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ABSTRACT

This study develops a method for precipitation retrieval algorithm and a rain/no
rain cloud classification system using Korea geostationary satellite images as well
as GPM (Global Precipitation Misssion), DPR (Dual Precitation Radar), and GMI (GPM
Microwave Imager) sensors. This method can be applied to rainfall observations
in the Korea region. Co-locaed GPM CMB Level 2 precipitation with rain flags,
precipitation type flags, land/ocean flags, convective/stratiform flags, cloud top
height flags, and COMS geostationary satellite 5 channels are employed to develop
real-time flood forecasting and monitoring systems for self-governing bodies.
Shortwave infrared, water vapor, and infrared 1 channels are used to classify rainfall
clouds from clear sky conditions. The new algorithm was used to perform validation
when compared with old algorithm based on Tropical Rainfall Measuring Mission
(TRMM] satellite for Busan city flood case at August 25,2014. The results show
that the new algorithm based on the GPM satellite is more accurate in estimating
satellite rainfall. Rainfall cloud classification, which distinguishes rainfall clouds
from non-rainfall clouds, is also improved. Integrated Multi-satellitE Retrievals for
GMP (IMERG) compared the early-run, late-run, and final-run products for the Busan
City flood case using radar and ground station data. The early-run produced an
overestimation when compared with the late-run product. The late-run is more
accurate than the early-run when compared with the finalrrun. The converted Python
module was successful in improving the computing power for the parallel computing

method.
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3. L] 7|z ST
3.1 2=t
3.1.1 o=

3.1.1.1 Global Flood Monitoring System(GFMS)

GFMS+ AlA)7FS 2 TMPA(TRMM Multi—satellite Precipitation Analysis)A}&

=
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Pan the map
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Streamflow 12km res. [m*3/s]
18205Nov2014
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a8l 2 Global Flood Monitoring System(GFMS)
(RIE=REX: http://flood.umd.edu/)

3.1.2 Y=

3.1.2.1 Integrated Flood Analysis System(IFAS)
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Main Structure of IFAS
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a3 Integrated Flood Analysis System(IFAS)
(RER=X]: http://icharm.pwri.go.ip/)
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4. G4 Xz H Y
4.1 A=
4.1.1 GPM (Global Precipitation Mission)

4.1.1.1 GPM 2/4

GPMSIAS 20144 29 289 @71 4] BT QB chihAln} SAElolA 4E
Aoz WAzl Aok AR HE 94 (Global Precipitation Measurement,
GPM)> A9 A, HF, &F o2 5= d5she A= 200587 A%
7] AJARRE o] Y42 vl FEFT=(NASA) 9] 914 7]& 2=qiof uhet I ¢
FHIHJAXA) O] FEor 35 NAEHJAHIH 5).

Landsat 8 (usGs)

Y ii:_'\

Suomi NPP

(
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Aquarius

OSTM/Jason 2
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& '\'t
b

LRI CALIPSO
SORCE CloudSat

Aaua e GRACE (2)

Terra = . QuikSCAT

T
L
Landsat 7 (USGS) o

= NASA I 7t 1=l

4.1.1.2 GPM F2{|0|(DPR)

GPM 94 2] s84] Alx2l DPR(Dual Precipitation Radar)+ Ej&9] L8 ul ol
2 AIZH} f1x]o) whet Waleh=s Bl A 4= dloH, kS 3DE IS0l T}



16| GPM 947t BIHRAAHS 083t B4 GlBZAl ALY JHat

531}, mj=tolA ke wlo|m2n} glo] @ulE|(GPM Microwave Imager, GMI):=
STt P Eg BET S oW, F ANE AR P Y B9
L9 7 BE5T 4 Sl o 7 IAbET e o] At AA| 2] of 90%=
o} z

S 3] e A i 302viie 35S ¢ e oIt ™ 6).

