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Establishing the relationship between landslide-
generated sediment production and riverbed
sediment transport through bank erosion theory and
sediment transport probability distribution

Abstract

Sediment transport simulations for landslide areas have typically
focused on factors such as pore water pressure, groundwater distribution,
or slope within the landslide area itself. However, there is limited
discussion on the connection between landslide areas near rivers and the
influence of river channel water and sediment conditions. Many large-scale
landslide areas are located in close proximity to or directly adjacent to river
channels. This study aims to develop suitable numerical models and
methods to estimate potential landslide extents and volumes in these areas.
Using a validated model based on bank erosion theory, we examine
whether the sediment transport characteristics of landslide-prone areas near
rivers are influenced by two different recurrence interval flows.
Preliminary results show that incorporating a bank erosion module
effectively reflects sediment production from riverside landslide areas and
its impact on river sediment transport.

Traditionally, sediment production from landslides and sediment
transport in rivers have been analyzed through relationships established
between water flow and sediment load, assuming a consistency in
recurrence intervals for both variables. However, with changing
hydrological conditions and the increased frequency of typhoons, heavy
rains, droughts, and earthquakes, sediment production recurrence intervals
within a watershed do not necessarily match those for water discharge.
Based on pre-earthquake frequency analysis data from the Wushe

Reservoir and comparisons across three analytical methods with historical
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field data, we found that the Gumbel distribution currently provides the
best frequency analysis results. This study thus preliminarily explores
variability in recurrence intervals for both water and sediment, offering
insights into the trends in watershed sediment production and discharge
under changing climate conditions. This approach is increasingly crucial in
today’s multi-model assessment frameworks and variable climate,
providing an evaluation method to assess high-risk bridges potentially
affected by unstable watershed sediment and offering essential river

computation tools and techniques.

Keywords: landslide areas, sediment transport, frequency analysis
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9 # 11 ' | 2062100 66,225,200 4487.259| 82374800 4487259  96498i00 L 10\ p iy,
97 8 7 Frcjiuh
, 97 £ 91 3 HLU
98 08 ' | 2799,109| 54309519 11825681 94200481 6757532 97071 o, L
98 # 8 1 L ik
99 & 10 ¢ | 2842050 53790,018| 609,501 94809982 522420 9697/ 00 # 9 ' Tk
842 190, ' 899, ’ Tlo9 # 10 1 prawmn
100 # 12 7 | 2,932,595| 52,722,107| 1,067,911 95,877,893]  915,352| 96953100 & 8 * 1 fmah
101% 67 4 &b
101 & 12 7 | 2,763,973| 49,348,815 3,373,292 99,251,185 3373292  968.6[101 & 7 7 i
101 # 8 7 = fih
102 # 7% gi %
102 # 8 7 %4 &b
102 # 10 7 | 2,517,403 47,268,007 2,080,718/101,331,003| 2496862  9712[102 & 8 7 & K&k
10297 < 4 &b
102 10 ¥ 4 &b
103 = 09 7 & B &%k
, 103 & 07 * § 4
103 i 11 % | 2,650393| 45095696 2212402103544304 2042217 9728000 o,y o
i3
104 % 57 = &
VESERFN ¢
105 & 03 7 | 2,661,243 44860,208|  195488103739,792|  146,616| 97352104 & 8 7 jKb 3
104 & 8 7 = 43
104 £ 9 7 iy
105 & 77 & 9k
105 £ 9 7 SHFF
105 # 11 7 | 2,573,923| 43,660,268 1,199,940{104939,732| 1,799,009  97352[105 & 9 7 § -+
105 & 9 ¥ fide
105 £ 10 7 % 1]
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106 = 7 7 % 37
106 & 7 7 % ¥
106 & 12 » | 2,535,508| 40,198,237| 3,462,031/108,401,763|  3,195721|  976.7|106 & 8 * % ¢§
106 £ 9 # 44
106 & 9 7 % 4
10726 + 34
108 # 01 7 | 2,626,000 38,981,472 1216,765/109,618,528|  1123,168|  976.2/107 & 7 * & 57 &; &k
107 # 9 7 LR
108 & 7 7 2 4mLE b
, 108 & 8 » {1+ 5 &b
108 & 10 * | 2575528| 37458300 1523172111,141,700] 2030896 9775 0 oy [y o
108 & 9 ' f B E b
109 # 10 * | 2,526,302] 37,528,812]  -70,512| 111,071,188 -70512]  977.7|109 & & 3% ¥ mEh
1106 " « 3.4
110 # 10 * | 2,514,790| 36,824,998|  703,813| 111,775,002 703,813|  977.4[110 & 8 ' jh ¥k
110 £ 9 7 %R h
112 & 01 * | 2,557,062 37,151,392] -326,394[111,448,608]  -261,115]  977.7|111 # & .= ¥ mah
112 28" + ¥ &b
, 112 & 8 ' Gy B D
) |
113 & 01 * | 2493919| 28,685,634 8139365/ 119,014,366 ~ 8465758  9833(115 % oy b e
112 # 10 * /) * &b
140 0
i a
o -1 E
E 120 | -
— o
=) -2 %
z L g
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E 100 -3 =
S L
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g g Chi-Chi y=2.6047x | [ 4 £
.— I =
= carthquake R2=0.93 5 2
= L
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S 60 A B
= / - 6 =
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> =
T 40 y = 1.3467x o -7 E
= : Typhoon Typhoon ! i
= Aere Sinlaku L 8 §o
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P SRH-2D H5% 5 K415 kI Rblam 4430 % FER B 25 £ 47 1 5

