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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
b, YHEHI A~ R E RS 2T A~DHA DTZDOIEI N ST T a—F b > THED TR
WDDOBEIIIEFIZHELOIIETHD. 2OV ST ISR LT, Ny Y U FIRIC KT AT
T 551577 [35] NARIBERE A OITHED AL, —EEEIE KL TWDH DD, — T )
IRVERT R ITBNS.
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2.2.2 X—ALTFH—vUMMIAE 22— 2B

SCERFAA D DIZHK R ESR A NI L TENE O OL Y = 2 ) BIZB 5L TWD
DOFEEZHE TE, EO X7 R B3R rlREMEICI R E2 DO TN OV TE KiFEh T
60D, EDRERIRFAGE EOITHR R EAATOZEDOHLSE L. — 5T, EEOEH
D TERSNDBLEIZOWTIIHART AL DL CFIE R T TR 22 5 Z &1L
V. FTT, R TIEII2 =T K ISR OE PR B ICHEEBR I D o AT — IRV 2 —%
F— AL 73—~ b (Key Informant) $ LU GEEL, i@ B EZITo7-.

(1) HEY
A2 =T = A RIER O R Ri R iTREME 2 BT DI O HE R e 9o 2 L.

(2) J7 i
A2 =T N AR IR O B 5 - T B DM SR - BURFBILRFE - i RS RIICXILC,
Rtz 18 B9 572 O R A - SRR D E RIS LD, A Az L7z,

(3) Fik

X — AL T —~ MK TOE A ZE 22— % TN 5. RALFE 22— 34T T
FEML, #ERETIANT —HELTRidRLTz. TO%, fiREe A2 a—Fi R~ —RITEEA
L, SO N ITHEREEDS 72 ) E R R TSR L, FidkE L TIRE LT,

HEIECLIZERIEER 2- 1IORTEVTHS. BRITIE, ZUE DT — A7+ —~ o heL Tl
UIEHER LT EC, Fift aTREME 2 LT D720 O AR K - RN, F7=, Fifee rlErEZ 1
ENCLERFIHIZOWTEML, Frge TR eI B 53 2R O 28 2 TR ELZ. £z, A
LAY WA L7 i S BHT Appendix A 1RT. RO 3 IS CGRAZIT -7k R
RS AT MZBTF DT 4 —< AET V(K 3- 2) BHIEA LD, a3a=7 4R — 2
LR ATREMEIC BT A BRI O 7 7V T — 2 a A FE L.

RE, RAVHC 2 —[FBERBRFEVAT LT AL XU A MR MBEELZES
IZBWTC, FEROFEAAIZHOWT, I8RO E LT, KBE. GKRE S SDM-
2022-E050)
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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

7%

Al

HARBUFBIRR, FH Mm% (T2 A TO BRI AT IELE) 2412
QZSS W= — T AR EFEFERAH Y
HAEWNDOFFEFER, AN BB IIEEDLDIRD, TR KEA~DOXREL TOR
WS AT IS A1
EWS (2392 358108 10

A2

II2=TANTO “IREE~OFENEETHY, BEHL—Re L CTE IR
HREDHAMEIZI 2> TNDIE, FIHR TEXHIETRYER O EA M LT
5. D1, R E S TEIPKGHEIZ, WIDIIHRISE TELD AR T 2L
KEF. GRIFHRED, LEFLED, &)

A3

T2 =T ANTRIERZZ T -T2bl, EOENT IR WD (EORHLLIZ B0
D) BOMBIRNNG, BHIERZ DL D DN EILTLE).
FOXRELT, ARa=T 4T LI —F —A—FDAyE—U DA, SHIZIEEA
Lo DA —F — A= R DAy —V DARKIZED, O NfTETHRENEIR
R LD EN LR E 2R B R A T A7 OB TH S,

A4

T2 =T 4D FEAELZ L. FHHL TOE D EITH XN TE S, LT HMD
BThHoTh, LoWEiEr T 5L, Z0Oa3a=F 41220 TWRNE DN I H
)

Ab

FNENDOAZ2=T 4D =—X |~y F L= EWS DNEIESN TNDZEDFEAM A
XN TNDH X,
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(5) B2

A B 2= |IEC TN 3F TN TG B D S 2R > TR, ZIRANIIANE AT
DE R A i T 7.

ALHE aA—H#] 1L, RN VFEIZBOTT TIGEADED DN TN DIIa =T N —AYK
FHEER S AT MUV, HIfF -t i 7 OME DI D 538 ThoT. IbHIGHT
BHoTzAIAELEL T, ARSI 72 £, aa=7 ¢~ — 2tk FIH R O BRE)~ 0> B
LTI, Bdfrmnse®l, A mA8FILVINEE S EITKF LI AT LORFE THLENHZ L
NHRZITbN. 2.1 THTHik 721972 Care Taker RFDOHIKIZKB T HaI2=7T 4D
Preparedness 72U L, Engagement &V \o7= [ CORRIKIZ I > TC, HRE DI EIIELRWEGEEIT
BOTHRISEOY—RZ A LEMEFFLe30 T i I L TS A T H CEDIDITFIFRL T D
LELOTREBTLHY, a2 =T A _N—APK RS RZ B L TODDITE D T T2
A& THHEVDZENIS DD ol AU FE 2 —H#2 [FKRFFRELLT, (EZEMERE~—
AL TRIIER 2 E~OHfEHZ B TH0O ThHotz, R/ 8= L HE LI EEHD, 13—
NDFEGERZZT, FIREOBFEIZB W TERETHOREHLFHELT, VAT AITATHEZRIRY
TNV THINDRIAANTHAZENEHBE LD S BT, o, (BEREDIATLEHHT-9,
— DD FEGL S TETOMEEE AR ELELRNZDITY, S LT BV AT B FF 2 bicdio
T, W5 R ERRIFICH R ERA BT 5L MISELNILD ThHDHED RLENHIS:
B CThoT. — 0, A FEaA—#3 1%, EFEREREZED LT T, KOKFELZELL, XEENHHES
NIERDOEELT, a2 =T (N TRIEREZ T R-72bl, ESENFIXN D (ERHLLTZH
UV B EIS TWDD A2 HIEE, VAT LAOAMERL N B S EHZLICEAICK E LS
T\, BRI 7 AT 7T LU UM BIEHRED LS, ZNENOME A2 NREDINATENIT5-
EDEIZVIAREIEIEIL, SKFICHL TODIIEIRDIEIDNE D LA IR T DL/ AT A
X T, #ERE BT 28R TELO TR VI B A .

LT, AXa=T N ZPK R HPESR SO Bl -t O Wl 2N @S+ 2 2812 k> TRk
SNDVAT L THLNPRIZ, RIIVHFAM - DB E AT AREED EREFEITIZEN,
A2 =T AN ALK BIERO NI AR A K THD. L L7en3s, 1.2.2 IHTHIR 72X,
77— AN AV (EWS BAFOYIH N OAI2 =T 4 2B XA ICE T Ve —F 2532 =7+1
N2 I ER THLNPZUZ, BB LTLHIEODRNZEEZRE LR HNMNIILT
NESRETEDDEV ST F R R OHERRFE D e INDRETHY, 2OVl b i
BITIANDISEZ VDI SHRTEDD, LV ocBli THamEEHLZEN T# 2R ET 528
DROLNDHZEZREIZ LT,
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2.2.3 BREOFEH

2.2.1 I8, 2.2.2 HOZNENDND, HARTAL BIOA A 2a—OFfEREL T L72a23a=
T AN 2RI BT DED Y S, Fift vl RetE ORI M GREE DA &K 2- 512
THEHEL. 22T, 320H 7 AVTRHEE L. 12 B OFARAAIIE O T, Frilhas
D BPECITEHREAT IR D TLREAL, BECEM O SME DR L VST I2o0W T, BWHAT
FINEARS AT b2 RIZBRS, W NN AET2E THD. R 772 —2E B LB
(I, 2R RO S B DHERF LW o T AR I IR FTREMEICERE 572720, MENKEThHD.
E7RAENZ DU T, DVRVIEDNE. — 5T, Fifie AlREMEEVWOMR AUZSETUIE, CBFEWS ~
DT — A IR Preparedness, EHIRR N AR AEE W > 7o BT IE T IRt rT BEME I B RG
FTHEZEZDLND. ZOIIORBRZE TR D, kA E=2—L TUILD T, Kt AlREME~DE
B, BRI MK R R ORI D723 D& 2 biD. £z, CBFEWS OFi#%4 % —5 v ke
LD0G, BURD DR AWK ERIGHR A FAI2 =T 4~ T 72D DA IE OB L
WS TEBLURD, SR FIIEHRIC Lo T E AR T 280 ) B HZE 22 ECTITEETHLZ
LEMERLUIZ. BI1 OO EL THEF DI STHROH ThHhDH. AAREICHB N Thik EEIC
WU CHABEFTHZESR, ICIMOD THEAF LT EWS &7 7V Hifilind 5728, Ml <iE%s
fTWZNWEF R—a [ IFETD. — 5T, E0IcEnsoffiathEic~yFrrats
MEVSTRHMIIZEEE THY, ZNDDOKIRIZ DN THL—DDOFRETHS.
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% 2- 5. Ao =T R—ARHEROFEHG T EEMEIC B T 53R (req: BERT—T L)

ID 57 FEfge alREME ([ 1) 7= AR RE

CBFEWS-Req- HeAtrr M mE —

Challenges—01

CBFEWS-Req— PR Dl L SN X G VINVA B R AW A YA AN
Challenges—01-01

CBFEWS-Req- RO T REME B ORI, 77T A —=°
Challenges—01-02 TOEHE N BICLDMEEN LI THD.
CBFEWS-Req- HEHEA O MEMER | BEPETORSE SIS ES R T L
Challenges—01-03 ANSYAR

CBFEWS-Req— BRBATRRIECT —F | BRSO T — A OILRMEO R RITE

Challenges—01-04

CBFEWS-Req-
Challenges—01-05
CBFEWS-Req-
Challenges—01-06

CBFEWS-Req-
Challenges—02
CBFEWS-Req-
Challenges—02-01

CBFEWS-Req-
Challenges—02-02

CBFEWS-Req-
Challenges—02-03
CBFEWS-Req-
Challenges—02-04
CBFEWS-Req-
Challenges—02-05
CBFEWS-Req-
Challenges—02-06
CBFEWS-Req-
Challenges—02-07

CBFEWS-Req-
Challenges—02-08

DILEM
RO PR SO K AN

SKF IO @

F A

LR FE D TLRME~D
A K A

BURFRPAT AT D 71
R

Y — LD
FEMEAT ~ D
\Z XD PEEE
A7 il = — KB
i

=R LSS NVYEY /]

TE AR 72 2 FARRIE A
T A (R A RT)

> CBFEWS ~0D ¥ fif
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0, TR HEMERER DT OB IIRFED K
IR EER D L FH SR AL TLED.
7B MBS DZ EIFBS 23720 )
AUEZRB7200,
KERRBIZLSTEICAZ—F Y NAHE
RSN CLEITLITLY, ) RE
L7 Z TV AT RS NAHRETHS.

BRI D TLEMER D /2SN TNDHZEH
TR~ DFRHRD2UNT LDV E RN BAALIHS
HTLED.

AT AT RT TAR— I —, BRI
L D38, Bk SR ~Dx 7 —
VAN D HRETHD.

BT —P —T LR TIIRNY — L2
B EEITE T HNARETHS.

P )7 1E DN FUIR T O kAR ~ D
BEIXI BRI NDRETHS.

JE g5 ek D = — X% 43 [ ZERMRE L TR0
VAT LD EEEI TR T HREXTHD.

T2 =T A DRI RAFHEL TUORL IR
REITRETHRETHD.

EWIIIIZ EWS OREBEMEREA R 9572
WZRUNVEATHZENM B THD. Tzl
T, Hia oL, 7T AL T52
LT, VAR E KD ZENTED. Tz, &
72 BURF 72 EBO AT YR — R D4
L EECTHY, FFRRICRFEN B LE
Th5. YKV AZBREZOHIE TIEI0 ¥R
—RRELIRLT NEVI R H D33,
TR E ORI WA THDL— 7, FE
TIZEBATHD.

— BT DR R RE TR ME AL
HD. L, ZLDOT SAAERAEEHIC
HEL, {2 T35 ABITREN TH
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ID 7 %A Fifor rTRetE A ) 7 AR
CBFEWS-Req- CBEWS ~Dx> 4 — | CBEFEWS ICBW T 7 — U A R4S

Challenges—02-09

CBFEWS-Req-
Challenges—02-10

CBFEWS-Req—
Challenges—02-11

CBFEWS-Req—
Challenges—02-12

CBFEWS-Req-
Challenges—03
CBFEWS-Req—
Challenges—03-01

AL X Preparedness

AP =R R0

LS r—

IR R~ DAL

BRADIETTEDAR

Hifi
AT

N IR L DNAE T
D5RAk

33

O HE(R RE EE (Social preparedness) OH#ERFIT
HETHD.

HIIZ A4 —F— o FIISFOIN, fERRS
NHZETHIE D EWS (26455 %1
7. EWS OGO EHICEB T 2 To7
T —RIZBWTHIE D CESA A Z LN E
FEThHD.

MZ T, P—F TR L AF 2 — LR AN
/8 Sy IS A AR ¥ AN ::Y [t TADR Y ARARAN-S
Thb.

A2 =T AR RERIT BN T, BN
PRI L, Al T B LW
DSz L DT ENEN R THRHE AT REZR -
WA 5.

E=FYTL, FEHESIT EWS ISR 55
23T E N TN B R, B
M7 7D M DS HAVRVIRIEZ A2 A TL
+9.

OB EZ T2 LT, EDOIINTK
JELTZ0 B EBIL TN AT
EWS LU TOMRED 313 R A b T2

ZIE MO W IR A RIS AL, R
DIENEBRFH I 1 HEtE T 5281280,

EREDOY—F =T KON TID—E
DOERALIZ 72T A



2.3

BUIREBRED XL

TARHA SO REL T, PUKRHIERICBET DL T ORI AR LIz, X 2- 6
(2= T7 U TR R AR T,

BRFSE EHERI 3T AWK BRI ESRITIE, 22 =T RN AR ER BT e T TH
0, Al KRR O I OHERHZ LD Z DOF DRI TN,

BRZS IS EHURIC I 1T 230K BT ClE, il L DY U A2 G T 572D OFF
fo AT REPEICIIRREED BV, 8 U7l Rk B0 RO HID.
BRIk C B UK IR 2T, aa =T RN AR 71T C],
BURFIZ XD UK R A AT 206 F CE DM L7 > TV DD ORI A BRS R E T,
EDIH7HER D E RN BRI A b 7oL, Pk R ERIC R 5.2 57
IEBOT 7 a—F RNHELDO0, THENOHIE TEIN ST Il T T a—F 5 &)
OHBHTEEL <, BHE O T i R E I ITRED D 5.

B M LIS O Mg A3 Z R AT To > T, FRBE AR 2 721 U7 SR 3R 0D 3T
BT T INIE#HOH THS.

TR I D B, Bk & Zeok RS2 L 3 e 32 Mk 238\ C, lUICZ OB
BELEOL, Bk EAKBSEL2ETHD. LNLRRD, FRIOHTICHESE, LYYz A
FOTDIZELREFEITEE DY, TORELZITITO DOFHEFIEOREEN A+ ThHEB 2
7o, Fiz, tha B, BU, a2 =7 MM AER 228 TR0 TEBIN a2=7
= 2 B O B E 1L — ATV D 2WE D THH I EE MRS LT, 2T, AHFIEIC
BT, [EILTD, aX2=F AN —RBBER O UK EERIMT 2L VY = R ED
e D ERE BARITRE CEDN A T PEEL CERTHZ L.
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3T e THRSE

ARECIE, IIa=TF 4 _— R K RS S 257 KDL DY A [f]_EOT-D D EEOEE T
BN T D100, LV R =T VT I dT I =0V AT LD D 3 DD#L
NS ICATIF S AT, TFIERESZ AT C, AR CHO XA R ET 5.

3.1 HAY

A2 =T AN R RHER O PR FARBU T 7oL PV 2 A LD O RO ER
1TO7=012, WK BIIER DA, LoV R D =T U I AT I =TV AT LD
D 3 DOBLENGFATH R AL FEhEL7-.

HeK B OFEMEL TiE, #5ETDH CBFEWS DR MR IS, BEFEDFZEID
CBFEWS % & D IDNZFHIFENFIET 20 &I T 5. RIC, LYV RO Bx ST
BIEND, LUV AT =TS FIELL CEO BB HiEma O . i, Sl
ORI DRl % BECTHD CBFEWS IZH LT, YU AT 7=V AT e fikE A,
WELZBRIC, A RIOMFIER M THHL YT A\ EDOT-b O &S E2 BRI E 52007
AT THBRET 5.

3.2 WM&

3.2.1 /K FHEH O

BEK BRI LD EBLEIN DL DY T ARZ O RN R AlREMEORHIIZH 7=, F
TR A7 K BRI Ko CER S AL D R E 2B 95 B 582 T 5.

Carsell & [36]1%, YK RIIEHIL, LHIFTA B CILEIROBES, 2L TELOZRICHET
ZREON &I, BIEZ B AN OGRS T 5720 Ol % 52 55D THY, ZOFk
TR OB XY, Nt ENMEESND 2 L a2 ok RIS O M2 75720 O FiE
ELTRRELE. E7, BB OO 7= OIS TR 42> D H 73— TR E L7257
ZEERLUEE L, EENRAFEAEEL T, RABEOWELZE T2 ck> THLN
HHOEEF L. FIZIE, — RIS E FEA BRI SR DR S 5280, Pk iAETIC
AR IRMAR T2 & DIE (2 Ko THERR AT 2 SNAIRREICER EEH § 528728 T,
PEARLT HIENZETOND. F2l, BEENRERERISITONL. FIZIE, BokRAEIC
FoTAEUAHABREEO B LB RIREE I D Z S IC LD (AR, Kt EDIKRE 5L
INTELLDTHS. HH3, HATITRENZREIR S ZET O TEY, TNHITHK DR AE LT il
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DFEFIZL ST, PKDIEEL TOROHIEO AR BN ML LICE A LT-b DO THS.
Carsell & [36]i%, ZOHMHEDI L, BAKDPE O FHHI AT REZR2 P TR R LU TH 1 DE R 2
AIAREEL T, RARBBIZEDL D THY, WIEWLE DM PEDRKIZ IO EZ BT 2
HLOTHHZLIZERL, ERALELTRo7.

FT, ef £ UK ERDOBRITR (DD INTESI, Big: FHEHE AIZLHHF4E (inundation—
reduction benefit) |ZZ(2)E L TEREINA. (2)(2)

eff =Fpy Fy-F. (D
E[Bg] = (E[Xwithout] — E[Xwien]) - ef f 2
ZIT, By BREZ T ROBE, E, R ERIONETLIEROHLTROEE, F, 5

BRI U TR ANCIS A 5 F B2 > TS (EITEBI T ARNND) EIA, Xpithout :
ISR IR B DU E, Xyien : FHIERD D556 OUAEE TS, ELNTHIFHET
o, VBEIRRERERE T TR A, EUREMERSFRITOILD AR RV AT A,
eff75 1.00 |2V AERL, RERTEHERTRAR 07T AT AL, ZhEERHDRDEL
2%, F12, Xwithout X Xwien / FHEKIRIE (Fipgensiey ) (Carsell HOAFFETIE, # 3- 1ITRT LI,
BIKIZ I THAET HRAKIRS LRI LUK RIS I > THIRY — R 2 AL (LD) D2k TV
VIT T T =T MKV G265, ZORITILERE BREPKPEEDOHMFE 11 NTKT 57
=N RESEITERS NI, B, BAKERS 1.22m (SZET DI RUMKRBBAELTZGEIL,
YKBEE TOY—RZA L0720 (WK FHVERDBIFELRD) 5E11E, FM o 35%03 8 E L
ZATDOITHL, V—RZA L9008 6 Kf#] 52 bviuE, ZMOEFIT 2%z bindbbnoc BE
ThHD. 2OV EZDOBE, Xpithout \ SR LU TUE, U—RZA L0720 (UK BRI N HFE L7
W) EOBEEIE, Xyin (T —REA LR LGHOEFE A ZERL, (1), XQ)ZHW
MUZ, Big: RHIEHE NI LRI 2 HEE T HIENTED.

ZDIINT Carsell DIFIEIZESTIX, RHIERIZEL > TEMSNDEATH - LSRR PERE R
FhB R LR MERIC Lo TERSNAFISZ R M TLIENRETHD. L Ledn, KET
IS E R AT ML TROLNDRBIFRL D) = A0l IE T 35596, i
Wi - AR E B E X 72T T MEEN L ETHS.
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# 3- 1. BoAREFTOV—RFA ALBKIESICLIEE~OEBELS
(BEXCHR 3612 LI EH T THER)

BOKIREELLTO HAKFBEETOY—RZAA(LD)

RIS (Fintensity ) [ 0he | 1hr | 6hrs | 12 hes | 24 hrs | 36 hrs | 48 hrs
20.30m 0% 0% 0% 0% 0% 0% 0%
0.00 m 0% | 8% 6 % 5% 4% 4% 4%
0.30 m 7% | 15% | 12% | 11% | 9% 9% 8%
0.61 m 23% | 21% | 17% | 16% | 13% | 11% | 11%
0.91 m 29% | 26% | 22% | 21% | 16% | 15% | 14%
1.22 m 35% | 32% | 27% | 27% | 23% | 20% | 19%
1.52 m 40% | 37% | 33% | 32% | 27% | 25% | 23%
1.83 m 45% | 42% | 36% | 36% | 31% | 27% | 25%
9.44 m 55% | 51% | 44% | 43% | 38% | 33% | 30%
3.05m 60% | 55% | 48% | 46% | 40% | 35% | 31%
457 m 60% | 55% | 48% | 47% | 40% | 35% | 31%
6.10 m 60% | 55% | 48% | 47% | 40% | 35% | 31%

BRI IZ SV TE 2T, Aerts B [37]5° Lopez & [381IC& AU, BK DS RLHR 2 I
&, ALV AT ERE, 2RI DR B IS BE T D UK BR D F1k, HDV IS LEREE
DO EAEH VST N OITENVRHEIZ IR &, 2 b3 REEHRO ) R BT 5L D00
RBIVTWS. Lopez B [38]1, ZDOXH7RT AT MMZBITFHE %% Social Preparedness (E,) &E 7%
L, w23 0(3)(4) TET ML, Social Preparedness 23k/K BHJEE T 27 LD E-

Y2 Lot i) By

_ Et—l_AEt—l forRQE=O
E‘_{ Ec1+x  forRy>0 3)
In(2
2 =22 @)

ZZ T, A:Social Preparedness J8ZEL —h, 7:Social Preparedness -J8##l, y:#t/Kizxt32
Social Preparedness ~DFEE~ 7 =F 2—N, Rop : BKFRORAETHS. X 3-112X(3)@) T
IZE ST vy bR T RET WIZESITIX, BKORERD 5 AT 572N, Social
Preparedness |3 5L0 D, Bk ORRERR 2L, EHIMVAZFRGERN @ TLEXE, Rk
HYIZ Social Preparedness IR Z RS, A& AIZITHARE DA IV TrE Ry - kAU
TYAT NIADBRS G AT L L0,

Lopez & [38]DWFZEClX, Social Preparedness LAAMIE FHIEIRIZIITA TS E T HID
EfESHET VO TEEIZNZ TS, BN False negative (AR ENZRBRLL, BEIL
720N THIUXFHIEHRO IR L2, PeFE IR TER. £ D728, Ture positive (KA
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FHIL, BHZIT)) Thiud, KEOHFRBUNROSH LT AT LEMENEKIND. False
positive (JEAKFEAEZFRIRL TLEIN) IZOWV T, Wb b Tl AD 4 | (ery wolf) ZhREL TE
DFAEMRNGZ DI VAT AAOFBZONTOMELSY, IBED [3TERREAICED
T2 DR Z R E RS T, SR FHERO DRI ENGEZHZEMBILIZ. —F7 T, Tl
R B0 P O ERES IR T 4L 2 HERIE OB B A Z B T 5813, WKFERPHBEIIRAE
TOHRIG, PKFESEPHEBEITHAELRWEM TS TIVEE THLHZELRL TV, Lopez
5 [B8IDHIFEICI N THRIERICE I T DL EARME R X BRI RICHEVEE G ZE
ZIRRTERY, SEGRET HIRWAKOEFE T D532 =T A _N— AR ERDE A RO E
AR BN T, BB R ETHZENEELNEB X O, FoIhUTL > TR
MOFHGRNEL NS T2 BLE CIIEE D B W E - LITR BN EB X BILDT=8, Aim 3 TiIxtgst
L92.

ZZFTTEIHSHEIZELU TORER T2 OWTilgm L7228, HmEEL TOFEMD F 1
HWIZBWTHEHERK T Ths. 1.2.1 HHD (4) FHIEH AT LR 2.2.1 HO (2) A32=T (X —
APIKEROTEAPRPUZIB W Cilam L7281, JettE Tl R W A7 MIZ HILR DR
SHTHEY, MERREIIHIEERO T OLEFRVGRON, FR2=T A _N—ZRHER O LD
IR G IR B IO RSN DV AT L TIIIRIC IV S AT LD RBRDINTZY, VAT LK
FEICESTLED. AT 2 R #S AT 2% 6L L7 Sittele 5 [40]0#243TlE, HER
NTF—< AL BEWS A A= bOEEMER AL, 74—~ AN—RILHV AT
LT 2 aT TUAREEEE L. ZOFFRITE N Th, KL THEHETHAI2=T (R — R R
WEREFRRRH R 2L AT 2 ESNTRY, BRED®mWEE N3 RN —R Dl
FhET ML RO THA.

ZZETORATHIEAIC LRI U7, PR SR S UK g 5 OAR R A B D1 DR -
H O mICEEDE, ERANI R ERONRINE DD DY AT bbb A HIZOZ, KRBT
LTI 4 =< AR T A=ZBREZN 3- 2 DXL, AT ILOMEIZET
DRI LU FICHEPE 5.

o UUKBAEMIICI T OV A EOEKE S, SRPE ORI EIDE
LIV F)2E (Flood damage reduction benefit) D& HARZ2 & EHEO I CTHAHE4E
EL, ZNE KR FEIE (Measurement of effectiveness) EL7-. (KfEzL oY=
A EOBERE R WELTZBRICOWTE, 33 HTHLER TS, )

o UK EHIEH D% (efficiency of flood warning) 1k /K M DRI FET 5 A
(#E, H/3Lw) (public that receives a warning) , KIS E T2 EBOHH A
¥ (public that is willing to respond), HEZKIZE DRI T H_RENEHI > TODAEK
(public that knows how to respond effectively and is capable of responding) DFfE&L
TRShHZEEL. (K (1)) (Carsell 5 [36])

o  HIKHEDKBIZIVELNT-FZEDEF (Flood damage reduction benefit) it
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K BHAEE SR |2 LAY — R Z A A (flood early warning lead time) , Ht/K FHIEEER DO RhR
(efficiency of flood warning) , #E7K5®REE (flood intensity) &2 T, IRESNHIEE
#lanbRHashszeeLiz. (X(2)) (Carsell & [36])
o tEEMUEMREJE (social preparedness) I, 8750 kK & Br (UL /K 78 £ (flood
intensity) , HE/KHEEE (flood frequency) ) 12X > THIES I, (EE (public) DEERIZ
KLU THEL G260, YKIISESTLEEDOSHH ANH (public that is willing
to respond) , #KIZE IR T D RE D EFN-TUD AL (public that knows how to
respond effectively and is capable of responding) {25224 KIT 92 ELT=. (Aerts
5 [37], Lopez & [38])
o  FRHEESRO/NT 4 —~ ATV AT LOE M (HER) ICEVRESNDH D TH
o7 (Sittele 5 [40]) SOIZ, POKFIIERDO HE T 4 —~ L ARTA=FTHHYL
K BRI LB —RZ A A (flood early warning lead time) 38X UNVK FHAZEH D
B ETAHANE(ENE, 13w Y) (public that receives a warning) |[ZE2-¢ A0 &
L CRE D7,
3= 2 DISBRRRSHELLITTIUL, Ay T7n—TRINDVAT LI ATIVAET IV
4INCEBL, ZO AT LD ZFERIICHRINC IV FRIT 2 LICiE A TE 5 [42].
(5.2 BHIZTHMAZIR D) — 7T, 2O TA=FZEURDBBONICZILTODITH 0 05T,
A2 =T 4N RRHER O SO 2R EHIIC R E LT AT AT I BT A RIE R CTh S,
ZIDZUT, Fge iTREMERCL Y = A W) k& BEEELTZ CBFEWS D3 ATIZ oW Th MR,
BWIRORMPDHDHEEZ HND.
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1.0 . T .

