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Comparison of debris flow rainfall threshold and
mountain highway closure standard and their roles
in mountain hazard evacuation planning

Chuan-Yi Huang[1*] Pei-Jung Chung [1] Ting-Chi Tsao[2] Hsiao-Yu Huang[3]

ABSTRACT For Soil and Water Conservation Bureau (SWCB), the main factor of issuing
evacuation of residents within the potential debris flow torrent area was rainfall threshold
value, the real time rainfall information was provided by Central Weather Bureau (CWB).
Also the Directorate General of Highways had established road closure standard for
mountain roads according to historical hazard record and rainfall information. Although
two agencies operated evacuation and road closure according to rainfall information form
CWB, but with different exposure and timing consideration in mind, different values might
be proposed in a same area. This study proposed a flow-chart according to the emergency
operation procedures of the two agencies and conducted a pre-screening to identify the
regions that should consider early evacuations to prevent from isolated. Finally the I-Lan
and Hualien Counties were selected and demonstrated to identify the regions which should
conduct an early evacuation. The result could provide the agencies for hazard evacuation

operations.

Key Words: evacuation routes, rainfall threshold value for debris flow, highway pre-warning
plan.

(1) MAEEA T ELTAZRART 105 SERHAZE OB ZE A (% i@E{E# E-mail: cyhuang@sinotech.org.tw)
Assistant Researcher, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants, INC., Taipei
110, Taiwan
(2] MABEA BT AZRART 1105 SERHS A ZE O IE TAZATHRAE &
Senior Engineer and Group Leader, Disaster Prevention Technology Research Center, Sinotech Engineering Consultants,
INC., Taipei 110, Taiwan
(3] BZEEKLMAR R LR SR LIETIES
Senior Engineer, Debris Flow Disaster Prevention Center, Soil and Water Conservation Bureau, Council of Agriculture,
Nantou 540, Taiwan



mailto:cyhuang@sinotech.org.tw

2012 - EK T IRFFER GG R MR & s 2

[

—. H

B R MBS R SR RE - &R EH A - Baf 3ot
WS NS (E L E R PHET - SEETROEA P IE R G AR T ORUESNRR AR S H BT -
PrREfE HAFUBEIRRSL - TREITOREE P AR GACREE R RS - BAE - DRRUBE R B
EEE - BEPEATETE - BERR AR BRI EHE T LIF - DIHEGRIR (P RE iy B4 R THTHL
HEEE - WFOTUHRT - BHTBUEEPI BRI K R Z AR B B RS 5[ RS E /fﬁ%ﬁii
HEN 2 e PR EE TR AR EDES - Wit R E P EEEREE G ERERNE
KL BRI - DB THHCR B - B RS T 13?7J<{¥)%/\ﬁZiEumiﬁﬂﬁiﬁ“E{EZ%’
NS R B S BRI & SRS T R ORI SE B - M (R BT BB SE TR 2 1
HIINBEA [F) 2 PR AR MRS - #C0%% A RE SR AR E RN A RS S R B Z FTE TP LS - AR
Bt > AW G S BN R A 2 St SE B W FE sk R B SE TR E A 1’[57%’%%%;%&&%@1&%
HUHR ISR EITH] - RoROREE P R BTACREE 2 I - B p B2 A Sy - W2 R e R R
At

N =R

—RME > NE-RAREFEHIE A LB E 20 KHaGTE - f£BYMI Cheng et al. (2011)7&H
R E R ALK R IR ] e PR 28 5 A 7 KHb e SE I A SR ] - IR S B3 AR TP A ML 2 Bt
# (Emergency Evacuation Plan, EEP) - 3fi &1 B A FETE A (62 & /KT > 5 K&
Larsen et al. (201 1)f5#EET K (wild fire) A2 L& SR EIRFR] - ARERSIABATIN I 2 SRS ppUa s T
IR Li et al. (2012) i AABEHE B R (hurricane) PRl - R [EIkE 2 5% 8 & 2 BHEERR
Pt ~ BR&R ~ T SO A S AER IR T - STE — AR TS - EEEHHE - ST R
HE R & BRACR TS0 © DUREI IR TETTEUT - SRIGHE S e (R B A 4 (B 73 ~ &
T3, 1999) 5 DAl A=A S 25 b s E A » RS EE ) 2t FE A 8 e 0 ) 1 Dl 07 S e R
WS AR B 2 i R B (T4, 2012) - ZANEETEHEE 2 RAK W IHER—KFHH] - FEHEE
BRI REGRKE > B EERRFEAE - TERBMCH T oA - (/7] SRS SR T BT
MAERCEEINE 2 Hi% (Yang et al., 2012) - ZAFTHAERHE - KENRERS KT - BRHFERA
SEETE R R & 2 BHoR gt