GPM o] 94 Fofl 7 Tast AlA F9] stuel 7A@ o|H(Dual—frequency
Precipitation Radar, DPR): Kutl= @] t|(KuPR), Katl= #o]t](KaPR)d o]
2 FAEe] glon, KuPR AlA: 13.6GHzE ©]A TRMM $A2] A9} zroun
A AN 250m, THPAE 5kmO|tH 1 7). KaPRAIA = GPMEO] $JAdo Af
27 g5 AR 35GHzS] FutE 7HA Y, 4] SJAME 250/500mo]H, =33
A= KaPRAIA 9} 22 5km AT R =514 By k2 AlA o] AP oheat
ZoHGEe 2)



a8 7 GPM FZ20[H(DPR) M
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o+ OEZAl AL JHE

Ofol

H GPM =& 2lo[H HH

[tem

KuPR

KaPR

Swath Width

245 kilometers(km)

120 kilometers(km)

Range Resolution

250 meters(m)

250/500 meters(m)

Spatial Resolution

5.2 km(Nadir at the height of
407km)

5.2km (Nadir at the height of
407km)

Beam Width

0.71 degrees(Center Beam)

0.71 degrees(Center Beam)

Transmitter

128 Solid State Amp

128 Solid State Amplifiers

Peak Transmit Power

1012.0 Watts(W)

146.5 Watts(W)

Pulse Repetition Freq.

4000 to 4500 Hertz(Hz)

4000 to 4500 Hertz(Hz)

Pulse Width

two 1.6 microseconds(y s) pulses

two 1.6 microseconds(y s} pulses
in matched beams
two 3.2 micorseconds(y s} pulses
in interlaced scans

49(25 in matched beams and 24 in

Beam Number 49 .
interlaced scans)
Minimum measurable rain 05mm/h 0.2mm/h
rate
Beam matching error Uner 1000m

Observable range

19km to Surface
(to-5 km near nadir)

19km to Surface
(to-Bkm near nadir)

Dynamic range

From -5dB below the system nosie
level to +bdB above the nominal
maximum suface echo level

From -5dB below the system noise
level to +bdB above the nominal
maximum surface echo level

Receiver power accuracy

+ 1dB

+ 1dB

Scan Angle
(in Observation Mode)

+17° Cross Track

+8.5° Cross Track

Frequencies

13.597 and 13.603 GHz

35.547 and 35.553 GHz

Bandwidth

14 MHz

14 MHz

Max. Mass

472 kilograms|(kg)

336 kilogramsl(kg)

Science Data Rate(max)

109 kilobits per second(kbps)
(The Total of KuPR and KaPR is
190 kbps)

81 kilobits per second(kbps)
(The Total of KuPR and KaPR is
190 kbps)




4.1.1.3 GPM Ofo|3 20} o|o|X(GMI)

GMIALA = GPMSI Aol BAj=lof Q= mhol 2z eh) omle AlAelt}, 407km =
Y A=2 ¥=sh, T2 5= 635kmo|tH( 1Y 8), GMI= 10GHzE-E] 183GHz7}
X 2}219] 4:7] 4o AR & 13700) A AT YTHE 3). 1.2m 2] v
2l QHElU7E BlSHAA 5 shel, A4 Swath Aeli= 885kmolth, 13749] A
% 10-23GHz0] 74=qlxjoll WIZS}n] 86-89GHA 44> @ Ao wgsla,

