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Abstract

Abstract

This reseasrch utilizes the data from CCD camera and geophone > with
fast analyzing method > generate information such as flow depth > flow
velocity »  flow rate and huge boulder displacement to facilitate debris flow

event warning. Detection data analysis and warning are all automated in a
website. CCD camera and geophone calibration process in the field is
designed and used to insure the accuracy of monitored data.

Simulation of debris flow influenced area with different scenario can be
combined with geophone detection data to provide fast warning. Long term
and short term warning can be issued with monitoring data.

This resarch also use aero photos and UAV photos to produce annual

deposition and erosion records. Comparing with rainfall record > long time
disaster potential can be estimated.
All monitored data analysis © warning and hazard potential are all

exhibited in an interactive website. This intelligent website can further
provide suggestions after event detected and perform warning and

notification process automatically.

Keywords: Sediment transport estimation » Debris flows warning »
Field monitoring device calibration
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% 4.5 €23 EFH B PE I HRF LSS ()

R
Event T3 588 (2 ar) ELFEPE (W23 ar) BEEEPE (B2 ar)
Erosion  Deposition Net Erosion  Deposition Net  Erosion Deposition Net
19991210 — 20010802 53.6 24.9 -28.7 146.3 10.8 -135.5 44.4 101.1 56.7
20010802 — 20030302 28.0 18.5 -9.5 30.6 199  -10.7 122.6 2.5 -120.1
20030302 — 20040807 75.3 41.5 -33.8 28.5 31.0 2.4 25.8 379 12.1
20040807 — 20051128 46.4 49.4 3.0 25.4 16.6 -8.8 37.8 70.5 32.7
20051128 — 20070126 19.8 23.7 3.9 20.5 43.0 22.6 65.2 27.2 -37.9
20070126 — 20080803 71.4 12.8 -58.6 72.2 1.7 -70.5 21.3 33.8 12.4
20080803 — 20080826 29.6 11.0 -18.6 7.6 22.7 15.1 36.5 8.3 -28.2
20080826 — 20091121 1029.6 526.5 -503.1 238.0 82.2 -155.8 114.1 433.3 319.2
20091121 — 20130603 303.0 56.7 -246.2 73.2 61.0 -12.2 94.5 89.0 -5.5
20130603 — 20140217 52.3 55.6 33 15.3 64.2 49.0 233 75.8 52.5
20140217 — 20171007 91.0 48.0 -43.0 27.6 46.2 18.6 96.3 21.0 -75.3
20171007 — 20180529 30.7 18.9 -11.9 17.7 9.2 -8.5 38.4 11.6 -26.8
20180529 — 20190111 23.1 22.4 -0.8 9.1 24.5 154 11.5 43.9 32.3
20190111 — 20200508 201.9 10.2 -191.7 70.8 7.1 -63.7 40.4 38.6 -1.9
20200508 — 20201020 11.9 11.7 -0.2 11.6 8.5 -3.2 18.7 7.5 -11.2
20211020 — 20210908 11.6 7.8 -3.8 13.5 11.1 -2.4 30.6 16.2 -14.4
Total (=3 2 ¢) 2067.8 931.9 -1135.9 808.1 459.7 -348.4 821.5 1018.3 196.8
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246 €23 EEREPEIHRH RIS (FE)
Event €23 585 (§29) § 130 g (29 BELPE (§F2%)
Erosion  Deposition Net Erosion  Deposition Net  Erosion Deposition Net

19991210 — 20010802 124.4 39.9 -86 234.1 17.3 =217 71.1 161.8 91
20010802 — 20030302 65.0 29.6 -39 49.0 31.8 -17 196.2 4.0 -192
20030302 — 20040807 174.6 66.4 -113 45.7 49.5 4 41.3 60.7 19
20040807 — 20051128 107.7 79.1 -32 40.7 26.6 -14 60.4 112.7 52
20051128 — 20070126 46.0 38.0 -13 32.7 68.8 36 104.2 43.6 -61
20070126 — 20080803 165.7 20.5 -150 115.6 2.7 -113 34.1 54.0 20
20080803 — 20080826 68.7 17.5 -54 12.2 36.4 24 58.5 13.3 -45
20080826 — 20091121 2388.7 842.5 -1 556 380.8 131.6 -249 182.6 693.3 511
20091121 — 20130603 702.9 90.8 -614 117.1 97.5 -20 151.2 142.4 -9
20130603 — 20140217 121.4 89.0 -37 24.4 102.8 78 37.2 121.3 84
20140217 — 20171007 211.0 76.8 -136 44.2 73.9 30 154.1 33.7 -120
20171007 — 20180529 71.3 30.2 -43 28.3 14.7 -14 61.5 18.6 -43
20180529 — 20190111 53.7 35.8 -19 14.6 39.2 25 18.5 70.2 52
20190111 — 20200508 468.5 16.3 -456 113.3 11.3 -102 64.7 61.7 -3
20200508 — 20201020 27.6 18.7 -10 18.6 13.5 -5 30.0 12.1 -18
20211020 — 20210908 26.9 12.5 -18 21.6 17.8 -4 49.0 25.9 -23

