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Radar 1" Angle (9 Latitude Longitude Height (MSL)
1. Chiangrai {CRI) 0.99° 19°57'41.919"N 99°52'53.845°E 387

2. Lamphun (LMP) 0.48° 18°33'59.652"N 99°2'20.38"E 301

3. Phitsanulok (PHK) 0.50° 16°46"31.311"N 100°13'4,756™E a5

4. Chainat (CHN) 0.50° 15°9'28.06"N 100°11'28.436"E 17

5. Suvarnabhumi (SVP)  0.70° 13°4110.732"N - 100°46'4.8°F 1
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+ Spalisl resolution approsimately 34 meter on the line of the equator:

Tife Size Fosmat
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Event name Period No. of radar files
1. Monsoon trough (R1)  20180601-20180610 229
2. Sontihn (R2) 20180715-20180724 237
3. Bebinca (R3) 20180813-20180822 226

4. Barijat-Mangkut (R4) 20180910-20180921 252
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3.3.2 gasiwsisndsvata wradlib
-:3 € o e = ar i = [z A:'d . .
laumasa adaignifannmonnassivilvseuide Wradlb (Heistermann et al.

] =y L3 ¥ 4 L3 qE LT 7 =Y
2013) gﬂu’mﬂ‘ﬂummmﬂswﬁuﬂLiﬂﬁﬁwgnummmﬂgumsmﬁ

2 Byerk path
cellecthipr s Lart Cinter

1 debrtim an
warezrgs
i AR et g L
24 Bpa¥hocg) asafeqCans g bl R 1)
rurzprs
RSN

esgee fazert einpial
st didatter o oo

far
€. 5 2alr: it fomimoh Fasny oi2 Dl i s hemt
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e
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At 3.8 Tsunga Spyder ldlumsdewimnnivsunaulvsauly Anaconda

3.3.3 gauvitad OpenCV

i s =1 A a s .. @ X
OpenCV laumaililsdungufionsinnlumansaes computer vision gnfuniumnly

3

A Gt Usigssanosgaisenldmams binding fuatwimeuiineedoudy Tusou 211
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wiswamuay TunsdnwadstiliSonld opencey  lumwilvsou Tnald Opencv v.2 Tu

nsUsEIaNan LIS
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e B St 48 e E o e 8 e R gt By S
e e e w g el G e

RTogite iy Ay
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et 3.9 Uany OpenCV https://docs.opencv.ore/3.0-
beta/doc/py_tutorials/py_tutorials.html
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3.3.4 gavviLIs ARCGIS
o = w o AN Al 24 e 2
ARCGIS gminntslunssiandeyawagiuauiiiiuifine doya SRTM DEM Aildenaiivan
P v ¢ & | e L o e =2 o o o Y o & U o
wagliunnalvduasiivnanalwgifunisueniidanis Jndueaaswnlvieniu
goulmiiundunaniiaiveaind laavinisdedeyaudassynefidesnsnoy wenainifudy

vhantdlumsdiuudemiitanvsnfnaiidanmiuiifngiimansifiossyfumisndaya
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3.4.1 msUssinanadayaniuey

winmsUssananadayanmudaay  vwie  Digital Image Processing gmbanldlums
Usmnasadayanisnisluyniuseunsugniluliiesed Taenwlausd Opency &
B}’ﬁﬁ'ﬂlﬁﬁwuﬂﬁmLﬁam‘sa"luﬁhLtasLmaqﬂa%umﬂm%ﬂﬂgj Jpeg  frsnmadenld  OpenCv
venmnifudldlilumsainioyasminsasiounnnmiusduiorteudgnssunms
selttuntsuSulpqunmdeyaiiafnuild

ﬂ”l'i‘lJ‘%"UﬂiﬂﬂMﬂ’l"v'ﬁlﬁ]\‘.}%'mula‘l?uﬁ‘!:ﬂm{fﬁﬁﬂﬂ’li Morphology — ¥RS¥UURS  erosion,

dilation, opening waw closing
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import pumpy as np
impart cv2

from path import path
import os

from PIL import Image
impart sys

T T e T I L

dolet opaocy
def plotcv{label,image):
#te plob imgge in opency
cvZ.namediindow(liabel, ov2 WINDOW NORMALY #-reoirs sy
cv2, imshow{ label, image}
cvZ.waltiey(d)
cv2.destroyAl indows ()}

j"f ______________________________________________________________________________
def convertGif2ipg(inpgif dir, radname}:
print “convert Gif teo JPG.,."4radnams
#-toavert giy to fipg
for T in inpgif dir.files{pattern="".git"}:
head, imfile = os.path.split{f)
out fn=imfilef{d:167+" . jpg’
try:
Image.open{inpgif dir+ismtile).convert{ 'RGE' }.save{inpgif_dir+out_fn)
except Exgeption: !
sys.exc_clear()
# Impge. spen{inpgtfy distlafile). convart{ 'RO5 }save{ lopgly dirsond fn}
print out _fn

& 73 = ir
A 3,10 nsftaanlvsunsulviseulasSanld Opency
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n this chepter,

+ We wilf fearn cEffeseni morphiclogical eperaticns Ere Erotdon. Dfatos, Opening, Closing ete
* W will ses different functicns 6% @ v erpdef), tv2 dilatel), ov2.morpholfogyEx( elc,

Theoty - - o LT

korphologicet transformarions are soma simple operations based on the Image shape, it #s ronmally performed on
binary images. Ik needs thvo Inpins, one I our orliinad ¥mage, second one s called structning slement of kemel
which dacides the mane of aperation. Tvo basic morphologicel operators are Erosion and Diation. Then its varlam
foanis hike Opealng, Closing, Cradient £tc 250 comes into play. We witl sea them one-brr-gnie with halp of folloring

mege

Hoptobseeal
Tiansformotions
= Gl
+ ‘theary

> EoErasion

» 2. ERLNGcn

» 3, Opening

v A4, {oslng

» 3, Blarpholomicsd
A o Credaat
i, Frosion. . e * 3. Top Hay

: ® FoHmk Hat

The bask idea of eroston Is just Fka o eroston onty, it erodes Znay the beundaries of foreground clhjece (Akvags iy = Souiméayg Hemnt
1o feep foreground By wiitel S what it dows? Fhie Lerrel sfides thiough the amage fas in 2D comolition). A pixel in w Adhktsal Fesourlet
the original imaqe (shther | or 0) wil Be coneidered 1 oy iF 3 the pixels under tha kerasl 15 1, pthessite it Is - Trereises
ercded tmade 1o zera).
So what happands 15 that, at the pixels near beundary wel b2 distamizd depending UPon tha slze of keanel. S0 ha | Previoos lopie -

thickasss or srze of the foreqround objet detzeaces of simpfy white region dereases i ihe Image. Itis uselud for
seindring sl white 1dses (235 we have Sean In colorspete chapia), detech (oo connected ohijecs <l Socthbyg Weeges

Hare, 25 an example, fwotld use a 55 kesoed with il of enzs. Lel's 522 it howr it vorks! - siExtiasic T T
=
AMN 3,11 nszuuniy Morphology %8¢ OpenCV https.//docs.opencv.org/3.0-

beta/doc/py tutorials/py imgproc/ny. merphological ops/py_morphological ops.htm

Wmorpholosical-ops
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3.4.2 5 Best Fitting Ellipses

o

WAt fitElipse fanw tu Opencv gntanldlumaviug convective uazwt Radar

flares  menmasdanadfalumsimuninasissmidlusioninedes  Heiduiign

= o I =t A Ao
Sanlttunmwlssaufioainasaseutiuinsimun

Fils an ellipse around a set of 2D polals.
C++: RotatedRect $18iiipsalinputaray points)

Python: cvz. HitELIipse(poinis) — relval

G CvBOD ovi2EY ipdanlonst OVAR® poin(s)

Pyihan: ov B3ERIINER2{ponis) — Bod
Paramefers: points--

Input 20 peint set, stored in:

o atd:ivecter<> Gf ¥at (CHt Inlerface}
» Cu3eq® OF CvHar+ (C inferface)
» Nx2 nuempy array (Python Inlerface)

awdl 3.12 $laddu fittllipse
https://docs.opency.ore/2.4/modules/imgproc/doc/structural analysis and shape de
scriptors.himil?highlight=fitetlipse#fitellipse

P = = [ 1 Y- o
jﬁiﬂﬂﬂﬁﬁ'faﬂuqﬂﬂqmﬂggﬂai"NWUﬂi'ﬂU?G}Qﬂﬁuiﬂﬂﬁﬂrlw

AW 3.13 dreenansuszgnlailsddu fitElipse

https://docs.opency.org/2.4/doc/tutoriats/imeproc/shapedescriptors/bounding rotate

d_ellipses/bounding rotated ellipses.html
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' = = B el o | 3 o ey 7 ) s o g
AruijuLssiuansluEfuasundudinisaevion . amiwdenld  fitElipse el
° [ P ] o Gl w ) s b S ww o1 .
mwndsveatemaule lnadmnsiiwesilaanilddu fittlipse saldund Aariuenives
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def extractRGB(img,text rad):

primt V----- >processing extractRGE--- 7 text _rad
fF-niearly perfect cnlior shades
5805

boundaries = |
({8, 153, 8], {162, 255, 1821), #yreen
(e, 284, 284), [182, 255, 2551),#velioy
({8, 120, 238], [182, 178, 255]),fcrange
(I8, 8, 182], [51, 51, 255]),#r:d

socopein canbined long of reflectivity
r;c,b=img.shape
ri=np.zeros{{r,c),dtype = "uintd")}¥-groy
ric=np.zeros{{img.shape},dtype = "uini8")Yé-color
G ta ertvect cslfectivity by leoping over the louaderies
i=@
for (lower, upper} in beundaries:
i4=1
2 creadie @ely arrnps foom the boundoriss
lower = np.array(lower, dtype = "uint8™)
upper = np.array(upper, dtyps = "uinid")
# Fiod bhe eolars sdthin the specified bousdories and opoly
L the mosh
mask = cv2.inRange(img, lower, upper}
output = cv2.bitwise and{img, img, mask = mask)
#esiore detected cetor refleciivity fo culput i color
rfc += output
d-store detected color rofleciivity to ouipul in groy
gray=cvz.cvtlolor{ output, cvZ.COLOR RGBIGRAY )} #-convert rgh 0 uray
sray[gray»al=1
rf 4= gray

return of,rfc
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£E3A,red_olt,consk x,const_y,rad_col,rad. fow,cres, rees)t

pi=3.1415%26535397%
res63740EE T
rr=4.9{3.0%¢

for 1 ia cange{angle)t F-ouihesiile ongis
forj in r=ng={rbin}

elv red= el\ pzliua & = 5
beza dist_hz= (§*1000.8)%np.cos{ely rad) e

s rof Al

be:u hﬂghtw np sqrt((]"iﬂﬂ 21rr“2§k2‘(j‘i?3§ B)*ervnp.sin{ell_rad))}-rrth_rdéred zit 5>

EEEFT £9iFT, RRY L0 ORGSR Samgedy Zoce TP Rire 3 owead ) deprer foe btenAdt
B n(m radyt (}*m 3.4]}
ight+{bean widthfz.0)
teak Inrzr=beaa | _ight {beoam width/2.8)
IO IR EO FARRC AR P
ﬁi>=eard'<-w
cary_argle={29-i)"pi/i&2
iF 3> 29 2nd § o< 30
cart_zrgle={$58-1} “pilix
socol soier cesmfina - desdes{erseTs ) ocpacion dEr-EETeL )
zzeth rai-cart anwle
* reeadieaee -'i gy 2rid sy IO

{{{beas. d st hz n;; ;05(6«5“1 rcd))/l?‘r."a ]’cmst x}
bin y= np m\‘:({(bea.d dist ] - _hztnp. sinf(azeth_rad)}/1e88.) "const y)

tie Jmees oLl L amelnn n ioF Losndiindd e sxoadicek Hoad

bi_n _Niol=bin xtred cel
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def beamblockﬁrea(bb thresh radtcn radlat, in rad,des cer,radRov,radCol radﬂlt radElv,degFile, textrad):

print "~ "**cglculate bean bleckage area®#e 77
searizabizs e ofil zacelation

DA thresh=53.8 2-0t cost beambloch parcentuns
pi=3.§.4‘£59265355979
h rd=36.8 Z-radar helght Fived &y B9
bw_rad={1, 8*p1fiﬁi’5 Q} i idth 1 deg

sly=radEin 4 degres for= T
abin=243 -7 Lafihin

angle=368 &-dogres
rad_alt,elv-radalt,radelvy

lat_top,lat bottom, lon right,lon left=des cor
lon_phl, iat_phl=radlon,radtat
num_row_pic,num_col_pic=radRow,radlol £ gr
const_x=num col pic/{nbio™2.6) Z uscd for 500 ;
const_y=num_row_pic/{nbin*2.8} &-used for soeic of bin
ard vy res={lat top-lat bottom)foum row pic
grd_x_res=(lon_right-lon_left)/num col pic

rad col=np.int{{lcn phi-lon_ieft)/({grd x res)}
rad_row=np,int({lat_top-lat phl}/(grd v rez))
rees,cres=grd_y_res,grd X res {-rei gad col resolufion: calcoiotes of
coord_rad=im rad A{top,botfa?,rightllff%j
print grd_x_res,’, ",grd v res
Ao serting apd reading-co--—=to - oo el ey
filepama= de&?lle

gdal date = gdal.Open(fileraze)
gdal band = gdal data,GetRasterfend{1}

nodataval=32767

Horoavect Lo o orepp orroy
dem = gdal data.Readdstrray().astyeel(np.Tlcat) = flipsd
' dEs}

F

- isurid froz geotrensfors
gt—gdal data, ﬁetGeoTransform()
xres=gtfi]
yres=gifs}

¥=np.arange{gt{P].gt {0 dem. shape[1]*xres, xres)
¥=np.arange(gt{3],gti3]+den. shape{a]®yres, yres}
xgrid,ygrid=np.eeshgrid{}, v}

coord_desr=den cor af¥ep, boites, right, iefz]

B R Oy

=2 blochoge
2 and piof bep=biach on T fenyuirafe s

pts_raed= cal _BeazBlockage(dem,coord dem,coord rad,bb thresh,h rd, b rad,elv,
angle,nbin,rad alt,const x,const_y,rad_col,rad_row,
£€Fes5,rras)
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T
#-funciian o Hesiao b Deowblock
def mosaick beamBlock{mocg,moci,r,c,rr,er,coord_mo,coord_rad,rad _bb,radname): #-
# et hs muselc dimension o pixst
3 on in plrel
einision to fronsfer distance fo wosaic dimeasivn

E - T P
WO Bin? 121 et

#-loop {nside rado
Slap, hotics, right, Laft

cres_mo={coord mol2]-coord mo[3])/c ¥-1o yee
rres_wo=(coord_me[8]-coord mo{1])/r #-in geo

cres_rad={coord_rad[2]-coord_rad{3]}/cr #-in geo
rres_rad={coord_radfa]-coord_rad{1])/rr #-in geo

print “leop inside radar for messicking... “+"---"+radname
print "---first loop to compuis block and unblocked pixels...++4” tradname
E-first caop to compute Slock ond wnblocked pixels

3

for 1 in range(rr}:
for j in range(cr):
“-transform rodar pixel to maziock plxels
row_mo=  round({coord mof8]-{coord rad{8]-(i*rres_rad)))}/rres_mo}
col _mo= round{{{coord_rad{3}4(j*cres_rad))-coord_mo[3}}/cres_mo)

if ol _mod=c-1:continue
if row mor=r-1:cantinue
srorgrt, 2,0 (podata, unbicock, block)
if rad bbli,jl==1:
if mocgfrow mo,col _mol<=i:
mocgirow mo,col_mol=1
continue
if mocgfrow mo,col mal==2:
mocg{row_mo,col_mol=2
continue
if rad_bbii,jl==2:
if mocg[row mo,col malr=8:
rocgirow mo,col mal=2
continue
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SR e T
saicRad{ieg,c0ord rad, shape rad, toord Fo,res, socg,text_rad,sacg index,;
ryc=roeg. shape
re,cr=ing, shape
print *---processing sosaicking resaicdad- -- “+text_rad
EAFEN A a1 s] o [

Ftup, dorivy, rixwg, {=ff
cres_zo={coord_so[2]-coord_sof3]¥/c £-n g=c
rres_go={coord_mo[8]-coord mof[i]}/r #-in g2o

cres_rad=(coord rad{2]-coord rad[3)}/cr &-in gen
rres_rad={coord_rad{8]-ceord radfi]}/rr #-in geo

if num_rad==3:

s

soving redf guidelin cmpinlng Fros tesphues badar
wffect to roin p when rospared to sl dula
# e Futh 155 pogine thix wordt hecouse epplying kernel will defect real sire of rain
kernel = np.ones{{2,2}, np,uint3)

Ing = cvZ.zorphologyEx{isg, <vZ.MORPH OPEN, kerncl}

for i in renge(shspe rad{®]): #-scarch in rou
for j in vange{shape_rad[1]}s siteft in cwd
Fedpagupaen poder oixe] fu sosiech pivels
rovt_mo=  round{{coord_=so[8]-{coord_rad[8]-{i*rres_rad})}frres_mo)
col_go= round({{coord_radf3}4(J¥cras_rad}}-coord go[3]} cres sa)

Fant T oet s yesizams, - ool w0

if col wor=c-licontinue
if row sar=r-1:conptinue

Foosaign ooty eoima vrlez o plrel of rosaiced resuli
if ieg{i,jlrracglroe o, col_soj:
sacgfrow eo,c0l_mol=ingli,§] #-For avey
gocg_indexfrow_ro,col_soj=num rad :
' LA L7, 0] d-vssign extyracisd cadir {0 cnlop sosaic
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46000 iPrecipitating cloud area for four rain events
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LGepvective cloud area for four rain events
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dtype=np.uints)

jeker contours, Bierarchy = ov2.findlontours{close_im, ceZ.HETR_IREE, cvi,(

J—ﬁc{uv Fas n Rurg el b L2 lawRd e Fled apprer

rin ellipse |
cax_allipsa | h=1m a

cvyly = op, zews(ﬂose =, shc]:e, dtypeznp wintd} & sterv iwi of oy,
=B & o count < I
for h,ent in 2n
F o pring T > =f
if ent.shap2fa}<s: =
ecntinuve
print "nushar of rastepr polnts:®, cat.shape{g]

