam as propagating through the
air which has been included to the RQI calculation. The
last factor is the distance of propagating radar beam which
is also considered to realize the beam range to the end
users. The combination of those mentioned threc factors
are simply integrated in the linear equation with initial
weight based on reviews as shown in equation (2}
Kajewski et al. (2005)[9] has concluded that using DEM
Hirthe-prediction-ofxadarheam-eccultationds-aviable-too
as indicated by the good agreement of the calculated
patterns of power loss with the actual long-term radar
data. It is needed to quantify the beam blockage to realize
the uncertainty of radar-rainfall products associated with
the current scanning strategy and to design of future radar
nefworks, Therefore, the beam Dblockage has been
considered as the highest weights compared to the other
two factors because the beam blockage can diminish the
returned radar reflectivity and it may increase uncertainty
of radar rainfall estimates. The compultation of those three
factors is done on the basis of single station afterward
mosaicking the calculaied factors.

RQI = (0.25*Distance)+(0.25%Elevation}+  .,.{(2)
(0.53*Beam blockage)

The additional information of radar flares has been
included to the RQI to inform the strong affected areas of
radar reflectivity. The flares are not rain areas, but it
occurs because of the interfering from other signal in
communication sectors. The locations of radar flares
usually change in both space and time. However, the radar
flares are obviously detected over the Phitsanulek radar
and the permanent flare location in the west of radar site
is also detected after the radar beam crosses over the
mountain in Sukhothai province.

To detect the radar flares, there are two main steps in
the python script developing. First, the morphological
transformations have been applied to the extracted
reflectivity to detect the flares, The extracted reflectivity
is, then, converted to grey scale image to be ready to
apply kernel convolution window. To eliminate small
holes inside foreground objects, the morphological close
is applied following with application of erosion
morphology to separate each possible flare apart from the
group of rain pixels. Second, in order to apply the process
of flare detection, the eroded image in greyscale has been
scanned for delineating the contour of the pixel objects.
The contoured image is used as the main input in the next
process. Before the flare detection, it is needed to identify
rain coverage area for classifying the instanianeous scan
of radar reflectivity into two classes which are small rain
and large rain classes. The threshold is set at the rain area
of 15% of radar coverage area. If the rain area is greater
than this threshold, it will be classified as large rain class;

=

otherwise, it will be classified as small rain class. The
small rain class is applied to the automated flare detection
later. After that, regional of interests has been applied to
detect those flares in the small rain class. Eventually, the
computed radar flares of the Phitsanulok vadar have been
included with the RQIL.

4. RESULTS AND DISCUSSION

Mosaicked radars

To study of rainfall characteristics in mesoscale, the
mosaicked multiple radars is needed because of the high
spatiotemporal information. This information can be used
in rainfall analysis over large watershed such the Chao
Phraya river basin. However, the mosaicked radar product
is not available for research in Thailand. Therefore, the
public accessible radar reflectivity is used in this study.

—Fhe—Reflectivity=data—fronm—two=stations—are=simply——

mosaicked using maximum value of extracted radar
reflectivity as shown in Figure 3a.

Figure 3 Results of mosaicked radar reflectivity of the Ist
PPI on 26 July 2017 at 11.30. (a) the mosaicked map of the
extracted vadar reflectivity using Phitsanulok and Chainat
stations (b) the original image of radar reflectivity at
Phitsanutek (c) the eriginal image of radar reflectivity at
Chainat,

The two areas of mesoscale moving clouds of stratiform
and convective clouds are obviously shown, Those
reflectivity data are observed at 5 minutes of time
difference (11:25 and 11:30 AM) of local time as shown
in Figure 3b and 3c. In addition, the information of used
cloud pixels in the mosaicking process has also been
provided on pixel based basis in the Figure 4. The index
map of used radar varies in time depending on the criteria
of maximum intensity of considering pixels. It can be
conchuded that fthe reliability of mosaicked radar
reflectivity is not yet provided in the index map of used
radars. Therefore, the radar quality index must be further
developed for end user.

Figure 4 shows the usage of radar reflectivity for both
radar sites on the pixel-based basis. The method on
mosaicked radar has been developed by using maximum
value of reflectivity on 26 July 2017 at 11.30. This
method can provide the information of used reflectivity in
pixel location that informs the reflectivity in the
overlapping area of these {wo radars. The results of the
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mosaicked radar reflectivity that provide to end user are
varicd in spatic-temporal dimension. We rcalized that the
mosaicked results are subjected to the calibration of the

azida
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strurnients. 1nus, TMD need to consider

Pyt

weather radar in
by including the standardization in their calibration
procedures for the construction of radar composite
products over the Thailand in the near future
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the west and east sides of the Phitsanulok radar in the
mosaicked procedive, the beam-blockage effects over the
observed area can be mitigated,

Beam-Blotkage Fraclinn

Chainat radar

Phitsanulok radar
No rai/ No data

Figure 4 Results of used radar on pixel-based location in the
mosaicked radar reflectivity of the 1s¢ PPI on 26 July 2017 at
11.30.

Beam blockage Analysis

In step of calculation PBE using Wradlib library in
Python script [10], simulation of beam propagation has
been generated over the terrain of Phitsanulok radar
coverage using 0.5° of elevation angle as shown in Figure
5. The strong affected beam on the west side of radar
observation has been found with percent of blockage over
half of beam width while it is propagating through the
atmosphere as shown in Figure 5a, 5b and 5S¢, The isolate
mountain named Khao Luang in Sukhothai province
(Figure 5c¢) which is higher than 800 m.MSL, obstructs
the propagating beam led to deterjorate the observation in
the azimuth range of around 280° as shown in Figure 5a
and 5c. In addition, the beam-blockage fraction (BBF) has
also shown over 50% in the ecast of Phitsanulok radar
(Figure 5b). The simulated BBF over the east of the
Phitsanutok radar caused by Phetchabun mountain range,
which is prolongation of the southern end of the Luang
Prabang Range, affecting the beam propagation over the
50% of beam width as shown in Figure 5b. The usage of
the first elevation radar observation over the eastern side
of Phitsanulek, therefore, should be cautiously, By using
multiple radar beams from the other radar sites located in
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Figure 5 simulation of beam-blockage fraction using beam
propagation equation implemented in Wradlib library over
the tereain surrounding Phitsanutok radar of elevation angle
at 0.5 deg. {a) terrain over the observed area and pointing
azimuth direction shown in red line (b) beam-blockage
fraction of each radar observation range (c) simulated result
of propagating beam at azimuth of 280°.

ttacked area of CHN

Fignre 6 Beam blockage analysis with the surrounding
terrain from SRTM DEM using threshold at 50% of beam
width (a) Phitsanuiek (b) Chainat (¢) The mosaicked map of
beam blockage from fwo radass.

Therefore, the highest tmpact factor for the radar
quality index is the beam blockage information. In this
study, the area of beam blockape at 50% by terrain
information from SRTM DEM has been computed at
pixel-based basis for each single radar as shown in Figure
6. The blocked beam by terrain for the first elevation af
0.5¢ is clearly shown over the west and east of
Phitsanulok radars in Figure 6a, while the Chainat radar
has small areas of blocked beam over the west side of
radar coverage as shown in Figure 6b. The index map of
beam blockage after mosaicking the two radars as shown
in Figure 6c can be used to identify the unaffected area of
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beam blockage for both radars. The large area of beam
blockage in the east of Phitsanulok site cannot be
corrected by the mosaicking. In the east of Phitsanulok
radar sayaral mivalo fadinata tha caealinhls cotiseanad wndae
raudat, SCVETal PiALIo HIUILAIE WG Uirliacie reluiitea raaar
reflectivity. This mosaicked beam blockage map is usefiil
to fill the gap of beam blockage for increasing the

reliability of mosaicked radar products.

Radar Flares Defection

Figure 7 detection of radar flares (a) original radar
reflectivity images from TMD on ¢n 23 June 2018 at 12:25
a.m. (b) detected radar flares by best-fitting ellipses and
best-fitéing rectangles.

The development of automated radar flare detection has
been applied on clearly seen flare on 23 June 2018 at
12:25 a.m. as shown in Figure 7a. Using the best-fitting
ellipse criteria and best-fitting rectangles, the antomated
radar flare detection is detected in the west and south east
of Phitsanulok radar as shown in Figure 7b. However, the
radar flares will change from time to time of the
observation due to the interfering on radar signal. Because
the C-band frequency which is the main frequency usage

for the meteorological observation, has also been used by
other sectors.

E

it

™, .1

Radar Quality Index Ficids

The beam distance and elevation have been repeatedly
computed for each radar site and following by mosaicking
of two radar coverage as shown in Figure 8. The far range
from radar station may be either underestimate or
overestimate rainfall when it is validated by gauge data at
ground level. This two information are important for radar
quality during the mosaicking process as weighting
factors in the radar quality equation.
W

Figure 8 The mosaicked radar map for (a) elevation of radar
beam propagation (b} distance of radar beam

- .. .