0.8 |

0.6 ]

0.4 d

Damage, preparedness

0.2¢F d

e 1l 1.2

l 500 600 650 700
Time (yrs)

X 3- 1. #eAEEERAIZLED Social Preparedness DENIZAL, [38]

]I Flood early |
| > aming | Veasurementofectveness
! lead time ' 2 >
........ i : [ ‘
3 system E(LD) ' ! E[BIR] '
' reliability : R i ! Flood !
i availability ! i damage |
i of system ' i reduction !
: 4 4 ' : eff /' benefit |
: ; ! '
i .. " ' efficiency i
i : ‘& public ! of flood '
' e 3 that ! : warning i
i systerﬁ : receives a ' N A !
: b : warning i
| maintenance ! '

E(F,)

CBFEWS availability &
performance model 7T TTTTTTTI IO I AT m I A n T T
F,
public that
is willing to
respond

F, : Fo
public that knows how i intensity !
to respond effectively i Flood !

and is capable of 3 intensity 3
! 1
L 1
| 1
| 1

responding
E, / Rok
social Flood
preparedness ! frequency

Social model Environment model

X 3- 2. BKBHIERT RT LD RBEDTZDD/NT 3 —< 2 ZAET IV
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3.2.2 LIV AT o=TY T

ZITE, AR SUCBITHEBEL THRT TG, LVV T REWO B OWT, HRETD
B & ik~ I 72 E R A ML, LYV A (A ARRE T, M, HR
77, [BIE 77, g (L72esena&) 48) L1, [the ability of people or things to recover quickly after
something unpleasant, such as shock, injury, etc.] (H{#: Oxford Learner’s Dictionaries) &F2S41
TWDIINT, BELLRWVIRIEEDNLDOE T DRES Thoh eI, AR PRl LGt
B2 0y B OBLSINOE DB 2 FITFIEL, BIRSL LFRE VAT LD TS, RS
FELTHADED LTS, — T, LYV ARGV HEEN SRS T S kel
RELWEC TODZEBIRMSN TV [43]. 2OV oo minbh, LVYT REW) L TERD
b, A O DN ER DS, I T, XMICBIT2EREZNZIVHENL, 22 =74 X—2R
R ERZ S RET DA THE T REL VU 22TV,

Woods [43I2&4UE, LV AIZONWT, IROADDEARRLBESITEE L T D,

(i) FIU~LOEIE &P ~D1E T (= Rebound)

(i) D4 F (= Robustness)

(i) WEFHMED SR, HDMNIEE/2PEFEM: (=graceful extensibility)

(iv) RHFRE~DOKRISHE NI EHEFF CED T —F%7 7T v (=sustained adaptability)

(708, BoHata=741, JV—"7", FIHENIL, FTU~ LR DEER 72 HOR R RS D
AR AE KNG, DN % L0065 E[EIE L TLLRTO IE 72 B RE 2 Y A D D7 | £V D BER
DAEESD (1) D Rebound (ZBHL T, IRELIREE WV ST FLIIH LT, JLORIEITEIFSE O
DRESIDZEHART . ZOWA, BAIZIATROIMZOLOTIF L, VAT R LR E
DEH7RRE S EBPRPAFAEL TWIZas B S5, B8 OMEL) 2T 5RE /18 L CEELILD (2)
? Robustness IZBLTIE, LYY ALV FEELUFZUITIRFISN TODEE DR TN, i
THEOGFETHEHNLILIINC, B SANMEIX) AZICBUE CTHY, EF7 L EL TEEINT)
BLICKI L TIRED G B DM I LT 2282 F o0, LUV ATORGITL LAET
MMESHTORWAMLIZH L TTHHIEREHM SN TS, LYY AE S OxRE 2L,
RESMIEHE L7 BRISHEIS RE 1 2 E D INTIRIRT D2, LD RIHE B 9%D13(3) D Graceful
extensibility TH 5. Hl7zL5FHEL T, AL Ea— 4P A2 RO 5B THOLN TE
Graceful degradation EVORBEERDMFIET 2723, ST EIZH LT, PRREL L OIR N AFF
BLEENROE, VAT WEII AT LN R HLHMEE FEISTRHIHEAETHEL, £DOMEREL N
IR T OBRRIZEBNTI DL EOBMIERLREELFHETHEN-72E 2T [44]THS. ZhITHL
T, LIV REWV)CRICEB W T, B\ graceful extensibility 2852 27 A%, JeDRRMLR
7% THRIL, SMELAFE L, UG T D I E & HE 32 readiness—to-response A F§D
BENEFRFOLIND. SOIT, FERO AR OFEEITK ST D1 a2/ CEL Ry NI —2 -7 —F
TIF ¥ —ERREIND (4) D Sustained adaptability T, FHGERZRE I IEZ A4 3 JHICEH#L
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BT 2ROV THERL T, DL R AR 2720 E IV T2 T —F T/ F ¢
JRERZHERF T D 2NN EHFLETHHDOLEINTND, ZO LI, LYY AENI S HEN
RAWBILIRTIE, ZE DO LM EIEZ 22T, ST E 1552 L1
EENLETHS.

LIV AT =T U7 ) AR A 3 B X172 Hollnagel [45] [46 I3V, RERT AT A
L DY AR A R AT DIIELL FO M2 O EEARE ISR EICEE ThHEWH 2
ENRRIN TS,

() XL TES (responding)
(i) BEHCZ% (monitoring)
(iii) R CT%% (anticipating)
(iv) ¥ TZ% (Learning)

E72, Hollnagel [45] (46113 %2 4L F B EL AN HAEA T BT E | LU o7 K512, ek
DOFFIBERCIE TR CERSNDL A Safety-] AT, VAT LARKRERAERE T
STHE RFOBEREEHERF CERWEE, MR TS CTLEIE (operation) Zfkfkt T& 5,
(B R R 72 KRBT BDRE T E D | &V T iR TRIE BNz, DEOL DY M DS Al REZR
Z&% Safety-1l L4107, ZOBEERIRLI-LOEE 3- 2 1R T. OFY, BEBEEAEYIC
T HZET, SMELBAERFTIT SR EL b DL Tz, BERHTITFER Bicbiib
NDHEND, WIX Graceful extensibility ZBIZE ELT-H D THHEIR TN,

Hollnagel & [47JFBIDCHERIZIBNT, FEFFRAMREINOD T TR L (AT DIBIFHILD I
BINT —< U A) D FEETI2> TS, X 3- 3 IZZFOBE&ERT . Safety-1 I[ZBWV\ T, “&
TLNBOEDLEDT TR DONT, BELLZRVIREEE, 2R LIS G, KV RGBT
TeRRIZ =L THY, B &2 OFFER R OWTTIR RS TRV, — 5T, Safety-1l OB 2 F7
IZHEADTIE, JRETHTUR AMTEELLARVIREE, @F R, JYBRSEBCEIRFE2TONR
Tr— U RIRBBDRI KRG L0 D . ZOIINT, RENRT AT DA T HIEEB X TR, VAZTE
TR I ] L~ DF v o ZB R BB IC AN Y AT DT AL LT, 20474
(R TIFL R E~DOXHLEE b EH, RENCOI-VEEGRICH ETEHThHAIE Vol
EZThD.
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& 3- 2. Hollnagel (2 X528 :5x [45] [46]

AR SN ELFE LY TE B
- . HRBE T/ a2
Safety-1 e [ZSEEts 3 (B8 3 /AN PN
Safety-II 15 LEREIT R 2 ORpER L
é ,
Focus of Safety-Il: Everyday actions and
outcomes - risks as well as opportunities
g ™
19.19419.1%
15.0% 15.0%
9.2%
0.1% 0.5% 4.4%
1.7% |

-3 25 - 15 -1 45 0 05 1

Focus of Safety-I:
Accidents & Disasters
N J

X 3- 3. Safety-1 & Safety—1l DR LTBA L MNERER BE [47]
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Jackson & [481% [RIBEIZ, Graceful extensibility (Z¥H 9 A& 2 T OEH AT TS, K 3- 4.
Jackson HIZXAL VYT ADIRBEERT T /L [33NTRT IO, LIV ATLL FO7T 200k
EZZINIETT VELTAT — b UASIDEERIL,, TNONEA N CNT —IZHEVEBL,
PEREDS B F 42282 RILTWD. ZHUL, BRI AT LADOT 7L —RORRLT, JIT VR
EHPREEDDH LM T (BERkOM L72E) TIEtEREnm L5286 H01552 2R L TS,

(A) Nominal Operational State (G % 1 F IR AE)

(B) Heightened Awareness Operational State (BakD =\ RBETOIE)
(C) Non-Functional Disrupted State (FEREREA 72 [EEIRHE)

(D) Partially Functional Disrupted State (—¥#E DS EE R 72 ZE R AE)

(E) Damaged but functional (EZE23H2570°, HEREI TS FTHE)

(F) Agreed diminished State (FFARI I IBEIREE)

(G) Decommissioned (B I {RHE)

s

22.Event leading to

partial functionality —3> D
>

State-transition Diagram 8

24.Eventleading to
decommissioning
G

26. Eventleading to

PR 20. Final
decommissioning
G

restoration of

normal capability E. Damaged

but functional

F
25. Event leading 21.Event leading to
to agreed non-functionalstate

9. Disruptive Event
thatleaves system
functional

12. Additional Events
23. Event leading to

accepted
diminished state

diminished state

5. Restored to

3. Non-disruption Event A.Nominal C.Non- 16. Final Repairs or

(Within design limits) Operational Functional restoration of
i 6. Disruptive Event . ontrol
Sf:;e (‘::t: ol’t that ren:ers system Disrupted
1. Disruptive Event without flater non-functional State
(Outside design limit - flaw or 8. Di tive Event
System survives without approaching - DBruptivecven F. Agreed (or
obvious damage or loss threat) that renders system accepted)
offunction) partially functional Diminished
9. Restored to 7. Partial State
:,;:::;::i:: ::tri:‘:l 4. Awareness- nominal Restoration 13.Event
heightening Events Beyond

operation

Interim 17. Decommission
28. Event leading to Capability
decommissioning

10. Additional D. Partially- Final
6 B. Height d Events (Within Functional Repairs
- Heightene Interim absorptio Disrupted 15. Decommission G
) Awareness limits) Stat -
27. Eventleading Operational ate Decommissioned
to agreed State 11.To and from

diminished state
F

Disrupted states .
(C&D) ‘ 18. Partial
Restoration

3- 4. Jackson HIZEAL VYU ADRERBRBET /L [33]
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INHEDOL VYR THIATIFRIC DX, KGR SIB R RET DL VI T U ADE KL
ITUVZUN. X 3- 2 ITTHEFEL 7oK RSO R T =< U ZAET ADDE 15 301, KR
R LB EARBR T, v AT LAOE MM (F71X 7T HME  availability) <°, fherYHE(R 8
J& (Social preparedness) (2> CHESRGMAIIZIZERL FTREMEDSRE 2 K| 2 LKL, o Tr—~v
AZEPIET HT2H D Social preparedness (24> THREFHARHIGLND R ERO D RL L E 4
S TAS AT

LV E ATy V=TV ZICBWT, VAT LD /T 3 —< 2 AD Rebound fE 110
Robustness B8 /) D & EALEAT S TP FEIXFE T ZMFAE T DAY, Graceful extensibility BE /&L
TETIDUAT LT =~ A A WIS E BAL LT ST LR D720, Loy 2l L
T, NI —v AEEBOBLITOWIEEL T, ZFERZDOL VYT AR EOFH|IEL T, Daniele
5 [4911%, FEBEFEBRE R - T EHIR LS  BREED /R TA—ENENRT =~V APRES
NLOLDELTET MEL, HERGRINZ BIEL T DT 4 — <V AZER T HI2OITIE, ETITEA
Ly URAVNR SN ER T HET VERRE L. £, FHEBOL VU AGEGORIELT,
BARD [6011E, FHEICRITAT /T2 —H L TOATAX T VKL T, BEEMROBLR
IZBIDIEREL THEEDORMERATII KL, LIV 2B EE LTIy a ERRE
HOm FITHIER LIS LA, EHEFHCIITTREROBTEEWRROENL, RERITHIEY
LRI AREL T ARG AR E LT=. £/, Sterbenz & [G1NTKENZB TR R T —7 81T
DUWTHERRRZET MED I, BERAERIIEB T3 7 4=~ AL~V OHEE IR L
T, EON ol ry N — 7SS B R A U CEEND YN SS TEDDERBILT.

UINLRRND, RIS O STV T, FRIaia =7 1 _X— 2RISR O 43 85 CrIHI2 By
WA THRATHIFEZ AT B TR, e, AWFFETHREL TWDLYT AT AT, SRitEE O
LEI2 D, JOEAN, #EDOMREID/NTo AL TERSNDY VAT V=TIV AT L ThHD. £
DOELET, Fiff-H2fEz2Z B LIV Y RO Gracefully extensibility ZE &L L, D/}
T A= ALV RIS T D 2R A BB LT BTV AT AR EHCE A LTSRS
HEO RN HHEEZ 5.
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3.2.3 VT TI=HIT AT AOZEM

IFT YAV AT (R EIR AT L) LI, ERSNZ BINEER T 572012, AR
FheiE G WO 7 o2& L, HOEAE AL TE(EITIVAT LDOZEEFRT [62].
T OB T, JeEEOL O, BI®E IO O b b, AMMEEHROSD
DT AZEL, HEIFEEAL TH THLEREBFLLEVIBLATIE, Wbyt T =%
VAT REE 2D, LInLenG, BRIz, FEETRONAEH7: Kelman & Glantz DEFR
RINCEDry T XY EIXT AN AN OB K FIERT 7 0 —F (RHEHITINT, 2O
TR AL T e ADBEIZ AL =T 2 NZ D) TR, 77 —A~ AV (EWS B
OYNDAI2 =T 4 ZBEIATe) 28D, KOV VAT I =N AT AELUTORHEDR TR E
EZD. TONST BT, RETIXY VAT I =WV AT AOREEZ OFHE T T 558
FFRFZEIZ DN TR B,

Bostrom & [63]D[X 3- 5 |\ $ET MIRONLIDNT, YU AT I=JN AT LTI, #R%
BT H—~ AL D HWZERIZ T 72 B RO 2 2R T D72 O BN\ T4 GE B,
SEE BN 2R LRSS CEES S, YA T /=AY AT AOWNE AT AELT, #
ik, ADBIERRKEIS Social System E/N—R7 =7V 7 7 =7 LW ST 5 N T, £7-5497
X THHZAT (Work) TéhD Technical System 2MFAET 5. ZIVHDME A HNZ/ER L BN SEME
BITHOZEMRTHD. IHIZ, ZDONERL AT LEL TIIEHEZ 2B B (Complex Environment) 2%
BY, VAT TNV AT A, SN OED AT OEELZ TR T WD, MR ERREE D
B T HIETIND.

BEMIRIE Complex Environment

VAT OZ NIV AT L Sociotechnical System
=R VX T A B AT
Social System Technical System
TEISEE IN—R-Y Tk
A 1=

3- 5. IVFTI=HNV AT ADAL T IR
(BECER (6312 EIcEH I THER)
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Bl th T AT A, FITHN AT DX R DR E L DY AT I =V AT AT
DT, TOINIVBRFIZANT 2L ALy URA U NARFR T D72 D DRl TR T D0 R
IV TU%. Oosthuizen B [62]1F, FHLWEATRT AT AN N DOVEEIC KAFE T B O BRfif %
TiETAZLE HAIEL, Cognitive work analysis (CWA) XN System Dynamics (SD) #ft & L7=
BTV T a—FERE L. CWA X, LW F DY AT MM REE E D IR —
NCEDDE I T HFIELL T A 223 B CIE SV TOLDD, 2O RICH D bbb T, VAT
LOB72ZE B & SE R ERE T D70 OB E KB T DI DITIIILIRNS L IETHY, Fiz, HH
B TH LW AT DERGHT 2D TR, B FEOVAT D& I T 572D S — A0
%<, AAFIETIE SD OFEZHNT, JHRELTHETFONTNDaIa=T 1R 7 (K0 5h R
B - R0 IR B A EBIL, JLIRE B SR TRINAEZEZ DD, a3a=T A OEJREFE
FRAIZTE F 9572 OBEUR < Bkl ) OB FUAIZBW T, HillEii ThHHrY =7 R—2D1E
MILF AT A ELDAI 2T R T O ~D G DOWTCEEHi 1T o7, Pence &
[54]1%, SoTeRiA (Socio—Technical Risk Analysis) 7 L— A0 —27 LR HRERR OAE &I (42
AR E) HATERIRITE (2307 L) ZBERINICHR U, igro Rt —~r T —
OFHAAERNBECAI AT ZHEE T 5720 FIELL THIDNAESRGRIIV A T EAA N (PRA) /
RGN 22 MR (PSA) 2 _A AR Y —7 1y b —7 (BBN) LW ERAY Fi5EE SD ICE DR
e BHS a2l —al DFELANU RNV — (ET) R7 4/V Y — (FT) EWOTERD PRA 14
BB DETNAT VR T T —F 2R LT, KFIEICL- T, BA 3 EROREIER
IR R iEE T —~ &L, Bt - A2 O m O AAEH B LT, WO G B2 3 A &5
FEFRMTICED, LV A DT OBV ER 7] L3 D _REHHETE B OB H AL
NTWD. ZOIINZ, YV T I=HNV AT DEWHBEMERET XL Th, BERTET IS
FEOMAEGDLRIZEST, BEOK T-EZBICHR, # UL BP0 T AT AORER B
IERT2FONIFIET D, — T, KL THRETDIIRTI2 =T AL ThD R ERA
Tl A2 =T A RN— ARG I HONWTL, 208 T Ta—FICI0EEREL, £
NS TZERIE 3 AT DD FRfe 0L Y = AD ] BTSN CHND DD I3 24T > T 721
AT 6.
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3.3 AWFFERREEDHIH

3.3.1 BN I T AARMEH SO

BRI S, [E5LT5, aRa=T 4 _— AR OB AR =R i 712
Y Z[a) LD Ted D Rz BRI R E TEDD ] EVORHFED T afEE ML LG HHE, LT D
AR SR A L7z,

o UUKFHIEROGERBRN R EIZAT L ALy DRA IR EITE RIS D

200, A2 =T AN AR ER VIR  HIRO R FHE (VAT I = DN AT
L), SHIZITBUF O R EMEOH AN LB B LI, 22T+ —~ AR EE LD
2 DEMEESE S 27 KDL VY T AF L IR RS T Ch .
o  IUFTI=HNTVAT AEWIEHEIRET BT, VAT LB AL DORERYIIRL Y
Y 2258 (Gracefully extensibility) ZZ& L, A7 LDOFfe vl RetEIZ BT 55 4% 5
BTN 1Ry AT L E BN BT BA YA 52 5 FIEORIERH THY, 7
MDA M35 .

3.3.2 AT THHOLNT T _E

BEEAFZE I 31T DARMR LRI KT L, et R ET DB & B U DK RIS H oL
TUAM RIZBITORA MK 3- 6 1T, SR RO R T, JeEEICIRS T, BiE
EHUEIZ B W T, ZOHUBIZ R L Tc a2 =T 4 N — A RHEH P D O TV,
BOSLBMAENDLIASLITHDHINT, A2 =T _N—ARHERI LT TIZEORUIREEHL,
HRICHEHBE D TNDEHITHD. — 5T, WLONDIAI =T 4 _X—ARMER T T 27 2D
HMEFFIZRIL, HEEICE > CLESTEb Db S D, a0 =T A RN—ABWEROTART A TIL, B
IR ATREME ORI T E R A IR RO TNAB OO, BRI G T A0 3R 1
WA TR, F2, K0 BEARAZRL DY o R (a8 D= ORIE FIENSHSLTHIE, Zhic
D%, EDXHRT AT LAYCERE D 1T REME ISR 2 B 2 DSV ST iR b B S 8% &
ERD. XTT, AR TR, EBLENLTI2=T AN — AR RIS T 2008EE L TUL R 248
T, EEma DT
D EH0e sk E KA BB T 570 DOL ALy URA ML, 10X CBFEWS 0

R - HERRRRHC B W TR 5.
@ EEMROITFREEREHL, LoV R b EICEA B FHE R 2 e+ 5.
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KBS W BHERRNR
A&/ OA - R

9

YCBFEWSE A

LT > R HEs(C B < CBFEWSDERR/ (I 4 —< > R (To-be)
FHolEEER L TUVRLCBFEWSODEER/ (T4 —< > X (As-is)

VHUKREE Witk
I I

LUz |k

.

ANTA—T R
R R DHIS)

(EA RIS L)

eI~ :
VS A« FOZHILVEZ AT LEVWSERRETIVICENT, AT A
BABORRINRL U T XZE) (Gracefully extensibility) %
EEL, AT LOBGAREICETIERES5I 3N X
FOFEEHIB TR YA MESX 5FEEMET 5.

FARTHSIMCIAEH[D @

HOKRHAE I ROWEERINRG) L (CETz L/ Ly SR > NEEFEE
[FEREZNTVWAREOD, =1 "FTAR—ABHERE VIS - %
iomdFE (VA - TUOZHILEATL) BEEBELURELSUIAGE

MFEEMET S.

3- 6. XRLTDRRR EHIMOPAK RHEROL VY =AM EIZBITHRA B
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FAE  ARa=T AN ARMEROL VY
TR DT DHESE

KETIE, a32=T 4 _X— WK RIS 2T LDOL DV T R[] EOT- O OIRRELT, 2
a2 =T AR RAPK R O R 7 AT T2, Bl - b R A L 7 R 1
O - FHIE4TI LR HE L= BT A D 7 M ONWTIR <5,

4.1 ERIBFLa BT

H 2 BT, BHFOTARTA R0 — AL T —~< U NIKT DA A 2—%BL T, 2322
T A= AP R AN 2 DFHE DT OFfEA AR LT, BEfF0 CBFEWS 128\ ThH, T
TITAIZ D TNDT AT LWL D0 B 5 —F T, Fifit AIREMHEZ 13572 D D FERL, L Ly
DIRALMIOWTUITARTA N B W THHERFRE D RSN TN RN e bh o7, Fe, 5
3 T, AR 2L C, Ff B A EBL T 2720 DL PV = R R A i+ 2 FiE%x
FAAE L=, AR, BUKTIL CBFEWS OLYYxr A%\ L3 52 LB C, BRERICHE-> TR
D, EOXH7eT T a—F b0 TT UL, BRI FRA EBL T 572D DL Ly VR A
VNERETDHIENTEOD DML 72> QRN IE, FToE DI E4T 21, *5HhlEkic
KL TED IO BHR RN DY = A (A BTN B < Z BRI T DT EDRARILRE Ch
BHIEER Uz, ZnbEL I, CBFEWS DL YUY TR\ EOT=HOFHMIET /VOHREITEBNT,
PLFoa v aER L.

<{CBFEWS-RESILIENCE-CONCEPT-01>

o AEEELMNDHIET, ata=T7 4 \—APK RHER ORI 72 = T T, Hoffr -
S A B R L7 EE R Ofh - FHiA 7528 T, LYV R[] EOT=OIZiE 77
JiarwlbHIENTED.

<CBFEWS-RESILIENCE-CONCEPT-02>

o ABEEZHODILET, BFOAIa=T 4 R—RPK B ER T —F 77 F X IR LT, B
IMOUFEFFEITIBRC, LYV AW\ EOEAWERREHMIT 528 TIVLWRER E
EEMTED.
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4.2 VIV RAAE EOT-SDORHEET L

ARROa 7MKL, #2275 CBFEWS IZBITDL PV ARG OO DIREET L L
— A —2%[M 4- 1 \TRY. CBFEWS HAERITEF, 2227 4D 7=V A NTEL,
BERE - PERBITMERFS I, UK EIRBIIMERF SO T WEB 2 DD, — 7T, IR AN
SITEIZHHSD CBFEWS T, #IAMEREORRIFA 72Ut T2 BN 0% . 22T, AU
T, VOV RV —7 LU, AIIEA AT — VI BT A EARREZE=FL, £-ZD
CBFEWS O7 —X 77 F % (#1E - IRDEE ) A7 v e LT, BEIRNE G T 5ET L2t
FT D, KET NVEHOWEHEEMAICKSE, £RIAMAREEOS{LCm 2B E L |
T, Bt AT 72 B BRSO SR R 2 T 2 2812 kD, CBFEWS D& H] - LR HIAITE
HEM - BRI AT — BN TN K Masa itk c 35175 CBFEWS 2 34 T&E 50
DIMRZITHWD. AT, FHRREAITO AR BDIEEEZEZ T HEICH, ZOET VEHNT,
B HOREZFANGFHI T 5287C, EDQLH72BMY AT 2SN SR BRI E I
DIV RAL 5T ZERTEDNDERGHT, B2 G MREGERII VD ZENTES.

%5 5 BLD, AARRITIIT DA - AL O W G A AR B B LT ET W DWW TOREHT
OWCHIAT . 5 6 BT, IREETAEHOWCTEEE SIZEL, R w7 M EE
TEDDDORGEEATHIEEBIZ, BT V& LIZBRO )3 a3a =7 1~ — 2K RIS D F2
OG- EAOBLE CEAT b0 L TODHOZ Y MRS F T 5.

SHIEES 25 A » ’ BT 2N
ey SHIER
w5 . B
_______________________ HoKEHAEER 000000
T OF  ERIER
1=1=5<EWS FHEWS
Bt S
RE 12 —2D
SFEo R EDI=DRAL > FRRE IR
‘0& 1-R5—2@
— 25 —2@
ah

CBFEWSRE BN EDL SRS AT LADEMHDRIAEDERRE SR

X 4- 1. CBFEWS [ZBITAL VYV AR #HD =D DRBRET N —RFr—R
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HHE BT ILDERE

ARETIE, IR2=T A R—AP K FIE R AT 2OV VY= A [0 EO T OFHEET LD
FEHTOWTHR RS, (FUDICEEDIR R 7 N THET VORREREICL, VAT
LEAF IV AEESOWAK BN EROT —X T 7 F ¥ ipfiailB L CET L OM B 2, FEAlEE
HREOFLTHLIZREET NV FIEEZHWL VY 2 ZAEEE ST a3 G5,

5.1 BT IVORERK

ATEICBITHIREICH S, LIV Rk E BT 720 DN — T 24T 272D AT
HETMCONWTHLD. LUV AR OO DOTT IV TIE, T RET DU AT LD
WARETHDZLEMMEETHD. £z, TORBL AT AN VY L AHE DR THHEHIR
PR AR L TE DI BEL ITL, AR THEN ST ZEICARET VDB
DBD.