R 2 e AR 0 R e KR R (8 FATRE) S 4 7 s

Bl ki BRI 2 N RN Fl A TR B AE Y SRH-

DR A EL D TR F R R TR R R T %%?
Z BB Ao R o R BN ERP B T SR AR ALK

#‘%7 Elgég, I,Z]FA é\j\ ﬁt}\‘\?:&l\?‘\;g”\% PE:?}{QII‘%’—:I%:T -]»,F/I/T:l i‘%_;hlr‘

\\\?{r

2% o
SRH-2D #i5¢ #d jnst #-73] SRH-W jwiga &k o SRH-2D & /3@ & 4%
12D = Hx d SRH-W #2ie2r % 342 o SRH-2D &5 AJ® = @ fi chid #
#2385 IR R S B T 35 Venant > A250 o ,T‘ff’ﬁfﬁé m % SRH-2D ¥ 112
% R A% & > 54 RMA-2(U. S. Army Corps of Engineers, 1996) -
1 % MIKE21(Danish Hydraulic Institute,1996) » SRH-2D # & % & <t 4p
§F ORI BERR LBERRA AR R .

SRH-2D #75 ¥ 2 ehifp * § )

Pz a@g ity s ¢ 8- & % r

20K BRI o

3 kERREH -

4ok BipF T L kR -

HoR G #] 3 42570 40T fon

eh, o), alhw) _,

8 2.2-1
ot x oy ¥

2 A(hT S
o(hy) _a(he?)  a(hw) _ o(hT,) I Xy)_gha(zbm)_a(rbx)wxxwx X220
ot O X oy O X oy 7 op Y

2y 2(hT o(hT 0 _
2 (hv) N A(huv) +0”(hv ) _ (hT,) N (hT,,) _gh (z,+h) (1) +D,+D X003
ot 7 oy 7 oy & op e
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LRRER R R p S e F k2 Bk AR) R i R 2 M TR L

w2 o KiET g AR e sEEEAF g LT @ BT, 0 T, 2okF

Tyag i 3 Dy o Dy o Dy Dy G -RiRT 3004038 5 2, 5 R G B 42
qu)i’rbx’rby?%]%wf%:; °
He o FinHVA & kdpipy 4 2 4258 (Boussinesq equations) :

ou 2

T, =2(u+ut)&—§k ;8 2.2-4
Ty =(+y %H%J X225
T, =2(u+ut)%—§k £ 22:6
LoRERALFR oo B AARFR kS Finda o Finfot e &

B ¥t oRodi(1993)# * 7 @ f& X oot o 4 W SRR T Yo A
;¢ (Depth-averaged parabolic model)£? K-g (K-epsilon) % 7w fi-3% o A dede 2 fic
S% 5 0=Cuh s u b ARG AEER ¥ #CHFEF A2 031 1 & SRH-2D
PR G BRINE S 0.7 P BET p T3 o BArR ¥ Ke fioiN 0 FUnd

R LU= CK/&"‘J-E! o & i ﬁi\.ﬁ*a 4o

ohk  ohuk  ohvk _ o (hu +6_kj+£[hut+gl;j +P P, _he X207

a x| oy oxlo  ox) oyl

th ohug ohve 0 (hy oe) 0(hy O¢
+ — =+ = += |+
8t oX oy o ox) oy\ o, oy

, 7V 2.2-8
ClePh +Psb _Cszhg_
Rodi #1993 # i¢ * T 5| % % &7 48

2 2 2

. :hu{z(a_u) 4@} {6_%@) } 5229
OX oy oy ox

Py =C; u2;P, =C,C,CYC ¥ ul /h £ 22-10
C,=009,C,=144,C,=192,0, =13,C, =18~ 3.6 N 202-11

Po 2 P 8% K3+ B At 30 g iz RA BEEATA S Find i 4 o
P B R - PR L B R P YRS TR RS TR R
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$-o% 1R

B 02212 40 22-13 A Bk ¢ feR R B AR S AR 2T G
By A2t AR T EEeT AR
ohC, +8hUC ohvC, =0, (P.E, ~Cy.) N 2212
ot OX oy
8Z X
=77 ot —Zuk p.E —Cy) #2213

FER)frrB-NEg L E e preE o 0 BP ULk mEER

E, v .
k%

s N . v N vaby 2T 2 e 2. ‘,.C:' Ly v
i B Peh K R R R A A timb o Sk kst

REEFER YV AAREAMICHE DL RAEBE -
SRH-2D P 22 i #) i §y > 4238 dodo & 2.2-1 #75)(R 14414 ¥ 2020)
A AR T HRES R i/ﬁl’/@%] AR5 o

# 2.2-1 SRH-2D fic5' ph 22 A7) 18 %J > Az 5t

H ¢ Parker(1990) =

[k R R B AR5 [ SR 1B AR5

EH Engelund-Hansen YANG79 Yang (1979)
(1972)