Total (& 2 #g) 4797.2 1491.0 -3 - 361 1293.0 735.5 -557 1314.5 1629.4 315
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HEEXR Channel topography (1999/12/10 - 2001/08/02) -
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HEEXR Channel topography (2003/03/02 - 2004/08/07) -
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HEEXR Channel topography (2004/08/07 - 2005/11/28) -
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HEEXM Channel topography (2005/11/28 - 2007/01/26) -
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HEEXR Channel topography (2007/01/26 - 2008/08/03) -
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HEEXR Channel topography (2013/06/03 - 2014/02/17) =
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yr g E9 T EREHR

BH (BN T (BT JERbftes FREWHSE | JEWEEF RRENREE TR (%)
+8Ehah | {Sah HERR {= &t HEFE [v6 = (v1+v2+vd) [VI=Xvo] [v8=(v3+v5)] [vO=X v] [v10=(v7-vO)IVT]
[v1] [v2] [v3 [v4] [5] sediment supply cumulated supply| sediment storage cumulated storage SDR (%)

19991210 - 20010802 1.0 124.4 39.9 234.1 17.3 359.5 359.5 57.2 57.2 84.1%
20010802 - 20030302 3.4 65.0 29.6 49.0 31.8 117.4 476.9 61.4 118.6 75.1%
20030302 - 20040807 4.5 174.6 66.4 45.7 49.5 224.8 701.7 115.9 234.5 66.6%
20040807 - 20051128 33 107.7 79.1 40.7 26.6 151.7 853.4 105.7 340.2 60.1%
20051128 - 20070126 5.4 46.0 38.0 32.7 68.8 84.1 937.5 106.8 447.0 52.3%
20070126 - 20080803 44 165.7 20.5 115.6 2.7 285.7 1223.2 232 470.2 61.6%
20080803 - 20080826 33 68.7 17.5 12.2 36.4 84.2 1307.4 53.9 524.1 59.9%
20080826 - 20091121 9.9 2388.7 842.5 380.8 131.6 2779.4 4086.8 974.1 1498.2 63.3%
20091121 - 20130603 2.0 702.9 90.8 117.1 97.5 822.0 4908.8 188.3 1686.5 65.6%
20130603 - 20140217 4.8 121.4 89.0 24.4 102.8 150.6 5059.4 191.8 1878.3 62.9%
20140217 - 20171007 2.1 211.0 76.8 442 73.9 257.3 5316.7 150.7 2029.0 61.8%
20171007 - 20180529 1.5 71.3 30.2 28.3 14.7 101.1 5417.8 449 2073.9 61.7%
20180529 - 20190111 0.8 53.7 35.8 14.6 39.2 69.1 5486.9 75.0 2148.9 60.8%
20190111 - 20200508 3.6 468.5 16.3 113.3 11.3 585.4 6072.3 27.6 2176.5 64.2%
20200508 - 20201020 1.2 27.6 18.7 18.6 13.5 474 6119.7 322 2208.7 63.9%
20211020 - 20210908 3.4 26.9 12.5 21.6 17.8 51.9 6171.6 30.3 2239.0 63.7%

£ 4.7 § 13 L e P s
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DAN B 3 Oldrich Hungr et al. (1995)
LS-RAPID  ##3% Kyoji SASSA et al. (1988 > 2004)
Savage- # 74 Hutter » K. etal (1993 > 1995)
Hutter gl R

Debris-2D g it Ko-Fei Liu et al. (2006 > 2009)

TRENT-2D 2} %t Aronne Armanini et al. (2009)

DFEM #4113+ D. Naefetal. (2006) Swiss Federal
y At Research Institute WSL

Kanako- R S Kana NAKATANI et al. (2008)

1D&2D

Flo-2D S O’Brien et al. (1993)

