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ABSTRACT

Precipitation forecasting and rainfall retrieval algorithm at very short lead
times is a difficult and important earth science goal and warning system and
the implications of forecasting extend into aviation, flood forecasting and
other areas. Using correlation analysis for the generation of motion vectors
to advect a composite COMS rainfall field is the method of forecasting
utilized in this work. The technique uses the GMS-5 in the infrared(IR) band
to compute real-time precipitation amounts based on a power-law regression
algorithm. This regression is derived from a statistical analysis between
TRMM/PR-derived rainfall estimates and TRMM/VIRS-derived Black body
temperature collocated in time and space. We examined the accuracy of
the rainfall rate estimates daily for storm systems. The forecasting system
is a correlation-based forecasting algorithm that utilizes spatial filtering to
eliminate the potentially adverse effects of transient, small-scale rainfall
features in the correlation step. We are used in this work to evaluate the
benefits of COMS image filtering as compared to a situation where the filtering
is absent. This system generates a spatially variable motion vector field for
input rainfall field advection. Forecasts made using this enhancement are
compared to forecasts made using a single motion value for all input pixels
in order to determine the benefits of allowing for differential motion within
the storm envelope. The results from three storm cases show that image
filtering provides improvement in forecast accuracy however, we determine
any benefits from using spatially variable motion vector requires more work.
This work the development and testing of a correlation-based forecasting
algorithm for short term times. This system builds on advancements made
to provide highly accurate precipitation forecasting prototype system. Initial
testing shows that forecasts system are more accurate than persistence
forecasts, and are approximately as accurate as forecasts generated by
other system with a uniform advection method. This technique is more
effective prototype system than the previous algorithm.

RESEARCH REPORT i



251715 BHIE X|IS2HE U
EHE= 0 Ciet =] ol 7|=H0
T i
ABSTRACT + *+ = + = = + = &+ v o s v vt v a e s aa e iii
T ME - e e e 1
2. EBAAHGIT - - - v e e e e e 4
21 TR ELEUMES . v - 0w e s e s e e e e e 4
2’]1 2002|’|'_ Q%i_cl)_ ................. 4
3 I3 -3 1 5
D13 A AAE] v r v h e e e e e e e e e e e e 6
D14 ZQ IS BE v v h e e e e e e e e 7
215 TAKYE ELEE  « v v v e e e e e 8
3. BUA IS ES - - - - v e e e 10
T T == 10
BAAO[ZE ¢ v v e e e e e e e e e e e e 10
312UE v v h e e e e e e e e e e e e 13
BO2RLYSEE « v v v v x e e s e e e e e 15
4. AT KRR U HIH . - o o e e e e e 19
T = 19
4.1.1 TRMM(Tropical Rainfall Measurement Mission) 19
O T =1 L= 29
K = T 33
B T Yy =1 33
B . 43
423 ZHI RS EY - - v e 50
433 FHBER BIFR|L o v e v e e e e e e e e e 54



BLOILYR -« - - - s v e e e e
........... 57

o T = [ S
51.1 F4& 83 268 HE=F - v v e s e 57
D EHE S e e o
51.3 ¢ 98 3Y AS - - s ::

6.UEWUEE . . . . . . . . . ..

............. 81



1. A&
FERI SRS 1A 000l FE, 0 28, A 5 A2 Y
ek Z1le: 531 485 ok 45 52
£ FS Qo HoEel A A % ,J%;% SR AR, 20
N e B P

92
T kmolA 4 km AR SRR ASAIZRY A7) wle- R wliEe] o]y

o
O\l
-
il
2
e
QL
~N
N
N
i
)
0
-
T
N
N,
=
59
12
)
of\
iy
a
B
S
X
rlr
™,
-
o
K
re

nol] glo re] WIFE v v, /1 on ok F4b

ABe TS A% NS Fol] s B fF, A B B A5

o B B} S )goln Itk et AFEFE AN, TR, ok 5o
o)

woll FEe ARM AfE £ AEd drs A AR VeRe v

2 ES
Ul S olgd 2 FPUHe W6 28 BRe A 05 25 Aolo] 4

AR WAE o&shs o] A olgH<] 3tk 5
]_

o
>
(o]

ol

o

o

ol

ol

2
o

o

\
E

TS F8IA B8 Tsonis et a1(1985) = a‘:H
T3 Lovejoy et al(1979)

