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Abstract

The objective of this study is to explore the applicability of very short—range—forecast rainfall for the early warning of
mud-—debris flows. An artificial neural network was applied to use the very short—range—forecast rainfall data. The neural
network is learned by using the relationship between the radar and the AWS, and forecasted rainfall is estimated by
replacing the radar rainfall with the MAPLE data as the very short—range—forecast rainfall data. The applicability of
forecasted rainfall by the MAPLE was compared with the AWS rainfall at the test—bed using the rainfall criteria for
cumulative rainfall of 6hr, 12hr, and 24hr respectively. As a result, it was confirmed that forecasted rainfall using the
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MAPLE can be issued prior to the AWS warning.
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o= Zlo] Btk A& AAISHt. Oh and Park
(201492 7495 28 AAE 52 Aeusa
o] I o) wet Aol AA HeHH, FE L&
ok YA B4 AR A AR G &o] B & ©
o7k e AASHAE. olek go] 7IE AT AHALH
o] JIAEE Hrtolr] A% 7S A5l A%t A4t
FE o|FAth. FHol= Son et al (20152 %
ol gato] A f e EAGES A AT
AFSFAI Lee et al. (2016)2 EAMAS] EAA] <l
5 ot SASAH R AREES A AT
TFE Fdsks 5 EAAIS A7 g 49w
A Qe

of7]e A Add EAMAS AT9] §Al=
Aol e 7 2 FdFS mA= S
2 34T 4 glrhetlA AR mebs EAR
T ZoFollA AeEe Hoh AFAor Hrts] ¢
T @A FgEo] itk Choi et al. (2013)+&
A Ex BAE mefsted Aol ol dleld
= AMAH dlEE $Iste] A8sto] AdEA sk
et al. (2016)2 EARAS] O] {73 AFAA] 2ol
£ &8&ol7] 9%t A5 st Aol gt
= Aol & 4 e EAAS AAdAS
(B TS Sisto] oy A7t anxer
Ue= AAIRE HE QU ml=o A= EARA S
Qlsto] ot F4 A AFA TS
HAIGH o2 L (NOAA and USGS, 20055t SJtt.
SHEU, 201D M= 9498 & 71523
(GCM) 9] BoztmE &-goto] EAMAS| Y] TS A=
skl it

U] B 71deSTe] WEY HEo] 71dEe
FTHoE AFHor ASYFE skl jlom 2] A
FASE floto] A& 7188 @Y 2EQ VSRF 2=
Z-g5to] 6AKF S ClEstaL Qlet o] Lol ml= 71437,
THEZFATLAL} SHA AT E A F-5 HERE SCAN
g, ol= NCAR(US National Center for Atmospheric
Research)oll 4] 7H¥<3F VDRAS(Variational Doppler Radar.
Assimilation System) 2@} Ut WAhetw sPErsh
MAPLE(MCcGill Algorithm for Precipitation nowcasting
and Lagrangian Extrapolation) Z3do] st AE 2 A&
A& 32 H(Kim et al., 2009). Turner and Zawadzki
(2004)2 #ole P olgste] Zdlse sk
MAPLE®] H8A4-S AEZ vt 9127 Mandapaka et al.
(2012)+= MAPLES ©]-83t 7+4-0] Adgoll5-2 3AIZF o]y =2
FAsh= Aol Bdete AAlsk. 2Zells Ao 4tet
WS mgo] Wdstr] 9t e ® P w3 Uok(Sideris
et al, 2015). o]&t 27| A&7 Selvietol A SAE
of tigt 7)ol EEE AFEE ffsto] 8= Ut
ShARE @] ZFeolSol itk &5 A8AE okl
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T B85 PYRS AASLL Atk ol 95