Foggpiy covoyed serrangle

rect = cvl.zindresfect(ent} r-rzed to giijer oisz 6f £ErE #nar oocs
boxacy2 . bosPoints{rect}

box = np,imt@(bax)

area rect=rectin]foi rect{1f1] sgdm s-taid i =y Im

Fiiting <1

5
elhpse = cu2, fz&llipse(mt
eccentricity-ellipsef1j{0}/ellipsef2]{i] :
e lipsez_heallipse{$if1}¥res o Loight of wilin

i 4.23 Taansfmiuiluluy convective
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Tealwsaugniininduieusznanadeyanmmilaluaaiioinmsaunuinafidue
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3 i gatacts
rask = rp.zeros{close ig.shape, dtyr2-ns ¢inkd)
4T efiips hnin tllipse h end 32

e £
A = o2oratents{ont}
ex = int{rf 'e1e 1’ ofsr §. paaiESE-cp] :
o = inbdelewst m_s 23 j} o
£ LS T, TFaors vy, or
if woc_radloy, :x]{e}::lss-

pednt Pocoam invalid llipse’

reatince

F ,‘E..z ;.EL!.’.“. cigead ¢

etetas P

oy cearnts(ent] 5
e o Inti{H] ‘=19 178{ ‘e’ §}
nt[ﬂ{ 03 17K m:";)

L Gt

clli;se = {yz htEllipsa(mﬂ
v eltipse (roc_rad,ellipse, {350,76,255),2)

§orreges EVEE iR oaracd =

ol = npierrag{fcnt], diype

o3 FiHPoly(zask, roi, 255)
B FRE-IERERS AR

evk. f1XIPaty{ov_poly, rel, 258) = Fiil o7 incc gils

Hory w piaf g

ei 1 Y . Ea
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4.2 msRanndviiiinnunwnSuealneldimsasfeusnnmsedaosnn
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4.2.1 myiannasmaiiedisnunneusnidiuen

aunsinel i v fsiaasluent i snanmsmurmnsanss
aiitfaduvdnanfadtlumAdontal i TaduilisvegmaessmiTunnanilugy
siwmiglasluitufidunansad Jadnil arsgmesnisiianiilandsuaudniluang
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IENENNTIUIT Radar Quality Index

ROI = (0.25*Distance)+{(0. 257 Blevation)+
{6.5*Beam blockage)

auniiaeimsliiniminvestladoAunnseiy Hufomsuatasnitiangivsaneied
fiBvEwauniian TR STV LAY A WG RaTY a1 Tnnan e
weniTuaniiozgrldiunnanmvluiulnaeifinean aumsildtelin ROl Auusi
uiaggamvemnisdanansaioses ewnlunyiioeisilldliiggauenisaeieu
Tunmadadludniioziilulian Sshgeaeiildfasiuyslonudivasnduiuiinsanata
"Lumiﬁ’mmuaaﬂmaﬂué’ana‘%ﬁuﬂ%aﬁlﬂ%mﬁamamﬁﬁiﬂé’ﬁ’ué’uﬁﬁﬂLLmiaﬁﬁgaaq‘Eua"uﬁ"]
Wviszen Tufeaniiisminneemeivalanuasdoum Foyadldithutoyaanawsnnsii
srdpahllaininsasioudaide 4.1.1 ﬁaam‘ﬂ%mmguamranwmﬂzaaaaamﬁgfzmmﬂ

Wunwifidndaldedad’ wownslaonsugailoyine

1050755




e e .;T'”z Y 2w, '
mtiandimahuseiinsmhdsssnadsondoyasaireemmmaiiusiongnidnesn 2019

4.2.2 lanstuaranrfifiualantasdeaum

P ' o o e
A 4.26 manilinarAINsEsioImSIuD 26 nangan 2560 1181 11:30 (a) Hadws
awluarepsantl (b) awinsasisuanisaianlifivalan (© smimagieuan

aFanildiuny swansiandginly mesoscale dasnduludismiihinatiuiindeyaniw

dlevhmsaindeyarnsasioulunssuauns 4.0.1 deyanmieaadidgniunlusntilas
ldgeaanueansasviouluusiazdumiiganin danm 4.26()  sswuhddiuuaduiniu
gozmadunsiifinandasnannssuiumsaeiaimsaztou il uthudosridadu
wehiloanludefleiu cvafittllipse Tulavsnd Opencv uanﬂﬂﬂ&ﬁaa&aﬁagﬂﬁﬂ%’ﬂﬁw

radar flare sunszuILMsANaTINTULT19AUY




o ag 3 céE H : ‘£ A a o a i ¥ ou
ATTHRIUTITNITA N UAN ‘.l.llﬁﬁ\é’lﬂuu‘w!}’ln.!ﬂ"IiﬂﬂT‘J'E!QﬁLiﬂ"l'iﬂ'i’]ﬂa‘m"lﬁn'lﬁwl;ﬁuuﬁ’!NEj!-!‘lﬂﬁ"ﬁ‘ﬁ:ﬁ"l 2019

Ard: SEE =

Phitsanulok radar Chainat radar

No rain/ No data

. 2 it 1 o 1 Y
awill 4.27 Jey@iloluwiasiiunistesniilien Jun 26 nsagiag 2560 Han 11:30
e a1 = o Y oo e t ar o
%n‘»‘iulmf]mﬂfﬁmgaqmmmagLsmi';mlmLi"Jummmu‘lmmagqﬂmvma&mwimLﬁﬂmmvm
4.271 Wlilenavaermsasioumniamidoumannsadsndlufiuilndfestu

o ' = - L | or 1 24 -:El 1 el g’("q ]
dumisgaiiveasaniiivalantiduiu TnsdmsasieuilivihAdifivenoam Wy ms

Agunsalisansliviniu engueaaiesile menweinisngete yuonvedeya msseu

9

o e ol r 1= 2 = 1 1 ' é‘,v & aar
dyymuvensmiilesnngusly Wiy Fenulivieasaddeadullgnlunside

oD

aalUlusuan

4-27




unblocked area of PHL blocked area of CHN

blocked area of PHL : unblecked area of CHN

= v - 3 o= - =
A 4.28 endluaansuntaiivsunaueanistiaeasanidalusunusnyasan samil
fvalanuasdeum (@) Tuiuatesadlieesniilivalanuansmedoy (b) andliesans
@ 3 A =y L2 =
Fauw (o) arsluaafiuinsiiaszdinmsuadasaidn

o

T 2o . ¢ o ¢ = = o o
NN 4.28 Ll.ﬁﬂ\ﬂﬁiﬂﬂﬂﬂﬂrlir.]Lﬂiqb’ﬁﬂquﬂU'ﬁ'ﬂﬂﬂL'iﬂ']'iUiJLﬂ'ﬁUULVlU‘UﬂUlLUUﬂqﬁ@qﬂu

LU
v o \ . ‘n 8ok Jd
Ursinaildunann SRTM i 4.28 (o) esnudilunanzfussnususaifivalaniudiuag
e o 8 2 s w s 21 o £ as
gnururivilibufiuiffiguamnisenatadiam wiweshismsdeumenlilumsiuen
oy o = o & v T o o A A a
Afliannsofevuntguilugaild  dwinivinandudenreunatsansdanmnibil
a a o q 9 o v 5 & e X oo g o
msuatswsspiivssmainiillenmadienldrnsaznounnisgeasand  suieaiduiign
vatassamilduumiuiivesninfivelan Tnonisirng Tunnuasaniiiaunsaldisans

= P ] ;oA o M o
Fruaylanifaaludiuiignguundala

4-28




v ¥ : g .
n'li1'dmu11'§miﬁ1lsr-luﬁmﬁﬁu'lr-luUssuﬂmn‘m’tm’x’mdﬁrm"n%nﬂammﬁmm‘mauu’%nmqnmw"m‘ism 2019

s JLres):

e’@cg—ﬁp ;.&ro;({r‘,t. 1}} ; aj f?F{% sorail
ro_index=np. zercs({r,c}, dtyg}e-np.mtsj Ry enzés.' array sutpul of used rodor Jred, gregn=phl  chnj
s-dppp insgi te fransyer distopre U0 zosoic disemsion

Tde FRL rrdar dHeensis
print "loop insids PHL redsr for sosaicking...
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# -*- coding: utf-8 -*-

Created on Thu Jan 10 11:13:07 2019

We do complete all process of storm analysis:

we do mosiac of 5 radars both reflectivity and flares by detect and cleaning flares

we report quality of mosiac by detect and reject bad radar images and report number of radar used
incase not available radars as welt

we screen broken images by rejecting those files out of mosaicking process using

threshold of exceeding 16,000 square kim.

we do extract convective and stratiform clouds. we report cloud size, lenght, area, center storm in
geographic

spatio-temperal can be anlyazed from the extracted data.

during the ellipse fitting process, we add criteria to avoid overlapping small ellinse
inside of larger ellipse."201230103CVextraction.py™

@author: Dr.Nattapon Mahavik, Naresuan University, Thailand

import numpy as np

import cve

from path import path

import os

from Pl import Image

import sys

# e mmm e
#plot opency
def plotev(labelimage):
#to plot image in opency
cvz.namedWindow(label, cv2 WINDOW_NORMAL) #-resize manually
_cv2.imshow(labelimage)
cv2.wailkeyw(0)
cv2, destroyAlWindows()

R

def convertGif2Jpg(inpgif_dir radname):
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- pAnt "convert Gif to JPG..."+radname -
#-convert gif to jpg
for fin inpgif_dir files(pattern="*.gif"):
head, imfile = os.path.split{f)
out_fr=imfile[0; 16]+ jpg’
lry:
image.open(inpgif_dir+imfile).convert(RGB*).save(inpgit_dir+out_fn)
except Exception: .
sys.exc_clear()
# Image.open(inpgif_dir+imfile).convert(RGB").save(inpgif_dirtout_fn)

print out_fn

def exiractRGR(img, text_rad):
print *----->processing extractRGB--- * text_rad
#-nearly perfect color shades
#-BGR
boundaries = [
([0, 153, O], [102, 255, 102]), #green
([0, 204, 2041, [102, 265, 255]) fyellow
([0, 120, 2301, [102, 178, 255]) #orange
([0, 0, 1023, [61, 51, 265]) #red

#-create combined img of reflectivily
r,.c,b=img.shape
rf=np.zeros((r,c),dtype = "uint84#-qgray

rfc=np.zeros((img.shape),dtype = uint8"#-color

e D L

# to extract relfectivity by looping over the boundaries
=0
for (lower, ugper) in boundaries:

i +=1

# create NumPy arrays from the boundaries

n-3
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lower = np.array(lower, dtype = *uini8")

upper = np.array{upper, dtype = “uint8"}

# 1ind the colors within the specified boundaries and apply
# the mask

masgk = cv2.inRange(img, lower, upper)

output = cv2.bitwise_and(img, img, mask = mask)

#-store detecled color reftectivity to output in color

rfc +— output

#-store detected color reflectivity to outgut in gray

gray=cv2.cviColor{ output, cv2. COLOR_RGB2GRAY } #-convert rgb o gray
gray[gray=0]=i

rf+= gray

return f,rfc

Ik
1
y

B BV NN RN o -
def auto_remove_flare{eroded images,img,rf,contours,text_rad):

pring - >processing auto_remove_flare--- " text_rad

#-- o | JIRON 5. ... S S . W |
#-Step 1: apply automatically removing radar flare with criteria
#-calculate area of one pixel te find eriteria of filtering only biggest possible flare
area_rad=480.0"480.0 #-unit in sg.km.
npix=groded_images.size #-num of pix
res=area_rad/npix*1.0 #-unit of 1 pix per sg km.>>0.4365 sq.km/pixel at resolution of 800*800
#-create mask of possible flare
mask = np.zeros{eroded_images.shape, diype=np.uintg)

# min_area_rect=500 #- unit of number pixels

# max_area_rect=6000 #- unit of number pixels
#twe try parameters for optimize flare detections in max_eccen1&min_ellipse
max_sccen1=0.25 #-unitless 0.25 is suitable, 0.30 is fail due 1o inclusion of elongate rain
min_ellipse_h=20.0 #-unit of km 50.0
max_gllipse_h=250.0 #-unit of km 250.0
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SumFA=0 #-to sum lotal area of detected flare
ct=0 #-to count number of detected flare
for h,ent in enumerate(contours):
if cni.shape[0]<5: #-prevent number of contour point less than 5

continue

#-apply rotated rectangle

rect = cv2.minAreaRect(cnt} #-need to {ilter area of rect that more than defined
box=cv2.hoxPoints{rect)

box = np.int0(box)

area_rect=rect{1][0)*rect[13{1]

#-apply fitting ellipse to contour
eflipse = cv2 fitEllipse{cnt)
eccentricity=ellipsa[11[0)/eltipse[1][1] #width/height

ellipse_h=ellipse[1][1]*res #-height of allipse in km

#-to find radar flare meet criteria
i if ellipse_h>min_ellipse_h and ellipse_h<max_ ellipse_h and eccentricity<max_escceni:
#500,3000,0.1 need to be tunned
if ellipse_h>min_ellipse_h and eccentricity<max_eccent: #-try
#-to avoid overlapping ellipse inside larger ellipse from "20190103CVextraction.py”
M = cv2.moments{cnt) #-Monment of contour
cx = int(M['m10"VMI'm00T) #xgridlex], ygridl481-cy]
cy = int(M['m01 YME'm0o0'])
# print 'ex,ey: '.ex,': ' cy,moc_rad[cy,cx]
if moc_rad[cy,cx][0]==255;

print ---—invalid ellipse’

centinue
# print 'possivle flare with area: ', area_rect'res , ' sq.km.'
it print cnt.shape[0], ;' area_rect,' ;' eccentricity,”; ', ellipse_h

#-plot possible flare area, rotated rectangle, fitting eliipse

cv2.drawContours{img,[cnt],0,{255,0,0),-1)

#-plot rotated box over possible flare area
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cv2.drawContours(img,[box],0,(0,0,0),3)

#-plot fitting ellipse aver possible flare area
ellipse = ov2 fitEllipse{cnt)
cvz.ellipselimg,ellipse,(0,0,255),2)
# plotev(' Originat 1PPI radar vs detected possible flare bounded by box and ellipse'+ext_rad,

# np.hstack{[img, img]))
ff-create mask
roi = np.array([cnt], dtype=np.int32)

#white = (255, 255, 255)

cv2 fillPoly{mask, roi, 265) #-fill mask by desired color

fiplotev('mask’+Hext_rad mask)

#-sum detected flara area

SumFA += (area rect'res)

#-count number of detected flares

ct+=1
print '--—----- >number of detected flare: ',cf
print '------- >total area of detected flare: ".SumfA,' sq.km.'
#PriNT e !

#--apply mask and use the result as input in the next process

#-apply mask resulting frem automatic flare detection

#-we add dilate step to mask sure that our mask is large enough {o cover flares

#***in the future, before apply flare to rf, we need to look for homogenous of green and red
#*4if there are more percent of red, we don't apply that roi to rf

kernel = np.ones{{9,9),np.uint8) #-15,15 try and erray to remove the flare

mask = cv2 dilate(mask, kernel,iterations = 1)

mask_inv = cv2,bitwise_noi(mask) #inverse mask

maskedist_rf = cv2.bitwise_and(rf, mask_inv}

# plotev{’masked1st_rf'-+text_rad,maskedist_rf*50)

n-6
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-~ flare detected=ct -
# return maskedist_rf.flare_detected

return masked1st_rf,mask.flare_detected,SumFA

7 SNSRI ——— ————

def cleaning_rad(r,c,eroded_images,final_rf,flare_detected text_rad):
print *---processing final cleaning_rad--- " texi_rad
#-create offset-bound to combine with eroded used for masking reflectivity area
img_offset_bnd=np.ones({r,c),dtyps = "uint8")#-gray
offpix=5
img_ofiset_bnd[O:offpix,:1=0 #-upper row
img_offset_bnd[r-offpix:r,:]=0 #-bottom row
img_offset_bind[:,0:0ffpix]=0 #left column
img_offset_bnd({:,c-offpix:c]=0 #-left column

#plotev(“offset boundary used for mask™+ext_rad,img_offset_bnd*200)

#-combining erodad_images with img_offset (cleaning process)
mask_er_off=img_offset_bnd*eroded images
mask_er offfmask_ar_off=0]=1

#plotov(“offset boundary used for mask™+text_rad,(mask_er_off*255))

#-apply mask_er_off {o ciean redline of radar will be used for masiack
final_rf=final_rf*mask_er_off
# plotev(final radar reflectivity after cleaning™+text_rad,(final_rf*50))

AU — - T S

*RE

#-combining flare_dtecied with imyg_offset will be used in mosaic
offset=img_offset_bnd

offset[offset==0] = 255

offset[offsei==1]=0

# plotov(‘offset boundary *+exi_rad,offse*255)

#-combine offset boundary and detected flares will be used in mosaic ***
flare_offset=offset+flare_detected

# plotev("combine flare_detected and offset boundary™+text_rad flare_offset)

n-7
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return flare_offset,final_rf,flare_detocted

def main_cleaning_program(img,text_rad):
nf=1 #mean we wilt use this flare

print ---processing main_cleaning_program--- "+text_rad

#this main programm will do the following processes
#1. extractRGB 2.preparing detecting flares 3.Apply flares detection

#4, Apply cleaning flares and red lings

#- w___
#-Apply extract radar reflectivity
rf, fc=extractRGB(img,text_rad)

# plotev(’extracted reflectivity phitsanulok!,rf*50)

r : 5 0 -

#it#-Apply detecting flares

#-1.apply merphology to combined reflectivity to find contour

#Gray Scaling :

gray._images =cvZ2.cviColer{rfc, cv2. COLOR_RGB2GRAY}

#threshold need to adjust

ret,thresh = cv2 threshold(gray_images,0,255,0)

#-apply close kernel 7x7

kerne! = np.ones{(7,7), np.uintg)

closed_images = cv2.morphologyEx(thresh, cv2. MORPH_CLOSE kernel)

#-apply erosion, autput will be used in the detection of flare

kernel = np.ones((3,3),np.uintd)

eroded_images = cv2.erode(closed_images.kemnal,iterations = 1)

#plot{'closed_images 7x7 vs eroded_images 7x7',np.hstack([closed_images, eroded_images}))
#-50 is just factor for plotting