MPM Meyer-Peter and Muller | AW Ackers and White
(1948) (1973)

PARKER | Parker (1990) RIJN van Rijn (1984)

WILCOCK | Wilcock and Crowe BAGNLOD | Bagnold (1980)
(2003)

wu Wu et al. (2000) TRINITY | Gaeuman et al. (2009)

YANG73 | Yang (1973)

4 & d 3 Parker 2 N#GE & @ F A0 d ek il kol At X A 2R
e Bt AR R A B RISER Y SRH-2D = MdiciE 050 ¢ Parker 2
o E =

IR RS S 1R 2 @ﬁﬂ A2 & T AT

34(1990) > i& 7 SRH-2D # jk #iche 2 - & > SRH-2D # 7k ficke @ #

Y, (47(d; 12)°13)/ p,9(s—1) B
(zy ! p)™° -

G (Y
0 (dso)

r

P.G(#) 4=

b

;v 2.2-14
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AR IR R%%%ﬁbﬁz ﬂﬂhg@ﬁp@%,fg%ﬁ

11.933(1-0.853/¢,)"° ¢ >1.59
G =10.00218 exp[14.2(¢ —1)—9.28(4 —1)2]t  1.0<¢ <159 £ 22.15
0.00218 ¢** 4 <10

R R e 2

ETTRS

Yo s PEFRE R o 2RI T Py
F5 0 S=plp-l, pBEp R RBRF2ZBRE IgHET BRI PR

1
T4 5 6=0,/lpg(s-Dd] i % i %% #2 Shield 4¥c : ¢, 5 Shield % ;

'

o
E

A AREERE D S Oy 5 AR R &l 2 ¢ @A o
N~ R RECE
Pane R AR AR AT F it Y < i aoplR > 50 Bt )R

Bl f# 477 iR k7 0 3EL(ASCE/EWRI, 2011) o 1 BURA) £ K3 » < HHpUR &
LEORRER A F IR KT ORI R > 2 LI R iR R

BB R FAFEIR ST Ak SRR R MRS A
AN gL PR ORI BRI MR EFE R T g R P RS T D
frehphdk > N E g - SRR RS BB YR RER kA I
F(Kakinuma, 2014) o F]pt > i = 3§ * >0 ik enBic @ B4 0 R E 2
BRI AR AR R AT S BT b iR 2 E R
FEOKRRE PR R E TR IR R BE IR R TR
2@ 2 FF w3 2 349 0 Hudson {r Sweby (2005) &%= ik )&
# 2 3% ; Jang fv Shimizu (2005) 4 j& & F RA2P F ey -RKPiE > G LA
iF KR % ma % it Fach (2007) 835 5% Kk = 255 B 2 chlic & #073)
Tdp Rl & AR A EUR S ] R 42 S8 Ferdos ¥ 4 (2015)% 3% p FR i

BAFFFFEDLL RFPFT RS HRE R RE T F g b %
Luo % 4 (2016)14F 2k & RI3kIF 22 3 MoK R > B2 3 % i ¥ 5 B3R B 58
Arai £ A QOIS =z AP B4 2/ B e %k DhARPGAY
BHrE R G B EORES o FRE ] UL h AH LY 0 LSRR
FREIREBMR LI RICEF 4 hd FiF 5 0 FY AT B BT F 2D
GERHCA o iE 2 3 TR BB RIBIRS 4 F R A BB AT
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~FEA Y KA BF S ahlE S 2 v A1 AR
e HE 438 2 g 58 R & — pER ) (time step) T 3Rk fE (state) 0 4 BT
i% (explicitmethod) Ff32 ™ — PFRFH o i » - A B 5 B B 2 2 2 TR
IR R TR UF] 0 E TR B AR B R A B ehiE B AR 0 4 S
AR SRR A B R AR o

Fp a2 ¢ qm OB i i 2 BESS H 0 F0 f2TRe MR K el g
LU E FRS SR SE ST S N R Lol S AR 7 s S i
B R T LY SR R o B P F - S VY - AL E i
A BB AT J\%Fﬁl”‘ GREFFIP )P AL FFRIGEE PR - kT H TR
et o BLenfE v P B 3548 iE B4~ d Hasegawa 3k ) {5 k4% Nagata

FAATERY o RA 0% F W AR TREIRT 3o AR R FIANT a0 4
e g fe & BReR § P HOT RO TRP BB R R T 51 R

)

LR R T A TR 3 s E > LR E L TR
S P G BE o N e RERGREE P RE AR e TR # 3 gl 0 @
P AL e BB P REARY 0 1B X PP KRB ISR R
BB AT R HRR BB EHEIS P R S s AR e 2LAR LR B) @ e gt
BEE WA BE AL RN 2L RS TR PR ST
F-AERITFPHETRRHESE oG it o HY > £4 oo ILHEHNTR
PR M ARES S B T S E RERES S ok 0T R
B2 e KRB FFRE oL o

