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SUMMARY OF MASTER’S DISSERTATION

Student
Identification 82133468 Name Yuki Tomita
Number
Title:
Methodology of Resilience Importance Analysis
for Flood Early Warning in Developing Regions
with a Multi-state Modeling Approach
Abstract:

The objective of this research is to support policy decisions to improve the resilience of flood
early warning systems in developing regions where ICT technology is poor, as flood risk
increases due to increased localized rainfall caused by global warming. These regions still
face difficulties in receiving disaster information from the government and require a different
approach to flood early warning than developed countries. In recent years, community-based
flood early warning systems (CBFEWS) have been introduced, which are human-centered,
low-cost, and timely early warnings that are operational even in vulnerable areas. However,
measures to improve resilience for sustainable performance remain a challenge due to
budgetary and technological constraints.

Therefore, an assessment model is proposed to identify critical factors for effective resilience
improvement through a systems approach to CBFEWS. In the analytical model, a risk
assessment model is built using a multi-state modeling called multi-state multi-valued
decision diagram to address the need to consider the system interdependency between
CBFEWS and governmental early warning systems, especially in the context of developing
regions. Furthermore, using this model and the dynamic flood timeline of the target area, an
importance analysis method is developed that allows quantitative exploration of factors that
are highly involved in improving or reducing the resilience of CBFEWS by defining
indicators such as Resilience Reduction Worth (ResRW) and Resilience Enhancement Worth
(ResAW). The performance indicators of flood early warning in previous works were
modified for CBFEWS evaluation through the literature review and interviews with three key
informants involved in early warning system development. The performance of CBFEWS,
which has a strong socio-technical system characteristic, was evaluated by considering both
technical performance such as warning lead time and spatial coverage of warning notification,
social preparedness and system availability.

To evaluate the proposed model, a resilience importance analysis was conducted for a
CBFEWS that has been successfully and sustainably operated in the Hindu Kush Himalayan
region, which suffers from seasonal river flooding caused by heavy monsoon rains. By
applying the proposed model to the existing CBFEWS, using SysML-based architecture
definition and performance information obtained from previous studies and stakeholder
interviews as input, it is shown that measures to maintain adequate social preparedness were
highly important in preventing resilience degradation and that government early warning
measures were highly important in improving resilience in the studied CBFEWS. A case
study was also conducted using the model to demonstrate how risk communication can be
conducted in a situation where a new technology proposal is made in the existing CBFEWS.
Through these activities, it is verified that the resilience importance analysis model based on
the multi-state model can be effectively used to determine the measures to implement
resilience engineering in a CBFEWS context.

Key Word (5 words)
Flood early warning system, Resilience Engineering, Importance Analysis, Multi-
state Model, Developing regions
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Global reported natural disasters by type, 1970 to 2019

The annual reported number of natural disasters, categorised by type. This includes both weather and non-weather
related disasters.
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Economic damage by natural disaster type, 1970 to 2019
Global economic damage from natural disasters, differentiated by disaster category and measured in US$ per year.
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B CIERREHLT BT Tk D6E, 24 MM ERATTY. THCIE, &t FHMlICk 755884 F
L, 8FITTHEIMEL TIHONIZRES B ORI OV TR 2.
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How ala=T 4 _— AR BHIEER 10
BRAE RN 35|

RETIE, IR2=T 4 _R—APK B E R AT DOV DY R[] EOT-30 DR 7 154 T
N HTDICREGHTEL TR 2= T A N — AWK BRI ERDOTARTA L ESF— A 74—
VNI oA =2 RN, AWFIETHRET LHEE AL T D,

2.1 aSa=T 2K BHERERER O HR

A2 =T RN AR RIS O EBLIZIT, K 2- IR T TV A7 EAa— 7 ), THK
T L RS, TRl s S ) TS RE L D = R b o 724D D3
—ZL A [2] [28]0F EEBINEETHY, TNENDO R 372EEIN IR AT L0 H 1
RO KILNZ DTN DI BIFT AR DD, Fo, SlEEOZNE R, BiE FHgic
(7% CBFEWS LU TORMERERIE AR A D Z LB HETHD. ATHTIX, 2oV o7z CBFEWS D
H _EDOWES (Concept of Operations) [29]& 2335,

