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Fig.1. Schematic of Reaction curve (solid line)- Recovery curve (dotted line) [23,27]
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Fig. 2. The three steps and methodology for quantifying social resilience

S350 s ad L g5l o8 (15 L 51 S b s by po (g ki 5 (5 prdscemn] (o ol ) Jgo

Table 1. Vulnerability parameters and variables related to each of them to quantify resilience indicators

st 3 (o - . s
6 oLass! Srdoamw! it (g9 sl
RBFM N 5 y%053) RBFM s

(Oog2
PC Coxoz pl>o
™ 55 5 Jo> o515
RE S5 Bblis o515
1A S 5 ik Gblis o515 (o) ey
AGS 5 Sz Jold e sLa3 5 (55 5leS” 3blie o515
&
DSP ol BB 0 55305 b oD (slio§ 4Ll
ARC solel g 0yglin S0 ay (gus i
bA arog polaizl  (ablie cd)b) bk Ul
ISD

sy, i 9,5 5558 S

10+



VOYF 510+ 0 dois ¥+ Jlo o o)l DO 093 ey yual (5l po wvdieo & pii

Fuzzification of inputs based on expert knowledge
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Fig.3. Schematic Mamdani fuzzy-rule base system with two sample rules [10,32]
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Fig. 4. Schematic HFS with six input variables to estimate social response magnitude (ASResj is value in each
level [33,34]
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Table 2. Definition of fuzzy sets for social response and recovery duration (recompensing and subsidence [10]
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Table 2. Definition of fuzzy sets for social response and recovery duration (recompensing and subsidence [10]
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Table 3. RBFM system variables under status que (SQ) and green belt (GB) alternatives for 200year flood in each node

ISD BA (M- ARC DSP

TD PC

(hour) Dollar) (meter)  (meter) AGS  CIA RE (vehicle) (person/ha) Hhow o)

(Status Que) sg> g0 Curdy
\OIY Y q9¥. \YY- +/aY oo “[Y \Ale \'YY \
VA/Q Y OAAN VY'Y «IAA / INY INARE V-44 Y
YON Y ffey YOFY < |AY [+ AT Yyyy AT Y

VY Y- YYAO \YFO QAT / AR YOAD fa¥

Yv/¥f Y- VAAN AYY +/f4 <\ ¥ SANY Y- 0r VYO N
YvIY Y- \Yao Yof AR XY < JOA IN4AAl V- AD 4
AR Y \VaA 7fA o[-Y AN <IVY ALY VY- ¥ \
AATA Y Yvyy YeVY 7Y /-4 <IYA YYfF fra A

(Green Belt) 5w 0,05
ARIA Y 9¥) \YY- QAW ofee RN Y 7. \
YD Yy OAAY VY'Y AN / +/+Q YOV fva A\
V10 Y fE2A YOfY +/AQ [+ N\ VEeA Yv. Y
/0 Y YYAS Anid +/aY / [+A V\YF Y\# ¥
VE/A Y VAMN AYY Qi <N\Y <IYA Y.ve OAR N
VAN Y \Yas YOO <IYA <IYY AN YEVY fyy 4
ARTIN Y yvaa ¥4 <Y AR NN YAYAQ Y¥Y Y
YV Y YVYA Yoy /74 <[+ A <IYY aYA YAY A

B edgy oot b 0gd o odliiwl (Slye dludis i pod pdaw (ly
D9 dpmloe £ JSs (oMo (sl )5 led (51 ASTeES; o Sleoj
ool plade day dlspo )3 095 o0 dplne v b gy (eloial Fuly
cov pde auiS b cly (NSTesl) ous giloJloy el
Do o duwlbe ¥ ddles loolaiwl b Jlw Yer B A JiyL sladlis,
M D113y plys > calisee (sladsy 15 0uds (gl Jboy olain] Fuly
Ui ¥ Jods polie duslie .ol odel ¥ Jgas 5> Calisee iS5l oyg0 L
l, NSresl o oS s (RR) cuilindS oo a5 48 and o0
4SS Wl Voo il s a oy O calises sladlis ) den (<l

g 2l b yglon a1y (FAUF) Jlaho (3 2e8 (GB) sum 313508

S5 loosly 3 SB35 (S1 g Cumex pldjl oy Cygae
0,5 ly SQ auiS ) (Jle laie 4 .l osd o3> L (@) A
" ol acgemme 4 Glaie a5 o3y 45 WYY Cuxen pbadjl Y
ol L, VEY ply GB 4y 5 lp pite ol Jlade Lol ol "ol
Sy (oS5 oS bl sl "eS" (G5 assare 4 slaie oS
e a5 caitly Hlasl plge )ls 1y Ky (en 4njS 93 ly 5
AL GB 4w 5l s SQ aus s (ASres, ) slos! zub
sooglad ool (FRBS) (56 (158 oy (sl ieon
olgh 5l claiges (D) A JSCi ccowl o aidlos Jome muascie cpais
o> JSb ol 3 &8 jobilen aad oo L cu il p )2 4 ) (6
slp ASIES; )50 1) g8 chlanl ond adle ()il el e

NI



b L) +a th (=) =1
=] (=) o =] (=) o
1 1 1 1 ! 1

Total Rainfal Depth (mm)
=

<
|

T T
0 80 160 240

T T T T T 1
320 400 480 560 640 720

Duration (min)

