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Abstract

OUS>

Flood governance is one of the main sub-branches of land
use planning in the ecosystem dependent on groundwater.
Social understanding of natural phenomena is an important
variable in planning and policymaking. Territorial changes
over time create biological-terrestrial heritage for societies.
The delay characteristic of being flooded on the plateau of
Iran created water reservoirs, and therefore, special ecosystem
services. In fact, the shape, structure, and function of urban,
rural, and nomadic biological complexes are related to each
other and to these biological characteristics, including the
natural nexus between mountains and plains, alluvial cones,
and flood plains. Criticism and negation of modernization
programs in the development of the country and the occur-
rence of the Islamic revolution in Iran brought the issue of
how to intervene in the land to the institution of construction
jihad. Kowsar's research-executive project, which is a model
of intervention in the land and flood biology-ecology based
on the coupling of the land with underground water, was able
to achieve continuous and long-term experiences in three
scientific-institutional-political layers with the cooperation of
several the strain (socio-ecological) and identification of the
flood as an irreplaceable biological and territorial feature for
sustainable life. From another point of view; a new method of
intervention was experienced in flood bio-ecology, in which
trans-sectoral perspective and biophysical-social approach
replaced sectoral perspective and physical approach. The
foresight of flood governance depends on the rethinking of
biophysical-social experiences (land use planning).

Keywords: land-Water, Flood Ecology, Alluvial Cone, Moun-

tain, Kowsar's Project.
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Abstract

LRVCES

Flood governance and risk management involve measures and
strategies aimed at reducing the risk of floods and managing their
impacts. This process includes identifying and evaluating risks,
planning and prevention, readiness for response and performance
in crisis situations, effective and rapid response to floods, and
constructive measures and continuous improvement. The main
approach of this research is based on five themes related to
various issues related to flood risk management, which include
stakeholder engagement, policies and action, research on practice,
supporting tools, governance, and frameworks. The study of flood
risk management has experienced significant developments over
the past two decades. Attention to the application of flood risk
management and comparative analysis of flood governance in flood
management studies has been undertaken, which means creating
a complex arrangement that shapes the behavior of governance
and social actors regarding flood risk management. Based on the
results of the review of research sources, the main structures of
flood risk management and flood governance studies are strongly
interrelated but also differ in their main structures, which are
evident in the discovered keywords in the analysis. The articles were
codified based on the main topics in MAXQDA software, and then
the complete sets of codes in all reviewed articles were examined.
The findings of the research show that improving flood resilience
requires extensive efforts in the fields of physical and social sciences.
Researchers should, for flood forecasting and modeling, in addition
to the physical sciences, develop social science tools. These actions
can help improve the planning and management of flood crises and
reduce their social and economic effects..

Keywords: Governance, Flood Risk Management, Resilience,
MAXQDA Software.

ol (L2350l 9 505 ol o Sy Cag ok 9 (S
Gobb O OL Copde 9 DMew shs GialS jshieds &S
Sl dashas (b3 5 lalid Jald ailyd () s 50
haw bals 5o oSles 5 GiSly ly SOl (g8l 9
03l 5l Slyzl (Bl b dazlse 53 5580 9 @ (5 Exuly
5050 g 2 Uisl O bl 9509y el yatue 9 9
Copde 9 S b agye Calisee filuwe o dS Cenlou ooy
Lol Oliid CSilie Jali 5 351590 Mo St
Lozl 9 Glutdy gl Sldas 55 Fudod Sl g
J5o3 dLindS dod 93 30 O Sy g e dselllan aily o
Sy S e 35 dy dgd Tl 03,5 0,23 |y (6,
dsllhe > Ol Sty GlyaSe Gldunlie dolos 9 M
Olodiz dloul lime 4y & Cual 4B Cygo M S oo
9o 38 eleizl 5 LueSle Jelge iy &S Cowl Gloduzen
Blie Gyt 42 dzgi b dad e IS ) OBl Sty oo
9 Mo Sy Coy e Ol Lol il g ol
sladlie o)l 5329 oL (Stuads Ol Sy (SaS
MAXQDA Jli3leys 53 Glol Dlegoge pulul 1 ey 230
o ol oL 53 LouS oIS de gosen o cticids (6,135S
230 Gl dgs a3 OLES gl sladsl Wiud
9 33 pole glading 3 GlosiuS Glagil ks CBlew
Bl $3ludte 5 G §lr b OS5 dgdy ol oloz]
a3y elozzl psle syl deuwsi d (S5 pole yiogdle
Mo Sladlon Ca e 985254005 99480 ds Wlgi 5o Sl
s GialS 1y o goladl 5 eleis] 01,36 5 65,5 SaS
I Bl Sy Copie (S 19l Loy
MAXQDA J;3las

HomePage: https://jwsd.um.ac.ir

How to cite this article: Oskouhil, M., Esmaili, K. & Ziaei, A.N. (2023). Analysis of Flood Governance and Risk Management. Journal of Water and Sus-
tainable Development, 10(3), 13-34. doi: http://dx.doi.org/10.22067/jwsd.v10i3.2309-1272



(YW OhSKeo g ParkeY V) ()5 9 Dawson

G5l JLd 4y «amhd pae Gipdy b (S5l glad,Sus)
Conde & JoSo ) Ghume Glogituse RS gl
a0 e i e dBl) 81Ol 1 Glise Ol S
Oy b 6yl (U193 5 @uas Sl b by slopstunw
5 Walters) Cuuwl 0593 usawd 30 130+ dod 3 J8lus Ll
O Sy Cs 3 10 $H)Blw 3,509 .(VAVA Hilborn
L ohatiaye 9 5Ua) dyg0 Ui (SO 9 dlde (ialS
355 GRde 9 Gl sladyS 3l esiie Cab 5 oalatal
9 youns ©553L 0,508 o3l 30 Bl eae @iz 3 S Wyl
V1) Wilson 5 Akamani) Cuul et jusite bl 1 Gopdy
YV OhKe 9 Van Wesenbeeck <Y+ VY ()8 g Zhou
3 Gl Copde 30 @B GlodShss &S84 4 bilé
5 Walters <\4VA Holling) Cewl 0ués g9,4 VAVe dos 59l
1434 Gunderson ¢V44¥ ()5 9 Grayson¢)AVA Hilborn
20 g3y 9 (V- <4 Stankey g Allan ¥+ +¥ (5w 5 Folke
653 6le3,555.(¥ + YO Nobel) 590 353 Jas 3 Comlon
Olsiedy. Col 48,5 51,3 Usad )50 Ol Sty C a8y 55
OlSess 5 Millerd) 1G1S 55 Ml syl 1eanlS daliyy clio
O J5S Lol s 31 31 Guds 395 OF HLii a5 (144F
1y OF ol Jasl 8 b 53)B5s 9 Glojlunys Lo, S09) gz 59 9
ol 0394 Al

Copde $B3Le 08w Gindy @ bl (S64 Loyl 4paledl
0313 11,3 OB 13 1) 395 gas SlaygdS ly lw S
Voo Vdle 5o bgyl dadlod) OMw Jesdlygiws Liuly Gl 58 . Cowl
OMew J5S g5 &S ws 8y=a (Y+ -V European Council)
9 dblie Cod)b aSly S e pasein |y dew il 55 (Solel 5
058l 30 5li8 dzgd D50 35 ) Mew Ddls b )85k
OLEs M Sy Copde @l s OB glod,Shsy
A I $39I 2 Re i $La2,509) 4 W (e
Bl gl Cadybs slol 5 M Sodlgz ol 33§35l S
2GR 3599) 83 52 3l xSy Wiels Blew st Jaal 5 L
(Y)Y LS g Schelfaut) Cowl &S5k 5 8yl
Sles ado jeliteds eucw SO RUlg3 Glime 4 $ysl0b
9530 .(V+ Vs (Ko g Folke) el s Cigd 9 sl
LI« Oss (S disSr dS dline (5l 35,4 d1b3S dad
Diwyer) ol 43 (sl 125 s |y M iy 55 G5l
9 Cutter Y994 (Rahman g Buck-land 43V ))5ee o
VeV OhSan g Levy ¥+ + £ Oh)Ses 9 Smits Y+ + + Oy Sans
Borba ¥\ (O)8ee g Rosner «¥++9 (yl;Ken 9 Carter
asl LIYY-R SO Olgreds 5)_9Tg7)l3 p34l0 (Y0 OHSes 9
b dele ot SO Cudybs 4y «Stugy o e O)s= )3 04