ZD7, X 5= 1 IR L9 CBFEWS 7 —F% 77 F ¥ {E B LW, CBFEWS D/ 74—
A WE TR AN %2 CRRIRESNATCBFEWS 7 —% 7 7 F ¥ itk &7 /L #4r &, okl
I 5TV AT LH AT IVAEERL, Tt NeT —X% T 7 F vitibET Wz TH S
NDHNT =~ ZAWIFHEE R G L, BEEOHTZFER T 5LV AHEET IV H D 2
DITEOERR LT,

[CBFEWS 7 —X%77F ¥ FLilkE 7 /L | o01E, AR T 4 —~ o A —A{F MR £
TNEMELT, MERRAFEICE ST =~ 2L VYV AJEET VA TH. =
DY AT LOWRREZ LI T H—~ U A ERL, HERGRICFHEL 722 REBET V7 FIEO—
OINBIRRESEITES T7 THY, ZOREEIT 5.4.1 THIZTRARD, /T —< U AL ~YLE T A
TLMEDRIEZT LICREL, TNENOREBIAFIET HMEELREICRLIET, HifHEsL
TNRT =< REGHHEDTHD. ZIUZEST, TSI TREFIICEBN G/ N7 +—~v
ADL~VEEIICRE L, REWERBS AT L AT IVATUEATHIENTES. FIREE
T LDREIR LR T =~ o A [ B JE LT IR R AR I DUV TR RE S — R E ML PRI
DFEERWTZ. ZHUTOWTT 5.4.2 HIZTRNS. AFEITMRRIIIAZFMET VEFRT
7% PRA (Probabilistic Risk Assessment) &7 /WL L THIEWS D THAN, T —< L A%
RIETHIODENENORBITES T HMRL RN T LA TRRDbOD, FELL TR
PERHDT2, 5.4.3 THIZTEEMAZ R D, PRA AU NV Y—FRYT, BT 4V Y — AT 1>
DRSS, ERART A VN —RITIZ > TRDNTZ VAT LEMED R AT REMEE AL LI,
CBFEWS ENET D70 M BE/R S — A AD FEATRINREBE L, EIT Ry —7 v AD
MAADEZT LT, CBFEWS BNEVGLIRIELR EF T 5.
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LDV AHEEET V) T, BB AT L7 A 77 ABLW, [CBFEWS 7—% 7
JFXFIRET NV EMAEL, CIUTKL CEIZREIT A 22128k T, FRRIIZT AT AICK
ERISNDOZEN PRISNOWARBEEMRBRI R E R I, FIREBEOTEITIZLIE-T,

E9N o7z CBFEWS 7 —F 77 F X NEROD /3T A—4 K1 D3P A ERII T K &<, F2355<H
HL T E Y ERICAMMLDIENTES. EEESITICON T 5.4.5 THITTIRRS, 22
THEBMELZERHIL, VAT LDEAFTIVADEIMH . ESN-TT L D5H, CBFEWS
DOFAFR TSV IR E RS IR O T p—v L AR Y, ERIELLTWVEDOTHDHI L
2L, HERRIEITZO PR EFESNIAEIC L TRBESNTWAZEND, HAShT-EZ
DHEDIZH LTI, RERBEWRELTZ20D, VAT AOZEENE L CREH 0 2T 28N TED
DN AT DEAFII AR [42)THD.

Oosthuizen & [B2]23FAIAT=INNT, VAT I =N AT AORRRE) CTEIYZRFHMIZ I\ T
1%, VAT LEAFTIVRAZLDFENR N THD. — 7T, OIS BiA Tz
Pence & [54]0D FED LOITHERFRIIY AT Rl THEDE AL - T, CBFEWS @otafﬂt/\kﬁz
WD 2 RS B L A K7 AT A FHEIZ I3 i &% 2 7.

Vulnerable
communities
ERRR
_ . g S
CBFEWST—+F0F v o@RIRRE AN P
s
Mi.ﬁlilﬁl i
[(input) CBFEWS—F5 57 v 1A | =&
v 3
— (Input) CBFEWS/ (D — > XFERIHH |
""""""""""""""""""""""""" ( LSUISREEET
ke E [ okmmma | |
g g || sRFLFAFEoR
l ..
v \ 4 P
SRESEBRETS T ey | ETIME
| CBFEWST—+50F v IBREFIL - ¥
------------------------------------------------------ | EEESHH
‘\ ____________________________ 4' &g
RE
|

[ (Output) L'> u:>z§§Eﬁﬁﬁ¥’_

X 5- 1. LV ABEESITET IV
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5.2 LU RERT VAT AL AFIVADETE

5.2.1 [KE5HT

AT, FTLEGHELFT —A 0 T+ —~ 2 NI THA L ZE 2— Dl T 7 a—F b5
B F& i EHUE 2 3617 2 RS IR O AR DL S BRE O /G R A W T, oK BRI X~ T
BERSNDL VYT AFHE D T2 DY AT DS AT I A% T 572D TR R T A8 37
A—Z DERMEZ IS D, ABFETIE, YK REERICBIT DL DV ADEFE, Bk
ERHOME CThHEEFEL, ZHH CBFEWS IZEo CEDIINCEBEINDIEER L.

3= 2 \ZURLICHKR I E R AT DTBIT DR RSITITH LT, 2.2.2 HIZEBTHF—A
VIR MU A 2= RE T T, A2 =T 4R A0 RMERICS T 53 T I ANTD
HERDPTEL THERTD. A12=T A N—ZARBERICEATOUEFE DA HE 2—0, L
T ORRERE BT

o  AUHEaA—H] DODALYAMNIEY, A2 =T 4N — R RMEHR Tk L 72
F=H) T LHERFD T2 DN SR L ETHY, Zibid CBFEWS ZBRE) 58 ft
VAT LEDED, V=NV = VA N @b 5T DR, £NE NI T
BRMEETIHHZ L% Financial funding ELCGBANLT=.

o  AUHE2A—H#3 DODALPANMNIIY, a32=T 4 X—ZAD EWS TILT AT A
Lo T, VWWNZLC Public that knows how to respond effectively and in capable of
responding” Z IR S H HNHNEN ST FIZ DN TH VAT ADOHEREE L THET
HHZLEL, availability of CBFEWS system 2> H O BINLT-.

ZNBEL LICHRRR LR R T B2 X 5- 1 ISRT. ARBFJETIL CBFEWS (2315 R
FIREMESERF I Lo THERE AN AR B IR A BB TE D2 L2 L DU ADFRIELE L TRET 2
72812, X 3- 2 12T RLZ Flood damage reduction benefit” Z XS EIFEE ¢ A2 12k - T,
515" Cumulative flood damage reduction benefit”Z1E0L7=.
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Cumulative flood damage
reduction benefit

Flood early
warning
lead time

Flood damage
'4 public that
receives a warning

(number of
& Communication path)
v: ,"
efficiency
of flood
: warning
system
reliability
\ it -
availability public that knwsl how
to respond effectively
....-w»= of CBFEWS and is capable of
=t system responding
7 4
system public that
maintenance is willing to
| respond
social

reduction benefit

engagement Flood
' (preparedness or intensity
. willingness) 1\___“____‘//
financial
funding Flood

frequency

X| 5- 2. CBFEWS LUy REH D723 D B B454HT
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5.2.2 JATFTIEAFTIVA

HRLETHFAMFHIZONT, ZOVAT LD RERYIN e RiE 2 R BT 2/ FIEEL
TYATLEAFIVA(SD) X 410385, VAT LEAFIVALIE, 1956 FElZ~HFa—kvY
THRFD Jay Wright Forrester (ZXVBHFESNIZS AT DRFEZ BTN T D720 D FIET
Ho. MHEARET VEK 5- 3 IRT. APIETIE, BHEEZRFOVAT AL T, KEAL—T
B DINARTA=HZ DR E R TEE, TNENOMERTFREREIIRL, BifesIal—
T arDFEITOTOIIERHTHLDTHD. /3T A—F %% (variable) , Ah7 (stock), A2+ 7u
—(in-flow), 7R+ 72 —(out-flomlZ /31T CTRERETHIENFEHTHD. LB, TDOATIEL
THIONTRIDOEHSLA N 72 FHWT, B OEEZRET200THDH. AL, A2 -7n
— LT TR T 0 —OESIIRIT AR ESCTN R, HEA O A B2 T EREGRELTHEAN
2. B OET NV THLR RN =T TIIERD AN T Ay 7, A2+ Tm—, TUKTa—
(ZRIFRICERBLL TWDZ IR L, 28, Aby 2, A2 -Ta—, TURT7a—%XRIL CTET /UL
#1795 SD K TIL, BRI 2L —al BT VOMBED B THIE AN ATRE THS. T DT
W, KO EZRE L —T K THZ, SD KIZEBL, v AT AORHE AT REMEO A IZ VS
5 [65). RiwsCizdsi)5 H B CThH R ATREMEOEHZANT T, X 5~ 2 [T TER LR LS
M Bz VT, SD MELTEHL, LY ZADFHID -0 DE T V%2179,

variable3

N

variablel
variable 2

Stock (i::::)
in-flow \ out-flow

variable 4

5- 3. VAT ALZAFIVA(SD) HDH)
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5- 2 \IRTELDIS, Aby7ELTHRENDE DT DE, cumulative flood damage
reduction benefit (B FEH /K # ELIEFIZE) , social preparedness (ft=HIHE(HEENE) , availability
of CBFEWS (CBFEWS D7 XAZE VT 1) ThHHEHE 2515, cumulative flood damage reduction
benefit 1%, Flood damage reduction benefit LU, 1[HI&H7Z0DBAKFEA AN MR AFAEHE
FEORBRR D BRI T DG FHELZ TR 720, 2O Z2 7R3 . #h2 B HEFREE (social
preparedness) 1%, 3.2.1 T TH/RLIZINIT, @ EOBK P ERER-LINIZ L Am b, F-00menRs
FY72 Decay (B ) ZEH ANy 7 T b. availability of CBFEWS 1, /K FE SR 2N EL<EET
DA T BTMEIIEREZ B E LS A1, HORERICIB W TED T AT LZ0FH FIRE)NE
IMERTIETHD. — 7, VAT LAOMEEZ IE W 72K RBICHERF T 572D I THOTE BN MR 42
(maintenance) CHh 5, ZORBIEEZ B E LTz £ T, VAT AWKE rREZ R IBICH D iR %
TRATGEVT 4 THD. IHIT, BHOREZ] t ([ZBW T AT LK H Al REZRIRBEIZ S D 2R AW ]
T _AFE VT ¢ (instantaneous availability) EFEIEAVD [56]. 7T _AFTE YT (1L BMiIZ25E75<°f1 T
RENDLOTIF2WVD, EEL TREE (BEERZ W T DT AT LRI AT RERE R % in—flow
LLTERDEEBIZ, R E LHIZT AT LD A REZR DM > TV <2 &% out—flow &L THE
ZAHTZ LT, availability of CBFEWS Z#Aby 7L TERTZEELTZ. ARFHSCTIE, cumulative flood
damage reduction benefit OHFFEAEHTHZEN BRI THD. TOEHICHI-VEE/LEE T
&% Flood damage reduction benefit |, Flood early warning lead time, public that receives a
warning, public that know how to respond effectively and is capable of responding (Z#&1E 3573,
[FIRRIC OO IFHEZ R 22N THD. BEHT ATV T4 EL T AT O A
BEMERZTERTDILT, 5.4.1 HIZTTRIB T DIEREN—AEMERHE LA 7+ 5304, Flood early
warning lead time, public that receives a warning, public that know how to respond effectively and
is capable of responding Vo= DOMIFHEOE H 3 Al EERET VAR5 L=, £7-, 5.4.3 18
(CTHRIB T DHERFRIVY A FHIEAT DAL 5D DL T, HfliZe availability of CBFEWS LLT
92721 T, CBFEWS O #BERIRIZS IS DT — R Lt o IERE S D28
T, #E 172 Flood early warning lead time, public that receives a warning, public that know how
to respond effectively and is capable of responding (231} AVERE#AFHEAF I TXALHICLTZ. &
ST EV AL 72 CBFEWS (281 AL VY= GO0 0 SD &7 V#[X 5- 4 |
R AR SCTIE, 20T VE VT cumulative flood damage reduction benefit (2142 A
fEtra ML, AEEE R AT DI DK FEPRKR T HZET, CBFEWS (23617 D8 il At
6] EDIZD DL DY 2 AR BRI 1 ORI, LYV 2RISR e T 7 m—
FHEOKRFEATHD DT IVIERT 5.
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Cumulative
flood damage

reduction
benefit
Flood early
warning
...-® lead time \

Flood
damage

public that rig\;:;izn

ol receives a warning
e . (number of

N g < i
- et Communication path)

system
reliability _ Bystan
N " maintenance

................... efficiency
of flood

warping

public that knows how

to respond effectively
and is capable of

responding

financial
funding

public that
is willing to
respond

Flood
intensity

Flood
frequency

X 5- 4. CBFEWS LY REHID 120 DY AT L A} ITADES
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5.3 FHEXIR AT LIIBITAT =T/ F vicah

5.3.1 7 —XT7T 7T ¥tk HHIE T 1E

T =% T 7T xllX, AT AIBIT LIRS ETZI TR ETHY, System of Interest (Sol)
DFFEFHIB T ORI EZ BRI LI D THD. RHRLETHVATNIT —F T 7 F ¥ &IIRL, 7—
XTI F BRI R AT b, FIERGEE, BORERET S, 7T %7 7T vRldick i oe

—ERETHIET, MERRE DR O LFITHILTHILENTED. T—F T 7/F vDE 2
=BT =XTIFxDETNANZDLDEEEL, Ea—RAV ML TRRbE T2 7 /L
(Model kind) 21 YN 2% E T HZENMETHD [57].

% 5- LICARFHCCTxIBRET D CBFEWS O —F 77 F X it i2 33115 H & iEA R s L7z,
xR &GS Sol 1L CBFEWS THY, FIFRLRAE ORHFE - EH -FIH T 0E D AT LOLVY 2
Al NGz, LYV AREHIMIT T2 CBFEWS O7 —X%7 7 F Y B L AT L AF IV A
ETNVOREZELFELTZD. ZO10OI2IE, WBLE = —|Z X HHEE (MERimI Y A7 5Ei
IZBWTC, VAT LADOEFEEZEIN Y TH2H D Structure [FH) BLOY, e 2—I2X5 Sol @
ROEEN (EDIINTT AT LDEMET D7, FE et 7 L AT DS EL /e TeHmBIcE DX
VIRNT d = VAT =R ET L0 %HEE 357285 D Behavior ‘fﬁ?ﬁ)’%ﬁﬂj'@"k
CBFEWS % SysML(Systems Modeling Language) [581i24Y, Feib 3 A2t E L7z, 5.4.3 THIZTHIR
T OGN AT G W T, 207 —% 77 F ¥ &2 E &NV AV T 57012, i
& & LT Fault Tree Analysis (SFEARMENT) EHRDEEEEEL TD Event Tree Analysis (5
KRIGHT) AL B DD, ZUHDOERIZIBNWT, ET AR—AVAT LAAT L V=T Iy
(Model-based Systems Engineering: MBSE) &EDFFMEDS BmWEHIWL, FOEEIRFEO—FTH
% SysML % FVNT Sol O, IRDBEVEAHRET 2 E0HATHLES 2 7.

% 5- 1. CBFEWS O 7 —F% T 7F ¥itdd i B1TD BHIL ik

HH N
System of Interest CBFEWS (A2 =7 ¢~ — A kK B
FEBARE Governmental organization

Vulnerable community
CBFEWS implementing agency

ESIN 2 LIV AR EHTANT 72 CBFEWS D7 —%5 7 F v FifiR L
VAT BEAFIVAET VO R TE (HeEami) ) A7 21 D S i)

B a— ff@fit o, nﬁﬁﬁt Z

7 )LFEXE SysML (15 [, #R5HE )
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LOmy AR EHC T AT DU L LT, & 2 BT BW T A Tl a2 =T (N — 2 .
WS IERE B 27, 5.3.2 1, 5.3.3 HIZZNEI, T—%77F v O, IRHE DA
ETV 7 % E MLz, CBFEWS 134K, & XEMIKICL->T, ZRZERLRRNEZDOBE
I5Z A7, AT Tl —fE 72 L~ L COL AT —IT DTS, Z 2o Hitsk - ST K Lo
TR DY AT DL DA RFRFNSR L TOERIT OV T, § 6 T CHRIRVE T 5.

(1) CBFEWS D=7 7 ANE £

KR AT DDOT —=FT 7 F BRI T, £913 CBFEWS DA77 ANE#RZT 1y E
FMXELTK 5- 5127”7, CBFEWS =277 Ak (Community—based Flood Early Warning
Systems Context) D7 @y 7D M1, KEDEKA (Disaster Cause), Befs (Environment), F-H
#e3p > 27 A (Early Warning System), £77, X 2- 5 THOEFRLIZAT —IHRNZ —ThHAH K EM
g5 Hitek (Vulnerable Communities), #ilsk{3 & (Local Residents), CBFEWS & A [({4& (CBFEWS
Implementing agency), fGEEH & (Government organizations) & AT LT DT2sb D77 AR
WG Tz, KEDOIK (Disaster Cause) {21 HAPEED (Cloud burst) 23 & 41573, 2 (Cloud), [N
(Rain) 32 N TR E L TE RS TS, BREE (Environment) ([T DWW IR ZEE X LT,
1= 4 THRILIZINZ, )1 (River) (2N TRHE S AT LR0M TR AT LAOBFEAA A KT
HHZEND, TH (Land) HEFRL TWD. BRI T 27 2 (Barly Warning System) ELC, H1IZ
VBRI LA RS 25 A (Governmentall Early Warning System) & Hiita~ — 2 B %
AT I (Community—based Early Warning System) @D 2 O3 & FN CWAZLICHETA. &5
WSS I LT, FERITHIEAN— R RIER S AT ALDMEEL 2RO TR, &
BEA TIOR3 8E i 5, PKFHTEHRS AT DOETL L8l RGBT
R0, BRFEHIZRFERL AN+ 53 7R IR A AT DAME 2 NITATEPES TORNZ SR
L, BRI LD RINEHR S AT LAOTERDIEFITBE SNV ENZE K LL T, CBFEWS O
BIMEESTNDDTHD. ZDI2th, Hill—2ARHE R 27 4 (CBFEWS) Z A5 3CIZF
\F% System of Interest (Sol) &L TR X720, FaB HIRIZ LD FHIER S AT 2LV AT LD
TIANEL TEREIT> TN D, HIl A~ — R R EH AT L (CBFEWS) 133 AT 7 =T /L2 A
TLTHHIERAHRELT, [ 3- 5 2BV VATV =NV AT DA T I AN ANT, T
WOV A —IZBITH AT L% Social-based System & Technical-based System (2431 THMrg
1792 & U7z, 2 Lo TR fE o T & Bt i o0 WA T 2 B8 Ak L 7R D3 D2 AT DAy M s vl g
7RHI TR
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bdd [package] b: Mission context [1-3b: Block definition diagram] )

local residents

<<block>>
C ity-based Flood Early ing System Context
parts
: Early Warning System
: Disaster Cause
: Environment
values
Lead Time of Early Warning State : Real
<<block>> <<block>>
Disaster Cause Environment
arts
: Cloudburst : River P
: Melt Warter : Land Government orggniza!ions

i

'

'

i
<<block>> !
Cloudburst <<block>> <<<:|2|2|Cek">t:> !

parts Melt Warter <<block>> < <block>> Y-- )
: Cloud — pars | River Land ExlY) Wﬂ:::sg System 1
 Rain
: Governmental Early Warning System
parts Rar & | Early Warning S !
: Community-based Early Warning System \
i
i
i
i
I
I
<<block>> <<block>> i
Cloud Rain '
parts parts CBFEWS Impler;\enting agency < <a||ocqte> >
: |
' I
<<block>> <<block>>
<<system of interest>> <<element>>
. <<element>> Governmental Early Warning System
ol based Early System parts
] i parts : Flood Detection and Forecasting System
: Technical-based System : Warning Communication System
: Social-based System
SO .
I
Vulnerable Communities  _jocates >
' <<block>> <<block>>
”””””” <<element>> <<element>>
Social-based System Technical-based System
——-==-===<= values values
! <<allocate>> Failure rate : Real
&oo= Repair rate : Real

X 5- 5. CBFEWS DT 7 ZANES (bdd: 7 my 7 EX)
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(2) CBFEWS a7 7 ANIBITH7a—T A7 A

CBFEWS OY AT A& RINDA T V= N CoHAT AT LDOT7a—%(X] 5~ 6 |T/RT . ZZTlE
H AR K FE D IR (Context of natural sign) , fiBIZLL1EH (Context of governmental data), Hifik
2L 1E#H (Context of community-based data) |23 7. HIRKFEDIREEEL TIX, Bk
AE SN DI RIRE L CReKER, IREOBLR, ) DKM AR E L. MBI LHEHREL T,
M BT L DB T, MBI LDEMIT DT 72, RARIZ, #ilIZLDEHREL T, #llkiZ kot
KT, M LAEHITDT T, MBS — 2D B HER 27 2 (Governmentall Early Warning
System) & i~ — 2 FLHREE SR > 25 A (Community—based Early Warning System) DV U2
WTh, EARMIZESEHREL TULFEEETHLDS, TNENDOY—RZ AL, WE, FEEENE, 1§
WOBA RS E, SHUE, S HBO R L > THRRD.

bdd [package] c: Flow item [1-3c: Block definition diagram])

<<block>> <<block>>
Context of natural sign Context of governmental data

<<block>>
<<block>> < <flowltem>>
'<<ﬂowltem>> Governmental warning
River water level

<<block>> <<block>> <<block>>
< <flowltem> > < <flowitem> > < <flowitem> >
Rain amount Rain clouds observation Governmental flood forecasting

<<block>>
Context of community-based data

<<block>>
< <flowltem> >
<<block>> Community-based warning e
Co! ity flood si <<block>>
G AL e Community-based sensed data
<<block>>
< <flowitem> >
<<block>> Community-based flood forecasting
Community stored data

X 5- 6.CBFEWS 2 T 7 AN BIFTB 70 —T AT LES (bdd: 7 ay 7 EHEX)
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(3) CBFEWS 127 7 AMZI51 243

CBFEWS D=y T 7 ANZ BT 2 AT MO IR Z X 5- 7773, Bk DO ER (Disaster
Cause) 1T YR, WINLKTHY, NN HAPEED (Cloud burst) R0F i1 F 7K (Melt water)
ELTINZHRI, REANELEER D, FHEREDOEERHEIEIZOWTE L, SOKERZZ T
T, RIS AT L (Early Warning System) TBUHIE L TIEHZ 2T, £ a2k TN
THZENBIEED. SEIZE->TUE, ZORBLEARDORE L L TEEMOK TR HWD 56
BH50%, BEE (Environment) LU TEZR LT, WIOKMBLAFEREL T, IHHAEST 56
B2 . BOIRPALEEARDFERITITNNDKAL EFAZKTL T LB S 725720, U—RZA L3
B PHIZAT 2. W OEZBIRNOOFROLES, ELENOG HRE W5 E OV
b, THREEIT TRIRRIAR2RD1ZEHT 5 [9]. RIS AT A CIEZ TR 721G Had
Lz, PHIL, 2 e B, #fi (dissemination) 7= DIEFHREL THEEE X, Zi48H THD
HidukE B (local residents) IZJE T 5.

PR 27 I (Barly Warning System) DN A [X] 5 8 IZTRT . EDRICREEK,
O EZBI SV ST F#E 2T T, REEHRS AT LDV T AT MIRHET D, fiB~—
2D BHR R > 25 I\ (Governmentall Early Warning System) &l — 2 FLHEJEEER > 25 A
(Community—based Early Warning System) 231V F2UERETE AL T, TR, FHREAH D=1
EEZIT). BB —AD RHER S 2T A, g — 2RI E 27 AMTRU TN
M DMEHRENL, EENRERA B — 2R HT7 2 — 2005, o, BN BIZIE, 7
LERA L H =Ry WS T FE) ICHEE RIE A £ — V2 k05 A B ET 2. System of
Interest T DHUE AR — X FLEHEH L 2T MO TIE, FEEDONH, (7)1 Ot 4
D& Z T, Social-based System & Technical-based System NFI-FE VBTN EEZ1THIZ
T, BBz 383 Th DI B (local residents) (ZJ@i)5.

INBOREEIZ BT LT —F T F v DET U/ T, 5.3.3 HIZBITDIRD BN D43 L1
RRICERLL, WA ZT7 = —AEREE B 5L, /2L —2ar LenbET V7 L.
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ibd [block] Community-based Flood Early Warning System Context [Internal block diagram] )

: Disaster Cause

cloud obs if

rain obs if
I

water to river if

water to river if
LI
: Environment

[l

<<element>>
: Early Warning System

cloud obs if

rain obs if

fflood obs if

> ]

river obs if

1 1

gov ew if

gov ew if
I <<actor>> 1

I .
: local residents ]

community ew if

community ew if

X 5- 7.CBFEWS =77 AN BT HHEE E S (ibd: NI 7 oy 7 X))

ibd [block] Early Warning System [Internal block diagram] )

<<system of interest>>
<<element>>

: Community-based Early Warning System

<<element>>

: Technical-based System

river obs if

rain obs if

river pobs if
rain obs if
T >—
v <<element>>
: Governmental Early Warning P
System
river obs if
rain obs if

cloud obs if

cloud obs if

gov to cb-tech if

gov to cb-soci if

=
gova if

gov to cb-tech if

soci to tech if

soci to tech if

<element>>
: Social-based System

gov to cb-soci if

commurtity ew if

tech to soci if

tech to soci if

>

community ew if

1

goy ew if

5—- 8. Early Warning System (2B A& ER (ibd:NEH 7 227 X)
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5.3.3 a7 4 _—RULK R O IR D TR

(1) CBFEWS D — A4 — A

CBFEWS Z&ie, MfRLTDHYAT MDA T I ANMIEBIT DIFFED % G20 — 2 — ATtk
DFEJL THS, Flood Loss Reduction DA ToHD. K2, A ExIGiTHDI1EK 2- 6 TH/RL
723902, AR T Fa—F TlE/e, s T 7 a—F (Adaptation) |235 17 A K BB CTh 5.
FBRIZIX, CBFEWS O B HYTH D, PKBEEDRILDTZD DFELL TE, W<O0H 578,
1.2.2 THTHIRAZEIZ, BRR S EHRIC BT 2K EOBOR E LT, 1IXUHICE 2 D%t
LTFEETHY, BAZHIEFEORSHERE. ZD7, KT T, ok RHEHROa—
A — A [Bo Cifsama D 5.

uc [package] a: Usecase [1-2a: Usecase diagramu

<<block>>

Community-based Flood Early Warning System Context i
Government organizations
Flood Loss Reduction I f %
(Adaptation) CBFEWS Implementing agency

Vulnerable Communities

5- 9. CBFEWS a T 7ArDx—Rr—R (uc:2— R —R[X])

(2) CBFEWS O7 7747+

Flood Loss Reduction (Z351F 5K FHIESROEIEL L COT 7T 48T 4 E G F &K 5- 10
(g, KE KN (Disaster Cause) [F K E72DRE DR ELZT, WKIZOZ2N0EL MR %Z
FAESHE, BREE (Environment) (ZxF U CRJI O KN EFHZRL, [FRIREHS, FHIEH T A7 L (Barly
Warning System) (2% f%7K & (Rain amount) DfEHAARIET H. — 5T, mEREN (B2,
BBUIRRR THRE) R OB Thiuld, INERAESCEREW ST E 6B R
WL EREREAFTHIELARE THD. fiB_— A0 R o 27 2 (Governmentall
Early Warning System) TlZ, B H N To7- FRIKERAZERE, it RIIBZ D8 NHEFHRND,
g~ — A I - 25 A (Community—based Early Warning System) (25725 1 ST <21
WP HNIEH CEAEMbET 5. MBS —AD RHER  AT LB LW, Hidge N — 2 B
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AT LODIE WA S T IS T Ml RS, A R L, SR TENC B 7.

