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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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ABSTRACT

The heavy rain that has occurred recently in Korea due to climate change and long-term rainfall
variability and the resulting damage to property and human life reveal the importance of analyzing
the characteristics of rainfall variability. Satellite retrieval of precipitation information from COMS
is important to understanding the hydrological cycle from the regional to the global scale. Accurate
measurement of precipitation is also important for heavy rain in order to reduce the damages

caused by heavy precipitation, it is in the interest of meteorology and climate change to dedicate
efforts to the quantitaive prediction of precipitation. Rainfall is a highly discontinuous process,
in terms of both space and time. Accurate and reliable measurements of rainfall over extensive
areas of ocean presents a formidable challenge to meteorologists. Even with our best efforts,
ground-based measurements only cover a small fraction of the globe. In addition to large
uncertainties in the derived estimates, there are problems related to nonuniformities in coverage,
quality, and logistics of operations. The observation and monitoring of clouds from space using
remote sensing techniques has the potential for providing rainfall information at the desired time
and spatial scales. The assessment of precipitation contributes to improving weather forecasting,
at small and large spatial scales, and studying rainfall leads to better understanding of climate
variability. We used the COMS satellite and TRMM 3B42 combined passive microwave satellites,
including the Microwave Imager (TMI) on TRMM, the Special Sensor Microwave Imager (SSM/I)
on the Defense Meteorological Satellite Program (DMSP) satellites, the Advanced Microwave
Scanning Radiometer-Earth Observing System (AMSR-E) on Aqua, and the Advanced Microwave
Sounding Unit-B (AMSU-B] on the National Oceanic and Atmospheric Administration (NOAA)
satellite series. Satellite-based precipitation retrievals for applications has been studied at the
National Environmental Satellite Data and Information Service (NEDIS) of the National Oceanic
and Atmospheric Administration(NOAA] and data from the Geostationary Operational Environmental
Satellite (GOES) have been used within the Interactive Flash Flood Analyzer (IFFA) system (Scofied
1987). Iguchi et al., (1994) and Kozu et al., (1996) developed a retrieval algorithm for precipitation
using the TRMM precipitation radar. Kemmerow et al. (19964) and Olson et al. (1999) estimate
precipitation using TRMM with sensor-specific versions of the Goddard Profiling Algorithm (GPROF).
The associated vertical profiles of hydrometeors are then used to provide an estimated surface
precipitation rate. We also made use of additional satellite data: the TRMM combined estimate,
which employs data from both TMI and the TRMM precipitation radar (PR) as a source of calibration
(TRMM product 2b31; Haddad et al. 1997a,b). Huffman et al. (1997,2007) developed 3-hourly
precipitation using passive microwave data. Combined with a multi-satellite data assimilation
system is needed to develop timely monitoring capability for unexpected precipitation in the
Asia-Pacific region. The purpose of this report is to evaluate the performance of retrieved
precipitation of heavy rainfall events to establish a baseline of performance and directions for
improvement at daily and monthly time scales at a spatial resolution of 4km latitude/longitude.
We used reference data from a relatively dense station network (ASQOS data from KMA] of about
61 rain gauges over South Korea. The COMS-based precipitation estimates were evaluated from
April 2011 to —April 2012 using 30-min mean rainfall and 8-min mean rainfall, along with ground
measurements. Five methods were explored to evaluate the results comparing COMS rainfall
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and ASOS rainfall, specifically statistical methods, such as Root Mean Square Error (RMSE], ;
Mean Absolute Error (MAE), Mean Error (ME), BIAS, and efficiency (EFF). The evaluation showed
that the 30-min mean rainfall from COMS is underestimated in comparison with ASOS data.
However, the 8-min mean rainfall is overestimated without a classification of rain/no rain. Finally,
we applied the methodology to case studies, including landslides at Woomeon Mountain, Typhoon
Bolaven, and the crash of Lao Airlines Flight 3013. These results can be applied to the development
of data services and monitoring systems using the Korea COMS satellites for the Korean peninsula
and the Asia Pacific region and, perhaps, a new data assimilation system, combining NASA with
COMS. It may also be applied to understanding the nature of the energy and hydrological cycles,
forecasting climate change in the Asia-Pacific region, and supporting data for short-term climate
forecasts.