V¥

ol b sl (3450 53 9 050,355 OMew (ISHsbdy
Cusmos Iy dsdS Oldlas ys (V410 (United Nations)
S Ablin 5.85LaBl SLa b S 5 5 Bl
Syl il Lol Jalss Hlsieds aius e (oyme
¥ VP OhSen 9 Kundzewicz) wlous dxslis o] 5 Ohlw
Lo (Y WV )5 g Vitousek <Y+ V& )y 5 Alfieri
S ol 9 03310 gl 28 Saiir goliaidl 5 el S
10,3 09,5 GubS Gulul it wdy Jlo 50 9 0807uS
00 3 G (65500 b sl 1 3l fbiy M pudgw doy
998300 313 530 S Jlu 5o ) Olaz wliw 55 585 Sldus
ol 5,7 395 Sylelen B+ b polys bl ¥l Ol (5 Slie
Olyaasd UL 09,5 GiglsS e rsizans (Y + VASwiss Re Group)
Ol 5 Ghaddipd Glaz Cames iy 130 OLES (o4
SiolgS w g3ladl g sloiz gladi o Sl Celb o8l
S dlgasdy oy ol el O3 Ol 9 dild didrgily s
Sladdss g Sl ous dislis ole Oldlas 3o 040 £ 9090
b 9 Ol 59,0 Mo 5y Sy 6l Olaz sl 33 Olrasi
@323 Led e 4d)S 54 T 4y gy e T ialS sladely
SRl 9,509 S &S Clws Sty S pake (31 9 dudes
Lo dgtune LS Shidl a3l ol b OMaw JBT jialS gy
5 Klijn) wdlyoe oge g o090 Conl Laylil £ 935 3l oslaul 5
(YW OhSe ¢ Sayers Y+ VY.Simonovic ¥+ <A (O)Swen
otz $dle Ol glise dy Mew Sy GlpaSo el
Sy oo b bL3) 58 gldsal> 5 H90 (Vgkuws 413y &S
Raadgever) Caul wuer Liud £ 9:090 S 30 ISy

(YOS 5
M Sty g 3o il 9,559) ciblidsans’ slaaygdiS )
Zevenbergen) 6343838l U 13 e sla g3l sl Lol s
Sy JAS gl G ((Y+ VY Shrubsole <Y+ +V «Gersonius g
Holling) &) y80 9 (55158 b 5y SRS 5 oy ) SaS oy bl
«@3IOb p i Glagiliwl Bus .58 3329 (1435 Meffe
ey by JBlas 4 9 Cl (S &S (ol B Dlagags B
G352 s 5533) dz,S] el dsaler 53 gllash O3
3 &ShI O 0 59 a2 3B Cblio wilgi e M ol 5
OSas 9 Meyer) 1ulé dllie Cushd pas b 29545 lgi 4 Lol
Lo by 3 45 G319 3 82940 g3 e a8l 5 35,4 (V1Y
Sloslag) il 5 GBI Cblas il 4y 53 s glad S b
Mlga Hasy 3 9 4l Glsy oty wituss GLSL
s Millerd) uiS Cblas |y laglud] Olo JolS Ciyguods Llgs 6
YoV O)ySes 9 Folke <1435 Meff g Holling <V33¥ ()l )5S

VBV oled oo Jlo

Il dmags 5 OF 4y i



A (o plyd (1SS 3l odlatul b e lytome Julos gl
A8l o 9 4Lyl L slovodld Julod ysbaie dy izt
S Olslas (ot dadily Wlis dodiolas dlas)]
ool 53 Ve 55500 o3litul MAXQDA Jfidlay 3l ... 5
30 LouS JolS degase pupw 30d GHNSUS Lol Gilegoge
oL 4:.’713)_; Olegoge &S (ple 30 9 dd Lwyy dlde fLs‘
o5 oS a5l 31 Gliabl (gl aiud (S)5 5dgy dulies
Oeliz Gx97e GINSUS WS (o pead 4 1y OYlEs Glgiowe
s - gyl Landllie 31 ol g 9d9e Il i sy Sl
ko M Sy ok Slidioss 3 Jaslyy (lulid sl
S idgy dilon g 9d90 S 3l Gl 4 €S Ve (i 5
add 5 W30, any by $r97 g s09e iz ladllie Lasy) L
9(A8,S 51,8 (Guy S iz )3 9 U3350 Olgis SO degazan)
SAlg g go50 g 3 b ladl wi 4 iolhds &S Ve (izmen
3558 b i3S L5 58 ) gundluds (6)U5uS adsl glaysd y
Sladllie 3 60 ) Lale Clarios Jlos s dllie ol 55 Lol
el A Olellae. Lal e UM G e D 25
5 G O s &S Sl eloiz] psle 33 3803 glogss) )
i 3hlio o ayg S 5 Cilzsne glasle s o Sinnyd dunlio
39 Oglds Oldubiod g 63 ol 30 Lol O 3 S0 . abbse
Ol gl guiodiiws i odliiwl (5l g od)s de gose iy,
9y y30lw 3 b s Lauat Olsdlas ol Caliss 3blie 4o
03ly3 (ol dliue (33,5 Tug Bua by jus Wiz by 99 duolie gl
O Ngdoe dunlie 02 b &S Coul dlivs 55 iz b S
ol 00 LSS didy (i 31 €S Gy G o Ysasma o)
R 53 9 390 odlatul (Sldidydle Gidgly SO lsiedy)
Ghahs Olallas gl ols Gulidiiy) &S Glazs ol o)l
Hoslitul ©)go () 30 i Syl T o Cauwdds )l 9929
Ceawddy gl ol alawl iy dlasil g gldiin il 9,509, S0
Az )LSo gy iyl 33 ol Cushd s audas Cilsllas 3ol
gobe Blas Sz 9 by Cusle Cle 43035 poraie
Coawddy gl 53 Cumhd pus JUS 58 (Aubs Olellas 0)go 5
4.'>)LSq Cygods Wlgn dS U.“sl.cb@wlg ) 3o Hlsylgin el
Aol )3 D0 929 A graly d92g0 lagidle 4 poudis 9
S Cewl 3Y 0392 (2l 58 dzlSS 9 ol slaguly 4l ¢l
33088 Julo 9 3l S8 L pMosd o131 awgs ol Cowady
Lld 9 4l S99 ey @hd Hebds (el Olsllas 0)ge
B9y 0 33 45 35S el Ol Yoo it Jgase slowns &S
Olslllas CLE 5 55670 03litl LMl oS Julod § 43505
23 g0 ooldiuwl 9 2 dhadl Glgisds (oS Glaodls ( ikl
AL il 9929 (a5 Slalise 4 3 Sl (Stan g0 ()
3,Slas 5o Calise gladdlye 15 Oliae duwlowe 35 Ulgi 0 &S

A

Cllugs (il by dazlge 55 (L5309 dals cdesd gl Olojlw
S>SO3l ds 53910 (&ly 5> .yl 3Ll dwlgsls Lislgs by
095 S 9 Olasgd b dblie gl et 38 Coolls 9
Gl Aot Jols 6570 310 gl Lte Ol
Olyasis b dgolos 53 B aS e SwS malsz b aolsilu 4
Olés LiSly Cus ods 9 bl dtaly cewlin 3,S0es loSed 9
(SIL (gl Jle alise gladis Jald poghe (ol aid
B35 (AL 9 63 Ked (edlid (S

Bl Ghails) 9 laauwlw dadly 05uS Glaanld s S
390 pladl (Slalidl 5 g xS euanas gl 32, 31 45 390
Jilie 55 NS e b elaizl 5 awme Lot 4
ol gl gl 4y it Gl (Alabos Ologonali ol S ok
Glde gamays ) Olgreds Cwl S 9 (¥ + VY e(3l)Sor 9 Armiitage)
2 5294 Slidyy Wi Sladod OISl 09d AL CugSe )
Coyade 035> )3 G910l SLo3,Sls) dmwss Gy 5 L)l
Alga I Srlean 53 Wl iad e GLES |y OMew Sty
Lol 5 L aoloas v §531 el 3} 5l giommo s 90om0 LyilyaSir
s 35 B3 oS olaslas 55 63394y Cadgime ol Cuwl 0
Knieper g Pahl-Wost]) 5540 oualice ditus pylie yuss
Johnson ¢ Penning-Russell ¢V 10 3,5 9 Barnett v+ V¥
BN Lg)ng'JlS Sil38) 9 OMew Suwry o e dgaps Glys (V410
el ST 39290 (ade Ogte 3 o3litul Cig b <Ml il
S5O0 Ol Camds 3390 3 (Ashod g 98B -l
P M Gla B L lyaSo b dhal) 53 Ml Sy L oo
3 453 3398 w3l 33§35l d9:43 8lp by &S 2l
9 S OlEAAoS Wil dien) (2l 30 39 -l 005 plaxdl 0, S
M Sty Cay 3k 9 (a5 Liid 9 D98 bl (lulids
O B Gl (el Ol lyy 53 $35I0B Copie
S )30 55 Gale Glidios diels 9 Cuale (L)) ingiy
el $351 5 9,509 b Blow Sy S 20 9