40-60% <20%
20-40%

Figure 9 Radar quality index of (a) Quality index (Q) from
the three factors (b) ineluding the detected radar flares to
the QI (c) results of applied the QIF to the extracted radar
reflectivity on 26 July 2017 at 11.30.

The three factors are combined into the linear equation of
the radar quality index using initial weighting and it is
defined as the RQI as shown in Figure 9a. The interval of
quality index indicates the reliability of mosaicked radar
reflectivity in the sample scanning time. The west side of
Phitsanulok radar is obviously recognized the low
teliability at less than 20% due to beam blockage.
However, the majority of the radar reflectivity pixels are
in higher reliability at greater than 66%,.

Finally, RQI which is the combination of the detected
radar flares, has been processed to include the strong
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influence of radar flares as shown in Figure 9b. The result
after applying RQ! to the extracted radar reflectivity is
recognized by the extended triangle toward the radar
station of Phitsanulok as shown in Figure 9c. However,
the RQI varies from scan to scan due to unpredictable
flare in their locations except the permanent flare located
in the west of Phitsanulok radar. To understand the
behavior of typhoons after their landing on the indochina,
Satomura et al. (2013)[5] have aftempted fo create
Numerical model of mosaicked multiple radars from radar
operated by national meteorological services of countries.
The mosaicked multiple radars are very useful
information to validate the simulated decaying stage of
typhoon. The understanding of typhoon behavior can
support the mitigation plan of meteorological disasters
over the developing countries. The observed behavior of
dissipating typhoon over the land of Indochina is so
crucial _as__being  pointed__ont__by _Asian  Disaster

Cartesian system to include initial weighting factors in the
radar quality cquation. The initial weight of the equation
can be used to assess each returned radar reflectivity of a
particular scanning time. The exiracted radar reflectivity
has been used as input information to detect a radar flare,
non-precipitating area, over the single radar. Then, the
radar flare can be added into the RQI field as the lowest
reliability of mosaicked radar areas. From scan to scan,
the RQI is repeatedly computed for each scanning data
that is identical ficld due to the changing in space and
time of the detected radar flares. The result of applied
RQI field indicates the reliability of the mosaicked radar
reflectivity for each pixel. In addition, the RQI field
indicates radar coverage voids which is for the future
process of gap-filling radars.

Future work will be the including the validation process
using a gauge nebwork to assess the mosaicked radar
products as one of factors. The developed radar quality

Preparedness Center (ADPC) (2006) [11]. ADPC had
observed flashflood/landslide in Uttaradit and Sukhothai
provinces, northern region of Phitsanulok radar coverage,
after low pressure caused by severe tropical storm named
Chanchu on 21-23 May 2006. The provision of high
spatio-temporal information of the dissipating typhoon is
needed to monitor damaged area over the river basins,

It should be noted that the 1 PPI depends on several
deteriorate factors of precipitation measurement. The
overshoot of cloud in the far observation radar range
normally occurs as shown in simulated beam propagation
in Figure Sc¢. Radar rainfall estimates also depends on
beam overshooting as comparing to observed rainfall at
near surface [12]. The information of multiple elevation
angles is usually used to observe severe storm to delineate
the area of conveetive clouds (i.e. [13][14]). The usage of
Constant  altitude plan  position  indicator (CAPPI)
provides radar rainfall closed to the observed rain at
ground during rainy season over the middle of Indochina
by extracting raw information of weather radar in
Vientaine, Lao PDRE [15]. Te process CAPPI, the
reflectivity derived from muitiple elevation angles of
observed weather radars are needed over the region.

Furthermore, the observation from the mosaicked radar
products needs to deliver with ROQI to end user in order to
be more accurate inforination for the decision maker. In
the future work, the multiple weather radars of TMD will
be included to correct data over the area of low quality
based on RQL In addition, the implementation of RQI in
the Geographic Information System would improve the
design of radar network to reduce uncertainty of radar
observation as done in the US {9][16].

5, CONCLUSION

A radar quality index (RQI) of mwosaicked radar
reflectivity has been developed in this study over area of
Chao Phraya River basin, Thailand. The radar data from
Phitsanulok and Chainat radar of Thai Meteorological
Department has been used in the study. The geometry of
beam propagation has been considered with the digital
elevation model to find the beam blockage area. The beam
blockage area is the highest influence factor to the
developed linear radar quality equation, The ¢levation and
distance of beam propagation has been calculated gridded

equation will alse be investigated on sensitivity analysis
of cach factor. The error-related RQI field will provide
more information to the mosaicked radar product toward
the  real-time  operation  and  reanalysis  data
implementation over ihe Chao Phraya river basin,
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Abstract
Understanding the characteristics of clouds is essential to Supporlt disaster mitigation and
)isa magon contnbutm to

improvement of cultlvatlon planning. The 0_01_

hal'letellstICS of CS_exiracted. fiom instantancous gtound based radar obselvatlons in
Phetchabun, in central Thai i estlgated during the seasonal ma;ch of As;an
summer monsoens ﬁom Jui 01

surface level. The geor
centroid; were alsa ex i g
envuomncnt CS classification ploduces fivo classes b'lsed on its speed /
propagating. Propagating CSs are most frequent in Alkgll§t ggcountmg for 20% of the total
number. In addition, the propagatmg CS gh, cag and produce
stronger radar ccho than others, while the statlon'try CS in August have refatively more
elongated forms. Classifying CS based on direction, previous instantancous scans show that
the westerly class dominates across the study area, especially in August. Moreover, the
westerly class is associated with stronger iadar echo compared to the easterly class In
addition, the average speed of the easterly class h

se toward the end of
the rainy season. The hotspot area with regard to CS sever Ity has been identified as being in
the southwest part of the study area,
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1. Introduction

In order to understand future climate change, the present characteristics and variability of
precipitation systems must be known (Pritchard et al. 2011). However, it has become clear
that Global Climate Models are unable to effectively capture mesoscale rainfall
characteristics. The rainfall amount of the inland tropics is almost entirely influenced by
mesoscale convective systems (MCSs) (Nebitts et al 2006). There have been several research
studies focusing on MCSs from the field observations and simulation models over the mid-
fatitude regions and ftropics, reported with the use of radar, satellite observations and fieid
experiments (i.e. Laing and Fritsch 2000; Coniglio 2006; Nebitts et al. 2006; Lang et al.
2007; Liu and Zipser 2013). However, when it comes to the inland of the Indochina
Beninsula—JCR)-there--have_been—very_fow_studies-ofthe—characteristies—of -mesecale
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precipitation systems. Therefore, this study focuses on the characteristics of convective
systems in the center of the ICP during the rainy season.

Based on observations over South Asia from the Tropical Rainfall Measuring Mission
(TRMM), a large mountain range in South Asia is a key factor n the formation and behavior
of the precipitation systems (Romatschke and Houze 2011). Near the mountain range, the
convective cloud is small'in size and v ensity. Farther east, along the foothills, systems
are more sfratiﬁed Storm mor phology characteristics result in differences in rainfall modes
regionally. Nebitts et al. (2006) applied an ellipse-fitting technique to TRMM PR nears
surface reflectivity in order to better understand storm morphology. In addition, Lang et al,
(2007) found that MCSs were responsible for up to 90% of rainfall in selected land regions.
The application of the ellipse-fitting technique to ground-based radar has also been used to
document storm morphology characteristics in the southern Guif of California (Lang et al.
2007). The study focused on characteristics of convective clouds over India, which is located
in the Asian summer monsoon region, to understand precipitating clouds over rain-shadow
regions, using only one season of radar data in c-band mode. Additionally, the results of the
study of cloud characteristics based on the 2D background classification method of Steiner et
al (1995) has been uvseful for planning cloud seeding over drought-hit regions of India
(Morwal et al. 2017).

Understanding precipitation systems is essential for cultivation planning and disaster
mitigation in the developing countries located in the ICP. The complex terrain in the ICP
plays a critical role in rainfall patterns and characteristics (Xie et al, 2006). The ICP is a
tropical region influenced by both prevailing easterly and westerly winds during the rainy
season (e.g., Matsumoto {997, Ohsawa et al. 2001, Wang and Ho 2002). The monsoon break
during the seasonal march of the Asian summer monsoons is notable in that the rainy season
is divided into two periods due to the movement of the intertropical convergence zone
(Takahashi et al. 2010). Therefore, the forcing synoptic systems are major influences on
mesoscale precipitation systems over the central ICP.