#-apply findcontours

im?2, contours, hierarchy =
ov2.findContours{ercded images,cv2 RETR_TREE,cv2 . CHAIN_APPROX_SIMPLE)

# plotev('ecroded refleciivity phitsanulok’ eroded_images)
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#-2.Apply flares detection. ...
final_rf flare_detected ct,SumfF A=auto_remove_flare(eraded_images,img,if.contours,text_rad)
#-final result
if SumFA>13000.00: #-13000 sqg.km. is severe flare, we should not use in process
print "H{----- radar: "iext_rad, "-> seem to be broken dus {0 lots of flares !l not used”
final_rf=np.zeros((img.shape(0],img.shape[1]}, np.uint8}
flare_detected=np.zeros{(img.shape[Q],img.shapal1]), np.uint)

nf=9 #-to be flag of broken radar, we mean don't use this flare

# mmmmmmmmmmm e ————

#-3.Apply cleaning flares and red fines

r.c.b=img.shape

flare_offset,final_rf flare_detected=cleaning_rad(r,c,erodad_images final_rf.flare_detected text_rad)
# plotev{*final radar reflectivity after cleaning+Hext rad,(final_rf*50))
# plotev{*combine flare_detected and offset boundarny™+Hext_rad,flare_offset)

#-these flare_offset,final_rf will be used in mosaic & stations

F -

return flare_offset, final_rf,ct,SumFA flare_detected,nf

#

B e

#-Mosaic muliiple radar images
def mosaicRad(img,coord_rad, shape_rad, coord_mo,res, mocg,text_rad,mocg_index,num_rad):
r.c=meccyg.shape
rr,.cr=img.shape
print '---processing mosaicking mosaicRad---"+text_rad
# r,c is mosaic dimension in pixel
i rror is radr dimension in pixet

#-loop inside radar dimension to transfer distance to mosaic dimension
#top, bottom, right, left
cres_mo=(coord_mo[2}-coord_mo[3i)c #-in geo

rres_mo={coord_mo[0]-coord_mo[1])/r #-in geo

cres_rad=({coord_rad[?]-coord_rad[3])/cr #-in geo
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rres_rad=(coord_rad[0]-coord_rad[1])/rr #-in geo

if num_rad==2:
#-to refine "mo_radg” by remaving red guideline remaining from Lamphun radar
#-the kernel size will surely affect to rain pixel when compared to raw data
#-in the future we must refine this work because applying kernel will defect real size of rain
kernel = np.ones((2,2), np.uints)

img = cv2.moarphologyEx(img, cv2. MORPH_OPEN, kernel)

for i in range(shape_rad[0]): #-search in row
for | in range(shape_rad[1]): #-search in col
#-transform radar pixel to mosiack pixals
row_mo= round({coord mo[0]-{coord_rad[0]-(i*rres_rad)))/rres_mo)
col_mo= round(((coord_rad[3]+{j*cres_rad))-coord.ma[3])Ycres_mo)

# print *row,col mo;*,row_mao,'---'.col_mo

if col_mo>=c¢-1:.continue

if row_mo>=r-1:continue

#-assign only maimum vaiue to pixel of mosaiced result

if imgl(i,j]>mocg[row_mo,col_mol:
meeglrow_mo,cot_mal=img(if] #-for grey
mocg_index[row_mo,col mo]=num_rad

# mocclrow_mo,col_mo,:]=imc(i,},:] #-assign extracted radar to color mosaic

#  print - -
return mocg,mocg_index

Heee- e mmm e

def
extract_storm(inpath,coord_mo,res_mo,img,moc_rad,st,outpath,outiext,outtext_area,cv_file name,st
file_name file_name):

print *---processing extract convective storm for mosaicked---

#This program is to extract convective preperties

# write to oulput file for convective area in images and text file for cv properties

n-10



ar ot 3 A S ' v ‘ & o R .
ﬂ’ﬁ“@uuﬁnﬁﬂqiﬂqlluumﬂlﬁﬂuqﬁluﬂigu’]mﬂfﬁnﬂﬂau"aﬁﬂ'ﬁﬂTlr\"'ﬂ"!ﬂ']ﬁﬂqﬂ\'luﬂuuinmﬁuu"lw’l'l'ﬁﬁﬁﬂ 2018

#-apply morphology to combined reflectivity to find contour
#-green, yellow, orange, red; 1, 2, 3, 4 very important
cv=img

cv[cv=<2]=0

cvov>=2]=255

#  plotevi'ov',cv)

#lhreshold need to adjust
ret,thresh = ¢v2 threshold(cv,200,255,0)

# plotev("thresi' thresh)

#-apply close kernel 15x15
kernel = np.cnes((15,15), np.uint8)
clese_im = cv2.morphologyEx{ihresh, cv2. MORPH_CLOSE kernel)

# plotev(‘result after apply close morphology15x15..." close_im)

#-add to iry find coentour
kernel = np.ones((3,3), np.uint8}
close_im = cv2.morphologyEx(close im, cv2 MORPH_OPEN, keenel)

# plotov('result after apply opening morphalogy3x3...",close_im)

# itz o AN

# find contour of convective storm
#-next program must calculate lenght and area respect to lattitude
res=0.73 #km for lenght one side of pixel measured in Arcgis

sgkm=0.730*0.730 #sq.km per'pixel side from 0.00625 degree

#-create mask of possible flare

mask = np.zeros(close_im.shape, diype=np.uint8}

#-apply findcontaurs

joker,contours, hierarchy = cv2 findContours(close_im, cv2 RETR_TREE,

cv2.CHAIN_APPROX_SIMPLE)

#-setling parametars to find radar flare need to be {unned to find appropriate values

n-11
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min_area_rect=10 #- unit of sq km
max_area_rect=6000 #- unit of number pixels
max_eccen=0.1 #-unitless

min_gllipse_h=5.0 #-unit of km

max_ellipse_h=1000.0 #-unit of km

cv_poly = np.zeros(close_im.shape, diype=np.uint8) #-to store roi of cv, will use in spatial analysis
ct=0 #-1o count number of detected flare
for h,ent in enumerate{contours):
# print 'number of contour points:', ent.shape(0]
if cnt.shape[0]<5: #-prevent number of contour point less than 5
continue

print 'number of contour points:', cnt.shape(0]

f##-apply rotated rectangle

rect = cv2.minAreaRect(cnt) #-need to filler area of rect thal more than defined
box=cv2.boxPoints(rect)

bax = np.intd(box)

area_rect=rect{ 1][0]*rect[11[1]*sakm #-unit in sq km

#-apply fitting ellipse to contour
ellipse = cv2 fitEllipse(cnt)
eccentricity=ellipse[11[0)ellipse[11[1] #-widlh/height

elfipsa_h=ellipse(1][1])*res #-height of ellipse in km

#-apply criteria to find convective cloud
#-create mask of individual detected cloud
mask = np.zeros(close_im.shape, diype=np.uini8)
if ellipse_n>min_elipse_h and ellipse_h<max_eflipse_h and eccentricity>max_sccen and
area_rect>min_area_rect: #500,3000,0.1 need to be tunned
#-to avoid overlapping ellipse inside larger ellipse
M = cv2.moments{cnt) #-Monment of contour
ox = int(M['ra10YMI'mO0']) #ixgridlex], ygridi481-cyl
cy = int(M['m01M['m00'])

# print ‘cx,cy: ',ex,": ' ,ey,moc_rad[cy,cx]
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if moc_rad[cy,cx}{0]==255:
print '-----invalid ellipse’

continue

#-plot possible cloud area, rotated rectangle, fiting allipse

cv2 drawContours(moc_rad,[cnt],0,(255,0,0),-1) #-by filing color

#-plot rotated box over possible cloud area

# cv2.drawContours(img, [box],0,(0,0,03,3) #-just show
#-to find center x,y of convective contour
M = cv2.moments(cnt) #-Monment of contour
ox = inf{MI'm 10" IM'm00'T) #xaridlex], varid[481-cy]
cy = int(M['m01'YM'm00'])
#-storm center in geographic
clon=coord_mo[3}+(cx*res_mo)
clat=coord_mo[0]-{cy*res meo)

# print "ex, cy: ", ¢x,”",cy,coord in geo lon,lat: " clon,”," clat
#-plot fitting ellipse over possible cloud area
ellipse = cv2. fitFllipsa(cnt)

ev2.ellipse(moc_rad,sllipse.(150,20,255),2) #-just show

#-count number of detected convective cloud

ct+=1
# plotev('Original 1PPI radar vs detected possible flare bounded by box and eltipse’,
i np.hstack(moc_rad, moe_radl)) #-plot to check detected cv

#-create mask to exlract convective area

roi = np.array{[cnt], dlype=np.int32)

cv2 fillPoly{mask, roi, 255) #-fill each individual cv to find area
# plot{'mask',mask)

cv2 fillPoly(cv_poly, rai, 255) #-fill ov into file

#-calculate geomatry of ellipse

- cv_area—mask[mask==255] size*res
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# print 'Area of convective cloud no.'\ct,' ', cv_area, ' sg.km.' #-unitin sg.km.

# print --majer axis length; 'ellipse_h, "km." #unit in sq.km.

#hitps:ivaww.quora.com/How-can-l-write-text-in-the-first-line-of-an-existing-file-using-Python

#-write cv_area to file for further analysis of temporal analysis

sre= open{outpath+'infos_stormproperties.txt','r')

#We read the existing text from fife in READ mode

fline= filen[4:186]+', +str{cy_area)+,+tstr(ct)++str(ellipse_h}+','+str{clon)+',' tstr{clat) +"\n" #
problem here

wiile infos_text(infos_stormproparties.txt’ rddir,fling)

#-write convective area to image file
# plotov{'convective area'cv)

cvZ2.imwrite(outpath+cv_file_name,cv) #-convective regions from original extraction

cvlcv==0]=1
cv[ov==255]=0
st=st*cv

stlst==1|=255

#-write stratiform image file

cv2.imwrite{outpath+st_file_name,st) #-startiform regions from original extraction
# plotev('startiform area’,st)

total_area_cv=cv[cv==0].size*sqkm

total_area_st=st[st=—255].size*sgkm

print -—->covective and statiform areas: *, str{total_area_cv)," " str(total_area_st)

#-write cv/st to information file for further analysis of temporal analysis
#  src= open(outpath+'infos_stormev_st_area.txt’,'r)

#We read the existing text from file in READ mode

fline= file_name[4:1 6]4‘,'+str(total,area,cv)+',‘+str(totalﬁarea,st)#\n‘

write_infos_text('infos_stormev_st_area.txt',rddir fling)

# e

def write_infos_texi(fiielnfos,rddir,fline):
#-to write extracted infos to file

sre= open(rddis+fifeinfos,'r")

n-14
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#We read the existing text from file in READ mode
# fline= str(filer[: 101+, +str(num_rad)+','+ ' 0"+’ #-0 mean not found radar
oline=src.readiines()
#Here, we prepend the string we want to on first line
# print fline
oline.insert(0,fline)
sre.close()
#We again open the file in WRITE mode
sre=open{rddir+filelnfos,'w’)
sre.writelines(oline}

src.close()

def convert_mosaicGreyZrgb(mocg,noRowho,noCelivia):
#-convert grayscale to RGB for method of maximum value
print 'convert grayscale to RGB for method of maximum value'
r.c,b=np.int{noRewMo),np.int(noCclMe),3 #-r,.c from mosaic dimension get from gis calculation

mo_col_max=np.zeros{(r,c,b),dtype = "uint8"}#-create array oviput of color mosaic

for iin range(r):
for jin range{c):
if mocgfi,j]==0:#-black
mo_col_max{i,j,0]=160
mo_col_max{i,j,1]1=160

mo_col maxti,j,2]=160

#-assign index of over unused radar pixels
mo_index(i,},0j=160
mo_indexti,j, 11=160

o w3

mo_indexfi,j,2]=160

if mocg(i,j]==1:#-green
mo_col_max[i,j,a]1=0
mo_col_maxiij, 1]=255

mo_cel_max[i,j,2]=0

n-15
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if mocg[i j]==2:#-yellow
mo_col_max[i,j,0]=0
mo_col_maxlij, 1]=255

mo_col_max[i,j,2]=255

if mocgli,jl==3:#-orange
mo_col_maxli,j,0]=0
mo_col_max{ij,11=128

mo_col_max[ij.?]=255

if mocgli,jl==4:#red
mo_col_max[i,j,0]=0
mo_cot_max(ij,11=0

mo_col_max(i j,2]-=2565

if meegli,jl==5#-purple
ma_col_max[i,],0]=164
mo_col_max{i j,11=73
mo_col_max[ij,2]=163
refurn mo_col_max

- . i

# s TN Tpre—— LT

mainStormfd="0:/Yang/1Reseach/0.2561 . MullipleRadarsMosAnalysis/1 Data/1 storm256 1/
Ist_folder_main=[x[1] for x in os.walk(mzinStormFd)]

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

#-to collect filename of radar in processing list

#dir_files='DfYang/1Reseach/0.256 1. MultipleRadarsMosAnalysis/ 1 Data/1storm2561/99Testloop/150
ntihnTest'

#rddir="D:/Yang/1Reseach/0.2561 MultipleRadarsMosAnalysis/{ Data/1storm256 1/9SontihnTest”
#rddir="D:fYang/tReseach/0.2561.MullipleRadarsMosAnalysis/{Data/1radar_trialf1test_prog1/#-test
Jtime

#rddir="D:fYang/1Reseach/0.2561 . MultipleRadarsMosAnalysis/ 1 Datafiradar_trial/1test_prog/#-test

single time
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#-loop main folder of all storm folders heret
for substormfd in Ist_felder_main:
print *+*
print "+
print *+*
print
B R o R e o 2 T T I O T S S BV A B M N SIS N N R AL TR SR A A

4T

print =00 all process of storm in: *,substormfd,”
print
B T I o B L i 2 o o o o o B R o e

++++"

#ic=0 #-counter {0 call folder name

#-convert gif fo jpg for PHK and SVP

print ---processing convert gif to jpg"
fd_gif=["3phk","5svp’] #-2 folders contained gif
inpgif_dir=path(mainStormFd+substormid+"d_qgif{C]+"/)
convertGif2Jpg(inpgit dir ste(fid_gif[01)
inpgif_dir=path(mainStormFd+substormfd+ 7 +id_gif(11+77)
convertGif2pg(inpgif dirste{fd_gif[1]))

#icreats list file used for main loop

print *---create list file useg®

#mydir="D:/Yang/t Reseacn/0.256 1 MultipleRadarsMosAnalysis/1 Data/1radar_trialf1soncaTry/3phk/

mydir=mainStormFd+substormfd+7+fd_gif[0]+"F
rddir=mainStormFd+substormfd -+
outtext= open(rddirt'infos_radFilenames.td','w'}#-create file
outtext.close #-close file
for file in osJistdir(mydir}:
if file.endswith(".jog"):
print file
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#-write cv/st to information fite for further analysis of temporal analysis
{line= file[4:141+"n'

write_infos_text('infos_radFilenames.txt',rddir,fling)

#-read line by line of "radFilenames.ixt*
with open{rddir+'infos_radkFilenames.txt) as fp:

radfiles = fp.readlines()

B ———————___________

#-*****main program loop {0 do masaic 5 radars
#rddir="D:/Yang/1Reseach/0.2561.MultipleRadarsMosAnalysis/1Data/1radar frial/1soncalryf
R i A ¢

- — A | S -

#---getting mosaick boundary

#-geococrdinates derived from GIS rectify

cor_crA=[22.1407924188, 17.7/200994189, 102.176517698, 97.5826676985]/top, bottom, right, left
cor_lmp=[20.7466347659, 16.3889847659, 101.275708473, 96.7999084731]#top, bottom, right,

left

cor_phk=[18.9508102198, 14.6001102196, 102.473979248, 97.9564792477]#tap, bottom, right,

left

cor_chn=[17.3324365695, 12.98173656685, 102.425502087, 97.9497029868Wtop, bottom, right,

left

cor_svp=[15.806877657G, 114788276576, 102.960874696, 98.5755246964]#op, bottom, right,

left

#-mosaic boundary
res=0.00695 #-in unit of geographic
#top, bottom, right, left

caord_mo={cor_cri[0],caor_svp[ t],cor_svp[2],cor_Imp[3]}#top, bottom, right, left

#-mosaic houndary
noRowMo=np.ceil({cor_cri[0]-car_svp[1])/res)

noColMo=np.ceil((cor_svp[2]-cor_Imp[3])/res)
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#-preparation fite for function "extract. storm®- - -

outtext= open{rddir+‘infos_stormproperties.ixt','w")

outtext_area= open{rddir+'infos_stermev_si_area.ixt','w')

outtext flare= open{rddir+'infos_flare_infos.txt','w")
outtexi_radBrokelUsed= open{rddir+'infos_usedRad_broken_infos.txt','w")

# e

Ist_folder=[x[1] for x in os.walk{rddir)]
Ist_folder=lst_folder[0] #-get sub folder only
for filer in radfiles: #-loop list of radsr file names

radName=int(filer)

ct = Off-counter numier of radar file found
new_mo=0 #-index to check when starting new mosiack

#-loop radar folder to find same radar name

#-selting for mosaick reflactivity and flare
mocg=np.zeros((noRowhto,noColMo))#-for grey reflectivity
mocc=np.zeros({noRowiio, noColMo,3) dtype = "uint8"-for colar mosaic reftectivity

macg_index=np.zeros{(noRowMo,noColMo))#-for grey refiectivity

mocfg=np.zeros((noRowMo,noColMa))#-for grey flare

mocg_joker=np.zeros{{noRowMo,noColMo))#-for grey flare

# .............

for subf in [st_folder:
print "4+t " subf e +H+++"
#-loop inside sub folder
nf = 0 #-—-indicator not found O=not found; 1=found

for filen in os.listdir(rddir+subf+*):

if filen.endswith(".jpg" and int{filen{4:14])==radiName:
print sutf,">>>>" filen
# nf =1 #-- indicator found
#-read radar each file

img = cv2.imread(rddirt+subf+7+filan)

n-19



mutaudimaihusilusmhdussinudmriayasaiaremamaiifuuTonguindnese | 2

# plotev(fradar image *+filen,img)

#-cutimg

#-resize cut img to be same

#-do cut and resize and parameter setling for mosaic

if subf=="1cri":
num_rad=1 #-to use in mosaic
cor_rad=cor_cri
img=img[28:757, 72:802] #-thaiwater.net dimension
img=cv2.resize(img, (800, 800))
nf=1