COMMUNITY BASED

Rliﬁg'\éggéi%@ MONITORING AND EARLY
WARNING

VATRREAI-EXT || soicE=s o

DISSEMINATION AND RESPONSE CAPABILITY

COMMUNICATION AND RESILIENCE
FHIE @A SEE MIGEEN E LU T R3#E

2- 1. AN LD BHIEH S AT AZRBITH4 00T 2R
(BE 3R (28120 LITEH T THER)
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F7°, CBFEWS DOHEEIZH! TéﬂivA“JWD%%T“&;égﬁ%ﬁﬁ CBFEWS D% SCHR
(CEE SR EU ISR A 2- 2 1R T. 222, TAMF O Tha e, K= AR
ThHZE, WTNZALME )b D8, FEROBEET v AL D ATREIRZEDADFET B
. TAFH LI DOWT, Bk o@o RS ki W Tl 7 — AR~ AL (EWS BRFED
P DA 2 =T 4 H B ZAT) ZENBEBEHINDZLITIE DX, VAT AOF —F—2 o7 %1
IR BATCZERDDTII RS, FX2=T 4 PHEITLITFHE FTRE R RS R ORI HHLE R D.
MEZ AR HZOWTE, & B CTH L2 YRR BRI AN TRIFIUTEADFH L. £h
WZINZ, FEGEA7RMERFCT > 7 7 L — R B 2 0UE, AR AN TR TELZENZEELL.
ICIMOD 245 CBFEWS [2]DpZh 5l Tlik, xtgiiigic i35y v 7> 7 ¢ USD1,000~
USD3,800 Th-o7=tDMENHD. F1-, ::::T4?@¢E%%»%7m I, AR AREFEARICEDY
PN T XU EHE 2T 7 I H— 72D, TUTIVEA LW IZHOWTE, TH#REZBIRFIIZ Caretaker &
T, KT IOREOT=DIZ=T VT NHALIRT —H T T RANAREIRZEN RO HID.
ICIMOD (2% CBFEWS [21D RS T, 55 B XTI DKAEHRN T v 7T —h&h 5, [E
WMOBET v AL NZDONWTE R, .afnuc.%%ﬂvxl\ A= NR—=AD Y —"T A
v —UIINZ, HIICERESNDIT ALY T I — LR EEMAEDEDLILET, FRNIESE
72T RO RE ~ELIDNCEFHT 52T, RER OB R FEE N L3528k
OHND.
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req [package] a: CBFEWS General [1-1a: Requirement diagram])

<<rationale>>
[The International Centre for
Integrated Mountain
Development (ICIMOD).
'Community Based Flood Early
\Warning System Resource
Manual. 2019.

<<block>>
Community-based Flood Early Warning System Context

T
|
I
l
l
|
]

<<block>>
<<element>>
Early Warning System

<<requirement>>
CBFEWS General Requirements

!

<<allocate>>

Id = CBFEWS-Req-General
text =

7

<<block>>
< <system of interest>>
<<element>>
Community-based Early Warning System

<<block>>
<<element>>
Governmental Early Warning System

<<requirement>>

People-centered (ARIH)

Id = CBFEWS-Req-General-01

text = All members of the vulnerable groups and district government line
agencies are involved in planning, implementing, monitoring and disseminating
early warning information on floods, and take the ownership of the system. An
effective CBFEWS must recognize the differences in vulnerabilities that exist
among different sections of societies and also the dynamic nature of such
vulnerabilities. The risks due to hazards are not uniformly distributed and thus
an effective early warning system needs to be founded on appropriate risk
assessment methodologies (UNDP).

< <requirement>>

Low-cost technology ({§3Z k)

Id = CBFEWS-Req-General-02

text = Any technology employed to support the CBFEWS must be affordable to
the communities in order to ensure its sustainability in case replacements or
upgrades are needed. Necessary training is also imparted to help build the
capacity for caring for the instrument at the local level. The initial cost of the
complete set of the wireless flood early warning instrument was approximately
USD 1,000 (in May 2015). The cost of the telemetry-based instrument is about
USD 3,800 (as of April 2018).

<<requirement>>

Near real-time information () 7/L% 1 Lt)

Id = CBFEWS-Req-General-03
text = The instrument is installed upstream of the beneficiary community and
reads and transmits water-level information in 5-minute intervals. The caretaker
is responsible for verifying the transmitted information, interpreting it to
ascertain whether it's an early warning information, and communicating with the
downstream communities as the water level in the river crosses predefined
threshold levels.

<<requirement>>

Multiple modes of desseminating early warning (E#EMOEWEF v > xIUL)

river.

Id = CBFEWS-Req-General-04

text = The warning may arrive in the vulnerable downstream communities in the
form of voice call, text or internet group message from the caretaker upstream
or as a loud siren from the triggered alarm unit(s). Key personnel will also receive
email messages when preset danger thresholds are crossed by the monitored

[
Government organizations
.
- - = CBFEWS Implementing agency
R~.
- -~ 7 Vulnerable Communities
-- .
== ’
i .
K- .
,
,
’
,
’,
7
.,
,
’
’,
,
’
,
.
.
’,
,
.
,
,
.
’,
,
.

