17 S RPT H M oh  R
R (B ¢ 3IR)

AR S5 3 e e
SRR Mk 52 o e sl SR T v

AARDO Disaster Risk Reduction and Climate Change
Adaptation Workshop-Cum-Training

HRABHERR ¢ 1T BB IR T B &S R Rk A 22 S 22 P
1TB R EZ R &K LR R R

WAL TR« BREELH L
Rk R TR Al

Vi ] =

i B : 10545 HT7E5H15H

Wi HM - 1054£10H25H

1



e

201648 B8 TR A1 5 35 J g BSR4 A I | )N i el B SR A R S A O H = 13 U]
1% H BE IR A 58 JR AL A (AARDO) K Mulungushi £ 3G [] SRIEI0 R AEAC B > Hu7E ¥ EL B
Mulungushi K& o B3I SR & IHAARDO &8 B BIEIRMREN B2 MPE > §ER
SR M 8 B S TR TR BAR > DA SR B0 P 21 S5 T ) N2 BN - A T 48 JRe B A 1K
€ g LA B 8 3 S Ak 338 ) 35K

Al BT g Rt A2 g BRSNS 2~ mE o SRR - B
JE ~ FEANAL ~ M B  EEIIEAR R ;5 A A R~ B (PR sE L
FeIEP L ANk FT ~ AEELPUHT ~ R AN A AE R  REFITERK - P EEs
2P R B R T o DL B o5 B B AR S B ey MR B SR A ) >
i P AL RS o B 55 A Lk EMakululu g > — 18 RIBE35 BH PR 1T 22 B35 55 TR 3%
R B2 T v T B PO R AR BT ~ 20T ~ B S WS 0 LUK A B RRA T R AR I - B
EBhE EEAR ST -

AT S LD & > (CERAARDOE B B M Ak Ut B R 2 SEFEWE » KA B
SEFH I BRICZ 7 SE RSB - SR - BFRT AT > B EE > A SRR AR
AT REME L R VR RARACET MBS B IR 2% -

B ST AARDO ~ SR s il ~ SEFE R  FERSEF EER ~ Makululu



— -~ BW
ZTIERE
= ISmERTERS
(—) RIELHE
(D) BEEERE
(=) Bihes
P - 455m
il

v BEOVSELE R

N O o o A~

14
16
17
18
24



— Bl

AARDO (African-Asian Rural Development Organization, AARDO) & [ HiJE B 4] 5
FEALSR ) > ARSI B BERTRE L > 19624 A > 5 L8 ISR - TR S TR M T
B AL  ERS RSN IS E A AR © 9 F1 19684F 1 AAARDOALA
2 B AL 2 A o

UINAARDOE Y [ FAR 5E 3 b SR e B i ) ol sk pft it & - IRILE TR &
BRI > R HEENRES R REeE ) K TR ECR el bG5B
AETMRHEAARDOE & B BIAHE BAR G S0l > S BB % Y] o ik & 8 M AL R AT
VU KER o MR - Sl H A FEBE BT RSB A L > AR AR Z BB VAR AR AT - AT 4 [ A
¥4 TR B A G LA A L I [ R B B i A LI TR Y& TR B PR KT B LA TS o B 45 A
RARSKEFAEE > BIEAESE Y ROEE B 88 > MBS B A BB S WA -

20164F TIHEAIR 558 35 el b BRR M s A ) N Tt @RS A T H =S H I3 H U - 4
JEDH i b EEMulungushi K SR 3 > 3% KA1 A AT (Kabwe city) > 7EE #RE YRt
B2NREERRIE o AR ETE A A M~ FEN R BRI R B R > 2402 8

REZREBFEHTEES > e & L HF R A SR o TR B B B T R B LR S
75 K R SR A - 55 00 R ) Ze a5 B0 2 B R 25 B B 1V oy - A 2 A ik SR 5 it
SHLE > RERE 25 R B i o e A5 B ) SFE TR A o TR AS ] 940 SR 97 R PR ~ BRI it
Fe W55 > BAE i EL BN NAY Rt ~ DS AT SRR B AL~ MU SRR ~ TR S
A~ ST, ~ ST RACRAE AT HIR B AR - AL AR AL R A B
HETER 1R -



=

TS

- 1Tz

HEA 1718 (-H
5878
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R Al-EEOGRHE-HLE
5H88H |
*********************************** W B : BEER
5H%H B34ME 2 : Makululu Compound
SH 10 E ﬁﬁnjAD2 %L/Anﬁ
5811H WEIED3 : EiFHkeES
************************************** e HRGIONE

12 23 o N
SRR SRERITeVeRTEE  gmwamn

g RF2H8/N\ES

5H13H 2351742 : The Victoria Falls fé;fja;;\ﬁj
5814H |
———————————————————————————————————————————————————— Uz BLEE-HNBEE-EEat
58150 |




'3

p— = BETLH= I
= ilGREHT=EARD
(—) FRIEZHE
HEA T 3] S| e
5A9H HEEE
)ﬁéjl\la
SERiE S EE
;i;*”,g’ ﬁﬁﬂg’j;j ELFET b Adrian Phiri
SHEHA2 : ZARKFEREEM Dr. Mitulo Silengo
FH—lEimkAHE 2015-2030
Field trip- Makululu Compound
5810H ES%B fmEEEE SR | DMMU
1R BRI
EEEEIE | CESER SRS Dr. Kamrul Ahsan,
= _':' : Bangladesh
5H 18 — = IR ASER
Dr. Muzaffer Ahmad,
HEERS  BARREZEBEE ndia
RN E
HIRER6 | mtbirERERERREE SNAR staff
%nﬂ
5A11H MEIEHRS




(Z) BEEERERE

13508 - e e B TAES A4l » BRI
i#3 : Dr. Adrian Phiri
238 BT © Mulungushi JCE2 5§ 248 B L)
FHEL