AR AT Z B9 - A SRS RZ KRS HEET 2 DR SR - KGR A ST
PAlIA=CE R ﬁﬁ%ﬁxﬁ*Z?ﬁg%?ﬁJEEBA%QEE/R—FJEEETE DAFRE UG A B L8 N B S
EHEREAE - MR KT T ARVESAME - R B AT RE R A B A BB R EE T R LS 3
G - DM R E B e hta | B G 2 Bpo gt - FETT N S S I - DUETIEE Y
BRAE B TR -

=, MR E

—REME > BIASMAZEERS AR EE s, 1980 5 #iEfM, 1991 5 #k&37, 2001 ; HEME
A, 2002) Kzl S 2 (Sidle, 1985 ;5 i E4E% A, 1996 ; Hossain, 2010 ; Tsai and Chen, 2010 ;
Montrasio et al., 201 1) H8& 58 Z 28R 1% Kk & - TR EREh Z B SUERIRI M - ASCBIK
RE AR E R EEE AR RN UE A B EEIEE TN BRI E(E S5 - il "B S DUEE
Gt ERE A S A T - B - ﬁ@ﬂﬁ% PUNRHE KRS A ER T E
T DUR N R AR S PRI 1 7 UM — it o fSplifefie bt — BR Ay 7 [y SE P Il 1R - 2P ER



2012 - EK T IRFFER GG R MR & s 3

ST K R BB, 4 R A RS B BB T A L & -
3.1 KRB ERBREEBEITE

TAEE AR (5 [ B KGRI S ERGE) A o SRR 5 Z PR Bk DA R 2 R %
RS Z iR Rl B ETEE(RTY) (B 1) - M EAMELMTE Y T oS KBRS BB
%> Dt AT R E R ORI E AR EE - BT A RERNE - DETESE . +
EEBGEAEE - WHEAtERAUREER 2 275 - S A5 R S AR B E R - S Rt T RES
At - HATS IS 2 S SR AR (2 R UESREE (#EE 200 % 600mm) - FEEEI{HE
Hril 2 EER - EABFAOHE - BeE) - BEHELE -

B RiEStE L R ERRAEEETER - K RRIRIRRE RS A EEE: - 7 R
FBALEER, o st AL OER 2 E RBEAMRRERINT - S 20808 2 KIE 3 250

1~ sEER  E PR R EHAN IR 2 TR E AR A B AR (A R (PR FTAE 1 RBRG
FER) - FHRZE/K LR RS Ry B R RO E I - T BN B T A e -

2~ ALEER ¢ HME T R O AR B AR R - R GK LR BT & HIE R AL
EER RS RE - T BUR EE) S SRt R (e 2 2 E -

3~ MU EUR AL AT £ s S /R B R E ISR - BT REitE b S sdl e Em

SR
TETE o

(&l

TR R R
(RTI=1XR)

bE

— I‘f]

(mm/h)

ﬁW?ﬁEﬁﬁE Rt {(mm)

1ARBLARERERHTREATREB@EBKIRER L AR LEAR)



2012 - EK T IRFFER GG R MR & s

fe = e

-30/\iF -18/0\0F A2/\0F

BANE>EME | ElEies 71

200~600mm WA AR MO BUGRRES e
#HES Hig i rEE v ZE

2ARBLIARERERFTRERERERTEBFEE XKL RER L AR KERAM)