T 5 Qe ARBEAS, doltizgot
SAstect, 7114 94 ¢
o WAL o] gste] AR 1
N2798 YRR 485

AFAR Ao 574 A2 SFAE ol&sto] Ax
Aol et ZFE SAot= Aol ol=gt 3 &F 7
BE A Al mEtA dEHor S AdlA
TER= o] Aot I8y FH o2 = Bd&H 0]
1 A HEQIo|A AAZT RFRE Bote o B
2 Azto] @ rE ) whEkA] FH o= dloly oot 2
Aol ot A=) &-8/do] s} =iz ek ¢
dold 5 Aee 538 5 v A9 "7t d&54
olix EA AYgoro] ggo| 7hstrt. of7|oA ¢
folt= e+ A SHst= Aol oty MAEE
543 & Z-R #AAC oA S FAHT
(Wilson and Brandes, 1979). wt2tA] o= 73-9-aFo] 4F
Ad & ok @4l vk 1B A AaSTn
Zeole e #ET-S Aste] 2ol o5 HAgH
golgl ¢ FAA(gauge adjusted radar rainfall

estimate) & ©]-&aflof arh. ARl ogt EA(gauge
adjustment)2 #lo| 79 FA*](radar rainfall estimate)
o] A& FAZI7] Sl de] o] &= Sl W oltt
Kim et al, 2007). =l Z%e =AY HHS
G/R(Gauge to Radar)7|¥(Barbosa, 1994), Kalman-—
Filter B 371"H (Ahnert et al, 1986), X735 &5 B A7
H(Liu and Chandrasekar, 2001) So] %o =2 &85
Itk B AFolAEe vAS A-Y s F45H] 9
sto] gloly et FH AYASE 3

T U2 B of et S A8l
ot HA7IHE &8st

]

O
N

i, & A2AE ouisty Fof oS HAEE (multi-

layer perceptron)© 2 HrAHSIYcE EHAEZRS oy
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229 Hnt &2l & (error back propagation algorithm)

SHAMEZA d=uidat o] tisto] @4
Zo7l= 14, & S5 (learning) B oltt, AA gkt
Asdgkate] atols oz APAZ|WA o7 Havt
HE s 1 Al AAAEE WEE 2] Urte o
WA 2 (feedback) o], o]#3gt 522 A= QA&
2 43kel7] 93 FRolng AARLS @ apE7to|A L]

i rlo

ARt NAGe] BAGS
FolA EesE

HA 5]
T2 A (1) B A Q% 2ol 238 4 UthKim et

=5 (Y= 0 M
E=)E, ®)
r
7M., pe GSHAEES HdHS, v, & pdAl o
ool it kA A2aztel A5, 0,5 pHAl o

Sofiee] izt 29959 kA H2laxte] E24 Ex p
o tigt e, F+ ZE miglo] tigt Fexto|tt

28 B7Y 00 2SS o8 HAtt AAgo]
AEl= AolH, ddnt dagFoME olE st FAt
Z(gradient descent) &FS o|&3itt AARHY &
252 Qs HAE flote] MF de ol=
HoZW oxt 42 HAHgradient)oll H|H5te] W4
2488 YrtA Ho

EIg

i o ki

2.3 MAPLE(McGill Algorithm for Precipitation
nowecasting and Lagrangian Extrapolation)
iuct  WAdistuels g FdEdisEl
MAPLE2 @Ajet HAAZEE] Foly P4 Zpolg Fotod
ZFaol3o] ol FHEE AESHE HE R FH7|HE o]
3 o ZFaaA] 944 (Lagrangian persistence) ]|
718t T 4 AIZE o]j9] S o Z 91X tigt o5
£ AFSHKim, et al.. 2009). oJ7|A HEAF =3
H(Variational Echo Tracking, VET)2 #lolt] 742
S8Rk oyl 94 B4 5 AlRtel whet o] F st BE
gl A8 4 Aek ERE, A olE fA|of gt A=
et A5Ad-e AR e
Ao oz oduelx glom 0~6A%t
o < oE HHs Hg3 4%
= A0 E e tH(Ministry
of Construction and Transportation, 2007).

AA, 717 NA= 57l CMAX, CAPPI, MERGE
£ A3k Uk o714, PPR= ole] amolA] Sguleko
B2 Afiste] A 3R ERE sEESATo|H CAPPIE
PPI(Volume =)ol thste] A4 1% (1.5km) o] +=HFA=
£ FET ARE ulsitt. CMAXE PPIAt= ] ZF T of|A
7H3 et oZHt EESH Ak=, RARS #H=7190 249
CAPPI 7}20]m BASES 7P e mwolAe] ofz7} viek
F F5tEol tigh AR ZE 1.5kmofl A YRR k= AInE
H2E% 4 9tk MERGE= CAPPI, CMAX, BASE®} AC_PPI
4719] ol WAt ghS B e A= olth(Zawadski et al.,
2007). & AFofA= lkm FHEEE 2= 102 &4
CAPPI Zt=E of-8shirh