IPCC (Intergovernmental Panel on Climate Change, BUfF [ SR (L B E R B &) R20144F
MR e TR > SRR E > TR R R NS A R - A4S IRk R -
MK B~ 2ERERALEFIRS - IR AR K AR I B 1 T 2 AL T 52 2 o A S T
WA SRR R ~ BK ~ BB A RE L > BIERET S A ERR o 55 TLE B A 4H-
2015—2030] JRfEH > AfEEERE2IK > M FIAIETBEI S Ge# % o K I 3 B 78
EAE ~ BAHRFBES K - AR s A5 5 4B i A A )5 2 I 5K 5 s

H B B FR N 0 oK 2 A LR SE R T SRS B B R A o Alel M
e > AR R HRERR AN U S ARG B AR ~ O o AR U IR Y R K RN O > SRR
S A K S o T S I K I U M e BEAS U HLE L

SR SEREHE LA M AR B - TR BAE BRI AR - (LR 5 52 5 B SR 56 /NBL - AR
S8 08 JIE R 5 S AE Mt - AR AN 2 URE A SRR BB P R 68~ R S 2 Hp 8 -

AW S LR ST a8 1 S5 75 R B SR A A S AN B - 0 5 S S M S o
TN S5 1 K e B K B B P o B H % B R R N B o T R R
FRALE ~ SRABEAEIL ~ 304 A THI i A SR A S B T B > B BB AR A I 558 38 g P48 i 4 7
B ~ #5  DMEEANMESE ~ HeT - R b B RS R i i B S N RE -



25K - BERECHE R RS — L B WK ARAE 2015-2030
#%# : Dr. Mitulo Silengo
FRE ELAL : Mulungushi 22 5 BHHLL
FHEL -

MG AN 2015-2030 | ZTR20154E3 H 18 H » 2K [ it F187THH B R M BUFHE > 1EH
AEET THEZE AR EER) - R rEE201 52 1 SR 2 BRI SRS - AHi4E
A T AT AR AR EOR S i BRI R B Y K S B O

BRI AR -

(DD EERIEFIL TR

D% K F AL N

G)ID FEHE K REFAR IR

(TR 535 36T A AL B e P B - A S AR P B - 8 SR SO

(5) 14 1111 2 BLSRA 8 8 A 0k 2 1 2% % b Tt 1Y) e HI

(O B EX A1

(DGR AR 5 FH 2 R T RS - (2 R 3 583 U & w17/ -

VUK S e B I H A4

(D) 7 5 5¢ 3 e

(2) Al 55 7 Je g A L

QOBE WS TAE > BRI SEFE T

(D) 5RAL SR ISR TAF > ) [ SR ) FAR



3GRRE + i AR S5 FI SR T o A% 5 2 R A ) JEE
%% : Dr. Adrian Phiri
A3JE BEAY : Mulungushi £
T -

I¥) LU B BRT AELAR ) S AR 2R > T2 i rp SRS > il M BB > e AR B IE R - St 2
HHBAE IR » A HBABEAL - A RE#E ~ NGOs ~ CBOs ~ BMi BNz - #if K AL NMEER -
e m A A o

IV b ) D S5 % S A S R A R DA IR R oR R B > OB (Community
Demand Driven (CDD) Projects) - ilf BEEBURF AR SR 76 0 A 1F > ZEBIE R ~ FlEEE - 58
FEHEWEE -

45RRE « SEE PR AEE P — b AR
%3 : Dr. Kamrul Ahsan
A48 ¥4 : Bangladesh Academy for Rural Development (BARD)
o -

FUESEHAM SR » T RAITRIEN » WA — B « RS - SRR AR R
PSSR > AEAISRTTHEK RS « EAOKUGIE > MURSCHE > (BIEHRIRAE - Mo fe st -
B O T EME BIER  (0FH 3 MR P B > SR S O A
B -

LA 5 2R A B B 5 AT T2 R S F AR B, ~ Mok RN
R (AR B RRAESOT T A ) o MI99SEEMIKBIA - WG T0% T lIBLR 1 » i
IR RN DR B e m R > P07 A BAT1000 A 5 B+ R E o Hi s R AE I =/ > %
5 L IRRHY = A » = R MO AT 5 - KA AR - ELMEAT R
AR AR EETI0 B o [ HISMIERE - B - 6 GLEA - AL 52 B
MoK~ HER ~ BASTERUR - T F B R S


https://www.facebook.com/Bangladesh-Academy-for-Rural-Development-BARD-99589993712/?ref=br_rs

B R 2R PR 50 - L R IR B0

1. B PEARSURETE S SR IG N - R F R A BRI SRR S 2 > S T A AR K 5
H A o 19884EPEAK » SETANBHL657N 5 19984FIRBEK » WEIR T dfindi70%
B R IEIOK -

2. HR o WEEIEIE20-30K o & AR R R -

3. FANHLALH BN BE AR R P B R K AR SRRl FE 2 > MR AR > 20164E4 7 17 H B AR
7 8HIHIE > EHSSONSE T » 2,500 N 3245 -

4. AT AR Al DAL R SR TR o B SRR KR A el 2B A PR D DURE ) - AR
B A BRSSP YRR AR K AR TR AR Al > 4 2B s Pt 1240143
WEFJE VDTN B BE T

5. {REEARTASE R I0BE I - R BN FEHE TGRS A R A TR A REL L B i - o
A R RE AR R -

6. MITHOKEAL > T T OKZBRKE T HIRA - HEEZ M HE AR > AR
AR -

YERDRERENEEK » BERFLERERBEZNFE  HpoRi T~ iR/KE e S
JE N EE 5 2 KRS (BRRI Dhan 28 (1-4 ds/m), BRRI Dhan (8-10 ds/m) and Bina-8 (12-

14.ds/m)) > FEi BB TR RE AR FPICHE -

TEIR K354 > EAHRLBUR LABEE 100015 38 To s a7 BT SE I SRR i 3 » B REARDTBEK ~ 24
G LN

10



SRRE : WS SR MG VE SRR 1 5
5% : Dr. Muzaffer Ahmad
A4J8 B4V : National Disaster Management Authority (NDMA), Government of India
T -