S e ik sl 40 o sb IS e cresd g devie Y S

Fig. 7. Cumulative rainfall curves in Gonbad rain gauge station

C.‘a.w 20 (8999 u]y.c 4 ARech )l..\ao s “\“Su‘" ..\.».s;l.s GB 9
S ga ool (ARECT)) (objl ©te dusla jolatoss HES £
ARecT; (s b gy |y (NRECCI) o Jloy objl Ul
NRecCI pslio 5,8 amlxe & absles I oolil § 4u5 o lp
23le coles 50 sl oel Caliske (slacuiSib 0y93 (lp O Jod»
ik Ul (BASTEsl) w¥l sl 500 gl Lasls s
abi 4 (Resistance point) cuwlis ahis (SRecC) el
Jods » calike  i8aj claan 5 ¢l (Warning point) jluse
S Cumdg dyg0 0 1y wlio SleMbl Jodn pl g o dowlos £
loais 35 g5 o 0105 maancsi &S (6 yob cdimd so @) &b S Lo adlato
e NRecCl s a8 cancoglyl Leloisl (gla iz ,as 5l 1,
) e oyt oMew cladlis ) aen cos RR au5 0 Jois
Lol AVY e & 0Lk Ul op oYL SOLs & Jads 0 &S )l
5 NSResI slis 4 4255 b (RRC) (obilgonly (slo i

ol A JSS) b awle MATLAB 380 o5 5l eslazal L oY
Soun |y pe dilie glaan 5 g 1S Gl e g 090 o i
0 iged plgie 4 il ble eleal (gyglol (sl ez ]
Gl @903 1) (Slazl gl 08 (d) 4 S5 4 295 LRR

(F Jsis) ditad alls & ol sy o yio b il Ly 5 NSResl

VOVY

590 ol RR a5 a5 smd o lis & Jgas > EASTesl sl
An3 o il (SQ) 39390 Cundg b duslio ;5 Mo yd A dgis ) ezl
ol (Sas ol ad S proci cpadld (] SaS & U5 e 4
S ol adllas 550 adlaie (sl 2l 2ok olye ) RR a5
L (WS) it s 5 (BL) (S5 0,55 (slaats 35 Vgams o Jbo 5
55 e g e ] Lo ki e Sl 555
oAl 3 0,8kes oIS or (olul 2 (o pde e laan S (L))
et |y 6,505 (2ld ok ol Sw o 3 o1 5 M 0
ol eluly ) e ilsee slaan 5 L ki Gaiod ol e
Ol iy 556 g A8 e sl (gl (gla it i
Syl 45,5 iy o ol Ko
soaiads ¥ Jgao 53 o1 B bl b by (sl (sl it
oS pohailod (5318 s Nigd oo 53 (2bjl Ul GRS (5l oS
WJlo lgis 43945 g0 a3 lo plaw (¢l o o3l L5 (D) A IS5 5
¥Y/0 (ISD) (b (9,8 (2558 (loj a0 ¥V 0,5 (61, SQ 4y 5 5
53 el )l e "ol L3 L b o5l asgesme 4 48 ol sl
&5 degomme 4 g el YO GB a5 gl yuite ol jlade 4l
1 sy (ARC) coolael 315 b aluols a5 ol 5 3,l5 (3les " Lawgia”
» ARecCT, o cuily Hlasl o))g5 oo el luSs (520 VA= +) 43S g3
A JS 53 &S jhailon oads sl yilg8 0L SQ 5l 5oligs GB a5
SQ sloan 5 ¢l ARECT] 5550 3 1) Hlasil oyl o 03l L5 (D)



VOYY U5 V00 doxio VYV o o o)lous DO 090 ¢ yuuS yuol (ylpas wdine &yl

(@)
17
200 300 600 $00 1000 1200 1400 1600 1500 2000
input vanable (Populaton Congestion) 0%
0
0 02 03 04 0s
output \.mablc( \Susn

% 1000 2000 3000 4000 SO00 €000 TOO0 3000 000 10000
put vanable (Transportation Density)

% "'A \

ui\*““//// A

Population Congestion 5, o5 =8 Access Relief Centers

Transportation Deansity Inundation Subsidence Duration

o &b Lo 28198 cu Lo 03 (D) § ST — Cumon (9395 Cugris @il 93 b (25150 A (5516 ansew () 31 2 lrdig0d A SIS

Fig.8. The samples of (a) FRBS1 with two MF of PC and TD input and (b) matrix form of constructed fuzzy rules

Ao ot Cod 4y 35 b (6l (sleial Fwl F Jgua

Table 4. Social response indicator for drainage alternatives under different flood events
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Table 5. recovery capability indicator for drainage alternatives under different flood events

NRecCI (%) B

JLYer Jlevee Jleds JleYe Jle o Jled I
o V- YAR O ¥PIE sols AP SQ
YEIV AYV/IA SUY YEIA AYA R0/¥ EL
&Y/ £0/4 VYE AR AR qa/f GB
2% VY/f ASIS RO AN Ve RR
NN #YIY VO VAN ABIY av/- wS
$eIv £a/0 Vv YL/ RtV DC

Table 6. characterizations of four indicators to quantify social resilience
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(c) green belt, (d) retention reservoir, (e) warning system, (f) diversion channel (green river)
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