166—183GHz A9 7+

agl 9 GPM GMI MM EZ
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23 GPM GMI A A&
Pass- Sam aNlOmln Ea“ Cold Is:Ia:)rtn
Ch | Center pling | Nadir Beam . sam NEDT
band | Po Earth Foot-printlk | sam ples
an. |Freq . Inter | Angle( . Width( ples (K)
width | L. Inciden mxkm] ples per
# |(GHz) val |deg) deg] per Max
(MHz) ce per Sca
(ms) Scan
Angle scan n
1 10.65 100 | V| 36 | 485 | 5282 | 1.732 | 321x194 | 202 | 4 4 | 096
2 | 10.65 100 | H| 3.6 | 485 | 5282 | 1.732 | 32.1x109 | 202 | 4 4 | 096
3] 1870 | 200 | V| 3.6 | 485 | 5282 | 0.977 | 181x10.9 | 202 | 4 9 | 0.84
4 | 1870 | 200 | H| 3.6 | 485 | 5282 | 0.977 | 181x109 | 202 | 4 9 | 0.84
5| 2380 | 400 | V| 36 | 485 | 52.82 | 0.862 16.0x9.7 | 202 | 4 9 | 1.05
6 | 3650 | 1000 | V| 36 | 485 | 52.82 | 0.843 15.6x9.4 | 202 | 9 | 20 | 0.65
7 | 3650 | 1000 | H| 3.6 | 485 | 52.82 | 0.843 15.6x9.4 | 202 | 9 | 20 | 0.65
8 | 8900 |6000 | V| 3.6 | 485 | 5282 | 0.390 7.2xb.4 202 | 9 | 30 | 057
9 | 89.00 | 6000 | H| 36 | 485 | 52.82 | 0.390 7.2xb.4 202 | 9 | 25| 057
10 | 1660 | 4000 | V| 3.6 | 4536 | 49.19 | 0.396 6.3x4.1 202 9 | 25| 150
11| 1660 | 4000 | H| 3.6 | 4536 | 49.19 | 0.3% 6.3x4.1 202 9 | 251|150
12 | 183+3.0 | 2000 | V| 3.6 | 4536 | 49.19 | 0.391 5.8x3.8 202 | 9 | 25| 150
13| 183+7.0 | 2000 | V| 3.6 | 4536 | 49.19 | 0.391 5.8x3.8 202 9 | 25| 150

41.1.4 GPM M XtEX2|

GPM A}&E+ Level 0, Level 1A, Level 1B, Level 1C, Level 2, Level 3A}&2]
FEH = A FECHEE 4). Level 0 AR 7|221Q1 FHE} H[o]E| missingof thet
Ha2x odut fA A= AFEA @ ROt Level 1A Az Aol tigt 4
H o3k §3, AA, 94 dEiee] HEEA o] FE EFE dut FA A= AlSE]
] =t} Level 1B, Level 1CAIR = 7]514Q1 HAH 52 WIAMLGE 2™
W= AlE 3T Level 24b=w HAMEGT Sl=g koA Zesd A datefsof o
ot Aoz HekE ghe AlsRith Level 3A4ba« A4 WS o] &sto] Al
HARHom ARt © AmE Alseth Level 3xk& S04l GPM 34914 Ah=Rt
oz nyiete] AXshE 4RE AT GPM o] $14t ofe] slolazs) Yol
9, BAAE ol AEEe Aarides 2t ARPAE 30& 10kmo] &



YR AEEe A=e GPM IMERGARRO|H,

2219) Leveld] X20] WM SEEL 1% 10014 24 9tk Level 20]4
GPMYA o579 ot (DPR) oA KuPRALA o] AlEdh= 7343, KaPRAIA o] A
| 28ls 7ol 9lom, KuPR, KaPRO Z4aghe AR H Ao xﬂ%’-z‘s}%
DPR 74ak e Ala-gtct E3F GMI(GPM Microwave Imager) AllA+«= bl 4=
nfo] g 2u} 21 e]E g o] GPROF ¢ile]E 7|HEC & GMI Level 2 7432 A ]5‘3—?:7_]'
t}, DPR 733t GMI Z4aF 32 23St Al = CMB A a2 A B AqLofA
COMS 22 d o] t|o|EH|o] 235 g3t COMS Z+7F 4 date]& 7iEA|
o]-g-sttt.

H4 GPM XI= Level = Ho

)

Processing level Descriptions

The processing input APID Sorted Dataldata originated in GPM core satellite,
packet-synchronized in accodance with CCSDS standard and divided by APIDs).
Level 0 From the primary and secondary headers of the packets, they check the time
range, the continuousness(data missing) and so on. Level 0 data, which they
output, are no provided to users.

The processing input Level 0 data and output Level 1A data. Level 1A data store

Lovel 1A sensor output engineering values, satellite attitude/position, sensor status,
eve . . . -

transform coefficients and so on in the time range, or scene, of respective files

L1A data are archived as master data, but not provided to users.

The processing input Level 1A data, conduct geometric corrections, and convert
Level 1B, Level 1C|. ) )
into received powers, brightness temperatures and so on.