# num_rad=>5 #-to usa in mosaic

if subf=="2Imp"
num_rad=2
cor_rad=cor_Imp
img=img(22:764, 72:802]
img=cvZ.resize(img, (800, 800))
num_rad=2 #-lo use in mosaic
nf=1

if subf=="3phk™ #-to use in mosaic
num_rad=3
cor_rad=cor_phk
img=img[28:757, 72:802]
img=cv2.resize(img, (800, 800))
nf=1

if subf=="4chn": #-to use in mosaic
num_rad=4
cor_rad=cor_chn
img=img[28:757, 72:807]
img=cv2.resize(img, (800, 800))
nf=1

if subf=—"5svp": #-to use in mosaic
num_rad=5
COr_rad=cor_svp

img=img{(:511, 0:511]
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img=cvZ.resize(img, (800, 800)} -
nf=1

if nf==0: break #-break when not found

# plotev(‘radar image *+ilen,img)
#-call flare cleaning funclion [extract refiectivity inside]

flare_offsellinal_if flare_ct flareArea flare_delected,nf=main_cleaning_program(img,subf)

#-write flare information to file for further analysis of temporal analysis
sre= open(rddir+'infos_flare_infos.txt', ')

#\We read the existing text from file in READ mode

fling= subf[0]+','+ilen[4:14]+', +str{flare_ct+','+str(lareArea) +\n*

write_infos_texi(infos_flare_infos.ixt', rddir, fline)

#-cleaning red dot for svp station

if subf=="5svp";
mask_img = np.ones{(800,800), diype = "uini8"}
cr.ce=[np.round(img.shape[0)/2),np.round(img.shape[1])/2)]
radius=35 #-tadius of circle from center of station in unit of pixel
circle=cv2. circle{mask_img,(cr,cc), radius, 0, -1)

final_ri=final_rf*circle #-apply masking circle of suvannabhoom reflectivity

#-[row,col] for cliped radar images

img_shp=[img.shape[0], img.shapal1]]

#-call to do mosfac function reflectivity and flares
if num_rad==1 and nf==1:# and new_mo==0:
mo_radg.mo_index= mosaicRad(final_rf,cor_rad, img_shp, coord_ma, ras, mocg,
subf,mocg_index,nurn_rad}#-mosaick reflectivity
mo_Fradg,mocg_joker= mosaicRad(flare_detected,cor rad, img_shp, coord_mo,res,
mocfg, subfmacg joker,num_rad)#-mosaick flare
if num_rad>1 and nf==1;
me_radg,mo_index= mosaicRad(final_tf,cor_rad, img_shp, coord_me, res, mo_radg,

subf, mocg._index,num_rad}#-mosaick reflectivity
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mo_Flradg,mocg_joker= mosaicRad(fiare_detected,cor_rad, img_shp, coord_mo,res,

mo_Flradg, subf mocg_joker,num_rad}#-mosaick flare

radar

ff-o-ee- counter
if nf==1:
ct +—1

break #-use when found case

nf = 1 #-- indicator found

new_me +=1

#-check if idicator tell not found means unavailable file at that time
#-then we create zeros array to inject to mosaic function

if nf=—=0:

print “---not found file--->"+ filer

#-write not found radars information to file for further analysis of temporal analysis
sre= open(rddirtinfos_usedRad_broken_infos.txt','r')

#We read the existing text from file in READ mode

fline= str{filer[:10]}+",'+subff0]+','+ '00+"\n" ##-00 mean not found radar

write_infos._text('infos. usedRad_broken infos.ixt' rddir.fline)

if nf—=—9:

print *---broken file by exceeding flare threshold--->"+ filer

#write not found radars information to file for further analysis of temporal analysis
sre= open{rddir+'infos_usedRad_broken_infos.txt',r')

#We read the existing text from file in READ mode

fline= str(filer[:10])+","+subf{0]+,'+ '99'+\n' #-09 mean flare exceeding threshold as broken

write_infos_text('infos_usedRad_broken_infos.ixt',rddir,fling)

#-write used radar information 1o file for further analysis of temporal analysis

sre= open{rddir+'infos_usedRad_broken_infos.ixt','r")

#We read the existing text from file in READ mode

fline= filen[4:14]+","+str(ct)+, +'11+"\n" #-ending 11 means used radar code

write_infos_text{'infos_usedRad_broken_infos.txt' rddir fline)
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print *---number of rad found at GMT time of “,radName,">> " ct

print *------- T

#-save "mo_radg® to binary file

#-convert mosaicked radar reflectivity to color for plotting
moc_rad=np.zeros{{noRowMo,noColMo,3),dtype = "uint8*}#-create array output of color mesaic
moe_rad=convert_mosaicGrey2rgb{mo_radg,ncRowhMo,noColMo)
cv2.imwrite(rddir+'moc_rad_"+filen[4:16]+"1if",moc_rad) #-reflectivity mosaick in color
cv2.imwrite(rddir+'mo_radg_"+filen[4:16]+"4if",mo_radg) #-reflectivity mosaick in grey

cv2.imwrile(rddir+"moc_flareg_"+filen{4:16]+ 1", mocfg) #-reflectivity mosaick in grey

#  plotev(™, mo radg)

# plotcv('radar mosaic 5 stations after cleaning--"-+filten,moc_rad)

TR J B\ Y S ..., | St ==l

#-extracting cv from "moc_rad"

#-parameter setting function "exiract _storm®

print "--extracting cv*

inpath=rddir .

ocutpath—inpath

img= cv2.imread(rddir+'mo_radg_"Hilen[4:16]+".4if,1)#-color
img= cv2.cviColor(img, cv2. COLOR._BGR2GRAY)
st=cv2.imread(rddir+"mo_radg_"+filen[4:16]+"1if", 1} #-color

st= cv2.cvtColor(st, cv2.COLOR_BGR2GRAY) #-for stariiform cloud

cv_file_name="cv_moc_"+filenf4:16]+"tif"
st_file_name="st_moc_"+Hilen{4:16]+" tif"

#-cal function to extract storm characteristics

extract_storm(inpath,coord_mo,res,img,moc_rad,st,oulpath,outtext,outtext_area,cv_file_name,st_file_

name,filen)#-work
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# break #-just test prog to break loop *filer

# print filer

#
#-convert mosaicked radars to color for plotting

#r,c,b=993,731,3 #-r,c from mosaic dimension get from gis calculaticn
#result_c=np.zeros((noRowMo,noColMo,3),dtype = "uint8")#-create array cutput of color mosaic
#result_c=convert_mosaicGrey2rgb(mo_radg.noRowhMo,ncColMo}

#plotov('radar mosaic 5 stations after cleaning' result_c)
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# -*- coding: utf-8 -*-

Created on Thu Oct 07 12:31:17 2018
This program is to

-mosaic radars

-detect radar flares

-comoine the extracted radar fiares with Ql from "20181001_qualitylndexiMosaic.py”

input: combination thress files

1.DVYang\t Reseach\0.2561.ACRS_ConvectiveExtraction\20180629_AutofRemoveFlareRois.py
2.D0Wang\iReseach\n.2561.conf. GMSARN. radarMosalciocodeForMosaich20181001_qualitylndexMo
saic.py

3.0:\Yang\iReseach\0.2561.conf. GMSARN.radarMosaic\ocodeForMosaici20 18091 8_tmpSimpleMos

aicChnPhli.py

output: radar flare+Ql to indicate a quality of mosaic radar
Next: we will apply algorithm 1o extract convective clouds
@author: Nattapon Mahavik, Naresuan Universily, Thailand
import numpy as np

import cv2

#from matplotlib import pyplot as plt

def plot{tabel,image):
#to plot image in opency
cv2.namedWindow(label, cv2 WINDOW_NORMAL) #-resize manuatly
cv2.imshow(label image)
cv2.waitkey(0)
cv2.destroyAllWindows()
# - -

O

#-Radar mosaic

#-read phitsanulok image
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def mosaic_rads{pimg,cimg,coord_phl,coord_chn,rres,cres,r,c):

print ‘mosaicking two radars...'

# to extract refiectivity and combined its for phitsanulok
#-perfect celor shades
boundaries = [
([0, 153, 0], [102, 255, 102]), #areen

([0, 204, 204], [1 02; 255, 255]),#iyellow

{[0, 120, 230], [102, 178, 255]) #orange

{[0, 0,102}, [51, 51, 255]),#red
# ([ss, 31, 4], [220, 88, 50])#blue
# ([25, 148, 190], [62, 174, 250]),
#

([103, 86, 65], [145, 133, 128])

—

#-create combinad img of reflectivity
r.c,b=pimg.shape
ripl=np.zeros((r.c),diype = "uints"}#-gray for phitsanulok

rfc=np.zeros((pimg.shape},dtype = "uint8"}#-color

i=0
# loop over the boundaries
for {lower, upper) in boundaries:
i +=1
# create NumPy arrays from the boundaries
lower = np.array(lower, dtype = "uints®}
upper = np.array(upper, dtype = "uints®)
# find the colors within the specified boundaries and apply
# the mask
mask = cv2.inRange(pimg, lower, upper)
output = cv2.bitwise_and{pimg, pimg, mask = mask)
#-slore detected color reflectivity to output in color

rfc += output

#-store detected color reflectivity to cutput in gray
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- gray=cv2.cviColor{ autput, ev2.COLOR- RGB2GRAY } #-convert rgh to gray
gray[gray>0]=i
rfpl += gray

# plot('org vs detected color',np.hstack{[pimgq, output]))

print 'finishing extracticn of radar reflectivity’

print '----- e '

#-create array of mosaic
r,c,0b=993,731,3 #-r,c frorn mosaic dimension get from gis calculation
mac=np.zeros((r,c,b),dtype = "uints"}-create array output of color mosaic
#mocg=np.zeros((r,c,1).dtype = "uinta"#-create array output of grey mosaic
mocg=np.zeros{(r,c))
rr.cr,or=pimg.shape #-row, col for original image
rres,cres=0.0060,0.0062 #-row and col resclutions calculated after rectified in gis
coord_phl=[18.94491603,14.60527603,102.4735853,97.9571 an26 [itop, boltom, right, left
coord_moc=[18.94491603,12.98386803,102,4735853,97.93910342]#top, bottom, right, left
mo_index=np.zeros((r,c,b) diype = "uints"}#-create array output of used radar [red,green=phl,chn]
#-loop inside PHL radar dimensior to transfer reffectivity to mosaic dimension
for i in range(rn):
for j in range(cr):
row_mo=round({{coord mocfol-coord_phi[o])/rres)+i
col_mo=round{(coord_phl[3]-coard_moac[3]}eres)+|
moc(row_mo,cel_mo,}=rfc[l},.} #-assign extracted radar i color mosaic

mocg(row_mo,col_me]=rfplfi,jl#assign extracted radar to grey mosaic

#-assign index of used radar Phitsanulok

if ripifi,j]=0:
mo_index[row_mo,col_mao,0]=204
mo_index(row_mo,col_mo,1]=0

mo_index[row_mo,col_mo,2]=204

R

# to extract reflectivity and combined its for chainat
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#-create combinsd img of reflectivity
r,c,b=cimg.shape
rfecn=np.zeros((r,c),dlype = "uintg"#-gray for chainat

ffc=np.zeros((cimg.shape),diype = "uintg"}#-color

i=0
# loop over the boundaries
for {lower, upper) in boundaries:
i +=1
# create NumPy arrays from the boundaries
lower = np.array{lower, dtype = "uintg"}
upper = np.array(upper, dtype = "uints™)
# find the colors within the specified boundaries and apply
#the mask
mask = cv2.inRange{cimg, lower, upper)
output = cv2.bitwise_and(cimg, cimg, mask = mask)
#-store detected color reflectivity to cutputl in color

rfc += output

#-store detected color reflectivity to cutput in gray
gray=cv2.cviColor( output, cv2. COLOR_RGB2GRAY ) #-convert rgb to gray
graylogray=>0]=i

rfen += gray

# plot('org vs detected color',np.hstack([cimg, output])}

print "finishing extraction of radar reflectivity’

rr,cror=cimg.shape #-row, col for original image
# rres,cres=0.0080,0.0062 #-row and col resolutions calculated after rectifisd in gis
# coord_chn=[17.33080003,12.98396803,102.4381354,97.93910342}#lop, bottom, right, teft

#  coord_moc=[18.94491603,12.98396803,102.4735853,97.935810342]#top, bottom, right, ieft
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- #-loop inside CHN radar dimension to transfer reflectivity to mosaic dimension
for iin range(rr):
for j in range(cr);
row_mo=round((coord_maclo]-coord_chn[0])/rres)+i

if row_mo>=roc.shape{0]:break #-just for safe

col_mo=round{(coord_chn[3]-coord moc[3}}/cres)+i

moc[row_mo,col_mo,:J=rcl,],:] #assign extracted radar to color mosale

#-assign maximum value of extracted radar to grey maosaic
if rfen[i,jl=mocglrow_mo,col_mol:

mocgirow_mo,col_mol=rfcn(i,f]

#-assign index of used radar Chainat

mo_index[row_mo,col_mo,0]=255

mo_index[row_mo,col_mo,1]=51

mo_index[row_mo,col_mo,2]=51
feturn mecg,mo_index

#-Finishing radar mosaic

def detect flares(img,org_img): #-to detect radar flares
print 'removing radar flares...'
#-read mask that have been calculsted
r.c,b=img.shape

ma=np.zeros{(r,c,6),dtype = "uint8"}#-gray 1o store mask

mal:,:,0} = cva.imread(r D:YYang\t Reseach\o.256 1. ACRS_ConvectiveExiractionimaskia1.jpg',0)
mal:,:, 1] = cv2.imread(r'D:\Yang\1 Reseach\0.2561.ACRS_ConvectiveExtraction\maskfaz.jpg',0}
mat:,,2] = cvzimread(r'D:\Yang\1 Reseach\0.2561.ACRS_ConvectiveExiraction\maskia3.jpg',0}
mal:,;,3] = cv2.imread(r'D:\Yang\1 Reseach\0.256 1. ACRS_ConvectiveExtraction\maskia4 jog',0)
mal:, 4] = cv2.imread{r'D:\Yang\1 Reseach\0.2561.ACRS_ConvectiveExiraction\maskfas jpg’,0)

mal:,;,5] = cv2.imread(rD:\Yang\1 Reseach\n.2561. ACRS_ConvectiveExlractiomimaskias.jpg', 0}
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# to extract reflectivity and combined its
#-perfect color shades
boundaries = [
([0, 0, 102], [51, 51, 255]),#red
([0, 204, 204], [102, 255, 255]) #yellow
([0, 120, 230], [102, 178, 255]),#orange
([0, 153, 0], [102, 255, 102]), #green
# ([88, 31, 4], [220, 88, 50]).#blue
# ([25, 146, 190], [62, 174, 250]),
#

([103, 856, 65], [145, 133, 128])

—

f-create combined img of reflectivity
r,c,.b=img.shape
rf=np.zeros({r,c),dlype = "uints8")}#-gray

ffe=np.zeros({ima.shape) dtype = ‘uinig”)#-color

i=0
# lcop over the boundaries
for (lower, upper) in boundaries:
i+=1
# create NumPy arrays from the boundaries
lower = np.array{lower, dtype = ‘uints")
upper = np.array(upper, dtype = “uintg*)
# find the colors within the specified boundaries and apply
#1he mask
mask = cv2.inRange(img, lower, upper)
output = cv2.bitwise_and({img, img, mask = mask)
#-store detecied color reflectivity to output in color

ffc += output

#-store detected color reflectivity to output in gray

gray=cv2.cviColor{ output, cv2. COLLOR_RGB2GRAY ) #-convert rgb 1o gray
graylgray>0]=i

if += gray
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# plot('arg vs detected color',np.hstack([img, output]))

print "finishing extraction of radar reflectivity'

POTIIE P e

#-This part is lo detect and remove radar flares

#-apply morphology to combined reflectivity to find contour

#Gray Scaling

gray_images —cv2.cviColor(rfc, cv2.COLOR_RGB2GRAY)

#threshold need o adjust

retthresh = cv2.threshold(gray_images,0,255,0)

#-apply close kernel 7x7

kernel = np.ones((7,7), np.uintg)

closed_images = cv2.morphologyEx{thresh, cv2. MORPH. CLOSE kermnel)

#-apply erasion, output will be used in the detection of flara .

kernel = np.ones((3,3),no.uint8)

ercded_images = cv2.erode{closed_images kermel,iterations = 1)

#plot{’closed_images 7x7 vs eroded_images 7x7°,np.hstack{{closed_images, eroded_images])) #-
50 is just factor for plotting

#-apply findconiours

im2 contours, hierarchy =
cv2.findContours{eroded_images,cv2 RETR_TREFE,cv2. CHAN_APPROX_SIMPLE)

7 i

def auto_remove_flare(eroded_images):

1#---
#-Step 1: apply automatically removing radar flare with criteria

#-calcutate area of one pixel to find criteria of filtering only biggest possible flare
area_rad=480,0*480.0 #-unit in sa.km.

npix=eroded_images.size #-num of pix

res=area_rad/npix*1.0 #-unit of 1 pix per sq km.>>0.4365 sq.km/pixel at resolution of 800*800
#-create mask of possible flare

mask = np.zeros{eroded_images.shape, dtype=np.uinta}

# min_area_rect=500 #- unit of number pixels
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#  max_area_rect=6000 #- unit of number pixels
max_eccen1=0.1 #unifless
min_ellipse_h=50.0 #-unit of km

maX_eilipse_h=250.¢ #-unit of km

ct=0 #-to count number of detected flare
for h,ent in enumerate(contours):
if cnt.shapelo]<s: #-prevent number of contour point less than 5

continue

#-apply rotated rectangle

rect = cv2.minAreaReclt{cnt) #-need to filter area of rect that more than defined
box=cv2.boxPoints{ract)

box = np.into{box)

area_rect=rect{1][01*reci[1][1]

#-apply fitting ellipse to contour
ellipse = cv2 fitEllipse(cnt)
eccentricity=ellipsel1][c)elipse{11[1] #-width/height

ellipse_h=ellipse[1][1 ] res #-height of ellipse in km

#-to find radar flare meet criteria
if ellipse_h>min_ellipse_h and ellipse_h<max_ecliipse_h and eccantricity<max_sccen1:
#500,3000,0.1 nead (0 be lunned

print 'possible flare with area: ', area_rect*res , ' sq.km.'
print cnt.shapel0], ;' ;area_rect,' ;',eccentricity,”; ', ellipse_h
#-plot possible flare area, rotated rectangle, fitting eliipse

cv2.drawContours{img,[cnt],0,(255,0,0),-1)