W jig) g dlgo

a0 Sy dale SG Ulsisds Wlgi e rgas CS)lie 9 5)Sen
CS)lie Olgisdy dS 9 48 S Jas 5 labod & gdge S5 5
5 Olegdge gandid 9 gNSUS g o ool s pb (leidgd
SINSUS ol sl (£ 31090 0395 9 Alin s 4y (SlAidios
Co e 3o 33 GISCuulew 5 S pogie Jaugs sl
{aSe" Wile 00 puelde 3ib p Cuilae
b NSUS 55 iy b 9 990 04 3Syake "y la" 9 "Cealiw”
Sldaliy )l)slb.) Ol L el Ol s 9 MAXQDA )I)S'ff’
Gralie buse oS Sl GAS lagiagsy Judos ¢l 62,08

OLlSan 3.6 (sl

s Sty ok 9 a5 Ghelos



Sl Blle Wgde o3l pmudgd p) 43 &S Olegdge
Oldas 53 3aiod «Sloludl 5 ol Oleitgd &Sl
Leoszle 9 Giluiig glaylyl

"l gd CS)ylie-Y

Dl Dl Sty SS9 S e 53 Olrigd CS5lies
5 55 ol cdmals ased o Jalb Olribsd Coul 040
393 il e Ollas 51 jlie &S Wit laald lu
Sy Cade 1 Ol 9 bl Olowaal 53 aslgie U
Gili3l 3sm ol 55 1y 055 $)NS,Sh 5 uxS CS)Hlie Mew
Ca yade Calizes Jolyo 30 Wilgi o Oledd 83 glalS )liv i
e 9 dulod «Oledlbl 5 Loodls augs dlas)l aoblw S
Gals 5 6K glaulw Gilwosly 5 druwgd Dlyhs
S04ely 9 lelulled gaulaglyl @l avass Dlyhs
Slaolsilu olyd p3ye sl iloilu caizass g o3litl 3y
WilgS e Fded 9 Gals Jisy (pogas SLESA 5 90
Olhs Ay Comde Caz Gldes Glopl ¢l 9 00 asite
Olsdigd CS)lie £ 9090 Jals Oilido 53 .aiS SaS Wdlew
dagl Stz 9 ladlojlw Cusw ds «Mw Sy S ppde 30
Sy T pde 3y90 3 o)l glaolBuss 5 Olrasgd b Cilelss
9331953 0 «Mws

695 Slaylid) Ylsdigd CS)lie g 9090 o ladllie I iso
3201 586 5 laSe it 3l e shas b e 5235 5
SlaCuulbw 553l ul (730 9 dwg’ «Mew Sty T o
Wedawatta g Ingirige) slaisloy «dlw Sugy Copie
Oloyed doowsl wyy (Y+VF (Thorne V<)Y Jeffers v+ V¢
DI glojg Cusl (Ol sz 5 leile o OleMbl 5
Osberghaus g (Y+V¥) Thaler (Y+\¥) Head glodlis o
Ol Sty Sy yade 3 GilpaSer Saw 9 )izl 4 (V410)
V1Y) OhSes o Nye glodlio 5o .Coul oud aisloy
(Y+VY) Hanschka g Stevens g (Y+ 1Y) Hahn g Johannessen
O Sy Ty paks 33 & (ShaSe il gloSw 9
ke asile Wgd oolitul Cowlgie b Wgde odlil
o 35,4 (s ¥ludan 9 (391 Grgmmadiz (05,4 «Slye
(Y+Vy) Cashman g (¥+)+) van der Knaap ¢ Neuvel .l
Olegdge 4y lriigd CS)line Olgis Cuod aloiosyy 50
Slaghsy 5 Cunl dy 9 Wlod,S 55,4 egas CSsLie b adye
S oo Slaunld 55 350 9 Conlio GIL sesas Sl
Codgtuns 9 it LndIlie 31 (oS dlus . a3ldis0, Ol St
5055 (eyyd e Sy T e GlpaSe 50 1) Olaisd
o glddhie (Lo glatded CS)lin o9 4 laddlas oyl
Sy Cayde 30 S ddaume 5l Cblis Glojlu iz 9
diuw) yd Lmu«d::g},g I edluss (V) Jgus 5o .J.Bldbb)g OMew

k4

Ayl (9o o] GRS (glaodld ol S SwS s
O35 58 9 ptancan IS 0555 3 oremno R3) Cal 0Saa 2
9 C85 e d5u 8l el T Cowody Calzsee bl 5
2090 30 GAS 5 (&S Sloodls Cewl gy (h9) ) 5O Cuhad
23839100 9 S dine) 30 dS ig3s sl 39 i8S LA
&l (VAAV) §)Ses g Corradini Jawgs wds qictio Odlw ylys
9oy gl diss) 5l 35 Gy 9 Jaled ) g el 00
3w Blaw S digs) 3 Ladllis s oS oudl Cowsdy
Klijn D93y 4y O30 diwa (2l )0 . Cwl 00 pictia Ve *AJlw
9 L) Lezle (V) JSir 1o 096 oslal (V++A) Ol 5

el 00 a3l UM Sy Co yoda

Slyd o

Cumen @

Sl S ®
4l3) 3 dlold

Ml Sy e *
@Sl
UlSo

by dids ®
o Sy

5 Luu) OMew Sy Copie 5 R szolz ) USE
(Y-v- ‘Ql)&m

Coy g gl

Mew JAS glojlupms 9 Glojlw Ololudl o
ol 6,3 Ol s Sl Julis Wlgie @lojle Oleludl
Jolis Glojluyus Siloladl dS o yd . Ll .. 9 iS) Sl et
£99 Wygo 3 Slugdbl 5 Juw i glagtusw glis)
wyas 3 sages GalT (il 5 oMbl mlie drugd M
Olods 5 elotz] 5olud o Co e aw bl 1 )3 (e
Saizess 9 e 5B Cuos 03] dy S gl sl
Bl Ohlas GialS jshisds oL §00 50 9 Gy
Jlg3 e S0ASs HUS 5 Slojlupe 9 Sl Silaludl .ogd 10
Slathlus 9 duwys S8lus b Olew OIS B aiib ouS SaS
Olgieds Ol Sty Sy 3o 9 3ol G2lS O 31 46
3350 A O SRS (Glojluoyus Dlaludl (o fage 3 2
lolis b Jagpe Olaladl g lacudled 5l glassame Jols &S
Sl Slaladl ol ailie Mew Sl GialS 9 IS (bl
o8l 9 w3l A golaBl 5 Sludl slalylus Gials
D5 plzsl M b dbilie 55 solaidl g eloiz] slagaiélss

Pl Sy S ppdo Olidiod 55 Sy
O Sy S e 9 GilpeSe b Jadpe GudlS )9 iy
o &S ul f@l lad)lio e 3o GylISUS L 6)‘91:)[3 8l

VBV oled oo Jlo

Il dmags 5 OF 4y i



S odlatul b Mo Seudy oo 9 S glapiasiy 5o
Gl 00l 031> YL MAXQDA 01> = )38,

&yl Olew Sy Co ppde 9 GileSe 0 Ol gd ES)line

Olsaigd k_,S)L&A ST ks)‘;\iJS Q) JS.J; 30 9 Sl 0

Olaigd CSHlin die) 38 Lo iaghy Hl ¢olus3 -V Jgue

Oleaigd CSHlin L) )y Lmu;‘ubg}g

«Y+\+Penning-Rowsell g Green) «(Y+\+ )5 9 White) (Y+3+ van der Knaap g Neuvel) (YA O)l)5es g Posthumus)
(YWY OLKen 9 Evers) (V-1 Penning-Rowsell g Tseng) «(V+VY Ol)5es g Nye) (¥+V) «Chen g Lee) (Y+VV «Cashman)
Head) (Y+)¥ [ Thorne) (V- ¥ Jeffers) (Y- V¥ Wedawatta g Ingirige) (Y- ¥ (Hanschka g Stevens) (Y- VY :Hahn g Johannessen)
Levin-Keitel g Thaler) «(Y+10 (OLKe 9 Almoradie) «(V+10 Ol)5ees 9 Wehn) (V10 Osberghaus) «(Y+V¥ (Thaler) «(Y+\¥
(Y18 O)Kan 9 Kuhlicke) «(Y+ V¢ (OLSes 9 Maskrey) «(Y+V# Penning-Rowsell g Geaves) «(Y+V# O;Se 9 Benson) «(¥+\¢
(YA Q5 9 O'Donnell) (Y + VA )y Se 9 Begg) (Y« VA Begg) (¥ + 1V (35 5en 9 Edelenbos) (¥ V& Gourbesville g Batica)
5 Maskrey) (Y+¥V (ol)Sen g Blazquez) (YY) «de Vries g Puzyreva) (Y+Y+ (3l;8en g Nouzari) (VA O)Sen 5 DellOvo)