In the center of the ICP, studies on the characteristics of precipitation systems at the
mesoscale at range of 100:1,000. kv are very limited. Satomura (2000) used a two-
dimensional, nonhydrostatic, and cloud-resolving numerical model to simulate squall lines
triggered over the extrusion of strong southwesterly prevailing winds during rainy season.
His results corresponded to the geostationary satellite images that showed persistent diurnal
propagating precipitation occuiring in this region. These were responsible for maximum
rainfall during evening and night time, which corresponded to previous observations (Ohsawa
et al. 2001; Okumura et al. 2003; Takahashi et al. 2010). Flowever, the spatio-temporal
characteristics of the CS have not been well described during the seasonal march of the Asian
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summer monsoons in the central ICP. Ground-based radar is one of the methods of fines
resolutioi observation that can reveal the spatial and temporal structure of MCSs. Therefore,
in this study, the authors intended to describe the characteristics of the largest CS influencing
spatial rainfall patterns over the area of radar observation coverage of the Phetchabun radar
station, Thailand, which is in the middle of the ICP. In addition, spatial clustering of the CS
was also investigated fo identify locations across the study area where the most severe
weather systems are found. The ellipse-fitting technique has been applied to find the
geometry of the CS in order to enhance the analysis of the precipitation systems.
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[Figure 1]

In this study, radar echo data from the weather radar operated by the Thai Meteorological
Department (TMD) has been used. Data was gathered by Phetchabun radar, located in central
Thailand, and located in the middle of the 1CP (Figure 1) at the geographic coordinates of
latitude 15° 39" 24" and longitude 101° 6’ 29", among important Thai river basins such as
Pasak, Nan, Yom, Chao Phraya, Mun and Chi. Located on a plain of the Pasak river basin,
the radar is installed on a tower, 74 meters above the mean sea level (MSL). It is capable of
observing up to a range of 240 km in C-band frequency at resolution range of 500 meters
with a beam width of | degree. The scanning occurs continually at a rate of three scans per
hour, at the minutes of 00, 30 and 45 in the volume scanning mode of 10 elevation angles
(0.0°, 1.3°,2.9°,4.9°,7.3°, 10.2°, 13.8° 18.2°, 23.5°, 30.0°).

Because the radar site is surrounded by mountainous ranges in the west, east and southwest
which are the West Phetchabun, East Phetchabun, and Dong Phraya ranges, respectively, the
lower radar beam is shielded by the smrrounding mountain ranges due to the beam blockage
effect. Therefore, in this study, the observation ranges have been limited to the range of 120
km, which is sufficient {or the task of observing the rain systems over the radar coverage
area. This study involved amiys;s of 6,233 files compiled over three months (July
September of 2010) in a part of 1z mmy season within the ICP. This huge volume radar scans
required effective data manipulation in order to do an effective spatio-temporal analysis for
rain system classification.

In order to observe the rain systems near the lower troposphere, the constant altitude plan
position indicator (CAPPI) at an altitude of 3 km above MSL was constructed as a radar
reflectivity map in dBZ units at a horizontal resolution of 1 km. A CAPPI was created for
cach instantancous radar scanning time using an open source library for manipulating the
radar data written in a python script environment, the Open Source Library for Weather
Radar Data Processing (Wradlib) (Heistermann et al. 2013). Therefore, the radar reflectivity
in the form of raster grid map was able to be easily manipulated and analyzed in the
Geographic information system.
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3. Methods
a. The classification of precipitating clouds
[Figure 2}

To obtain an objective result of the largest CS from an instantancous radar scan, an
automated method to classify CS from a huge dataset of radar volume scans is required. In
the algorithm part of separation CS, the extraction CS developed by Steiner et al. (1995) (as
shown in Figure 2) has been mainly adopted and Implcmente(i in Python scupt The mean
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AZ= - 10-2%,,/180, 0 Z,, <43 (1)

0 Z,, 243

Where AZ is the difference between reflectivity at a grid point in decibels and radar
reflectivity (Z;,) in dBZ. The reflectivity difference of the given radar echo must exceed the
background intensity by following the peak criteria curve in Figure 7 of Steiner et al. (1995).
The classification cloud scheime has been widely used in research in many monsoon regions,
including India (Morwal et al. 2017). Naturally, the convective and stratiform rain types
differ in physical characteristics such as structure, intensity, and microphysics. Therefore, the
radar echo at a height of 3-kim with resolution at I kim was nsed to separate convective areas
from the backga ound echo in dBZ. To avoid bright band signature from stratiform clouds, the
CAPPI radar is limited to a range of 120 kin, at an approximate altitude of 3km. To separate
CS from background echo, horizontal intensity of radar echo is simply used to detect the
initial center peak of minimuwmn CS at 43 dBZ of radar reflectivity (Rigo and Llasat, 2007,
Rigo and Llasat, 2007). After the initial convective center peak was detected, the circular
shape with the radius of 10 km was applied by using the convective center peak as the center
point. The equation addressed by Steiner et al. (1995) was used to check whether the pixels
surrounding the center are convective or not.

[Figure 3]

Based on the intensily of hotizontal reflectivity (Figure 3a), the'radai echtes duting-the MCS
( L"n were classified into two classes, which are convective and non-
igure 3b). The implemented program in python script can classify both types of
radar echoes from the CAPPI created from the volume scan mode during the whole
observation period. This study focuses on understanding the characteristics of the largest CS
appearing on instantaneous radar nmg The algorithm to detect the CS was implemented
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OpenCV, the open source library for digital image processing, is used within interface of
python script to delineate the convective area and non-convective precipitating clouds (Figure
3c). After detection of the largest CS, the fitellipse function in OpenCV is applied to the CS
to realize its ellipse aspect ratio through major and minor ellipse axes (Figure 3¢). Before the
application of the fitellipse function, the closing morphology function in OpenCV,
MORPH_CLOSE, is applied with a 10 x 10 km kernel to eliminate the small holes inside the
foreground objects. If the ratio between major and minor ellipse (hereafter ratio) is far from
1.0 that means the shape of the CS is a more elongate form.

Since the ellipse axes are exiracted from the fitted ellipse, the centroid and area of the fitted
eltipse for each radar instantaneous scan is also extracted to nyestigate the CS
characteristics. The propagating criteria of CS are set by using the extracted information from
the fitted ellipse of the CS to classity whether the CS is propagating or stationary class. The
overlapping percentage of the ellipse area and propagating speed of the CS, based on centroid
between the particular CS of the present radar scan and three continuous previous radar
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percentage and propagating speed of the CSs exceed 50% and T m 5™, respectively.

b. Hotspot analysis

To evaluate the spatial cluster of the convective centroids, Hot Spot Analysis (Getis-Ord Gi*)
is carried out based on {Getis and Ord, 1992) by using the Hot Spot Analysis function in
ArcGIS. To be identified as a statistically significant CS hot spot, the convective centroid
must have a high value and be surrounded by other centroids with high values as well. The
Getis-Ord local statistics are given as:

N X?:i WfJ.Tjﬁ)? Z};l Wij
Gy = (2)
S‘[[[n }j?=1wfz,j—(}‘,}1=1wi‘j)2]

n—-1

=529 3

n
¥ Z
Ej:lxj

s= 2o @

WWhere x; is the convective centroid feature attributing value for convective feature j, w;; is the
spatial weight between convective 7 and j, and » is equal to total number of convective
features. The G, statistic is a z-score; no further calculation is required,

In order to defect hotspot (coldspot) areas where statistically significant hotspots (coldspot)
are located, the Getis-Ord local statistic (Getis and Ord, 1992) was applied to the detected CS
centroid dataset. Each of the CS centroids will be calculated using the Gi* statistic, as shown
in equation (2), which will return z-scores and p-value. The resultant z-scores and p-values
identify where convective centroids, with either high or low values, cluster spatially. The
statistically significant positive or negative z-scores of the CS centroid mean that the relevant
CS is surrounded by CSs of relatively larger or smaller values.

¢. Easterly and Westerly Classifications

During the boreal summer monsoon march, ICP is affected by the interconvergence zone of
the two main wind systems, which are southwesterly and casterly from the western North
Pacific (WNP).

The MCS characteristics generated over the study area by these two synoptic wind sources
need to be well understood. The westerly and easterly classes of CS were classified in this
study through the use of radar capability. Firstly, after the centroid of each CS was detected,

seans—are-caleulated—The- pi—ep&g&tﬂlg%:l%—iﬁ%%lleé—tﬁ—ﬁi&—C%:\\‘hﬁH—ﬂie—ﬁ\feﬂﬂpptﬂg
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the bearing azimuth where the radar echo coming from was derived for each pair of the
considered radar scans, as well as the previous three instantaneous scans.

Next, the average of bearing azimuths for these three pairs of radar scans was calculated. The
determination of the average bearing azimuth was carried to 8 meteorological directions.
Finally, the majority of the meteorological directions were obtained and used for each scan in
the analysis.