#-plot rotated box over possible flare area

cv2.drawContours{img,[box),0,(0,0,0},3)

- #-plot fitting ellipse over possible flare area

ellipse = cv2 fitEllipse(cnt)
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- cv2.ellipselimg,ellipse,(0,0,255),2)
plot('Original 1PPI radar vs detected possible flare bounded by box and ellipse’,

np.hstack{{org _img, img]))

f-create mask
roi = np.array([cnt], diype—np.int32)

#white = (255, 255, 255)

cv2.fillPoly{mask, roi, 265} #-fill mask by desired color

# plot(’mask’,mask)

#-count number of detacted flares

ct +=1

print 'number of detected flare: ',ct

#--apply mask and use the result as input in the next process

#-apply mask resutting from automatic flare detection

#-we add ditate step to mask sure that our mask is large enough to cover flares
kernel = np.ones({15,15),np.uint8) #-15,15 try and erray to remove the fiare
mask = cv2. dilate(mask,kerneliterations = 1)

mask_inv = cv2 bitwise_not{mask) #inverse mask

maskedtst_rf = cv2.bitwise_and(rf, mask_inv)

# plot('masked1st_if,maskedist_f*50)

flare_detected=ct

return masked1 st_rf flare_detected

Fh e e

SO

def remove_srois(ma):
# Step 2: apply 6 roi mask to the number
#-loop mask 6 rois to compare the number of pixel under each roi
ct=0 #-1o count inilial remaving flare
for i in range(s}:

print 'checking, removing flare over RCL ', i+1
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tmp_ma=mal(:,.i]
#-we add dilate step to mask sure that our mask is targe enough to cover flares
kernel = np.ones({15,15},np.uint8} #-15,15 try and erray to remove the flare
tmp_ma = cv2.dilate(tmp_ma kernel iterations = 1)

# plot('dilate masking: ' tmp_ma)
fm=cv2.bitwise_and(eroded images, tmp_ma)

#  plot(",np.hstack({tmp_ma,fm]}}

#- step 2.1 find geomelry of fitting ellipse aver individual mark #

# #
#-apply to find contours over individual mask
ret,thresh = cv2.threshold{imp_ma,200,255,0)
# plot('thresh: ' thresh)
imz , cont_ma, hierarchy
cv2.findContours(thresh,cv2. RETR_TREE,cv2 CHAIN_APPROX_SIMPLE)
# num_point=0 #-to find the largest polygon
max_esccen2=0.1 #-unitless we use 0.1 as same as it has been set before
min_ellipse_h=50.0 #-unit of km
max_ellipse_h=250.0 #-unit of km

for h,cnt in enumerate(coni_ma):

if cnt.shapel0]<5; #-prevent number of contour point less than 5

conlinue

#-apply fitting ellipse 1o contour
elipse_m = cva fitkllipse(cnt)
eccentricity_m=ellipse_m[1][0)/elipse_mi1][1] #-width/height

ellipse_mh=ellipse_m[1][1]*res #-major axis of ellipse in km

print 'ellipse_mh,eccentrdcity_m: *,ellipse_mh,""," ",eccentricity_m
if ellipse_mh>min_ellipse_h and ellipse_mh<max_ellipse_h
eccentricity_ m<max_eccen2:
print 'number of contour points for main individuat roi', cnt.shape[o]

bhreak

and
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B #
#- step 2.2 find geometry of filting ellipse inside over individual mark ~ #

# compare geometry of step 1 and 2 if it is within our accceptable threshold#

L wrre e ##

#-loop cont to get geometry of ellipse fitting to criteria based on eacg individual part

#-1.find contour of mask to find geometry of ellipse 2.find geometry of ellipse inside mask

#-3.loop compare geometry 2 to 1 if close to one we apply mask to original reflectivity

#-check fitting ellipe with major axis withing criteria less than 5.0%

#-apply to find contours to masked area

imz, conts, hierarchy = cv2 findContours(rfm,cvz.RETR_TREE cv2. CHAIN_APPROX_SIMPLE)
# pct=50.0 #-percent threshold wheter to decide to use mark

max_eccen3=0.5 #-unitless we used 0.5 {0 assure we can remove much of flare

for h.cent in enumerate(conts):

if cnt.shapelo]<s: #-prevent number of contour point less than 5

continue

#-apply fiting ellipse to contour
ellipse = ov2 fitEllipse(cnt)
eccentricity=ellipse[13[0Fellipsel13[1] #-width/height

ellipse_h=ellipse[1][1]*res #-major axis of ellipse in km

#-to find radar flare meet setling criteria
if sccentricity< max_eccen3:
# if ((dif eh<pct) and (dif_sc<pct)):
print ‘inside eccentricity,ellipse_h',eccentricity,ellipse_h
# print 'inside dif_sh,dif ec:',dif_eh,’ ' dif_oc
# print ‘number of contour points:’, cnt.shape[o]
#-apply mask to original combined radar
mask_inv = cv2.bitwise_not(tmp_ma) #inverse mask

# plot(inverse mask' mask_inv)

if ct==0:

n-35



wr ol 2 x ey ' 1 s e ST - -
mﬁ'immqﬁmiﬂmwumnLﬁﬂm*:!uU'ismmﬁ'mnww“aﬁﬂ"lsm'smmn'i?imﬂ‘rmﬂuummqnmmsﬁsm 2OLY

#-apply individuat mask to remove radar flare
masked rf = ov2.bitwise_and(ercded_images, mask_inv)
else:
masked_rf = cv2.bitwise_and{masked_rf, mask_inv)
ct +=1
plot(‘arg vs mask',np.hstack{(eroded_images, masked_rf]))

print'

return masked_rf

#-find area of rain

area_sq_rad—480.0%480.0 |
npix=img.shape[0]*img.shape[1]
res—area_sq_ad/npix*1.0 #-unit of 1 pix per sg km.

rad_area=(3.14* np.power(240,2}}res #-unit in number of pixels

#-find rain area
##-if rain over threshold we use only automatic, otherwise we will use both auto+rois
area_rain—eroded_imagesleroded_images>0].size #-in pixels

pe_rain—area_rain/rad._area*100.0

#-apply method to remove radar flare depend on percent of rain area
#-here we have three cases
min_pc_rain=15.0
i pc_rain>min_pc_rain: #-case i
print '-----apply the automatic remove only-----'
final_rf flare_detected=auto_remove_flare{eroded_images) #-final result
else:
print -----apply the automatic remove+6ROIs-—----" #fcase |l
masked1si_rf=auto_remove_Rare(eroded images)
masked_rf=remove_érois(ma)

final_rf = cv2.bilwise_and(maskedist_f , masked f)  #-final resuit
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f-nere is the polish process when automatic algorithm fail

#-we will apply only western mask '

#-read mask 40%

ma40= cv2.imread{r'D:\Yang\iReseach\0.2561.ACRS_ConvectiveExiraction\mask_western.jpg)

#plot('mask 40 percent',ma40)

if pc_rain>min_pc_rain and flare_detected==0: #-case il
print *-----apply the western mark when auiomatic detection fail-—---
gray.images —cv2.cviColor(ma40, cv2 . COLOR_RGB2GRAY)
ret,thresh = gv2 threshold{gray_images,200,255,0)
kernel = np.ones((15,15},np.uint8) #-15,15 try and erray to remove the flare
thresh = cv2.dilate(thresh kernel iterations = 1}
madd_inv = cv2 bitwise_not(thresh} flinverse mask

final_rf = cv2.bitwise_and(rf, mad40_inv)

- I

# plot('org vs after applying masked_d',np.hstack([rf*50.final_rf*507))

print 'finishing detecting and removing radar flares part.'

#-find radar flares
final_f[(rf>0} & (final_rf==0)}=255 #-for detecting radar flar results
final_dffinal_rf<10]=0 #-10 is set to remove reflectivily data

i  plot('org vs after applying masked_if',np.hstack([rf*50 final_if]))

return final_rf
ti-finishing radar flares

#

#
def convert_grey2color{rs_sm,rs_c,r,ck:
#-convert grayscale to RGB

print 'convert grayscale to RGB ...'

foriin range(r):
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for jin range(c):
# print resultfi,j}
if rs_sml[i,jl==0:#black
s clij,0}=160
rs_cli,j,1}=160

is_clij,2]=160

if rs_sm(i,jl>0 and rs_sm[i,j]<20 :#-strong red
rs_cfhj,0]=0
rs_clij,1]=0

rs_clhj,2]=153

if rs_sm[i,jl>20 and rs_smfi,jl<40:#-red
rs_cfi,j,0]=0
rs_cli,j,1]=0

rs_cli,j,2}=255

if rs_sm[i,j]>40 and rs_smili,j]<60:#-red
rs_cfi,j,0]=51
rs olij,1]=61

rs_cli,j,2]=255

if rs_smli,j]>80 and rs_sm(i,j]<80:#-red
is_cli,),0]=10z
rs_clij1l=102

rs_clij,2}=255

if rs_sm[i,j>80:#-light red
rs_c[i},0]=153
rs_cfi,j,1]=153

rs_cli,j,2]=255

return rs_c
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def convert_mosaicGrey2rgb{moeg)y - - P PP TR
#-convert grayscale 1o RGB for method of maximum value
print ‘convert grayscale to RGB for methed of maximum valug'
r,c,b=993,731,3 #-r,c from mosaic dimension get from gis calculation
mo_ col_max=np.zeros({r,c,b},dtype = "uint8")#-create array ouiput of color mesaic
for i in range(r):
for j in range{c):
if mocgli,jl==0:#-black
mo_col_max(i,j,0]=160
mo_col_max[i,j,11=160

mo_col_max[i,j,2]=160

#-assign index of over unused radar pixels
mo_index[ij,0]=160
mo_index[ij,1]=160

mo_index[ij,2]=160

if mocg(ijl==1:#-green
mo_col_max[i,j,0]=0
mo_co!_max[i,j,1]=255

mo_co!l rmaxlif,2]=0

if mocg(i,jl=—2:#-yellow
mo_col_maxfi,j,0]=0
mo_col_max[i,j,1]=255

mo_col_max[i,j,2]=255

if mocglijl==3#-orange
mo_col_max[i,j,0]=0
mo_col_max[i,j,1]=128

mo_col_max[i,j,2]=255

it mocqli,jl==4:#red
mo_col_max[i,j,0]=0

mo_col_max[i,j,11=0
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mo_col_max{ij,2]=255

return mo_col_max

# - -
# e e

# find radar ftare Phitsanulok

#-read image

img =
cvz.imread{rD:\Yang\l Reseach\0.2561.ACRS_ConvectliveExtraction\sre_img\SonCa\phi\PHIK_20170
7281325.jpg’, 1 )#-more rain not work well

img=img{30:755, 72:800] #-thaiwater.net dimension

org_img =
cv2.imread{rD:\Yang\l Reseach\0.2561. ACRS_Convectivelxiraction\sre_img\SonCa\phk\PRK_20170
7281325.jpg’ 1 )#-more rain not work well

org_img=org_img[30:755, 72:800] #-ihaiwater.net dimension

#plot('cut radar of PHK_201706011825",img)

flare_phs=detect_flares(img,org_imq)

#f-read Ql results

path—=D:fYang/1Reseach/0.2561.conf. GMSARN radarMasaic/ocodeForiiosaic/results_catculated!
fn = path+'qa_bb.bin’

ga_bb=np fromfile(fn, dlype=float) #-read

ga_bb=ga_bb.reshape(993,731)

#-convert to color for plotting

r,c,b=993,731,3 #-r,¢ from mosaic dimension get from gis calculation
result_c=np.zeros((r,c,b),dtype = “uintg™#-create array output of color mosaic
result_c—convert_grey2color{ga_bb,result_c,rc)

#plot('quality index map in color,result_c)

# - S

#-combine flare_phs+Ql

#-1.to create array of flare_phs into mosaic dimension

r,c,b=993,731,3 #-r.,c from mosaic dimension get from gis calculation
maoc=np.zeros({r,c,b),diype = “uintg"}#-create array output of color mosaic
mocg=np.zeros{(r,c,1))#-create array output of grey mosaic

coord_phl=[18.94491603,14.60527603,102.4735853,27.957 18026 ]#top, botiom, right, lefi
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coord. moc=[18.94491603,12.98396803,102.4735853,97.9391034 2 J#lop, botlom, right, left.
num_col_pic=7 28 #-get from original image after clipping
nurn_row_pic=725 #-get from criginal image after clipping
grd_y_res=(coord_phi[0]-coord_phl[1]}/num_row_pic
grd_x_res=(coord_phl[2]-coord_phI[3])/num_col_pic
rres,cres=grd_y_res,grd_x_res #-row and cal resolutions calculated after rectified in gis
#mo_index=np.zeros((r,c,b)diype = "uinta"#-create array autput of used radar [red,green:phl-,chn}
#-loop inside flare_phs dimension to combine within mosaic dimension
for i in range(num_row_pic):
for | in range(num_col_pic):
row_mo=round((coord_moc[0}-coord_ghlfo])/rres)+
col_mo=round{(coord_phl[3]-caord moc[3])/cres)+
if flare_phs[i,j|==255:

- mocgirow_mo,col_mol=255#-assign exiracted radar to grey mosaic

#-canvert mosaicked flare_phs te color for plotting
r.c,b=993,731,3 #-r.c from mosaic dimension get from gis calculation
result_c=np.zeros{(r,c,b),dlype = "uint8"-create array output of celor mosaic
resull_c=convert_grey2color{mocg,result_c.r.c)
plot{'mosaicked flare of Phitsanulok’ result_c)
flareQl=ga_tb
#-2.combine Ql+Flare_phs
foriin range(r):

for jin range(c):

if mocgli,jl==255:

flareQi[i,j]=10 #-combined Ql+flare_phs *** final resulls

#-convert mosaicked Ql+lare_phs to color for plotling

r,c,b=893,731,3 #-r.c from mosaic dimension get from gis calculation
result_c=np.zeros{(r,c,b)dtype = "uintg"}#-create array output of color mosaic
result_c=convert_greyzcolor(ga_bb,result_c.,r,c)

plot{’'mosaicked flare of Phitsanulok and Q' resull_c)

SR
#-Apply moszic radars

rres,cres=0.0060,0.0062 #-row and col resolutions calculated after rectified in gis
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coord_phl=[18.94491603,14.60527603,102.4735853,97.957 19026 J#top, bottom, right, left
coord_chn=[17.33080003,12.98396803,102.4381354,97.93910342]#top, bottom, right, left
coord_moc=[18.94491603,12.98386803,102.4735853,97.9391 034 2]#top, botiomn, right, left
rres,cres=0,0069,0.0062 #-row and col resolutions calculated after rectified in gis

r,c,b=993,731,3 #-r.c from mosaic dimension get from gis calculation

#-input radars

#-read phitsanulok image

pimg =
cvz.imread({r'D:\Yang\1 Reseach\n.2561 .conf. GMSARN. radariviosaic\iz_testCodes\idata_triahPHL\ar
g_ipg\PHK 201707261126.jpg",1)

pimg=pimg{30:755, 72:800] #-thaiwater.net dimension

#-read chainat image

cimg =
cv2.imread{r'D:\Yang\iReseach\0.2561.conf. GMESARN radarMosaic\iz_tesiCodes\idata_triahCHMor
g_Jpg\CHN_201707261130.jpg’,1)

cimg=cimg(30:755, 72:800] #-thaiwater.net dimension
mocg,mo_index=mosaic_rads{pimg,cimg,cocrd_phl,coord_chn,rres,cres r,c) #-apply function
moc=convert_mosaicGrey2rgb(mocg)

plot{'mosaicked radar phitsanulok and chinat’,moc)

#-apply Qi+ilare_phs (o original refleclivity
#-mask
mask=mocg

mask[mask<>g]=1

#-apply mask

mo_flareQl=np.multiply(flareQl,mask)

#iticonvert grayscale to RGB

r,c,b=893,731,3 #-r,0 from mosaic dimension get from gis calculation
result_c=np.zeros({r,c,b),dlype = ‘uintg"#-create array output of color mosaic
result c=convert_grey2color{mo_flareQl,result_c,r,c)

plot(*quality index map of radar mosaic in color,result_c)
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# -*- coding: utf-§ -*-
Created on Sat Oct 10 13:11:42 2017
Phitsanulck
BB http:/Awradiib.orgiwradlib-dees/0.9.6/notebooks/beamblockagefwradlib_beamblock himi
Using Gtopo30 can run the program, whils sitm3arc is tco high resolution causing crash in numpy?