(oW
—

2.4 EMALEH Ol3E 712

Kim et al. (2016)2 Safeland (2012)2] EAMA 5] wAgt
ol OE 49A4 9 Fer1ES ol&ste] et A&
o] 7Vsdt A% 71E2 Table 13 Zro] AR vt Qi
Table 1 oA 6413, 1247F, 24X739] #2749 s
k= AdaEd AerlEel Wt BoE UEhdnh None
2 5% Z371% ofefoll 1A wjolal, Watch= 5% o]/
20% olste] 73715, Warning2 20% ©14F 50%°]5}+2]
ZA9NE 281 Alarme 50% oA AerEd w2

o)},

Table 1. Rainfall criteria for the early warning of mud-debris flows (Kim et al., 2016)

L . Cumulative rainfall(mm)
Classification Criteria
6hr 12hr 24hr
Null Below 5% rainfall(0—-5%) - - -
Watch Above 5% rainfall threshold & Below 20% rainfall threshold(5-20%) 52.98 73.90 103.07

127.60 158.19 196.11

Warning Above 20% rainfall threshold & Below 50% rainfall threshold(20-50%) 82.91 109.40 144.36
Alarm Above 50% rainfall threshold(>50%)
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B2 Aol BEARS] ATE flote] 27 well 2743t
)5 SRR ZA AR AFEBAAA (G T4 T4
G A7) g #ejg] A 64H 2], TM coordinate system,
36.507642, 127.272202)& A (Test-bed) 22 A4
shalch(Fig. 1 1), o] A2 EAM ] RUE P 9ot
o ZAFFRSHHE X/ Foll ol Aol LAY
St 79-Fe] @S] golaitt, a8a FHof sk 71
4 AWSEE oF 1.64km Aol S A7|BSZAet oF
5.48km Aol Sl= FETSAE T A, FF, Ht AWS
WE4E0] A5k Yh(Table 2 #11). whebs FHB=
&0l HE A &8st AFY BygS FAstr 1 E

e @ B S Qe

Geum River Basin r"{-’\‘} - o e - ,
'“.’/ P ! {

Sejong-si

Yunsegq.

Jeongan i * -

e 1683km 654 km
X i

2T | 164km

15-91'5"_“_ — Ao Yungi
— 3 |

Gongju | 548 km
L

‘: Geumnam A S—
Sadd 4 Test-bed

|

Fig. 1. Study area (TM coordinate system, 36.507642, 127.272202).

Table 2. AWS around the test-bed

AWS Code | Name Dl(sgfrgce TM_X TM.Y
496 | Geumnam | 5.48 | 328972.4522 | 223833.0274
611 Yeonseo | 6.54 | 340958.5677 | 224775.5303
612 Gongju | 1591 | 331695.6794 | 208700.9958
633 Jeongan | 16.93 | 339218.0111 | 208138.3750
887 Yungi | 164 | 3339357580 | 225940.8770

3.2 A=

/429 (Fig. Doll AX|et 2AHs--FA=HH 2016d 5
FAEE HESHALE o] F 2016 dF 1 e of
158.5mm= 7¥ 4o #EE| it whebA] 79 449] 10+
4] e SRk en 9= 7/4/00:00 — 7/4/12:00
Atolof] ASE AL S5 HEig. 2 F). 108 2o 3%
ZFL 8 5mm YoH, WAL ELE 32mm/hr2 BEXAE
o} J223 iR o) 57 AWS(Ed, 94, 3, A9t
A7Deoll thet Z9-F e 3ot AcH(Fig. 13} Table 2 3a1).

71370l 9 59 71 Eleld F didA Gt ZH ot

7tole] YA (AAAE of Tlkm)stal e BSAE 2
At Flold EE4oltt. SHHES o] §ste e/at
AetBE A e HSIE 36.0105° , A=

i ox
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Fig. 2. 10-minute rainfall at the test-bed
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Fig. 3. Radar rainfall observed from Mt. Oseng station on July 4th, 2016.