1. N2

o

Ueo9ot BiF- 7P dubdlo]al Fa3t AR s ot (smith and ward 1998),
olZiRt Asl= QIet vlsl= 715} AlSE o2 vjd IA Sl jlew, HEjus
ZSErRt stoldll 2 fru g o QIgk I uls] B At sl7} tdo] F7kshe FAll0]
o}, wEbA] Aot "ol et Aade Aes] 85k A tis] S5k, o
of B2 AFAE &5 oAlS Alzdlof] tisiA Ateliith(Dutta et al. 2000; Al-Sabhan
et al, 2010; Hong et al. 2007; Reed et al. 2007; Yilmaz et al, 2010), 18t} tjFEe
T ol A" WS 2E5olR] A9 4] 7Hke ® nhEo] F7] wiizofl(Reed
et al, 2007; Cloke and Pappenberger 2009;Pappenbergerand Buizza 2009; Voisin
et al, 2011) F3to|u} FHoPA oA u|AISF-ol A WAsh= S0l thsfiAle Fgt
WSR7E Qlol &5 o5 Al2EE sl ] B& of etk ofof thit tioto e A=A}
ARE ogste] 5 S AlL'E SRt 2ol SolA A= I - A=
S o83t EEY gk A57F Solstth (Hong et al. 2006; Artan et al.
2007;Shrestha et al. 2008; Su et al. 2008; Pan et al, 2010; Su et al, 2011). 1 Zoj|A]
7 dA YA7EAIRE S NASAOA HE= TMPA(Tropical Rainfall Measuring
Mission Multi—satellite Precipitation Analysis; Huffman et al, 2007)2 3A|7}F 7+4
0.25°%0,25° 3%t Sde2 W AAREo] ARESIGITE TMPAE ofd] 4~ Hio| 22w}



EAAQF ¢ gojy o] Agtog HhEojR AEFE GFMS(Global Flood Monitoring
System; Hong et al, 2007)2] QAR Z o] &1l ¢lom ES} XFT o st FH
A251] AATAL 521 R IARE 0 8510] AT Uk, (Martina et al, 2005;
Georgakakos 1986). 129t A=235Q AH o B A|AHL JAAZ2t7, do|f, $=4]
i AR Chok ARE AgSlo] Shov], AT BEd +REHEE olgelel ol
B A|AES dEHA)A Yt (Alfieri et al. 2012 and Gourley et al, 2012). o]&g} thefst
P el P E AN Apeke] ekl 7 S| SEshet] dEA o At
24571 714 o] ARGl Uk AR O ThE Akl ulshAl 74 Mol 1

3}
3 p2uholt), SlAuE AAIEARE B2 S S|, ol FHE B
A<
T

.

SEFAES 5T
W= AHFo]aL ofepe] Fake W A IR o] B3 Aokl ARt 2

£ S7k= A& oA th= -2 Yt Creutin and Borga 2003). AVgHE5At
B2 7PE0lHE wol AastA H=tl 1-4kmo]l o2& AW =0t 5 HEo A
T ades 7HA7] diZel 7V3ElelH S ol8ste S5 sk AlLEE A
7ibelo] 2851 tHOgden et al, 2000; Delrieu et al, 2005; Vivoni et al, 2006;
Borag et al, 2007). et} A4 74Ol el 2 o] 8ol 4eke ZAsH Wi e 74
Holt] Ao Haod, WAHEel 7o mete] 2N, o] 24, AEW clutterE)
BEAR o4& 233 HKrajewski and Smith 2002), $]9] o]g]SE& Qlale] Ea] AA]
ZhEold ks A8 o & 2AR R A85to] githGourley et al, 2010, 2011),
ool W 914 7 THEL Tk ALK AFHAel BAle] the Bl oful2 ALgol
7Fssith. A= 1482 ol8sto] HF Lol thet 8- H|=r NOAA(the National
Oceanic and Atmospheric Administration) NESDIS(the National Environmental Satellite
Data and Information Service)olAl:= 1770Wt] ZFE GOES(the Geostaionary
Operational Environmental Satellite) 42 ©]-835}o] IFFA(the Interactive Flash
Flood Analyzer)2 7&slo] AR&38te] 2FH(Scofield and Oliver 1977; Scofield 1987;
Borneman 1988; Kuligowski 1997). 3}A|qF L2|udlol A YAAIRS o]835F =21
HHof Z-gof et A= 2000 o]Fofut Y=tk (Kang et al., 2006; Shin,
2008). sHAIRt o5 A YA AEH HHE o]kt 2R, 9T