7

El =

& AFE AR ERehs WS Bl vI7F & FEEEE AESIIE TEu 9
A

t}

flo
_,d
sy
k)
1o
~N
r®
0,
o
!
=
1
ke
1o
>
-z
iy
[-‘O
-z
M
tlo
O
N
_{L

. Gruber (1973
Ao HAASHS A3 11, Atlas(1982) &= JA|71d o2 e AL 7HA)ek A2 719

N AES A5ES F5] YeA dgshs A JEES Atk 19l
= o

T dEAC R AYAY e RUER] e/ oR 80dThE

1y
ok
~
oi
:'=='
§
i
|'0I
I-ﬂ
>~
12
4>
Ho
rE
ofn

,E
iR}
Of¥
fol
40
2
il
ro
Pt
r
N
=2
I
i
>
X
n



=2 o|&3= S A duElEs el TS v)Eo| A% Vicente et al(1998)
O

FeuEel e Hololgl fdAkE, AWSS AR E o83t Ay s
Walr] 913k o] AlGEe]l e Stk AN fejvet Aot E olgate] 4
TFiFe AhEehs P2 WRRIARE B3 Z-R¥AAN S T2 ofgsk=t, o] RS o
T80 AT, HE 2ol ATt 3= AF oldH= darglEoe] ofY] wiE
o £ AFetol teiM F= da FHsks ATl 3lom, AWSE A9 +
Ad E¥FE A Fota A AFo R TSk AR ESEdoR Aod
AaatEell slolAd of Aol ol gHA| XehaL 3li= AAoln:

5
2
|\
rlo

HFTook Bl o3t & iAo d&or s o8t T - W] A
kel <9

@A) alael gl AR 74 olele BAR F9 ol thaHow Pt
Be mH5o] J5olE AT Pl Jlolal g7 Aol n SuHow wyst
E AEES A9 dusbIw otk Wb eAEe 2] 39 e s
2 @ A7lels o] glofgkon, olA| e W] ASAARE WARF 1F
B9} Bl O3 BE BESt] vk g3tk 0-6 Al ok 297] 5

=}

FA R 2 oS o]&st o] Wo] &gl ok(Glickman 2000). F %
W 217 o ARREF F1F AL oisiA] ZEzke] o] o] itk U o Fx]E)A
= o] &s WS el nlwElA AoiE o whE adeellA {88t Browning

and Collier 1989). ¥hol| TAISFLE § k9] o] FkAA Do) lojA] 7R & o]
3 7 o=8 {8814 9l 30—-100kmers)e] AR Aughe Zuxow
WA 22 Al @90 ASe e A dYxtee] date v dikgks =T

O

T Utk TR RIS dibdow 6-24he] MR S A wiEe] 2
7] A5l loiMs eaE V1R @ el v etk 2] AR

=0 F7b SIS} AIF AA Y| wk sfdte] wo] gkth(Browning and Collier 1989;
Hamil and Nehrkorn 1993; Wilson et al. 1998; Pierce et al. 2000). £J4H¥] &1

& U8 2] oS iR =2 eSS 7RItk Browning 1980). 24H-S
Z|2E 3 5EE TF FAfo] e, B St oS5 Bdlo] 2] AeenE



groll o A =zl digt =24 wiyEs E3eA okal TAA e FE
ol-ggit). wgh W e ghe o9l AAsk=Tlel webq st om ARpol=e]
ojfgo] EAE Ty e A WRIE ofo] d5S & Afele A delel