The processing input Level 1 products and derive physical quantities regarding
precipitation, e.g. earth surface scattering cross-sections, precipitation types,

Level 2
eve bright band height, attenuation-compensated radar reflectivity factor,
precipitation intensity, and so on.
The processing input Level 1 or 2 products and conduct spatial and/or temporal
Level 3 statistical processing. The output products cover whole globe. The time coverage

of the products are one month, one day or one hour(this goes for GSMaP).
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GMI L1A GMI Base KuPR L1A KaPR L1A
GMI Instrument GMI Antenna Ku Instrument Ka Instrument
L1 Counts Temperatures Counts Counts

GMI Brightness o] ks e e KaPR L1B
Temperatures(Th) GMI Calibrated Tb Ku %:l\fe?md Ka gg\‘:‘lll;:md

KuPR L2

GANAL
Ku Ka
i JMA Global
Precipitation Analysis data Precipitation
L2 GMI
Precipitation
DPR/GMI Comb L2 DPR L2
Combined DPR
Precipitation Precipitation
|
GMl L3 DPR/IGMI Comb L3 DPR L3
GMI Combined DPR
Precipitation Precipitation Precipitation
L3 GSMaP ---------------I
I Notes;
— = | o
. gorithm
= Global Satellits 1 3 |
Constellation rl:ﬂa;pir?ng € 1 I Combined Algorithm 1
Radiometers Precipitation 1 T sSatellite / Auxiliary Data 1

Jz 10 GPM X=X AAREA : JAXA)

GPM 91/doll A Algsh= 4l dlojr] skt dnbd o g thgat -2 S
Foto] AEET WA o]FArdolHE o] 88 RE2 KuPRY}F KaPRoJA] 47
= UAE Wste] #EITHIE 1), o] A eSS e oly A
Fol, ¥y #o] 59 AHE Aggict dale|EE TRMM/PR Zpdale]E-E vl
Ao R NIElon, o]FAtegolto tigh AR} F7tEQleh ol HER o|F
Ui1E]E2 sAlol TRMM/PRY} KuPRe| A8d =sE A= ch(1H
12). YEAE= 4 1 AFFES(received power profile, etc,)o|w, #lo|t] g4l

cheat 2tk Zedole AW 2 ALAXEE ARolt,

2
2

=g 0 o
)\4
Z=—s [ o/D)ND)ID ©



Zew FTUAF A& D N(D) 2 YepdS= QIt}, Ze(Effective radar reflectivity
factor)?} k(specific attenuation) T O|EHIARIAE o]-&3to] A (3)x} 7o)
2 gl el Z-RAAAS olgslel ke AR

10log,Z,, (r) = 10log,,Z, (r) — 2/ k(s)ds (3)
0

9o] 418 The()a 2ol FolA A4 AL
Z (r)

Z,(r)= (4)
[1—0.2(In10) ,3/ ' (s)°ds]V?

74 9Jsf] AfZH(PIA, Path integrated attenuation)2 ©]-&5}o] 7r4aF Ab=
2HTH(5).

PIA=— %logw ~0.2(In10) ,3/ s)ds] )

Flight direction

,Eﬁx

L

© KuPR
O KaPR (Matched beam) D
KaPR(High sensitivity beam)49:. !

J2 N DPR Atzxf2| AAEEX : JAXA)
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Meteorological
analysis data | P{( ) received power .

Temperature profile

h 4

- .
>

Vertical r r
profile Zm'(7) a’ '
mOdU|e Carrection for attenuation
+ Cloud and by rainless particle o)

water vapor — v
. Pl'edpitallofl Classification af

“"pa . precipiiabion yoe ZFTJ-( .?'J IiTo _

rainless

-
-
v
&
-~

Solver modules% PIA
3
SRT
Za, k, PIA - o module
DSD
module
sprimary part of e — — — ._-‘ufrDj pgmda size . Prpclpna_tlon
new development distribution function intensity

a2 12 DPR 4% &8 LueE(EA : JAXA)

GPM GMI AllA 9] dae|52 o x|t 71 & Hlo]A2 51 4e]| a—priori A

Az 2upd dlo|EH|o]2et o]ef AAIR F=R k] ¥Ao| A Bayesian inversion
WS o83l e AbEsHAl "ok b dalEE e 13 A Z2u)

o

d Ry} GMI AlA oA A== Pl=RE(Th)S 7IRECR AMEst, 402 e
W ok 2.