7/4, 06:00

Lead time lhr
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Fig. 4. MAPLE rainfall data on July 4th, 2016.
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(a) Learning method (b) Prediction method

Fig. 5. Application method of Artificial Neural Network (ANN)
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A of 2D E+= 2D+ = AT AS Al-ket vh Stk
ufeba] 2 Ao A= Kim (1993)0] AFE vz 470
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AR R=] MAPLE, ,, MAPLE, ,, MAPLE, & A5t
o2 ARG (Test-bed) Q] ¢S =313t

st W o =Z3E= RMSE (Root Mean Square
At A 4= (Correlation Coefficient, CC), 2d &
24714 (Model Efficiency coefficient, ME, Nash and
Sutcliffe, 1970)2 Brbstglom 7H2r A (3)-(5)eh 2o
HAHT

Error),

RMSE= \/ 2 —P,. () 3)
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cc= d 4
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stm ave
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Z [Pabs szm(z)]2 (5)



Rt 371

A7NA, ne AB%, P, BE FeF P, = 0ol
BT, Py (i) A7 ioIH BE 399, B, ()E A2

ioll e 2o -, P e
=ol ot P, 2 P2 Bdoltt

A7 0|85 R ] Brt Ai= Fig. 62} Table 3¢9}
2ot g o]gste] AE5E FYsty] Mol ol et
AWSee] FAE o]gsto] eh5et AW BP0 HES
915t Test—bed Aol tst B7HE Syttt S
7= RMSE 3.15mm, CC 0.93, ME 0.812 289 &
ol 43t Ao FE QL thEoR By d
o] gt HFS flote] AAT 3P| MAPLE A&
dEARR FLAESS £ A 1A Ad 59
2 RMSE 3.98mm, CC 0.87, ME 0.69, 3A]7F o=¢]
£ RMSE 6.04 mm, CC 0.69, ME 0.34& vttt A

)
v

o o ol Mt My ofo my

Table 3. Statistical evaluation of validation and prediction results

by ANN
Validation Prediction
Radar MAPLE 1h | MAPLE 2h | MAPLE 3h
RMSE (mm) 3.15 3.93 5.33 6.04
cC 0.93 0.87 0.76 0.69
ME 0.81 0.69 0.48 0.34
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= 79 Mandapaka et al. (2012)2]
Aol A AAIE HEel o] 3A17F sl AE52tRe] A
Ae Ao wordr

3.4 03 22 7[8e| EARYSEH o ZE

B odFLof A= Kim et al. (2016)0] AAIRF EARAS] of| 4=
Be712E ol8ste] dEAtme A8 7HsdS AESHU
gz o] 79 4ol AT el tiste] 6hr, 12hr,
24X7bo]l et =275 4Hdot 2™ Nowecasting 7H'd <]
AWSE} glo|H & o]8ste A2 7|52 2 Forecasting 7i'd
o] A& +PsH= MAPLE RF2] AIE o] &3l=
73%-(1hr, 2hr, 3hn)E Bl -F7}sHth(Table 4 F17). ==
oA FAZFE o]-85to] EAMAS] AFEE fetct
A ujAlE 7O R o] 6AIZFS] RAYRE o8
Atk oJ7]ofl A o= 3A17F MAPLE #t28 83 3¢
3AZE mRtSto] @AY, A 2417 @S 6