BEART R BB R B xS w p ot R R L BBl 1

S BCEHCELHCSN B S 4 FLO-2D #2 DEBRIS-2D & ffAz ;¢ » F]pt s
RS AT T R ol R R AR 2 Bied BECERG Y
B A R 2 2% ke FLO2D 4 & .07 2 Findun £ i
a@‘]" P F|Ph % B - o GBI Gt o TR EBEA RN E A
PEETHFERDBEREHR ST 2R EFREFTHEERE @
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Ll

4 Fim o @ DEBRIS-2D R * *0 3 7 4| 3 7 in bl 0 © & o
Wik ehie g AR T AR (Wuetal. > 2013) 0 12 A RiR2
§ 13 E2 RIS Bon 0 Fp A4 %4 DEBRIS-2D
e =

#5.2~ 3 7indcii {2 “§ $-8( 12 FLO-2D £ DEBRIS-2D 3 &)
P4 t i » 2 F# FLO-2D DEBRIS-2D
53 A DEM DEM
%aﬁﬁiﬁi ?fﬁﬁﬁﬂk¢ﬁ&g)
2 2Rk R E SR EREN LRGN
s 13 P ERFRELZ 2 -
A et £ - WA E
i S WHER Cv kT,
k4T,
5 4 ALF Gl
§ BEMER
Fe 4 S K
DEBRIS-2D §:if % =t enIB /&8 7 % 3 P % % 7% (Liu &

Huang » 2006) > ¥ 3 % X ePIBFHRFEE 6> P M EF L5 - BR
FHHEOFNTELH AL E RS o & 1996 FioEh g k4 2
Fon% B¢ 0 Liu & Huang (2006)fift ihb (o B2 B R 2 F "2 2 738
B RE <L 5202 (2692522 501%F4) @ kb
AL RER R RRBLEREL R RI DL FEE 0 L1 (B
BB 510 2% 5 3% 10%) e

A AL B RS > Liu & Wu (2010)R] Ad BIREE
% (Inje> Korea)shd #imtidwe #h > H&{8 2 FinsafF =8 3 95%
AT B o Wuetal. (2013) /s * DEBRIS-2D ¥4 ¥ & rude b 8P ¥
FrgftE 4 dBA Y 2O BER DB T BN B R R RR IR
FRRIAREA B 8% > B RN IS L 5 4% by PR
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Ll

R RlEena BE HEERFERFRFL T 20cm(3%) - Tsai etal.
(2011) % 2008 FFpl = K HHénd Fingel - H & %2 2010 £eh 2

W 3 R RN F 2.76% %4 o Fl@t DEBRIS-2D © g3
FURENEF LT AH F A o RO E
4 o

% = & DEBRIS-2D 2 Zin#5s"f§ 4
DEBRIS-2D ’}’5;;7“ Fﬁ:ﬁ‘_’_ﬂ?] ﬁj_;{\ E’Ld )Fﬁ’ﬂ = @Tbta?ﬁ?.g‘ =3 @5‘—% ﬁfr'_i\“ R
fod - MEREHDBEXTES G- TAREF L g R TRFE

ok Bl ﬁﬂﬂﬁrfé 58RI * Julien & Lan(1991)3 1 é02d 7

SR TRFS o pt B RSS AR OR R R R iE #03) (Bingham model) 0 £ Y

Ry ho o kY RAR S Fl T Y RARFGE R
BETHRdFL 0 B4 R B R AN e T

7 =[T—H+,ud +ﬂc5uj F 2, (BT &) (5.1)

£, =0 v <, G3TR) (5.2)

He o o ARBFRE (A REA o pfopu #5563 F R
LT PRS- FIARTA0E2F 254 362 B VAR
FHARITp A KRG FRT A NWERES HFERE
B(x, v, 1)+ 8(x, y, t )<z<h(x, y,t) » B(x, y, t) » k¥ 358 K >

sxy )BT EE > Aan(x,yt)PIZpd 2B R - GDET
SRR PR %‘Df%;i BERIT AR PG TR T R F
% B(x y, t)<z<B(x vy, t)+5(x, y, t) ° Liu & Huang (2006):r%#= 3 ¢ &
BBV R BB AT2IMERA10% > FIFKAKz=B(x y, t) I A
d 2% z=h(x, yO)FZIHAL  ZTEERTVEERL v H#I- BFR
TR A E T E 2008 (5.3) ~ (5.4)f0(5.5)47 5T

oH O(uH) o(vH)

E+ ™ + & =0 (5.3)
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ot OX oy OX P«\/u +V?
o(vH) a(uvH) 6(v H) _ _gH Cosea(BJr H) 1 v (5.5)
ot OX oy oy P AJu? +v?