Pr(R/T,) =Pr(R)<Pr(T)|R) (6)

dlS o] §5h= W o e]of FE A dlo|gH|o|AE o] §5to] FrapekS A Es
=t o|ui= GPM radar 74542 GPM GMIY] 3| =2+ E 0]836}o] a—priori
glojg H|o|AE 53 E|w, o] Ho|EH|o|ARRY sk AMETiT



4.1.1.4 GPM IMERG

GPM IMERG (the Integrated Multi—satellitE Retreievals for GPM) AR} ==
Level 3At2 2 GPM d4] Fo] o YO0 & THE Level 3 7yl tE =,
o] ABL GPM T4} tho| L2} AIAE SAISlT A4S AE T gl &

ol zul HEod 9 AR A E S HARE AAHE s od U=

Ato] AL 3027 10kme) oH b Apolt), vlolaRa e %%& o]
, e, A=, IR AE T ookt yeket 7| dollA &Gk 1A
™, o]& 7]HoA &Ysh= ’“]/\19} 1ol et ZAIRE A # 5
62 @ 91He] A o AR BAS wolEw glov, ztzte] Al
i 7|EHo g ulRlo] AtARo R 71 10-85GHzt o] AMAME3 89— 183GHZ«]
A A E ol&she fIHER Ua e, 540 wet g o] &= Qlth
GPM GMIAIA = 10-183GHz2] H= G| ot A= Alsstal UATHGE 6).

N ruhx aly

5 GPM IMERG 2272t & Slaut =X
A 2 7|2
SSMI DMSP DoD
SSMIS DMSP DoD
AMSR? GCOM-W JAXA
MADRAS Megha-Tropiques CNES/IRO
SAPHIR Megha-Tropiques CNES/IRO
MHS NOAA NOAA
AMSU-A NOAA NOAA
MHS MetOp EUMETSAT
AMSU-A MetOp EUMETSAT
ATMS NPP NASA
ATMS JPSS NOAA
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H6 GPM IMERG =Zl4 M
10.65 | 10.65 187 187 | 238 | 365 | 365 | 89.0 | 89.0 | 165.5| 1655 | 183+ | 183+
GMI \% H Y l. H \% \% H \% H H H 3 3
ow
low | lw low | low | low | low | high | high | high | high | high | high

10.65 | 10.6519.35/19.35| 21.3 | 37.0 | 37.0 | 85.5 | 855
™I \ H \% H \% \% H % H
low | low | low | low | low | low | low | high | high

10.65 | 10.65 | 18.75 | 18.75 | 23.8 | 36,5 | 36.5 | 89.0 | 89.0

ANIIESR % H % H V % H % H
low | low | low | low | low | low | low | high | high
19.35|19.35 | 22.23 | 37.0 | 37.0 | 91.66 | 91.66 150 | 183+ | 183+
SSMIS \% H % \% H \% H H 3 3
low | low | low | low | low | high | high high | high | high
89.0 183+ | 183+
AMSU v 150H 3 3
B low
low low | low
i:” 1 2 3 4 5 6 7 8 9 10 1M 12 13

GPM IMERG At&2E 4h&dh= WS TRMMSVdollA 2H2ke] 7]miet Level 32 THE
oJA AJ5giE NASA TRMM 3B42, NOAA CPC(Climate Prediction Center) CORMPH
(NOAA CPC Morphing Technique), UC Irvinet}|&}2] PERSIANN(Precipiation Estimation
from Remotely Sensed Infromation using Artificial Neural Networks) A=25°] 2131
U, o[ GPM IMERG AR 7 71 8e] SEg Belel H% AxsE A4ns
AFZFITHIY 14), NOAA CPColA| CMORPH ZYHIEIZ o]§3ko] nlolzzsbel
AN S AT AR AT, UC Ivinetfstoll i1z el olgelo] 4t
=% A= 2 AT NASA GSFCoA HFAom Be e A7E 2
roto] = AlgsHA Hoh(1d 13). AR+ #E5F Latency 6A|7F & A= (Early
run product), 18A]7F $9] R}& (Late run product)@} X|E& 02 A=A 7 9}
BASE 47§% A& (Final run product)S AJAFsto] A|g-gtct