E o83t dAHEE F35HA "k 6AIZF A%

71208 ZFeAR7EE H7] AlFste AR A
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(052.98mm), Warning 8:00(>82.91mm), Radar 7]l A+=
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Fig. 6. Validation and prediction results by ANN
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Table 4. Evaluation of rainfall prediction according to the rainfall criteria (mm)
Vace
6hr 12hr 24hr
AWS | Radar MAPLE AWS | Radar MAPLE AWS | Radar MAPLE
lead time Ohr | Ohr | Thr | 2hr [ 3hr | Ohr | Ohr | Thr | 2hr | 3hr | Ohr | Ohr | 1 hr | 2 hr | 3 hr
0:00 4.5 4.4 5.3 9.3 18.2 4.5 4.4 5.3 9.3 18.2 4.5 4.4 5.3 9.3 18.2
1:00 2.5 54 7.1 15.8 | 36.1 2.5 54 7.1 15.8 | 36.1 2.5 5.4 7.1 15.8 | 36.1
2:00 1.0 59 12.8 | 319 | 58.0 1.0 59 12.8 | 319 | 58.0 1.0 5.9 12.8 | 319 | 58.0
3:00 5.5 10.2 | 29.3 | 59.5 | 73.2 5.5 10.2 | 293 | 59.5 | 73.2 55 10.2 | 293 | 59.5 | 73.2
4:00 13.5 | 233 | 52.7 | 68.5 83.4 135 | 233 | 52.7 | 685 | 834 | 135 | 233 | 527 | 685 | 834
5:00 49,5 | 56.5 | 75.2 [ReEAO 111.9 | 495 | 56.5 | 75.2 | 87.6 OB 495 | 56.5 | 752 | 87.6 | 111.9
6:00 67.0 | 72.5 PRGN 106.8 | 117.2 | 71.5 | 76.9 | 91.1 121.6 | 715 | 76.9 | 91.1 | 111.2 | 121.6
7:00 80.5 86 100.5 | 112.8 | 115.4 | 87.5 | 91.7 | 105.9 | 118.2 | 120.8 | 87.5 | 91.7 | 105.9 | 118.2 | 120.8
8:00 88 953 | 112.9 | 116.2 | 1183 | 96.0 | 101.2 e 122.1 | 1242 | 96.0 | 101.2 | 118.8 | 122.1 | 124.2
9:00 110.0 | 116.1 | 120.2 | 122.5 | 123.9 U 130.5 | 132.7 | 134.1 | 123.5 | 126.4 | 130.5 | 132.7 | 134.1
10:00 100.5 | 107.0 | 109.5 | 112.3 | 113.6 | 127.5 | 130.3 | 132.8 | 1355 | 136.9 | 127.5 | 130.3 | 132.8 | 135.5 | 136.9
11:00 80.0 | 76.5 | 80.0 | 82.7 | 83.2 | 129.5 | 133.0 | 136.5 | 139.2 | 139.8 | 129.5 | 133.0 | 136.5 | 139.2 | 139.8
12:00 59.0 | 57.3 | 61.1 | 61.3 | 62.8 | 126.0 | 129.8 | 133.6 | 133.7 | 135.2 | 130.5 | 134.2 | 138.0 | 138.2 | 139.6
13:00 46.0 | 47.9 | 483 | 50.3 | 50.8 | 126.5 | 134.2 | 134.5 | 136.5 | 137.1 | 133.5 | 139.6 | 140.0 | 141.9 | 142.5
14:00 385 | 384 | 403 | 415 | 42.0 | 126.5 | 1337 | 135.7 | 136.8 | 137.3 | 134.5 | 139.6 | 141.6 | 142.7 | 143.2
15:00 11.0 14.0 16.3 16.8 | 229 | 121.0 | 130.1 | 132.4 | 132.9 | 139.0 | 134.5 | 140.3 | 142.6 | 143.2
16:00 8.0 12.9 13.5 | 20.2 | 334 | 108.5 | 120.0 | 120.6 | 127.2 | 140.4 | 135.5 | 143.2 | 143.8
17:00 6.0 10.5 19.8 | 31.2 | 38.6 | 86.0 | 87.0 | 96.3 | 107.7 | 115.0 | 135.5 | 143.5 171.6
18:00 5.5 9.7 16.1 | 238 | 276 | 645 | 67.0 | 73.4 | 81.1 | 849 143.9 | 150.2 | 157.9 | 161.8
19:00 6.5 133 | 21.2 | 230 | 232 | 525 | 61.3 | 69.2 | 709 | 71.2 160.8 | 162.6 | 162.9
20:00 125 | 265 | 284 | 29.0 | 29.2 | 51.0 | 649 | 66.8 | 674 | 67.6 166.1 | 168.0 | 168.6 | 168.8
21:00 19.0 | 355 | 36.2 | 365 | 36.5 | 30.0 | 49.5 | 50.2 | 50.5 | 50.5 | 153.5 | 175.8 | 176.5 | 176.9 | 176.9
22:00 230 | 332 | 339 | 339 | 339 | 31.0 | 46.1 | 46.8 | 46.8 | 46.8 | 1585 | 176.4 | 177.1 | 177.1 | 177.1
23:00 255 | 339 | 339 | 339 | 339 | 315 | 444 | 444 | 444 | 444 | 161.0 | 1774 | 1774 | 1774 | 1774
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