.
=

X 2- 2. CBFEWS 1231} 5_ErERIEZ BT H=—X (req:
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KIZ, CBFEWS DA —7"THhY, F7= CBFEWS @ _EN L~V DS AZFEIR A7 0 DK 2-
LRI 7R A OWORT . ZSTIREE R A LHEB % % — (ICIMOD: The International
Centre for Integrated Mountain Development) (255 CBFEWS [2]& 1 LEL7Z20NS, —f%HY72
CBFEWS OFHEICOWTRT . £, WAZEREAa =7 | T A MIBW T, HKICE
L CEESN=T — 2T B, $- 2 U SN — R, a2 =74 Z LD Mfagsk,
KHLRE N IS ZV AT L~ BRI END . AN —RL-U I GBI 5 F R CE, 5F
Bire & DS HRBEE Y ORL [ & — R U TR T D16 a7 4 — VR — o O fh L
W T — 2 ATIC IV E T 5. a2 =74 Z LD Mg tEaliE L TiE, A7 7 DR
IO 7k (B, BB, ARARY), FI G o N 0 EZ O RIC K SEHEShD.
KHALBE T DFAMIZ DV T, EFECRIFINR BN S, SIS AT N 2 OUKFE AL RO X}
Jsig 7y Canaik, WKREDREER, REBAY e ACHLIZ T 7o Bk L) , #E2B972 N 2 D723
AW (FEMO272030, NEHULRHIEL ~b, #i 2y N — 7 OREEELD) b LI Thh
%. ZNBITHAR)IZ CBFEWS OB ARHIFZRSNDTEE THY, ZORE RIZIESE 0 R il A
BE, FoEI o7z CBFEWS MG & B D &0 Diamneshd. k=2 L R
Wi | =L A MIEBRICHA T R AE =21, BEREITOTZOIC TR T L AT L5HHE
g 57w A THD. Bk CBFEWS O=—20i@Y, CBFEWS [IEKIANTY T L2 A L7321
B LD+ 3720 — R Z A L DY LE K S A B RIS O VR A HI B2 2 203k D
%. X 2= 312 ICIMOD (ZRHIEHRISIER DG 2~ ZO I, FMNDOF=FEATIT D DILE.
REDONTIT —HEERT DD DOV —/N—V AT A, Ry NT—I VAT LIREEHEL, 29
WoTZIF UL Caretaker EFHINDIIRE=2 B LD NI —= T Dbk, Bl A ki3
HZllle . TRBEEEMEERE | =L AT, I OFE=2FER 0 L 72tk DT Ik
KUT, IEMEREEL, WK EZ S TG0 Rt #fuls (26 L CEHRER T 57 m AT
5. Caretaker {2 %, Local Disaster Management Authorities Dtk FAED 70 RAF =7 DT,
TIROFREASELLAT 4TI L TEHRZRIE L, BOKFFOISEEEIZIT AT 5. K 2- 412,
[AARIZ ICIMOD (ZLDUKIFHROFI 2RI BHL~UT Levell/2/3 ([ZXyEh, THE,
ez, I THEE T 5, BHIZHKIT S, ZIEFICHMRE AR, Tioasia
=T AMBADMADRRETSND . OV TG B OREEEITIE, CBFEWS Z Al (k957200
MESCZBERETERL, EHRE&HEOEILER D, TXISEEI L P = R b =L A NI
WL, R THD Vulnerable communities DIAIE J1% 5D D7D DX IRRES ) DiRLEL T, 15
T CEAELOMEST, KE Dz (Social Preparedness) &EXfIitatBDOHEE, aI2=T A D%t
RE DR LT b, EROEMRELE O ERZETHN5. PWKAXUORIZIZIBW TS, Mkt
ML CBFEWS ZHERFL, F7osifbailt 215720 — 7 2 EV T 2L DY ADOREETH
Y, CBFEWS O 7 AL L THilkBI &L T,

NZC, X 2- 512 CBFEWS D34 [2] [23] [24] (251 B0 HHC IR L I-AT — IRV A
— — B & R4 . CBFEWS ICR 5 FA53AT — 7R /VE — L3 2124175, Government
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organizations, Vulnerable Communities, CBFEWS implementing agency T& 5. Government
organizations L 312 As—is ELU TIFFEL T2 RIS 258 H 3D _REFEIRTHY, [EL /LD
JRFe, 5L~V DOBEEMERD Y E F415. Vulnerable Communities [ L3EBED B LR O x5 L7
AIEHMET5 7 s ©h 5. CBFEWS implementing agency X As—is &L CORHEEIR 2L T,
CBFEWS ZE AL, REIERIZHITOREN 238 oMz~ 3. Zohiddn—oaL~ LT
DRSS FARIZ AT B, Local service LTI Caretakers (ZhI1z, MO AT 7, #5877
EMRZEFBN5. Bxternal Supporter ELCh2FFAIZ /0T B, EEORFRHBRII G L TN AZAT
9 NGO/NGI/NPO &L, [E S S H A #2 fEIC J0 S 52 b0 N1 iR 23 7 % Foreign
government organizations {2571 HILAHDELT-.