Am AR FTofloF A7F Al A olth(Kim, 2013).
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SHHQ Polek, 9 & AWARF IS L WFESE BE] JhAE
F3] o3 AFELE BET 5 Gk VT AL BAsle kme) AT A
w0} 83 718 AR Helek 94 HS S ol NFEIY $8L W=
O ANR 335 $L dheto] B 4 9tk o] HiiAle] BAL 22 by T
Aot 9199) W30S AR PHRsh B siel ANSIES s
MG 91ge] FEAReL ANUSARSE v IS SN e Aol that Swer
g 7R S b Si9iet

2. g+ Atz A OH
2.1 AP
2.1.1 Mot 94y

277193 E o w2 29t 914J(Communication, Ocean and Meteorological
Satellite, COMS)-& AT A EARE 36,000km TL%, 7 128.25%0] ¢x]ate] 7|4k,
SFS BAIS QTS SRR Selet 2o YA BUYOE 200905
Bl =7} S5 S747] Aol wet 713, wsapel]et, SRS, B4
3] FEAI LR A8k Fhgte o] FET AT ® TS YA
| kA0l EDAS AstriumARe} u]=+9] ITT7} 39| FEs|AlZ o] 20104 69 27Y
o] gAY 7o 2 pFAlE oA AEA o m WAlste] dA S B|ES}o]
ATE 278 o]ale] Azt 7HAo® W=k QthFigure 1), $49] AYL ZFao]
2,49Tkg 02 TAQ| QJdprg o2 "IALE|QITE 7/ dHSAIA, StSAIA, 41 HAA
(Ka-band) 3 IS 900 15 ABO R 0% 1202 7 YSIIARE 4l

SHIL QM AlRol A A 155 XHA, o7|ARA] H ol 8 7HAQ] W] T3t



Figure 1 COMS Satellite

7VEHAAE vl= GOES-8% ~ GOES 13% 3 U+ MTSAT—20]| |AE 7]/4AlA
oF Folat AAE TSk ik, & 570] AAS 7b) 5 et ZPAIRAVIS © visible)
A e ] ZhAA 9991 0.5 ~ 0.9/m SHgTHY] A pubAlEke Bak BA
2 2% YA T DS Bl Gl Folu B0l bt S15,
WA, B, Y 5 LS Bo] £-851e Tutael AP 3 7me] s
700 e ATUAFS 24 7Rsoh, ool AT BARES S Astel 35
2, OFZE QLY AHEEO) B3] o] gHIk 457] AL 6.7me] sgeel A )] 25
7] Epol e HAES 2ol o] UL olgslel hRA A4S U F50 +571%
B2o] Rsalet, A2 1, 2] 22182 242} 10,8m, 12,0ime] TP 71, AL
ot TEOIA 9 LS Egsto] TEHA, v, HOAE, i L% 5o 714
Belgroz wastel ol ¥tk MM 2 A AR Talbe, 19 Feldhich

Table 1 Performance of Sensor
g & m) Eoxdc poi 230t
PAPNTE 0.67 Tkm T FEGH, SIS HREE, T [2SHH
pan Sl 3.7 4km ORZIOIN & o153, MEUX|, XH2E =&
57| 6.7 4km BB 7| 2571, &3U7| 230
Q1 108 4km SN Al 2 SAHE
Esiely) 12.0 4Lkm TEYE, dieH 2E, FAES
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u

71878 =717 1 VA = 1A= A A AR (CMDPS) Ziikste] Aejet 57 AllA
HEARE o]83to] 1659 BARES AL 7|4o R W FA]dE Jrta, 715
3] S Fofl B3Il ek 71 EARA AL Abe 71d et HlolE A2] WA
el A= 212t Table 29} Figure 20f UERUSIct,