X 5- 11, X 5- 12 TiX, il ~— =2y 7}@9&5\‘[1&%{9' (Community-based Flood
Detection & Forecasting), Hil~— 2E&HEH#K (Community—based Warning Communication) @
TITAETAEFRE R T . IS — AP & TR T, SMIS AT L D32 W71 [ D
AKAL, BERN, BB EREHNT, WK THREFBHTLIENRHTHD. ZOEEICBNT,
BKOFIREMEIL, FI-EREEDHTEN Technical-based System | 2R D HIVD. F7-, Socio—
based System &L TIX, ZEDOHEDLITHF RN U= HDUK B AELAHR L BT, JVIE
fife Cai BN 70 Pt K A Ul R — RS K O T I T AT AR ET HI LN RO HID. Hilg A~

— ZEHHERRAZ BV TE, MU — X, I TEB L O BRI NG a5, BokE#a 7
TADOEW LTV, BRI AL BRI a2 AHEREZEFD. Socio—based System (X, RijEED
{REES IR FE AN Ha O CTEEESK T RO PO fERIT A2 (FIZ1E, SNS 1
91, FEVALURE) GEHHY, £l M — g IR S 7z, Technical-based
System ELTCHOT T —h AT LIZL> THASNAHEELH 5.

act Flood loss reduction (Adaptation) )

<<block>>

Community-based Flood Early Warning System Context
<<block>> <<block>> <<block>> <<actor>>
Disaster Cause Environment Early Warning System local residents
<<block>> <<block>>
Governmental Early Warning System Community-based Early Warning System
Rain amount|

Heavy raining Flood Detl:ctho &
! River water level
[ river water level GILEE )
increasing and
causing flood
: Rain amognt

: Goverpimental fidod forecastin: : Community-basdd flood forecasting

: Community-Hased warning
Trusting
Warning

Confirming and
Acting

]

Governmental Flood
~J—1 Detection &
~L— Forecasting

P
based Warning
Communication

Sieninanml : Governmental warning
Warning
& -

5- 10. Flood Loss Reduction ®EI{E (ac: 77T T1X)
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act Community-based Flood Detection & Forecasting )

<<block>>
Community-based Early Warning System

<<block>>
Technical-based System

<<block>>

Social-based System

: River water] level
: River
water level

: Rain
amount

storing data

: Rain amount

Detecting flood sign and

: Community|flood sign

: Community flood sign

| : Governmental I
flood forecasting I

: Governmental fidod forecasting

verifying flood occurrence

: Community-baded flood forecasting

Community-based flood
forecasting

.

X 5- 11. Community-based Flood Detection & Forecasting DEIfE (ac: 7Z7T4ET4X)

act Community-based Warning Communication )

<<block>>
Community-based Early Warning System
<<block>> <<block>>
Technical-based System Social-based System
: Community-
based flood

forecasting

: Community-based flopd forecasting

Deciding flood early warning
dissemination

| : Governmental I
warning I

Disemminating alart

thru technical system

: Governmeftal warning

: Community-based warning

: Community-based warning

: Community-b.

hsed warning

5 | - Communi
/l based warning

X 5- 12. Community—based Warning Communication DEI{E (ac: 77T 4T 1K)
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5.4 FHEEIROFIE

5.4.1 ZARBELEIRETT7

RBLT DU AT AMIUK B ER THY, ZOVAT MIEE DT 7 ar DFEEIZL>TiE
REND. —F, —ERBER SR 2Tl L ThH AR E DN T +—~v LV AIHFLIS. Fiz, 5.3
HCTHII2 =T RN—RARWEROT —F 7/ F v 2P LT2lY, EEEIZITaIa=7 11285
SR (Z2 T a2 =71 EWS EFRT5), BUFFICE > CREERLS VD S (22 TIEATEL
EWS &EFR2) B AKAFHNHEREL AV, BBuERIZ M TRREZ BT A, DFY, bbb
fFETHIETINILKEBINDGT —X T 7/ F XY & Fio TnDTosd, T EHL THIELWE)
BRE X TEROVIENRDD . 2 TR L TIEZIRIET T NV EMIEND S AT L5 ARk
Wz RIRHZ R WD FRIEZ WL ZEE LT

ZARBEET VLI, ZIRIEL AT AZBWTC, VAT AB IO/ F32 O EER N, 5228
VEDDTER MR FChk % 72 MEREL ~ U (F TR BB 2R T AT BN o DV AT AITKIL TET /L
BEATHILDTHD. ZIRIES AT AX, A O, MRSk, RERRgED N—, ZAZ
ATCEM, IRONTAEBEIR, fmR R & ORFRBERAET Lk TEs. [9]H THEIR
HEETFICBWT, FIRBIZH L TR 7+ — v 2B AT LT DEZIRBES IR E ST
(Multi-state Multi—valued Decision Diagrams:MMDD)&EESS. [59]

5- 14 IIARGRCCTHRIGET A% R EHIEIZ 1T 5 R W H O MMDD Ofilz =7 filx
X, BOKFHERIZB T, 23227 ¢ BWS [ZLA3 KA, 178 EBWS IZLA38 KR H, 234
=7 EWS IZEDIE WA, 178 EWS IZRDIHEREATOWT B I T, Holb k< H
BTEER S ALD. A2 =T EWS ICED KR AT, TSN DOT 73 a b2 THRIIL T
X, BIICH 9 5/37 4 — v RAFFER BN DI D, Fiz, TOHRMRETHD, W <DD
DT 7 arBNIENTIE, HOFELE DT 5 —< U ANERLND. TONSTZV AT AOKE % 72k
BEL~ULAET LT AHZENTEAHDN MMDD Thd. Kifi S TR LUK R R
FHIC BT, BHDHT I ar DI, a2a=T4 BEWS DO, £/134TE EWS DO H L -7 —HkIC
EHBHLUTHELBRBEN TERNIIR, KV AT LAOM AKTFREGREET ML TELFEN
VB Th o7, D72, MMDD (FHK FHEIERIZISW T, Frlcaiz=7 ¢ EWS, 1TE EWS ®
WA D787 g —~ LV ADINT U AT E B TEDHIEND, RSBl CWAEE T, Mt T
JATEWNTIE, FIRRBICH LT, F8AMER, B, B —NFA L, YRR ARRE 7R
5L, ZNHD 5.4.2 T TR R HMEREAN — AME M2 W7o R IR ES L TR T 24T, 4.2
HIZBTAHL VT A =T V7 ORI R T L57, BERS I, BERINEORELE
AIREICL72. 200 MMOD 13, 5.4.3 BHIRTHERGRIVIAZ T T Wb oA U MY — K%
FAWTEFRL, &5 LR,
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BUKFEHRDFMDE DS

FOKFEIROBE KR

(System of Systems)

e

O=a3="5+«EWS |_| 1TIREWS
(System of Interest) (5HEl=- 25 A)
EE5EHFHTICLETIDRIEREIND
B4 5- 13. BHZ&& L HIRDOBoK RHIERITI1T SRR M
(BEERFZE (6018154 brP—ah LICiER)

d=1"7-1
EWSICELS
TH¥E AT

ITREWS
P
HRRT

I/

REWE : P,
SUEEE : C,(7)
S8R RO - L(E)

. \
HAERE P,

BiHEEE . C(®

B — Y91 L L)

5- 14. BAZIR EHURIZ 81T 2 R H R D MMDD DOf]
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5.4.2 MERE—A{EHEAM LA

VAT LTI BWTC, VAT LAEETLL, VAT LAET AVEHNTI 2l —ar 2T,
F2, VAT LD BEEE R KIRICER T D200 F KERFTT 52803, BAEROBLE Tlik
WIDAT T Thh. —Ji T, HEREDO R\, B—a ANV AT AT E O HIRNIZEHEL, 385t
R TEIZLL OV AT AT RO ERTHILIREEICERSINIZEILE W EE, AT AMEE
AT BERAVE RN & TR0, [EEN BB L TAUE, ZORNEOE O E 0 i
L5, AT LOEMICERREEL 5253012705, [61129WV oo ilinh, AT LR
FHZFBWTIE, ZOMERERHI L E MR O M i DT RN EE THLHESID. 2O T8l
MELV VYU AGRGFHEVIBLRICIRL LA bR BRI, 3.2.2 TRV AT V=T
YT OBEEDHE, 1970 AR BIERE S — ZF FEMEFEA (Performance-Related Reliability
Measures for Computing Systems) [44]EW o7z FyENEZS . R FIEIMEHEIESEREDF A
TERZ LT ARIEE L TR SN O THHD, FHIIERA D TR R CH LSS AT 4,
TLRVAT L (F2iE, W AT L) LWVl l&E DT AT LTI, BHICHILT 50 2T A
(Gracefully degrading system) (/X7 4 —~< 2 AR A fE 5002 320 358, 0D ThD. Hollnagel
& [47] %0 Jackson & [48]DL VY= ZBERIZHEDITIE, EFWRHIIO N T 4 — v AL 2R E
S H %2 OPEREN LA FEBSE 5L, Graceful degrading 7R3 AT AEMEETHZENEELL, 29
WO T RO R 2 AT REE T2 TIE D RE A — A{E fE MR (Performance—Related Reliability
Measures for Computing Systems) [44] CHHEHE ZT-.

ZZTUE, ERER—AEEM MO S AR T, VAT AOMBLREEOESE F L, VAT A
OARREZ i, BIRFAZtL T DL, VAT ATH(5) DRESE THEL TRV REEIZH .

ZP,—(t) (5)
i¢F

ZIT, VAT LORIEN | DFEDNRTr—< ALEFRT UL, VAT LOMERER—2R
fEtta TR(O)IC LD 52N,

€ © =) @ P® ©)
i¢F

S 208, RRUIMERED e Dy AT ADIRFBICHE- ST 4+ —< 0 AW T, HHEED
BFpEAS L T, Danielle Beaudry [44]D#2%2I231F 561 T, N B D[R —DLHEY 22—
LSO SID gracefully degrading S AT ADIRRER ~ /La7BEICIDET ULL, ZIER
DIRREIZ R T 4 —~ L ADRAH T AT IR o TS, 2D BT, RZ U ASATLRIZE > TN S LD
Tatytarta—xL, FRCEEZTOERICHIL T 57 ey as B a —2OF M
D HEEDOED IO, PERES—AMEHEMEFRIEIZ L~ C, BRI E LB IR SN DR R OR R
ZAS N - PERED M A HRATAM S FTRE L 7.

RSB W TR G ET 530K BRI ERIC N A Y T3 D, Bk B ER AT LOF %)
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PERTEICEERBE TS, MY —RNZ AL D), BEREZ T2 N (E,,), ERIZxL
TEDINHRHLA HREDFS>TWD NI (F) 2B 2 5. HOMEES VIR RIS RS 2T L
TlX, LDXOE,,, F.LW ST/ AN~ BN EZ DAL HZD. LInLeh s, FEERIZIE
CBFEWS OOk as DR, /)72 Preparedness D3EHIICBHDOD IR AT LABEZ L
(X, e FTREME DT I W IR R I EA B E T 02N R Y ThDHEB 2 T2, £z,
WK IR O INCEIOOEONDIER, IRa=T A DELNDLIEHR, Tt EnotEH#
WIESNEL, B FEE > TOD NEUE, ZENOFE BARTFRIZ2BILRIZIE- S EFH ATRE7R
RREIC LS TRIESND. D128, FIF ATEEIRY AT ACHERET IR AE (BEnd State) ZE &L,
ENEND T AT DIRFEDZELS AL T DIERZ E B LTz, £ ZEH0 End State (XL TH
IAENDLDRE,,, E a3, R(6)ITHSE, MmN HEL S B LI e M r A =X
(D@

E(LD) = Z LD; - (Probability of EndState i) 7
i

E(F,,) = Z F,,i- (Probability of EndState i) (8)
i

E(F.) = Z R,; - (Probability of EndState i) 9
i

232 =7 BRI, BUEO OO HRIICE D) —R AL, a3a=T Db HRIC L
DV —=REA LR, A2 =T XN —RLLo TRLIDIEHROZERBAT A /S —2, BUFCHIRIZ X
STEHESNDLT VA RT L E LN STZ FERICIVGONDE MM /N — R, BEWMIFGHREEHITH
HEINDHZLIZES THIEOENDKE~DIRE T IEZ N> TODANERE, FBRONDIEH|IFIZE-
T, T —< AN D, ZHONSTRAER EndState L THTIID, Froxthind DY —RZ AL
R A Z T T NI, K EADISEHEE > TOA A EHNT A DELZETR(DICTER
LI BoKEROBFEE R T DL TED. IR TIEZALD EndState DEFFIES, WIC
L CEDOMEREF I T 25037~ Molinari HORFE [62]TIE, A bV —7% Ttk R 5
B AT DOMBEIZOWTCEHIZ L TWHDH DD, A XNV —D R TIEY—RZ A LED
FONTBK BB RO EELMEREZ BB LI TV RN R REA IR R TNWD. BIROA =M —
AR THIA LI RFIESHA G EAZEICL 5T, Molinari 5D _RBA RN U —D R 5% T,
R DZEEmHEELT-.
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5.4.3 TERFmHIU AT ZA

e REGY 27 34l (Probabilistic Risk Assessment: PRA) [FZERAE, Bk, &%, —x/L¥—, 1b
FIRER, MEFE, BRSNS~ R A MWD D53 B TR R
SITERY, BRVEITK T LB ROIESHAZFERA T 570X, —BOWEDLENMEEZRT 7201
FTETWEHSNDIDNRS>TETND. HOWPHEFITINT, PRA ZiE EoE MRE Sk
EHRELTHWAEIASY, YVAZEEROSTFICB N TEOREREENFHES TS [63]. YAZE
PRV T, BRI (N — ISR L CED IR LT D0 % #im T 5. PRA IZBW T,
IO —=RPRERRIZED I R EL DT IOV TOREEEMERmICL > TERILL,
M3 IG5 2 I TZUFEDSBWEIDR TV 2 J TENNEZ 7L LT, TORERITE
DIRHDM? | Z T D THETHD [63].

PRA FIEIZHIRAWVFERREINTODD, Afa LTIV AT DREZAR S, IRDEEV O
DT, ¥ —7 v VIREEZ TG L LT, 20 HZ R CTEXOMREZ 52812
BWTELIEHESN T D HEAR (Fault Tree: FT) LK (BEvent Tree: ET) Z V2 AT LD
BRI ENTIC LD T [64)2 FIVC, CBFEWS 0= 77 AN 51 A - 53 & ik 22 5.

EPTARGRLDHRLET D PRA FHEO AN 270 —Z@i 4%, X 5- 15 (T Event Tree/Fault
Tree OFEREEfRZ T . 26O Event Tree/Fault Tree 2 W CIRIC R T 72— |2k-C, PRA
EEDT=DDET NEREESS.

DO B ART LD —Ar 3 VIREIER Event Tree ZVTHHMTL, 312D End State
THLIEIRI AT 5.

@ EBvent Tree ETHWEI T —7ro X /VRBIEICH LT, 34 Fault Tree Z1ER%L, %
THENFBSNDTeOITMEERDERZRL, TN ENOERIMEFEELR L, £
ZNOENED TR A2 R T 5.

@ Event Tree Z AT, Event Tree @ Initiating Event (IE) 235, 4% End State £ TCO R ZEHE
RIS, 4 End State DRAHRZEH 15,

5- 15 ZHWTEMR(ET 2L, 91T, B2 LLTRRERDWBIARUMEELRL, ZIhD%
ARUMNZIEBNT, kE), KD 2558 2480 I L TUWVE, &7 End State ([CEIEET HETD Sy
Iz Z=% Event Tree Z AW TEREL 5. ZZ2TlX, 620 End State NEFZIIL VDN, 7T
D YES (T _TOU =7y b AU DO ELTITHEN) I 1E, OK @ End State £720, 973
TH No (TNTDY =T iy VAR IO FEATITR) (ZMBF1E, LOV L) End State 245 T
5. Event Tree (28T Yes/No OFIENRFEAL THOARALRTIE, AA, BB Vo= AUk
\ZFBUWT Yes/No IZEDMEROE 3372352 ET, End State ICEDHETOMERE R THIE
INTED. ZZTIH, AA, BB LA MBS TS0 (F2iE, IEISELIRNGE) DR
TKeFHT D20, THEND AA, BB EVIOARU IS L7200 Fault Tree A3LilS
AT 5. Fault Tree (X TOP 5 (ZZ T, AA, BB, CC, DD &W\o7ey —7 Ly /Lie AR Uh)
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ZTH EIZBWT, ZOHEENELLHD DR AR ZR RERICENERL, o4
AND, OR 72X O B THAT5. ZhICE-o T, BEISNAXITMARD K LAY, JA %
RO EERHEIREZ G BICL QD (Fault Tree Analysis: FTA EFEEND) . S5IZ, FTA XV AT
LR DO MR T Tla, ABD =T —% 50 7o B DO fRNT TN TEDZ LI MA B D
[61]. A RIDOXIGET 2% CBFEWS IZ3W\ T, ¥ 5- 11, ¥ 5- 12 T/RL7=EIIZ, Technical-based
System & Social-based System (247721 CHY, &<IT Social-based System (ZF W TIE ARDOTZ
—WERBENTHZLZLD, VAT =N AT KT Sl 3+ 52 LN Al fEL 72D
ZLnb, KFIEIL CBFEWS DYV AT AR T 7 a—F (2L D5l L CWDHEE 2 7.

ZDEIZ, PRA TiE, x5 E4% Event Tree 3L Fault Tree AW CET /M LT52L
T, ZOT =X 7 7F ¥ OFMIIRTHIENTED. Fio, 2HWVoT7 =7 7F v iE#HIT, 5.3
HHIZT/RLTZ, CBFFEWS O7 —X% 7 7F ¥ ilib i o O iuUE, AL—X72508 3 fTRECTHY),
LI UxigZed4% CBFEWS @ Event Tree/Fault Tree ~DEHLAZZR 5.

|IE2 AA BB cc DD # End State

INIT-EY AA

oK |

2 } TRAN1
3 | Lov |
o= 4 | TRAN2 >
5 | Loc |
7 5 | Lov |
N\
e 1
: Jl & l.)l :I:‘l.z
.
; /

X| 5- 15. Event Tree/Fault Tree D555 [64]
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(1) CBFEWS O FE2R AT (Event Tree Analysis: ETA)

CBFEWS 1233175 ETA 1%, ¥ 5- 10 (Z3317% Flood Loss Reduction OEfEES LI To7-.
ETA IZBITAAMIWF 1 Flood Loss Reduction ([ZBITAT 75 E T 4125 nLTEY, Z+
DT ITT 4T A DRI HD % success/fail DI ZHEFENIICELIRL TVA. PRA it Ei,
ETA (282555 % 2 TRk L Th, fEHTIZANL 523, End State B KIZ/2 5728, AlRE R
IROMMT A L T& 519, FAELS7\V End State IFHIBRL TG, Z2TlE, Hill~— 2640,
FEBLAR— ZRE D F5 3 fail Lreo735E, BARBIZIE FIICB W TUIBA T 51 Hmb H o7
WZED, 2O — AT — 28, FiB— 28D success/fail A4y 52&134
T, BERIFEBMIELL TAHIT TS, ZOIIRARU NI —DF AT — MRS IRRESHIRE ST
TIZBITDIREEICHIGL TS, EHIZZNH0 End State (XL TT7 4+ —~< U AMER THDIEE
FYTITHILET, BBV AT LOET VT H A REET 5.

<CBFEW_DF> <GBFEW_DF> <CBFEW_WC> <GBFEW_WC>
<IE> Community-based Governmental Community-based Governmental # End State
Initiating Event | flood detection & f i flood & warning communication warming communication (B IR AE)
(Hhigh~— &) (B~ — Z450) (Mol ~ — 2 #i#n) (MR~ — 2 #is)
O success ,L,—:: success :/ success ) success 1 p.1)
Flood Event il
fail success M 3 Palt)
fail g - PR — R
O & Py Pa(t)
fail success :i-«: success . 5 Ps(t)
fail B R— R
O ¢ Pt
fail —~ success ., HB < — AR L
L 7 s~ zgwsL | Pt
fail - - —
”3:_,,1 success i,_,i success l,_/: success ;_: g Polt)
fail ol < — R ERf A L
O 10 Pul)
fail —~ success ., Holh < — R MR L
fail

=LIEE Pus(t)
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(2) CBFEWS O #ffE A fENT (Fault Tree Analysis: FTA)

CBFEWS 128115 FTA I, X 5- 11, X 5- 12 128115 Community—based flood detection &
forecasting & Community—-based warning communication |Zxf L CEMiL7=. (723, CBFEWS M=
TV AMIEBUVTIL, Governmental-based flood detection & forecasting & Governmental-based
warning communication 7 77T AT 4L THEET DN, LIV ARl O R G TIER =6,
FTA OFEHIFAT-o TR0 ) 5- 11, X 5= 12 DT 7748 74X 5%, Community-
based flood detection & forecasting @ TOP FHRIZxIL i, OR 7 —r2 W T, ik TIRDOR
FnE T — ZARE O IR, dh AR ECE W O g R 2517 Tuy A . Community-based warning
communication @ TOP HFHHRIZXFL TIE, OR 7 — e HWT, il AT LI TT7—REHO
RIGEHATHIIT O RIEZH T CT0D. ZbE AW, FTAICEBITS FiflloF54 L0l
TUWKZET, VAT LRI L0 ORESRCEH R, ARFE#EEZ VTS TOP FL0
success ZE O DB T XATEVT 1134, (t) (e 1T ETA IZBITFHARUNFET) (faill ZE DD
BFET _AFEVT 4 131 — A, (1)) ELTEHTE, ETA ICBIFAHERFEHOEITITHNDZEN
T&ED. ARG AT, WD TOP FRE2ODHERND LD FTA THDHA, SHIC
THOFLIIHILT LOE AT L CBFEWS OFAlY, thadMpkic k- TRRD, FEfibans.
5 6 T TR AT LD 2R 75,

<CBFEW_DF> N Failure of

Community-based \ Community-based — LS -
mwmmmgmmmm LT/ mmmmmgmmmm 1-Acodt) BRET<AFEYF 1)

(Mg~ — Z#RE) / (g~ — AR D %K)

’0R

Failure of
Detecting flood sign and Failure of
storing data verifying flood occurrence
GHAJBROM & 7 — 2% (BN i o S )
B0XE)

<CBFEW_WC> \ Failure of
Community-based ’J Gommunity-pased 1-Acwclt) (BETRAZEYT 1)
warning communication warning communication -

(bigi~— 2 #5) ) (bigi~— 2 A 0 )

Failure of
Deciding flood early warning o
dissemination thru technical Decndmgl;l:eor:imwamlng
system (Hili 27 LIS & (Bt $IMR 0 550
37 7— FRHOEK)

Failure of
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5.4.4 FHMEEHETET LVOME

ZZETTilma DTz 5.2 HIZBITDRN—RERDVAT LEAFTIVAET )L, 5.3 HIZBT
DR R G2y AT DD T —%T 7 F ¥ &2 H0iA AT 5.4.1 TH, 5.4.3 THOMERES—A{Z HEMEREA T
%, MR AT Rl FEE A LT V2K 5- 18 (TR d . BT/ ITBERI R [E E AT
FNEDIab—rarkl, /ATy T % 1 HERELE. K 5= 4 IZBTDV AT LE AT
A% MATLAB & Simulink(R2022a)iZ X0 EXE I L7=.

Flood Early Warning System (System of Interest)

Success rate of CBFEW-DF | Success rate of CBFEW-DF
i § Expected floed early waming lead time
=Succass rate ™ GBFEW-DF | Success rate of GBFEW-OF |
Social preparedness End stale probability set || End state probability set  Expacted public number that receives a waming
" Success rate of CBFEW-WC p| Success rate of CBFEW-WC :
Expected effectivensss to respond
Success rate of GBFEW-WC | Success rate of GBFEW-WC -

Rellablity-based Performance Analysis

P Tres KR TFT Event Tree Analysis (E TA)

Flood Early Waming Social Preparedness Flood Early Warning Efficiency
L Expected public number that receives a warning
—| Flood intensity; [ Social preparedness g p| Expected affecti to respond Efficiency of ficod waming
»| Social prap,
Soclal Preparedness Efficlency of flood warning

Measurement of Effectivess

» E d flood eary warning lead fime

Flood damage reduction benefit

Flood Disaster Scenario ¥ Efficiency of flood warning " C]

Cumulative flood damage reduction bensafit

Flood intensity | Flood intensity

26734

Flood damage reduction benefit
Flood disaster Total flood damage reduction benefit
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Flood scenario(intensity)

0.8
_ b —— history
= har
=
0.2}
o i i i | i |
0 1 2 3 3 5 6 7 8

elapsed time [year]

5- 19. @k VA AR DB

ZITIE, BT AVOMNT TEIZOWTI T 5. FEY a— VITUERT2ET LV ENTA—F
[ZDWTIEE 5- 2 \RT. AT CIE, 97X 5= 19 1R IH72 80K FUA DA R DIEES.
BKS T VA LR TIE, BKDIAET T T L DOBKITHIGET HIRE R AL TD. T DR RN
Social Preparedness |(ZAREESAL, Hh/KFEAET LIZHEAKIEA T L LTl Social Preparedness D[A] F
WZBE L2, KOOI AL QAW CIIRR A8 3= 2 +F-D. System of Interest TH D
CBFEWS O 7 —%77F ¥ & ik L C\% FTA, ETA &Y 2 — LB HEICE{EL, Social
Preparedness (23 ARMBEEMESS, Bl AT LD EglESR G IH A S LB 7 <A77
4 FEHL, FRUCHEEBEMEN— 2T =~ AR BT 205 A LT, ok R
DRREFED b, HAEHNTIE, £ 3- 1 TRULIZV—RZA L, BokEEOREEL LI 2-D by
Ty T T =T NEMHLT, BoKgEE B R AR 2. X 5- 20 12 ETA OFEY2—/L Ok
FART. FTAEY 22— LORETIZOWTIL6.2.1 1H, 6.3.1 HOFTN LMD TN AT LD
WIZRT. K2l —2al BHFERAL TR T H2E T, 20N ROBMKEH AT
HIHRUFVARRE T HIET, HHEORMFEIOFFANIZ 51T 2 BARA 223K ok E AR
REHETHILET, VAT LOFINEDOE T Z BB LT KB RO RHE, oF
DITAGR L DER T DLV T A& E RIS CELIDNTET VARG Lz, BRHEShory
VXU AR TE T H/XTA—FDREREMIZL ST, fERND RS, ZIUTKL L, KET VAT
YT AV EFEATIC Z o TR S B 2 28T, RHEEMEA B B L7z L TRz F M CE 2L IThLE
LTWa.
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% 5- 2. CBFEWS #t &LV = AT £ T VDT 2—/VE A

Ea—)b

S A%

INTA—=H

Flood Disaster

PEAKBEEE LYK ST A— 2|2 D%, K] 5- 19 [
IRTIORUIK TV Z A LTA B ERT D, K
DIRWIREHIZIR0, BRI TEAE LTSI T ks %
H13%.

AR, koK
Y

Social
Preparedness

PGB OB e ke A2 =T MAbLLT=H DT
H5. T VIER(3), (WITHED. Flood Disaster 735
DT DBAFREENTE, PR 2R I T
DITEGFREE DR, WOKBFAE LGk
58 B Lyt /KIC %1% Social Preparedness -~ &2~
7 =F 2= FIZHE, IRDFEMTIRFZNAT 7 (PR A~
VIMER)IZ, AEERYERREEE O ANy BB INEE 5. 72
B, BAKER PRI A LN IH 7/ NS A b (K
LWEELL T O5E) T, S ry YR RE AL X
L720>.

LK% Social
Preparedness -~ D
W~/ =F a—
[ -
Social Preparedness
> HA ,  Social
Preparedness & =
L—h, B R
i

Fault Tree

Analysis

5- 17 @ FTA Z_X—RAEL T, %A bR
TRATGENT 4 Z R T HH N AT LDYA, 2
R—R MIMPER AR BB LB RV AT
LD T _ATEYT 4L, #HEEV AT LADEE, =
VIR R NI SR YERE B A R R] T AT T
ELTHERT%. RHlixt %1% CBFEWS THhoI b,
MEENZB T DY AT AOT ATV T 41X HIZ1EL
7.