4. Results and Discussion

a. Overall characteristics of convective systems
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[Table 1}

The overall characteristics of the CS are summarized in Table 1, Average area of the CS is
similar to the echo size observed by Vientiane radar, Lao PDR (Satomura et al. 2010) during
the boreal monsoon season in the ICP. However, obtained standard deviation (S8.D.) shows
larger variation during the seasonal march. In addition, the CS’s average speed also
displayed large variations during the observation period. The strong radar echo in units of
dBZ indicates reflectivity of the detected MCSs convective core. There has been a great deal
of previous research on determining the minimum threshold in units of dBZ for using
convective reflectivity. In this study, we have used the radar echo at 43 dBZ as the minimum
threshold to detect CS, following the research of Steiner et al. (1995). Variation in surface
heating is the main reason for mesoscale variation, as it causes more intense convection over
continents and large islands compared to oceans (Robinson et al. 2011),

Taking a further step, the geometry of the fitted ellipse over the CS was used in CS shape
investigation. Using the ratio between the majority and minority axes of the fitted ellipse can
inform the described shape of the CS. If the ratio of the fitted ellipse is near 1.0, that means
the CS’s shape is rather circular; otherwise, the shape is a more elongated form., It was found
that the elongated shapes were the most commaon in the study area during the studied seasonal
monsoon march,

b. Propagating and stationary convective systems
[Table 2]

In order to compare CS characteristics, the CSs have been classified into two classes, which
are propagating and stationary, based on the propagating criteria mentioned in the
methodology part, and shown in Table 2. Propagating and stationary class CSs were found in
2,120 and 1,816, instantaneous scans, respectively. The average area of the propagating class
is Jarger than that of the stationary class. Forthermore, a larger variation in the size of the
propagating CS area was noted compared to that of the stationary class,

Conversely, radar intensity, shown by dBZ, of the stationary class shows high variation
compared to the propagating class. This finding may explain why the internal dynamic of
MCSs during the evolution stage of the propagating class is more stable in rainfall intensity
than that of the stationary class. Based on the fitted ellipse, the shapes of the two CS classes
are generally not different.

[Figure 4]



Lngineering and Applied Scieiice Reseaich Thursday, Junie 27, 2019

To understand the distribution of spatial CS, Hot Spot Analysis (Getis-Ord Gi*) (Getis and
Ord, 1992) was applied to detected locations of the CS. The spatial statistics in the clustered
CS hotspots (cold spot) of the area indicate concentration of high larger (smaller) area of CS§
centroids. It was found that clustered hotspot areas were located in the upper part of the study
area, along the Pasak basin {(Figure 4a). Compared to hotspot areas of propagating CSs, the
clustered hotspot areas of all CSs were largely influenced by the hotspot areas of the
propagating convective (Figure 4b) rather than those of the statlonaty convectwe (Figure 4c).
The spatial clustering of hotspots (cold
delineated; Clustered stronger. (Weaker). pper pait)
of the Study area (Figure 4c). Specifi cally, the str Ongel “and weaker radar echoes were
generated by both propagating (Figure 4e) and stationary class CSs (Figure 4f) over the fower
and upper parts of the study area, respectively.

[Figure 5]

In order to understand the distribution of both propagating and stationary class CSs across the
area during the seasonal march, normalization of the area with respect to the total number of
the CS scans is shown in Figure 5. The large number of propagating CS contributes to the
total CS number during the observed period. Among three months of July, August and
September, both the highest percentage of propagating CSs and the lowest percentage of
stationary CSs occurred in August.

[Figure 6]

in order to understand the contribution of the average areas of the CS for both propagating
and stationary classes during the seasonal march, the CS area has been classified into four
fevels during three months of the observed period. In the case of propagating CSs, the small
size CSs, at | 000 km’ dominated the observed area, except during August, when CSs of
1000-5000 kin” were most prevalent, as shown in Figure 6a. Specifically, the size of the CSs
found during August was relatively larger than those in other months. The stationary class, on
the other hand, are relatively smaller in size and widely distributed in large proportion over
the months of the scanning radar reflectivity, as shown in Figure 6b.

¢. The influence of propagating convective systems on easterly and westerly
classes

[Figure 7]

In order to understand the contribution of the propagating CSs during the observed period,
frequency of propagating directions, that is, where radar echoes come from, have been
summarized in Figure 7. These are normalized with respect to the total number of convective
cloud populations. The largest number of coming echo directions identified during each one
hour period is counted as the coming direction for that hour. To observe a coming direction
of the CS, eight meteorological directions were used (1-8). All of the CSs observed during
July-September, 2010 are shown in Figure 5. Unclear direction means that no single direction
was identified by the count; direction 0 is used to represent those unclear directions in a given
hour.

Although unclear direction of propagating class comprise the largest number, Figure 9 shows
the result when he coming echoes were grouped into easterly and westerly. The result shows
that the southwest direction is dominant, followed by south, and southeast. In order to
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determine the influence of the two dominant wind directions, the wind directions were
grouped into easterly and westerly by excluding southerly and northerly coming echoes, It
should be noted that the resulting number is not the total number of CSs; rather, it is the
namber of available instantancous scans of the CS findings.

[Figure 8]
Characteristics of the propagating and stationary classes of CS were investigated monthly

comparison between the two classes (Figure 8). The propagating class was found to be
stronger than stationary class in every month (Figure 8a). The strongest radar reflectivity was
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vary much from month to month, Additionally, the average area of the propagating CSs was

found to be larger than that of the stationary class in every month. The largest area of the
echo size in August varied among the propagating class CSs, while it did not much vary in
the stationary class CSs by month (Figure 8c). Comparing the propagating class
characteristics in this study with the study of Satomura et al. (2010), which used data from
Vientiane radar, Lao PDR, it is found that the echo sizes of returning rain systems in july
2008 were relatively similar. However, the investigation of stationary class in July 2010
provided additional information about MCSs that showed a difference in area size,

In contrast to other CS characteristics, the shape of the fitted ellipse indicates high variation
between stationary class and propagating class by month. The stationary class in August
shows the highest value of ratio ellipse axis, which means a more elongated form (Figure 8d).
The relatively unvarying form of the CSs in the propagating class corresponds to the
propagating speeds of this class (Figure &b).

[Figure 9]

In order to understand the characteristics of the largest propagating convective system for
each scan, the bearing direction of the returning echo was classified into easterly and westerly
classes as shown in Figure 9. The directions of NE, E and SE were grouped into easterly
classes, while the directions of NW, W and SW were grouped into westerly classes. The
investigation of these classes was separated into months and normalized with respect to the
total number of convective cloud populations.

The largest total number of propagating class CSs occurred in Augost, indicating the
dominance of the easterly class. An abrupt decrease in the number of propagating westerly
class CSs was found in September, when an increase in the number of the easterly class CSs
occurred. In the latter half of the monsoon season, the disturbance from WNP dominates the
ICP and introduces easterly rain systems during the seconel active period of the rainy season
{Takahashi and Yasunari, 2006).

[Figure 10]

Radar echoes have shown different characteristics during seasonal march, as illustrated in
Figure 10. In July, the elongated shape and relatively smaller size of the westerly class
dominates the observation area. Also, the echo intensity of the westerly class is usually
stronger than that of easterly class, as shown in Figure 10a. Decreasing trends of average
speed are found in the easterly class toward the retreat of the monsoon season, as shown in
Figure 10b. Generally, the largest mean area size of the westerly class is found in August, as
shown in Figure 10c. The westerly class provided the strongest radar echoes in all studied
months cotnpared to the casterly class. Furthermore, the strongest average radar echo appears
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in the westerly class during August. In contrast to the average propagating speed, the average
shape of the easterly class becomes a more clongated form, as shown in Figure 10d. Both
convective lines with trailing stratiform precipitation and with leading stratiform precipitation
have potential to create flash flooding (Parker and Johnson, 2004). Previously, Fritsch et al.
(1994) also used radar and satellite data to detect the size of slowly propagating mesovortices
that triggered heavy rain with localized flash flooding in the midlatitude regions of the United
States.

d. Frequency occurrence of the convective systems in easterly and westerly
classes

[Figure 11]

In order to understand the characteristics of propagating convective systems on the frequency
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number of relevant characteristics of the casterly and westerly classes has been undertaken, as
shown in Figure 11. In general, the frequency of the smaller CS of less than 1000 km?
dominates over the period in both classes, as shown in Figure 11 (a-b). However, in August,
CSs of greater than 1,000 km? tend to dominate the area in both classes.

Generally, it is found that the ratio of the fitted ellipse is mostly in range of 1,0-2.0 for both
classes throughout the studied period, as shown in Figure 11 (¢c-d). In particular, this is mostly
found in July for the easterly class, while it is mostly found in August for the westetly class.
More elongated forms of the propagating class at the fitted ellipse of greater than 2.0 are
found mostly in August for the easterly class, while those elongated CSs are mostly found in

“July for the westerly class. The more elongated CSs at the ratio of the fitted ellipse greater

than 2.0 in westerly class decreases in frequency toward the end of September.