BIBFT R Y o NI ERR F RMA T N e R F A PR TR
Bodg R 4 JE TR M b AP R GTAR Q BE 2 AR e o TR
PR AT e 4 B d 2D £-F A E g om 4P R Bh e e R 4
R AR NER A P TRR M R 0 Fl A e Beag
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ﬁ,ﬂw’ﬂWﬁﬁ?LM@MD%ﬁﬁﬁﬁﬁﬁﬁﬁﬁwﬁHﬂﬁ)ﬁi
HoR) BRI TP #3% - RPN A M A2 F R BT
IR I SRR o R R R R (4o B A &R
Fi% g k) ktEgeie i Eﬂﬂ*#«ﬂ?} v M 2R E TR M i;%%[%]ﬂ‘l%’
BEEE L E fople M R o
AR ERT B o Rl oAt b8 6 B0 0 R 2 R L TR
% e SRH-2D #-5" (Lai, 2014; Lai et al., 2015) » ©2 F ZLp X2 5 #7 f B
RS SRCE SR S e R
(- ) &2 #H
%?SMMD:ﬁiﬁ¢4%&#ﬁw@ﬁﬁﬁuﬁﬁﬁﬁﬂﬁ
e 1T o Ko TP A Lai (2008; 2010)#% ) > A -5V F * Lai et
al.(2003) 17 "TREAR GEEC T S AP B nE AR E A2 e
BEARF RS ERAT R(e 7 RS TR e iR i)
PARNFCRITE 2V MR o R i R N AR o B
B e gk * Greimann % A (2008)#% d1z x> H IR R A Lai e
Greimann (2010)2? Lai % 4 (2011) » <=2 * f| #2158 1 e b pus /)
S A RS EE R URRCI R/ AR L A Ca U AN E R o
Bfoe i R 3 7 kR R R RIR RIS e R d g o £ 4 ez
SRR B R P S EREE S b B p PR T I K
¥ (Lai and Greimann, 2010; 2011) 3-8+ BT 5 A7 7 ‘}F’iﬁﬁ%]
Fj3hs4 2 4 & IR LA o
(=) Tim #3p H et
Tie 23 3 PP R S fRie M SR A MR E P TR P oK
mE ﬂ%?ﬁ@ Bt P TR R T B E S 2 R qRie e A

grov o B — 3 EH 22 L@ - Al e A BIRTRP MR
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2 4 Hasegawa (1981)# !> % 15 #& Nagata % 4 (2000)~Duan % % (2001)
22 Chen fr Duan (20006)#7#% * > R @ 3% > & Wig * 30 3 Brkfrn o
g RN Y TR R E enlic B § 0T TR Rl 2 TR
ML FRFEE AR AT LET A RS F o ARG T E
BT PROTRP H# 3N A R B B TR o R
o e M Bk AR EAL o B hE BT MR kA SS P AR
AP dd TR HIb e kR {eTR A AR R SRS F e TR
P AR S R R R o BT TN E e iR

L

& =k(fi—1] £ 2.2-16

P g ARl iR F(m/s) 0 k5 EA Gli(m/s) 0 T 5 TP %
bk pEReE P 4 Pa) . 2 TRAT RS (Pa) 2P RAT

Te i Aok BLTilic s Hos  ~ I

LR MR R AT R AT AR Y Y M
HFBR o TEXRT R KT M R T M TR kG
TE Rk ML TR MM BT R4 Z B R e

fAR X BT et 5 R MU AP LG Bl
oAU ¢ TR MR R A AR Y B TRR M B
BREDE A o m RS F BRI FEINT I F A RERATY
(=) Bl Foie #3325

¥0 3 1255w (Lai, 2014) B3k FAETRiP #3h 1 353 355 72 2 4 £
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ﬁg%i’gﬁﬁﬁﬁ%%ﬁﬁﬁ%@ﬁ“*%ﬁi&ﬁ@ﬁﬂﬁﬁ
ER =R’ SEIE R N Y E MR =S R A o 1P & U =S R S
B 25k cnpE B B3 P 3 {47 s AL 2t 47 e ;¢ (Langendoen and Simon,
2008; Laietal.,2015) » 22 m s 4F fe i \%fﬁm SN TR

dF kb AR EEEP (Laietal, 2015) -

B G E R RN T BT E YRR R E TR Y

B EF LN R AEN T LA R EEAR o o] 2.2-1 #fom o
Teir #3h e B ARRF R ETR A~ de Rk 5 G'ABC 2 ¢ G'AB &k

Th BO(TiP #35 ) A ke P P i0% cABC A4 =302 4 4 0¥ B 7
MR G A LRGBS C S TRP MR AT B L TR Mk R
B BL GG PP BERE A BT R SR o BRI R AR
w2 CALEFRI ACGLE PRI G g EE P RTd Z
BRI BRI F L B Ao S B enip] e R R 0 B AR B T Fo AL
WL E AB TR ML F B o TR #B e AR S AT
5 GFBC: s pF FB A7Tenif A4l & * 30 4 4 5 %)) B+ = g gL pl
“EETEBARERS I X L &k auk i e GDIE 373 R s AA
LERAFAOFRLADT AD2L X2 7T o d Bl 1{ot 4 BR D
F D2t pfAiRT D FBREAREE c FE(E s H)TES
AmETHEEABCE i F#Ap ¢ 7 R B)