KB A O B P R,
B (NS5 5H8
FA=HITFTA O
BAERIEESR)

Event Tree

Analysis

5-16 @ ETA Z_X—RLLI-ZREELHIES T
ELT, ANMENAEZEARCTDOBR T XA VT 1%
S, KU RAT— OB EMREZE T 5.

Reliability—
based
performance
Analysis

Event Tree Analysis 26 H /1SN 72 &= RAT—RD
FAEMRBIWY, "IA—=FTHHKE T RAT—RD
IRT e AEREL LT, R — R A L, RS
B, BB I N — RO K MAHMEE E T
5. R PEZ

KT URAT—FD
IRT = AL
CEW) —RZ AL,
BEWIEE AR E,
B2 N S —R)

Efficiency of
Flood Warning

HRZER I N — R (= ERqEez T ROBEG), &
O SRR (= RS LTRSS &S
HFREBEEHSTWD, FITEBITHARVDEIS),
PRSI REE (= RIS HRIISE T2 BOHD
MROEE)IZESE, POKERO I RER
T5. 7 MEIA(DITHED.

Flood Damage
Reduction
Benefit

ADNESNDBKFRIE, BEHY — R Z A L, PEKEH D)
FHELEID, BAKRARUIBRELZS A OB K E
IR A 5. £z, AT IR 2 EED
BRA RS OBARBEFERD RO A FHEEZF L,
ZDH)1% CBFEWS (2L TSN DR W72
ERBEN R (=R LOERTHL VT R) ELT
W, =7 TR,

HE KB FE LR KR
XORIT—T IV
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5.4.5 L Umy AT BERESHT

FHIERE T L OMAEETT TUTHERNEZIL, ZOET VERNW TV AT AR O EE
2 TE AN AT 5 2 &2 AT HE [64] [65]&70%. 2OV o7z Fik% [ H S AHAM ) <2
[mportance Ranking] EFF5. ZO &I 7R B B EFAE DO AR B HIREIRIE, SRR G AT 4
DR R LAY VTN O (SRS T —Z R =2 ENDELNDME) 135 180DV NT0IE
RTRFIZ, P RO R ARENE OREZT 200 EFH R/ L, B AEMEORKEL
SR, EEACFEAE LTI, Birn Baum, Fussell Vesely, Risk Achievement Worth, Risk Reduction
Worth Z2E 230, 1153 B-PMi 22 O BHIZ BV T, ZIUBAEEWT T, fERTRIIYA
7 ez VT, UAZ (& Fr O K5 E M2 320 [64] [65]S TN,

— 07, KR TIET AT LOFHIIZ BN T, HEROEBIRERD 7%kt G L LTV AT T TlE7es,
3.2.2 HTRLIEESZ: Safety-Il, DEVRHEN b (=74 =< 2) bRIRFICEELE, LT
VADFHIEATOZEN B THD. 20720, EGAEIROT AT LOME R DI KT 5 HE
IR IEES TS, ZOMO/ T — L AT A—=Z DN Th [FRFIC M2 E i T x5 L
O, BEEIREAILET 528U,

Risk Reduction Worth (RRW, VAZJ/V BLEL) 13, XA O HRERZ0LB I (=
KRR AT LOHERH I BE L RN AR E LT E) 1D, AT DB RSN E DOFEE
KN 2" HRIETHS. DED RRW OERKREWIGE, BEEXIRORDRENT AT L
Td5. Risk Achievement Worth (RAW, UAZHENNEE L) 1%, kG DOHEME R A2 1B\ -
IR (=X GO AT AR TR T DERE LTS5 E) 1T, VAT LB AEHENEN
ZEBINT DR THECTHD. OFEY RAW DEBSKEWVGE, 248 O EEE ) &S
T2 [64] [65]. ZNHDIBIEZFEILLI2b DA 5- 3 ITRT . Ry (IN—AT A LU TR
EYEE S S5 8 DOV AT ARROMEREZ/RL, R IXE BN GO Z 2 ikt
LT 2T OMfEERE 1 F X0 ST ZE TR UM =R L TORIKDO Y fESE
Y. ZNLDOHAELSTEB DY RRW, RAW ThD. —77, K L TIEL PV AD I F
VT, Ry EL RSN DN =T AL BRI BT HIRE IR CIa, LU= ZGHIlFR RS L T
D Reso ELTRHIEL, SR EFFEELLTH Resxizbest (LYY A ] EIZIBW Tl g/ N7 A—
HaEeiR) F720E worst (LY A A EIZB W THREERNTA—HERIN) ) DI H5-2HZET,
G A7 F I BT DEBMED S A B E LIV AZFHIICK LT, T4 —~ L AR EHLPS
LU A BIZORDBDIRFE2ZEUTFRIRE L TR D EB X T, ZNOLOIEEEZENE N,
LoV A4 BB (ResRW: Resilience Reduction Worth) , L) = RIS E L (ResAW:
Resilience Achievement Worth) &4, 5177, ZZ CHREAFFZELL T RRW, RAW &4 L3R F L7
PR, EEEABEMANOHE N T52800, FEBEEDOEZDLDOHLN—ATAUNIKTD
LIV AN BEREL CTEEIICODDR0TNWEB 2 2720 Thd.
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% 5- 3. KOV A7 EEETMEATE

Risk Achievement
Worth (RAW)

Tk s R ORI ORI

s KRRV AT LD EREFREZ 0L

b B BEUWZEE, VAZDIR LT 8%
[RAW _ R R

Risk Reduction Xi R|Pr(x;) =0 :\@%ﬁbﬁi%b\yx?mi, NEA

Worth (RRW) NRELEH B DOV AT LK ~D

DN NS,

Y KGOV AT LD R R A 1L

o BN LXIZ, VAZOBINLR 8%
) - v RIPIG) =1 Y

X R, ZOERREN AT AT, REA

DIELT- B DY AT AR ~D
NN,

& 5- 4. BB THL DV ABEFE M EFE

Achievement
Worth (ResAW)

Fik FHE FEIEOFF O E
Loy I T NG O
ol A TR B T A= A PG H AN IR RE

= R BN LT, LUYZ U ADE FLR
y ResRW — - &R
Resilience i Res(x; = worst) DR KX N RT AL, SRS
W i’i}d‘ggm;w) LRT A— B YR DL DY o Ak
O ATes BADPENREN,

Loy KB REIRO L AT LD e R 23
e T = A WIGHT — AR RE
TR _, LENEEXD, LU AOEIL

resaw _ Res@i=best) | o iy

Resilience Xi Res, )

ZOEEN KXV AT AL, VAT
DRGRA—AWERFOL Y A
DN RZN.

7p¥, BB L CHEIOE 2 &b DIESN K MRT Ch 5. BT BRI,
YRZPEDT=D O K IRF S & ENDM. TRET VDT 2—2 (NFVEE) (S IHE
THOPREBTHHEVINIGHIZH LT, 2L AN EBORHEIZENET VNITEIRSNT,
T LOFRFER (HHEE) I RESEZL 25T 282 IHMEIc R H 35 [66]. m—H /L
FESRAT 07 — S VIR FERRAT &\ N T2 FiEE WA ZE T, e EMZE B LT ECal i =i
TELLDOD, AR T-E725/ 8T A= R ThENHSETRETOREZ R T D720, DR
FEEMROH LA EMEDORPADN R E TEDHZENHE THD. — 5T, A%f4E9 5 CBFEWS
B ALY RGBT, REMRT —ZCET ML Z D L0, N (2 m7R kw1
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R EVED AT DIRER A (T A= 2 a2 ETe 2D, HLSETR—ATA LT FUA (AT /8T A—
LR, FTI AT RTA—Z BB R AR CERE P RE/cHiPH TS E) A3 EL
72 EC, RRW X° RAW LW\ o7z FiEER—REL T, HAK T L COREZ B TR 2 F
EERRA LIz, YR72ND, ZONS T EMRATICEY, DT A—HTEE R KEL, T /L~
DEBICHNROT W EEIRT 52003, EFAEEO M LA ITBICAE AR TFRTHLHILIC
BET5.

5- 20 [ICEHBEE ST OT7n—F v —MeRd. M 5- 18 ITTHELZIal—TaET L
(2 LT, A7 0—F v —NMIIEWNEILDITAR—RT AL DT A= L DM E i L C Reso &
FELE BT, iR THLN T DRTA—FERAME, V—AMELEE L ESERBS
Res(x; = worst), Res(x; = best) ZHifFL, LU AP Mifi, L) = A I E % 53
T, ZORBREFMEATOWEIR S SICE BB FAT T 228 T, FEDPRDI DI TR A
FZEDL VYT AR, LV AT O B OO T AR R D LA TES.

Y|

—::‘___-__-— _,l =m —___—___‘: No

| Yes

Res(t;, x,; = baseline
(4 %Sfﬁ )

FHEETF :i=1-n

n o=

l Yes
Res(t;, x; = worst), Res(t;, x; = best)
z

f(tj)‘x! J(t]} X —
ZitE

< w7 D—

[ 5- 21. BEEHHT7n—Fr—h
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o T /LOFMM

ARETH, BB L2 =T R—RAYK B E R AT 2OV VY 2 AR EE S HTET /L
WZRET A E L CERE L2 oD T B AL T IZHONWTI A, BT IVOF LA MR LT-.

6.1 FH T &

AR £ T Tata =T A _N— A K B 2T L2t R L LTz, BRI rlfetE 2T E
FTHEREL TCOL IV REPNET DD DET VAR L. £ 6- LICTTET MZBITH%
AR, £ 6- 2 ICTHREET VO —Ar — AR T 5% L MHGEN B 2N IR T . FRGE
FHECIE, E7 vV E KOG E LT, PR RIS IO EARRS AT 2D ET VA~
DZEH (CBFEWS-RESIL-REQ-01) , BEf£0 CBFEWS O 7T —F 77 F ¥ itibDET /L ~DHVIA
Z* (CBFEWS-RESIL-MODEL-REQ-02) , By 7 VU4 7kl (CBFEWS-RESIL-REQ-03) %% #1
FIFEMUT-. FI- 2GR ENE TUE, Y — 2 W CTEEICERBER (L) = 23 L
LR Al REVE R IZ 72T 7Y a7 Ot ELC, CBFEWS B 2 [K 1 o4l - FE A
(CBFEWS-RESIL-CONOPS-01), CBFEWS g ## 22 0 ##lil (CBFEWS-RESIL-CONOPS-02) %
ENENFERLT-.

INBOFHIEATHICH T, FAMOXI R AT LD ER (6.2 H) #1To72 £ T, 7rhZ A
(6.3 1H, 6.4 IH) Z2O>FEiL7-. 7ah AL 271(6.3 HH) ELTIE, BEFFD CBFEWS AT A
ICRILTHEBICET VEEAL, BEFOaIa=7 1~ — AP K B R o Rt i) 7258 A 2 m
T, LYV A% BT 572002, Bl -t mifilifizE L - K Of - FEfi A TE S
EERGELT-. 20 1T, CBFEWS (2B AAT — 7R/ H — IR L TT 7 —MNRAEZEI TV,
ZDORERED A I TET ViR RO 2 S R A T o7, £z, 7uhdA(e72(6.4
IH) LTI, BEfF CBFEWS L3R4 2B MOk EH % it 21752 T VA EEL, LYY A[h)
FOEASWEERFHMECEAILAMAELT.. SO, [ARRISEMOBEH G ZERAT — 7L
H =R LTI VBT —ar 3528 T, TOUERRZBIIBITL T IAORUELAZE TS
L, E7VOF AP0l deEFE) ICBL TR MR EIT o7,
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# 6- 1. BT AREEEE

ID

CBFEWS-RESIL-REQ-
01

CBFEWS-RESIL-
MODEL-REQ-02

CBFEWS-RESIL-REQ-
03

Title

K B E RIS I D9
TR AT I/

RIS T —F T F ¥
DOHGA (A7)

B U T 0 o fig
Hr7 AR (H )

Requirement

T, a2 =T 4
— AP K R R D B
ELIC BT D AT A
KA F I A% EBIIR
fEATET L E L TE
AlRE/R T L.

EF AL, BEFED
CBFEWS O 7 —% 57
Tyt &, E &N fE
WrET /L THRYIAL
(A7) DSA[REZRZ L.

%7 /L1, CBFEWS |2
FHREMIMIC B85
D YK Z 5 JE L TZ kK
HeE AR 2 5
(H70) DyATHEZRZ L.

Verification
methodology

A TV E 20—, A
VAE 2—)

fid (LE=—)

7 Ab (fEHT)

Result

5.4.4 (AT LE AT
SUAET IO EE
BT NSO E, FH 5
TN T EN )

6.3.2 T (FuhZ AT
LZBIT D),

6.4.2 TH (FuhZ AT
0BT D)

6.3.2 T (FuhA T
LZBTDT AR,

6.4.2 TH (FuhZ AT
202B1FDHT AR

# 6- 2. ETNVIIHRT B Y MR

ID CBFEWS-RESIL- CBFEWS-RESIL-
CONOPS-01 CONOPS-02
Title CBFEWS & % [K]1- D fli HY - FFA CBFEWS UEHEZE O P

Requirement

BEF DAt a =7 ¢~ — APk R
WOFH7E R IZAT T, LYY=
VAR BT A0, HiT
Bl 2B 8L EE R O -7
N TEHI L.

BEAF DA 2 =7 4~ — AUk R
T —FTIT IR LT, BNk
EEFEITORRIC, LYV R [A] |k
DEEWEFHFHMEI CEHT L.

Validation FEU AN — gy (fEAT), FTE'L AN — gy (T,
Methodology | 7>/ —Fh LT —ar
Result 6.3.31H, 6.3.4 T (FurhZA 7112 | 6.3.31, 6.3.4 TH(FahZ AL 72T

BIFLTr—h)

BIFAETVEBT—Tay)
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6.2 EHfOXIET AT A

6.2.1 b~Z7- vl o K ENEHE I35 1 Bk K R

(1) B AT LDEE

A2 =T = AR N B IR T, U CHKEEN SR L CRY, o %R
& EEEWSTZBREOZWHK CHHZ LN, K 1- 10, K 1- 11 bb i AMDZ LN TET .
ZOHFT, FRZata =T oK R ERIC BSOS, TOFEEETHRINL TV DR
1 (ICIMOD (The International Centre for Integrated Mountain Development) : [EFR#a-A& 1L & B %
BB —) DIFAET D% 8= LD S EWETIHIRI BT D AT MIIEF I F S EZAHNEL, 4
DOFHIR GO AT AELTRE L. BEHBHIILL FOLEBYTHS.

e 2015 4FEXY CBFEWS MEAZATVY, HZD 2016 FIZFHAE LT YAKARUNMIBITH AT
LOEERE R (V—RZ AL, E@HFEH) OBAFIZEEIL TS [30].

o 2022 HFHIEFET, RERUKELTUT 3 HIZ 1 EIZE, FrmEE A=V RIIZBITH K
RN I X RS T 7 — AR NI — SN 5728, Mk 7238 A HERF IR L TD.
(CBFEWS BAZEBIFRENDET V)

e CBFEWS OYRAT LT —X%77F ¥R ]S THY, ET VA ZITIEHTED) Y —R
DI TUNA.

o [A%72 CBFEWS 23BRICH B~ ([ 6- 1) SN THRY, BIFRE OFFe rlRethiZ B9
DHRNEFESNTODEHERILT-.

CBFEWS with Telemetry

Baheaich Thimphu

BHUTA

¥ e Rangpur
E atna Rai Esri, HERE, Garmin, FAO, NOAA, USGS i
Allahabad E

OD in collabe

X 6- 1. ICIMOD Z&L5a =7 13tk RHIESR T 2T A5 EE R (R /31— V) [67]
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(2) %fGHll s AT LR

A RIDFEZE T VI WDt e flslil g, Je1TafgE (30138 T Hifa g5 s 2 d5 ) C
NI F =<V AT —=ZDOEAFITR L TND RN — )V EEBICALE T 57 My il %t 3%
CBFEWS &L7-. Zhe IR 740m O DYy 7 LIRICIRAF L, &K 82km (2 5. JRIEH D
EDABLLEL, FEEICADE AR 2B T2 [30]. RO K EEIEIL 500m (26 K
W, 2 DO EFEZE OO KBEITIRASI TS [30]. ZoftdiE it 2— &
5T, EOKIRIL 30CEAB AL, 4D H FEKIRIT 15CHoD 200CTH D [30]. iftlskod 4=
IR /K Bl E 1035mm 735 1609mm TbD. FHRFEAK =D 82%LL Bix, 4 » HH (6 A~9 H)IZ
AT D, TR IMAKIZEAZEHR)ITHY, &L T B2, BIZI3KENREAET5H. Zo ik
T, I 10 FOUAKITIET OBK (2, 3 T LITRAET DLIUIETRAITIT 2 Lk
A ThL AR B D LR DT TS [30]. ARSEATHFIEICISITHI AR (E=L 7 L& R
WA DORERLELFR) 1T, FN— /L DOBUR ATB LD FLHENL TéH 2 Sarpallo & Nainhi #5562
B2 (VDO IZIRESITHY, UKpEEE 2134 a7, A1 18279 A Th oz, R/ 3—/L DRt
JINZFT 24D CBFEWS I ATHY, FHIE RS 2015 4EICT My IRV D 3 DD (77
X=, TVITR, A ) TR ESIL, NOKMEGER L2 bd D, £z, ZTUHOGFTIE, M7
A2 =T 07 Y 2~ 3 B O HEF DT DV —R X A DEAR T2 7- 01 1T 7= [30].

ZZ 3k (2] [30)2H LI/ERRLTAE 327 — 2D~ —RL70% CBFEWS VAT AR {kG%
6- 11~ . HiifEE T2 ICIMOD 23pH% - EH 2D 5 CBFEWS TlE, KE3DDLEENE
F &5, Data acquisition unit EFEIENS, JIIOHEBZ ML, TN AT Caretaker 2SEFET
D ~T —Z 5 niE T HIE ) Data upload unit EFEIENDT —HEZ(EHR, (o Z—Fv b EOY
— R T —HEE L, 2RI Caretaker (ZRIL CHREIIELTCT T— LT A AT L A%
W THK P IR B AR E T HEE, SHIZ TR S E TS Hll oo BTk L CERSEIZ 1280
TI—LHRHTH-00 Alarm unit EFFIENAIEE THS. FEARNITIEEDMEFREISZEL,
THETHEANRINALOO, EE: Socio system E7RADH Caretaker TV, Vulnerable
community WIZEITAFER THS. Caretaker [T EZ B L CTHK T IRERRENLRD S, 1H#HOIE
LEZMOR ANRLT —2ZDHL0, Fi2 KA E DRIR R EZ O CRAET 281EE21 7585
FFER72ENTND. ZHUTE ST, PKERO LEELZSRT 52T, IEfSE RO, Zhid
17 C72<, Caretaker |Z—HRALEES L CHOT T —BHZITHTET T, IVEEMZ G hAHEm
50 SNS ZH W T itk a3l a =7 — a3 5% E2FF->. F7-, Data acquisition unit [FME
— DN KRALEFHRIRE 72072358, T D3 — O FERIZIX Caretaker 23 H SO 7wl 7qK
PR AR DI LT, Yok T IRZM T 2% EH > M5, Technical system (233 570K
ZELTOREREY Caretaker (XL TR G-Z31 TV 5. (ICIMOD BAfREA NSO T J I HIC EE
-3<. ) Vulnerable community (Z DV ThHIRERRIZ 272382 e S HZE T, FMOBEHEZ T
THOLHEUITEIZATOZL T, WKHEDIRBEZATIZLNTES. Zbld, K 2- 112V T
L7z, AEFNCED BHIESH AT MBI 4 2OF —T L A MIBIT LI RHGGE/ 1LY
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V22 ZAD 5V N2 H > TEERR S LD EE 72 Socio system DKE|THS.

ZEZCHR [2] [30]DFE BN IELAT AN OWTIE, BFEDNEBRICARS 2T L% 4
% ICIMOD D7 ANT 4— /LR Td% Godavari @ ICIMOD Knowledge Park (235 CE E 2 iR 7
HZET, BTV DRYEVEAMERE LTz, AR ZIT oI BRO T EEIL Appendix B SO L.
ZORERE ML= T —F% T 7 F ¥y DET VI 6.2.2 THITRT .

HUBAFED R E LT, 13— L 3 HU O WK I A B T 2 R A B LTk U4 %
ERRT DT 2 — /M TR L 72, BRMIIE, FBEEI 10 FEodKIT@EHE OBtk (2, 3L
AT DEIUIETRANTIER20) KVEZ ThDHEVITE, 3 FIT 1 Ez*F SRR O B TERN
(ZEDUIKDPIEAET HIEAE A, LTITRT LI 3 BRI —EREDOUAKNDFEAE, HlgiE
G2 A 10 4RO T 2 B4 T DR ES FUAZAE, ZNLIMIITEEREIEL 2D

FEDZEMMPIAETHTVAEBEL. 7ok, RIZKESEV—REA LI, £ 3-1 DT —
TN ERWCTEE~OEEI S ZRDT-.

L4 H: 0.25 (JR/KES= —0.14mfH%Y)
24H: 0.25 (IR/KES= —0.14mfHY)
3HFH: 0.8 (JR/KES= +0.03mfH%)
44EH 0.25 (JR/KES= —0.14mFH%Y)
54EH: 0.25 (R/AKHES= —0.14mHH%4)
64 H: 0.4 (JR/KES= +0.03mFH4)
7THH: 0.25 (IR/KES= —0.14mfH%Y)
84EH: 0.25 (IR/KES= —0.14mtH%Y)
94H: 0.8 (JR/KES= —0.14mfHY)

10 4£H : 0.25 (JR/AKERE= —0.24mfHY)
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Data acquisition unit - Data upload unit

Ultrasonic Processor/ Primary

sensor | transmitter receiver

[ ]

. Data
Display uplink

level

Alarm

Early warning

Caretaker @
dah

River I Confirmation
(upstream)

Telecom Early
warning

Alarm unit

Cloud connection
computer
Early [
warning | |
Display Alarm
Sound
River
(downstream) Verbal/Siren [ )
Focal
(P )
e
(]

X 6- 2. 33—V K BT HIKIZ 33155 CBFEWS 2T A2k 8
(B3R [2] [30]2b LI EH T TYER)
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%G % CBFEWS D/37 4 —< U AT — X ORAFFERE LT, JefT0F5E [30]Tld, 2015 4
IZBIFHR—2T A L7025 CBFEWS OEARFIOT —4 L, 2016 FZ351F5H CBFEWS H A D
F—2LLUT, WoKDIEREERNZ T IRAZ LRI LT AE DL, ok EZFDYAZIZET 5
THERED RISz, TN OBIFE A 6- 3, £ 6- 4 1TTRT . £ 6- 3 DKROIEHE
FRNCZTEAZ LRI LT A& DL, Before 735 After T 5.0%705 54.44%L BIFJIZ Sk T
L TWDZER DD, DFED CBFEWS 23l U R A2 H 751 TODIREE THILIE, 54.44%
DGR ERNZ T RS Z LI SIL, CBFEWS N AFELRVREBZAE T 4T, 5.0%D H
O BT AE RN FANIEREZITIADZENTECN. £ 6- 4 OPKREZDIAIIZE
TAHE R A LD E, $71Z Community workers, Caretaker, EW network Z AW CIFHRAE AFT5
ZEMTEL AN RIBICSGEL TODIENR DD, 220 b, CBFEWS 23U HERET 52 &
IZEo T, EMOSRBALANER CTEIZ bS5, KL TlE, 207 —4#%[X 5- 1 1285
[CBFEWS /37 4 —< L AFERIEH | LU TET AL T VL, BT A NEOZRIZ VA E
L5,

% 6- 3. WKOBEREZFRNIZITIAZ LRI LTIz A
(B& 3R 30120 LITEH T THER)

E Before (2015) After (2016)
3 % 5 % JLXjiE S
Yes 9 5.0 98 54.44
No 171 95.0 82 45.56
aF 180 100.0 180 100.0
# 6- 4. Yok ZDIRZIZ BT HIEHIR
(BB [30)%b LI2FH 2 THERR)
R ﬁ%%ifore (2015) . — §;ﬁer (2016) -
Local government 12 6.7 12 6.7
National government 2 1.1 18 10.0
NGOs 9 5.0 2 1.1
Television/FM radio 39 21.7 11 6.1
CBOs 10 5.6 11 6.1
Community workers 19 10.6 47 26.1
Village head 4 2.2 3 1.7
Newspaper 1 0.6 3 1.7
Caretaker (Mobile phone) 0 0.0 30 16.7
EW network 0 0.0 68 37.8
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6.2.2 CBFEWS O7 —X7 7 F ¥itih

5- 1 IZBWTC, LYV AR\ EOTHDET VDA 7Y RELT, 6.2.1 BHIZRLE
[CBFEWS /74— AfERAE WIS Z, [CBFEWS 7—% 77 F v IEH I L ETHHI L%
RUTZ. 5.3 CH CBFEWS IZRE T 27 —F 7/ F ¥y DAXET V7 % T LT=DS, AR TIEx4
LT D EARMZ: CBFEWS ELT, X 6- 1 ELThR LIz S— /L SEE T il (2 3517 5 CBFEWS
DT —FTI7F v DETVTELTD.