SWE|= pattern recongnition ¢alElE WHOR [o] oG HaL, o A7
o] FAo] o]l gWEE FoEHN dFsh= WHo|tH(Einfalt et al. 1990; Chen and
kavvas 1992; Dixon and Wiener 1993; Johnson et al. 1998; Handwerker 2002).
Hhdel] & AAYS o] &3 olsHH e ®HE AR olgste] @] o5 sHA
HtH(Austin and Bellon 1974; Rinehart and Garvey 1978; Browning et al. 1982;
Tuttle and Foote 1990; Bremaud and Pointin 1993; Bellon and Zawadzki 1994;
Li et al. 1995; Wolfson et al. 1999). FHolli= the AL we dS5UHS o)&
Sz, o] WS clSsle= Bl 752 Atz Aol tish WstE A rbssitt
(Grecu and Krajewski 2000; Germann and Zawadzki 2002). ©]2}fto] £]=rolA=
oe] 7K e o]t 2| AfolS AAEE Jete] T o - Kol o]&-
ataal sk W A7) REEo] ghovt shmexs A5H97E 22 doluRks o]
gato] 27| ARE staAl sh= A7 Qlojsith SR Bl kellA gste] -2
Utz Hdehs wigolu AalellA abr] wgste] sl J3s e ATt
i B5AIAES] SR o e oSS sp7] = AAoltk HEe] 9= ©l

9 AP BET 2W] F5 ol A2Ge oA A2EY FeAS Agsa o

wEbA] 2 AT APdESAY ARG ayF o R HiFgoly HFEt-
TRMMI 2] PR (Precipitation Radar) AlAel] W& 7= 34




AFE Bade A4 89 319 18417 A RETOR FHlel 99 19 16407
Fa zAolow Auua oy A7Itow ol AEF BF FAE 994
o JhE Poka, 58] AR B9 ABEAFH402m) O] 62920 870.5m

7} 5 el vt

[e)
(63,085) 7} A T 27 562%0] H4y

A=) & ARkl 521,479991019 3, A<

=
:(Ij{:t
[ﬁ){d
0 ((
Flo
(0]
e
Ry
©
s
N
,%
&
@
=

Table 1. Damage for Flood
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Figure 1. Radar image for Womensan landslide
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Figure 2. Global Flood Monitoring System(GFMS) (XF2Z&: http://flood.umd.edu/)
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3.1.2 4&

1) IFAS(Integrated Flood Analysis System)
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Main Structure of IFAS

Satellite-based rainfall data

Rainfall data Ground-based rainfall data ="

=

Modeling

Estimation of parameters

Creation of a river channel ¥

s

Distributed model

Al L
Runoff analysis gyop model ey

==

Display of results

AREAAN

Figure 3. Integrated Flood Analysis System(IFAS) (AF2Z®{: http://icharm.pwri.go.jp/)
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Figure 4. Flood Monitoring System using SRA

4. AF AR D P

4.1 AT7AR
4.1.1 TRMM(Tropical Rainfall Measurement Mission)
4.1.1.1 TRMM 9§

TRMM (Tropical Rainfall Measuring Mission) & NASAS] &4 vk} 2Twlof u}
g} Fhe) AAlsE Q4% gt ofdue] ks FUERPS] S8l vleat A
o] Aoz 1997 11€ 270l &o} & f4oltk(Fig. 5). A7-2] ZF-t2LofA
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Figure 5. Roadmap for satellite of NASA
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Figure 6. Orbit of TRMM

4.1.1.3 TRMM E-14]

O TRMM wmlo|aZgo]H. A7) (TMI)
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(Alt.: 350 km)
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Scan angle:
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]
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Swath width: ~220 km

IFOV: ~4.3 km/

Figure 7. Sensor of TRMM



4.1.1.4 TRMM -2 2]
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Azt Bl Eepel gk COMS 97 olmx]gk TRMM 2A25 o|v|A& F3A|
Fig. 8ol UehigIth 349 oln|xlo)A 2A25 32+ AHE Fig. 9o F9laL 53] 5
B3k ke 712 A dellA oF 20km7HA el Bk A 5] 33k 7 R ARE
Algsk7] Wieell A 759 54 etell v f-8attt(Fig. 10). PRAFE: #4149
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epa Zole,

Table 3. Mission requirements to TRMM PR.