@author: ANS

ey

impaort wradlib as wrl
import matolotlib.pyplot as pl
import matpiotlb as mpl
impert warnings
warnings.fillerwarnings(ignore’
try:
get_ipython().magic("matpiotlib inline®)
excepi:
plion{}

import numpy as np

#-setup phetchabun radar

sitecoords = (100.217877, 16.775380, 47.0) #alt from giopo30

nrays = 360 # number of rays

nhins = 480 # number of range bins

#Available elevations: [0.0, 1.3, 2.9, 4.9, 7.5, 10.2, 13.8, 18.2, 23.5, 30.0] for PHB
el = 0.50 # vertical antenna pointing angle (deg)

bw = 1.0 # half power beam width {deg)

range_res = 500, # range resolution (meters)
#-Create the range, azimuth, and beamradius arrays.
r = np.arange(nbins} * range_res

beamradius — wrl.util.half_power_radius(r, bw)

#oalculate the spherical coordinates of the bin centroids and their longitude, latutuds and altitude.
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coard = wrl.georef.sweep_centrotds(nrays, range_res, nbins, el)
lon, lat, alt = wrl.gecref.polar2lonlatalt_n(

coordl..., 0], np.degrees(coord[..., 11},

coord[..., 2], siteccords)
polcoords = np.dstack({fon, lat))

print("ton,lat,alt", lon.shage, lat.shape, alt.shape)

rlimits = (flon.min(}, lat.min(), lon.max(), tat.max())

print(“radar bounding box:", rlimits)

#Preprocessing the digitial elevation model

#raslerfile =
wrlotil.get_wradlib_data_file('D:/Yang/1 Geoinformatic_data/DEM/SRTM_3arc_véd/sitm_567_09.6if")  #-
too high resclution

#rasterfile =
wrlutilget wradlib data file('D/Yang/1 Geoinformalic_data/DEM/GTOPO30/gtopo3o_clip.tif)
rasterfile =
wrl.utilget wradlib_data_file('D:/Yang/1Reseach/0.256 1. conf. GMSARN, radarMosaic/1 GIS_works/DE
M_resampling srtmieb phii ifY)

rastercoords, rastervalues = wrl.io.read_raster_data(rasterdfile)

# Clip the region inside our bounding bax
ind = wri.utilfind_bhox_indices(rastercoords, rlimits)
rastercoords = rastercoords[ind[1]:ind[3], ind[0}:ind[2], ...]

rastervalues = rastervaluas[ind[1}ind(2], ind[0]:ind[21]

# Map rastervalues to polar grid points
potarvalues = wrlipol.cart2irregular_spline(rastercoords, rastervalues,
polcoords, order=3,

prefilter=False)

print{polarvalues.shage)

#Calculate Beam-Blockage

PBB = wrt.qual.beam_block_frac(polarvalues, alt, beamradius})
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-PBB = np.ma.masked_invalid{PBB) - - -~
print{ PBB.shape)

# calculate cumulative beam blockage CBB
ind = np.nranargmax(PBB, axis=1)
CBB = np.copy{PBB}
for ii, index in enumerate(ind):
CBBYii, 0:index] = PRBY, 0:index]
CBBlii, index:] = PBB[i, index]

#Visualize Beamblockage
# just a little helper function to style x and y axes of cur maps
def annotate_map{ax, cm=Nane, title=""):
ticks = {ax.get_xticks()/1000).aslype(np.int)
ax.set_xticklabels(ticks}
ticks = {ax.get_yticks()/1000).aslype(np.int)
ax.set ylicklabels({ticks)
ax.set_xlabel{"Kilometers™
ax.sel_ylabel(Kilometers®)
it not cm is None:
pl.colorbas(cm, ax=ax)
if not title==""
ax.set_litle(title)

ax.grid()

fig = plfigure(figsize=(10, 8))

# create subplots
axt = plsubplotzgrid((2, 2), (0, 0}
ax2 = pl.subplotagrid{(2, 2), {0, 4}

ax3 = plsubplotzgrid({2, 2), {1, 0}, colspan=2, rowspan=1)

# azimuth angle

angle = 280.0
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# Plot terrain (on ax1}
ax1, dem = wrlvis.plot_ppi{polarvalues,
ax=ax1, r=r,
az=np.degrees{coord([:,0,1]),
cmap=mpl.cm.terrain, vmin=0.)
axt.plot{{o,np.sin{np.radians(angle))*2.4e5],
[0,np.cos(np.radians{angle))*2.4e5],r-%)
ax1.plot{sitecoords[o], sitecoords[1], 'ro'}

annotate_map(axt, dem, 'Terrain within {0} km range'.format{np.max(r / 1000.) +_6.1))

# Plot CBB (on ax2)

ax2, cbby = wrlvis.plot_ppi{CBB, ax=ax2, r=r,
az=np.degrees(coord]:,0,1]),
cmap=mpl.cm.PuRd, vmin=0, vimax=1)

annotate_map(ax2, cbb, 'Beam-Blockage Fraction')

# Plot single ray terrain profite on ax3
be, = ax3.plot(r / 1000., altlangle, :], '-b',
linewidth=3, fabel="'Beam Ceniar’)
badb, = ax3.plot(r / 1000., (altfangle, :] + beamradius), "b',
linawidth=1.5, label='3 dB Beam width")
axa.plot{r / 1000., (altfangle, ‘] - beamradius), ":b"
axa.fill_between(r/1000., 0.,
polarvaluesfangle, :1,
color='0.75%
ax3.set_xlim{0., np.max(r/ 1000.) + 0.1)
ax3.set_ylim(0., 3000)
ax3.set_xlabgl{'Range (km}')
ax3.set ylabel(CAltitude {m)")

ax3.grid{)

axb = ax3.twinx()
bbf, = axb.plot(r / 1000., CBB[angle, 3], *-',
label="BBF")

axb.set_ylabel('Beam-blockage fraction’)
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axb.set_ylim(0., 1.).-

axb.set_xlim(0., np.max{(r/ 1000.} + 0.1)

lagend = ax3.legend((bc, badb, bbf),
('Beam Center’, '3 dB Beam width', 'BBF"),

loc="upper teft', fontsize=10)

fig.savefig{'D:/Yang/1Reseach/0.2561 .conf. GMSARN.radarMosaic/ocodeForMosaic/1 results PBB/phl
_280deg.png',dpi=300)
pl.close(fig)
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Abstract

Disaster Management is one of the most important responsibilities of the governments all over the world. The
systems of disaster prevention, preparedness and mitigation have been well established only in developed
countries. For the developing countries including Thailand, people siill have suffered from disaster since they
are lacking of adequate information to cope with disaster. The weather radar is one of the tools that can
provide spatio-temporal information for Noweast which is usefid for hiydro-meteorological disasters warning
and mitigation systen:.  The exiremes of precipitation are wsually delected by convective cloud where the
updrafis and downdrafis have been sivengthened in vertical wind motions These extrenes are the vital threat
to people during wet season over Thailand. In this study, therefore, we have developed algorithm to extract
convective cloud information that is necessary for prediction of precipitation extremes. The algorithm is
construcled in Python script using OpenCV library o exiract the radar reflectivity of the I Plan Position
Indicator of radar image. The reflectivity data with the measurement Jrequency of once per hour has been
obltained from the website of Thabwater.net of which original data provided by Thai Meteorological
Department (TMD). This study has been done by using reflectivity data from Phitsanulok radar station which
locates in Lower Northern Thailand. The convective cloud regions have been detected by the developed
algorithm. In addition, the fitting ellipses (Fitzgibbon and Fisher, 1995) have been applied to derive the
properties of convective clouds during Sonca tropical storm in July of 2017, Results show that the number of
convective cloud regions has abruptly increased during Sonca period compared o before the storm passing,
The average number of convective cloud region has shown clearly of peak time at 17 LST. However, several
peaks of total area on the convective region at hourly scale have also been found. The spatio-temporal
analysis of the extracied siorm information demonsirates the severe pattern of the high frequency convective
storm during Sonca event over windward slope. The number of convective storm doubled increases
comparing with period prior fo Sonca storm,

1. Introduction

Flash flood and landslide are mainly iggered by
exceeding rainfall amount above the maximum
capacity of soil resistance over the risky areas.
Analysis of mesoscale precipitation arcas is
considerable meteorological significance because
the features of subsynoptic-scale air motions
including convective and stratiform regions of cloud
will improve owur understanding on mechanism of
larger and smaller scales of the atmosphere (Austin
and Houze, 1970). Mesoscale Convective Systens
(MCSs) are the largest convective storms which are
taken into account for a large proportion of
precipitation in both the tropics and warmer

latitudes (Houze, 2004). There are many factors of
MCSs that produce contiguous precipitation area of
about 100 kim. Many studies have investigated MCSs
contribution to extreme rainfall implying disaster
related to their events over the world (c.g. Rigo and
Llasat 2004, Rigo and Llasat 2005, Schumacher and
Johnson, 2006, Rigo and Llasat, 2007, Carbone and
Tuttle, 2008 and He et al., 2016). Schumacher and
Johnson (2006) had studied exireme rain events
during 1999-2003 in 1S, They used National
composite radar reflectivity to classify each event as
the MCSs, Synoptic, or the tropical system and then
to the sub-classifications based on their



organizational structures. They found 74% of warm-
seasoh events are associated with MCSs producing
their peak rainfall time between 2100 and 2300
Local Standard Time (LST). o

Radar reflectivity has been widely used to study
characteristics of MCSs due to its advantages on
spatial and temporal resolution (e.g. Rigo and
Llasat, 2004, Schumacher and fohnson, 2006, Rigo
and Llasat, 2007, Lang et al., 2007, He et al,, 2016
and Satomura et al., 2011). The storm morphology
has been detected by employing an ellipse-fitting
technique of which the major and minor axes
lengths are extracted from the geometry of the fitted
ellipses (Lang et al., 2007). In addition, to improve
conveetive  parameterizations, the  ellipse-fitting
technique is also applied to radar sensor on satellite
of the Tropical Rainfall Measuring Mission
{TRMM) Precipitation Radar (PR) or TRMM/PR to
detect the storm morphology and rainfall
characteristics (Nesbitt et al, 2006). Finding the
contribution of storm morphology characteristies in
land and ocean will provide more understanding on
the importance of rainfall modes difference
regionaily. Using radar sensor on satellite board,
MCSs are found that they are the cause of rainfall
over selected land regions up io 90%. In tropics-
wide exteat, MCSs are respousible for more than
50% of rainfall in almost all regions with average
annual rainfall exceeding 3 mm day™".

Risky areas during tropical storm events over the
Indochina have been regularly affecied during the
boreal summer. In the latter half of July 2017,
tropical storm named Sonca ceming from South
China Sea had affected to northern and northeastern
regions of Thailand when it was dissipating to
tropical  depression  (Bangkok  Post,  2017).
Phitsanulok province located in the Lower Northern
Thailand had also been aifected which caused large
area of paddy field inmundation and the severe
flashflood attacked more than 50 houses over the
upper part of the province. However, there is no
research about the situation of MCSs during the
Sonca over the Lower Northern Thailand. Satomura
et al,, (2013) proposed the radar echo composite
map using multiple weather radars crossing the
nation boundaries over the Indochina during
Typhoon Lekima in October 2007 to understand
typhoon  structores of  tropical  disturbance.
Compared with the radar echo composite map,
mesoscale numerical model simulation reproduced
the typhoon center position very well, and it also
caught the characteristics of internal structure of
decaying typhoon in the Indochina. Nevertheless,
the spatio-temporal analysis of decaying tropical
storm is not yet well described using the high-
resolution data.

Theretore, the objectives of this study are; to detect
the convective cloud regions by extracting the radar
data over Phitsanulok province, to spatio-temporal
analyze during the storm event in July 2017, and fo
describe the implemented methodology of the radar
image data process. 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.
Thus, this study wuses fiee-online radar data
providing as images that have been observed at
Phitsanulok radar, in the middle Thailand.

2. Data and Study areas

Radar reflectivity data used in this study has been
observed by Phitsannlok weather radar station. The
radar site is located in the Lower Northern Thailand
(Figure 1) at the geographic coordinates at latitude
of 16°46'30.358"N and longitude of 100°13'4.312"E
on the height of the terrain at 47 m above mean sea
level with tower height of 30 m. The radar data is
observed by Thai Meteorological Department
(TMD}y  at four time per hour, While the data has
been archived as images by Hydro and Agro
Informatics Institute (HATI) at frequency of once
per hour in format of GIF. The active radius of the
Phitsanulok radar is 240 km observing in C-band
frequency with beam width at 1% In this study, the
Plan Position Indicator (PPI) images of the first
elevation at 0.5° from horizontal line have been
collected and used in the analysis,

The topography of radar coverage area varies
from flood plain in the central and southern part to
mountainous area in the surrownding of the western,
northern and eastern part. Over the radar coverage
area, there are also the important river tributaries of
Chao Phraya river basin which are Ping, Yom and
Nan river basin. During southwesterly monsoon
season, the rainfall abruptly increases over the
Indochina region ranging from May to the mid of
October. The amount of rainfall over this region is
under  the influences of the convergence of
prevailing wind that brings the moisture to the low
depression at  the location of Intertropical
Convergence Zone. In addition, the tropical
distwrbances from north western Pacific Qcean
usually bring a large amount of rainfall in terms of
tropical depression. In this study, radar data during
influencing period of Sonca tropical storm during 24
to 29 July 2017 according to TMD warning
announcement has been processed and analyzed.

3. Mcthodology

3.1 Exiraction of Radar Reflectivity

The radar images provided by TMD are shown in
color ranges superimposed over terrain as its



background. The color ranges indicate ntensity of
radar veflectivity in ascending order of rainfall
intensity of green (slight rain), yeliow to oranges
(medium rain), and red to white (heavy rain). The
images cannot be instantly processed or analyzed in
digital image processing (DIP) because it is needed
pre-process to fransform image to digital
inforination. Therefore, the tmplemented
methodology of radar reflectivity extraction from
radar images shown in Figure 2 has been developed
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using Python script as shown the workflow in
Figure 3. First, the image has been cropped to select
only radar coverage area. Then, radar reflectivity
shown in Figure 2a has been exiracted following the
pre-defined color ranges as shown in Figure 2b, The
threshold method to classify convective storm using
radar reflectivity has been used in many studies (e.g.
Steiner et al, 1995, Rigo and Llasat 2004 and
2007).

Figure 1: Study area over Phitsanulok, the middle of Thailand (a) active radius of Phitsanulok with two
observation ranges at 120 and 240 ki (b) radar image of 1¥' PPI at elevation angle of 0.5° on on 26 July 20017
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Figure 2: Radar extraction result (a) radar reflectivity with permanent flare to the west of the radar station (b)
the extracted radar reflectivity on 26 July 2017 at 13.25 LST
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Using the raw radar reflectivity, the partition of
cloud precipitation can be classified using the 2 and
3 dimensional information of radar scanning
(Steiner et al., 1995 and Biggerstaff and Lisiemaa,
2000). However, without the raw data, the present
study simply classifies the convective storm using
the extracted radar information from TMD radar
images by background-exceedence technique (BET)
to identify the core of the convective precipitation
(Austin and Houze, 1972 and Houze, 1973). The
convective storm has been simply defined the
threshold according to the red color ranges at the
reflectivity greater than 44 dBZ. The next step is to
use the obtained radar reflectivity in the process of
radar flares removing,

3.2 Detection of Convective Cloud Properties

In the case of convective cloud detection, we have
developed a method fo detect convective cloud
regions in the hourly radar images using Digital
Image Processing (DIP) fechnique in computer
vision field by employing OpenCV-Python library
V.3.4.1.15. The morphological transformations have
been applied to those extracted reflectivity to detect
the convective region. At the begimning, the
extracted reffectivity has been converted to grey
scale image to be ready to apply kernel convolution
of close morphology at size of 15x15 windew which
is derived from several trials to produce an
appropriate result of the processed reflectivity. The
morphological close is used to eliminate small holes
inside foreground objects following with application
of erosion morphology to separate each possible
flare apart from the group of rain pixels. Later, edge
detection using Canny operator has been firstly

applied to detect unwanted line appeared on the
reflectivity and, the feature extraction technique of
Hough transform (Duda and Hart, 1972), then, was
applied to detect those lines from the resuits of
canny application. In order to apply the process of
convective cloud detection, the eroded image in
greyscale has been searched through for delineating
the confour of the pixel objects. The contoured
image is used as the main input in the next process.
The fitting ellipse (Fitzgibbon and Fisher, 1995) and
the fitting rectangle have been applied the exiracted
possible regions as contour lines. The results of
detected convective regions by the fitting ellipse
provide convective cloud properties such as major
ellipse axis, the ratio between minor and major
ellipse axis lengths or AR as shown in Figure 4, as
well as the center of convective cloud region from
the fitted ellipse.

Minow axis

i

675 0.56 0.2

Figure 4: schematic of the fitting ellipse shown in
the biggest ellipse envelopes of the convective
region in blue region. The axis ratio (AR), the ratio
between minor and major fitting ellipse length, is
shown as a number

To aveid confusion between radar flares and
convective clouds, the criteria of automate
conveetive cloud detection has been set by using the
AR exceeding 0.1, the length of major fitting ellipse
axis must be in range of 5-480 km and area of the
fitting rectangle is greater than 10 sq.km. MCSs arc
the rtegions of both convective and stratiform
precipitation (Houze, 2004). Steiner et al., (1995)
detected radar echo images with convective cloud at
horizontal radius of 11 km. However, in this study,
to assure the convective detection, we strictly apply
both the major of the fitting ellipse and convective
size compared to previous study. The results of
detected convective cloud regions are shown in
Figure 5. The next step is to use the results of
detected convective cloud to analyze spatio-
temporal variability for searching dominant spatio-
temporal pattern over the Sonca storm period.



3.3 Terrain Effect on Radar Beam Observation
To discuss about the terrain effect on propagating
radar beam, the simulated beam propagation is

negded’ 6 reconstiict n’ the  afialysis "with “the

terrain. 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) which
obtained from the SRTM Digital Elevation Model
(DEM) V4 with resolution of 3 arc second (Rabus et
al., 2003) for each range bin at resolution of 1 kin.
The height of each range bin (H#) was calculated
using the standard refraction relation from Rinehart
(1999):

H = ,jrz +RZ4+2rR sing — R +H,

Equation !

where 1 is the range from the radar to the point of
interest, @ is the elevation angle of the radar beam,
Hy is the height of the radar antenna, R' = 4/3R, and
R is the earth’s radius (2pproximately 6374 km),

4. Results

4.1 Radar Reflectivity Extraciion

The reflectivity from 1% Plan Position Indicator
(PPI) of the original image is successfully extracted
using the predefined color ranges as shown in
Figure 2. The radar reflectivity in red color is better
delineated and extracted comparing with the original
image because amoug the color ranges the red color
is easiest to be defined. The extracted radar
reflectivity in the red color ranges will be used as
the input for the delineated convective cloud in this
study, However, the radar extraction from the
simply implementation will be the new path way of
radar meteorology in 2-Dimension analysis in the
middle of Indochina peninsula due to lacking of raw
digital radar data provided for the research
community. Although, the extracted refleclivity
derived from PPl may be cither overshooting or
undershooting the convective cloud at some
distances, the PPI data is also useful {o monifor the
severity of storm for developing countries such
Thailand. We also realized that the results of using
PPl are not be consistent with using Constant
altitude plan position indicator (CAPPI} from
previous studies of Satomura et al., (2011) and
Mahavik et al., (2014), PPI uses information from
singie clevation to observe the cloud which may
subject to precipitating clouds in the far range. In
conirast, the CAPPI uses information from several

angles during the interpofation processing in the
Cartesian grid system using weighting techniques to

mitigate_ either underestimate or _averestimate
“precipitating cloud.

4.2 Detection of Convective Clouds

Convective clouds have been well exiracted
compared with the original image as shown in
Figure 5. Since the beam width is 1°, the far range
of radar observation has been increased their
horizontal resolution larger than 5 km. Therefore, it
is assured that the small convective cloud can be
detected within  the limitation of minimum
convective area at greater than 10 km?. [n the future,
the minimum size of convective cloud should be
adjusted when the higher resolution of radar
observation is in operation. Moreover, with the
higher resolution of radar, the suddenly severe storm
in smaller size over wider area can be detected, as
well.