(1) 38— LS8 ERET Hk 12 3515 5 CBFEWS D&

8=V SEE MaFI sk (LRE, Ratu-regional CBFEWS EFRT %) IZBITHMEELC, £9 71
VI EREATOTRERZK 6- 31RT. 22T, K 6- 2 IZHEVVEREITo7. FFEFHELT,
KEG LTIV AT DG T V=V AT LEL TOTE R I 72972, Social-based System |Z
% Upstream Caretaker, Technical-based System &L Tl Data acquisition unit, Data upload unit,
Alarm unit, Internet—based cloud server &431FCVNA. ZiuiX, BAMEIZ Tech & Socio TEILF LN
T —< L AHEEF D= D DNER /ST A—% (Tech 122V VT failure rate, Socio {22V Tl social
preparedness) N 72 A SITHE R T75.

bdd [package] 3-3: Structure [L3 Subsystem definition] )

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

<<block>>
<<element>>
Social-based System

<<block>>
<<element>>

Upstream Care Taker

<<block>>
<<element>>
Technical-based System

<<block>>
<<element>>
Data Acquisition Unit

<<block>>
<<element>>
Data Upload Unit

<<block>>
<<element>>
Alarm Unit

<<block>>
<<element>>
Internet-based Cloud Server

6— 3. Ratu—regional CBFEWS D=2 57 AMEZ (bdd: 7'y 7 EZX)
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(2) R/ 3—/U S EMEFIHIRIZF31T D CBFEWS DS HE

6— 3 ITBWTEFL/- Ratu—regional CBFEWS Mz 57 AR VT, Flood Detection &
Forecasting OBEIER LR, Warning Communication OENWEDT 7T 45 ¢ X% Ratu-regional
CBFEWS D& DOLDIZFEAL L= DEZ N, X 6- 4, [X 6- 5 {27~ 9. Technical-based
System, Socio—based System DFIVEFLDAALL—2 D HIZ, Ratu—regional CBFEWS DOfEFHHT
BWTGEEM b2 R —% ok (Data acquisition unit, Data upload unit, Alarm unit, Internet—-
based cloud server, Upstream Caretaker) ZBINL, & Xk [2] [30]&2HE, 77T 48T 4 %3F
AL L7z

ZDIINT, Ratu-regional CBFEWS Z~—2LL T 5.3 HOAZET V& BEL, ZHUlk-T
BARR 2 R — R ML TEMEZEID Y C, MR A7 5 HIE T VA AEEE T 5720 Dl
BEAMEAT (FTA) 29§ D ENE 5 70D, 5 6 TR DRI CTlE, ZhH0 SysML D777
AE T4 KETERL, EET VORI EDS.
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er water
level

act Flood Detection & Forecasting )

<<block>>
Governmental Early Warning System

<<block>>
Commurity-based Early Warning System

Flood Detection and Forecasting System

<<block>>
Technical-based System

<<block>>
Social-based System

<<block>>
Data Acquisition Unit

<<block>>
Data Upload Unit

<<block>>
Internet-based Cloud Server

<<block>>
Upstream Care Taker

|

T Rain clouds
observation

*Rain amount

Forecasting flood on each
district

Detecting river
water level

Uploading data

Stowing data

Receiving data

Annunciati

lating
flood sign

J|access

[access]

verifying flood

~Community-based
flood forecasting

Governmental
3] foad forecasting

X 6- 4. Flood Detection & Forecasting DENE (ac: 7774

E

4[X)

act Warning Commul n J

<<block>>
Governmental Early Warning System

<<block>>
Warning Communication System

<<block>>
Community-based Early Warning System
<<block>> <<block>>
Technical-based System Social-based System
<<block>> <<block>>
Alarm Unit Upstream Care Taker

: Community-
based flood
forecasting

: Governmental
flood forecasting

Disseminating
L] fiood warning
thru local
government

Deciding flood
early warning
dissemination

Disseminating alarm
thru Voice

Call/SMS/Internet
Group Message

: Community-based warning

] 6- 5. Warning Communication DENE (ac: 77T 4
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6.3 TarA T BEEVAT NI TAL Y
AEEHEE ST

6.3.1 FFfZeH:

(1) FFAlE A
PR T UNIAC L T HFER T D, TORAE L T BT, AMERET VI L> TEHLN A
EZ PRI L, CBFEWS OFFe Al REMEIZ I T DL Ly ORA L ORI ] TE D028 37 5.
A B AL, 2 6- 1, % 6- 2 [T ORLIZLL F O BLRIRGE - 2 4 RIS RIS T 5.
O FHRGT —X 77 F ¥ OEGA (A J)) (CBFEWS-RESIL-MODEL-REQ-02)
@ BEYTFIATRIOH ST AN (7)) (CBFEWS-RESIL-REQ-03)
@ CBFEWS B 7Ol - 7 (CBFEWS-RESIL-CONOPS-01)

(2) FHEEs U
6- 6 |[Z7 BN AE LT 1OFHIIRSRET DT VA ZRT .

BFEW BFEW BFEW
WA } YHBER } TEE /AR
F— F— 27—

———————————————————————————————————————————————————————————————————————

| 3222 \  CBFEWST—%£70F 1 8
| = ~ B EAD -
A -

<BERETOMEZD>
REET/ILICHUTRIEYS SCBFEWS 7 —F
TOFv - BRRRZANLT, dECEGS
eIy SRA > bW AN ETEED,
EDKRSBWERNENEIHEL TR T D.

X 6~ 6. FubF AL T 1OFHET T4
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6.3.2 7LD H

(1) FHlRT —%7 7 F Y DBGA (ANF7)

TahIAT 1 TOFIRIG%, BEAED CBFEWS (2B 5/87 4 —< AE R A  IRDHE
fHE AN LT, RYIZMERE - (B2 B i G R T T MCE>TPHRIL, LYY= U R
TR 5ZEThD. BEFD CBFEWS /74 —< U AIEHRELTE, 6.2.1 BT THAILIZ AT
5L, BIRE ~DOET VL T RERICIESERE LIz, —F/ 3T A—2 (G Mg 372 2) 1220\ Ti
—WRBO7 A A Bl B HIZE L7ob O %R E L. BEfFD CBFEWS i - I M EHREL T,
6.2.2 TEHICCEHEL 7= SysML A7 77 0%H 8102 FTA 241, SHMBRHEET /LD PRA £V
— U FEEELT-.

6- T ICT NI AT1IZEITH FTA 2753, FTA Ti, X 5- 16 (IZH/RULIZEY, 45D A~
N EIZENENZEMR T DO DT AT MERE KRB ERE T VAT E T T LI TRl & 772
Stz BREZIE, X 6-4, X 6-5 (2 THOHLIZ, ICIMOD @ CBFEWS (2857774874 X
DT VATZETAFERIH LT, ENENDT 7T AETAVBERSNIRNZ L% FTA 31T D571
L TRTRIR L. EBIT, ENEND I ORARERIL, WThb T 77871 LD
AL = TR T AR = DT _ATEVT 425t n S, ZHUCE->T ETA ITRBITHE &/
TR RRTAT ~ DA ATREE LT

£ 6- 5 ([TTaNMATUBITDHATINTGA=ZEFERIWAE RS 22T, X—AT711E,
NRAME, T—AMED 3% ZNLIUIHE LTz, Z2TO B, N—AT7A> DY FIUAITH
LENR B T UAO TN A, % 5- 4 ICTERLIZL DV R3O 7-8 0 T 3 e
IZEDERDFEITTHD. 7 —FEBED 70 THY, X—RAT7A L DEDIXL DX/ TA—
ADMFIET UL, TNEXTHIELRRETHDN, FHIRTAH—~< U AT DT A—=FTD
WL, FEENELELNTOD DT TIF RN, VAT AOWFELHLITHENERS LY D il
TRNT A= B RAME, BVGDRIEIR/NT A= 2T —AMELL TR ELTZ. 7285, social shock
magnitude LK, alarm threshold {222V T, W ilh T —HBIEELR D178, iR D
6.3.4 THIZHIT DR UMEMRREL CHEMLIZBMET V71— LIRS H 8910 —2
TALINTGA=H T LT,
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Falurg of Faiuro of [y Y

Falure of of Fallro of
data ‘amunditing flood sign ‘eritying flood occurrence veriication of food

detecting warter level

k

x
i Une
by failure

x
oata
REREL Sovernental

Socil proparedness.

X 6- 7. A7 128175 FTA
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&K 6- 5. TRMATLIRIT DA NTA—F LR ERIL

» - N—2TA Ml ~NZME U— Ml .
No s L] (Resy) (Res(best)) (Res(worst)) BRI
1 var_soci_prep_dec_half life FEE B UENHE FE O B0 5 100 1 SATHIFTE [38], N—ATAUNTZ Y MERERIC BT D87 Y 7Rk e
—HI DI NEREL CREL
2 var_social_shock_mag KA UM DAL B HERRE S OO S s 0.5 1 0 NR—=2FANTIEFUE T A2 O R EE LT
3 var lead time_CyGy DI =T AR ARG, ITEIC LD R ERHY, 08 | 3.0 48 0 CBFEWS # AMEDY—R %A 537155 [30]
B OERY—RZA A [hr]
4 var_lead_time_CyGn A2 =T R ARG G, ITBIC LD RS L, 0 | 3.0 48 0 CBFEWS L ARFDY— R & A L5 J71285 [30]
HOEW)—R 2 A2 [hr]
5 var_lead_time_CnGy A2 =T R AR L, (TS RS ®RHY, 08 | 15 48 0 NR=ATAEEAI2 =T AR — AR MR O E ) Oy LR EL
B OEWY—RZA A [hr] 7-.
6 var_lead_time_CnGn T2 =T AR ARG, ITBUC R RIERARL, 08 | 0 48 0 WO BRSO A XY — R A L0ERELT-.
B OERY—RZA A [hr]
7 var_coverage_CyGy A2 =T R ARMERBHY, FTEIC LD RIS RHY, O | 54.44 100 0 # 6- 3 1R DB AR RICLD
B OERZER AN — 5 [%]
8 var_coverage_CyGn A2 =T R ARMER LY, TBUC LD RS L, 0 | 49.44 100 0 # 6- 3 2B HBHFHAR RICLD
B OB T S — 5 (%]
9 var_coverage_CnGy A2 =T _R—RARWER AL, TEICLD RERSHY, o | 5.0 100 0 # 6- 3 (28175 CBFEWS L ARTOEELT-
B OB T S — 5 (%]
10 var_coverage_CnGn A0 =T R AR, 1TEIC RS R RAL, O | 0.0 100 0 WO B EERG 2V AT Ly POLRE L.
G OEWZEM A 3 — [%]
11 var_response_CyGy A2 =T AR —ARERHY, ITBUCLD BWE @RS, 0 | 0.5 1 0 NR=ATANTIEHUC T A= 2 DL LT
B DISE~DIHRF (%)
12 var_response_CyGn A2 =T R ARG ATEIC LD R L, 0 | 0.5 1 0 R=AFGANTIEHUL ST A= 2 DO LT
BDISE~DIHRF (%]
13 var_response_CnGy A2 =T R AR, ITEIC LD B RDY, O | 0.5 1 0 NR—2FGANFTIEHUL AT A— 2O L LT
B DIE~DZIRFE %]
14 var_response_CnGn A2 =T N ARMER L, [TEIC RS RMERAL, % | 0.5 1 0 NR—2FANFTIEBUL AT A— 2O L LT
B DISE~DIHRF (%]
15 var_lamda X1 %%/ day] :Data Acquisition Unit 2.7%10 4 0 1 SRR L — 7 0.1FIT * 24/10°9 “15FIT % 24/10°9 LL7= G, 2
16 var_lamda_X2 % F5[/day] :Data Upload Unit 2.7%10™-4 0 1 ARIZ 100 SROERERAMEDITNDHEL T x100 L7z
17 var_lamda_X3 =R /day] :Internet Cloud Server 0 - - (B SR - https://www.
18 | var lamda X4 i3] /day] :Alarm Unit 2.7%10°-4 0 1 renesas.com/us/ja/document/oth/
19 var_lamda_X5 %[ /day] :Warning Comm System 0 - - semiconductor—failure-rate)
20 var_lamda_X6 %3 /day] :Gov. flood detection and forecasting 0 - -
21 var_lamda_X7 %3 [/day] :Gov. warning communication 0 - -
22 var_mu_X0 EHEE [/day]: 28 0.0333 1 0.0027 30 HUANIZIEE rTRES LT
23 var_alarm_threshould UEAKBREEIZ%5 True Positive 77— 2% tHOD 75 O Bl 0.2 (JRAKZES 0.1 (IR AKZES 0.9 (RS R ATAUNTZ GBI BT A IMNeT Vo R LE— B 5 KO H

—0.16m FH34)

—0.24m FH4)

+0.30m FH4)

DL CRIELTD
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(2) @HITFUA TRIDORENTT AN (- 7)
(a) N—=ATAL T F YA

6- 8 IZRX—ATA LT UARHIIC BT DX AT/ A DRER AR T, 22 TiE EpDIEIL,
YK T U, WoOKIZE DB ERREAILE, tESERRREE, BoKER) — 2 AL, YoKEHIN
Ly Uk, 2, K 6- 9 ITX—RATA UM DV AT DT AT VT ik
BarT. 26D BN BITARER, AU MU= TERLES T 7T AT OBER]
REMERZ/RLCWA, [a3a =7 =AYk, [F3a=T7 _R—RA R H oI = —
22 ICOWTIE, WP b B RR O R R0 DN B YE(R B B O BRI LI HE W, 0T
RAFGEVTAPEB L CODZENBHETEZ. TNBDT _AFENTAIHEDE, T p—< R
FRELL TOY—RZA LR, B ALy PIZOWTHEBIL TWDIEMDMND. B &7 7 Al x5
THHUKIT LD EEBFZICONTS, R—2F 1 DUA S FUAITHK L CRIHEIZTTH2& T,
B FIRE R L2 MR T T,
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Flood scenario(intensity)

—— history
= 0.5F
>
L1 | | ||
0 1 2 3 4 5 6 7 8 9 10
elapsed time [year]
Flood damage reduction benefit
2 ;
cumulative
= | |=—— history
o1
>
0 : { 1 ] ] ] ] ] I ]
0 1 2 3 4 5 6 7 8 9 10

elapsed time [year]
Social preparedness

val []

| | | | |

0 1 2 3 4 5 6 7 8 9 10
elapsed time [year]
Expected flood early warning lead time

| |

0 1 2 3 4 5 6 7 8 9 10
elapsed time [year]
Expected public number that receives a warning

0.5
©
S 0.4
history
03 | 1 | | | 1 | |
0 1 2 3 4 5 6 7 8 9 10

elapsed time [year]

6- 8. FRrIAT1:R—RFA T FUF DT (VAT BF AFIVR)
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Availability

CBFEWS: Availability of each subsystem

1
\
}‘\
0.95 ; ‘\“ I'\‘
Ly
k n \ \
1 ‘ ‘\ [}
A v o K\
W I Wik
0.9F WP v Wl
. ‘\\ I\‘ k W My iy \\} \\
AN A '
i\ I\\ k\ \\ \ \
AR A
0.85 - wi Wy I\“ \\| ‘\\ 1\
AR IR
b X V! ‘.‘\
)
0.8 ‘\1I W L -
v L \‘
| 1
0.75 -
y &
"\ \\\ i\\‘\
" NSAY
\} s R\
0.65 - 3¢ ‘\\. \\\ ‘
\‘\\ \‘\I ‘\\ === Community _basedflood detection
\ \\‘i “‘ === Community-bas edwarning communication
0.6 - ‘\! v = Government_base‘jﬂood detection
Governm ent—base‘jwarning communication
0.55 | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Elapsed Time [year]

B 6- 9.7 0 FA T 1 R—RFA L F VA OFM (T _AFEV T 1)
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(b) EEEPEFEAM

BEAFY AT DT DL DU RFE R EEE (ResRW) & £ 6- 6 (83T A—H X T HHE
FERHmAS S, X 6- 10 (BEEIRE N LONTRTA—=ZDHDTZ7 7T ayMIZ, VU=
VASERS L (ResAW) GG A ER 6- 7T(2/3TA—XZxH T HEEERHMAER), X 6- 11
(EEEREN RONTZ T A—=ZDIHD T T7 7 0y ) (2R T, ResRW, ResAW W20
Th, N—=RATALN\TA=HIH LT, WIA=Z Lt CETZGE, FidsfbsETLE-T
BAEEHEL, LYV AOFIZITIZET, ERMNICARECHEREEITHIREHEE OMR % E
IR T ZENTET.
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# 6- 6. BEFEV AT AR AL PV T REEL BEE (ResRW) SHI#E R (&7 —%)

year 2 3 4 5 6 7 8 9 10
yar social prep decrease helf | g 18| 14.53| 17.38| 21.71| 28.77| 32 .34 35.20-
o goeial shook magnitude 1.30] 1.87| 2.73| 3.s2| 4 72 sds| € el RS
var lead Eime CyGy 2.200 2.44] 3.3 3 e Aimal T
var lead time CyCGn 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
vax Daad eins Caty 1.10| 1.11| 1.08| 1.07| 1.06| 1.05| 1.05| 1.05| 1.05
var lead time Cnn 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00/ 1.00| 1.00| 1.00
var coverage CyGy 18.05| 19.64| 26.71| 31.62

ez woversge ExiGn 1.00/ 1.00/ 1.00| 1.00| 1.00| 1.00/ 1.00| 1.00| 1.00
var coverage CnGy 1.06 18805 1.04 1.03 1.03 1.03 G2 HEONIEIE 1.02
vaw woversgs Ot 1.00] 1.00/ 1.00| 1.00| 1.00| 1.00| 1.00| 1.00| 1.00
vax Tesponss Cyly 2.57] 2.72] 352 4ol Al R R
T 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
var response Cnly i e0l 1 S8l 1 40 1 ossldgsl 1zel 1izs| 1zdl 1h2s
var response Cnén 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
‘Jift;mda X1(data aquisition | 0 gol 9 20|l 7 gilt g o ehEEl N ELds el e ol 6 e
‘;:‘i"tiamda ¥2(data upload g.15| &.e5| 9 56| 10 01| 10.39] 10 56| 10 67| 10 o5 11.00
var landa Rifalarm awit) 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
var mu X0 TRl - SR ] B . o 0
var alasm shrsshould 1.30] 1.88] 2.73] 3.53] 4 73 5. 50| 6 el I NN
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& 6- 7. BBEVAT AT L VY A BEEEE (ResAW) fHlifE R (&7 —4)

year % 3 4 5 6 7 8 g 10
yaz Sociel prop decresse helf |y suflle Rl 2 04 1.89) 178l 1.74] 171 1 g8l 1.56
o goeial shook magnitude 1 oS s sl 1 o7l 125 100l 1 ois| 1 14
var lead Eime CyGy 4.85| 4.18| 5.00| 5.35/ 5.63| 5.74| 5.82| 5.45| 5.53
var lead time CyCGn 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
vax Daad eins Caty R el > i 2 05| 2 09l 2 03 199 195 1 .93
var lead time Cnn 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00/ 1.00| 1.00| 1.00
var coverage CyGy 1.79| 1.79| 1.81| 1.s1] 1.s81| 1.82| 1.82| 1.82] 1.s2
ez woversge ExiGn 1.00/ 1.00/ 1.00| 1.00| 1.00| 1.00/ 1.00| 1.00| 1.00
var coverage CnGy i 16.23] 12.19| 10.4¢6 11 Ve e 73 i
vaw woversgs Ot 1.00] 1.00/ 1.00| 1.00| 1.00| 1.00| 1.00| 1.00| 1.00
vax Tesponss Cyly 1 enll 1 el s G | B
T 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
var response Cnly i o9l el oel 1ol 1 ool 0 o1 1 2ol 1 ois| 119
var response Cnén 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
‘;:irt;m“da Xl(data aquisition | 9 1) 9 91| 1.01| 1.01| 1.01] 1.01| 1.01| 1.01| 1.01
‘;:irtiamda X2(data upload 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02] 1.02| 1.02
var landa Rifalarm awit) 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
var mu X0 1.02| 1.02| 1.02| 1.03] 1.03] 1.03] 1.03] 1.03] 1.03
var alasm shrsshould 1.00] 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00| 1.00
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ResRW []

Prototype1: Resilience Reduction Worth

64.00
32.00
—o—var social prep
decrease halflife
—e—var social shock
16.00 magnitude
«—var lead time CyGy
—e—var lead time CnGy
—e—var coverage CyGy
8.00
—e—var response CyGy
—e—var response CnGy
var lamda X1(data
aquisition unit)
4.00 «varlamda X2(data
upload unit)
—e—var mu X0
—e—var alarm threshould
2.00
1.00
1 3 5 7 9 11
time [year]

6- 10. BEEY AT AR T AL VY AHE L EE R (ResRW) SEH#E B (3L
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ResAW []

Prototype1: Resilience Achievement Worth
32.00

16.00

—e—var social prep
decrease halflife

var lead time CyGy

8.00

—e—var lead time CnGy

—e—var coverage CnGy

—e—var coverage CyGy
4.00
—o—var response CyGy

—e—var response CnGy
2.00 -/- :

1.00

time [year]

X 6- 11. BEEV AT AT AL DV A EEEEE (ResAW) TH{HiRE 2 (kL)
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6.3.3 HIITHT 555

R—=ATA L FUAOFHlEL THAILIZK 6- 8, X 6- 9 TI, Aerts & [37]5° Lopez & [38]

DIATHFFEERIBEIZ, PR A RPN LIZa3a =T A IZBI DS ER R O BN Abhb
FOTRFFMEDHER CTE T, ZHUCHE, HIFFSN DY —REA L0, BREMD Ly T ol
CBFEWS D EE/RTA—ZZOWTHEBN DI, ZI0Db 05801, HKFEAITHEN
FEROBEEROBIE N 2SNDZEIEST, a2 =T R_R—ARE GO —FOI T AT
LESI T T T — I —REREZ T MAERIZOWTH B/ 3T — vV AZ R T 5720 O i
DI=HDILMEZ LN UIEEh A B BRI SNDER - L T O 5 2 5.
LV R G4 DT A= F AR T H-OICFETUR B EE RISV, LT
AFER L (ResRW), LUV ARG EHEEE (ResAW) & CBFEWS A% R3O 4
BETEEBEDO ETHEL, ZhE 2 £~10 £ TENENH N EITHZET, BAShT
CBFEWS 23RFgefL S FHIIRIZ 5L Gl i § 27 OIS B E 72/ ST A— 2 O @7 22 LR 2
FELDZENTET.

BEAE L AT D DL VY A E B (ResRW) ELCRFELZIX 6- 10 (FEZE K E
DRONTRTA=EDHDTZ7 7y k) T, #EERREE DR R, a32=7 1 X—XF
R EBUFIZ LD REIER O 7 12 E > TERISNAE R SL oy - U—RE A L JREFRH,
FIEEWIE OISO DT F7— LEEN T NS FHEIE T LI, LUV REHERF T 5720 D
HHEEGH TR I IENTE. F, HIN AT LA THLT —F T vy 7 — N EEST
— X B E OB FERICOWTH IR E WEEE 2R L. 2B EEIXT 77 42711
FIZEBWTH, CBFEWS ELTOT —ZBGOBLR CTIIT AN Iea L IR—R U helgoTindTe
W, T7—La=y DI SNS 228 TRIZFX FEDHERIINTNDT AT LE IR L CHEE N
=AY

LUV ARG (ResAW) fHIiAE R EL CHEREL7ZIX 6- 11 TiE, EEEITEEN RS
NI TA—=ZDHDT T 77y ) Tk, K0iREN7Z: CBFEWS LU THE R/ NTA—ZE L
HDOTHD. ZITIE, A32=T 4 _X— AR EHRS BUFIC LD R EREH L5 E DY —RZ AL,
A2 =T N ARG N BFIZ L D2 =T R AR E R N DG E OB S
VD2 OWTCIHFICEWEEEZ /R U, £z, i DRI FRER THDH— 5T,
%I EREmMA R Uz, 20, EHA AT W TR a2 =7 R— 2 R E R ORE
NINEELTEWT AT VT 25010 TRV R CIEOIIV BRI 2, &SRB RE /153
BEWEE LY R A EICEALZ# —T7, ICIMOD O3 AT LD LR ARIE A3 pkth 4
HZET, BFICHELT LY, a2 =74 T HLUZRIERNBEETHY, ZOHAOMRER E
NEMRINDZEERL TNDEB X DI LN TED.
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6.3.4 ZLVERER

A DOZ 4R EL T, MRELTBEFY AT AOBFEERED L LA D20,
2.2 2T|ZCEMULIZAL AL 2—IZBITAA L A 2 A—H#2 ~DBIeT VT O, fREUT-BE
7V AT BB G- 3 A3 E x5 AT A0 E M2l rlaetE I B G- 2K 107
o —h (ERENEOFEMIT Appendix C 12T ) {77870, 7288, KAV HE 2—BLOT 7
—MNIBERARFEAT LT AL -~ 3 VA MR MEEEZBERICBN T, EiDiE
NZDOWT, MR BLE DR LT, KRBEHE-. OKGEE S SDM-2022-E050)

SR LU HIRIZ 31D CBFEWS 133 EEL T, 2015 4ELIRRICTE AL, 2022 4EHLE (ROl 4E
BTHI T ), WERICZ ORI AR 72280 TEQND. iz, BURE ~DBIET V7
IR, RERBOKEL L 3 IS —ERETHDN, BAEMEDO RN K T
KLU THERP B HINDIDIIHET HIET, MUNIT AT LAORIED FEE 52 L3 TET
WHEDZETHD. RIFNTIZEBWTUTET LV OZYMEFHEEHIZ, CBFEWS 18 H K2 K ik
LC, 37 TRIZITOZEN BIE CHLI0D, T —HBFIEL TR o T f S R YE( R O
TR, PR O HBMEIZ OV T, Bk CBFEWS 1 ALR IR CRERZME M A3
6— 8 IZTIFDADINTATA—F AL T, FERAIT, 3 FI—EREOHAKRENI Rt
T, YNV AT ABHERFCTNDI LI LT, ORI 6- 8 i@, EF /L IELTH
BT 2ZEMTE. F, FERAELSL/NSa KT L ThAE R R REE O &) Abh
HZET, VAT AOHEFHI DI R o TCODLIEDLL B A EIND. 2O X5, 77—23 HBIED
WORRGENE, SRR E BRI TR R SRWE D0, FFRIZRUMKFE AR
MF7eh—= 7 b L TR R A B T-H L, REZRBWAKR LRI DR IEE DR BIZ27e03%
ZENHERITES.

LUV AEBEEE OB L THIR I, M HEHREE X CBFEWS A% O f%iE
FEBMNZWNEEZOBEEELZL COKEMER, £ 6- 8 ITRTTU 7 —MERNSL BZTHH
. — 5T, T —MTEIE, CBFEWS B AEBZOEMRA ALy OEBEIEEITHEVE RN TIE
RNEDFERINTIZEZA, REET NVNOLO I TIX, ZOM TR GG LB T 2 D3R
WEDFEREGT-. EOMOIEB IOV TS BRI OO BT I 5L WIEIEAF TN DL
Mo, BRI ALy O ] EEVH ER T HREFHDBD DLV BLRETAINDD, Bk
WO ROBLETIX, WA AT 2 ANEOEMDNRITERE T HENIEEITASTHDLZ
LMD, N—=RAT AL RTA=Z T DU EARPN R OME R L L TR HIND ResAW,
ResRW W72 RIS, WT AU JEYNCZ DRV R AT OO LU TR EANLL TWnDHEE
25,

T AT TR REEST — YRGS E OBEERIC OV TH R & W EEE AR L TVND
ZEIZONWT, ZOHOLT —F Ty u—REBO N T — B E IV EWEEEAL )
VABREEEEICORL. ZHUY, ala =T R ARSI W T — B E A
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LTCLESTELTH, K 6- 5 TRLIZEDIC, HORREDPIKER) —RF A LEERK TEHIEIC
R TNDEB 2N, BIMET Vo ZICEiuS, EREEL T, 7 — X IUFEE N EEL L E
STl Th, 77T — A —3K N 3 E SN = T ICE RN X, 7 a s ik A
FAWTHKRDO T IRE D ODINTE A EL CNDEDZEThoT. D7, E#MEEZDIDO
T =BTy REEEIZ OV TOEEE SR DI TSI EERILUT—B L T b e®
ZHN5.

=
o

K 6- 8. CBFEWS B AR D 7l BBIE~DOEREZRRF D77 —Ma R

| CBFEWSHE A JADES |

Factor

Availability/Reliability of River level data acquisition unit

Availahility/Reliability of data upload unit

Availability/Reliability of alarm unit

Early warning lead time provided by community-based EWS

Early warning lead time provided by government (national) EWS

Early warning spatial coverage provided by community-based EWS

Early warning spatial coverage provided by government (national) EWS

Financial support (budget) for developing CEFEWS

[Xw N e o T (et I N N I T Y SN P I s I

Continuous tutorial (education) to increase the number of public that knows
how to respond effectively against flood

—
)

Continuous tutorial (education) to increase the number of public that is
willing to respond to flood early warning

11

Continuous monitoring of how CEFEWS works correctly in community

12

CEFEWS technical equipment renewal andfor update

o7 ENEL
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6.4 TERIAE T2 HIREANOFENITEBITAHEL VY
m‘/xﬁgfﬁﬁv\iﬁ

6.4.1 FHZRH:

(1) FFAlE A

BRI T ab A 7R 5. TahFAC T EBL T, RERETT /VITBITHMED
ZHRIITEDN L % BARME T 272012, BEFET —F 7 7 F X 1Cxt L GO E TR R 21T o7 B
DO EFTREMNDS FIRE/RZ L2 ERR 5.
FEAM E AOIE, # 6- 1, % 6- 2 [CTORLTZEL T O BERIRGE - 2 4 PRIk TIS 5.

ikt 57 —% 77 F v DEGA (AN J)) (CBFEWS-RESIL-MODEL-REQ-02)

) FUA TRIOH )7 A (- 7)) (CBFEWS-RESIL-REQ-03)

CBFEWS th#E#E ROl (CBFEWS-RESIL-CONOPS-02)

© ©® 6

(2) FHfi VA4
6- 12 IZ7BMNAE L T 205 RET DT UA ZRT .