Item Specification

Frequency Around 14GHz

Sensitivity <0.5 mm/h
Hor. resolution < 5 km
Range resolution < 250 m

Swath width = 200 km
Observable range Sea surface ~ 15 km
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Figure 9. TRMM rainfall image for Bolaven Typhoon
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Figure 10. Vertical profile rainfall (a) and TRMM 3D rainfall image (b) for Bolaven Typhoon
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=77V AlE o] whEE He]eor 9124 (Communication, Ocean and Meteorological
Satellite, COMS)> A|7FA A 36,000km 1%, 574 128.2%°) $A|5t] 7|44,
S FAANA FE Tk fElvet H2O AR BP9 E 2003
Y =7F i 7] Al wEl 7V, Sl SRR, WEEAsY
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Table 4. Performance of COMS Sensor

A | g | 2nEuE | FgH o}
7HA 3 0.67 1km T TFEGE, FAE AN - RS, ge-EEE
w49 | 37 4km SRRRM W BEE, ARYA, AWLE 3
S 6.7 4km S W FEF Asdr] 59kt
2211 10.8 4km TEAR, d5H &5, FARS
= ]2 12.0 4km TEAR, i 25, S
Table 5. Geostationary sensor for USA, JAPAN, EU, China
94 L | g | sR=
1 VIS 0.55-0.75 1km
u)= GOES-13 2 IR 3.8—4.0 4km
(=GOES N) 3 WV 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 1km
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
fr4 5 IR 3.9 3.48—-4.36 3km
MSG-2 6 IR 8.7 8.30—-9.10 3km
(=MATEOSAT—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 WV 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 1km
A2 2 IR 1 3.8—4.0 4km
MTSAT-1R 3 IR 2 6.5—7.0 4km
2005.2.26 4 IR 3(WV) 10.2—-11.2 4km
5 IR 4 (Near IR) 13.0—-13.7 4km
1 VIS 0.55-0.90 1.25km
== 2 1IR3 3.5-4.0 S5km
FY-2C 3 WV 6.3—7.6 5km
2004.12.24 4 IR1 10.3-11.3 5km
5 IR2 11.5-12.5 5km

30 ¢nETA
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E
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THFig. 1D). AFs+= 20119 499E 8411%77}%1 x} = 7}71%?4*3@6%3 FhiE ]
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Figure 11. COMS measurement area for East Asia mode
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Aol AEE GAl I7I71PI3AE AN ARE Alesta ok dE A A=
9 MTSAT—2% EHHE 243] AT 243] Gt 83] 31 @53} oo diaf A
2t Ade AT Fokot FREE ShkE A
A AEE AlFskal tH(Table. 6). 53] $REE A 9ox= 8% AS5AEE AlFsith

A =

2 el Fbe X Hesk dolEE

N

9¢
T AR w9l AR 7, 9] #9]1, #2]2 HolEE

H, 291 A5E ol&slSlth 72 AN AiAtms 71do] Alwehs 717H4lA 9] Digital
Count#k#t A4 =2]%<] Radiance®} $=25=0] Wik A2 o] galqltl 7]EL
AQAEE o] &d LS NEA A er*:.%bf}«] WAE Hol o]gafion), ¥ A+
ol ARgE duElES TRMM 9140l ¢l PRAM S 797592k TRMM VIRSAIA
EHE 95 F e Ik dHolguo]A ghollA shitize] Agksl A= Z-R
A S REolA ARSIl BAAE AT 394 = SN A Ewiem W
ghato] ARg-eFaitH(Fig. 12).
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Figure 12. Flowchart of COMS data processing
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Table 7. A, b value in altitude

1EGm) | AwAE | A | b
0.25 0.71 405 0.63
0.5 0.73 303 0.72
0.75 0.69 328 0.70

1 0.69 314 0.72
1.25 0.66 348 0.68
1.5 0.64 321 0.72
1.75 0.64 301 0.77

2 0.60 296 0.79
2.25 0.58 412 0.76
2.5 0.54 836 0.44
2.75 0.49 975 0.37

3 0.40 546 0.44
3.25 0.44 98 0.87
3.5 0.51 43 0.91
3.75 0.59 13 1.12

A AFES AEe] 96 WA TMMM $14o] BE ke o] 4%

o ARIE 2RI TRMMSIEl selueks Aurkes 57171 kel 23] g
=Rkl PRAVZE gk @A o] Foff #5 7hssl, HFot 5 HIZF Bol ol
2= APl thelid TRMMSIAe] SAIRbel #4525 Q= 597t of5 2t @
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Figure 17. Locations of ASOS
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Figure 18. Locations of ASOS for (a)Han River basin (b)Nakdong River basin (c)Geum
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Figure 21. Comparison with monthly COMS 8min, 30min, mean rainfall of retrieved satellite
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Table 8. The Statistics results for daily retrieved rainfall compared with ASOS data