Table 2 Analysis data from CMDPS

AERE L 28
SEXI 75 /7 E= SO AV
FH=ARE TEOI Bl X0 AR =3 U] 5 X012
CH |2 SHIE 5719 0|58= F5 TR0
o 2= Hicte] £H2E FROIZ K 7I=HA| S
AEH 2= SOAIOF X[ X|H=E RO & VIS YA, A0S
s/ e X =X chdnt 0] 2l X% = SR & 7= UA
BHESAAME X0l =Eok= EfolUX] SN, 7=+
S5 ted 4559 +571 SR & 72U
Uy HiFzo| 57| 3 RO & 7= HA
TEEN TSN & ¥ 7YY EY £ SR & 72U
2gnE 8l ne S 459 =0l & 2 7Y RO & 7 HA
27K SiE21t QIS 2SI 2 HX] 371
UeL= 759 &R0 ME F*L= =M S X o
XY= = o7 [t el XIP T SAR &8 TR H TI=HA
ololzE X to| &0l WRls A 2= Aol L BEEAl
ololzE Zsi=7l oloiZ&0] et of7| EEEE £ ML, BELAl & 712
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Figure 2 Concepts of CMDPS[COMS Meteorological Data Processing System)
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7V e A VS S Rthe Al EE, 1Al deEe dge 7Y
A sEElT= AHE, AMEES Alolshs SAll

Y71k VA Alole] A gl 7 A7141E wehs Hithe AARER T Atk

2.1.2 TRMM(Tropical Rainfall Measurement Mission)

U0 P PF(NASA) & THER L] FE-97=(JAXA) ] FHY o= 35
7WEste] 1997 119 27 WALE|ItH(Table 3). A7) 7230l A Aot ofdd)]
Aol Wizl vle AAT 2/3 o= ARAISHAL W77t Wolkgole oluA| 9] 3/45
ARSI o] Hi7|diege] 8 oy e R A-gstal itk ol=fet A+ 7|5
59 f7iSS sk ] fls) TRMM2: SejAge] 32k s 228 dof 715-1s}
Aol ol &7t A= T A=E 2L o] Ve IE S5 1
AACE-ElolE, 7R EAM, vto]a2u) AR, YIS E A2k A&

Salel] Aoj}98 27 B,

Talbe 3 Characteristic of TRMM

Launch weight Approx. 3.62 ton
Launcher H-1I' Rocket
Launch date (JST) November 28, 1997
Altitude Approx. 350 km
Inclination Approx. 35 degrees
Shape At liftf-off: 5.1 m (length), 3.7 m .[diameter] o
in orbit: 5.1 m (length), 14.6 m [in paddle direction)
Total: 3620 kg [3524 kgl
Weight Fuel: 890 kg
Dry weight: 2730 kg [2634 kgl
via TDRS

Data t issi
ata transmission 32Kbps [Real Timel, 2Mbps (Play Back)

Design life 3 years and 2 months

Precipitation Radar (PR)

TRMM Microwave Imager (TMU

Mission instrument Visible and Infrared Scanner (VIRS)

Clouds and the Earth’s Radiant Energy System (CERES)
Lightning Imaging Sensor (LIS)
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TRMM ﬁ?ﬁ%—% A= UARIE 9] 218 o)) *|7te] di7|egle]] FiE = HE
gt 75 AL Lo, TRMM 1442 A[ol|k, Bl WU EE,

XJUVI-‘?J S SRk A Foflef BEEAL Q. dF= Eriel ofdHie] vhatte] 2
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B7), HIAES ST, TRMM 9142 SHESE ofal X711 %= ohd 2=
A1 A=A vEEth YAAES] k= 350kmo] 1, HESE 35E A A%
WO R TR 27]ole 1 30kl T AwE Aot ko] T84
of) thigh P o) o] WoksolA 35 SHYEQich AlA Q] 27 Zof] J3f 37 °N-87 °S
Hle] o] 7hs it -1 A, tﬂﬂ&i ol A5G o] EgE o] Fat A
o BARIAR] P25 ST ARS IS = Ak 0] T = Foll HaiA=