4.3 Terrain effect on Radar Beam Observation

The terrain effect of radar beam on cloud
observation is needed to be discussed to evaluate the
quality of the observation. The Wradlib library
V.0.9.0 (Heistermann et al., 2013) is used in the
analysis using with Python script. The terrain used
in beam blockage analysis shows wvariation in
altitude (Figure 6). The cast side of Phtisanulok
radar occupies rugged terrain with high elevation
that obstructs the broadening beam over 50% of
beam width. Using the beam-blockage fraction
(BBF), the areas of blocked beam by terrain mainly
locate in the cast side of the radar. The blocked
beam areas indicate the reliability of the returned
radar power to estimate group of precipitation. The
higher BBF represents the higher uncertainty of
precipitation estimation over the area. As shown in
Figure 6, we simply define the BBF at 50%. The
cross  section  of  propagating  beam  trough
atmosphere by considering 1° of beam width
according to equation 1 has shown the center of
beam obstructed by the mountain range name
Phetchabun range in the part of Phitsanulok
province (Figure 6¢). However, the blocked area is
not large in this study and the results of the detected
convective clouds are not affected. The suggestion
from the beam blockage analysis is that TMD
should consider using multiple elevation angles for
the analysis and making a radar composite map by
mosaicking nearby radar for warning the severe
storm that may trigger disaster over the rugged
terrain areas.



Figure 5: The detected convective storms on 26 July 2017 at 20.25 LST (a) original 1** PPI radar reflectivity

(b) detected convective storms superimposed by the fitting ellipse in purple colors
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Tablel: summary of convective cloud statistics comparing between during Sonca and before Sonca periods

Properties __ Sonca period Before Soca period
"1 Total area (ki) 50,810.23 31,973.57
2 Average area (ki) 102.65 91.88
3 S0 area (k%) 15119 120.34
4 Total pumber of CV 2,651.00 1,112.00

5 Average number of CV 5.36 320
6 S.D. number of CV 433 2.26
7 Total fength of CV (kmy) 6,754.69 4,737.52
8 Average longth of CV (kmy) 13.65 11.61
9 5.0 length of CV (km) 12.55 th1}
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Figure 7: daily statistics of convective clouds (a) total area of convective cloud (b) total number of convective

cloud. Dash lines separate during Sounca and before S

4.4 Spatio-Temporal dnalysis of Convective Cloud
Occurrence

Spatio-temporal analysis of convective cloud
occurrence will improve the understanding in
severity impact of the Sonca over the middie
Thailand. As shown in Table 1, comparison of
period before and during Sonca event has shown
severity in various parameters. The before Sonca
period which accounted for 9 days from 15 to 23
July, has shown the small area of convective cloud
coverage almost half of the coverage during Sonca

period of 6 days from 24 to 29 July. The average

lengths of convective cloud for both periods are not
different, while the total number of convective cloud
during Sonca Is larger than double of before the
storm period. Total area and number of convective

onca periods

cloud during Sonca are greater than the before storm
period especially on 26 July as shown in Figure 7a
and 7b.

Average number of convective cloud during
Sonca has been analyzed to find the severe hour as
diurnal variation. The maximum of average number
of the convective cloud at 10 UTC (17 LST) has
been found as shown in Figure 8a. However, area
average of diurnal variation convective peak has
shown the highest peak at 23UTC as shown in
Figure 8b. The quasi-stationary convective systems
as well as speed and direction of convective storms
during Sonca have not been considered in this study.
Therefore, the characteristics of storm movement
will be further investigated in the future study to
classify the severity of the storm,
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The total area of hourly convective storm has been
analyzed during the Sonca period to find
relationship with the exfracted convective cloud
properties. These properties are total length and total
number of which the relationships are as shown in
Figure 9. Figure 9(a) shows the strong relationship
between the total area and the fotal lengith of the
convective strong which can sumimarize that during
decaying stage of Sonca storm over the study area,
the morphology of strong convective clouds has
shown the elongate shapes at certain hour. For

example at 11 UTC (18 LST), the total area of
convective storm has reach over 6000 kny,
associated with the summation of the longest major
fitting ellipse axis of over 700 km as shown in
Figure 9a. In addition, the total area of convective
storm is also well related to the total number of
convective clouds as shown in the Figure 9b. This
result can be the suggestion for TMD to monitor the
decaying severe storm in both space and time in
their analysis before announcing disaster warmnings
to the people in the future.
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Spatial analysis of frequency occurrence for the
storm can demonstrate the locations of severe
convective storm occurrences as shown in Figwe
10. The spatial pattern of convective cloud are
located in both northwest and southeast of radar
station ranging from mountainous areas to flood
plain of Chao Phraya river basin. The high
fiequency of convective occurrence has been
observed over the windward slope of mountain as
shown in the composite map of 24-29 Jul 2017
especially on 26 Jul 2017. Composite of spatial
convective cloud for the highest peak time of storm
area occurs in the location of high frequency in the
windward side as shown in Figure 10 (a) and Figure
10 (b). The Mae pool in Uttraradit province, north
of the Phitsanulok radar station, where hiad historical
suffered from landslide and flashflood, has shown
frequency of convective storms at 17% during the
storm period. In 2006, Asian Disaster Preparedness
Center (ADPC) had observed flashflood/landslide
damaging area over the northern repion of
Phitsanulok radar coverage in  Ulttaradit  and
Sukhothai provinces, afler low pressure causing by
severe tropical storm named Chanchu during 21-23
May 2006. The unusual rainfall intensity induced by
low pressure causing fiom the severe storm
Chanchu in early monsoon had largely affected the
observed areas by destabilizing the slope over the
risky area. The inappropriate landuse over high
stope area in risky area had also been observed.
ADPC suggested to have the monitoring the
evolution of low pressure during dissipation of the
tropical storm to issue some early warning over
risky area that could decrease the damage from the
flashflood and landslide. Therefore, the exiracted
radar information as convective region is one of the
useful information during monsoon season in
Thailand to monitor hydro-meteorological disasters
especially for risky area. Moreover, to predict the
inland decay of storms, understanding decaying
typhoon characteristics is needed over the mid of
ICP after the landfalls of Typhoon by using both
observations and models. Not only rainfall induced
by the decaying Typloon, but also the producing
wind during the Typhoon events are also needed to
be elucidated. There is a model for predicting the
decay of tropical cyclone winds after landfall that
had been developed by Kaplan and DeMaria (1995).
The model is developed a simple empirical model
based on the least squares fit of an exponential
decay equation to the NHC best-track I-min
maximum sustained surface wind estimates for all
tropical storms and hurricanes that caused landfall
in the south of 37°N United States for the period of
1967-93, The model shows that the maximum
winds inland are a function of the maximum winds

at landfall and the time after landfall, It can estimate

the maximum inland penetration of winds of a given

speed, where the storm’s landfall intensity and

speed of motion are” known. The radial velocity
measured by Doppler radar is also needed to analyze

because it can be used to validate the wind patlern

from mesoscale numerical model such as the study

of decaying Typhoon Lekima in 2007 done by

Satomura et al., (2013).

5. Conclusion

The tropical storm named Sonca has been analyzed
to find the spatio-temproal pattern over the
Phitsanulok radar coverage area, in the middle of
Thailand. The storm occurred over the study area
during 24-29 July 2017 causing the large rainfall
amount over the study area. The radar reflectivity
from images operating by Thai Meteorological
Pepartment {TMD) has been downloaded through
website of the Hydro and Agro Informatics Institute.
The radar images at frequency of once per hour
have been extracted by the developed method. The
extracted reflectivity has been processed to detect
conveclive cloud regions. Then, the spatio-temporal
analysis of defected convective ¢loud has been done.
The method and analysis have been developed using
Python script and OpenCV, Computer Vision
package 1o process image data. The developed
method is practical to apply in reanalysis of storm in
archiving images to understand the characteristics
and mechanism of convective cloud which is the
significant part to induce the disaster events such as
flash flood and landslide over the middle of
Thailand. In the spatio-temporal analysis of storm,
it discovered the high frequency occurrence of the
storm over the windward slope of mountain. The
result of beam blockage analysis using Wradlib
library has showa the east side of Phitsanulok radar
severely suffering from ferrain  blocking the
propagating beam. The usage of multiple radars to
monitor over risky arca is needed to overcome the
beam blockage by terrain problem. The further
study should be included the analysis of stratiform
cloud to compare with the convective clouds. In
addition, the atmospheric circulation before and
during the storm events are needed to be investigate
to understand the atmospheric circulation and
structures of the event.
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Quality Assessment of mosaicked weather radars over
The Chao Phraya river basin, Thailand

Nattapon Mahavik and Sarintip Tanfanee

Abstract— The developing countries including Thailand, people still have suffered from disaster since they are lack ing of

adequate information to cope with disaster. Well preparedness for disaster management is one of the most important
responsibilities of the governmenis all over the world. However, appropriate information is needed to cope with spatial and
temporal variations of desiructive disasier. The weather radar is one of ihe tools thar can provide spatio-temporal
information for Nowcast which is useful for hydrological disaster 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 niore effective information over large study area where single radar beam may be blocked by
surrounding tervain, However, the mosaicked radar product is not yet officially available for Thai researcher to be
investigated the physical characteristics of the severe storm.
In this study, algorithm of mosaicked radar refleciivity has been developed by using data from ground-based radar of Thai
Meteorological Depariment over the Chao Phraya river basin in the middle of Thailand. The Python script associated with
OpenCV libraries are used in owr investigations of the mosaicking processes. The radar quality index (RO field has been
developed by implementing an equation of a quality radar index to identify the reliuhility of each mosaicked radar
reflectivity pixels. First, the perceniage of beam blockage is computed to understand the radar beam propagation obstructed
by surrounding topegraphy in order to clarify the limitaiions of the observed beam on producing radar reflectivity maps.
Second, the elevation of beam propagation associated with distance field has been computed. Then, these two parameters
and the obtained percentage of beam blockage ave utilized as the parameters in the equation of the quality index (QI).
Finally, the detected radar flare, non-precipilating radar area, has been included to the QI field of which obtained result is
the QIF. Then, QIF has been applied 1o the extracted yradar reflectivity. The developed QIF filed will be improved Surther
toward using in real-time operation of radar mosaicked processing over the Chao Phraya river basin,

Kepwords— Radar mosaicking, Quality index, Thailand, Chao Phiraya river basin, Python.

support the warning and forecasting mission of the
1. INTRODUCTION National Weather Service more than 20 years [2].
Recently, the national mosaic integrating radar, rain
gauge, satellile and numerical weather prediction data
have been automale fused into a seamless national 3D
radar mosaic prodict [3]. The depiction and rendering of
storm structure from the 30 radar mosaic products can
provide more  insightful  information  which US
meteorologisis can apply to their warning systems. This
can help reducing the losses from the hydro-
meieorological disasters. However, in the developing
comdries including Thailand, official mosaicked radar
products is unavailable to be used for research purpose
and real-time monitoring of severe weather.

Zhang et al. [4] have introduced the Radar Quality
Index (RQ!} by a combined measure for beam blockage
and the vertical profile of reflectivity (VPR) effects in a
national radar mosaic network. The quality of the next-
generation  multi-sensor  quantitative  precipitation
estimation (QPE) varies in space and in time due to a
number of factors, which includes: (1) errors in measuring
radar reflectivity; (2) segregation of precipitation 2nd non-
precipitation  echoes; (3) uncertainties in  Z-R
o o . . relationships; and (4) variability in VPR. Radar Quality
Natlapon Mabavik is with Naresuan University, Thaftand. He is now Index (RQI) field is developed to describe the radar QPE

with the department of natural resources and environment, faculty of . . .
agricultuse natural resources and environment, 65000, Thailand (phone: uncertainty associated with VPRs. The RQI field accounts

The deployment of the weather 1adar network from
Thai Meteorological Departiment (TMB) has provided
meteorologists with critical information toward the
isswance of warning for severe weathers, severe storms
and flash flood. In addition, the information of moving
precipitation derived only from ihe 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 horizontal and wvertical, beam blockage, range-
dependent biases [I]. However, the mosaicking of
multiple radars will provide more information for
meteorologists to observe an evolution of severe storm
which can increase the accuracy on forccasting and
warning system.

In developed countries sueh the United State, the
algorithm of the national mosaicking of multiple radar has
been developed by using the operational WSR-88D for
producing real time radar-derived rainfall product to

66-94-927-4488; e-mail: nattaponmi@nu ac. ih) for radar beam sampling characteristics (blockage, beam
_ Serintip Tantanee is with Naresuah University, Thailand. She is now height and width) and their relationships with respect to
“r!th depadiment of civil engineering, faculty of englneemlg_and alse the freezing level. However, the VPRs information is hard
with centre of excellence on energy technology and environment, deri i TMD d d limitati ! N
Maresuan University, e-mail: santiptenwac.th to derive from ata duc to [hmitation elevation

angles used in the operational observation. In fact, the
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radar network over the middle of Indochina Peninsula
mainfy in Thailand is quite densely distributed, but
rainfall products derived from these radars are nof yet
publicity. In addition, these radars are not unified in terms
of their set parameters, scheduling of observation times,
and data formats [5].

In this study, the RQI for TMD radar mosaicking
product has been developed. First, we developed simple
method to obtain mosaicked radar over the Chao Phraya
River basin which locates in the middle of Thailand. The
developed RQI field has been inteprated with defected
radar flares which arc 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
Phitsarmulok and Chainat, has been used in mosaicking
process to find radar {lares. The Phitsanulok and Chainat
weather radar stations are located at the Lower Northern
Thailand (Figure 1).

ey
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Figure 1 Study area over Chao Phraya River basin (shown in
blue area) located in the middie of Thailand. Radar
observation radius at Phitsanulok and Chainat stations with
two observation ranges of 120 and 240 km, respectively, in
the mode of 1** PPI (0.5°) provided by Thai Meieoralogical
department,

The Phitsanulok radar site is located at latitude of
16°46'30.358"N and longitude of 100°13'4.312"E over the
height of 47 i above mean sea level with tower height of
30 m. Relatively flat compared to Phitsanulok, The
Chainat radar is located in the middle of Chao Phraya
River basin over the height of 18 m above mean sea level
at latitude of 15°927.898"N and longitude of
100°11'24.242"E which is in relative flat area comparing
to Phitsanulok radar. Both radar data are observed by Thai
Meteorological Department {TMB) at four time per hour,
While the data has been archived as images by Hydro and
Agro Informatics Institute (HAIL) at frequency of once per

hour in format of GIF. The observation radius of the
Phitsanulok and Chainal radar is 240 km observing in C-
band frequency with beam width of 1°. In this study, the
Plan Position Indicator (PPI) image of the first elevation
at 0.5° from horizontal line have been collected and used
in the analysis. In ihis study, radar data during influencing
period of Sonca tropical storm on 26™ July 2017
according to TMD warning announcement has been
processed to find RQL

3. METHODOLOGY

The workilow of this study is shown in Figure 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 quality
index (Q).

o
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Figure 2 Flowchart of the developed vadar quality index in
assessment of the mosaicked reflectivity of fwo radars.

First factor is the geometry of radar beam propagation
which has been used to find area where beam blockage
aver 50% of beam width by considering with ferrain data
from SRTM DEM V4 with resolution of 3 arc second.
Second factor is the slevation of center radar beam as
propagating through the air which has been included to
the O caleulation. 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 three factors are simply integrated in
the linear equation with initiat weighting based on reviews
as shown in equation I. The beam blockage 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 computation of those three
factors is done on {he basis of single station afterward
mosaicking the calculaied factors.

QI = (0,25*Distance)}+(0.25*Elevation}H(.5*Beam blockage) (1)

The additional information of radar flares has been
included to the QI to inform the severely aflected 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 space and (ime. However, the radar
flares are obviously observed over the Phitsanulok radar
and the permanent {flare location in the west of radar site
is also observed after the radar beam crosses over the
mountain in Sukhothal province. The computed radar
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flares of the Phitsanulok radar have been included with
the QI, then, the quality index of QIF has been obtained,

4. RESULTS AND BISCUSSION

To study of rainfall characteristics in mesoscale, the
mosaicked multiple radars is needed becauwse of the high
spatiotemporal information. This information can be used
in rainfall analysis over 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, The
Reflectivity data from these 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 [st
PPL on 26 July 2017 at 11.30. (a) the mosaicked map of the
extracted vadar reflectivity using Phitsanufok and Chainat
stations (b) the owiginal image of radar veflectivity at
Phitsanulok (¢} the original image of radar vellectivily at
Chainat.

The two areas of mesoscale moving clouds which
consisted of stratiform and convective clouds are
obviously shown. Those reflectivily data are observed at 5
minutes of time difference at 11 o’clock of local time as
shown in Figure 3b and 3c. In addition to mosaicking the
extracted radar reflectivity, the information of used cloud
pixels in the mosaicking process has also been provided
which is not shown in the Figure. The index map of used
radar varies in time depending on the criteria of maximum
intensity of considering pixcls, It can be concluded that
the reliabiiity 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.

The highest impact factor for the radar quality index is
the beam blockage information. In this study, the area of
beam blockage at 50% by terrain information from SRTM
DEM has been computed at pixel-based basis for cach
single radar as shown in Figure 4. The blocked beam by
terrain for the first elevation at 0.5° is clearly shown over
the west and east of Phitsanulok radars in Figure 4a, while
the Chainat radar has small areas of blocked beam over
the west side of radar coverage as shown in Figure 4b.
The index map of beam blockage after mosaicking the
two radars as shown in Figure 4c can be used to identify
the unaffected area of beamn blockage for both radars. The
large area of beam blockage in the east of Phitsanulok site
does not get the advantage from the mosaicking. In the

east of Phitsanulok radar, several pixels indicate the
unreliable returned radar reflectivity. This mosaicked
beam blockage map is useful to fill the gap of beam
blockage for increasing the reliability of mosaicked radar
products.

| Unblock areas of two radars & uniochedarea of FHL

urblotked sres of CHN

Botked area of PHL E tlotked ares of GHN

Figure 4 Beam blockage asnalysis with the surrounding
terrain from SRTH DEM using threshold at 50% of beam
widtl (a) Phitsanufok {b) Chainat (¢) The meosaicked map of
beam blockage from two radars,

The beam distance and clevation have been repeatedly
computed [or each radar site and following by mosaicking
mosaicked in the dimension of two radar coverage as
showi in Figure 5. The far range from radar station may
be either underestimate or overestimate of rainfall when i
is validated by gauge data at ground level, These two
information are important for radar quality during the
mosaicking process as weighting factors in the radar
quality equation.