(Y+¥Y (OlhSen 9 Ebekozien) «((V+YY (Ol)Sess g Puzyreva) (¥ VY (s Sen

[ Sleiigd e )i ]

O Fornlio S lie —
gt 8 )lko —
e S lia —

A5 el 8 lie —

xS e > 8 Uio —
SleMbl g ails Jlasl -

ezl Joloi -

e pladisd —
o pledigd -
J9 laglojl —
Ol g3 —

Sy (domo dnals (Solel -
Mo S

A slasely s -
Olimo b (g lSon —

S d)&““Bé%k‘oc“U‘

OMlaw Sty ) Cay pde 9 a8 Glogidghy 3o Olriigd CSHlin Gygeme IS -F S

Slaptucs @yl 5 G=hb 5o sl slagisy 3 oslitul
(anssSI Sl0,S0 9 Sl ooltul dlozjl e M Sty S yade
WSyl GRalS Cagz 53 diadigd e 3

Sy 1zl oloazl 5 solamd) dmugs glodaliy gly=! »
oyl (bl 5> e

Ghol £abse du &y badllin (Dloldl 5 bacuulow dis) 5
S5 M Sty T e SlogSl Silulaz ildzsoy
£3589 3l o Olsllhae a9 s Sy ok sl Sl
O 31 g Ollas dadllin ol 31 g3 (uizad (Dlw
Sl el 5 43325 glys el g0l slodlazs) 52 35,8 by
Frostick g Coulthard) wlesls dilyl iludl 9 wdiae (e
OhSes 9 Wedawatta <v+\¥ Lawrence g Smith Y+ V-
d¥++Y) Kundzewicz dos j lodlie 3 @oluss .(Y+VF
(YVF) hSen ¢ Zheng o (Y+VF) Hartmann g Tempels
e $sSUl 90 Olgisdy OBl Sty Sy ae 0308 95 4
Ladiye Sl 5 baColow 5 1zl 35,4 (6353l 9 &ysTb)
S 93 ol 3 SO e Cazly 50 Olew Sn)y Copae b
b @Bl 5 sl GlosSasy ladllie gl dSlodds ()
OS5 (igead IS0 ,SuS) Cllins e L po Cygeody
WS 39,8 LagS) ol 3 S o 3l ols slad,Soey 4 Sl

W

"Eloludl g b ooV

DM Sy SS9 e 33 Olaludl 5 el
103l 53 Oyles Lol Wilgi e

sleodls dlazil (Maw Swug)y sloodls Judos 9 dgs
w9 0T Ul (ol (s3sl s

Sy Copde gldihie 9 Gle glauslw Glhol 9 (2945 o
S ot 3 UsLosmllins o alsd ol il
o (e M Oyos g ke s St ol 558 gl
Capde @y oSeuly 5 Blid @oly glojlisle dswgs o
Olajls cOlyo e el didle o prdaw 50 M Sy
w9 &y 5 Sz Olojl o yhauome Colao

2 dd i 5 Wl Slagysld I oolatul dewgd 5 gug,S e
Aozl «Mew Ohhs 3yslp 9 Bl glaodls gslzes
GEgan s 9 Giudle Sladue (S ladSd
SlaySalyc M Ol s o)l 55 dszale Lo Siolsdl g ijgal o
Ca e slodalyy 5 oladl Hulud (rayl GBSl o558y
M Oy

2 el s G e alise g2lie Ole Siales 9 6)5en o
Capde 0)s= 53 Saolen iulidl 5 350 ySesaal Lz
M Sy

Ol 5.0 (B gSwl

s Sty ok 9 a5 Ghelos



Ololudl g laCwlow dige) 5o Laicagiy 3 goluss (V) dgus 5o
(V) IS 30 9 Sl 00 ) WM Sty Co o 9 (S
Slagiagsy 33 Oleludl 5 leuwlw G)gmw GHISSS dShy) 4
el Dl38ley3 51 eoldal b Wl Sy Capyake 5 S

el 008 2150 MAXQDA o313

«Colgs 50 .(Y+VF Surminski ¥+ +V (O)Sen 9 Escarameia)
OhSe g van Wesenbeeck g (Y+1Y) j)Ken ¢ Gersonius
2N 4 Bl Sy e E9d90 2 554 L (V41F)
e ,5 g gl 9 Wlowds Syate &yS3ke 9 &8Il 3l (oS3
Wlodg6 hoog hy M Sty S e 8l 51553 9,599 )

Ololudl 9 by Cwlew diwea) o La:uu.mg)) 3 @dlass Y Jous

Ololud] g loCauwlow dise) 53 Lo ianss

(Y +VY Simonovic) (¥+V¥ O)Sen g Heintz) (¥« [Frostick g Coulthard) (Y- +V ;Koo g Escarameia) (Y- ¥ Kundzewicz)
9 Zheng) (¥+V¥ Hartmann g Tempels) (V¥ ) Se g Wedawatta) (¥« V¥ Lawrence g Smith) (¥ + VY (3)Ken 5 Gersonius)
Johnson g Penning-Russell) «(¥+V¥ 3y g Rosner) (¥ +V¥ (3l)5Ken g van Wesenbeeck) «(¥+V¥ Surminski) «(¥+V¥ O 5e

(V+¥Y Qb 5 Dottori) (VF++ (OhSes 5 (otwy §,SLi) (VA OSess 9 Raadgever) (Y+10

[ Slol Bl g lacawlw }

[ I

L

e (ol doga—
S o Cyel—
3 cawlio Slpss Jlosl =
s S 059>

S it slagSII—
oSl glis —
ool e bl -
ilieo loladl

Bblie 13 OBl Sl 39l 5 Ol Sy Judod
Sladue das) walixe glogigy 3 oolaiwl L Calise
593 Glogsld 5 g Sus glodSd ($3slorie

Sy Capde blie glagisy (alze 9 Lo Guyy o
(S5 9 Blisle b syl slagigy dlas 3l adlw
«Dhew St 3 o a3 Cabiseo glasly 3,535 9 (i ey o
e FOFa S0 (a3 GLUSES (U9 slaileilu Jalis
LBl 5 55 3 OMewr Sy 52 08l 5035 536 Gy o
e (3l 9

CMas )3 48 ey 9 e Sl y9ld 5 o0ldtul 3B sy e
DAL o8 Sl Sl gy dlaz el Sy 6l G 2
0o ) (5SSl 5

Ol Sy y S ko Llizmo sloogiy) old-dij Juloxs o
(Sl Gl 9 ladise iluding $l (leySaly 81 s
23 s S e Jaumms 9 sloiz oLl 536 ey o
s Seaanyy Ty e g sz 9 bl ol g sl
Slodnely@lse lulid pdadool) s@ilseag 5050l ladlie
3554 098l sladeoly slidey 9 Blaw Sty oo 3890
355 (4 5183 33 1) loxs (658 el 50 dlabis 0S5l

4

} [ lbls) 5 g s } Ed)'f‘s dw‘“}’*"’"]

A

[ 05,5 5 (lwlid J

Slpde slagSll -
Sl ol yhe -
Lo slacs,glis —

higel =
‘_;J'du'ublfi -

Olow Sz y Cay o 9 HpaSe Glogidghy 30 Olaludl g Lo Cawlew gm0 GHNSUS ¥ JSs

TOldes o Gaizs-Y
dos slaghey Gl )B4 yshieds gy Oldes )0 3udod
2 3ubiod aBbe A S paeial 4 SeS sl Bl dswgd
Sl 2k Siludus wile (lagis) ) osltul b Olles
35l UlsS 2] Olpde s o)lsen oz ol b Julos
Ui yd 9 diuy DS s Szl 9 Sl slopeas
Oldes 5o 3dod Gl Cod &S pladlda Ol dalgs |y
Sty Cg 53k 9 GlpaSe 0,5as oy 0 s elSlonds ganddbo
8l 02350le b iz sladisS el g Sl dnils 39,8 « M
dips) O3l 0 S e W b Sl b Ol Sy S ot
Sloimsdy 5 331 3525 adooly 5 @lge o 35,4 b Loladllis

el 0 plodl 15 b Jgol 03,5 las 0355 3 s 5eS
Wlg35e e Sty (a8 9 o oo 50 Slibas 55 Fudors
23ln Mew Sy Cupde 35 2! Calise slagis)
Sy S e Slaptuss Shzl 9 Gohb 9 Ol Olihas
oys> )l 2O &S Slegdge § amy Llé Gy 1) Ol
Sl S 3des Hlgi

o ko Sl et CeaaSid by Ceigo 55 5350 dalgs ey @
ozl 5 o (B (Slojle Jalge dlazl aMew S

VBV oled oo Jlo

Il dmags 5 OF 4y i



s STl dil5-39) 55 Bl s (b3 anlhd 3 sy
3 eolass dlyl s (F) Jgas 30 .(V+ WY OL)Se> 9 Buchecker)
Sea) Co e 9 GhaSio Oldas 53 Fuions dine) ) lajins’y
Gein (83970 (S3NSUS (F) US 3 9 Cnsl 0 oy Ol
b O Se) o e 9 SlyeSo slaiagsy 5o Sldas 5o

el 05 451y MAXQDA 03l Julos 31053 51 o3lizad

O Ogldie glacuglgl ghls g (Y)Y Jeffers v+ VY (Haase)
Slodllde. il e (Y+)) Pidgeon g Butler) Oleassd slaos,S
dasiliul gzl sose Olslas p Buas llas )3 3ados
Wile (litdsld 3556 Ol Sy Co e Siloludl b Lo cwliw
9 Guerrin) QU > w Ceid il 65951 (38500 (Sl
Olgiedy Sy b3yl glaghsy Géasa Sl 9 (YV+VF Ol

CJLA.LA.C“ 30 Balod diuw) ) Lmuzwgp 3 goluss -y de.?