%ﬂi Ao A= Early runA}&Ee} COMSARE d|o|eH|o]As) dlo] mj X5
9 AVl tiste] A AP dalElgs el shRl o, A5 NASA
o Al AIAEFEE Latency 4A]7+2] Early AFE7} 6A|7FO.2 2A]7F nj2o] FHo




Barly runA-22 go]ewo] A3} 3te] 1 Ml shbe 2w o] gio] 3t A7} ¢l
L A2 GPM DPR, GMI 7%= M4 z&0l CMB Z=Ala s o433t GPM
IMERGAFR = 5 APEC 7] 541 ©] A1 APEC W= d=t A2} e
A g F420] AR B A Ao 7Fssly] wlEe] WA e 2doA A&
7} 2 uk=x] ¢lolr 7] &J5te] xANEALE ) vlw st

l
o

i UC Irvine : GSFC : CcPC |
1 i W !
| 8! | Compute even-odd IR files : !
i| IR Image segmentation K 1 4.1 (at CPC) .
i feature extraction l Receive/store ‘/i/{ — }
; patch classification ! even-odd IR ' Compute IR 4
1 precip estimation T files ' displ P t vect i
i . . placement vectors !
| v 9 | o i
| Build IR-PMW ) Import PMW data; ! 5 |
| precip calibration < grid; calibrate; : Forward/ i
I & 1T | combine I backward !
| 10 [ | . :
i Recalibrate ; i pYOF:rag:Hon :
! precip rate : : W i
| [ | H
| | : i | |
| | "] IS |
' : Import mon. gauge; : 7 : !
! | |l mon. sat-gauge i | Apply Build |
! N e combo.: <« Kalman |¢— Kalman !
i i ;_0“ rescale short-interval ! filter filter !
! ; datasets to monthly ! weights i
| e : 12; i
! prototype6 o Apply climo. cal. : !
1 | 1
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®7 GPM IMERG A==
Reasolution Regions-Dates Latency Format
Gridded,
0.1_ -30 90N-90S 6 hours HDFS
minute March 2014 (NRT/early run)
to present
Gridded,
0.1' -30 90N-90S 18 hours HDFS
minute March 2014 (NRT/late run)
to present
Gridded,
0.1°-30 90N-90S 4 months
HDF5/NETCDF
minute March 2014 (final run) /
to present
Gridded,
0.1 90N-90S A. months HDFS
Monthly March 2014 (final run)
to present
a8 14 GPM IMERG ZiX|5 302 #=UI0lH



4.1.2 H2|0t 24X
41.2.1 F2I0F /A MM

2771 E o] w2 A 2|9k Y4 (Communication, Ocean and Meteorological
Satellite, COMS)S A LHEANE 36,000km 1%, £7 128 2%0] 9|x|5lo] 7|4}
BE, SPTE BANIL QRS Sel el Azl AU BAHL
2 200393E S SN F47) ASlel wet 4, w4, e
opit, WHEAAN FEAYOR F3slo] FAFFIRATHO| FLET AT
7|eo g AHRS Mol TehAo] EDAS AstriumAke} u]Ze] ITT7} 8] &3]
AlZ 7] 20109 69 279 Hu| ZEAH Jjoht L2 QA E oA AAEF o g

o —1—
Afste] @A HREE S ulEEle] ALE 278 o]3lo] A|7E 7HAo R WEsfal Qlrk
ool AP ZeFo] 2, 49Tkg o2 TAL] AL H o R vAlE QT Z|ANE

=
RS |
1=}

O]-O
i=0=1
=

;9

=

A, BFEEAIA, A AR (Ka—band) S FASHL Qlom d5eh Jroas
308 7HA 02 F|AYARRES FAISHAL Qi AFoll A HARA] 158 7HE o)A

o 85 7t4 9] H=o| 7hs38ttt, 7 AEAAl= vle GOES-8%5 ~ GOES 1335 4
A& MTSAT-20] EAjE 7]/ FA et U3t MAE EAstal itk (Table, 5). & 5
fex]
-

i)