INBD EARISIC B D= — REEM T AT A THD, RHERS AT AIBITDH4OD
F—T L AR TFB A R Th03% K51, CBFEWS [ EAfr Il L 4L 2 0 RI 2Rl & S
eI HT I =NV AT N THHZERNDND. WK EOIRBII T DOF —= L A NI
D772 — B R LIRTIUT, Figiie RIS AT LAOMER DN ERS RN Eb D, F
To, AT =BV =D LT, CBFEWS DEVWEBREIZ B T O Y FEDTFIEL T
Y, ¥rE¥ CBFEWS implementing agency M5, External supporter &72% NGO/NGI/NPO (ZX&
HIAERDS CBFEWS ORFfge il B EB O THLIENDND. ZNHORH AR EZ 72 £ T,
CBFEWS DU YL A2l 58T, Fif il RENEZ WL 37720 ORI AN CHZENEET
H5.

Gl -, a7 | o e

1
I
g ) :
| data as transmitted from the data - § 1tis a very low power consuming solar
acquisition unit and uploads it through 4 . ¥ % L3 powered instrument comprising of an i
I
/

b

I the GSM network to the cloud server for . 1 _ ~ = ultrasonic distance sensor and a radio
| further processing. The LCD display on | .l J 1 = \ processor.
the unit allows for close monitoring of X :

| the water level scenario, The unit also
includes a siren that can be configured I

| for an alarm based on water level
\rﬂ.‘aquy J < B

* 7 -_—
The “Alarm Unit”™ is a GSM 1
- | based loud siren that is
triggered through an ]

N - .i- incoming specially coded
\ \g‘\ | message string, The alarm

PU = > =

unit continually listens for
| this message and compares
the incoming messagesto |
decide if to sound the alarm,
| The unit may be replicated t
The Data uploaded is - multiple vulnerable locationg
arranged in a timewise I that is directly linked to a
chart with designated | -3 | single monitoring location. |
thresholds in blue, yellowl
and red. It can be 7! O T e -
accessed on any device | N T ]
with an internet access, 1—/&:-&‘9::@ 3 g
e e e W e s — gy —

e —
X 2- 3. ICIMOD 245 CBFEWS (2B} A8 H{niE7u— [2]
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DOWNSTREAM

UPSTREAM
Warning Level | Color Siren signal Interpretation Action
of Data
indication
Level 1 O No siren High probability of flood Stay alert and on the standby
Level 2 ‘ Beeping sound Flood is inevitable in a few hours Be prepared
Llevel 3 . Continuous ringing Flood is coming Evacuate for safety

Xl 2- 4. ICIMOD T® CBFEWS 23317 5tk & [2]

bdd [package] a: Steakholder [1-3a: Block definition diagram J

<<block>>
Community-based Flood Early Warning System Context

CBFEWS Implementing agency

Local g

i /A
Na(lonal: ‘ Local service External supporter
Local Police Foreign government organizations NGO/NGI/NPO

Local Media(FM Radio/TV)

<<rationale>>
B FEERG
B ($71246H30
B B#ERE)

VNG International
Practical Action Nepal Office ' %

JéimMoD !

'

<<rationale>>

<<rationale>>
|Assistance and
[Cooperation for
[Community
Resilience and

Development Inc.

(ACCORD) | CARE <<rationale>>

Philippines. The International

[COMMUNITY- Centre for

BASED EARLY Integrated Mountain

IWARNING SYSTEM Development
(ICIMOD).

Community Based
Flood Early Warning
System Resource

Manual. 2019.

Learning from Saint
Bernard, Southern
Leyte. 2020.

<<rationale>>

& Crescent Societies,
I Geneva. PEOPLE
CENTERED EARLY

<<rationale> > WARNING SYSTEMS:
Practical Action Nepal LEARNING FROM
Office. Establishing
(Community Based Early
Warning System
PRACTITIONER’S
HANDBOOK. 2010.

SOCIETIES. 2020.