8 FRA
|

HEREEN o

ZEEENE RO =5,

ToRREEMR
¥

ScHAGREYL
SR I ER AL ® SR B MR S5 K
OTEITRAEE B EE TR MR
R = S HL TR ERBAR
??wﬁﬂ?g SHTSTHRE
® L REFXKARE - PR
BffEE AR — S —
TE TERIE=RH
® SRS E EES) ¥
jiupriiE SR HIEFRE
o fEE TR
R 2HBAREHE
oA TIRERRT. B
TRhESHERS 4L
EreRER

W —

3 KRB 2 HREHE T BE KL RER L AR KEAR)

lili




2012 4Eep K 4 R R AR O R ST 3 SO 5

2 NEBBRBKRERHIRESRX

LT 2573 R HET T RS R Y Eﬁzr%ﬁ%%ﬁ BRI B I RE - AR A E R R TE
BB~ 182 X BB BN 2 SO KB 2 BE, > DU Ry ATER AR B B 2 i SEARREMET T RIS > (B
#EZE, 2011) - ZLFEENRRARDT KT E ] aﬂﬂﬂ(%lﬁﬁﬁscﬁ BB KPR -

(1)U e H 2 (5 PR AR © A ES SRR IR IR S Bk R AR BRI R T - e X EE R S
L& A RSB S b (B RS B » PRORETTVEEE - HEEh S B B A A a T AR BN I B [
PR {4 1 25 26 PR ZE R BT & (10 434 ~ 1 /INER--- 24 /INRR) 5 BUH - A SERITTE B EATENES S - i
RS R A BN LB BT - ERTRE B EBTEE(E - SRR 1 ZaR A -

(&R E T 2 (E FHPRAIER I ARSAEERIE DA R SRS S B R L R S
B39 2 2 5% P HA P AR A P2 7K 6 B P 58 s 2 o T B A 4L ] PR 0 B O /K SR /K iz B AR
BFEGR o Y SERUERE A ke 2 [ R AR (AR e PR B RS R BRI B s e SR A sk P B R 24 /NRF R
T ) R TENE - SROrTy=UVEHE - FORE) R BB H AT R LA e R B Rk 2 S p I
R R E - RERTHESS - RSB E BRI B BRI - e S E
EATRE(E

Q)VRFELLIERS . (EEBELIERREY ) ZHBREEL « RIS B 3t S 30 A 58 2 AERAERT TEON] -
HEFFE—EZ Bl 8 —EREmR R T o FE ERREr (EREEERS R ) 2 B b (B AR S 4B
atrIRERE S  RILRAIT > QB RirE MR AL S - SRORHIEE T ES > GREMRESERR
FHTRARL -

K1 NEAREHELARBEERESEETE(L2)

HEE
FERE
|, s BT [ | EE e 1098 1 35 X
5 | R g | TRERRE Lo wnie | mae mE | me we| me e 200N KEGER
E(mm) I
i8] mm ) (mm) (mm)
o
AT [BomAAC | SRS .
| |FET|BARERTC | 2RS Ews=| 10 | OR | 40 OR | 130
i
AT [EvEncoE | En _
| < FEEE  |(167K+500~179K+100) | R4 A= 10 OR 40 OR 130
Tl NEAREREARBBRESEERE(22)
=RE o
058 | VRS | SN | | 2NEEE | ARdRAIE | 098 | VN | SN | NS
B (mm) | TTE | m) | R | ey [(ERE) o B |2 o) | T e | R g | EEE | )
50 OR | 200 60 AND| 290
50 OR | 200 60 AND| 290




2012 4F e K+ (R R I 1 U R S 6

3.3 iRl B AR IR AT

IRIE DA B 2 BRACREERS AR - Io a8 B AR S R B RS B iG R BT RS A THE M - A0t w]
R RS M TR AR R - B ERR AR AU N PR B BB FTRE » S5 — TSR IS TR BT
it > ETHRATSF A AT S AR B S 5 RS - HATRER A S AT B R
& o ASGRH2IUKRE AR ER RIE T ETHEH T ER GRS R S - R
HE B LUKREEIEAL OB R S HE ARG S B TENEF BELEEAE - AR RE S TH
{EIH 53 Ky 10 5388 ~ 1/NEF ~ 3 /Nj Rz 24 /NI > 75 8 - 0t Sk SRR (E 2% J Ay T BT T 1
% BAWIFEE SIERCITENE (24 /N R &) (F R ELECEAE - B3 ZRAEEELE 4 For » e AT Rl
WER  ZEZERHIAT -
SR — N USSR BEE R R R B IR RTHCR R AR
SRR RHRE T Z AU R AR B B AR R EE R B PR G R R - IR SIS ST
BB NSRRI ER TR EAER - BT AP ER = -