Sldas yo Gabod di) )0 o Siaghy

Simonovic) Y+ 1Y (Ol)Sen g Schelfaut) Y+ VY (Pidgeon ¢ Butler) (Y+ «A 8o 9 Klijn) (¥« + + (3)Kan ¢ Cutter) (VAVA Holling)
OSen g Guerrin) (¥« VY Shrubsole) ¥+ VY O)5ws g Park) (VY (3l)Ken 9 Buchecker) (¥+\Y Jeffers) ¥+ VY (Haase) (¥+\Y
(Y30 OlSen 9 Barnett) (V) ¥ Ol)Se 9 Olsson) (Y« V¥ (Ol)Ses 9 Morrison-Saunder) (Y« V¥ (Lloyd-Hughes g Arnell) (Y- V¥
(V+¥Y Ol 9 Gemitzi) (V- VY 3y Se> 9 Prakash) (V- VY (3l 9 Goyal) ((VWAA (udoays 9 Swils) (V418 (LS 9 Alfieri)

| llas > s I
Sy Copde g 2bj) o plyinl (oilwainrg P oy slasygld 5 Shles gilo s
e o Sy o s Saay o Mo (g jlwdrd

Sy Julos g adlas —
M

sloby) byl g g -
o Mo Sy g o Al
S (sl Sal,y sl —
s Sy o 20

St bt 9 Jelos =
o] <l 3 g M

il 3,Skee b3 -
s Sy Sy e

S ygtd ol gy —
(Egman (hga 2o (yle
Jubos g o jguian sl oyl
oaalS 5 Copie d Laodls

s S

O Suwsy s y3do 9 (oS Slagioghy 5o Oldes )3 34823 9o GISuS -F S

OIPA S guan Gisd § 8 S GlodSud 4y gy o glaylsle,s
94 &y9lpaz Iy DMaw 4 gy yo Glaosls 45555 j5bds
albbg (i 555 ol Lo 9y (3l b Oy (L35 sl gy o
9 gy Spb (hey slelumdy S dadgius 5
il M Sy o 3o 93 Ol L 3l g il
L) GIS glaglsal 5 g sld 1350 Slac by dswgi o
Sladaliy szl 5 Gohb 5 Wise (R Ol
GRS Uygods oY Oledbl 90553 dude Ol Sy Co oo
S o3 OMew Olyhas 390 50 §5S eueuad 1y 1)

e 5 golasdl gladus 5l ool ke 5 solazdl gladae o
Co pde 3o Caliske Oilelud (o ez 9 obld-duye Jud=s o
ol o M Sy

Aty (2LoanT 5 lodysy dadaliy Jols lutiy slayll
SaS 5 NIgdorke Siludde (ugiy $lyp WSl &S
odes S Wgd odlatwl Cw Suw) Co pde 83040l
O Saanyy S e 9 (FhaS 30 00 Gy 22 Slaienssy

Tl gloylil-P

9 Laylil 55554 Wil e Sy Sy e 9 eSS
5 PS50 S50 slaylil 3l 0 ol Calise sl yolid
Sl WIS)le Oduw M) [WEPERVY

Gl 3,k 3l adilely ol il i ladilob o
DMaw Shhas G318 g5 Oygo 30 byl ¢ysld 5 S
VS PS NOA-S PO 4

ez 2sln 4 bdue Gl iGislorkes Glwaud gladus o
20 Wilgie 9 J.J)IOJJL’Q alise @bL..A 00 Ol O 9
20 lagigy (ol 3l ooldtul oo ghan (Jige 9 Giudlo Slagiy) o
el dubie O Sl yhas 3551

Gble pusd @ lagig) ool 1w 3004l slaghy) o
2995 )3 U130 9 WO Meaw Sy e 5 adaapul
Wb dde U e Gladaely

3 oolatul @lgdg Zk:A)lﬁ.w slaodls 6)3T§a.? 20 SHlwyBog5 o

Ole 5.0 (oSl

19

s Sy Lo e 9 eSS 5 Gldos



I Gilatiy O Bus 3ylge (ass 3> aS (¥++3 Zevenbergen
Zhou) Cewl 6393 OMew Sy Co o (§30 54l laus]ys
Slagiagyy (V410 Ohles ¢ Golz ¥+\Y OhKes 3
Ohlee 9 Gersonius g (Y+VF) OhKes 3 Woodward
Gl geose b Ohew Sy Cupde diga) 55 (V10)
Sl Ryl $9) 2 9 WBoe adie §xSeeaal 5 Cuuliw
SladyS dudod 5 403238 wile «Cwlew Slogy;Sole U3
L oISl slog,Sesmad @ SaS shieay =Bl
I ol Gl iz b sl (S GhalS 5 35,4
@SS Lz slakuse 5 Ow Sy Capde Oleseas
Porthin) Cewl a3 S plovl o)lme wiz Olowsad Julod 3 42323
die) yd iy 3 @lass (F) dgas 53 (VI OlhlSes o
G O Sty S e 9 GileSe 50 Giludy slaylsl
Slatdy glaylil Grsow GNSIS (0) SIS 50 5 Cawl o0
S oalazal b law Sy T ke 9 GlpeSe slaginssy 5

Cewl 00 03ld lis MAXQDA osls Julod 5l38la,5

Syl G Cygods wlaily 55,8 Glaidy slahl
9939 5 dold WMo Sy Cande Gl Slatdy
Sloluglsl (So3glgyam glaodls (lyls iyl wible) ools
15ke) 832540l 10 §5S pusnald 9 Ooledlol a3l gl (Olsdd
G (Ghad e Swusy L3 Sy koS 9 d3e0
20 Spdelip slp Glopdiads gladely Jols 9 (olaid
dige) 5l 0> ol g odsn dur Wigh(oe Mew Sy dige)
Sl sSIl S5 O Sy S e slasSl 3l dolis
s Dl 3l g Olallas (ay 2 9 Mo Sty S e
Seo g (Y+V¥) Neyshabouri g Yazdi «(V+)Y) Liang ¢ Wang
9 hw 0L,z Silwd e (i slaslil (Y+10) ShSen 5
290 & 3090 (5209 38 Wledls dilyl Iy OMew (Sl9ld iogin
3304003 9 bl ediiloy O 4 Lodllia ) goluss &S Eaogy
Sxadgcaal 03] 610 Solaid 9 95290 Slaylinl o guas 5
(V+ WY OLSen g Prudhomme) Wi sy O by 30
5 Veerbeek) ué w0 33 O 0581 o O3 (ixan

Gl glaylil dise) 5o lagiagly 3l goluss -F Jgue

Slectdy glaylil i) 53 o iagly

Y+ A OlySen 5 Klijn) (V- +V O)Sen 5 Levy) (133V (LS g Dwyer) (V34F ()5 g Grayson) (VAAV (OSes 5 Corradini)
¥+ <4 Sheate) (V-3 (LS 9 Meyer) (V-3 (3))Se 9 Strickert) (V- +3 Zevenbergen g Veerbeek) «(Y++3 Ol)5ess 9 Carter)
YV OhSes 9 Kontogianni) Y+ VY 35w 9 Zhou) (V1Y (Os5es g Dawson) Y+ V3 (Liang 9 Wang) (Y+ 3 + () Ken 9 Burch)
O 9 Porthin) (Y- VY ()5 9 Prudhomme) (Y« VY (ySens g Pahl-Wostl) ((¥+VY Simonovic) (Y+3Y O)5ee 9 Meyer)
Daw) (Y +\¥ Knieper g Pahl-Wostl) (¥ + V¥ (3,5 9 Woodward) (¥ + V¥ Neyshabouri g Yazdi) (¥ + V¥ (ol)5es 9 Mechler) (Y« VY
Di) (Y10 [Tavares g Dos Santos) «(¥+10 )5 g Gersonius) (¥+10 )5en g Golz) (¥+10 O)5en 5 Seo) (V<10 OHL)Son g