B 0 PF R I cTRiE 2 33 EEEAE rp( T C fr E B EEE)T 4 1Y
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(H,+a,)+0.5/GD|tan T

FRILEEN I s=S ol R F’%ﬁ.(m) ho 5 2 %P A 4o KiFE(m) 5
Hy 5 % ﬁr"ﬁ?vauﬂi“/ Fg}i:( )’OC,;'E’&";— 'Qla\»i'(é)’a)l/ﬁ"‘ K
FOMTIERI 2 TRiP B - F P RFERE(M) 0r 5 9 B3 E 2 fRP A%
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-
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S8 o

%*ﬂﬁﬁéﬁ%’—é%*ﬁﬁéﬁmjwﬁﬁf'#%%@kééw%’ﬁkﬁ?ﬁ X &
foah 4 2 T o gl AT S 0 AR R S P (2006) %3 40 B -k < 4
ATy it FHFERLET o mok e TR X 25 RAE IS px) o B H A4

Y

37
P(x > X) =fx°op(x)dx”m?:~ TE#F2- = Px=X)=1/T
) 1 ) 1 ;¢ 2.3-1
T Px=2X) 1-P(x=X)
PRI TAEERERN - LEF A bAe20 EF A - TeE R (R

FLOS ) TS - EFA (039 BN gHFS At E AT (i
FREFARF ML ARELEYP > BF L el BEg2 1/20 (440 100 #
PEZ S ) P kB EERG FL 2T o ARAF AP FEG Shoa e o

kv TR S (B A ) W MU A (AT ) A RS T
Pedeie 5 A EAF R A gt R 2 TR 2 LR A T 2 B o N R T ARARIE
T2RBF LB Lok RN - AFTHED c AGA AT AL
HERAFEC (BRI FEA G2 EFEE @ 1% 8 (&

CFORNEE S REFEE " S FREESSE F RN T S A

\

A
F AU dp Bl A T 0y (gamma) S fic 0 fRIEEA G E 0 4 F f
¥on s frenbaRt ¢ GRASRE S HRIRE KRG - £ 2
FE oom - HARlcE G o R R B SRR B S B AT 10 &
KB E APz AR fTRr #he A8 B°Y A-RIE B < JE > T AN
fi 1 Gumbel distribution ~ Normal distribution 2 Lognormal distribution 2. 72 34 £
@o
— >~ Gumbel distribution(Gumbel 4 i#)
Gumbel distribution (Gumbel 4 i%)* & i #&=H & (&~ ) 4 i# (Extremal
(Maxima) Distribution) ° AN A wA D E P E - A4 & (Type |

Distribution) 4c™ #1if:
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v 232

P(y) = exp(—e™)

Pl :y=a(x_x0)‘azo-y/0-x‘xozmx_my/a °

—0<y<

oy 0y 2AREL
my om, 2T IHE

doo k2 B Ari R Lo Lo 2 gt 100 # 0T o B
m, <y =0.5772> 0, < m/V6 R B ARG RS, AT BH

BEAEN 2y 8, @ rpEE o dhddcas ag T T AL

é”|>§”
L
\®)
P
w

a
1 ~
Xo =X— ()Y ;v 2.3-4
y
Gumble = &%+ #347% 5 {5 > 1% Thomas plot F 4} ;¢
P(y;) = exp(—e™) = i/(N+1) 2.3-5
Aoy pFr N @iz sk B2 B A2 NFLy- 5 Bk
23-1 #rm oA R T &2 p(x)% Ky 28 hdok 232 “757 o p A A £ FA3R
SR W TR AL B BY BT B = %k > (Least square method)
Sl E D RN B NPELY S, 40k 233907 o
#. 2.3-1 Gumbel 4~ f# ¥ ## (Gumbel ;2 )

N y S, N y S, N y S,
15 0.5128 1.0206 | 37 | 0.5417 1.1339 | 59 | 0.5518 1.1734
16 57 316 38 24 363 60 21 747
17 81 411 39 30 388 62 27 770
18 0.5202 493 40 | 0.5436 1.1413 | 64 33 793
19 20 565 41 42 436 66 38 814
20 0.5236 1.0633 | 42 48 458 68 43 834
21 52 696 43 53 480 70 | 0.5548 1.1854
22 68 754 44 58 499 72 53 873
23 83 811 45 | 0.5463 1.1519 | 74 57 890
24 96 864 46 68 538 76 61 906
25 0.5308 915 47 73 557 78 65 923
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VAR RITEG R fR A FaE M e R R P R 2 BT