K International Federation
of Red Cross and Red

NATIONAL RED CROSS
/AND RED CRESCENT

VNG International ,
“A flooding Early
(Warning System for
all in Benin,” [A >3
A >]. Available:

https: //www.vng-
international.
nl/node/775

X 2- 5. CBFEWS ZERVEL AT — 7N — (bdd: 7 uy 7 EHX)
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2.2 Fri Al ReME SRR ST 7o R I AT

2.2.1 FIa=T 4 X—ARHERDITARTA Do KT

ZIETO#EMRO LT, RHEREOTEE AW, BRE LIS L CEANRT R
—FNLDW AP FALHE AL PV = AD [ OBV DN TEia Uiz, — R 95 & R
WA AT UL, LIV 20 ERRNDIOICRZ D0, BEICITIENS 5. B L
IZBWTREPERA B AL, EERIZZ DR GHIEIC W TR E IR T DL VY = A2 45
TREDITE DL RFREERDHY, kT XREFEDBNIEL TODDOREEZ DN T 5720
D TVlEREEEE L.

1= 10 LTyt 7 &7 57200, BEFEOUKFIIER S AT DB W TT TILEDE
FFRERERNLE, F ORI OWTEB SN ARTA L RIS TS, Fo, Wt
[ZRWNTH, PR EROBLAIZID, ZORNOPIIL TR EREERICET 535007
ZEII L TODFR IRV DDd D, ZRHDIFHRED LD, —Kims L COBKEIERDOL
DV AR DT80 ORISR & 7.

(1) A2 =T _N—APIKEROERRY —  RED R

1.2.2 HIZHRWWT, Ao =7 _N—2ARHEROEH T VAT ONWTERL, Fleaia=7
N— 2 B OBED AR DOW Tl a D 7o, AR TIXZT ORI LD FHI72 1
T, EIZOWTH A ZTRD T,

Z DRI U TR HAE S TODD N FH/ = U2 T ICIMOD 23#E#E3% CBFEWS
[2] [30]THD. ¥ 2- 3, M 2- 4 LU TURLIEZV AT LEAWT, S/ 8— LEERICALE % Ratu i
RIZH U CRIER TSI R EL TR RSN TS, AR, BT A=V R ETHY,
FERRRE K ED 82%LL Bix, 4 » A6 H~9 A)IZ3 AT 5. Ratu IZFIKICEDZER)IT
HY, LI T B30, BIZIFIRFIC/RDEWVST-Re#ERFD. Bajracharya © [30/I2& AU, WF4E
O B, B E EHA ST R TIE7e<, B LA EPERICEHT 92 2L L& TV, il
WFIELILEL7RY, £ CBFEWS DE AR{E (U ARIE) D74 — /KT —ZDIFHIZEY, St AD
B 2 DT BRI L TS, AR (RiT: 2015 4F, #:2016 4F) & Bk L7=BRIC, E=4VU
T RBIER DT AT DR LSO L TR ->7228, CBFEWS A %1E, EH A DEER EE
THIK BRI FEIEEH (2015 £ 0%, 2016 4E 16.7%), £/~ CBFEWS Ky hT—2Z A R —% @0 T
(2015 4 0%, 2016 4 37.8%), KRTZ 7T ¥ KNV TRIEEINDIEIT/RoT2. ZDOREE,
CBFEWS DR EICLY, Bk DOFERTERAESZITERA M OEIEGIL, 1 FER-T 5%0°5 54.44% 24
U7z, 72, $fbee 1EL V= A0 LOT-OIZFE S noaia =7 1 DRE I = ELE BN
W, Ratu)IITHE, MEF7Ra32=7 415 2ATFY (FA), B, #2388 (LSAR) , FHiEs
2T L (EWS) D 3 DDZATT H—ANTERSI, ZEOREREL THAKA~DAH 2 2L TRy iR
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DEIGIX, T4%0 5 45%ITJD Uiz, SHIZ, BKRHZF R EHIZ 227G SR L7 i o
FNBIE, 42%7°5 56%ZHI ML 7=