ZERAY S F B AEME A TE19804E 2 BAEEET) > JR20003C 432 B il o S A AR A AR 18
2 > 20054 4 BRI S T i A RS IEHE SR B Ji 4 Ik 3300 F 36 7T © S
AR T A AR > [WIRF ARG 25T > Horp DUMRR B s i B AR S
A BRI -

i S RIS RS AL P I R IR K > RS BRHEh TREIANR > (5R BN B68%
2% WHEAEGRIFRZE - HASP S DU BT & I BEEE - (5 TR A RS
A5 Z BE R IRSEF R BN — R o R 58 FAR A Bt LUK A 568 36 IRy » B 17 o 2t
A EE 2y Tt SR PRI AL TR 2 > [R] IRpaLb ZEER (B R AR S RN S % - BB IR SR T ) N L
KA o

201543 A 18 H » ltk R HIE R [l Ik AN 2015-2030) » A& PR JefE ot
BT H KA FAR > WAy SR H (B BRI A » IS Mk 5 A R A B o 5 3 L
b > A2 B SEE BN > B ADHREPEIR o

KEDRRIRKFERNGFE > AR SEH B > B A 5 F A - Al
SEEBEREN - J7 BEFR HUBRAS B > BHE T 2E > USRS H g - v B SHEE M - 5%
HEBN AT 7 2R I o B SRR B SEAR R o SRR PG S U ~ DR
WAL R ~ DL TERT T 5 SRR PR RIS S e B S A 1R R E A o

BV EAREERFEM > WHGEEN R RS E o MO Z A8 S 5 i
BN EREN o BURMSIRMLH TS R A €0 o 7 ST 22 25 T ot R A S AR AR SRR Y
A REAE SERTa A 58 T SRy > FROCIRAK ~ RS e > DUBESR SE R BB A 5 Bl A S 3 A
IR RE AT 280 5 (0 Al A A > o 1k S JROR RS - S N BT AR IHRR -

Risk=f(H,V,C) o I3 NE/R SEF g » 2 2 5EF ~ M A 583 2 32 VR BB B A2 fE )45
RIS FT B o R ARIA AR S8 35 JRURg T kb 638 ~ WAt Iie 56 35 2 32 P BRI S A0 B 5



DT o LIRSS AT SR LB Bt S i AR e > DA HBURFBORTT #HIE ~ SEF M
KA HERE ~ A RS HLT TR B R R i 0 B S E L H AR -

BB > SRAGEEE [F] I o RN SR R PR L = S B A S % > RN ~ U ~ 5
HoK ~ W > HOAT BERE M AR TE RO SEBE B > Anim KR E ~ RMDIE T ~ BB RO
SEGRAT > BB NBIRIMERR o SBAMREER) BT B GINEME R o SRR T -
AR AN KA 5y 2420 > FEZN H IR T A5 N B S IR B AT - SRS IE
SERHEYIIUSN > AR > BEAR - SHEE AR T e - HEU
Fe KA AMTROK > (EARICRRZEAE - A 2 IR E0W - G i RN ¢ L 2 2 S e
TRIAT °

6. ¢ v LhE R S SR M AR VB
5% : SNAR staff
SRBEAL : SNAR
P

WG —4ER R 2 R =8 L@ A TRE (1000-1500mm/yr) > BiiEE R ckk

(<700mm) o & bURE ) RSERIRE - (RIS T 7 = o 55— 7% 55 B ) 32 BRI /IN R
RH 0 MEGHPER (KRRIMOBEAR - R OR R ) RSB ) - B A S
PR GBI BHVERY R - BHESERAS A - BB ARS > SAKHE B 2RFEK - 5 M
R RURPE RS o B R E RS AR BHEREIRE 15-50 8 B - (AR AR K 12
MEARBTERE o 55 =M KBRBERA - BHERIE ATES00 A B - IR 5E A SRFF K LK S84 10
HEBEARGEHIAE o 1 HLEE R B RAE Y R Ok ~ BHE ~ B4R ~ R MRAE - ANE S Tk -
R ik NEEAT > KRBT -

IEAE A SRARSEAE > 3 AW LR Y 25 A 208 B 2R SR LA 0K - RV SR » IRAE I 5D

RN T > BERESIENREE S - LRG58 R BRI R B30 > 3 SR
TEE S AOIL -

12



I EL R BUR A NGOAHAK - 7 T 1B R REPURREIE - HiTsr2at & URHE R R
BEHACHINES > MR B AT ORE K i 58 8 >

(DB SRR Z AR > LUR RS T SR AU AR R R s 584K - I HLOR R R LA
R B AE R > I = LT AERATRL > LIMER ) - KA R

Q%M B B RAEYIUN, > I BUR IR N85 SR BRI E0E - DUt S B IR AT SE AR
Bl o AR RAE - R RE -

Q)HE R RUAFE IR B H I > BRI K 2000 > R 3R AL > AT g hn 13
AWHE -

(HHF R R EYLR - AR D BRI L rh) AR - DI IR R AF R -

13



(=) BN 25

W& — KT > &R RITRIEGH - TIEA B 2 Makululu compound 178
SEB0 o REARE > —BEASE_E/NE LA -RAT B0 5 — {8/ % —Makululu

Community °

HFRZIHE — /N B HGEMakululu > 5 R T REE AN AZ o /ANESTE B KB
FHl 0 REME FHIE T > B/ —HEL12- 1658 TIERKEG FIsE > &l
JEMakululu compound ] 55 —EIZR

Makululufoz A -RAG BT 55 > -RAT B Ry 1M LU AT 44 PRI T > o ol ik K% i e > (ELBE =25
[ X S S EE A - WO BPR o BRASEERIE TNRSE > S8 SR S AR I 7
FEWARIREE - A EE 58 00 KA B e R I o AR IRIE T > AT HE
Mok > AR /INER > B NTRESCHT > BT - AEREE

e A\ W2 B fEMakululu > 20347688 A2 » FEEEIREE > N ERUE A3
DR IVERLER > ARl DEREE 5 R SV R RS o IR SR O R
B o BRI AR R o

BRI A2 Je A e 7 T > AL IR A R TT K R &R R I8 BB R AT - AR — i (g B
s o fEBR G2 R R 1A IR o LA o SE AR AHIV/ATDS B T2 L 2 i LU R
B o S F24% AT o