(V7Y OS5 Zang) (VY (LS g Perera) (V10 ()ySen ¢ Baldassarre

l Sty gl I

b Saly gl S5 el (Sl
Capde D (5 pSpueal Cupdo ) Yiadeh
Mo Sy o Sy

¥

3 s Sl . .Lm“'l.elm 3 )ﬁ
s (e e o2
(@9) bl > leMbol

Uign sagyglid I odlal —
S il @Sk 5 (Sran
M Sy (i 5 oS
dl g ae Claseas dsdl
Copde B3 g

San

e 5 byl 5l eslawl —
oM oS dlp gileds
e Slagenal g b il

Jals oMo Sy b ablie
g iglej spbin parass

gLl oLl g iy S g ol 5 esbizal -

sl okl 3y50 sLasyslid

5 4P e ol GIS

) badye Ko celaads Lo
bl 6l y M S

9o aMin g oy
Glapi J pel Mo S

Ujgentes 32 (ien Sptases o3, Ol R e e

Sojdgren sloJe g

Ol Sy oo 5 (SpeSeo Glapimssy 10 Gilutin slalil Grsee G ISUS -0 JSs

9 S sleLszlzy oS0 Oledy il M S
3 Bl Sy 04T 9 99298 Cuumds 2 ldbauls Co oo
5 PS50 oo Slaszlz Jl By s dihis Sy

1 DI ke OMew Suwy Co e
G gl Gl Lozl Ol ipuldie wiz GileSe Cszlz o

0&995)15-0

Bl Sy e 5 S 53 Blus (o itege 3 S

ool Bus a5 Wl Lalise Ol o lagigy daylpl Jels
ke pide il Slaguly dmugd 9 S eaal 8> S5

VBV oled oo Jlo

Il dmags 5 OF 4y i



2 pslie glacusluyy gl Bldasl ald G (7+1Y) Olles
s Sy o ako G551l &S w3148, H105 50 M 0
By 5 Jous3 (Sl 9 WS (e Oyl 1y 3, SUes S o s
S 3 S e el |y Sylas Gy 3 oual Cawd 4 i3IS @
e (b)) 9 Co e 31 (1339) OlySess 9 Sendzimir ¢ Sod
s Sy S ke 812 42lSs szl SQ Olgisa S5
635155 @ bgspe (lidod glacszly Wledgs oolitl
M Sty S ok Olldions 3l Colos gl i gladisy
20 aade JSS |y 0)se (ol sladllie Culuy) 3dzlSy
FloodPROBE (384823 639 3 (V+ 1) 015w 9 Van Ree dJlds
3 el Sl L 4 OF 5 &S 0ud Guy
Lz euolde 9 ag)slid dewss «Mew S Oliabl Colié
Wl 00 iy O il 5 Cbslis e 3 gl @l
5 5 S0l dagleibe sl b by ye olgl slaszle
lwszle Gl it Oleiigd dbe 33 lagl GlaCulsius
&alsz by glaplle «dss o GlSen 9 b3y oguds 4
Cu e Blual 4 Hduwy Gl Oledigd ple 9 Cxivo (o
Van Herk Julos O sladisé 31 S0 53105350 «lew Saas y
Ca ke lagleilu o Ol 5 Jalss 31 (V+VF) ohlSas o
28 lajiashy 3 goluss (0) Jsuz 5o bbie Olew S
0 A3l M Sty e 9 eSS Slaisele diwe)
Slagiashs 38 bLgz)le $9om 1SS (7) S 5 9 Coul
20 oodls dss 3 oolaiwl b bdlw Sun y Co pade 9 il eSe

Ll 005 0315 YL MAXQDA 38165

Mo alize lopslide 13 Mew Stun) Gl lagilly
Slagilide 5 dmal> Jald Qozilz ol S0 I3 oalazl
b oo 48] 9 LS W o 9o

Dshieds Cszle Gl il OMew Sty Cupade Liszlzr
Seaady e sz 9 $3LaBl L yoke sl celio g 51y
el 00 @iy e Mo

2398 8l ©ezilz ool i Blew 390 33 GyS el L9zl o
ol 00 d5)) s Sy C o 9 WM glv sl
HOhw Sy S ke 53 Ljlima 9 lopas s (s Lszlz o
S Slaslims 5 lopasls (s 9 Guy sshieds Cozle (3
slopazls Jold Bl Stuny Conde 9 L3N Sl GAS 5
b el g goladl i) s ( S 3lg s

Ol Usb 55 M Sty ok Sy ddvgzyle (1l HLS 5o
dilzdas Oyl (51000 Slodild Cusde 5SS
Slooloils o dzale b LU 9 5l 3942 9 Ses (L))
Hodlatul (s fund 4o ol 00 sl 35 Olaasio 9 9o
dole Mo Sy Gy 3o 9 Gl paSer 5 ulin loigz)lz
Clided 9o90.09:wles Ladalip ool @Il 9 Cuddse Lol
&S Cwl (plodllie Jols oM Sty Co e dins) 3 (2l
Co e Cuslw 9 dos (3eisd @l Gl slovszlez 5
l hliso godga du dadlia () 5> 35,8 lw Sty
JiS 10,3 63,8 b Glos glogale dy dlie 99380 (idgy
6hal 5 Mew Sy oo G3liul dmugd glaanlyd &
9 Gersonius Jla(lgeds .53 )3 Eoo dyg0 |y lowlw

laszle die) o ngiasd 3l goluss -0 Jsue

LOsz)lz diue) 43 lagiags)

(Y VY OS5 g Van Ree) Y+ +& Schanze) (¥« + ¥ O)Ken 9 Anderies) (V433 (Ol)8e g Sendzimir) (1444 (Rahman g Buckland)
(¥ +\Y (Parker g Crona) (VY ()1)5en 5 Armitage) (Y+VY )5 g Gersonius) ¥+ Simonovic) (Y+VV Kung s Godden)
OBes g Borba) (V+VF (O)5es g Cosens) (¥+\VF (y)Kas 9 Herk Van) (¥« VFl)San g Clarvis) Y+ VY Morinville  Bakker)
5 Yildirim) (¥ Y+ ;e ¢ Figueiredo) (1Y (uullusw 5 (215 50) IV e 3 9150 o2le) ((¥+V7 ObSes 5 Alexander) (Y +10

(Y+¥Y Huang ¢ Zheng) (¥ VY O)5en 9 Raska) (Y+¥V Demir

T een

SlpeSs o )b 5 b jad sy
Sy Copde Copo p bajlao
M M S

¥

Cople sloog b
Mo S

szl el
M Say Julos

5 byadld (e g ooip -
«5‘)* u‘“*f 9 ;s“g oyl
M Sy Cg do g 2b5)l
Sidaren glopsls s
5 wlad ey b
etz

sbosrl @b 5 e -
M S Ly oo (oS>

5 e GleSe ol s
e GlyeSs Csz)le

$ L 2

slrog )l Jubod g oy -
M Sy S o gl 39250
S Copdo ooz )ly Jols

Copie Slojl g2 )la (IS
S Cappie 52l 5 S
e

sloosl @by on -
Sy b sl 2
bl o)l Jols M

sl s oply ol

5 il kb oml
L)S‘“d]‘“’)f“‘;}ﬁ“"j‘f’ﬁ?)b,

Olew Sy Sy o 9 1S laginssy 13 Logele 9o GNSUS -7 S

Ol 5 .p (B gSwl

vy

O Sty ok 9 a5 Glelos



Oldod 3l ey Caal (ol 55 diea) 0ol 93 by OlE S
GreSe loszle d Ol Sy S e 039 5l gl
IS5k (U553 3543 B 33105350 (Sagas Cawliw 9 a3 Jasos
(V) IS 5o sy 38053 ) sladiz 9 ren e Ol
Olew ) oyl Glooige 10 oud e OYEe sluss
VoYY E VAL ladle g S dy OMew Sy ieS 9
S 039> 53 ladllie o5 dlusd 45 Cewl o 03ls OLaS

sl el D Sy 2 2o 3 G M Sl

L)l M Sty S o 4 b3 0 S3aS slaszle
o3l Laslisle 5 Lawlole @y ditus fbo Olidss
GLQHJB%JL? O ooldtul Gigy (psia delsiuwa 9 Waodls
L0 B casmme b 55l 9 by 054d 4 &S Ll il oS
izl golaBl dalge 8,5 L5 50 b lawszly ol
L3 5 M Sy g o Sl Sl o 9 Sy
39442 5 e ) A0 Sl G1alS 5 Olmidisd glavgaislss
Ll 3Y Bl Slyblie b a5l 30 ol (RUlg3