26
27
28
29
30
31
32
33
34
35
36

1.1938
953
967
980
994

1.2007
020
032
044
055
065

20 961 48 77 574 80 0.5569
32 1.1004 49 81 590 82 72
43 047 50 0.5485 1.1607 84 76
53 086 51 89 623 86 80
0.5362 1.1124 52 93 638 88 83
71 159 53 97 653 90 0.5586
80 193 54 0.5501 667 92 89
88 226 55 04 881 94 92
96 255 56 08 696 96 95
0.5403 285 57 11 708 98 98
10 313 58 15 721 100 | 0.5600
% 2.3-2 Gumbel &3 E %8y P (x) T (x) M %4
T(x) | PX)% y T(x) | P(x)% y
500 0.200 6.21361 25 4.000 3.19583
400 0.250 5.99021 20 5.000 2.97020
300 0.333 5.70212 15 6.667 2.67375
250 0.400 5.51946 10 10.000 2.25037
200 0.500 5.29581 8 12.500 2.01342
150 0.667 5.00730 7 14.286 1.86982
100 1.000 4.60015 6 16.667 1.70199
80 1.250 4.37574 5 20.000 1.49994
60 1.667 4.08596 4 25.000 1.24590
50 2.000 3.90194 3 33.000 0.90273
40 2.500 3.67625 2 50.000 0.36651
30 3.333 3.38429 1 63.212 0
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% 2.3-3 Gumbel ~ i ¥ #%& (& 5 <j%)

N Yy Sy N y Sy N y Sy
20 1 0.5692 | 1.1825 {40 0.5717 | 1.2244 60 | 0.5729 | 1.2402
221 96 895 42 18 266 162 30 413
241 99 956 44 20 287 64 31 423
26 10.5702 1 1.2009 (46 21 306 (66, 32 433
28 05 055 (48 23 323 168, 33 442
30 0.5707 1 1.2095 {50 { 0.5724 { 1.2338 | 70 | 0.5734 | 1.2451
32 09 130 {52 25 352 (75, 36 472
34 11 162 |54 26 366 180, 37 490
36 13 192 {56 27 379 185, 39 506
38 15 219 (58 28 391 190 40 520
95 41 532
100] 42 542

= ~ Normal distribution (¥ 4 %)
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p(x) = e~ (x-w)?/20° X 2.3.6
o 27‘[
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P(x<X) = e~ (x—m)?/20% gy N 237
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VAR RIS R BT A s M AR 2 e i R 2 W

3¢ Z5% i Bz AR %4 (Standardvariable ) §= 7 -0 T +oo
y(Z) i BEF Ry MRy (Z) %t Z 23R mTEREFEY R
P2 AR A ] ATEE ORERL I P REZ ZFVREATE
AP Z=02Z 2 KBS RT L6 THIBI L A L LR

WFRAGa ALY Pd AP o7 47

A Zq) 7)dz ‘1 L
= = R e— 2
fo ( fome

AV 2 #F 5 770 3 Z Axr-BESEZERT2ZINAG

Z A- pmpEs vl H g R

2234 HEUFEA G A

Z 100 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 |0.0000 [0.0040 (0.0080 |0.0120 |0.0160 [0.0199 |0.0239 |0.0279 [0.0319 [0.0359
0.1 |0.0398 [0.0438 (0.0478 |0.0517 |0.0557 [0.0596 |0.0636 (0.0675 [0.0714 |0.0753
0.2 |0.0793 (0.0832 (0.0871 |0.0910 |0.0948 [0.0987 |0.1026 |0.1064 [0.1103 [0.1141
0.3 |0.1179 0.1217 (0.1255 |0.1293 |0.1331 [0.1368 |0.1406 |0.1443 [0.1480 [0.1517
0.4 10.1554 0.1591 0.1628 |0.1664 |0.1700 0.1736 |0.1772 |0.1808 [0.1844 10.1879
0.5 |0.1915 [0.1950 [0.1985 |0.2019 |0.2054 [0.2088 0.2123 |0.2157 |0.2190 |0.2224

0.6 |0.2257 0.2291 (0.2324 |0.2357 |0.2389 [0.2422 |0.2454 |0.2486 [0.2517 |0.2549
0.7 10.2580 [0.2611 (0.2642 |0.2673 |0.2703 [0.2734 0.2764 |0.2794 (0.2823 |0.2852
0.8 10.2881 [0.2910 (0.2939 |0.2967 |0.2995 [0.3023 |0.3051 |0.3078 [0.3106 [0.3133
0.9 |0.3159 [0.3186 (0.3212 |0.3238 |0.3264 [0.3289 |0.3315 |0.3340 [0.3365 [0.3389
1.0 |0.3413 (0.3438 |0.3461 |0.3485 [0.3508 [0.3531 |0.3554 [0.3577 [0.3599 [0.3621

1.1 |0.3643 [0.3665 |0.3686 (0.3708 [0.3729 |0.3749 (0.3770 |0.3790 [0.3810 |0.3830
1.2 |0.3849 (0.3869 |0.3888 [0.3907 [0.3925 |0.3944 (0.3962 |0.3980 [0.3997 |0.4015
1.3 [0.4032 0.4049 |0.4066 (0.4082 [0.4099 [0.4115 0.4131 [0.4147 0.4162 (0.4177
1.4 10.4192 0.4207 |0.4222 (0.4236 (0.4251 |0.4265 (0.4279 |0.4292 |0.4306 |0.4319
1.5 [0.4332 0.4345 |0.4357 (0.4370 [0.4382 |0.4394 (0.4406 [0.4418 [0.4429 |0.4441