A Makululudt [ H B 75K AG DU 4638 -
1 2 R E AR

2. SRR E

3. BRAERTEE

4. HIV/AIDSHI#HE K &2 AT FE
5 I K T AR

14



A7 1% kb i A BANGO [ 8 IE AR T 51 3

1 SEPE AT R SR ~ 155 S RS B > PSS i B E BRI

2. PRI G Fe 55 R B4R b 22 e 9 FH o % o

3. e Pt o e R 5 M

4 AL (E B SRR Y R IEA G BE R (IR I 70 U4 A T B K 5
iR

5. WA BB b L2 B
6. PR PR AR N TAR & 045 T K

15



P ~ 455

(—) Wb v A5 10 i AR AR SR - B S IBGFETR ~ TR A B R ~ B~
I~ FEFRBOKFE RN E - DR SEERE T B EIYRRAT - BHERTE RSB LR
RE > W HBREANAHEE > FEREE B RN aR i s R IE B R > B -

(Z) KF D RRBKE RN FEF > Wi n] 2y R REE - B BRI B) 55 K%
IR, 5 1235 I R SRR BOR B e 2L - R MG n] [ R B2E o AR S i » &
SEIE AT ST ETY o PSR Dk S SR B o A S B AR YRR > DU SRR S
JERg o VB S FE o SEFE IR R Wi E R T > B SRR LB AR L - AT R
) B~ B0 R~ SRS R ~ LUK TR S 5 SEAREBLI G4 S A B SR ARAR
HE

R REVEZHRALIINER - AEWER BDIHE KT B B 5 NSRS ORI EE - LIFI = RedR
RRIE ; #AERRUIOREEZE LI > (R DRI AR 5 30T R RO
BHEPLR > WREADIRE U R - IR R E R S 1A o s s 2
JEE - b TR ECE AR A T KR i B L B B > B A R B A KR A o AR B
BRI RERE CROK A RE &

(V) SRS Tt AR AR SEE - B AL & A SEBRE Bt > ANPIET el ~ AEZE AR L
OB BERR ARG - W AR MR ECR AR - BRI ERE o 3 5MIN B H mif s A BGR -
IR AT B SRR R P B ~ K~ BREE AT o At i i R R
WA > IR R o K B R BRK > BLA R T o R OB B RS T
H A o

(F) 2015 4EERRAY A 2 =R A BRISE R el & TAla A S ASH 2015-2030) - 1fE H Hf

B ETRZ A S ) 2 BOR I B BT B R A AL - A 2425 B B R P RE (e b i LU T > T g
AROSCEBLIDL > TSR EE 308 S SR A

16



A~ BEICVSEER

(—) BRINREDTRT & > MERRERAT - fHESHE - (R ERE T - g BE2 0%
SEUL T2 TN B I I IR 5 P 8 A i 45 A S58 T B SBURT PR I PR SR 8 20 2 el S G > ELARI
A SCHRALER o AU & 2 B A I FUOR R A9 o AT R e SRR B I ) S0 1 > A
FREVE o AR K OCARAZIR » RIS & LR ek 5 SR o i oS58 Dk S58 ) ek > 02 AT BRI
f# o 1054EFEAARDO workshop] 2 8L SL [ FE i A 32 7 A4 2 AARDOREE ik 44 H >
HEEEBINER TN S E L0 Z0RE RS20 R GRS IR SRR > KK
DIANIRFAERY %% H 7 AL > BR OB B 2 4 2 38 AR Y R S 5

(=) ARAFEBE PRI B AL - 5 S RO SIAT S DI BA 0 - 7 17 o I 5 [ A AR
A B LA TR SE KA T P TP A AL $58 75 e 7 1A FR) 5 4 B 1 > JH v % R A AR R 5
1 v JEL S RSk RE 7 B I S B A R K R R B ) > B EDR TR

(Z) BREBABANER » RGN BIRHE B E - MERFEIAIERE A8 N BITBRE
A R5E > AV A B BB ERE ) - A AR E 2 IR - BIARA M - R E 5k
JE) 2B N B 10 B At 9 2% BORF A R S N BRI - A SRR AR AR S J I
PR > SR BEIN SRR S TR e S

(IEI ) ARUHIEE HAARDOSIAT R 2 K R > BESRIEAT IR A A IR AR T 48 > W2 RSP
REALEAEE - (HAHfEMulungushi R % B R LI 2 28 A 2% B 2 5L HEIEL
aﬁiIﬁfJ\E =55 o

17



{:\;’\.0‘ &’f&
1’( : ﬁ'.. . . g A
.‘ ”‘"\« ’ ' R«ﬁ;"}: e 1 Ass B
VS SRIR 4 R S S BT

HEHEREGANBERTIEABEGR

18



Bb st et a5 Dl

19



20



R

A

)

21



S — HE SR B AT

22



23



+ - FIF

(—) BIE#RA
International Workshop-cum-Training Programme on “Disaster

Risk Reduction and Climate Change Adaptation”
Mulungushi University, Kabwe, Zambia

9 May- 13 May 2016

The Challenge of Disaster Management Under the
Climate Change in Taiwan

Prepared by :

CHEN, Sheng-Yuan
Technician
Aerial Survey Office of Forest Bureau

YAN, Ke-Wei

Engineer
Debris Flow Disaster Prevention Center of

Soil & Water Conservation Bureau

24



Abstract

Taiwan is located on the edge of Eurasian Sea Plate and Philippine Sea Plate. The mountains
in Taiwan are high and steep, and the terrain is highly variable, as well as the elevations.
Earthquakes occur frequently in Taiwan. The rainy season in Taiwan is caused by rainfall along a
persistent stationary front between spring and summer; and typhoons are influencing Taiwan
mostly in the summer and autumn. The annual average rainfall is more than 2,500mm.