{Figure 12]

Generally, strong radar echoes greater than 55 dBz were found to be the most common over
the study area for all studied months, as shown in Figure 12(a-b). Specifically, stronger radar
echoes were found more frequently in the westerly class than in the easterly class, and the
strongest radar echoes were found in July in case of the easterly class, and in August for the
westerly class. The very strong radar echoes of greater than 60 dBZ tend to decrease in
frequency toward the end of September,

In general, propagating class CSs with speeds of 5-10 m s are frequently found in both
classes, as shown in Figure 12(c-d). Remarkably, the frequency of CSs with speeds faster
than 15 m s’ decreases toward the end of September for the casterly class, while the
frequency of those with speeds slower than 5 m s™ increases toward the end of September for
the westerly class.

e. Discussions
[Figure 13]

To understand the spatial distribution of the easterly and the westerly classes over the study
area, we have investigated the clustered CSs using hotspot analysis, as shown in Figure 13.
The clustered size of the CS area has shown hotspot areas in the center and upper parts of the
study area (Figure 13a). Specifically, the center and upper parts of the area are covered by
hotspots related to the easterly class (Figure 13b), while the westerly class hotspot area is
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located near the west side of the radar station (Figure 13¢). In case of both classes in
combination, the stronger radar echoes identify clustered areas in the south and southwest of
the study area, while the weaker radar echoes occur in the northern and northeastern parts of
the area (Figure 13d). The clustered stronger radar echoes located in the south and southeast
of the area are related to the easterly and the westerly classes, respectively (Figure 13e and
13£). In addition, the clustered weaker radar echoes located in the northwest and northeast of
the area arc rclated to both the easterly and the westerly classes.

[Figure 14]

echoes, more elongated form, and high speed of CSs have shown their collocated locations to
be over the southwest of the study area (Figure 14a and 14b). Detection of these
corresponding locations implies the severity of the CS over the study area.

With the highest statistical significance at 99%, the elliptical shape of MCSs has been
investigated to better understand the time of occurrence of the more clongated form of MCSs,
Most of the CSs have been found in all easterly-westerly cases during evening and night
times, supported by observations of diurnal variation of propagating convective systems over
the tropic land mass by TRMM (Johnson 2011). In addition, this clustered CS is also
supported by the findings of Satomura (2000), in which the the inesoscale numerical model
was used to simulate diurnal variation of propagating eastward MCSs over the middle of the
ICP. Additionally, Takahashi et al. (2010} identified the diurnal pattern, and also found large
quantities of rainfall in the evening and night time over the middle of the JCP. To describe
diurnal variation of convective systems, infrared sensors on geostationary satellites were also
used to detect late night/early morning maximum rainfall over the windward areas of the
mountains, basins valleys, and coastal areas (Ohsawa et al.2001).

[Figure 15]

Figure1$ shows a squall line, one of the MCSs types, in the shape of a bow echo propagating
over the southwest portion of the radar area. The convective system was initiated outside the
radar observation range by propagating toward the Dong Phraya range, as shown in Figure 1.
While it was propagating, their convective and stratiform cloud areas were enhanced. The
more elongated forms of the CS shape were detected in the form of squall lines propagating
over the radar in both easterly and westerly cases. As discussed by Houze (2014), there are
four stages of MCS evolution, which are formative, intensifying, mature and dissipating.
However, the radar used in this study does not cover a broad enough area to observe and
describe all of the MCSs stages. The study of MCS evolution above the landmass of the ICP
will be more complete when multiple radar composites are combined for study in the future,
similar to research done by Carbone et al. (2002} and Carbone and Tuttle (2008), using a
radar mosaic over the United States,

457 5. Summary

458 In order to describe characteristics of the largest convective systems (CS) during the
459  monsoon march of the rainy season over the middle Indochina in 2010, the gridded
460  reflectivity was created from instantaneous ground-based radar, at Phetchabun in middle of
461  Thailand, at height of 3 km by using an open source radar library called Wradlib. In addition,
462 the classifying scheme used for the convective region was adopted from Steiner et al. (1995)
463  based on a 2D classifying background method implemented in a Python environment. The

=hnterestinglyrintheease-ofbothrelasses-ineombinations-the-clustered-hotspotofstrongradar——rrme
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results show that propagating CSs comprise the major population contributing to the total
rainfall during the rainy season of the monsoonal march. It was found that, in August, the
highest number of the propagating CS were associated with relatively larger echo sizes. The
classification of propagating directions of the propagating CS demonstrated that the variation
in temporal characteristics was affected by the two prevailing synoptic winds. The speed of
the easterly CS decreases toward the end of rainy season, while the shape of the system
becomes more elongated. In addition, larger and stronger echo sizes occurred in August in the
case of the westerly classes. When considering the spatial analysis of the clustered hotspot
CVs, the southwest of the study area is identified as the most severe propagating CS class
based on the collocated area of the casterly and westerly classes.

There were two major limitations in this study. The first limitation was the time span of only
three months, which is too short to provide concrete conclusions for a climatological study.
The second limitation was the limited radar observation area, covering only 120 km due to
the beam blockage - effect. Further study should be done to create a radar mosaic using

—=muttipleground=basedradar-stationswtoextend-thestrdy-area-forbetteronderstamling ot

rain systems and the spatio-temporal characteristics of the extreme convective system. In
addition, inter-seasonal variations of the convective systems should also be investigated.
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Figures and Tables

Figure 1: Map of the study area within range of the Phetchabun radar (represented as a
triangle) at a radius of 60 and 120 km represented as dash lines, The boundary of river basins
under the radar observation area is represented as blue lines.

Figure 2: Schematic diagram of convective grid points adopted from Steiner et al. (1995).
The lightly shaded circular area indicates the area within the background radius surrounding a
given grid point. The darker-shaded area represents the area around the convective center, if
identified as such that is included as convective area. The radius of this convective area is a
function of the average reflectivity within the background radius.

Figure 3: classified rain cloud types on Scptember 3, 2010 at 13:00 (a) original radar

reflectivity shown in dBZ (b) classified convective and stratiform clouds, shownasvedand
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green colors, respectively (c) classified convective clouds shown in different colors (d) the
fitted ellipse superimposed on the largest convective cloud after application of smooth kernel.
Figure 4: hotspot analysis of the largest convective clouds from July to September 2010 (a-c)
hotspots of area for all centroids, propagating and stationary class (d-f) hotspots of echo
intensity for all centroids, propagating and stationary classes. Contour lines shown in gray
represent elevation at interval of 100 meters. Triangle represents location of the radar station.
Radar observation ranges are represented in circles at distances of 60 and 120 km from the
radar station. Gi bin is a groud of z-score calculated from Gi' shown in equation 2.

Figure 5: Normalization of the number of the largest convective clouds for both propagating
and stationary c¢lass. The numbers above cach bar indicate the tofal number of convective
clouds for each class.

Figure 6: Normalization of frequency radar echo arca of the largest convective cloud for both
(&) propagating and (b) stationary classes

Figure 7: Normalization of the frequency of classified coming directions of the largest
propagating convective cloud. “0” indicates unclear coming direction (see text for details).
The patterns of vertical and horizontal filled bars indicate easterly and westerly classes,
respectively. The numbers above each bar indicate the total number of the convective clouds
for each class.

Figure 8: Characteristics of the largest convective cloud between propagating and stationary
class (a) echo infensity (b) moving speed of propagating class (¢} echo area {d) ratio of the
axes of the best fitted ellipse. Standard errors are represented by error bars.

Figure 9: Normalized frequency of the two most dominant classified coming directions of
the largest propagating convective cloud. The numbers above each bar indicate the total
number of convective clouds for cach class.

Figure 10: Characteristics of the largest convective cloud between easterly and westerly
classes (a) average echo infensity (b) average speed of convective cloud (c¢) area average of
radar echo (d) average ratic of the axes of the best fitted ellipse. Standard errors are
represented by error bars,

Figure 11: Normalized frequency of radar echo area for the largest convective cloud (a)
easterly class (b) westerly class; normalized frequency of the axis ratio between major and
minor axes of the fitted ellipse (c) easterly class (d) westerly class (see text for details),
Figure 12: Norimalized frequency of radar echo characteristics for the largest convective
cloud (a) echo intensity of easterly class (b) echo intensity of westerly class; normalized
frequency of the convective cloud speed (¢) casterly class (d) westerly class.

Figure 13: Hotspot analysis of the largest convective clouds from July to September 2010 (a-
c} hotspot of echo area for all centroids, easterly and westerly classes (d-f} hotspot of echo
intensity for all centroids, casterly and westerly classes. Contour lines represent elevation at
interval of 100 meters. Triangle represents the location of the radar station. Radar observation
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ranges are represented in circles at distances of 60 and 120 kin from radar station. Gi bin is a
groud of z-score calculated from Gi” shown in equation 2.

Figure 14: Hotspot analysis of the largest convective clouds in case of combination between
casterty and westerly classes from July to September 2010 (a) hotspot of the ratio of the axes
of the best fitted ellipse (b} hotspot of the speed of the convective cloud. Contour lines
represent elevation at intervals of 100 meters. Triangle represents the location of the radar
station. Radar observation ranges are represented in circles at distances of 60 and 120 km
from the radar station. Gi bin is a groud of z-score calculated from Gi' shown in equation 2.
Figure 15: Squall line evolutions during (a-f) at 13:00 - 1445 UTC on 13 August 2010 over
the study arca (indicated by red arrows) displaying expansion of convective area during
dissipation stage of mesoscale convective systems. Color bar is radar intensity in dBZ.
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1059
1060  Table 1: overall statistics for the convective clouds
Mean Standard
Deviation
(8.D.)