1.6 [0.4452 0.4463 |0.4474 (0.4484 (0.4495 |0.4505 (0.4515 [0.4525 |0.4535 |0.4545
1.7 10.4554 (0.4564 |0.4573 (0.4582 (0.4591 |0.4599 (0.4608 [0.4616 [0.4625 |0.4633
1.8 [0.4641 0.4649 |0.4656 (0.4664 (0.4671 |0.4678 (0.4686 [0.4693 [0.4699 |0.4706
1.9 [0.4713 0.4719 |0.4726 (0.4732 (0.4738 |0.4744 0.4750 |0.4756 [0.4761 |0.4767
2.0 0.4772 0.4778 |0.4783 (0.4788 |0.4793 (0.4798 (0.4803 |0.4808 (0.4812 [0.4817

2.1 |0.4821 (0.4826 (0.4830 |0.4834 |0.4838 (0.4842 |0.4846 |0.4850 [0.4854 |0.4857
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2.2
2.3
2.4
2.5

Bo% 1 ENFES 2

0.4861 |0.4864 (0.4868 |0.4871 0.4875 (0.4878 |0.4881 (0.4884 |0.4887 (0.4890
0.4893 |0.4896 (0.4898 |0.4901 |0.4904 (0.4906 |0.4909 (0.4911 [0.4913 (0.4916
0.4918 |0.4920 0.4922 |0.4925 |0.4927 (0.4929 |0.4931 (0.4932 |0.4934 (0.4936
0.4938 |0.4940 0.4941 |0.4943 |0.4945 (0.4946 |0.4948 (0.4949 |0.4952 (0.4952

2.6
2.7
2.8
2.9
3.0

0.4953 |0.4955 (0.4956 [0.4957 |0.4959 (0.4960 [0.4961 |0.4962 [0.4963 [0.4964
0.4965 |0.4966 (0.4967 |0.4968 [0.4969 (0.4970 0.4971 [0.4972 0.4973 [0.4974
0.4974 |0.4975 0.4976 |0.4977 0.4977 (0.4978 |0.4979 0.4979 |0.4980 (0.4981
0.4981 |0.4982 (0.4982 |0.4983 |0.4984 (0.4984 |0.4985 (0.4985 |0.4986 |0.4986
0.4987 |0.4987 (0.4987 |0.4988 |0.4988 [0.4989 |0.4989 (0.4989 [0.4990 (0.4990

> Lognormal distribution (3t # ¥ & & %)
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@ SRH2D Assign BC

BC Type

ExitH (sbesitical ouflo)
Bt water surface options
Water sus (WSE) opsion:

Populste using Channel Caleulator.

@ SRH2D Assign BC

BC Type:

Indet-Q (suberitical inflow)
Discharge options
Dischasge option:

Constnt
Constant Q:
84S

Distribution af inlet:
Conveyance

cms

(Tgnore if mot simml Only spplies lations with )

OK Cancel Help

@ Channel Calculator

x
Input Results
Type: Normal depth - Flow (cms) WSE (m)
Grround elevation datsset fm): Select Z 1 84500 390.005
Composite Manning's n. 0oz
Slope: 0.001 .
Flow: 845 Cms
WSE offset {optional): on m

Messmges and Wamings

sal walls were added for normal and critical depth computations

Cross Section with flow of 84.5 cms

894 4 —— Cross section
—— Normal depth
= ——- Critical depth
‘= 892 A
e
=1
o
=
7}
w 890+
BBB a T T T T T T T T
0 5 10 15 20 25 30 35
Station (m)
Help

Cancel

Bl 3.1-10 3%k T &
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@ Material List and Properties X
Color and Texture Name Thickness Units 3radation Curve
(frorm)
1 28 JP—
103 sl ~ EditCunve
2 Sediment
0K Cangel Help
@ Gradation Curve X
Particle diameter (mm) % finer .
Gradation Curve
10015 75
100
2 0425 1363 |
—
320 202 L]
80
4 475 1249
5 95 5527 /
6 381 7325 2 0
7 905 8254 R
& 1280 86.49 40
9 1810 9028
10 3620 100.0 20
o 50 100 150 200 250 300 350
Particle diameter (mm
Humber of rows: 10 3] Timport (mm)

Cencsl Help
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000:10:00
911.8
L3030
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- 3018
L8930
L8965
L8940

|
Bl 3.1- 13 ficase ek T2 ipld
Start Output
| GIS & DEM data -~ Srhgeom (Mesh data) -
(SMS software) Srhmat (Material data) ~
1_I Srhsedmat ( Sediment data)
Simulation outer contour define With .
| bank Partial interface set up
: erosion !
Mesh generation model Bank erosion model
l—l set up
Material define '
| SRH-2D Simulation
- (Partial interface)
Sediment define
: _l : Without bank
Momtprmg points erosion model
and lines define
H SRH-2D Simulation
(Full interface)

Boundary condition setup

@] 3.1- 14 SRH-2D #cie fi-5% 2. 2& ¥ /42 B
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i s v (B8] 3.2-5)
@ SRH2D Assign BC

X
BC Tvpe:

Tndet-C) (zuberitical dnflow)
Discharge ophons
Discharge option:
Conetant

Constant )

asn

Dristeibontion at dnlet:

Conveyance

Sediment inflow (Tgnore if not simulating sediment transport. Only applies to stmulations with sed dom

Canecel Help
B132-1 »jmif R ifit ek 3
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& SRH2D Assign BC X

BT Tupe:

Exit-H {subcritical outflow) e
Exit water surface options
Water surface (WSE) option:

Constant w
Constant wee:

B87.7810327682048 Meters
Populate veing Channel Calculator...