There is abundant rainfall in Taiwan; there are many rivers in Taiwan. Variable rainfall
duration and intensity leads to floods and debris flow disasters. Since the 1999 Chi-Chi
earthquake (ML=7.3) occurred, the frequency of the disasters, which are caused by landslides,
complex landslides, debris flows and soil erosion, has increased more than before.

And under the climate change, the annual rainfall difference in Taiwan is getting bigger and
bigger. It means we have more flood and drought. The average of annual rainfall does not change
a lot, but rainfall hours have the tendency to reduce, this means rainfall intensity had increase a
lot in the last decade. And the number of typhoons per year increased from 3.2 (1951-2000) to
6.8 (2001-2009). It shows the extreme weather condition will happened more frequently in the
future. Disaster management under the climate change becomes a huge challenge.

The article will focus on the debris flow disaster management because it is the most frequent
disaster in Taiwan. Through that we shows how we did for disaster risk reduction under climate
change. This article is consisted of some parts. The first part contains introduction to the debris
flow disaster in Taiwan. Next it will introduce the procedure of debris flow disaster management.
Usually the hazard preparedness, emergency response and recovery are the three main stages.
Among them, all the works are the mitigation work of the disaster. The last part will make some
conclusion.
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A. Introduction

Taiwan is located on the edge of Eurasian Sea Plate and Philippine Sea Plate. The maximum
length and the average width of Taiwan is about 395 kilometers and 144 kilometers
respectively. And the total area is about 36,000 km2. The mountains in Taiwan are high and
steep, and the terrain is highly variable, as well as the elevations. (Taiwan’s highest point is Yu
Shan, also called Jade Mountain, which is at 3,952 meters) In Taiwan, the plains are narrow,
which is only occupied with one-third of Taiwan. Earthquakes occur frequently in Taiwan. The
rainy season in Taiwan is caused by rainfall along a persistent stationary front between spring
and summer; and typhoons are influencing Taiwan mostly in the summer and autumn. The
annual average rainfall is more than 2,500mm.

There is abundant rainfall in Taiwan; there are many rivers in Taiwan. Variable rainfall
duration and intensity leads to floods and debris flow disasters. Since the 1999 Chi-Chi
earthquake (ML=7.3) occurred, the frequency of the disasters, which are caused by landslides,
complex landslides, debris flows and soil erosion, has increased more than before. Before the
Chichi Earthquake, Taiwan had experienced 27 major debris flow disaster events between
1981 and 1999. The area of landslides from the Chichi Earthquake of 1999 was about 8,600
ha, and was increased to more than 22,000 ha by Typhoon Toraji in 2001, that caused 16 major
debris flow disasters, resulting in an increased number of landslides and debris flow hazard-
prone areas. There were 485 debris flow potential streams in Taiwan before the Chichi
Earthquake of 1999, afterwards, this number has been increased to 722, even the number of

torrents has been increased to 1678 now (2016).

B. Disaster Management
The so-called “Disaster Management” is a continuous, dynamic process of management
planning in order to reduce the uncertainty and possibility of danger. In terms of management,
types of disasters, how to prevent, time of occurrence, response plan, recovery plan, policy

review and so on all belong to the field of disaster management.
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Four Stages of Disaster Management

The process of disaster can be divided into four stages: mitigation, preparedness, response
and recovery. Each stage are closely linked together, a stage not ready will influence the next
stage. In fact, prevention is better than cure, so among these years Disaster Management
gradually focusing on mitigation, because mitigation is the most fundamental and long-
termed disaster management measures.
1. Mitigation
Mainly through the policy management and a variety of response measure to prevent the
occurrence of disasters or mitigate the impact of disasters. In general, the mitigation can be
divided into two types.
(1) Structural:
Refers to the construction of specific equipment as preparedness, such as constructing
reservoirs, dikes and water pollution equipment, and updating fire distinguisher
equipment.
(2) Non-structural:
Making overall plans for all time, not just making specific constructions to solve

problem. Such as: reservoir safety assessment, strengthen slopeland conservation and
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management, enhance treatment and maintenance of soil and water conservation by
stages and areas and exercise strict control over developments in restricted areas,
legislate for construction laws and so on.
2. Preparedness
Be full prepared before disaster occurs and be familiar with the operation of disaster
prevention program can decrease the damage loss. The disaster often occurred as sudden as
lightning, has to be unruffled, to avoid the expanding of disaster and damage loss, and be
fully prepared to cope with various disasters situations. There are three major tasks:
(1) Training:
Establish the division of authority and responsibility in emergency operations, reserve
resources to support disaster prevention operations. The training is about disaster
management, disaster response capabilities and implementation. Through training can
rapidly understand about the operation plan and equipment, further more can enhance
operational efficiency.
(2) Planning:
Planning Is The Basis Of Control, Action Is Its Essence. Draw up disaster management
plans beforehand, then can make a quick response during the disaster. A good response
plan can not only make good use of the resources, but also can reduce the damage loss.
(3) Warning
Remind the public to be aware and be prepared before the disaster occurred.
3. Response
Response measures during disaster, except for the Disaster Prevention and Response Plan,
according to different urgency can separate into emergency reporting for disasters period
and Emergency Operation Center period.
(1) Emergency reporting for disasters period
It is a period before Emergency Operation Center period; it is to make an efficient

disaster response, also to make an instance notification to disaster prevention and
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response duty ministry during or before disaster.
(2) Emergency Operation Center period
The Emergency Operation Center period begins with the establishment of Emergency
Operation Center. Its main task is to make instant response and start Emergency
Medical Service System, rescue human lives and property at once, also to make a
quick evacuation and sheltering.
4.Recovery
Recovery is an operation that co-operate with mitigation operations that facilitates the
reconstruction of public works, social and economic orders in reverting to original
circumstances (or even better). Recovery operations can be divided into a short-term
recovery policy and a long-term recovery policy.
A short-term recovery policy is to fulfill basic lifeline systems that include electricity,
communication, water, gas and transportation system that reach residents’ basic need for
food, clothing and shelter.
A long-term recovery policy is to take emergency response measures for lifelines, basic
living facilities and public facilities and equipment to ensure the livelihood of citizens and

the maintenance of public security.