TV - == —/VAERIEO Sirba JIWRIERA XIS E LIS [20]TlE, stk ch o8 L
B L E D= RE D BAE T, BEFOY —/b, BB, iz ik 4528128 - T, SCHkIZRE
SN TODEERARA MR ICKHE LGSR ala =T 1 B IO BICHE-3< EWS
(CIBEWS) &% E T DZEITRIIL CD. =V — /U, KT T, EWVEEZE 6 40D 9
A 3, 4 5y AICERTHRENSY. FMFEAKEIT 400mm 235 700mm Tho. o~ /LR
Frfoei7e e 2 LR 70 BN LR 2 RO TRV BE VA BN L > TR 1T B D, L72A3 > T, Sirba
JNDIKSTEE, 8= )VEFIDFRIEEIC, B A—r DL ZF ORI B8 > TR ES
5. RFFETIE, SIS HIRICRBITDIAT~y 7 Z ERR L, KSCBLIFT DR E OB~ 2 h=
ST, BREVE G, KA ERLIebZ2 g T iR mE 32 FIEAE 9524 T,
B ST D R TR L OV, F2, 1 B SICU T A Z A L THIIL =7 — Z Lk S8
HETFNEMHRETHILT, 28RHHIZE DUYAKER) — N2 A LEFEIR T DIENTEIETTRYS,
ZDEIIREAEIRD IR KB FEORVEII LR L, HIRO B IR EAF — MR ETHIEITE
ST, BERaa =T N— 2R HEROEB I LIZEDFIDRSI TS, ARERIZOUW

AR T —ZIFELRNS OO, SEEEOZNLITRRY, a32=T 1 LEICLD R

RO EA U TR T DL LD FHIE L T 2R R A Db L T0D. DFD,
TRIA ATREZR Y AZIE M, THIT AT A, JREERICELEN TODERORISEE N EDORI D LY B
W F U7 |8 CBFEWS ICB W CTHE THHLIEEFFEL TS, Cools & [BIIOHFFETIE, Bk
9% CBFEWS 2B\, et H, ik EEZNENOHEIFL ~ LR FRICES T, TEWS @
FREHCHIRAE S0 Y FEBINSEHZ LSk C, BIER 7 o 22RO AL LS,
%@%*51'%, BRI T DI E O EDGOND ) A EIRL TWAIEIZEE T HNREL/2->T
W5,
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(2) A2 =T RN —APKE ORI — R R

AR DR B F 512 %F L, Bajracharya & [30JICX4UiX, — 5T, HiIL ~)L Tt rlRE 72
CBFEWS D7=8 D FiEA B L% 57201203, FEIZRRESMLE ThHHEL, MEIZR EN,
il FE DB A LS, BT ORI & HOT, tha iR ATREMEL TS A B EL, EWS @ 4 HSD3E
F(H2- DT RTUIMESINDMLERHAHZEZTIRL TS, Fo, X 1- 10 IZHRBWTHEEBIL
7z, CBFEWS |[ZB3 28 AT 12 [2] [23] [24] [250iBW\ T, a32=TF 4 — 2R BIEH D
AN REIN TN,

FATBOMIEIZBAL CTF 2UX, HeR s, SRR rTRENE, W15 0RO dEAERE, S
IR T —H D ILRNEOMENR, BRSO RINEWST-BLERZHT OIS, 74V Saint
Bernard OF A [23]1TlE, 2010 AFOFHARERICEESITIE, YZHIRICB W T 33%Dasia=>
—2arFEEICONT, BEITHEEEL TN EDHIEDNZEIT DAL TV e, AR E TR D7
DOT =T —HDEER, SMS EEDT-DIMEHENLELD Tho7203, ZHUZE->T EWS @
F—T L AN CHLHWRAHUAFIZE A S IO TR TEAL Tz,

PR DWW T E 2R, FAFEICH LTIV ZLOBEREH B ETHN TS, A7
il =— X DB, NP —NEEICR DRV RIERT 7 o—F, Y — L OB FLN ST
TlE, CBFEWS O AKFIZEBITH=—REREA~D RN ENH IO TRE ThA). BHIER~DF
FER AN, BB O TURAME~ OB AN, 15 WM ~ DS IC LD ERE, 70> CBFEWS ~
DOFRE, EWIRZ2 R R~ CBFEWS ~MD 47— A MR Preparedness &V o725 Tl
Hitgl (¥ B> CBFEWS 123 8RR AL CTHLMETHD. OV STBUR TIT ML
THFRO T =V AN @O LT D DIEIZHELED DN DRI ChHEE LD, ZDIF
PN TE IR ZL N RARGIE « AT F L AL o7 U ClE, CBFEWS ORI ChHH/N—R7 =7 1Z5%}
T DA TS AR FTREMEICINZ T, #E2 L L TOY T MAIZK T 5 E MBI A T F R E
bE R, ZOLIRNEEDFHE ATREMEDHMERFZ DR D LN HEFE X HID.