BER= ¢ RK R R E A E (R E) B ARG R E S 2 TEE Y & o R SRR ES
TAETRSERATENMERS - BNACRILHTHCREERS SR T OB AR - AR EER
BIPH - HZRRERNIR TR St S SR rTRE SR 2 ORISR T

BRI © PN EEE Z BRACE EERS SR AT REIR TR B AT AT AR B - BUATRE TETR SR A
CHBREE TR -

BEZBEEED
!

AL HE SR
SITIABRB
HIERER
|

2| l@
PBIFRICITIRER ‘

AR THEST RS ER

-
LEBIKIRBER,
EEERABR

BHBTEE
|

l l

EREEEHES| | EMAEEEHRE
T8E (EE2)) =]

h 4

SEEEER RIGRERR

15 B fhbs - TR
BIRFETHA = B




2012 CEAPEEK + (RS G I R T 7

4 FRE T ARED I ER G EOE MR RRE

M, R~ERA
4.1 EIEHER

PARE 101 F 2 ARFKIREARZ 1,660 1A BEhigm - Bl T OSSR R 5316 8
HsHE ~ 53 MEANILAH 142 (ER(H2E 8.6%) 5 (LHEM T ABSMER AR 12 4158 ~ 63 K EHILH
165 ({42 10%) « H bt 2 SR R e @ » 1A Bt IR R & R (7 » B A Bk
AEERRR AR M PR A 5 B B R PR BB R

TAZEEIRA » B8 TR MERS R B iE G 8 NG 9 4 ARRAEEYI A —RE S GRS
B 9 4HFRE~FUR(104K+600~120K) ~ &5 9 4FR~F{Z(130K~167K+123) ~ & 9 R~
(167K+500~179K+100) - & 8 4R JF ~ K1 (116K+500~168K+950) ~ & 8 4 K1 ~ A [
(169K+080~186K+500)% » 4t 5 BL7pLEl -

P BEERS 101 SEfkt ~ RFEREES » ARSEENRE RSN IR ZE B T8 A 8% - HEET
PR L THE MRS AT » SO B THE MR R GER 2) « 2L AR el R m i & I, -

®2 HER ERLARGRBBESERREBARERZRRTIE

e, ~ BB B R BRPRIR
UL FRIEABS S 9 4R (FOREISEES) TVBS(2012.7.31)
ERALEEE B 8 LRIKFEED) TVBS(2012.7.31)
RIFIE B 8 SRl AR (R R KB R ) HJ7%7(2012.8.23)
RFERE/E ERICARSE O 4 104.7 2 179. 1K (BRI -S=ERSEL) HJ7#(2012.8.23)

4.2 B BB SR AR AR PR AT

WIEASL 3.3 HiffThEE ZEHENE - /3PS BRI, -

BEE— AU E S B E K T IR A R R A B R AR R AR -

SRR E SR R G ACR B AR RS R B R R IR R MR 2 FIEE
W 3 Fros

BER= ¢ RPKORE S AR E (F &) B A B AR BB Z 1T BN (E (24 /NRFplT ) S PR -

BRI ¢ HEE Z SRR VA TR Y DR B S AR AT CACEI P - BORFLE A B RS
B > DUATRE RS AR (O R (R SR R EAALT) - PR EiE
2 A ALY B MR R AT LR ACE R F AT GE R R 4) > 5k 2 BB E Y

5.2% -
H D MTEER A SA - B R ACER D AESE G E 116 ATH - RAREIHE T 7 HE A

RE /K PR3 LRSI - ARGEAF BRI R LS - BT HPHH BRI RAE R - &
FLlE 5 ZZEfI5AT o NS RS ACe EE RS AR T - RS © R 7 A B TR R SRS M RS T
PRI, - SUERAHRH RO T LTSI 3 A2 AT - THOGEHIE RS W S TonAekbes | L E ol 85 -