—

Elevation [m} 2 0003000 Distance {km} %%% 150200

=T

3000-5000 E"‘“ 0-100 200-240

240

Figure 5 The mosaicked radar map for (a) elevation of radar
beam prapagation {b) distance of vadar beam

The three factors are combined into the linear equation
of the radar quality index using initial weighting and it is
defined as the QI as. shown in Figure 6a. The interval of
quality index indicates the reliability of mosaicked radar
reflectivity in the sample scanning time. The west side of

3
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Figure 6 Radar quality index of () Quality index (Q1) from
the three factors (b) including the detected radar flares to
the QI (e} results of applied the QIF to the extracted radar
reflectivity on 26 July 2017 at 11.30.

BBl <03

Phitsanulok radar is obviously recognized the low
reliability at less than 20% due lo beam blockage.
However, the majority of the radar reflectivity pixels are
in higher reliability at greater than 60%.

Finally, QIF which is the combination of the detected
radar flares to the QI, has been done o include the
severely affected of radar flares as shown in Figure 6b.
The result after applying QIF to the exiracted radar
reflectivity is recognized by the extended triangle toward
the radar station of Phitsanulok as shown in Figure 6c.
However, the QIF varies from scan to scan due to
unpredictable flare in their locations except for the
permanent flare located in the west of Phitsanulok radar.

5. CONCLUSION

A radar quality index (RQI) of mosaicked radar
reflectivity was developed in this study over area of Chao
Phraya River basin, Thailand. The radar dala from
Phitsanulok and Chainat radar of Thai Meteorological
Department has been used in the study. The geomeiry of
beam propagation has been considered with the digital
elevation model to find the beam blockage area. The beam
blockage area is the highest impact factor to the
developed linear radar quality equation. The elevation and
distance of beam propagation has been calculated in basis
of gridded Cartesian system to include initial weighting
factors in the radar quality equation. The initial weight of
the equation can be used to asscss each returned radar
reflectivity of particular scanning time. The extracted
radar reflectivity has been used as input information fo
detect a radar Nare, 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
which named as QFI field. From scan o scan, the QFI is
repeatedly computed for each scanning data that is
identical field due to the changing in space and time of the
detected radar flares. The result of applied QF! indicates
the reliability of the mosaicked radar reflectivity for each
pixel. In addition, the QFT field indicafes radar coverage
voids which is for the future process of gap-filling radars.
Future work will include the validation process using a
gauge network to assess the mosaicked radar preducts as
one of factors. The developed radar quality equation will
also be investigated the weight of cach factors to realize
the effect of its changing. The error-related RQJ field will
provide more information to the mosaicked radar product

toward for the real-time operation and reanalysis data
implementation over the Chao Phraya river basin.
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Uszifiuasuaitun1edennas [update June 13, 2019)

Oy, Nattapon Mahavik

¥ D.5c in Atmospheric Science, Kyato Universily, 2015, Japan
MEXTT yuiguadiin

MS3c, in Photogrammetry and Gecinformatics, Stuttgant University
of Applied Sciences, 2009, Germany [DAAD] zlu%’gmawasﬁu

® gnu. plmaad (Rusidon), snndnmdnTuedm, 2545

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

Research interests *  Ground-based radar rainfall estirnation

¥ Remote sensing in Urban Heat lsland

" Reinfallestimation 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 tropical storm over the Lower Northern Thailand”
"2010-2013 Japanese goverment scholarship (monbukagakusho: MEXT) ‘lguﬁﬂﬁﬂﬂﬁﬂyﬂ
Usyauan
2007-2009 German Academic Exchange Service (DAAD) ’ﬂuﬂ?fgigﬂﬂ

1999-2001 The Shell Company of Thailand Limited

Work experiences

Date Position Organization
25 May 2009 | Lecturer responsible for Geography Department of Natural Resources and
- Present and Geoinformatics Curriculum Environment, Naresuan University

Specialization skills

" Ground-based weather radar and Satellite rainfall product processing

®  TFortran, Python Scripting Language, GrADS Scripting Language, NCL Scripting Language,
R Scripting Language

]

Linux systems {Centos, Ubuntu)

B ArcGIS, QGIS, ENVI, ERDAS IMAGINE, MATLAB

Drone photogrammetry (DI, Syma} for mapping
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UNAATE/UNAHIBINSARTIA

SEAUUIUIYIA

1. Mahavik, N., Tantanee, 5., (2019). Developed Radar Quality Index of Mosaicked
Weather Radars over The Chao Phraya River Basin, Thailand. GMSARN

International Journal. (Accepted in Scopus)

2. Mahavik, N., Tantanee, S., (2019). Spatio-Temporal Analysis of Convective

Cloud Properties Deriving from Weather Radar Reflectivity during the Decaying
Stage of Tropical Storm over the Lower Northern Thaitand, International
Journal of Geoinformatics (Accepted in Scopus),
3. Mahavik, N., Tantanee, S, (2019), Precipitating ctouds analysis based on the
| developed radar mosaic products over the Chao Phraya River basin (Submitted
in Scopus).

4. Mabhavik, N., Tantanee, S, (2019). Convective systems observed by ground-

based radar during seasonal march of Asian summer monsoon in the middle
of Indochina Peninsula, Fngineering and applied science research (Accepted in
Scopus).

5. Seejata, K, Yodying, A, Wongthadam, T., Mahavik, N., Tantanee, S., (2018).

Assessment of flood hazard areas using Analytical Hierarchy Process over the
Lower Yom Basin, Sukhothai Province. Procedia Engineering, 212, 340-347,
(scopus)

6. Mahavik, N., (2017). Spatial Seasonal Distribution of Climatological

Precipitation over the Middle of the Indochina Peninsuta. Applied
Environmental Research, 39(3), 63-76.

7. Mahavik, N., (2017). Extreme precipitation trends over the middle of Indochina

Peninsula during the period from 1978-2007. international Journal of Farth
Sciences and Engineering, 10(3), 595-603.
8. Mahavik, N., (2017). Bias Adjustrnents of Radar Rainfall during Seasonal March

of the Summer Monsoon in the Middle of Thailand. international Journat of

Applied Environmental Sciences, 12(4), 577-594.
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9. Mahavik, N., T. Satomura, S. Shige, B. Sysouphanthavong, S. Phonevitay, M.
Wakabayashi, S. Baimoung (2014). Rainfall Pattern over the Middle of
Indochina Peninsula during 2009-2010 Summer Monsoon. Hydrological
Research Letter, 8, 57-63.

10. Mahavik, N., T. Satomura, S. Baimoung {2013). Radar rainfall analysis in the

middle of Indochina peninsula. /. Disaster Res, 8, 187-188. (SCOPUS)

Afuvilusneeuduidiaminnisdssyadens (Proceedings) sEAUUIINGIG

1, Mahavik, N, Tantanee, 5. 2018: Quality Assessment of mosaicked weather

radars over the Chao Phraya river basin, Thailand. Proceeding of GMSARN Int.

Conf. on Energy, Environment, and Development in GMS, SD44, 1-4.

2. Mahavik, N., Tantanee, 5. 2018: The convective cloud properties extraction
from weather radar reflectivity during SONCA tropical storm over the Lower
Northern Thailand. Proceeding of Asian Conference on Remote Sensing 2018,
3, 1604-1612.

3. Mahavik, N., Tantanee, S. 2018: Comparison of spatial error structures

between TRMM products and APHRODITE over the Indochina Peninsula
Proceeding of Asian Conference on Remote Sensing 2018, 3, 1754-1763,

4. Mahavik, N, T Satomura, B. Sysouphanthavong, 5. Phonevilay, M.
Wakabayashi, and S. Baimoung, 2013: Rainfall pattern observed by radar
calibrated by rain gauges in Indochina. Proceeding of The Third Internationat

MAHASRI/HYARC Warkshop on Asian Monsoon and Water Cycle, 44-49.

Aasiluswanduilissainmsuseygadanms (Proceedings) seAuyi

1. fluas sorduniasisna ania. (2560). mslasizinriususunasfufugaues

& A 4 <4 o = o =

gausgulusiuiaamiovesssindlne. Baadunnlssguivnmsnenossuei

= 5 o o & A 9 a 9

asaunAniimand uagdaandenninas asen 2, 15 Sunpy 2560, unTing ey
WIS, Wil 170-179.

2. fiflss dnsgrimilazsigua amnda. (2560). Msfnwuasiiessinsdasddesiing

dounssantuituidgndes  TaswafinnisduuniBeingandeyanindie

aafiel Landsat-8 nsdlfine sunelnsan fimdarunanes, Seadunisusequ
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IPIINSTEINTEITHUIR @rseumAdileIaas uasAnIndeninsas i 2, 15
§UIBN 2560, ANTINENGLLIATS, Wi 72-82.

afuns WaNITALAZNTHA UK. (2560). rsanwLazdAITEwmsnsraivlyii

vpsdayaniiisnnsdifnungveuuisndlundwinulidesaouazidosini 3o
Wumsdszpadnmmineinssssund asumdgiinians uazdanndouulseg
ATIR 2, 15 Funpu 2560, uwiinenduuses, win 180-189,

AUBRRS FSEnzkazlgvEa uradn, (2559). msﬁnmmmwmLLﬂu*umLﬁaamn%’a;‘;a

wuudassasgelani : nidinvuunaimmduaziosdasy Fwnudaiuile
Ussinmanigaing. Beafun1sussguieinisminenssssuend asaune
iirans wasAandainaaas At 1, 3 wgelaneu 2559, wrivendouisens,
Wi 158-165.

R Tun waivesazlgna amda. (2559). msdnvidisuiiaumaiinmadsun
Bagammasiuiinisnuasandayanmdaaruiieinelan : nsdifnw sune
w5 Fandadedlnl Beudunisussgadvimsninengossuend arsaume
giiFnans wasdanadounsmas afafl 1, 3 wgadnten 2559, i inendEusens,
Wi 92-98.

= <

winnT desuniuavigua anada, (2559). nsAnwufiuniswizdgniivenn
Toyanmanifisuvaisdaniat : nsdfine Ywingashiad. Foufuntalsee
FIMIMEneNsIsHR msaumdgiinand wsduandeuwsms adeil 1, 3
WOFRNNEN 2559, UNTANeIdeIals, Wi 8591,

fudia dsdnediuaeigue amada (2559). Msitaszinuiidenivnlag
nssIuMsTUduBReTes vinnguiheuseudts FanTogladte. Goadunns
Uszg I mIvENensEsnIR ansamagiinians uavdanadouusms Al 1,
3 WOERAREY 2559, UMTANIGHULIAIS, Wi 115-122,

A3y Beazonlazigna umda. (2559). ﬁuﬁLﬁl?JQG‘?’E]ﬂ']‘iLﬁﬂl‘b‘lﬁ'ﬁl’]ﬂg’]ﬁ‘if@;\J‘a
FrundeliUnl 2547-2557 ; nsdiinen gneuuisniimm, GeadumaUszgy
FEIMININHYINTTSITUIE miaummﬁmam% LA AUINEBUISADT AT i, 3
WaEdnew 2559, umninenduusg, wih 174-182.

afiugn venfwarlgwa svnda, (2559). mawieudsvuSinaniusmeusening
panfnshiruandeyanifisufulaymbvhinaiuiu fuitnamievsseme
Ine. Seufumausspdnmaninensssaued asmunanienans uasiungden
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ULIATT ATV 1, 3 Wﬁ]ﬂ%ﬂ']ﬂu 2559, URTIVIENRABULEANT, WU 99-106.
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nmsiheuaninusiene (Oral presentation)

1. Mahavik, N., Tantanee, S. 2018: Quality Assessment of Mosaicked Weather
Radars Qver the Chao Phraya River Basin, Thailand. The Grand GMSARN

International Conference 2018 on “Energy, Environment, and Development in
GMS”, 28-30 Novernber 2018 at Ramada Encore Hotel Nanning, Nanning City,
Guangxi Province, China.

2. Mahavik, N., Tantanee, S, 2018. The convective cloud properties extraction

from weather radar reflectivity during SONCA tropical storm over the Lower
Northern Thailand. Asian Conference on Remote Sensing 2018, 15-19 October
2018, Renaissance Hotel Kuala Lumpur, Kuala Lumpur, Malaysia.

3. Mahavik, N, Tantanee, S. 2018: Cormparison of spatial error structures

between TRMM products and APHRODITE over the Indochina Peninsula. Asian
Conference on Remote Sensing 2018, 15-19 October 2018, Renaissance Hotel

Kuala Lumpur, Kuala Lumpur, Malaysia.

4. Seejata, K, Yodying, A, Wongthadam, T., Mahavik, N., Tantanee, S., (2017).

Assessment of flood hazard areas using Analytical Hierarchy Process over the
Lower Yom Basin, Suknhothai Province. Tth international Conference on
Building Resilience Using scientific knowledge to inform policy and practice in
Disaster Risk Reduction 27-29 November, 2018- Swissotel Le Concorde,
Bangkok, Thailand.

5. Mahavik, N., S. Shige, T. Hayashi, M. K. Yamamoto, 2015: Orogenic propagating

rain systems over the middle of Indochina observed by gauge-calibrated

ground-based radar data. MAHASRI workshop, 4 March 2015, Nagoya, Japan.

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

Wakabayashi, and S. Baimoung, 2013: Calibration of rainfall observed by
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-weather radars- and-rainfall pattern study in Indochina- peninsutar. IMPAC-T

final workshop, 11-12 November 2014, Sendai, Japan.

Mahavik, N., T. Satormura, B. Sysouphanthavong, S. Phonevilay, M.
Wakabayashi, and S. Baimoung, 2013: Rainfall pattern in the middle of
Indochina  Peninsular during 2009-2010 surnmer monsoon, I1GU  regional
conference, 4-9 August 2013, Kyoto, Japan.

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

Wakabayashi, and S. Baimoung, 2013: Rainfall pattemn in the middle of
Indochina peninsular using Vientiane radar. MAHASRI/HyARC Workshop, 14
March 2013, Nagoya, Japan.

Mahavik, N., T. Satomua, B. Sysouphanthavong, S. Phonevitay, M.

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

Thailand.

ansiEuanIalUeawmes (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 Patterns in Indochina. GCOE final
symposium, 2-3 Becember 2013, Kyoto, Japan.

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

Wakabayashi, and S. Baimoung, 2013: Application of Ground Based Radar and
TRMM  Rainfall for Hydrological Analysis, Part of Calibration of rainfall
observed by weather radars and rainfall pattern study in Indochina
peninsular. IMPAC-T final workshop, 11-12 November 2013, Sendai, Japan.

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

Wakabayashi, and 5. Baimoung, 2013: Rainfall pattern in the middle of
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indochina Peninsular during 2009-2010 summer monsoecn. DACA-13, 8-12 July
2013, Davos, Switzerland.

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

Mahavik, N., T. Satomura and S. Baimoung, 2012: Z-R parameter variations

using conventional weather radar in the middie of Indochina peninsular.

Meteorological Society of Japan (MSJ), 3-6 October 2012, Hokkaido, Japan.

Mahavik, N., T. Satomura, B. Sysouphanthavong, S. Phonevilay, M.
Wakabayashi, and S. Baimounsg, 2012: Radar rainfall analysis in the middle of
Indochina peninsular. International symposium on GCOE ARS, 3-4 August
2012, Kyoto, Japan.

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

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

Mabhavik, N., T. Satormura 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.

Mahavik, N., T. Satomwa, B. Sysouphanthavong, 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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1.

2558-2559 (#awndi1lasenns) Tnsanismadiannnssuiunsiuauiteyaiilu
L%aLa*umnwms’m‘n'«ammﬁmﬂ‘ﬁuﬁuﬁaatﬁm‘lﬁm%ixuugﬁaﬁaummﬁalﬂﬂ Wl
WALTYARNAT NN INNREUSAIT (SUlszana 220,000 U)
2560-2561(vautilasens) Tasensmsirundismsvusuiluaaisuyseanmen
mn%’a;ﬂmmm%mmmmmﬁmﬂﬁuﬁuu%nmeiuﬁnL%’fmszm VUIUUTEUIDIEY 37,
UNTIVENRBULIAS (Qudsean 583,000 U}

2560-2561(%iilasen1s) Iasanisanudundsiassadiemeninssuusuain
Joyaaiites TRMM  ududuladunsunang yusuussinamey 29, sninends
w5773 (uusEanal 599,500.00)

=

2562-2563(amdirlasents) lassnsmaliesgigunuuduuuiiugndeyagd
ﬁ’liﬁ‘umﬂLSﬂ’)'%Gl'i’lﬁ]E]’lt’l"lﬂﬂ’]ﬂﬁu?}'u‘i’]UﬁSLﬁﬂﬂqﬂuq‘m},’laﬁlLLﬁSﬂ’m nusulIzi
Weid 39, UNTINEanLans (Sudssanas 460,000 v

2560—2564(@"3"%358) TAsan13 Advancing Co-design of Integrated Strategies
with Adaptation to Climate Change in Thailand (ADAP-T) atfuayulas Science
and Technology Research Partnership for Sustainable Development
(SATREPS), JST-JICA (6,000,060 18114)

2553-2557 (E";h":l&l"qﬁﬁl) {n39n13 Integrated ~ Study ~ Project on  Hydro-
Meteorological  Prediction and Adaptation to Climate Change in Thailand
(IMPAC-T) anfuauulag JICA/ST

2559-2561 (f4233§8) lasansfinviamuidusssumegunm dinaiunemu

Fluayum s ueaiuguw (gee.)

madn3uiineusa (Academic training)

1.

Aerosol Modeling Workshop organized by National Astronomical Research
Institute of Thailand (NARIT), University of Phayao (UP) & Hydro and Agro
Informatics Institute (HAI, , 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

19
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3, Landuse and Landcover change using remote sensing by SERVIR Mekong and
ADPC supported by USAID, October 2015, Pak Nai Lert Hotel, Bangkok,
Thailand.

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

5. IHp 22" Precipitation measured by Satellite, 18 November ~ 1 December
2012 at Nagoya university, Nagoya, Japan.

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

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

310