BFEW BFEW BFEW
WA ) YHRER } TEEER /AR

25— 25— 27—

———————————————————————————————————————————————————————————————————————

ERRR
T=4
{ e . CBFEWS7—%5 e 0
. ‘ o
CERREREAD a‘ !
G
A !
=

<BHMEETOMMIED>
BIfFCBFEWS(Cxf UTAdd-ond 3 K S1a%f
MR CH LT, HUBNICHISLS
UI>RE EoEEWVEFHEL, REDRL
BLOMHIEIR TS DINEHRT D.

6- 12. FubFA 7208 M T VA
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6.4.2 7 I/LDH

(1) RIS T —FT 27 F ¥ DBGA (A7)

TRRNAE L T 251 DN AR OO SFERREL T, KiaSUTIE A ARDOEHRE LT
HY AT LR—ATORFBINT AT L THLHERTAR R ZTEH LT EWS Ayt —U K E 257
B EHUSIZ B W CE T o VA EEET S,

R TEE 2 (Quasi—Zenith Satellite System:QZSS) [68]1&1%, HARK T 7 IEFEHIS A
IR ATREL T DML RS AT A THY, RN B IE R — A% BE T 5720 IR
TH#LE 2 8 B9 2 B2 WS a AT L — al BV AT AR CTHh5. QZSS O H I
R E TR R B DT DR 5E THDHDY, QZSS DEDIRH 7 A— 2 fAfisiz 241595 L1S
55 21E H LI585 « fE S R R U — B A T SEl i ~D BB SNEITF [34)2 F.ocED S
NTEY, EHEOFBETHNERICB N THLT U r—a B 4H0F%E [69] (70123205124
Teo THED BN TWD. FRERIICIE, QZSS DA725T, Galileo &V No7flidd GNSS 2= LD A

MVEZRECR D b, A RERIZIUW TR —E AOF I ATREME O [71] [72]1380 BTy,
FERMEDE W Ch DLV 2D, Z2TiE, NEE-AERE R — v 2 2% R o st
FHERISINVT U2 =7 U7 (Add-on) THFTHIRL S T VAT LT, AREICEDE
DR, LYV A0 BIZH B CTELMOFMNiZATIL L b, RAZ—2 W LB T—
AV EITIZEILE ST, EOLIRE B IR CRHMEATE D0y, TEARWD O Y M id %z 5
i %.

4 6- 13 1T RETHHHIELR T —FT7F v ThHDH QZSS O CBFEWS ~DffE DT AT AlX]

Ry VAT AT, BEROLET v U bE B, BEFO CBFEWS O7 7 —Aa=
Y MZXILT LIS ZfEHOT 7 &L, ZiUZdi~>T SMS/Internet (2L T &6 R %

HEET 5. QZSS Zil L= fif 2 id(E Tl, BEF® Data upload unit ©F7 —#% H AIZH DM 2 #
BT —# = "PRHRAMRDIENTEHIINIL, ZHUTL > THEEFAE D FTREME D B DU K FE A&
HE L2V DR 2 FETFEE T, 4/&~z/hﬁmﬁ>%ﬁibf%$ﬂ;ﬁ@$&#@ DEEY VARRILA:: 31 ed By el
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Data acquisition unit ' Data upload unit

Ultrasonic Processor/ Primary
sensor [ '| transmitter receiver
. Data
| Display uplink
Alarm

Additional system

I Qzss
. Control Center
Early warning

Caretaker @ . ﬂ g

River I Confirmation
(upstream)

Telecom Early
warning

Alarm unit

Cloud connection QzSss
computer "’
Early | ‘

warning | |

Display Alarm
Sound
River
(downstream) Verbal/Siren [ ]
[
Focal QZ-based
* o Alarm unit

Alarm

X 6- 13. FARICEH L= R R 2T A (QZSS D CBFEWS ~D#E &)
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BARAIZIE, AIRBRIZB W TUL T O RSS2 Sk L7z,

o HTHL QZSS N—REHT AT AOFEFUZLY, T FETOHIRAN— A BRI Z T, 1B
NN R AZBAILT-.

o QZSS N—RERI AT NI T T — A — X RI2 DT —HNAIE ST, EROBEAKE R
PERTERWGHE TY, A0 Z =2y hOFNERAPEELWES 22U 71T U TR R H T
HEMAE B TEDTD, PO IEER NS DOFERIEIEN) E VIR WNEI A Ich %
WENT —FHZENTELD, [FRIEI Sy PO BB FLIAENDEBELT.

AIERIZBIDFHEEBEL, DL FO/RTA—H IR L ORI —< U AAGHEMEO R B35
NHZEEIBFEL, ETA, FTA RATIRTA=H ML T2, X 6- 14 [IZHEH L7 ETA Z7n 9. fif
KD ETAIZH LT, BHLWFEIC LD M AN— 2T OA XU MBINT 528 T, SHITHHL
QZSS RN—AER O WA B [E LI EIFRIET LD/ T —~< L ADF M Z A[REE LT, X 6- 15
(L QZSS N— U I1T D FTA 2R d . Bl QZSS N—2EHTIE, QZSS £DHDD
BHEE (FHYAT LA THINPZATIHMEIREL CHEZBEL), QZSS DT F—ha=
(1 EIZHE ST DHOTHY, EBRELTE), HLOT AT MK L THRAKETELTE
(FEBH 7R R REEE |2 Lo TS NAD D EARELT2) & FALR L L CRRELT. £ 6- 9127
ORI AT2EIT DN RT A2 LR ERPE T, X 6- 14 DFEHLIZ ETA OESIRREIZ) S
T HINT, FL AT =~ AL ERELTCND. £, QZSS, QZSS WIGDT T — b=k
FNEUTK L TR AR E LT,
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<CBFEW_DF> <GBFEW_DF> e “& <GEFEW_WG>
<lE> Community-based mul
Event letection & forecasti flood detection & forecasting warning communication warnin wmmmlenﬂon
I e | o e sy | " (R A 00 Cest )
fail V)
success success success ) sueces .0 P o
O N ~ - - |success X
. ()
RARFEE ~ success =
e
- - | success
i fail <
"o
faad |success =
i fail
T S S el
o~ ~ - |success X
~ |success =,
O . e O 10 [BRAEAREEE] v
~ - | success =
WM O fa ]
&
- |success X
fail
O -/ ~ o |success
R p—y
“ o n o
~ | success =
i o/
- — |success
fail fail o~
o
- |success =
’ -

X 6- 14. CBFEWS 1233175 Event Tree Analysis #&5 (FrH 27 LB AK)
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Success rate o

D_>©7_>| SDOSimTest_Leg.reliabilty_C_WC_add

BFEW-WC-add

C-WG-add:Fallure of
community-based
warning communication
{ADD)

A
“‘T
tallure of QZSS»DaSS”I:e{]nAIanlng QZ55-based EWS
citizens awaring Siren fallure fallure
A A A

X
QZ55-based
Alarm unit
Tallure

X9:
QZ55-hased
EWS
Tallure

Soclal preparedness

X 6- 15. 7 ahF A7 2128115 FTA R AT 547)
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&K 6-9. TRMNAT 2 IZBITDATINSTA—F LR TERHL

. Baseline fi& Best fi Worst fE I

No | 2% g (Reso) (Res(best)) (Res(worst)) RIEARAL

1 var_lead_time_CyGy_add A2 =T RN ARG AT LD BRI HY, D& 0E | 3.0 48 0 var_lead_time_CyGy (Z[RIL
Y —R AL [hr]

2 var_lead_time_CyGn_add A2 =T AN AR RS, TBUCL D BERRL, OBEOE | 3.0 48 0 var lead_time CyGn |Z[RIC
Y —R AL [hr]

3 var_lead_time_CnGy_add a2 =T 4 — AR A TS LD RIS, D& | 1.5 48 40 var_lead_time_CnGy (Z[RC
Y —R AL [hr]

4 var_coverage_CyGy_add A2 =T _R— A RWEER ) | IATHEIC LD FESRH Y, OBE 0% | 54.44 %1.2 100 0 var_coverage CyGy (HTBLIBMT AT A7 L) 12X LT,
HRZEM A3 —3£ (%) (&G B EFHEEELT L2 fFE LT

5 | varcoverage CyGn_add A2 =T AN ARNER LY, ITBICED RIEHRL, DY E0% | 49.44 %1.2 100 0 var_coverage_CyGn (BT LB NN AT SR ICHTL T,
STRZER] AN —3F [%) (R B4R AEFEREE LT 1.2 LT

6 var_coverage_CnGy_add T2 =T R AR, (TEUC I D R ER DY, DA D | 54.44 /2 100 0 var_coverage CyGy D433k rlRE7 2 Lok &t B
TRZE AN —3 [%) (FxEH B AR E LI

7 var_response_CyGy_add A2 =T AR R Y) 1TEIZ LD BRHERHY, OEE DI | 0.5 1 0 var_response_CyGy 2[R
BDIHER (%)

8 | varresponse CyGn_add A2 =T AN ARYEEHY, FTEUC LD FIERARL, ORE IR | 0.5 1 0 var_response_CyGn IZ[7]L
SEA~DIIRZE [%)

9 var_response_CnGy_add T2 =T AN AR ITEUC D R ERHY, OBEOIG | 0.5 1 0 var_response_CnGy (Z[A] T
EA~DIIRZE [%)

10 | var_lamda_X8 =R [/day] :QZSS—based alarm unit 2.7%10™-4 0 1 var_ lamda_X1, X2, X4 IZ[FC

11 | varlamdaX9 R R/ day] :QZSS EWS 3.0%10™-5 0 1 EE 10 FEOHM T, IR REKT ~ATEYT 428

0.95 LA EE72 501238 [68]
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(2) @HITFUA TRIDORENTT AN (- 7)
(a) _R—=ATAL T VAR

6= 16 |[ZX—AT AL U FUAFMIZIB T DL AT IV AN FERE R T 22Tk EBlELL,
YK T U, WoOKIZE DB ERREAILE, HESrERRBEE, BoKER) — 2 AL, YoKEHIN
Lo PkaRd. Fiz, K 6 17T 1I_X—ATA L U FUAFHRC BT DV AT LT AT VT« )4
BaRT. 26D BN BITAREIR, AU U—RICTERLES T 7T AT OBER]
REMERZ/RLCWA, [Ta3a =7 _N—APKRH |, T332 =T7 _R— AR H oI = —
VIR T, TR AE 72T, T AT AL DA a0 =T N — R BRI =/
—2av  LIBMTERLTWD. DT _XATEYT 4 ([ZHAT, IRAIZT_XATEYT ¢ B3 E->TC
WDHDIX, QZSS VAT LRIFEH R THLZLITHKIL TS,

INHDOT RATGEYTAIZHADE, N T =< AEEEL TDOY —RZA LR, I Ly
WTHEFL TWDIENDND. AR L L CORKIZ LA FIRBFIZE IOV T, X
—ATA L DU F UK U CGHBE I THZE T, BHTE/-.
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val []

Flood scenariolintensity)

0.5
N || ||
0 1 2 3 4 5 6 7 8 9 10
elapsed time [year]
. Flood damage reduction benefit
cumulative
= | |=— history
= 2
=
5 : i 1 1 I | 1 1 1
0 1 2 3 4 5 6 7 8 9 10

elapsed time [year]
Social preparedness

elapsed time [year]
Expected flood early warning lead time

0 1 2 3 4 5 6 7 g g 10

elapsed time [year]
Expected public number that receives a warning

0.65
0.6
0.55
history
u 5 i i i i i i i
0 1 2 3 4 5 6 7 8 9 10

elapsed time [year]

6~ 16. SO AT 2: RXR—RFAL 2 F U OFHM (AT LF AFTIVR)
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Availability

CBFEWS: Availability of each subsystem

._
=
-
—
T
-
-
-
.

N ‘ L] |
R oRCOR OB OR R
wOROR R R R
OB OISV TR A CRATRN RURE A
i“ “ l‘ 1 “ L A [ | :
W Ve e '\ ‘\I‘\ Wi
i ATH BT RV : | Y R e
0.9 “-' "“'i "‘l “ ““ "‘ “ “I
-‘;\ A\ TV AR (WY [ "‘l' "*
“ ' ‘\ . ‘ s ! ‘, ' » ‘.
ERVAYRY AR AR A |
0.85 |- \ \! (R B S B I‘i
q A I ! s 11 v 1y
I v L} "L | .
i\
H ! "! v | " ! “ ! .
sl LI B VR Y
| 1" ‘,]
E
0.75 -
U.?E
=

0.65

—— Commun”y'bas‘:-'dwaming communication
— == Government-baseds, 4 detection

Go Vemment'bas'Edwaming communication
—==Added-Community-based,,ming communication

-
L -
L) i
XY H —==Community-baseds, 4 detection
06 - i

0.55 I I I I 1 1 I 1 1 I
0 1 2 3 4 5 i 7 8 9 10

Elapsed Time [year]

X 6- 17. TuhZATS2: _R—RFA L FUF DM (T _RAFEVT 1 )
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(b) EEELEERTAM

FHI AT DEREEZ T2IC T DL VY U AR EEE (ResRW) #F 6- 10 (23T A—H(C
*F 2 EE MR R, X 6- 18 (HEEIKEN RONT N TGA—ZDIHDTT7 7 myN)IL,
FloL VY ZEAG EEE (ResAW) RRARE AR 6- 11 (R 3TA—ZITx7 2 BB L REATS
R, X 6~ 19 (EHEEIEEN RSN TGA—ZDHOTZ7 7y NITRT . 6.3.2 HIZHIF
DERAFY AT DR T DBl ST, 3 6- 9 (2B D/ T A=D1 B E RO
ERAEHEROLTND. Fo, LUVZU AR T DT AREACLTZZ 2L, BEfFD /3T A—
KL COBEEES L TWDZED RS TET.
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% 6- 10. FrREEME AICBITAL DY AL EEEE (ResRW) IR R (£5 —%)

year 2 3 4 5 6 7 8 9 10
ial
var socla’ prep 06| 14.32| 16.93| 21.06| 27.83| 31.25| 34.95 40.56
decrease half life
var social shock 29| 1.85| 2.67| 3.42] 4. 57 5r2a] N0 T
magnitude
var lead time CyGy .13 1.14 1.11 L, 3l k. L) 1L TErEs al, , 15 1.10 .10
var lead time CyGn .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
var lead time CnGy .04 1.04 1.03 1.02 1.02 1.01 1.01 1.01 .01
var lead time CnGn .00 1.00 L 1gkE) 1.00 1.00 1.00 1.00 11, el .00
var coverage CyGy .41 1539 15350 1.26 1.24 1.23 18823 1.23 .23
var coveragde CyGn .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
var coveragde CnGy .02 1.02 1.01 1.01 1.01 1.01 1IR30 1.01 .00
var coverage CnGn .00 1.00 1.00 1.00 1.00 18010 1¥50:0 1.00 .00
var response CyGy B 1550l 1l k) I o 2] 22 P22 W20 2 .22
var response CyGn .00 1.00 1900 1.00 1.00 1L {0}(e] 1.00 1.00 .00
var response CnGy 158 1.16 1L, 2LaL 1.08 1507 1.06 1.06 18505 BILG)S)
var response CnGn SiIEHES 1.00 1. 00 1.00 1. g ] ai 1.00 .00
var.lémQa Xl(Qata bE e L e FiilE avaan aay 2 ERCI RS
aquisition unit)
var lamda X2(data 79| 2.90| 2.95| 2.97| 3.00| 3.01] 3.02| 3.08| 3.09
upload unit)
var lamda X4 (alarn 00| 1.00/ 1.00/ 1.00| 1.00] 1.00| 1.00| 1.00| 1.00
unit)
wvar mu X0 Bl g ] 1l 240 1l o &3 1. 22 19523 il , 2 AR 0 A5
var alarm threshould 2.9 M8 6 2567 3. 43 457 5, 30 6.03 T A o AR
var_lead_time_CyGy_add ol 1.27 1.48 Sl 155 laBe iy BN N
var_lead_time_CyGn_add MG b e ] il el 1.00 I I Al 1 algne] ke
var_lead_time_CnGy_add .06 by M7 105 1.04 1.04 1.04 1.04 1.04 .04
var_coverage_CyGy_add sadl 230 25 as) BNOR 3253 3.66 BeTS & eyl .84
var_coverage_CyGn_add L 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
var_coverage_CnGy_add R 1.16 1.12 1.10 1.09 1509 1.08 1.08 .08
var_response_CyGy_add 59 1.65 2005 i Do 2047 2 DI5 260 2567 H(59
var_response_CyGn_add .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 .00
var_response_CnGy_add 3 1. .30 1l ] 1l 24l 1.19 1.18 1.17 1.17 .16
var_lamda_X8 (New 25| 1.25| 1.24| 1.23] 1.22] 1.22| 1.22| 1.21] 1.21
alarm)
var_lamda_X9 (QZSS EWS) i 1. 26 1.25 1.24 e 23 1.23 1.22 22
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£ 6- 11. FHREMEAICRITHL DV REBREEE (ResAW) MR R (£7 —%)

year 2 3 4 5 6 7 8 9 10
var socilal pre

e ha?f ?ife 1, 7o ) o5l 1.88| 1.75| 1.71] 1.e8| 1.e5| 1.63
;Zgnfiiézl shock 1,31 1 50| 1.37] 1.27] 1.22| 1.19 1.16] 1.14
var lead time CyGy 2,13 .13 e ) .85 .83 .82 .84 .84
var lead time CyGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var lead time CnGy i 7e .81 .57 .47 L) 85 .34 33 B2
var lead time CnGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var coverage CyGy 1.24 .24 5 AL Sl Gilie vAL(E .16 GilD Gils
var coveragde CyGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var coveragde CnGy 6.11 .54 .08 .44 , B BT .64 .49 V43
var coverage CnGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var response CyGy 1.24 .24 210 5 L) wllfs) 3 ks adbrs ili8 b dLES)
var response CyGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var response CnGy i il .14 o k(0] .08 .06 .06 05 05 5 (Us)
var response CnGn 1.00 .00 .00 .00 .00 .00 .00 .00 .00
Zzzi;iffznxiﬁfiga 1.01] 1.01| 1.01| 1.01| 1.01] 1.01| 1.01| 1.01] 1.01
ZZED;:mi:if?(data 1.01| 1.01| 1.01] 1.01| 1.01| 1.01| 1.01] 1.01| 1.01
Ziitﬁamda sd{alazn 1.00 1.00] 1.00| 1.00/ 1.00| 1.00| 1.00| 1.00| 1.00
wvar mu X0 102 .02 202 .02 202 a2 202 NO2 w2
var alarm threshould 1.00 .00 .00 .00 .00 .00 .00 .00 .00
var_lead_time_CyGy_add| 3.11 93 .82 .20 .47 B .64 55 .45
var_lead_time_CyGn_add 1.00 .00 A .00 .00 .00 Rl .00 .00
var_lead_time_CnGy_add =g b .95 BT .80 Sy 75 75 e
var_coverage_CyGy_add B ol e L s .o o a8 Ll
var_coverage_CyGn_add W .00 .00 .00 .00 .00 .00 .00 .00
var_coverage_CnGy_add i3 A .29 W G el ol ol e
var_response_CyGy_add i o bl .56 a0 el he S L85
var_response_CyGn_add 1.00 .00 .00 .00 .00 .00 .00 e .00
var_response_CnGy_add il e .19 ol i 15 15 o 14
ZT;;i?mda—XS(New 1.00 1.00] 1.00| 1.00| 1.00| 1.00| 1.00| 1.00| 1.00
var_lamda_X9(QZSS EWS) 1.00 .01 .01 .01 .01 o 1041 .01 .01 .01
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ResRW ]

Prototype2: Resilience Reduction Worth

64.00
32.00
—o—var social prep decrease
half life
16.00 —e—var social shock
magnitude
e—Vvar lead time CyGy
—e—var_coverage CyGy_add
—e—var coverage CyGy
8.00
—s—var response CyGy
—e—var_coverage CyGy_add
var lamda X1(data
aquisition unit)
4.00 «—Var lamda X2(data upload
unit)
—es—var mu X0
—e—var alarm threshould
2.00
1.00
1 3 5 7 9 11
time [year]

[ 6- 18. FTAKMEAICBIT DL VYT R KEEEE (ResRW) FRATAE R (HRFE)

122



ResAW []

Prototype2: Resilience Achievement Worth
32.00

16.00

—e—Vvar social prep decrease
half life

——var lead time CyGy

——var lead time CnGy

var coverage CyGy
8.00

—s—var coverage CnGy
—A—var response CyGy
—=—var response CnGy

W —e—var_lead_time_CnGy_add
4.00

—s—var_coverage_CyGy_add

—A—Var_coverage_CnGy_add
—<var_response_CnGy_add

—var_lead_time_CyGy_add
2.00

——var_response_CyGy_add

1.00
1 3 5 7 9 11

time [year]

6- 19. FHREITEABIT OV V)T RBHEEE (ResAW) RS R (HAY)
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6.4.3 MK 555

HHLS AT LOR—=AFA 2 FIAOFlIE L THALIZK 6- 18 X 6- 16 TIE, 7mhZ AL
YU LERIRRIC, BIRZRL DY 0 AR E U TR A U MRS T 08 FE D21l k8
RO HDATHIZENTET.

B AT LOHBAICE ST, TarMAE L7 1OK 6- 8 12815 R R K BRI RO
Al SR (10 AR p5 R el B 2 2.22) I LT, P RMEAE L 7 201K 6- 16 123617 2 BRI K HE
IR S D R 5 5 (10 AR ARt 3 2 3.52) TIE, 1.58 (5O E KB RNV EES NS 2L
MR TE. AT ATITEH OB N1 v Y (var_coverage CyGy add ,
var_coverage_CnGy_add %) (ZBH9 5 MR LA HRONI/\TA—ZE AT YL, £ZCIE 1.2 1%
D) EZFREFFEUTRIAATED, BRI, ZIREBORIELRIFHIET V7 $528T, #
BUIXEREE R EOB AL EL T, REITIZENRU EOEN RIATNDLENIZEEIHS

CUTZ. ZOFHELT, M 6- 19 IZBITHFabZA 71 THRLNZL DY R E
(ResAW) TIE, fERDAI 2 =T (LB RIS U N+ ITH/LNBR WG EDO Ly %
NG /NT A—H (var_coverage_CnGy) IZ%FL T ResAW DENFE R I KEH I TW=Z bkt
LT, FE AT LDIENME var_coverage.CnGy add IZEA NP DK FIFIck->T, 3.2.2 IH

TRULIEEI RV A D =T Vo T BT AR L H (b a3 T 52 L ZEEUJL?’#%J:*E
ESND. ZIUSKHGEL T, B 6- 19 T, 1ERDOAI2=T AITRDERI ALy V431
NWIRWREE DI L%k /37 A—H (var_coverage_ CnGy) @ ResAW DIEMNFIEF 1T/ NEL -
THY, Z2hHbL PV ZUIZEREIL TWDEE 2 5. ZOIDIZ, BERL LA ONCRE
BZETEA T, BN VST = A (22 Tl BRI K B R0 ) (e LT, #%
B LRGN L AR DD E AR LT,

— 7T, X 6- 10 K 6- 18 DT uhIAE L NZRITFHL VY L AHLEEE (ResRW) D
Fh A YER R EE OB 2 B RN R Ob 3025 IO, TR A 721280V,
IZUODOHEAERTIET BN AL 7 LB T VAR THEE B HEfFREFE DL Y = R
ST HE B ITRIL TWOAHH DD, 104440 ResRW OfEILH 7 2 A 75 RIZE
WTh, AEARBIMERFIEEE 1T 40 MROMEERL TR, FrllBiE AZ1To72 L Th AL MY E
FEDHERHIRMIICIT RS EERIEE CTHY, HEFFUGEOTEEI 0N TERNIEERL

TWa.
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6.4.4 ZLVERER

TR AE L 720 G VERERE L TIE, ICIMOD ABIfEL7ZL PV e a—ta X
T 7L A& TR AR 2022 (2022 4F 12 H 5 H~7 B)ICBML, R T HHHH AT L& o AR
(RN Ry 7y a b= T ¥ M ORISR EBMRE TG L TH LB T —a 217928 T, &
AT DO T RAA T2 D Z B LR E 2 iR L, EHEERHET T VI ED EEIT, T L
DO FMEEZTHIL. X 6- 20 I LBy T —ar S0k TF2R7.

X 6- 20. BRIV AT LDV T —arDiEF
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TV T —2ar @L<, ELUIHHIEMITEAS T UAITKH LT, 7 — A& 2N
K115 ADD, UTOLIRE RZIELT-. LV A0 LS OBLE TOERMLED T, £ T
DOFEEHELTRIBL TS,

o T —HENAFAXTE, RN —FICHEH TEDILITHKIEN, AR ST
TAyYa, T —H U THRBRIZHKIZHESN TS, F, v VT —RIC[FEBRICHE 2
DIRBIXA LB X DAL h 7.

o HBUROWBETFETHL—EKETIIINE VS TWEDTUHTLE R A KBS 2T LTI
2N VTP =R, fix RETHY AT L5 TE52 8T, ik, K= AME 1
ADTENEE,

o IANIPHTDEMINZ . ZLRTIURRDRDEANTERN. Ly —N"— B {ERHT
MW TIEITE LD THIUTE NS> TRIEITZ .

o ETVRADMFMEICBIL T, AN TELLENHD.

o BUUUT DA VA= MBI AURNT 22N Z DR L0 AR S M
N DTIHEVIE AR Z o7z,

o IHEMRIEDEHEMECHEMEEICHOWTRICT HERME L L) T

o  FLLOHEBIEINIIEM TEDDMN 2 BB &L ALy VT 5I0EHIIE M TELHDT
AL, BLIRZE.