X, ¥, Z: Spacecraft coordinate system N .- Nk
(right handed)

* Nominally coincident with spacecraft flight
direction with velocity, v: 7.3 km/sec

Range resolution: {
250 m

TMI swath: TRMM ground track:
759 km 6.9 km!gec
VIRS swath: -
720 km Incident angle:

52.8°

Figure 3 Orbit of TRMM



2.1.2.1 TRMM AIA
TRMM uto]Z&2 o] B G47|(TMD = 735 W AR E Algshn Z-glold, 71
9] Ad 2ot 3 7, ¢gq Q3 30| }—s}:q A Fu=10.7, 19.4, 21.3, 37,
85,5 GHzo|m| ISHF-2 2]/ 50 7Hs31HTable 4), 21.3 GHz g2 HHF
BF HE3}, R 60014 50kmolH, 9] o S Z2 760kmof| o]EtTt,

Table 4 Channel of TMI

Observation Frequency 10.65, 19.35, 21.3, 37 and 85.5 GHz
Polarization Vertical / Horizontal (21.3 GHz Channel : Vertical only)
Horizontal Resolution 6 - 50 km
Swath Width ~ 760 km
Scan Mode Conical Scan (49 deg.)
Data Rate 8.8 kbps
Weight 50 kg
Power 39w

AFAOIH (PR) A2] AT, vletef SA1o] 49 A AL 45T
Z ARE B3] TMIO] 2A%|2] AT E Eojr) T=Fukt 13,796 GHz, 13,802
GHz o] $HEs 4.3km, 2] Ba5-2 250m°lEHFigure 4), A B2 EL g
215km= TMIo]| H]|sjA] AtjHos &= Zo At

Figure 4 Precipitation Radar
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7R Q) A57 A=A | (ASOS; Automated Synoptic Observing System,
ZIT7AIEA|AE) QL Fojlog 2on 2= |AEAH|(AWS; Automate  Weather
System) S 0851 AV7 1 USUTE FAYsIAL QT T VSUSHH(ASOS) = == A
W 7ol AR =o] 71 P dEE HEshaL SAIES] 2] Bl SAIR A 2 w5
UFE Aso® ARtk HSPHE VI 712 I 55 = A5H0.1mm,
0.5mm), -, GARE, PRARE AHRE, 2/42E 5 1) a4 XPE**ZO}J— 571
LA, &5 29, S AT e T5oE WSSkl ltkFigure 5.). AWSE
ASOSe} AR A= Hletfilol] o]&2 s WSkl Al = 0.5mm M=
M‘j*ﬁl* ARSI ARSI OW Aethe ol t=nh AWSE 7St gl el
Ejof T2 —Or HE 59, B8 o S ARGl oV @A AR R skl
ejolut HAIH Algo] HSs7| o 3o AREo] i 9ok T2
A AR 27] 9 A== G851 ARSI
B B4 712, 24T 40T 5 57 a4 AEes Ui,

?9, ﬂ.l_u 0
2
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Figure 5 Locations of AWS

102




12

El—o] ‘?‘%E}(Figure 6)
- 129

Figure 6

123

129
Study Area

132




104

APCC RESEARCH REPORT

Aelek erkre) 91 o)l tid B7kE 5] St RS A 44l
dluele R Baaioy duele o) uet 94E Aelzjel BRlE daig S4e
2 BEsion. vl dRge W7, ¥, B4 AR e R 22te] gl o

3

A AR et 24e ¥sklth(Figure 7).

125°E 126°E 127°E 128°E 129°E 130°E BI°E
L T L L !

z N | 2
» A Fy
o | | ™
4 -4
% M
m | L]
| @

- z
& M
o 0
2 b4
% )
m | (]
z] * ASOS

wn wn
o | o AWS L
z| : 5 0 40 80 160 Kilometers 2
o ; . 1 F oy
o | | o

T T T T T T T
125°E 126°E 127°E 128°E 129°E 130°E 13I°E

Figure 7 The four major river basins
AAEA R 2= 27| AEEA| A8l (Automated Synoptic Observing System,