2012 K - ORFFEE G A BT S am s R 8
=3 EEE RERITAREZHERBEBEHERSBRARERZZRYIEK
N TER |ARERR4Nr)| BEMR | ARER (BREEBEE ARER
M| A NE | ORREER S R E(mm)| HEETRE(mm) | DEFME | S ERATEE| BRI | —REEER
B mE | Bk | Bk DF0O99| (& 500 290 = yiss & 401
B TR | B | ISR | 2R% DF092| & 500 290 = & = 402
B % m | &5+ | &% DF093| (& 500 290 = = = 402
TR BN | 0% | 2R% DF091| & 500 290 = & = 402
B | m | 2=k | &% DF098| (& 500 290 = = = 402
TR | B | JRAERT | 25% DF139| & 500 290 = & = 402
EL TR | RO | R | E% DF100| (& 500 290 = = = 401
E | #F050E| F5E | 5% DF114| 500 290 = = e 402
IR | #ORE | B E | Hi% DF115| & 500 290 = = = 402
H R & | 1% E | Hi% DF116| (K 500 290 = = e 402
IR || B E | B DF117| (K 500 290 = = = 402
TEHERR | F5 R0 | RIS |fER% DFO25| 1= 450 290 = = = 402 ~ 403
TEHERR | F5 A | AR |fER% DFO26| o 450 290 b = = 402 - 403
TEHEG | R0 | 218 | 764 DFO23| 450 290 = = w5 403
TEHERR | F5 PR | SR |fER% DFO24| 1= 450 290 = = F 403
TCHE%| F 0| E A |7Ef% DFOO1| 450 320 = pis & 404 - 405
TEHERG | FFAR40| & A |7ER% DFO02| 450 320 = = = 404 - 405
TEHERL| Fobhagl | = A |1t DF003| 450 320 b = = 404 - 405
TEHERG | A0 | & A |7ER% DFO04| 450 320 = = = 404 - 405
HEEt |BARSA|I1ATE| 191k 5 BE{mh
4 BRERS ERLIAREBZHENETHRABETECHREBHT SR
Ny +ER  |AER(240r)| BEMR | ARER (REEHEE ABES
M| B\ HE | R |\ e (mm)| $1BFT R (mm) | A HE SRR RIS e
B A | R s | RS A B % DF092| & 450 290 = = = 402
B | p R | 4 A % DF093| (& 450 290 = = = 402
HL R | R A | £ | % DFO91| K 450 290 = = & 402
B TG | R A | 2 A | B iR DF098| & 450 290 = = & 402
B R R e R | % DF139] (E 450 290 = = = 402
TEMERG | 55 R0 | FIE A | fERS DFO25| 1= 450 290 = = & 402 - 403
TEMERG | S5 R0 | RIS AT | fER% DF026| 450 290 = = = 402 - 403
TEHERR | F5 R4 | = A | fER% DFO02| o 450 320 = = = 404 ~ 405
HEEt |2 48R |7 ATE 8 ft& 4 Bopemh




2012 4F e K+ (R R I 1 U R S 9

& 171]

NS VSIS 1

- N IR
T B RBYFER

&

Cooglc earth

5EN. TELARRBEHERESTERTEE

h., HEmEER

S H AT Y E A AR - R e SEE R ARG I - a0l SOREmEE e - R EFE L
OB EE > MAASGEREMAMPIE A A ZH KRR - DAE H AR Es i B aE N 2 R
JF] 2 e iR AR R R P - 55— T ASUE R KR RS T R B R AR R TR R
H B HN T Z IR - WD BRACREE S s Z R > ARSRACREESE IR R A S & > TH
A E 2+ ARUE S E TR A HE T E AR R X B RIS 2 TEES -

HEPFIEEAL B 2 7 S PRE AR B Ry RV EE S A PR S R b B > R SRS A B 4 A
Fe SERS RS ACRE RIS - AR SRS R R & S PIB I e R - MERTHETT SERPTESERE T > T
AR SRR B AR PR 2 iRz - 28T /K PR/ B AT A B Z SRR & - P& R AR A R AR
MR E R BRI AN AR AT E U AR R E & _E R AR S R R R R
LRI R S -