5. Current Situation in Taiwan
Disaster Prevention and Protection Act in Taiwan have divided the four stages of disaster
into three parts: disaster prevention, disaster response and disaster recovery (disaster
prevention combine from "mitigation" and "preparedness"), and explicitly assigned the

duties of regulating authorities for various disasters.

C. Risk of Debris Flow Potential Torrents
1. Definition of Debris Flows

If we want to prevent the debris flow disasters, the first thing we should do is to define
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“What Are Debris Flows?” A debris flow is a natural phenomenon where a mixture of mud,
sand, gravel, rock and water rushes down a slope due to gravity. The movement of a debris
flow can be divided into three steps: initiation, transit and deposition. In the initial step, a
slope collapses causing debris to begin to move downbhill, usually down a curved ravine
covered with sparse vegetation. Next, as the debris flow continues downhill, it erodes the
bank of the ravine into U-shape, mostly taking place in valleys or downstream. Finally, the
debris flow is deposited at the mouths of gullies and forms debris fans, which are tongue-

shaped with large boulders deposited on the surface or on the edge of the fans

The elements which allow debris flows to form include an abundant source of loosely
packed, fine-grained rock and soil debris, large volumes of water, and steep slopes. Near
unstable hillsides, weathered rock, sand and soil accumulate in valleys or foothills below
due to landslips, landslides and rock-falls. Heavy precipitation induces slope failure. Intense
rainfall saturates permeable sediment deposits on steep slopes, which absorb the runoff. The
loose rock material, mixed with runoff water, moves down the slope due to gravity, resulting

in debris flows.

. _Initiation
o
Rl L Transit

Deposition

Debris flows are a natural phenomenon, but when a debris flow results in casualties,
damage to buildings, bridges or infrastructures, or causes loss of life or property, it is called
a debris flow disaster.

2. Investigation of Potential Debris Flow Torrents & Landslides
There are two things we have to do about debris flow. First is the investigation of potential

debris flow torrents, after the investigation, we found out that there are 1,678 potential
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debris flow torrents in Taiwan in 2016.

Then we have to find the affected area of those potential debris flow torrents, and define the
risk of them. The recognition of potential debris flow torrents is base on the probability
factors and the assured safety. Probability factors including watershed area, slope,
geological condition and so on. Assured safety means county, village or structures like
bridge or road. And has divided potential risk degree into three levels, the low, mid and high

risk level.

Probability
Risk
L o
w
Lo
Low
w
Assured L o
Mid
Safety w
Hig
Mid
h

Risk degree of debris flow potential torrents

After that, we want to know if the debris flow occurred, what region may be covered by the
debris, the possible affected area of debris flow. A map showing the potential hazard area
can be drawn based on model simulation results and GIS map layers. According to these
results, we can figured out where and who we should consider in the disaster prevention

plan.
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3. Rainfall Threshold Value for Debris Flow Warnings
Using rainfall data from Central Weather Bureau, a rainfall triggering index (RTI) is
produced by multiplying Effective Accumulated Rainfall (mm) by Rainfall Intensity (mm/
hour). The first step in determining a debris flow area’s rainfall threshold is to identify
potential debris flows in the watershed that have similar properties and group them together.
The second step is to compute rainfall thresholds with statistical models, using data from
past debris flow occurrences in similar areas. The final step is to simplify these thresholds
into accumulated rainfall values, which are used to issue debris flow warnings and

evacuation orders.
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When the effective accumulated rainfall in a specific area is greater than the threshold, a
debris flow could occur. Rainfall thresholds are divided into nine categories by amount of
rainfall, every 50 mm from 200 to 600mm. They are reviewed and revised every year
according to rainfall data and any natural hazards affecting debris flow areas, such as

earthquakes and typhoons.

Rainfall Rainfall thresholds
intensity for debris flow
warnings

I (RTI=1IXxR,)

Effective rainfall R, (mm)

D. Awareness of Local Community

1. Debris Flow Volunteer Specialist
To strengthen grassroots disaster prevention capacities, the Soil and Water Conservation
Bureau enlists soil and water conservation volunteers, hillside investigation inspectors,
emergency contacts and the manpower of social groups to establish groups of debris flow
volunteer specialists in disaster prone areas. The main task of debris flow volunteer
specialists is to teach residents about typhoons and extremely heavy rains, and how to use
simple rain gauges and rainfall monitoring, enhancing the understanding of residents of
debris flow disaster prone areas. They also encourage local residents to establish a disaster
resistant community and to be dedicated to works such as debris flow monitoring, rainfall
monitoring, and disaster notification and emergency evacuation. Their ultimate goal is to

give every resident in mountainous areas disaster prevention knowledge. Volunteers will
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receive a certificate of debris flow volunteer specialist training and an agreement of

employment, stating they will assist the government in times of disaster.

A debris flow volunteer specialists monitored the rainfall condition with a rain gauge.

2. Disaster Resistant Community

Disaster Resistant Communities are those which possess emergency response abilities,
which can mitigate disasters, which can withstand and respond effectively during disasters,
and which recover quickly after a disaster. A disaster resistant community also is a
sustainable community that makes a rapid post-disaster reconstruction.
Everyone in the community wants to live in a safe, comfortable environment, and a Disaster
Resistant Community's goal is to create a "safe" community which generally includes three
essential elements:

e  The ability to withstand adversity

e  The ability to respond effectively to and recover quickly from adversity

e  The ability to adapt to the changed environment resulting from adversity.
Disaster Resistant Communities reduce disaster losses through community-based mitigation
programs and measures. Once a disaster has occurred, residents quickly prevent disaster
expansion and reduce disaster losses while also quickly responding with recovery and

reconstruction work.