Area (kin?) 1184.23 1650.59

Speed (m s 9.58 7.75

Ellipse shape 1.99 0.83

Echo intensity (dBZ) 54.29 5.31
1061
1062  Table 2: overall statistics for propagating and stationary class

Propagating class Stationary class
Mean Standard | Mean Standard
Deviation Deviation
(S.D.) (S.D.)

Area (km”) 1485.33 1838.03 832.53 1315.71

Ellipse shape [.988 0.773 1.996 0.883

Echo intensity (dB7) 55.33 4,59 53.07 5.82
1063
1064
1065
1066
1067
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Abstract
Erecipiationzisessential-lactorio-deveauricslturabactivitiessinthelrepicabregioncinehdingtndechinepenimir——rr

(TCP}. Natural hazards triggered by precipitation extremes sech as drought, floods, and landslides have increased in
the region over the past decade. Precipitation/rainfall estimates products from satellites occupying such high spatial
and temporal resoluiion can be one of selutions for the disaster prevention and mitigation processes. However, the
products need to be validated as well as understood in the spatial error structures prior to the application in the
fields. In this study, we developed the method to validate the two products from TRMM Multi-satellite
precipitation Analysis (TMPA) which are TRMM3B42 and TRMM342RT, The validating daia as ground-based
rainfatl is derived from Asian Precipitation-Highly Resolved Observational Data Integration Towards Evaluation of
Waler Resources (APRODITE). Python script and BaseMap library have been used in Lhis study to find spatial
stracture errors. We have found that beoth the spatial crrors and detection of performance siaiistics such as POD,
C8T and FAR have shown significant difference for both products in comparison between dry and wet seasons over
the [CP for the selected year of 2004, During wet season, the TRMM products have shown well perforimance to
detect rain compared to dry season by providing the relative bias less than three times. Spatial bias of the gauge-
correction procedure for TRMM3BA4Z has shown betier performance compared to TRMM3B42RT. For the middle
of ICP, it has been clearly seen that there is the least spatial bias compared to over Tennasserim hills or Peninsular
Malaysia, The performance ot TRMM products may subject to the quality of validated surface data the source
surface data used to validate because over the plain of ICP, where there is dense of rain gauge distribution, it
indicates better performance of rain detection than over the mountainous regions,

Keywords: Satellite Rainfall Estimates, Indochina peninsula, Validation, Python, BaseMap
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1. Introduction

Precipitation represents the nel heating from condensalion in the atmosphere which is the key exchange process
within the hydrological cycle. Precipitation measurement is the essential process to provide input information for
hydrologic, climatologic, and agriculturat studics, especially for those natural hazards linked with precipitation
extremes, such as droughis, floods and landshides (Guo et al,, 2015). Thercfore, there are several attempts to
measurc precipitation precisely using several metheds respected to spatial and temporal variability. AHhough the
rain gauge accurately provides point rain measurement at the surface level, there are limitations to study and apply
for regional aud global scale due to small sampling area and inhomogeneous distribution of gauges installation.
Ground-based radar network is one of the effective instruments to observe the quantitative precipitation. However,
the inherent errors of the radar itself such as surface backscatter, attenuation and extinction of signal, bright band
effects,_and uncetainty of the reflectivity—rainrafe (7R} relationship (Tguchi et al,_ 2000, 2009; Yang et al_2006;

Wolff and Fisher 2008; Kidd et al. 2012) cause the limitation on the usage of radar advantages over the regional
scale. Tn addition, radar network does not coverage over the developing countries due Lo ils expensive cost.

Satellite-based quantitative precipitation estimates (QPE) algorithms have been developed in recent years to be an
altermative method (o cstimale precipitation dynamics at regional and global seale {Guo ct al., 2015). The QPE has
been produced by using sophisticate techniques to combine the geosynchronous infrared {TR) sensors on
geostationary (GEQO) satellites with high sampling frequency and polar-orbiting microwave sensors (PMW) on low-
Earth-orbiting (LEQ) satellites with less-frequent temporal sampling (Huffman et al. 2007). IR data are derived
from the measurements of cloud-top {emperature and cloud height, which may nol directly relate to lower-level
rainfall rates compared to PMW sensors {(Sapiano and Arkin 2009). However, the error sources associated with
these satellite products have not been clarified yet. The quantification of uncertainties and inherent errors in satellite
precipitation data are needed to address before applications (Hong et al. 2006; Mehran et al. 2014; Tian et al. 2009;
Sorooshian et al. 2011). In addition, the performance of the data can vary significanily among different seasons,
regions and precipitation type (Ebert et al. 2007, Dinku et al. 2009; Gebregiorgis and Hossain, 201 1; Veerakachen
et al, 2014),

In this study, TRMM products have been validated with observed rain at ground surface. TRMM product is the
satellite precipitation product produced by the algorithins combining PMW and IR data to cstimate precipitation
with spatial resolution of 0.258 latitude/tongitude and temporal resolution of daily level integrated trom 3 hour. The
algorithm not only integrates TR and PMW data buf also includes the TRMM Multisatellite Precipitation Analysis
{(TMPA) of real time (3B42-RT) and research version 7 (3B42-V7) (Huffinan et al. 2007, 2010). The primary
objective of this paper is to identify the strengths and weaknesses of TRMM products over Indochina Peninsuta
(ICP), Explicitly, the error structures are characterized in terms of spatial disiribution and, spatial and temporal
variations over dry and wet seasons.

2. Study area, data and statistics

2.1. Study area

In this study, the tenn of Indochina Peninsula (ICP) refers to land historically under the cultural influence of India
and China corresponding to the lands of Myanmar, Thailand, Laos, Cambodia, Vietnam and Penimsular Malaysia.
The ICP is located among two oceans which are Indian and Pacific occans, The southwesterly inflow is
predominant wind during wet season, while the northeasterly wind dominates during winter seasons affecling some
areas of ICP to receive a huge of precipitation. The topography of different altitudes governs the climatic conditions
ot the ICP. The mountain range such as Arakan Mountains, Dawna range, Tennasserim hills and Annamite range
determines the rainfall pattern over the mainland of the ICP. Over the wind ward side of the ranges, aunual rainfall
is larger than 2,000 wm such as in the west side of T'ennasserim hills. Tropical cyclones has been active during wet
scason of boreal summer originating and moving from the northwest Pacific Ocean from Junc lo Oclober whereas
September being the most active month for the tropical cyclones. As shown in Figure 1, the difference of rainfali
pattern of two TRMM products has been illustrated as daily mean of rainfall during wet season (May to October
2004).
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Figure 1 The daily rain estimates shown in color shade i unit of num during wet season of boreal summer of study
aren over Indochina peninsula over latitede of §-25°N and longitude of 95°E-110°E. Three red boxes indicate
investigating arca (see text for details): () The daily rain cstimates from TRMM3B42RT (mm}) (b) The daily rain
estimates fromy TRMMIBA2 (um).

2.2 Datasels

2.2.] Ground reference daiases

Product of the Asiun Precipitation-Highly Resolved Gbservational Data Integration Towards Evaluation of Water
Resources (APHRODITE’s water vesources) project has been used as a ground reference dataset (Yatagai et al.
2009). APHRODITE data has been produced from obscrved daily rain-gauge precipitation from meteorological
ageneies over the Asian monsoon region. The original spatial resoiution is 0.05% grid size, and then the data have
been interpolated into 0.5° and 0.25° grid size. The algorithm techniques have been developed for APHRODITE (o
interpolate wsing distance-weighting interpolation censidering sphericity (Willmolt et al,, 1995) and orography
based on sphere map (Schaake et al., 2004). Tn this study, the product with 0.25° daily tesolution has been used as
the ground reference data. The spatial distribution of rain gange locations used fo produce APTIRODITE varies
trom location to Incations based on Topography and sources of the gauge data,
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2.2.2 Satellite-based precipitation dataset

The satellite rainfall products from Mational Aeronautics and Space Administration (NASA), TRMM products at
0.25° daily gridded resolution have been validated with ground reference of APHRODITE. TRMM3B42V7 and
TRMM3B42RT have been selected to find spatial error of the product over the TCP. NASA Goddard space flight
center (GSTFC) has developed TMPA algorithm which is combination of the two products: the PMW and PMW
calibrated IR. In the algorithm, the PMW data are calibrated by the combined TMI and precipitation radar {PR)
products, and then used to calibrate the IR input data. The difference of two products is that 3B42RT is the real
time producis, while 3B42 is post-real-time research product that has been applied Global Precipitation
Climatology Center (GPCC) products and Climate Assessment and Monitoring System {CAMS) gauge data to

——adinst spatial bias

2.3 Statistical Evaluaiion Metvics

Bias, Refative bias (RB), root wean square error (RMSE) and Pearson linear correlation coefficient {CC),
probability of deteciion (POD), false alarms ratio (FAR) and critical success index {C31) are used to evaluate the
performance of the two satellite rainfall products. RB, RMSE and CC are defined as {ollowings.