Mercy Corps and Practical Action {[Z&HAI =T 4 _X—RARIEH DT ART AL [32]THiR
ROENDHINT, BT RRGE ATREMEL I, IR0 =T ARV AT AOHIFI/ R B R A MR 5
DRENZFRL, Ay GRRARRY) 72 RRee ATREME S 1T, AL 3V AT ARG O EH EL T
ML, NREEEZ REL, FHaH CQOKIERMETHLIENBR RSN TS, £, Z0dH
PRE TN, AR R E N E N o0 EWS ZHERd 5 ECTRIBEICEHEETHY, Ehbn
MRITFDE, VAT LAOEHEME T T2 BEEO "D IH7RBREL TELLNRITTHE
NIRNZEIZHIZ B TND. 2O STBLEDD, FifiitEa 5 25 BT, Zno0fA 7R
DARFAIRTHY, CBFEWS (FWopDY AT 7 =TV AT N ThHHZ LM AZITHNS. £D—
J57C, Bajracharya & [30]OFFI20HH HHi15 8912, CBFEWS O A% ORI 7 BB BE 3
DFFERR D RZ T O TNDE DD, ZLDOWFIEITE D% DR ATREMEIZ BT 5 E &L,
EVERHlN R CE QDL DI THhD. £z, CBFEWSIIZBI T 2K FH AR T A2 [2] [23] [24]
(2501260 RHND I, ED IR R A F e I REMEI N RAB 25T NN HOWVWTE KiFSh
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TWBHLDD, FOREARMFHE & EBITHIR IZ DWW TE RSN 7RI ThHD.

ZZETT, aa=7 X0 THERRE A S D UK, BT FIEIC OV TORFHL
TWes, HHNEss 2 B W T BURMNSDIE RN E D720 0T TIH RN Z IO E B L
Thb. FFOY, Bajracharya & [30]OWF5E% H.5&, CBFEWS 3 ARTTE SMS 07 U4 %@L Tl
W Z T > TOAERITERAIDFEEL TV 2. CBFEWS BEA# DT —FTHZNHDFEICK
BHIEMATFRRIGITHE 2 CQODBZEND, CBFEWS D AR, #E2 A0 UEfi REEE 23 BN L 7= R
D0, BURMOLORIIEHNIVEMEEINT-EbE 205, £, HIED 333X /0Iv ~—
DOE R Ml Z 3 R E U CTHRENZEZ EIE L7205, WEA RN FBITR 2SR L DA f& T
HBHOWEELZTL, it CHERE - MEXE~MBEX, 2200 EIZRHAY — I —Z2lL TERIZ
JEEn 3 UK BRI SR A S5 AT, JMGHUIE CIXTAMIZERINOIEUDNT ZIT 72120
LT, A%DERLMERZ AT TE WD oizbDE bbb 7. WTHICE L, BFO
1A O ORI E RO TE A L 22N CE DA LHDHZEN D, CBFEWS D2h $4
ELIIERBDGEITH, BUFICE> ThRENDRE TR T L2LI1LTERY. LA, a3a=
T4 DU I EH L BT OBK BRI FHANERTHZ LI TERESND/ ST 4+ —
VU ANDDHESE 2.

BRI Y 3% IR O R A A2 A TUOND DT TR, BAFSE _EHUIR LIS o [F 23 2 Bh 2 )
T2NWEB 2RO, WEIRE A LD~y T U T PEESI TRV ROV THIREE S 25T
HAH. FlELT, TeAE B ADER [34]1% 2515 THIUR, HERTEMRRREIZI RS EICL
STHLIBE FEOBHELIZSGE T, KEITRAER TR R ThUE 351 5F - farka Bl
W —E R R0, WEHERT OB R TE T2 YE R TEAT 28 CUINE 5 [ 2 2 S R —e R
7 FH S B 2L LIS, B SEERNISHEBFIZRIT DI A D DBIR 2451727035
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K 2- 1. BELAFE2—ICBITOEREE

ISR, Al a =T 4 _X— AR
RIS

No | HAKGFE HEE
Ql | T BT AEF X —3 7, 3 | What is your/ your institute’ s motivation to help

developing countries suffering disaster? How
long are you in the work for community—based
early warning system?

Q2

IR OMERERE Iz DWW CE L
EZ DR FNE?

What do you think is the important factor of EWS
performance?

Q3

EWS OFife 2 PR E 35K 7 (L
BERD IZEE 2 D02 (20, #%
#eY)

What do you think is the factor causing the
failure of EWS sustainability (socio or tech)?

Q4

EWS Otttz m 35720128
7oA NHRIS (R Bh R BN %hEHE 2
B ?

Q4: What intervention strategy do you think is
effective for obtaining more sustainability?

Q5

Fife 2357200 E &bt T
IRBHHT-E LT, MINEESIND
AREN?

Q5: What should be considered to measure
sustainability in the quantitative evaluation
model?