ASOS) 6171 Aol tisto] HMe|et $14de =4713kel 2011d 4€7E 20129 4474
1d7ke] A= A= Aokt (Figure 8). 3 ApAlas At e E= ohA|

2Fsto] Bitsto] olglgict, 2 WPHRE A Tefel A2, AW, WS4 5 TG
& 197 Aol 57 Aol o, A 5 F 2070 AHol, B el AR,
o, eSS EEE 5 W) AW, 227 AR ol BE, of, A

s & 1071 A BSARE o] 85I tHFigure 9).
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Locations of ASOS

Figure 8

(b) Nakdong River basin

(a) Han River basin
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[c) Geum River basin (d) Sunjin-Yeonsan River basin

Figure 9 Locations of ASOS for (a)Han River basin (bJNakdong River basin (cJGeum River basin
(dISunjin-Yeonsan River basin

3.1.2 Mz|ot 2N Xt=

At VA= @A =717 1SV ol A Al olnt. g AAIHE
$1'd MTSAT-2+= 54 243] ZA|- 243] Wbt 83] 815 A=t ofo] whsf He|gt
g2 7 FotAlor I Fhibe X Jkat 2|02 2|3 AlRke EejsiA Al=E
Al 3taL thTable 5). 53] ¥MHe X Hollr= 832 ASARE gt & Aolr=
SR A HE|et dlolHE 2011 49 RE 201249 987HA] A= E AR AR

dM =R THA), 7] Tk e) Hell, Aol glo[eE jgtor, Aol S o835t
ek 2F A ARz 710l Algshe 7MY Digital Countgh AA] =2
Radiance®} #]5=-210) Heh A S o83t 7122 #eiAdL o83t darels
A 2PFEEe] BALE wol ol8stalon, & AtolA *}ﬁﬂ &1 e}ES TRMM
4ol = PRAIM Q] 7147w 2} TRMM VIRSAIMZRE AL 4= Q= FwLmolo]
HloJEfwlo] A ghofl A ehitiof ket M2 Z-ReAIA S UJEOW AHE3EAL A1
= e} gfTiaE S A Egie R wgksto] AREstglthFigure 10).
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(Infrared)

Co-located satellite
data
Correction of
angles

Data Processing

e ——————

2

Verification of COMS
retrieved rainfall

ASOS Data
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study

.4

Input data for
hydrological model

Figure 10 Flowchart of COMS data processing

Table 5 Area of Measurements from COMS

Rainfall algorithm

FD* .
N e
(Full Disk] e
ENH*

(Extended Northem Hemishpere)

LA*
(Local Area)
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313 FYH YIRS

2 AFoMs At §4d A AeAtRTt S VEREA LY ARt vlasl]
AsiiA HelQt S S e AFHEARS 2ol S B HsiA Hat Alu
@ ZHRoot Mean Square Error;RMSE), MAE(mean absolute error), ME(mean error),
BIAS(bias), EFF(efficiency) & U4l 7HA] SA14 WK o83ttt eak=2] Aozt
O] HIHMAE)«= A2t 94 A fASAkR Bl HefQh 1449 34 dargfsgolA
Qe 7pagtol ATEA RS Ault TSRS SRR A o] Behs
A o] 2R MB Helh ST AHBEAR Alole] BEHel 9A%
ol ol 5% MR 2} Acke A4 STk 0 MBI el
Helek AR AR R WIS ) FHE AL, S0l e AHUSA)
g0l vlal B4 2T A LERITE BIASE elol BoAat Q4TS Jeaag
Nzom St A9 sk ZAs] ol WAKSRA HAge o)1, 1k 2
34 SI1 AN V) 9 L 42 54 3 242 ool
O, RS A4S eae] B4 o) Azt BeARel BEE SR AeeA
gL 10l

o i=1
SE = m )
MAE= — ;’Xsat i obs L‘ (2)
1 &
ME = EZ (Xsat,i_Xobs,i> (3)



n
Z Xeut,i

i=1

BIAS="——r 4)