PO -

Poo

yoo

Alae Sluss
-

Y oI5 VA sladlo o S s Ol sy GilpaSor 5 Ml Sl y Cs o Slo0)sm 53 00 it Cle olisss -V JS

4 gy Co e « Bl IS 5 $5aaly O Copie 9
e @y daly sl 9 Shhs Gials O gladhe
Sy Sy 33 &S Gulew 9 $oladl (sloiz] dalss 55 9
Wl S s 3o Slooise 3| 5 WIS o 53l M
dogilly ool 5 dde Gl D98 Guuyy O 55 S3230 Sl
Olaasie 3o GlSen 9 Siales Jie (lagis) 4 Ol
i (Gludesd 8l 423U 5 Ligy Gladde dsuwgd ahlises
2T 5 Giigal Simd 9,3 uizmatds «lw Sy C oo 5
S 994 0)lal Ol diagy Cooke 9 658y o dzalz 5
bz pale (o M Sy S pake ladl 5 prdly B
Gladisd GulS g 9090 55 30 BISE ol .0 929 S38 9
Leloto] el (laiiigd ESslie g 3 5o .Caul dsgia
35 655900 el Ol Sy Gy e 9 GilpeSo slaylisls 5
Slagiey 695 2 e &S Coad SBlaww Sty Ty e sl
Al 358 a5 Spdicaad G 9 e Gloghe
Sl S50 99489 € Seasyy Sy oo )3 (S 9090 Dl
Ol Sty 90 58 oz Shygald dlazjl djge ol sl 3]
b a8l £ 55 Gihdl Lot M S3luvdacds S50 (958 9
Do 1l 55§25 (2l33) yahateds Jloglly WS o dulos
Ol Sy Cy oo Sliediosd gl Sgale 63,509y Ceul oY

Yy

Pl Sty Sy ko OIS 33 (3 9w S L

J51s 53 olaglis Lo o odSus slool glize 4 Lyl sl
L ds5 mlie 5 il OleMbl Loog,S 5 o381 .l Olojlus
Co e 9 SIS BBl glaylisle (938 9 358 Hebds
O G 9 Olblsyl G dg9asee el Hlidy ol WS o
OWia sloul Wilgie &S 3580 Olajlw GLSHS b Loy
4ild o hon bl 3 G594y Sy Cu e b bLSI
sl

Co e Slddod 5o LCwyd 9 LUK Gl Slue-
Pl Seuy

2iS gln sholime Loy wBlgie lided slatise dz)S)
Cel (Sian Jlo e 33 S ool @iy ol lagisls
GRSz 3l gy SHs gz 9 sy 78S ousl zge
g s ] Calss b oduzeny Slovpituns 350 T oo
05940 (U pda Lalisee glasigs (V- +1 Sheate) Lgs badya
it 88 ulews 9 Glos (ools Gloddlie &S ladiw) 5
dz SI.(Y\F OhSen 9 Morrison-Saunders) Ll o 040
g0 Mew Stuny oo OlaeS 55 6005 slatdpin
Sly (53 pidly Olidos glaoise 5 dde Lol Cal a3,S
Sy iy 55 30 OIS .ol O 1l 53 2810 Caygs

VBV oled oo Jlo

Sl g 5 OF 4 5



2L 63 el 9 Jtus (e SlEded sladaly ) 05
1 4z0lSs 5 3l 3o o O slerds 9 954 ruddide
Jya) 313 dstang’ Colas JS 5 81y y Mo Sy Cat oo
& O30 dlazl waud 033 B dis) 3l 33 Lo g
Slaylpl b dS Sladod fi 094 o)Ll IsLIS o FloodNet ygabs
i) 3 iy I M Sy T 3k Oldl 3 392790
Slodae y odlatul gl &S Wloads 3Syate SO 38 pele slayll
g3 dSJloyd it oolitul BB DM gl 9 lsasc
Sy S pte elozd ol) g oS ol 0uds (ol 4 (505
Jisl 5 Sy o ol Jlgall ety Odew
Ol Sy C ko SlaCmlow 5 Sl ol 30 §pdycead
9 Lee <Y+ V+ ()h)5e 9 Burch) Cewl (uiwd 30 pol Jls
0994 42lSS 9 Gilwdas (Ulg3 ol Jl> 5o (V+) Y «Chen
d9doxa das 9 Canlew )3 oww Sty Ty o sloiz ol
~oloiz ©9l ol sl 9 Comlad pue b g alslie gl Cad
4 Sy Sl il 4 S8 dacilew il 53 S3glsS|
Coal 36 Lo olazdl-elozzd O3 5 (S35 sla S
b Gsloat Ohlal 5 Lajlss deCusly) wilsn oS (ol aSb
L 83972 WS Azl Ol Sty S ok Cealws 5
Olsi(s3 9 dsealz 31§ IS, b (6 S gl 9 dsaws’ slai,3
D9 Ol Sty Capade 93 8255 S d5.43 Sesly Wilgi o
Slderds S 55 Ggzeas (ladue ) Olgi e shaie ol 6l
9 Burch) 0g4 eslatul S)Hlie olT 5 Giygal cgryliw Judos
OhSes g Clarvis V+VY Kung ¢ Godden V+V+ (O )Sen
23 3929 eloiz) pale ) it Sdsite glagisy g Loyl (Y F
C ko 0z CMSLin by dblie 6l (42785 9B iy &S
Jolis Lasgy 5 Laylil ool sladigs 3 (55 oIS bl S
0954 dz)lSQ 9 Oledigd CSHline d9upy $l0 S slodids
wiibn @rSessai 5o lodl glacuslsl 5 aolSus 13,350

(YWY Q5w ¢ Kontogianni Y+ +4 (Ol)Sws g Strickert)
GheSe slaslisle 3541 5 (L3 Gl oad =lhb (il
9 Pahl-Wostl) wus glaclew b )8l 3l Coles ¢l
Sl ¢y dslen Lo 5 ds3o05 s oalaglil (¥ + VY 5o
legie) 9 (V410 Y 5 Daw) SoislsS! 9 slozz]
0210 JU) Jugud 9 LS e 3 Oleddgd (lulids gy
O Olw Sy Co 3o 318 3929 (V+VY (Parker 9 Crona)
hdye Gl d B uS SS (ruaasiio 4o S 318 3L (ol
Sloanld 50 1y GuBy GBI WiS g uiwd i5e ssbas
WS dzlSs Gl Bl Seay Co e Cualw dsugs
O 3 9 93,80 s s 1y Oleiied glaylidy 5 C8bys g
ALl (B £ 935 Olyn i JliaOlgiedy WiylSG 530
oialS 53 35 Jalse @) (o sladdh dsws’ sy 3blie

vy

elotz! Jalge Sys Jals g0 3,509y ol 05 48 )S JS @
b O b e Grun) Jausme 9 Gulew asolasdl (Siayd
badye Gl 5 Gub slaptuw ,18) Jolos 1 35,8 Guizen
Ol Sy Sz 3o 30 839195 3 98U GBS asy 32 s b
2155 (sSEaly (U153 S8 6l 62,008 slaylSaly 4Bl 5
Slasluy) ol 5 @il 5 (ST (gySing ol Bl
Ol gale S5 . ailie L slooil 5 lady deodle Jols (bl
0ial38) 9 CMews Sty C ke 33 (4253 LB 05 Caslyalge
Harden <Y+ V¥ 3)Se 9 Chin) dg. 0 W ylp 50 5)3T9l3
Golewos szl Lol (Y +VF OlySess g Olsson ¥+ V¥ (S 9
Cudled 855 ol 93 GilAiod dzdgy (sl ol 45 aloolSiy )
Slel Ol Sty ) okl hy (32 oidlg Qligads S o
e OBaimsdsugs o G)Ses 9 bl GIS)sbds xS e
Cupde )y 30,500 38l 9 Olwlidiue) Mew OlwlidsylS
dige) () Olidiod (Szylss sliwly 53 Wlgoe OMew Sty
ol 33 35 1,3 dzal> (gl 1y (G 3dde gl 9 WIS SWS
Cllsd Cygo ol 4 Ypama o (sl laolSis g 3l
OlEaios (gl e uali 0 dsBIS 5o Jlielgisds 45 WS e
Jolis &5 5980 el Sl s &y Bt hysdd iy ale
Shsd 9 (NSERC) uwdige 5 b pole Olidiss ¢lygd 93
NSERC ..5be (SSHRO) iludl 5 sloz] psle Oiliidns
WS dzlSQ )y sloizd psle (598 ddlie SO &S (Slades |
uwige 9 R pole Gladios 51 SSHRC 5 WS 4 (iluctdy
&S 9l ol Gus &S0 53 .(Y+ 10 Noble) WS (4 (Hluin
PGS0z Jilus §9) 33 o Saaeyy Sy e Ol
5 Bl SIS « M yhas dlazil Bl ol 50 sl 035>
iz (o9l bl b Cod s Sy Cay ke 6553
Do Sy oo $35100 sladyaly dewg 3 Sty
obai) gladaliy il o uels glasolasesy S J)3 dog3 390
0 93 LB o5 4y SaS 9 Azl S Olidies (33945 Gl )
OIS Sl aind 1y GUbloyss 9 oo Giebio b 65294 09>
b Blue Clis gl Y Oledbl &S anlée slghl Olpae s
3 8s &S Wakize O,Sé@ghy dlo (us 30 9 LS 6 il
20 @l e 33 Wigdo daall b4 oalaiul Lagl (il
b sl Ghuse Olusd 5 s glashus) b 4429
3 Oladsl 93y9l Cawsds ly (Y +VOhSas 5 Vogel) uisle o
SIS i 4995 b s Sy S e Oliioss (5952 bl
Olaasie Lo gl (razs) S slel dblew Sty S o
Glo g ldiaie pahw 55 Mo Sty Sy ks SHNS Sl 5
9 Jallize 6,S3L U Cagzr 53 WSS 0 (sl (Sl 131
Lo ealowr Stdie CSylie doncts 3 3 o Gl BISE olulis
Slaidy Wle Culled Jhlize 5 wde Slides glacuo)d 9