>

(¢}

Me] AAE 7122 Q=t)|, 7FA|ZA(VIS : visible) AlAl:= Ejefago] 7hA|dA o
21 0.5 ~ 0.9um TP o] AFHAFS =0 BAMAZ SASH GAS Uit

FAALL ool Qs Frtolul BEo] Fhssa a1, oA, HA, 8
o) 7| 4E BEo] GBI, BubEe] AU 3 7me] TR kol wok

_I[Nt |\

= |
o] AGHIANEFS 54 7FssthH, oftolli= Al BANES S5k sk, oft
N, AbE59) HSo olgHnt. 57| Ad2 6.7me) JHH‘JMW 719 571
ol W2 BARES S5 o] A ol8sle] tiRd AT W T8 #UIF #
Zo] 7hs3le), A9 1, He) 23 dS 2k2} 10,8, 12,0ime] SN E 7EA|H, 2|
FRolY 504 o) g St FEHA|, v, AR, St 2E
O 7V Eeigte = Hghsto] o8k AlAS] ZF A e] HE= 3 8o 2|3,

B 2 of off
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H8 COMS AllA EX
= IHE um) StehAE SHEE0}
N 0.67 Tkm T TESY, AL ME-HARHS, Y I2SHE
manigSiel 3.7 4km ORIRPN & SIE2, MELX| XH2E F&
37| 6.7 4km N5 | 2B, AEHY| 2sme
el 10.8 4km TEGYE, s 2, NS
ESely, 12.0 4km TEEY, s 2, NS
29 HR MR 9 AU 57
2 Hs M IR () SHA=
1 VIS 0.55-0.75 Tkm
0]= GOES-13 2 IR 3.8-4.0 4km
(=GOES NJ 3 W 6.5-7.0 4km
2006.5.24 4 IR 10.2-11.2 4km
5 IR 13.0-13.7 8km
1 High.Res.VIS 0.6-0.9 Tkm
2 VIS 0.6 0.56-0.71 3km
3 VIS 0.8 0.74-0.88 3km
4 IR 1.6 1.50-1.78 3km
oz 5 IR 3.9 3.48-4.36 3km
MSG-2 6 IR 8.7 8.30-9.10 3km
(=MATEQSAT-9) 7 IR 10.8 9.80-11.80 3km
2005.12.21 8 IR 12.0 11.00-13.00 3km
9 WV 6.2 5.35-7.15 3km
10 W 7.3 6.85-7.85 3km
11 IR 9.7 9.38-9.94 3km
12 IR 13.4 12.40-14.40 3km
1 VIS 0.55-0.75 Tkm
oyt 2 IR 1 3.8-4.0 4km
MTSAT-1R 3 IR 2 6.5-7.0 4km
2005.2.26 4 IR 3(vW) 10.2-11.2 4km
5 IR 4(Near IR) 13.0-13.7 4km
1 VIS 0.55-0.90 1.25km
=2 2 IR3 35-4.0 5km
FY-2C 3 W 6.3-7.6 5km
2004.12.24 4 IR1 103-11.3 5km
5 IR2 11.5-12.5 5k




4.1.2.2 H2|Qt X7 &=

He|ore e 2Ako 2 HE] oF 36,000 km Hold A AFFoA ATS =3}
7] wfiol Hebeid o) ga]eflA] Aol 27]= ot Aot EOW olg Hestr| 9
sto] el EAE 71 G710 g ol I BatEo] qlaL, o] HYA el
=2 A7 Ago] 29/ AEtE SAoIHA A F=RE WA FH%‘E%*MILW% &
G ouAE Yoz Adsh, tEEt tREss| 715kl ofojol W

AL CEAFPE G W 2N PEY WAS T 2eRloletar shl, of 7 &
AL SIolA 2 of, T 8 km HEO| HOR ofFolA ek 9ol
Hol B A7 mAS B Btk 12 vo] Wi Akl Pl o]
o 12 Zpgo] 0sly, wetd A 49
oAyl Fshdlol = 15 }agol w3o) 7}