IS~ Gy

Rip = 20
IR (O

1 N
RMSE = EZ(S; N (2)
cC = Cov(s — {7} ™

Gy

Where § means TRMM products and G means gauge-based reference dataset. RB and CC are dimensionless.
RMSE is in mmm day-1. Cov{ ) in Equation (3) refers to the covariance, and o denotes the standard deviation. RB
indicates the degree of overestimation or underestimation in percentage. All above statistics have been computed on
a grid-by-grid.basis over ICP.

Table 1. Contingency table comparing precipitation detection by TRMM products and APHRODITE.

Gauge = Thieshold Guasgge = Threshold
QPE = threshold H ¥
QPE < threshold M Z

Where, H is the number of hits, F is the number of false alarms and M is the number of miss alanns.

To evaluate a relative performance of satellite products based on APHRODITEL, these categorical statistical indices
are computed based on a contingency table of the number of rainfall evenis detected correctly by the satellite
products to the number of rainfall occurrence observed by reference data; FAR is the proportion of rainfall recorded
by satellite but reference data does not exist; CS1 denotes the overall proportion of rainfall events correctly recorded
by satellite. POD, FAR and CSI range from 0 to 1, with | indicating a perfect performance for POD and CSI, and 0
being a perfect performance for FAR. These evaluation metrics are calculated as followings.
POD = . 4
B
H+F &)

H
= TTMTT ©
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3. Results and Discussions

Python script and BaseMap library have been used in this study to find spatial structure errors using stalistical
matrices. POD, FAR and CSI can be used to clarify the nature of the occurrence errors (Ebert et al., 2007). The
contingenecy statistics {POD, FAR and CS! scores) between TRMM products and APHRODITE have been
evaluated spatially shown in Fig.2. Spatial variations of these contingency statistics have been clearly shown over
the study year of over 2004, In general, the gauge-corrected product of TRMM3B42 provided better performance
compared with TRMMIB42RT as apparemtly shown of POD aund CSI over the Tennasserim hills as shown in
Figure 2a and 2b. In addition, over plain of the middle 1CP, the obfained POD and CS! have shown telatively lower
than over the mountain ranges for both products. However, FAR (Figure 2¢ snd 20) shows higher over meuntain
ranges compared to over plain arcas,

B

Figure 2 Veriftcation of relalive performance of TRMM3B42 and 3B42RT against with APHRODATE in 2004:
Figure (a). {(b) and (¢) are POD. CSI, and FAR of TRMM3B42; figure (d), (e) and (f) are POD, CSI, and FAR of
3BA2RT.

As there should have spatial varistion between dry and wet season due to difference in sampling and rain
characteristics, therefore, dry and wet seasons of the conlingency statistics have been investigated as shown in
Figure.3. The wet season ranges Irom May 1o Oclober over tie main land of [CP, while the dry season ranges from
November to December and from January to April of 2004, Spatial and temporat variations of the two products can
be observed from Figure 3 and Figure 4,

In dry scason. the obhtained POD and CSI are low for both products (Figure 3a, 3b, 4a and 4b) and FAR is high
(Figure 3¢ and 4¢). This means that the performances of these products are poor during dry seasen. It is probably
caused by he effect of evaporation and high clouds, However, during wet period, it shows the better performance
for both products as shown in Figure 3d, 3¢, 3f, 4d, 4e and 4f In addition, over the mountainous area, where is
better performance of rain detection, the spatial variations of satellite products are ctearly seen (Figure 3d. 3e. 4d
and 4e). The obtained FAR index during wet season is low over the ICP with the spatial variation over mountainous
area. Therefore. the satelite products provide the good performance on detecting rain during wet season.
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Figure 3 Verification of relative perfonnanée of TRMM3142 agéinsi with APHRODITE for wet and dry periods in
2004: figure (a), (b) and (c) are POD, CS1, and FAR of wet season; figure (d), (e) and {f) ave POD, C8I, and FAR of

dry scason.

e

Figure 4 Verification of relative performance of TRMM3B42RT agajnst with APHRODITE for wel and dry
periods in 2004: figure (a), (b) and (¢} are POD, C8I, and FAR of wet scason; figore (d), (¢} and ¢1) are POD, CSI,

and FAR of dry season.
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Figure § Spatial correlation of TRMM3B42 and 3B42RT against with APHRODITE for both wet and dry periods
in 2004: figure {a) and (d) are spatinl comrelation for 2004 TRMM3B42 and 3B42RT; figive (b) and {€) are spatial
correlation for wel and dry of TRMM3B42; figure (e) and (I} are spatial correlation for wet and dry seasons for
3B42RT.

To understand more in the spatial performance ol satellite detection to raintall, spatial correlation (CCY of TRMM
products against with APHRODITE has been compuled in 2004 as shown in results of Figare 5. Spatial correlation
maps have shown high posilive corretalion over the middle of [CP, in particular, Thailand, where the dense of
gauge distributed over the plain as shown in Figure 5a and 54, However, TRMM3B42 provides hetter performance
for CC than 3B42RT. Performance o TRMM, considering the temporal differences, has been observed by between
dry and wet season. IU's hard to justify whether dry or wel season perform the best of spatial correlation by
consideration of visualization (rom Figure 5b, Se, 5S¢ and S0 However, the spatial patiern of good positive
correlation value also oceurs over the middle of the ICT,

We examined spatial bias of the two products in 2004 to investigate the distribution of spatial error structure aver
the study area as shown in Figure 6. Spatial bias of the gange-correction procedure for TRMM3B42 has shown
better performance {(Figure 6a) compared to TRMM3B42RT (Figure 6b). Over the middle of 1CP, there is least
spatial bias compared to over Tennasscrit hills or Peninsular Malaysia. Spatial relative bias resulis in Figure 6¢
and 6d have also shown the consistency with the spatial bias of results from the satellite rainfall which
overestimates the observed rain by APHRODITE. Gao ¢t al. (2015) have also found that 3B42RTV7 overestimates
precipitation significantly with large Relative Bias (RB) (128.17%) when against with APHRODITE over the
central Asia.

Figure 7 shows the relationship between APHRODITE and TRMM products as scatterplot over the three boxes
distributed over the middle of ICP. The overestimation of rainfall detection by TRMM preducts has been clearty
scen over the three boxes when compared to APHRODITE’s estimation. The conditional daily rain rate over 0.0

7
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mtn has been vsed to tind correlation (CC), refative bias (RB) and Root mean square error {RMSE) by using area
average of rainfall for both surface rain and TRMM products over these three baxes. There are not much different
in correlation among these boxes. However, relative bias over box 1 {Figure 7¢ and 7d) demonstrates quite large
meaning of TRMM overestimation on rainfall compared to the other boxes.

Temporal variations over spatial distribution in the middie of ICP have been investigated as shown in table 2. The
data has been separated into dry and wet seasons producing some interesting statistics for performance valuation of
the satellite ramfull detection. There is higher correlation of TRMM products and APHRODITE during wet season
thun dry season for both 3B42 and 3B42RT. The relative bias of wet season is kess than dry scason about three
times for TRMM3B42 compared to APITROINTE. TRMM3B42RT has mostly higher relative bias compared to

TRMMIRBA2

Fipgure 6 Figure (&) and (b} are spatial biss of TRMM3B42 and 3B42RT againsl with APHRODITE in 2004; Ngure
(c} and (d} are percent of spatial relative bias of TRMM3B42 and 3B42RT against with APITRODITE in 2004.
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Figure 7 Scatter plot of three boxes {as shown in Figure 1) over the main lind of 1CP representing the daily
conditional rainfall statistics between TRMM 3IB42V7/Real time and Aphrodite in 2004 figure (a) and (b)
represent box 1; figure {c) and (d) represent box 2; figure (&) and {f) represent box 3.
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Table 2 statistics of comparison daily conditional rain cstimates for both wet and dry season from TRMM3IB42/rcal
time and Aphrodite over the three boxes in 2004

TRMM3B42 TRMM3B42RT
cC 8B (%) RMSE {mm) CC RB (%) RMSE {(mm)

Wet Season

Boxi 0.697 51.52 1.63 0.691 59.11 1.75

Box2 0.766 85.96 1.93 0.76 100.73 2.09

Box3 0.772 67.99 i91 0714 77.21 2.03
Dry Season

Boxl 06.64 164.33 1.09 0.717 142.28 0.96

Box2 0.693 184.31 112 0.394 146.35 0.99

Box3 0.682 179.96 1.38 0.648 102.98 1.08

The poor agreements between TRMM products and APHRODITE are attributed to several factors. Duan et al,
(2016) pointed out the error from evaluation results including satellite sampling error, errors in algorithms for
estimation of precipitation from individual platform, errors in algorithms for combining individual estimates (Shen
et al., 2010}, errors in bias correction. In the southern part of the ICP, the northeas{_monsoon is dominated over the

e e e e o e e S e el e A T T LY

winter monsoonr where peninsular Mu]uysia is located. Tan et al. (2015) evaluated Six High-Resolution Satellite
and Ground-Based Precipitation Products over Malaysia. 3B42RT and 3B42V7 are also evaluated against with 342
rain gauges over Malaysia. They found during tlood events which occurred in late 2006 and early 2007 were
estimated the best by 3B42R7T and 3B42V7, as shown by an R value ranging from 0.49 to 0.88 and 0.52 to 0.86.
Compared to our spatial correlation shown in Figure Sc¢ and 5f during dry period of the 1CP, the poor correlation
has been found over peninsular Malaysia with correlation less than 0.4 of daily analysis. Therefore, the assessment
of uncertainties satellite rainfall products is needed to be validated with high quality of near surface rain data to
consider of both spatiul and temporal variations. In addition, peak of monsoon periods varies spatially that could be
considered n the validation processes for improved rainfall estimation and thus improved water management.