(4) iR
ALHE 2= FTFF = NITRH U CEBLT. 2N e, M58 - B BIRE - EIEEIC B 75
F— AL T =~ NTHY, RSP EOF IR E R EIERTHIENTEL. WIh
HAVAE 2T, 2 MRS Z B L. AU FE o —H#1, #2, #3 DHOEEEE 2- 2, % 2- 3,
K 2-4IZTNTIURT.
ALHE 2— [T TNb A TAL TENGER, 7T X—ATREROMREIT T2, Th
ThoORZEHRT T HBLY, HHEEEIU TO®ITHS. (HHIREFEBL O 22
—HER—PDOLE2—5E T HTHD. )
AHE aA—#]1 (F/3—/VEFE NGO FrJ& CBFEWS BHA&E 1Y) : 2022.12.6, J<5E
AL BE 2 —H2 (R =V RIER AT DR ) « 2022.12.21, JEGH
A HE 2 —4#3 (A ARBUFHEBIBALRF) : 2022.12.12, AAGE
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* 2- 2. AV FE 24 —H#1 HHOEIE

Al

CBFEWS consultant working in Koshi Basin Initiative in ICIMOD providing technical
support in implementation of CBFEWS to increase the resilience of the vulnerable
communities to prepare against flood risks. ICIMOD as a regional intergovernmental
organization for Hindi Kush Himalaya regions to enable sustainable and resilient
mountain development.

Working on CBFEWS for 577 years

A2

Both the technical instrument and community engagement are important for
reinforcing the CBFEWS.

Financial, Institutional, Technology and Social component is critical for sustaining
the CBFEWS for long term.

Government and community ownership development is important.

The will of the government and community is necessary to maintain the CBFEWS.
Instrumentation is 20% of overall CBFEWS performance while other elements
including risk knowledge and scoping, dissemination and communication, response
capability and resilience and sustainability contribute to 80%.

To enforce social engagement or social preparedness, local partner discussion,
training, a program planning takes an important role.

The interview is essential to identify how the instrument works and solve the problem
(also monitoring the damage). The continuous monitoring of the CBFEWS is
important. Therefore, the financial cost and institutional mechanism takes an
important role in sustainability.

A3

Lack of continuous monitoring of community engagement and awareness causes
failure of EWS sustainability.

Continuous inspection of the system. (e.g., no failure occurs in the installed
community.)

Also, human verification of early warning detection is important to validate the
warning message before dissemination since the system may have unintentional
failure. (e.g., The cow cattle may interrupt the water level sensor and it results in a
false positive alarm.)

A4

Continuous dialogue and engagement with local government line agencies, vulnerable
communities, and other relevant stakeholders.

Establish of sustainability funding model to sustain the CBFEWS system

Develop the institutional mechanism to operationalization of the CBFEWS system
Explore to improve precision of warnings

Continuous implementation of new technology based on the demand from the
community or government.

Ab

CBFEWS financial cost need to be met annually to ensure the system’s long term
sustainability

Local participation and willingness to contribute of the community and the
government

Accuracy of early warning

Capability and resilience of the communities

Good linkages between upstream and downstream communities
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* 2- 3. AU FE2A—H#2 HDLOEIE

Al

Researcher from Nepal, focusing on GNSS tech application such as mapping, GIS,
transportation design, and QZSS—based EWS.

Mainly focusing on the region in the Asian countries such as Malaysia, Indonesia,
Philippines, Nepal.

In charge of organizing the rapid prototyping events using GNSS(QZSS) technology.
Working on EWS for more than 10 years.

A2

Sensor data information including the local flood status is important.
Cost needs to be less.

The system should be simple and easy to handle.

False or true alarm ratio should be considered.

A3

During disaster, EWS sometimes does not work because of power failure resulting in
no internet situation. The system is not working because it is destroyed.

Ealy warning message lead time can be very short when the outage occurs resulting
in hazardous flood situation in communities.

A4

Additional EWS must work independently even in case that local communication
network does not work. QZSS—based EWS like method should be independent with
the existing community—based early warning system.

It might be difficult to say the system works for long time, regardless the continuous
maintenance is conducted by supporters.

Ab

Characteristic of “flash flood(#k%E/K)”, not only “just flood”, should be considered.
QZSS might offer additional data path (= early warning message dissemination) but
need to be careful on other potion as well such as sensing flood (= early warning
detection).

Lead time is important on flash flood context. But need to check how long lead time
is required on the target community to show the effectiveness of the system.
Developing KPI (Key Performance Indicator) is important to explain the effectiveness
of additional system if we propose to build the dissimilar data path to the existing
system.
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* 2- 4. AU FE 2/ —H3 HHOEIE
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