HP gL W AnTIBR R > p s FineRA > gS£4 il B0 H
EMIE O BRRAEMGHBTE  Ufov AN E X oy o HRiE o
GIHZFETEIEN - AEHIRGHLAYE xfry P pehic §
TES N A It dd BRARAEES &5t el
€4 38 }gi IFF‘*E;IJJFELi-iBé}o

d g«»ﬁ RS PR R T LY R KT g4 FNEREA

2T € ERiER(u=v=0)> FIL ¥ (5.4 (55T 2 o
FAEE AT 2 R iR R8T B RRALT ¢ B At

2 2 2
(@+@—t 0) +(@+ﬁ} >(Lj (5.6)
oX  OX oy oy »gcosdH
£ (5.6)¢ B H - FEflcA 5 B4 e 0 tano Bl E_E 4 ek
Boe RERA BES g A W REA o B3 Ausnd R lE A
B deim e o
ficie > 2+ > DEBRIS-2D * 3 ' 4 i kapdgirdl = 4258 > 3

-

3R E g o 2 * A SN gzt B (explicit scheme) o A1 pER P OE Y
Adams-Bashforth ez PR3 g2 ; 2 P s 3% Zppen? L X 2> e
B TR R R AR R 2 ARV cn¥IE > Bl A R K pReTE -
Fb_} | /2‘ °

EH PN T UED S RRILF AR T gt T A
s P/r‘rlrrﬁ?#rﬂ]}\ VIER R Z RS R R B onTid 2 el 4
(5l¥2b~ 298 8 > 1997)%¢ 73+ 5
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ﬁiﬁ@ﬁ%ﬁu&i}%%Eﬁﬁ%@*ié@ﬁ%ﬁ@*ﬁ?i
B3 P RS o B R B RNES T UEFREY TR
a0 E B R Su R AR ¢ TS wARE ERE T
- 7k & (Takahashi > 1981)

ptand
(o—p)(tang—tan o)

HYCL 32 Fin® AMMPLMHBER L2 3 T6kA S p5k
AR 1.00g/cm3 5 o FR# B R KB 2.65g/cm3 5 ¢ FR)#E P
Bt NE3TR 0 5k TIBE R > § 10 kAR + 31 0.603 B R
B 0.603 (Liu & Huang > 2006) -

he T gRERC, NIERT > 2 AR R - ST A

C,, = C,, <0.603 - (5.7)

o ARl % - ALY Bok®HY R ok 9 v ARl
T OEERE B A PR LS B Fiiade bt B

Yo

V — Vdebris

' Cdoo
:’HT 4 Vdebrl :%'i’i:i z"f'i’ﬁ'% Vlj‘%#/&##drj—"‘ P/T? g&"ﬂﬁ% ° a::
AR EEE-kR? Eaa kg EUF BT 14,51m-1¢,m > By
[

P RAREL J‘ﬁk KBk B PR K EL RET AL
Ef—’_‘_'_' z"/n'- ﬁi

(5.8)

V2 — water (5 .9)

B9V 2 AR ETR IR R RRRE@EF M ER 2T
R E R R RFE) Vv, E AR Eoripdland 2 RHA
-E-_ °

- A o F €V A, RO EREARFT AL S F

mRHEEE PRERF T 44/1—&«%] »HEF P e TR (Liv et al.
2009)c e B ¥ m ok FRBARAE EHEET O 57 Eﬁﬁ’*ﬁxffﬁ‘s A
it win o A B EFHEY VA, R hiEE BRSG
4 Zin(Liuetal. » 2014 ; Weietal. > 2018) o iz 2 g & * 31(5.8)& ;¢
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This reseasrch utilize the data from CCD camera and geophone, with fast
analyzing method, generate information such as flow depth, flow velocity,
flow rate and maximum boulder size to facilitate debris flow event
warning. With simulation with different scenario, long and short term
warning can be issued with monitoring data.

This resarch also use aero photos and UAV photos to produce annual
deposition and erosion records. Comparing with rainfall record, long time
disaster potential can be estimated.
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All the data, datat analysis, warning and potential are all exhibited in
an interactive website. This intelligent website can further provide
suggestions after event detected and auto executing all follow warning
and notification process.
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