Z obs,i

i=1

n

Z (Xsat,i - ‘XVobsA,i)Q
EFF=1-—-"1 (5)

n

Z (Xobs,i - m)Q

i=1

A7, Xor 2k Xy e 22T iR Dlday)oll Histe] Azt FAk=2l ASOS A]
FE e UEhdi, =3 02 A 2400 AR A2 7IRHY) = vt

w
()
HI
1z
my

at

2011 4 47E 2012 4L71A] 1ARF A9 Heqk 94 “drAtm et ASOSe|
S5, v, AR 2 AR A9 Bludns HH ek 91 304 EE ¥
e AA oz wazAsty Aol sExlRE Ao R AL sk A
LEFTE, Figure 11-2 COMS9]/d 9] 3042 Bt 74 AHEet ASOSARE H|wgk 40|

11 Figure 12= COMS B+t 88 B+ Zgfat A&7 S v|agt oot v|wd}
COMS 30 Hat 7ol A5 A daSAtaete] AAls= 0.5992, 0.512, 0,541,
0.487= 37} o] 7Hd A7 =& Ao ® Yepgton], 21710 Alateaks
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Figure 13 Comparison with monthly COMS 8min, 30min, mean rainfall of retrieved satellite rainfall and rain
gauge for (aJHan River basin (b) Nakdong River basin
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Figure 14 Comparison with monthly COMS 8min 30min mean rainfall of retrieved satellite rainfall and rain
gauge for (a) Geum River basin [b) Sunjin-Yeonsan River basin
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Table 6 The Statistics results for daily retrieved rainfall compared with ASOS data

COMS(8min) COMS(30min)

MAE ME BIAS EFF MAE ME BIAS EFF

firdy 8.30 5.58 2.15 -1.44 4.63 -1.00 0.79 0.35

45 7.50 4.78 2.14 -1.16 3.86 -0.89 0.78 0.24

=28 8.82 5.40 2.12 -2.01 4.67 -1 0.76 0.30

R AZ 7.15 4.96 2.46 -2.37 3.57 -0.29 0.91 0.12
4T A Bl Ao olo] ArhROR ulw G F5A Helek el F
71l e 528 AlSist 4505 47} A el 749] A1 Eatohe 02
o 91490] 245 9ok vlLsto] Woleh e ASOSAYL, 14(9%), 1949,

202, 203(F-@2)01H, Z42e ghe| Batghe ol 8okt 242He] Ao et AEe
Figure 14°f WERH AT



Figure 15

124 126 128 130 132

132

124 126

The study area for verification comparison COMS measurement and ASOS station rainfall data

Figure 161} Figure 172 COMS 30+, 85 <t 745w 27} ASOS 47l R &
gt 2011 495E 20124 497HK] 1AZ7FE] Zreafe vlagt T-dolt), OfdoflA B
uleio] 85 AR ol 2] ol ulid 2 we| sf, 1 9] 7ol et

Ok ik, MR 308 AR o}Sol hS SAGGSIAR, M) 1 9] /Rlole

ey
AgASAmeL vl wet Ay} vaa] Z BARRL Q)= A0 R YERgT) % ool
85 W 5wk RS 1 9] 7RIl 308 RS o] §3He Zlo] 983 AoR ek
300
250
200
150 BN
— A0S
100
50 1 l N | | 3
. Lo L AL
44445555566667 7778888999 910101010101111111113212121212111122223333444414
Figure 16 Comparison COMS 8min daily retrieved rainfall and ASOS daily rainfall data
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Figure 17 Comparison COMS 30min daily retrieved rainfall and ASOS daily rainfall data
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Figure 18 Landslies of Woomeon Mountain at 09:00 am 27 July, 2011
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Figure 19 Monitoring landslies of Woomeon Mountain with COMS satellite-based precipitation estimates and
TRMM 3b42 daily product at 09:00 am 27 July, 2011
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Figure 20 Monitoring case of landslies of Woomeon Mountain with COMS real-time satellite-based
precipitation estimates 01 — 09 am 27 July, 2011
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Figure 21 The Track of Tyhoon BOLAVEN
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Figure 22 Monitoring track of Typhoon BOLAVEN with COMS real-time retrieved precipitation
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Figure 23 The crash of Lao Airlines ATR-72
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Figure 24 Monitoring the crash of Lao Airlines ATR-72 on 19 Oct, 2013
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