COMS(8min) COMS(30min)
MAE ME BIAS EFF MAE ME BIAS EFF
37t 8.30 558 2.15 —1.44 4,63 —1.00 0.79 0.35
9574 7.50 478 2.14 -1.16 3.86 -0.89 0.78 0.24
=7 8.82 5.40 212 —2.01 4.67 1.1 0.76 0.30
A/
A7 7.15 4,96 2.46 —2.37 3.57 -0.29 0.91 0,12
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Figure 23. lllustration of correlation analysis and derivation for the motion vector
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Figure 24. lllustration of cloud cluster forecasting
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Figure 27. Cloud motion vector field from COMS IR image 15min later
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Figure 28. Rainfall map from ground station on 25 Aug, 2014
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Figure 29. COMS IR image from 1100(KST) to 1500(KST)
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Figure 30. Motion Vector (a) forecasting of image and (b) zoom-in forecasting of image on
1415(KST) on 25 Aug 2014.
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Figure 31. COMS IR measured image (a) (c) and rainfall image (b) (d) on 1415(KST)
on 25 Aug 2014.
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Figure 32. COMS IR forecasting image (a) (c) and rainfall forecasting image (b) (d) on
1415(KST) on 25 Aug 2014.



5.1.2 =¥ E=pi
5.1.21 EJE Halw] o]E 729l ul5) i)

BlF bl (e)F s 1215, JTWC A Ws: 16W[1], =#1%: BOLAVEN, ¥
27 717 (PAGASA) A7 o5& Julian)> 2012 SAEg ol whgst 159K
gl A4 S =l olo] 2WA FHEEFCR F47|Y90] 910hPa7hA] EdE
A 2012 HAAS BE EHE 5 7P A EiFe] Hlvk HE Euhile All4s
Bl Wiz x)eket gyt B Foo® MREH His 2] ARl ks
72 EAREA P I2E ulelA shkve] g wleiE qlgith thehlelA 19
o] FA| 3 FANFEFQINF3F=rolA 5980] #AE Alart BAshs 5 vEirt &
Z30ch 53] depds garels] HoleibEso] 51.8m/sE 7158 AECEE 2007
5 Ul olF 7P At BlFelda MEbd® Akl SAEEeAE dlw 7] to]

= 2l 9dREe] Sgks Al
TS 59 284504 FA7Ie] 935hPa, H$] 30.5%004 FA7I9e] 945hPazA|
oAz T et 1% AT wlg- et AlEe FAR 2 A7|ge = W

= F
e o] W2 el gAlol 5% A =ty HE Eehil 2012Wef st



Figure 33. The track of Typhoon Bolaven
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Figure 34. Correlation coefficient and root mean square error for different lead time
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Figure 35. Motion vector with COMS IR image (a) 1530(KST) and (b) 1545(KST)
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Figure 36. Motion vector with COMS IR image (a) 1600(UST) and (b) 1615(UST)
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Figure 37. COMS measurement IR image (a) 12:30, (b) 12:45, (¢)1:00 and (d)1:15(UTC)
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Figure 38. COMS forecasting IR image (a) 12:30, (b) 12:45, (c)1:00 and (d)1:15(UTC)



Figure 39. COMS measured rainfall
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Figure 40. COMS forecasting rainfall image (a) 12:30, (b) 12:45, (c)1:00 and (d)1:15(UTC)
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Figure 41. Correlation coefficient and root mean square error for different lead time




Precipitation{mm /h)

S

Precipitation{mm/h)

(b)

Figure 42. Motion vector with COMS IR image (a) 12:30(KST) and (b) 12:45(KST)
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Figure 43. Motion vector with COMS IR image (a) 13:00(KST) and (b) 13:15(KST)
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Figure 44. COMS measurement IR image (a) 12:30, (b) 12:45, (¢)1:00 and (d)1:15(KST)
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Figure 45. COMS forecasting IR image (a) 12:30, (b) 12:45, (c)1:00 and (d)1:15(KST)
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Figure 46. COMS measured rainfall
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Figure 47. COMS forecasting rainfall image (a) 12:30, (b) 12:45, (c)1:00 and (d)1:15(KST)
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