34



The World Conference on Disaster Reduction (WCDR) held in Japan in 2005 proposed the
Hyogo Declaration. It indicates the importance of strengthening community level capacities
to reduce local disaster risk and considering appropriate disaster reduction measures that
enable the communities and individuals to significantly reduce their vulnerability to
hazards. Disasters remain a major threat to the survival, dignity, livelihood and security of
peoples and communities, particularly the poor.

Therefore there is an urgent need to enhance the capacity of disaster-prone developing
countries, especially the least developed countries and small island developing states, to
reduce the impact of disasters. This can be done through strengthened national efforts and
enhanced bilateral, regional, and international cooperation, such as technical and financial

assistance.
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In the next decade the international disaster mitigation strategy will focus on the promotion
of disaster resistant communities through specific policies, network promotion, strategic
plans for volunteer resource management, clear terms of reference and responsibilities, and
the involvement of public power and authority to facilitate community participation in
disaster prevention. Meanwhile, encouraging community-based training and volunteering

will help mitigate disasters and strengthen disaster response capabilities.

(1) Implementation Model
Village offices and Community Development Associations integrate with community-
based organizations (such as the patrol team, neighborhood rescue team, the Phoenix
volunteers, production classes, women's groups, etc.) as well as external units (such as
township offices, fire departments, health centers, and local police stations). They work
together, carry out their duties, and strengthen the interactive participation of the
residents. Experts provide their professional expertise in disaster prevention, analysis of
vulnerability, and disaster prevention strategy. The Opinion Leader is responsible for
guidance, discussions, comments and feedback of the community and volunteers during
training, discussions, and meetings, as well as for resolving conflicts between differing

VIEWS.
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(2) Procedure
The purpose of promoting Disaster Resistant Community is to reduce factors that may
induce disasters through residents’ active participation, the acquisition of disaster relief
and prevention knowledge, the learning of disaster prevention skills, and the promotion
of disaster mitigation and disaster prevention precautions.

(3) Preparedness Work
Being fully prepared with these disaster preparedness items can enhance your and your
community’s ability to keep calm in emergency situations. They include disaster relief
materials for your home, evacuation planning and evacuation shelter preparedness for
the community, and how to set up a simple rain gauge for voluntary disaster prevention
monitoring. These drills should be completed before flood season.

(4) Self-Monitoring
Check to see the conditions of a Disaster Resistant Community, such as “Does the
community you live in is located in a potential debris flow torrents area? Disaster

prevention work items are completed?”

YE N

Item
S o

Location and basic attributes
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1. Located in potential debris flow torrents area

2. Vulnerability of community environment:

-- Debris accumulation in nearby rivers or streams
-- Bridges and culverts are blocked

-- Check dams - severe debris accumulation

-- Behaviors that damage forests such as unlawful land use, deforestation,
dumping, and burning

-- Abnormal debris in slopeland

3. Are has experienced past disasters

Community Autonomy

1. Community cohesiveness

2. Community residents are actively involved in community disaster preparedness

3. Community disaster prevention organizations have been established (ie:
volunteer police and fire fighters, neighborhood rescue teams, and the Phoenix
Volunteer Team)

4. High mobilization capacity of disaster prevention organizations in community
The Promotion of Disaster Prevention Awareness.

1. Adequate understanding of community environment

2. Adequate understanding of debris flows and debris flow disasters

3. Active participation in disaster prevention illustration meetings and advocacy,
and interactive discussions

4. Participation in community disaster prevention drills and professional training

5. Improvement of disaster prevention knowledge, awareness of past disasters, and
response capabilities

Disaster Prevention and Rescue Resources

1. Community possesses enough disaster prevention equipment (ie: health care
resources, ambulance equipment, destructor set, generators)

2. Adequate reserve of supplies in the community
3. Functioning community warning and notification system

4. Open communication channels between relevant government agencies or
non-governmental organizations

E. Formosa Emergency Management Action System (FEMA)
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In order to prevent life and economic losses due to landslide, complex landslide,debris flows
and soil erosion, Soil and Water Conservation Bureau (SWCB) has put lots of efforts in
Formosa Emergency Management Action (FEMA), which is integrated multiple high
techniques, to enhance the efficiency on debris flow disaster prevention response. Since 2001,
FEMA has given a brilliant performance in more than 100 events including typhoons,
extremely heavy rain and earthquakes. It not only provides SWCB a simple platform to
manage debris flow disaster events but also the related information for decision-making

The information platform FEMA is not only a torrents monitoring and decision-making
support system, it also has interfaces (include website, smart phone app) to announce disaster
prevention information to all people.

Moreover, to have more time to evacuate people from dangerous areas, we integrated three
precipitation forecasting system from CWB, including Ensemble based Typhoon Quantitative
Precipitation Forecast (ETQPF), Quantitative Precipitation Estimation and Segregation Using
Multiple Sensors (QPESUMS) and QPF for upcoming 24 hours, as the model for analyzing
and issuing debris flow warning. It greatly increases the quality for SWCB to analyze the
information model of debris flow.

At last, to promote disaster prevention, the historical sediment-related photos collecting event
was held to raise the consciousness of crisis. We have built a platform for people to upload,
query, visualize the pictures of historical disasters. Through the event, we expect that the

natural disaster could raise the awareness of disaster prevention.

Conclusion

1.

The decision support system integrates various kinds of information and provides the most
important decision-making support to different levels of the governments in Taiwan.

The ranfall-based debris flow warning model has been proved to be effective for evacuation
operation. However, its accuracy is still not satisfying for lack of geological and hydrological

consideration. Besides, the up-to —date rain fall prediction techniques such as QPESUMS and
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ETQPF also can be adopted for more precise warnings in the future.