BUT, VT AP —=RICHIE TELZEDEEE TR BV RARNEE ST Bl To=
ARG o T T AP =R EPECOWTE 2R, FEELUTHRRES AT LBNFEL
72<EH ICIMOD DY AT LTI, IEHAZMERGER TETWD. — T, v AFAPF—=RPHEICHS
WTIERNTWDIEND, VAT MMERFFOELREL TH AR MEHBEZ N TE IO %R
THHZENLFLWEE 2D, ZOBETIE, REF AN T2 EEEIREO R FOfEEL
THEE L DOPRETETCNDEZZOND. T2, EVAABMIZOWTE 2L, ZAMIEEIT5
BEHHZL, INLDOVAT LB AT HZLZLDE AR RP RADINTET VO % TR
THENAHOREETHD. — T, RUPAKBEERB ROFZEO P EZL 3.2.1 THTHR
L72d9z, BES~DEELERX—RLL TN, 20720, ZOHIRO N ORCHEREZ BB ICE
BT H2ET, B EOF BICH R e i H 570, B AR ROERICB W TH
ARBEETVITAHTHY, =—XBHDEE 2. o, RV AT LER ZDHIENLHAEIK
ZBRUMBETHLTZD, WVIIZL TAE— LAY — ATV, MAZED LN ENSTBLEHL VY
T ARGl S IR E L TRET DML ETH .
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HTE EER

ARETIE, BBLAa =T AN =R K R E R 2T LOL D) 2 Zh) LD DR
RN T DT8O D EEEETNE T MBI T DG T i 21T o 72 L TofF APESIREIZ DWW T
WD, MNZTC, BESITOE T VG WS TSR A i U A U7 Rt AT REZR K LA
R AT NIXET HRBIZOWTIR R BT, S OREICOW TR,

7.1 EERETT VO

K LITBIT DI ETIL, A2 =T 4N — AP K IR AT LE KRG ELTED BALHBY

EER T DD DYAT DIAFTIZAEYIRL, JATHHETIRARSILZ 3.2.1 THICKIT 5 R A%
B A2 X AF4R (inundation—reduction benefit) Z45IRL, I3 2=F (X — A/K BHIER D 15
(ZH A - A O WA S BB L2 5T AT Lz FTREL L7 R CART 7 e —F I &
5. Fio, MBFIETIE, VAT LEATIVAEBLT, VAT LDT RATENT AR T p—~v
AEMAE R EHNCIVIAT Z 2T LS T, 7 =% T 7 F v 2T D5 BT - #h 1972 K 712kt
LU CHBEEFHMEZFTREL L7228 T, aia=T7 4 N —RPK RHEH oL DY = 2EE AT -

BRI RA AT REE LT, FTn, aRa=T 4 R —ARME I BURFIZ K D8k -, a2 =
T4 Zi%)?ibk*ﬁicﬂ-%‘%& FI2FDIEND T LD UK RN - RO INE DT I armn
B0, ZIHOF]H T RE Lo TR T —< U ANER L LIRS AT L THDH. ZH-o7=

ZIRREIRRIA ELD BRI FIZB N T, Ia3a=T7 ¢ — ARG B> CHERERF 21T~
72ELTh, REMICEZEEOSWRF 2L T 58I 3LV L. 22 TARIZETIE
5.4.3 HTRLIEINTANU Y= HONTEREBL AT 22 ET /LT 528 T, KOBLFEITAD
L7cakilz rrREE L7z,

2.2 THIZH/RLIZIONS, LUV AR EHIB W TED L2 R 03B L THDNI OV TIE
HART AL DHF OGN FE BT AR B L TERNFEREIN DY, EERICFLY
T ARG DT DI T N E[R DO EE L DSRRFICEA LT DK KR FOBREAE R T, 57212 %
THRED, EOIHRUGEE T ZENEENEHE TE VRN ENHEOR B THHES %
7. TTTARE TR, RN b2 B L 7R O Frge rTREMEE B OFREFTIIRS, v AT
LEAFIVAEEEL, BN EATLEEEOEAEE X TG R a2 R T 572D DF
TNVERRR L. AR, 6.3 T, 6.4 THTHRLIZEIND, VAT AT _ATEUT R0t 1 E
T REE D IDNZBINCE LT D AN 7 ZE [T 5HZET, CBFEWS O A% OFHIZ G- 8
HE D EWKHSR ZRFHT A2 E& 3R TEH I, TR - HATIHIR O R OB E
s 25U T, ZhERAYIC CBFEWS OMERFICE R CE 28 CHAMERDS.
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7.2 ERETNVOHRE

BRETILTIL, PATLRAT Fa—FZHWT, BALO B EISRTL TRE ¢ A4 2 - il
WAl E 2R REL TET MLEITIZET, VAT LRT 7 a—F 12X s TEV AW AR TORET %
AREL LTz, — T, KAET A THEEN TE QRN HIAR, BEL-LODOET LA AV 3

i~ o3 H i CREE L RS F AR 5.

AW NTIE, 3.2.1 THIZEIT S FHEHRE A2 L 5H]4E (inundation-reduction benefit)

FHIZBWT, £ 3- 1 OLIIC Carsell & [36]2MEH L 7= KA ETOU—RZA LER K
REICLDEE~DOEEBFEGEL LV DV AFHliZ FEHEL -, — 7 CART —# Tk EER
SeEE ORI RISNTEL T, ARG L7 WmMfegs T & 2tz

TUTEFRPAEEED LI THL ARG HY, JGEHIRT LI AT —2a RRETHD. £z,

YA AR R T ERUL LT E R EZ T e ROBIE (F,,), FHIERICONE T 28 EOH
LT ROEIG (F,), FHIERITS U CHRIISE T2 FEZ - TS (EI3 BT 5 A0
WB)EIE () 2T A b ELZEIZEIVFHIZIT> TVDD, TIHD/NTA=HIENEND T
HoFE RO ENIO KM SN DR TA—=2EZ Z DL I B bR RHHEE 26
no. Bz, BHEZTHHROEGIZOWTE, BB 47210 TR, 2o Milgo g
W, EERALE, BEORNRE I E>TOEBEZZIT/ObDEEZ LD, FHIEHRICTHL TH
RN E T HFEE N> TOLEIGIZ oW T, B EREE DA TEEI T 55912
BT IELIED, F—AL T —~< U MU A 2—#3 Thdh->725912, GNSS &AW EHED
LNV AT LD IR BIERTHIL, EDIINTHIKRNDLIREET D RENEH > TNDANE(F,)
IO RN T ZEL W HRERDEE X LNDTD, B ORMPB DD, AT LR~ /LTF
AP —RXHETHIUL, LVZOBR AT IS EREE AL, RS RIOEETIER
DHHTROFNGON Eb RIALIENTELEE 2 HND.

Fiz, W/ ST A= ThHHIERPERREEL I OWTIE, FERICE &L EEL VSR 1T
oD, WINRDFIEEFF o TLUTOhMEEREIZHE22Wew, KT EEEZ M ST 5720
IZIE, RIA=HTH L T iEZ R L CRMEEME A EX TG A D DN ETHD. [F
BRICHOK AR DY ay /<~ =F 2—RIZOWTH E DR SR YEH BB RS (T BN N D)
HREDFELNZD, JIVZLDOHEAREORFEDOG LRETDHIENEELL .

LVDITFA AR ELTZ ICIMOD O R/ — /LD —A T, T CICEERNED SN TRY, 1#
N7 =< AT =23 LR EFH FTRE Tho7z. — T, ZOMOMUIE0T AT M3 T
[FRED FIEAT A T2, FRRICETIIT AT 28 AR R ONIE Z £ 350 F)
B5.

B, SEOBFHIENTIE 32— a il BN TELS X0 EBITETI, X—251
VNTGA=H RAME, U —AMED 38 TOHFH A TR LI=b DD, 38 AT LB TH
PRA Ffi [64]CH i H S TODEINT, K fEROMERE N TA—Z R LI DN TH o HEZEL
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TEST N £ 2 EREELY. — T, A RIOFRCTIEFEREZTRLTORNON,
EBCHBEZBLIZEL TN AT EERLIOET DL, ZD5rH 3o HOWRER, HUA/
ARR AR IREFHEAT DY T O IR TN LZE S D e Dol ZDXH7/ TR
—ZDOREDRE T EL S B OMHORMD DD, ZHHEFETNTRETELHIET, ERD/RT
A—=Z O E DT FIRELRDEE A BNS.

7.3 Fife nlRe et K BHAERSR O AT DR T AR

Fifot rlR7e K BB AT AR T 2REBE LT, 26 2 BB DA OF — 1
T MUAE 2 — %l CEMEICEBEICH D2 D L7e o TNV, REF5EEEL T,
ICIMOD @ CBFEWS 454 FAV N2 23T i R S IE 15 L 7= R 72 R 2 E 2 T R & LU R I
FLDD. BEZFEML TNDV AT LIRS T, S%EENEDONDAI2=T 4 — 2 R R
IZBWTHAERICE BT D2 LIE T, KR AT BE TRV R B2 AT LADOREGEN ATREIZ /25 &
EZD.

o VAT NEANBEZIIASIERREE L EL TRV RTREMD B D70, BUFIZK D2
BEE=XD |, CBFEWS 239 £ #0720 2 82 2., CBFEWS DA & L (B B S
(E IR IR ATV, LYV 2SO T2 12 CBFEWS 23 IE 12D Z LD KB E1 T
WEDRDD.

o VAT LEANSEELZBENAREL 2> TDIE, LUV AE MRS 22t
EHERFREIE N LV E L2572, Kkt L7= CBFEWS O RE=H#V 712, XM
KIZTF 2 =R T L0/ NGB 20 L CHES P YER B OMERF IS O L2 L O EEE NG
FORETD.

o  (THHUREIZH WA D OMEROT v RNV OMBEIZITEE L DD, BHRED T DZE
[ 8Ly D EHRT T2 D DERIEN DO LT v FNATEEN TS LD _RETHY, v A
F LA E LT =— XTI B E A1

o R —RNIALDOBEIMIEEOUYKA R NEBET DL, LUV ZAEROT-DITH T
MRESHNDTZD, Mkl HI7255 A AE L Te R ETITR.

o UEAKEEROFEHBHEIZ L > THEED/NSWEK F72ITZE AU Ml H L TR
A ENEL, tE P EFREE AR T 2 Lb R Ch DT, BIER EICIL o BT
HRETHD.
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7.4 SBRORE

K AT THRELEL DV AE B E S HTIIRES ZODFRBEF MENRE 2 HND. —D
TET VOB, SRECICEDEERICMITEETHS. O—2I1%, hoFL I

BILZREETT V7LV ZAE B WG HMIi O EHilC 8D, VoA T /=N AT
LOFRE TS,

AIEIZDWT, REERTIHE LIIEE L TORLNIZREFIN TONY T —ar ipo7eid, &
WAT — I RNE —ZBEIA T NT —~ A ROIE R ORI LD, T E kS
NI ET VEEEN S AT REIC72 5. ZHHDOTEENZ LT, #AICET LA HT T 52 L Tk
IRIREATOZEMTEDESZ 2D, BT VOFEMEOBLE THIZIE, Wu b [7313HkZT o A A
B, SUEDOE R, GDP H#, JIIORERE DIFHRES LIV Y — = 2D TT Ry
T —J % REEE L, ARMFIE L [RIBRIIRE AT 2 S HE L, YK R FEDOYARY E BN CHIRE N e
SN TWD. Wu HOFETIT RIS ERE DT 7 AMIE A L TODR, R SCZBITH1EE
LA DEDLILT, J0FO I STV AV EMEIC S X, VLV AT AT —X T/ F ¥
RNT =V AT A= HDIRFINFERETEHEE ZHND. Rim ST BITHMZETIE, LU=
VABBEGHTIZIBNTE NI AL IS 72 DL CGHliZ ML 7223, AT Ry kY
— I RRSEIRNT 2 B E 2 52T, Yo K FIHEL 52 2B R OB BR AT 2, Nk
FEEERACTHIENTED [73]. FIAFIETIIRI G E LT, BHIEROBENL 757K
[ LARE 0D IR~ DB [T4]° RIS WA THRANZ H LR ICEREE AL, iz
TITENT DLV SRS EE [T5]DE T MAKIZ OV TH IR ORMINGHD. —T7, /3T A—F 3
R TELEFEM LI ENRNWZEO RS MG SN B EDLETHD. Fio, RIEE T
(AT DR E L TET VEHE R a7 0, RSB AT 5O 58D |, FZEROH
B2 AV REROBA T oY 27 MIB W THO AT T L O AR E D TOE7Z0,

FBEIZOWT, OB ISR DA T I =N AT LD EE LR FNCL T &
ATz, Leveson & [T6]DOLV V= AT V=7 Vo 72T 5 CHRCIEL, AN—AT v L=
e T B | OFEBNRELZY 5E VAT V=NV AT AELTET ML, VAT AXAF
JAZESTU VTR AT DG EET D720 OE B IEICET2R8% 5 2 7-. 2O X5
f’ﬂéh?U’f%iJ}lxii“/X?A UK I ER I RO T O PIIIZAFET 2 — T, F7ER%E

SET LTV RWS AT A LTIV AT I =N AT M e W =T U 732l —y
NI S AT LBRBITIIR TR O R HDBHHEE 255, ZILFEPHED HIH T A

DTRUT, MR A E X 72 ECEDIORBFHIROT —F T/ F vaboTT UL, LY
VU ADE BN TEDNEN ST BITH IR 2 AT,
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F8E  fhm

A0, B E EHUISIS L TH R EL DV R, R KO RIS 27 A2 BT
DLV AN AR BFEEL T, ala =T N— AR RIS A GG L L, ZORMIZHS
Froe rTREMEZ B T 272D O R AN BT T 272012, a2 =7 4N — AR O R
B - RAE A A REE T D7D D MR T FIEME A L. e TiA TIE 33%Da3a
= —var EEPME ST BEEISN TODEDOHEDEED > TODHHES &Y, W) FHE AT
REZ2 Y AT MHERFE F AL T 2 KR IC 81 L DV = 2RI B W TEHE ThHHE
X

FATHE  FHIRAE RS, 2R 2=T AN — AR ERI I F T H3ANDF—A T =< b D
AHE =280 T, ARa=Ty RN—ARMER PG T D721, s - o mEE (Vv
FTI=HNYAT D) BE B LTV AT DT Fa—FIZLHL D) o Al FRE S S EAR AT R
THOIND, RETFDH THLHEEALNICL, VAT LOFE TREMEICBT 55884 5255
B IR0V AT DR FHI BT HA AN 52 2 FIEOBEITITFEME O R M B 5 L ftam
.

RETIHEVAT LRT 70 —F AN Taia =7 (RN —RAPYPK BRI Lo TERSND,
A SLDEFRT HL VN A THHE e BB RO A FHEE T35 FEEL T,
VAT DEAFTIV A% T, FEEHVERREREE, HIN T AT LDOT _ATE VT 1, Yokt T
FLnole R+ 2EEL, BIIHEERGRIIIAZFHNE ST 4 —~ o AeHili A ke LT= F4T "I REE
TVEREREL. —JFREE L C, BRI BT R RO R A2 ELNE T 5720
X2 =T N—= 2RO H 72 5T, BUFIZ KRS RS H O AR FRRE
BRLICET VRGP U ThHoT. 22T, HEOTV AT AOMAAEHZE TN KBS 57290
DFEELTEREET VT FIETHLLREZERES TT7DEZ S HEATLHILIZEZ
OFHliZ ATREL LTz, &, LYV AHEEELL CLYY m U AR BT (ResRW), LPUx
VARG EEE (ResAW) EWV S TEHT BRI A ERL, T ablllaia =T N — 2RI
AT DO T A2 E R E RO N TEDIHRN BV = AR 3SR E
EET 0O EEE M Z ATREL LT-. AT LDETFI 1L, SysML &AW TERLZT
— XTI F M T BT 4NV —RoA RN — DRSNS IEEY, ZAREEET I 7 Tk
ERWCTHEEOEMRIREEZE B LIV AT LT SATEVTA DL T r—~ 2R/ T
FEEZHW.

ET VOIS L CEME L7 T ik 2351 b =7 4 R—A K R E R oL Y=
VAT T, AT LEADDK 8 AR T D 2023 FREAIZIBNTHL VYU ADOHMERFIC
KL TND 28— [CIMOD IZE > TEAZILTWAV AT 2EXREL, BEFVAT LADOLVY
T AFHME NS, FTR B OB A LW ST T U BT DL DU ZD [ EEAWEFEE
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H2ODTFUNIAY L P ERi LT, BEAEY AT LDL Y ZFME L CEM L7 7 2 A
1T, LYY AT EEE (ResRW) &L THERE]ORGE & EHICHS A HEf B B, b/ EH
FEHBIMEE S To R TA=F N O EEE LR BIBENTIHREE TV EE LML, F
72, LV RSB (ResAW) LT, a3a=TF (_— RS 12 Lo GERS LA K
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Background

B Local rainfall increases year by year due to global warming,
which increases the risk of flooding.

B Since itis difficult for national disaster information to reach
vulnerable areas, a different approach is needed in developed
countries.

® Community Based Flood Forecasting and Warning System
(CBFEWS), a human-centered, timely and low-cost technology,
is being promoted to ensure its operability in information
vulnerable areas.

L\ NG —] 13 oo
=: QUN % &
/11 \

X A- 1. Background (1/2)

Background

B CBFEWS four key elements

COMMUNITY BASED
MONITORING AND EARLY
WARNING

COMMUNITY BASED
MONITORING AND EARLY
WARNING

RISK KNOWLEDGE

RESPONSE CAPABILITY
AND SCOPING

AND RESILIENCE
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Cloud server

Water level sensor

Data upload unit Alarm unit

Vulnerable communities
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X A- 2. Background (2/2)
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Survey

B Example of community-based flood early waming systems
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Interview Protocol
o f#em  |Eglmator |

1

The research title and research group

Exploring Key for in Flood F ing and Warning in D

i Regions
by Graduate School of System Design and Management, Keio University

2 Voluntary nature of research participation and The interviewee is eligible to withdraw the interview anytime he/she would like to.
freedom to withdraw
3 The purpose of research In developing regions where flood damage is inevitable, community-based flood early warning systems (CBFEWS) are being
introduced using human-centered and low—cost technologies to ensure their operability even in information vulnerable areas.
However, there is still room for impi in developi gies to ensure the inability and resili of CBFEWS.
This study proposes a method to facilitate to strengthen resili in the regular and late operational stages
through a system analysis method that utilizes data from the early operational stages of CBFEWS. We model CBFEWS, a
socio—technical system, using system dynamics, and develop a method to di i to gl ili based
on the model.
4 Research methodology Key-informant-Interview (semi-structured interview)
5 Disclosure of research protocol The protocol is defined in this presentation.
6 Benefits and Disadvantages to study participants The interview and its result will be published only the purpose of research. No benefits and disadvantages will be expected.
7 Protection of personal information Personal information such as your name will not be disclosed as the published sheet. The information will be communicated
and agreed before its publishment.
8 Disclosure of research result The result will be disclosed as the interview result summary sheet after the interview is completed.
9 Publication of research results Only the content which is communicated as the interview result summary sheet will be published as thesis or academic paper.
10 Attribution of intellectual property rights arising The rights of the works obtained from the interviews belong to the interviewer.
from research
1" Policy for handling materials and samples after Only the interview result summary sheet will be stored as the data.
completion of research Other intermediate products will be removed within one year of the completion of the compilation of research results.
12 Contact information (for inquiries) Yuki TOMITA/ Graduate School of System Design and Management, Keio University

There are five questions from the next page.

A- 5. Interview Protocol

Q1:What is your/ your job/research/institute’s motivation to help developing countries suffering
disaster?/How long were you involved in the work for EWS?

(HRBADTEDEFA— a3 VE?BAANTEE? BE? ®E L THER?)

Q2:What do you think is the important factor of EWS performance?
(EWSOHEEEFHBIC DLW TEBE L E X HEFIL?)

Q3:What do you think is the factor causing failure of EWS sustainability (socio or tech)?
(EWSOFEFHmELZEET 2EF KKER) FMAEEZDLN? (R, HKifi#) )

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

(EWSOFGMHZR LT 5-DICEALGNABKE (RWER) NEHEEZ LM ?)

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

(FREEET 2 -ODERBLET A H oL LIz, ANBERSNHINEN?)

X A- 6. Interview
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Appendix B

CBFEWS THW AN DOFLFEER
(ICIMOD Knowledge Park)

Hh~ R FEANCALE TS Godavari @ ICIMOD Knowledge Park (21, ICIMOD OfFE %
CBFEWS D7 ANT 4 — VR BFAET D, 22T, FHEDBMAZFSL TR L, ICIMOD OFF
A 9% CBFEWS DA MBIl OFLER T AR~ — U L0RT. 7233, ICIMOD Knowledge Park ¢
A {R15> CBFEFWS & DR E 2R I2 oW, ICIMOD =7 %A hMZI1F5 Virtual Tour
IZBWTH B AT HE.

(https://www.icimod.org/virtualtour/icimodknowledgepark/) (2022 4 12 A |ZHE)

B- 1. Pk 4 — LR

B- 2. CBFEWS &7 +— /LR 2R

B- 3. HHE I 5 AOKNLFHAEEE & Data Acquisition Unit CRF 2 S0/ AFX)
B- 4. & B AUKALFHHIEEE X B- 5. Data Upload Unit (77— A ff%)
B- 5. Data Upload Unit (77— 2 &)

B- 6. Data Upload Unit (77— 2ft&) (B2 EE)

B- 7. Alarm Unit
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B- 2. CBFEWS B 71—V N2
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X B- 3. %i}i’iﬁiﬁﬂdﬁﬂﬁﬂ%ﬁ& Data Acquisition Unit K/ S RATX)
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X B- 5. Data Upload Unit (7T —2AfFX)
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Appendix C

CBFEWS ORt TREEIC B 2 7%
HHI 3 B2 DT — ke —R

CBFEWS D¢t vl Re (2B 2K F O fl G RO R M VMR DT DI AL, 7o —hy
—haeRd. T =TI, AT A SRR A, A28 2 —bhliH L7c CBFEWS D
FROM B L7 D HARH -+ L W72 K 2R LT, By i — R R EEZ I AR st 70 B
BTN LS TR EEKAELT-.

Frfoe PTREMEICBE G- 2K+ OREMIE, 3 4= (D), 7 4 (FF ), 15 4F (R ozt oz A
UV ERED ETRARKEEL, A ENORIC BT AR EHEE AT X 75
T E LT,

WA= EOH LT v — b — bR
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<CBFEWS resilience questionnaire: page 1/5>
This survey 1is conducted to identify factors that are important for
improving the resilience of the CBFEWS (Community-based flood early
warning system), which is achieved through various aspects of
technological, social, and people engagement. The results of this survey
will Dbe wused to develop an evaluation model for the long-term

sustainability of the CBFEWS

Please answer this questionnaire of your own free will. Even after you
have given your consent, you can withdraw the questionnaire at any time
if you wish to discontinue your cooperation. If you withdraw your consent,
the researcher will delete the obtained data without using them in any
way. Please note, however, that any analysis results that have already

been submitted cannot be discarded.

This questionnaire is part of research conducted by Yuki Tomita, a
second-year master's student at the Graduate School of System Design
and Management, Keio University, and the information provided will be
stored and managed in an appropriate manner and will not be used for
purposes other than research paper and conference presentations (only
accessed by conductor and supervisor shown below). The research has
been reviewed and approved by the Ethics Review Committee of the
Graduate School of System Design and Management, Keio University, from
an ethical point of view.

(Approval Number: SDM-2022-E050)

If you have any questions or concerns about this survey, please contact
us at the address below.

Yuki, TOMITA

Graduate School of System Design and Management, Keio University

Supervisor: Dr. Naohiko, KOHTAKE

If you agree, please proceed to the next page.
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<CBFEWS resilience questionnaire: page 2/5>

Ql. What is your age?

(1) 20-29, (2) 30-39, (3) 40-49, (4) 50-59, (4) 60-, (5) No answer

Q2. How long you are involved in the development of community-based
flood early warning system?

(1) 0-1 year, (2) 1-3 years, (3) 3-5 years, (4) 5-7 years, (4) 7-10 years
(5) 10+ years

Q3. What is your attribute?
(1) Government, (2) NPO/NGO/NGI, (3) Researcher, (4) Local Government,

(5) Private company, (6) Other ( )

Q4. What 1is your experience/knowledge about or relation with community-
based flood early warning system?
(e.g., developer, engineer, living in the region where community-based

early warning is in use, administrator, heard of it before)

Q5. How many flood event which requires early warning occurs in your
target regions?

(1) once per 1 year, (2) once per 2-3 years, (3) once per 3-5 years, (4)
once per 5-10 years , (5) once per 10-20 years , (6) Other
( )

continued on next page.
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Q5.
based on your experience to identify which factor might be the important
key to strengthen CBFEWS compared with the current one.

three table in the aspect of short/middle/long term duration after CBFEWS

<CBFEWS resilience questionnaire: page 3/5>

implementation.

Please select the bullet of each CBFEWS resilience influence factor

Please answer

<Short term aspect: ~3 years duration after CBFEWS implementation>

No Influence factor Improvement may enforce your CBFEWS with...
1 Availability/Reliability of 1 2 3 4 5
River level data acquisition unit Less High
qinﬂuenceo O O O O influence >
2 Availability/Reliability of 1 2 3 4 5
data upload unit Less High
qinfluenceO O O O O influence >
3 Availability/Reliability of 1 2 3 4 5
alarm unit Less High
influence O O O O influence o
4 Early warning lead time 1 2 3 4 5
provided by community-based EWS Less High
qinfluenceO O O O O influence >
5 Early warning lead time 1 2 3 4 5
provided by government (national) EWS Less High
qinﬂuenceO O O O O influence >
6 Early warning spatial coverage 1 2 3 4 5
provided by community-based EWS Less High
1inf|uenceO O O O O influence >
7 Early warning spatial coverage 1 2 3 4 5
provided by government (national) EWS Less High
‘influenceO O O O O influence >
8 Financial support (budget) for developing 1 2 3 4 5
CBFEWS Less High
qinﬂuenceo O O O O influence >
9 Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that knows how to Less High
- -
respond effectively against flood influence O O O O'“ﬂue"":e
10 | Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that is willing to Less High
<+ - [
respond to flood early warning '“ﬂ“E"'C‘-'O O O O O'“f'“'!"":‘-'
11 | Continuous monitoring of how GBFEWS works 1 2 3 4 5
correctly in community Less High
influence O O O O influence >
12 | CBFEWS technical equipment renewal and/or 1 2 3 4 5
update Less High
influence O O O O influence >

Any other missing factors you come up with?

continued on next page.
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<CBFEWS resilience questionnaire: page 4/5>

<middle term aspect: ~7 years duration after CBFEWS implementation>

No Influence factor Improvement may enforce your CBFEWS with...
1 Availability/Reliability of 1 2 3 4 5
River level data acquisition unit Less High
influence O O O O influence >
2 Availability/Reliability of 1 2 3 4 5
data upload unit Less High
influence O O O O influence -
3 Availability/Reliability of 1 2 3 4 5
alarm unit Less High
influence O O O O influence >
4 Early warning lead time 1 2 3 4 5
provided by community-based EWS Less High
influence O O O O influence >
5 Early warning lead time 1 2 3 4 5
provided by government (national) EWS Less High
influence O O O O influence >
6 Early warning spatial coverage 1 2 3 4 5
provided by community-based EWS Less High
influence O O O O influence -
7 Early warning spatial coverage 1 2 3 4 5
provided by government (national) EWS Less High
influence O O O O influence >
8 Financial support (budget) for developing 1 2 3 4 5
CBFEWS Less High
influence O O O O influence o
9 Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that knows how to Less High
- - >
respond effectively against flood influence <::) (::> <::} (::)'“ﬂuence
10 | Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that is willing to Less High
- -
respond to flood early warning '“ﬂ”E“CE(::) <::> (::> (::} (::}'"ﬂuence
11 | Continuous monitoring of how CBFEWS works 1 2 3 4 5
correctly in community Less High
influence O O O O influence >
12 | CBFEWS technical equipment renewal and/or 1 2 3 4 5
update Less High
*influenceO O O O O influence >

Any other missing factors you come up with?

continued on next page.
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<CBFEWS resilience questionnaire: page 5/5>

<long term aspect: ~15 years duration after CBFEWS implementation>

No Influence factor Improvement may enforce your CBFEWS with...
1 Availability/Reliability of 1 2 3 4 5
River level data acquisition unit Less High
influence O O O O influence >
2 Availability/Reliability of 1 2 3 4 5
data upload unit Less High
influence O O O O influence -
3 Availability/Reliability of 1 2 3 4 5
alarm unit Less High
influence O O O O influence >
4 Early warning lead time 1 2 3 4 5
provided by community-based EWS Less High
influence O O O O influence >
5 Early warning lead time 1 2 3 4 5
provided by government (national) EWS Less High
influence O O O O influence >
6 Early warning spatial coverage 1 2 3 4 5
provided by community-based EWS Less High
influence O O O O influence -
7 Early warning spatial coverage 1 2 3 4 5
provided by government (national) EWS Less High
influence O O O O influence >
8 Financial support (budget) for developing 1 2 3 4 5
CBFEWS Less High
influence O O O O influence o
9 Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that knows how to Less High
- - >
respond effectively against flood influence <::) (::> <::} (::)'“ﬂuence
10 | Continuous tutorial (education) to increase 1 2 3 4 5
the number of public that is willing to Less High
- -
respond to flood early warning '“ﬂ”E“CE(::) <::> (::> (::} (::}'"ﬂuence
11 | Continuous monitoring of how CBFEWS works 1 2 3 4 5
correctly in community Less High
influence O O O O influence >
12 | CBFEWS technical equipment renewal and/or 1 2 3 4 5
update Less High
*influenceO O O O O influence >

Any other missing factors you come up with?
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