N

St 1d 15),

AdEs 20119 49RE Q7] AR5E F7PFEAERE St AR mE
Hho|u ] AEE SAlske] A9 YL TBBREZHO R Wlsle] Algslgon o]
A7 FolA o)FHE AEd 158 ARE ARSI
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B0 25

99 95 100 105 110 115 130 125 130 135

55

50

45

40

35

30

25

20

J8 15

L

COMS East Asia Z=2 X[FE=

187

12.5

4.2

-0

Rainfall{mr /hr)



5. g 2

5.1 G+X|9 A Xlz DB

B{}\

A 9L 9w 30x=HE 45% ZHI20=HE 135574 A 9S AFR|goz
gatelet,. AFAGY CoOMS #S F/d2 that ZthLE 16),

123 126 129 132

a8l 16

Hele SARE A4 S IIAE A HRE AT ek, L B
A 914 MTSAT-24= Hulyt 243] A 2| 243 Wl 83 515 P=3lc), o]
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17 COMS Ofi=0f| tht MatlabX} Python ZAH H|w
158 K= 30& K=
Bolaven : ;
cus mat scipy cus mat scipy
+15 | coms_le1b_ir1_ch1_lk_201208271530.bin.txt 0.9253 | 0.9222| 0.9244| 0.9255| 0.9222| 0.9245
+30 | coms_lelb_ir1_ch1_lk_201208271545.bin.txt 0.9058 | 0.8998| 0.9036| 0.9068| 0.9000 | 0.9030
+45 | coms_le1b_ir1_ch1_lk_201208271600.bin.txt 0.8846 | 0.8786| 0.8817| 0.8859| 0.8787| 0.8810
+60 | coms_lel1b_ir1_ch1_lk_201208271615.bin.txt 0.8627 | 0.8533| 0.8572| 0.8644| 0.8538| 0.8566
+75 | coms_le1b_ir1_ch1_lk_201208271630.bin.txt 0.8319 | 0.8235| 0.8253| 0.8341| 0.8231| 0.8246
+90 | coms_le1b_ir1_ch1_lk_201208271645.bin.txt 0.8032| 0.7926| 0.7924| 0.8049| 0.7908 | 0.7911
+105 | coms_le1b_ir1_ch1_lk_201208271700.bin.txt 0.7709 | 0.7628| 0.7592| 0.7732| 0.7607 | 0.7585
+120 | coms_lelb_ir1_ch1_tk_201208271715.bin.txt 0.7379 | 0.7272| 0.7231| 0.7426| 0.7278 | 0.7226
1582 Xtz 302 Xtz
Bolaven : :
cus mat scipy cus mat scipy
+15 | coms_le1b_ir1_ch1_lk_201408250330.bin.txt 0.9576 | 0.9556| 0.9571| 0.9572| 0.9556| 0.9573
+30 | coms_le1b_ir1_ch1_lk_201408250345.bin.txt 0.9265| 0.9216| 0.9243| 0.9247| 0.9215| 0.9251
+45 | coms_le1b_ir1_ch1_lk_201408250400.bin.txt 0.8997 | 0.8951| 0.8975| 0.8985| 0.8955| 0.8988
+60 | coms_le1b_ir1_ch1_lk_201408250415.bin.txt 0.8765| 0.8710| 0.8729| 0.8760| 0.8715| 0.8746
+75 | coms_le1b_ir1_ch1_lk_201408250430.bin.txt 0.8506 | 0.8459| 0.8455| 0.8509 | 0.8462| 0.8479
+90 | coms_le1b_ir1_ch1_lk_201408250445.bin.txt 0.8313| 0.8248| 0.8220| 0.8306| 0.8243| 0.8253
+105 | coms_leb_ir1_ch1_lk_201408250500.bin.txt 0.8105| 0.8049| 0.7994| 0.8109| 0.8062| 0.8039
+120 | coms_le1b_ir1_ch1_lk_201408250515.bin.txt 0.7896 | 0.7846| 0.7768| 0.7917| 0.7873 | 0.7822

(C1™ 47).
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