Bl32-2 i nf Ry

P

L
a
&
®
.
X
¥
ol
)
- .
32-3 ®EFHA
. v B/
@ Assign Material X
Color and Texture Name Manning's N Depth Varied Curve  Curve
1 % unassigned 002
2 . new material 004 m]
3 . new material (1) 0.035 O
4 new material (2) 003 (m]
5 . new material (3) 0.025 O

+ X &
Cancel Help
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Abstract:

Due to the mereasing frequency of heavy ramfall m recent years due to exireme weather,
the cceurrences of landzlides and debnis flows have been rizmg. This has led logical 1zsues
in nearky streams, problams with bridges downstream, and threats to the lives and property of
surrounding residents. Therefore, proactive measures to muitizate the dizasters caused by
extreme wezther have become more crueial. By using numericzl modeling methods, not only
can tha time and cost of modsl construction be saved, but sensitivity analysis can alzo provids
mora accurate numearical rasults that mateh local conditions. This approzch aims to achisve
garly pravention and provide relevant agencies with better dizaster response measurasz.

This study utilizes the SEH-2D and SMS 2D numerical models to simulate tha varation
in zadiment concentration in river channels due to bank collapses at different time mtervals. It
conducts sensitivity analysiz on parameters affecting sediment concentration in the viciity of
the collapsed banks. Actual observed sediment concenfrations are used to wvalidate the
simulation parameters adjusted through sensitivity analysis. The results are then compiled to
identify parameters closest to measured values, serving as a basis for future govermmental nsk
asseszment and prevention efforts. This ensures the safety of residents' lives and properties near

11 1 banks and d m river channels. It also enhances preparedness for debns flows
and landslides, thereby mitizating the impact of natural disasters.

Eeywords: SEH-2D, bank collapze, sadiment concentration
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Abstract:
In recent years, the instability of slopes and the movement of debris flows and
rockslides have become crucial issues, highlighting the fmportance of alerting
affected communities and administrative authorities to respond quickly to natural
disasters, thus allowing resideats to evacuate to safe areas. This report discusses
disaster management and response measures by applying carly warming and
‘measurement solutions, particularly targeting landslides and debris flows in
Taivan. the safety
of residents and infrastructure. This report uses the SRH-2D bank erosion model
to simlate river sediment transport in areas of riverbank collapse, aiming to
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understand the scouring and silting effects and impacts of riverbank collapse on
river sediment transport, thereby enabling the prediction of disasters cansed by,

an
prioritize Such soluti be widely
‘applied in mountainous areas and narrow valleys, where landslides and debris
Hows frequently occur. The data fom taese software models assist in efficiently
mansping fnancial resource planming community relocations o repaivog and
g the ability to
respond to Landslides and debris flows thus protects me safety of residents and
infrastructure along riverbanks while reducing the impact of natural disasters o ¢
Keywords: SRH.2D ~2D numerical model-Bank erosion-Riverban collapse
areas « River sediment transport ¢
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Introduction @ &

Due to the unusual and extreme nature of natural disasters such as flash floods and landslides, in recent years, large-scale
continuous heavy rains and consecutive typhoons have occurred in some arcas of central Taiwan. When a landslide enters a
stream where water flows, it causes a landslide. This paper uses the SRH-2D hydraulic model. Simulation of sediment transport
and landslides is an effective approach to detect slope movements and landslides. From there, a simple and effective slope
monitoring system for warning of impending landslides and landslides is proposed, which can be widely deployed in
mountainous arcas of central Taiwan,,

Method

In this study, we have unified the riverbed and riverbank collapse into a single unit and we only focus on the overall effect of the
crosion process duc to riverbank collapse and this The uncertainty introduced by the lincar assumption can be adjusted through
the crosion cocfficient. Therefore, by assuming that a constant slope (such as a static slopc) is maintained. The angle or angle of
repose of mud and sand), to calculate the collapse extent of the collapse site near the river and calculate the collapse extent of
the collapse site near the river requires calculating the erosion of the collapse sites in the vertical and horizontal directions ,

(The red line G'ABC is the initial river channel and collapse site; the green line

GFIBC is the section line of the river-side collapse site after the footings were R 5 S
washed: the blue line GDIE is the final river channel and the river-side collapse P = / 22
site section line after the bank recedes). Figure ;
Result and Discussion — =

Setup Mesh .
3 Monitoring Points — yyvqraylic simulation Bunk erosion flow 2 year Bank crosion flow 100 year
and Two Bank Erosion

S .l ey

S ) i 2 s e % aw S

Interpolated terrain Flow of History Riverbed erosion observation (Hydraulic simulation-flow 2 ycar-flow 100 year

Conclusions
® Based on the rate of bed erosion and the rate of bank erosion by currents, it is possible to predict and set up warming markers.
Velocity distribution is more sensitive to the mesh. Particularly near a steep bank, more mesh cells may be needed near the bank
® Change the model calculation time step dt. Thus, the erosion rate after one calculation time step decreases.
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