BE 3K

1. a(1980) [ HAMEEREE, » HAUNSE » 8 39-45H -
2. BT - BRE - HE50(2002) 0 T LERIERIESHEE 2SI, o DBl AKRI TR
PUEETIE, 5 1~8 5 -
3. HKE(2001) T HFEEE AR ) BTSSR TR TR L
B S (2011), MR R E T E LB AR B ST AR Y FER - B
TAE5E 37 BH6 H -



2012 - EK T IRFFER GG R MR & s 10

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

FIRIE(2012) - TIn]J A 0 S B A B SRS R B B2, BIL B dEE s R
GRS R A (P > 5L -

RS - PR - BRISHRE - ARIEE ~ EEEHS - SRIEEE (1996) - T BIRMIA RN S FEEORE
KEGPFRERSE , - BOLTEAREKLORFIE S 2 -

fE#%8%(2002) » FLMEFEETI?Lﬁj:Eﬁ%ﬂ%A%{EETE 1 TEREZE K LR Rzt
PR ES -

BB~ JH 5077 (1999) » Tk S B FESRTRORS SR 2 W28 ) » S8 T KA ARG &3m0 8 5 J39
‘J46E §.88ﬁ57ﬂ z/%é? °

HIEM(1991) " HARAE XSG ZHZE ) - HFERESE 130 9% BIIL IR GRI/K LEERAT -

Cuiyun Cheng, Xin Qian, Yuchao Zhang Qingeng Wang, and Jinbao Sheng (2011),
“Estimation of the evacuation clearance time based on dam-break simulation of the
Huaxi dam in Southwestern China”, Nat Hazards 57:227-243

Md. Kamal Hossian (2010). “Effect of Rainfall on Matric Suction and Stability of a
Residual Granite Soil Slope” Journal of Dhaka University of Engineering and
Technology, Vol. 1., Issue 1.

Jeremy C. Larsen, Philip E. Dennison, Thomas J. Cova, and Charles Jones (2011),
“Evaluating dynamic wildfire evacuation trigger buffers using the 2003 Cedar Fire”,
Applied Geography, vol. 31, Issue. 1., pp. 12-19

Anna C.Y. Lj, Linda Nozick, Ningxiong Xua, and Rachel Davidson (2012),”Shelter
location and transportation planning under hurricane conditions”, Transportation
Research Part E: Logistics and Transportation Review, Vol. 48., Issue 4. 715-729

L. Montrasio, R. Valentino, and G. L. Losi (2011), “Towards a real-time susceptibility
assessment of rainfall-induced shallow landslides on a regional scale” , Nat. Hazards
Earth Syst. Sci., 11, 1927-1947

Shu-Rong Yang, Che-Wei Shen, Chuen-Ming Huang, Chyi-Tyi Lee, Chin-Tung Cheng,
and Chen-Yu Chen (2012), “Prediction of Mountain Road Closure Due to
Rainfall-Induced Landslides”, Journal of Performance of Constructed Facilities, 26(2),
197-202

Sidle, R. C., Pearce, A. J., and O’Loughlin, C. L. (1985). “Hillslope stability and land
use”, Water Resources Monograph, 11, 140 pp.

T.L. Tsai and H.F Chen (2010), “Effects of Degree of Saturation on Shallow Landslides
Triggered by Rainfall”, Environmental Earth Sciences, 59(6), 1285-1295

KEGRFFR - TR R ER R E/K IR R &R - 494 ¢ http:/ /www.swcb.gov.tw/

KECRFER TTEE R 62 B & K L ORFE R LR &R - 4841« http:/ /246.sweb.gov.tw/

AIBE N IRAALS AT ER AN PR AE R SR - 484 http:/ /www.thb.gov.tw/TF1/Def01.aspx

HTHR o 484k © http://eastnews.tw/

TVBS 48w o 484k © http:/ /www.tvbs.com.tw/index/index.html


http://tlcheng.twbbs.org/TLCheng/
http://tlcheng.twbbs.org/Paper/NetR99/NetR99.htm