4. Conclusion

Satellite rainfall products are the important sources to study rainfall variations over the global and regional scale.
Developing countries can use the satellite products for their operational applications as alternative data source that
can be fieely accessed. Therefore, the spatial errors and bias need to be quantified. In this study, TRMM products
of 2004 (TRMM3B42Z and 3B42RT) al daily basis have been validated by surface gridded data mamed
APHRODITE. The statistical matrices bave been used fo quantify the spatial and temporal variations over the
Indochina Peninsula (FCP). All of the investigations {or this study have been done by using Python script and Base
Map library. The major findings of this study are summarized as follows:

1. TRMM3B42 has mostly shown better performance of rain defection compared to 3B42RT with mostly
overestimate surface rain. The meirics of POD and CSI shows spatially high value and FAR shows relatively low
for 3B42 compared 1o 3B42RT over the main land of [CP, in particular.

2. Spatial bias of the gauge-correction procedure for TRMM3B42 has shown better performance compared to
TRMMAB42RT. Over the middle of 1CP, there is least spatial bias compared to over Tennasserim hills or
Peninsular Malaysia.

3. During wet season, the TRMM products provide better performance to detect rain than dry season with three
times less relative bius.

The next research should be done by expanding data to longer period and investigating the performance detection
of other satellite rainfall producis such as GSMaP’, CMORPH, PERSIANN.
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Or. Nattapon Mahavik

®  D.Sc. in Atmospheric Science, Kyoto University, 2015, Japan
MEXT] uiguiadidy

T MSc. in Photogrammmety and Geoinforrnatics, Stuttgart University
of Applied Sciences, 2009, Germany [DAAD] HuTuIAWD I

T gy Qfﬁmﬂn‘i(lﬁﬂsﬁﬁﬂn}, sirfmendnioddng, 2545

Y +66(55)962752, nataponm@nu.ac.th

= Groundtbased radarrainfatt-estimation
% Remote sensing in Urban Heat lsland

¥ Rainfall estirnation from satellite products

Awards and Honour

2018 Shunji Murai Award for best paper on Asian Conference on Remote Sensing 2018 for

the title “The convective cloud properties extraction from weather radar reflectivity during

SONCA wropical storm over the Lower Northern Thailand”

B 2010-2013 Japancse goverment scholarship (monbukagakusho: MEXT) ‘lguﬁlﬂﬁﬂ‘}ﬂ’qﬁlﬂ
15onnon

W 2007-2009 German Academic Exchange Service (DAAD) ‘i}u‘lﬁﬂgq{ﬂﬂ

W 199%-2001 The Shell Company of Thailand Limited

Work experiences

Date Position Organization

25 May 2009 | Lecturer responsible for Geagraphy Departinent ol Natural Resources and

- Present and Geoinformatics Curriculum Environment, Naresuan University

Specialization skills

B Ground-based weather radar and Sateilite rainfall product processing

B TFortran, Python Scripting Langnage, GrADS Seripting Language, NCL Seripting Language,
R Scripting Language

o

Linux systems (Centos, Ubunty)
B ArcGIS, QGIS, ENVIL, ERDAS IMAGINE, MATLAB

Drone photogrammetry (DJI, Syma) for mapping
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Mahavik, N. T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2013: Rainfall pattern in the middle of
Indochina  Peninsular  during  2009-2010 summer monsoon. 1GU  regional
conference, 4-9 August 2013, Kyoto, fapan.

Mahavik, N, T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2013: Rainfall pattern in the middle of

Indochina “peninstlar using Vieritiang radar. MAHASRI/HYARC “"Workshop, 14
March 2013, Nagoya, Japan.

Mahavik, N. T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2013 Rainfall pattern in the middle of
Indochina  peninsutar. IMPAC-T workshop, 28-29 January 2013, Bangkok,

Thailand.

nsiausnalUeamas (Poster presentation)

1.

Mahavik, N. T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2013: Rainfall Estimated by Radar Reflectivity
Calibrated by Rain Gauges and Rainfall Patferns in Indochina. GCOE final

symposium, 2-3 Decemnber 2013, Kyoto, Japan.

Mahavik, _N., T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.
Wakabayashi, and S. Baimoune, 2013: Application of Ground Based Radar and
TRMM Rainfall for Hydrotogical Analysis, Part of Calibration of rainfall
observed by weather radars and rainfall pattern study in Indochina
peninsular. IMPAC-T final workshop, 11-12 Novernber 2013, Sendai, Japan.

Mahavik, N. T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2013: Rainfall pattern in the middle of
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Indochina Peninsular during 2009-2010 summer monsoon. DACA-13, 8-12 July
2013, Davos, Switzerland.

4. Mahavik, N., T. Satomura, B. Sysouphanthavong, 5. Phornevilay, M.
Wakabayashi, and S. Baimoung, 2013: Rainfall pattern in the middle of
Indochina Peninsula during 2009-2010 summer monsoon. JPGU 2013, 19-24

May 2013, Chiba, Japan.

5. Mahavik, N., T. Satomura and 5. Baimoung, 2012: /-R parameter variations

using conventional weather radar in the middle of Indochina peninsular.
Meteorological Society of Japan (MSJ), 3-6 October 2012, Hokkaido, Japan.

6. Mahavik, N., T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2012: Radar rainfall analysis in the middle of
indochina peninsular. International symposium on GCOE ARS, 3-4 August
2012, Kyoto, Japan.

7. Mahavik, N., T. Satomura and S. Baimoung, 2012: Calibration of weather radar

for analyzing precipitation distribution in Thailand. Meteorological Society of
Japan (MSJ), 25-28 May 2012, Tsukuba, Japan.

8. Mahavik, N., T. Satornura and S. Baimoung, 2011: Investigation ZR relationship

by using weather radar in Thailand. IMPAC-T Joint conference with SEA water
9th conference, 1-3 December 2012, Bangkok, Thailand.

9. Mahavik, N., T. Satomura, B. Syscuphanthavong, S. Phonevilay, M.

Wakabayashi, and S. Baimoung, 2011: Precipitation characteristics in Thailand
using weather radars and surface meteorological observations. Meteorological

Society of Japan (MSJ), 16-19 May 2011, Tokyo, Japan.
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Wit 2%, B dnendeusans (aulzana 460,000 um)
2560-2564(¢312/398) las9n1s Advancing Co-design of Integrated Stratesies
with Adaptation to Climate Change in Thaitand (ADAP-T) atuayulae Science
and  Technology Research Partnership for Sustainable Development
(SATREPS), JST-JICA (6,000,000 121)
2553-2557 (¢594330) lasen1s Integrated  Study  Project on  Hydro-
Meteorotogical - Prediction and Adaptation to Climate Change in Thailand
(IMPAC-T) efusgulae JICA/IST

v

2559-2561 (§52m398) lessmsAnyianniussamisguatm dninaunamu
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arfuayunsasefuguw (aee.)

astddutinausy (Academic training)

1.

Aerosol Modeling Workshop organized by National Astronomical Research
Institute of Thailand (NARIT), University of Phayao (UP) & Hydro and Agro
Informatics Institute (HAN, , February 19 - 21, 2019, Kantary Hills Hotel, Chiang
Mai, Thailand,

Lidar data for biomass estimation by Silva Carbon supported by USAID, 5-11
Febuary 2017, The Bazaar Hotel, Bangkok, Thailand
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3. Landuse and Landcover change using remote sensing by SERVIR Mekong and
ADPC supported by USAID, Cctober 2015, Pak Nai Lert Hotel, Bangkok,
Thaitand.

4, Capacity building and brainstorming by SERVIR Mekong and ADPC supported
by USAID, Novermber 2015, Pak Nai Lert Hotel, Bangkok, Thailand.

5. P 22 Precipitation measured by Satellite, 18 Novernber — 1 Decernber

2012 at Nagoya university, Nagoya, Japan.

6. Climate change downscaling approaches and apptlications, 9-14 November
2011 at United Nations University, Tokyo, Japan.

7. TRMM and GSMaP training, 29 August-2 September 2011, by JAXA at Kyoto
university and visited JAXA, Kyoto-Chiba-Tokyo, Japan
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