The accuracy and reliability of debris flow risk analysis is depended on the completenessof
basic data, though numerous debris flow hazard had occurred in the past few decades, few
data were remained for debris flow simulation verification, which made hazard analysis more
difficult. In the future, debris flow hazard information should be recorded and mapped in GIS

format and imported to database, for future hazard analysis and vulnerability research.
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International Workshop-cum-Training Programme on
“"Disaster Risk Reduction and Climate Change Adaptation”

The Challenge of Disaster
Management Under the Climate
Change in Taiwan

T CHEN, Sheng-Yuan
2 YAN, Ke-Wei

1. Technician, Aerial Survey Office of Forest Bureau
2. Engineer, Debris Flow Disaster Prevention Center of Soil and
Water Conservation Bureau

May 11 2015
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General information
Area 36,000 km?
Population 23 million ppl
Forest area 60.71%
Slopeland 73.3%

Annual Rainfall 2,600 mm/yr
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Attractions of Taiwan
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Major Types of Natural Disasters

» Meteorological disasters : typhoon, tornados, heavy
rain, droughts, snow etc.

» Flood disaster : flood, river overflow, water flooding
etc.

» Geologic hazard : earthquakes, landslide, mudflow,
volcano eruption, land subsidence efc.

« Agriculture disaster : crops diseases and insect pests
= Maritime disasters : tsunami, sea level rise eftc.
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Jan 24t  2016. Snow event
Location: Suburban
mountains in
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“"" Debris Flow Disasters in Taiwan
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Variation of rainfall pattern

Annual rainfall of Taiwan
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Applications of remote Sensing

» Forest management: Forest disasters, such as
forest fire, forest disease, landslides caused by
earthquake, heavy rain or typhoon.

« Agricultural statistics: Crops plantation
distribution and area.

» Disaster management: Flood, landslide,
earthquake, tsunami, forest...... efc. large-
scaled disasters.

« Academic research.
« Records of landscape fransformation.
* Mapping purpose. 7 o
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Emergency Standard Operating
Graphic Data Procedures

* Surveying disaster location and information

* Surveying aerial and satellite data

* Interpret disaster location and mapping GIS data

* Providing images and vectors through web map
services (WMS)

18



aas o

=g

e
o

~. Typhoon Morakot
7o as an example

: Task period 12'", Aug. ~
re 111, Sep., 2009
1/5000 Ortho- |1,545
- Image
Produced A
Total Flight 6,814 km
Mileage (4,234 miles)

19

#7) COUNCIL OF AGRICULTURE
e cecunvs YUAN

omparison of Butangbunasu Stream
Before and After Typhoon Morakot
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omparison of Mt.Ali Train Station
Before and After Typhoon Morakot
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Debris Flow Disaster Management
Hazard Response and Prediction

Mitigation » Hazard
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Investigation of Potential Debris Flow

Torrents & Landslides
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Announce of Debris Flow Warning
in Taiwan

Predict Rainfall Real Rainfall
"RASMR Tngehows if:; _ > Threshold > Threshold
200 ~- 600mm
‘“\1
-30hr. -18hr. -12hr. pe™
Sea typhoon Sea & land typhoon ala n
alarm Yellow warning LGRVELGILT

Rainfall @
= =] Enforce
Advise Evacuation ECREANan
Local government Local government
should Advise the should Enforce the

inhabitants evacuation. inhabitants evacuatioqs
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Evacuation Routes and Drills for Debris T
Flow Disaster Mitigation Volunteer Specialist

* 662 Evacuation routes planned
* 600 debris flow evacuation drills held

» 1336 Debris Flow Volunteer Specialists
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Emergency Response
during Typhoon

« Rainfall monitoring: Every 10 min.
« Typhoon: Cloud satellite image

« Announce: Debris Flow Warning
« Inform emergency messengers

« Heavy equipments standby at
dangerous areas

0800-246-246
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‘Debris Flow Warning
and Evacuation
¢ During the typhoon Morakot period,
the SWCB had issued 21 debris flow
warnings to the public and local
governments based on the real-time

weather information from CWB.

Debris flow | wam Coun |
warning nvinemsg (City] | Town | Village
Red alarm 519 12 | 61 230

Yellow alarm 338 14 58 @ 163

9,100 people were evacuated by local
governments according to the waming.
Among them, 1,046 people escaped
from the possible casualties.
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uccessful Evacuation
Shinshan village, Nantou County

Although 21 houses were destroyed by flash fiood and
debris flows, the village head Ms. Mei-Ling Lin (also
the debris flow volunteer specialist) successfully
evacuated 135 villagers according to the red alarm
issued by the COA (SWCB). No one got hurt. At least
63 people escaped from the possible casualties.
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Restrictions of Rainfall-based Debris-flow
Warning Model & Solutions Thinking

Restriction A.
* Debris flow events are not enough to build a
good forecast model.

Restriction B.
+ Shortage of monitoring system.
* Uncertainty of the sequel rainfall.

Restriction C.
« Understanding of local residents is not enough
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Watershed-oriented Monitoring Network

¢ » Point=>Line->Plane: extended
to upper stream and the
source of debris, considering
a whole watershed.

» Combining on-site, mobile,
and grid stations.

» Integrating data from
different agencies.

Emergency Oporatlon Center 33
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On-site (fixed) debris flow monitoring station

Monitoring Sensors : .
_ Information Displa

Eemmmty
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Mobile Stations and Portable Units

Mobile Monitoring Station
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Apply QPESUMS for Rainfall Estimate

+ Forecast 1 and 3 hour rainfall

« Data analysis: compute the rainfall value in
the villages and rainfall stations
+ Assess the timing of warning declaration

Cooperation with NOAA,
Water Resources Agency &
Central Weather Bureau
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% o GIs display

LIDAR Mhiéarate

Spatial resolution : 1.3km
Time resolution : 10min
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Local Awareness & Preparation

» Expand the training of Debris
Flow Volunteer Specialist

» Disaster Resistant Community

« Evacuation mechanism

« Evacuation routes, drills and
propaganda
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Debris Flow Disaster Prevention in Education
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Application of Smartphone &8
(APPs for iOS & Android system) k=2 m

*» Realtime information :
A Rainfall
A Satellite image
A Announce of Debris
Flow Warning

A Data of debris flow
monitoring stations

« It lets residents easily
know when to evacuate,
and helps government to
making decision
anywhere
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Application on Google Crisis Response
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Hope we can see YOlil in Taiwan soon
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