OLlSan 3.6 (sl

s Sty ok 9 a5 Ghelos



Lyl (ol dsmang’ o oS 3, SCmgiy Olaue Ol 3 (SzulSo
@y Calisee GlaolSuss 45 3 e o 3l |y Cuoyd ol WilUgseine
S a8 il JEDI 6l $2900 b ke OlbL) 9 adys e
D5 35279 M Sy y Sy e 05 Oldoma (5l &S SIS
sl e Saany ) C oo deylSss slaylial yaabs a5 Cal O
by bzl 5 (S5 Ol e )5 55 3w Lot iy
et M St ) o 3ok 48l d9u Cas yade 9 OBl yhas b
WS (oSS OlySeaaial 5 Laygilyal Ol 4 Laylial ol s
Gl Bl Oz 3l Gl (L5l Blid 5 385 Cygods
39442 (652340l 0T b dsllia 6,3 5,550 Gladaliyy 5 iz
dzlSy Cazlr SQ drugd 9 Ol Sy Ca ke sl
Sl d=oly (i als Saales |y alise glayll &S mal>
Sy 9k 3 6 S ol w3 50 WIS 9 bl iyl
4ie) (1) 39 54293 B Gl il iy sl gladlu 53 . Cowl Mlw
(Y+10) ¢s5en 9 Di Baldassarre Jlo(slgisds .l 008 (3L431
ozl ladis 5356 dz)lSo ¢l dale e Sildae )
sladuiz 3,509y Gl 53 53,5 eoldtul Mw Hlaz (S038 9
O Oyl 5 00 a3 Olaje Cygods (S95:8 9 sletz!
Jrugs laodls 9399 pwiwd 10 b (uizmass .l 008 o Loyl
gloosls =is) Munich-Re NatCatSERVICE uils (less
g5 33 (42 P B Sl iy (W) Judosd 9325 510 M
Ghove Dl 1 &S laglinl sl 9 CBlews Sy S yke )3l
W pdadlasil g doylSs SleSe gladiwg 5 Glddhaio b
e ciga ol Bl sy 6l ol ol 0. Sl
O3] (izmas 9 UM Sty y g ko GlEons dsealer 53 Sy
k}nlﬂg&ﬁmw&g)b Ol=adgd 9 Nle b ) 5un
dwgs o Calize Gloog,S (o )0 LSalesd dgug .Cuwl &Y
Copda glaylpl 5 oolatwl Glas) ds Wilgs e «Sitie CMlss
SaS Ol 31 b Olylas GialS 4y Cole 53 9 S S
4 el Sy S ok Ol e (331 b e 55 .S
Gles laLiszler dws’ 53 Sl OlEESS sy 3
o 53 e Sty Lok paasss 9 (2IS Gl sl
@813 9 drly Ly =3 iz 5050 55 a0 LSS 53 |y eSS
Sy Lol )3 39279 Ceaw Saasy Sy gzl 3 Glows
SIR (5)5en Casls ¢l Gldlws Olsisds |y Qozlz dsie
Sln Sldoys (356 pal)d 9 laludsiuns oyl (s (il
Jledlgieds AS e iogd dxal) drwsd 9 patue 65O
Slilas b (Blaal (s dals Wlgi o 50 Cszlz S
ey (2945 Sy g ko § bl (S35 e Sy L))
OhSes g Pahl-Wostl) wily S gy (b)) 5 Cylas (s

(Y VF OSKen g Clarvis Y+ VF ()ySe gCosens <Y+ )Y
527 9 Gloile 3985 1 390a5 30 OLES dales 9 525

v¥

Mo elozzl 5 @3lal SLSb dudes 5 e Slias
L)l &S ditud Clws Sty o 3o S35 dlez)
32l OleMbl glapitusuw 0318 Gloolub agilud e wiile
g o 33wl dioild 0)limo iz (6 S s LSS
dmol> 3 BT 5 Gl Kiyd gy dzlSQ 9 bigy Loyl
(4253 1 39480 W53 o L83 5 O,Sidgh Sy Se
Sloxsl OBles 23 53 381 OB 985 5 Ol Sy C ok 5
S50 3 Coloo gl olozzt eyl Bldadl b s dwss . lé
Gl Gl oo LA Co)d SO acMlr Sty Sy ke
Sllial digs) 33 R 055 (32l )3 00 plosil o dilawlie
0392 3Syat0 O (5958 Olphas (halS 5 Ol Sty o e
dogd Wyl 0996 dalSo sladyg) 5 lawsale 4 9 Sl
dise) ol 53 Fen Oladod (Js (ued 43wl 03,55 (36
S5O0 Lialsl yalateds dS alaylysl aileny B 9,8 Cygo b
i dsg |y 435S o )58 00liul x50 M Sy C 3o
U3 «83254eb, (g e 45 lalil lse 55 5
W5 03l DM Sy S oo 53 S el 5 258
b Gidly WIge 45 Wnboe drwsd SQuSy 4 glel O9
&Bly 53 S dloul Bl Sty S e 30 T Gipdy ¢l
$loanld SulS Gzl Olsieds (s xS el 5 L ot
25 1S (898 Wi s 55 e Sy L oo 9 oS
S dzlSe g gale sloszle dzwgs dapidle ool sl d=ol)
Sy oo Calises laylinl o 638 5 Saalos bl
SildzilSy Sl & (ploLszle (ogasds Col Ml
\c.mljs Cawl (A)S’ Olew Coppdo Gl @S 1y ol SOledsl
Sy 328 9 Gslodiz] sladuiz (954 dz)lSs pus WS o
O Sy Co ke OlSiudgly 398 Ceely Wlgi oo (Bl
S5 sladiiz 4 Jadd & Wsd $3,599) 4 dlezel 4y ygume
A3 50 (37480 4 KB Bl Alé dzrgd lew St
Ol @8 gladin 3o Ouedidy 3 bl wgd youe GawolisS 5o
Cesly 9001 Galdhy Ml Sty S oo )3 iy Sl pas 9

D9 Ilew 3l 0ual s Lo Olyow Sl
lacun b Lol 65554 5 uS)3 Dgz-ge slanlil (542 3,208
S kil odid ohb Wl gy Sl (Sas &S (oladiuw) 5
SlaylSaly (ulnly Cuul Gun) Jase psle 55 goly £ 909e
I Ur ladlgisds .3ld 3929 dliuce () J= 12 Sl
(Sl e 0593 S 3o 0392 5 0 iU Slvd,S09 9 Lyl
Ll Lol 9 994 oalatul Ghume haeliy 9 Sy L3
OLal 29y 12994 3215 M Sy g pako sljled 5 Slaa)
Iy O Sy S oo 33 S Slagiay (2742 3 821020542
NPT STISR C RIS ELINVENIE KEAEIPRIITNAJC
pos LS (0 Olo (Y« +9) Sheate . diso e Olussl aodcw St

VBV oled oo Jlo

Il dmags 5 OF 4y i



SrS s

elio Slalad] Jous amdie Glis «bew Eidlgs ksl
293 wialss Spdocaul Mew shas il 5 malse DS 5
4 g4 dipad 9 it gy By B (Solse (e
Caoslie ildl dy b 1.5, slazsl Mo SRS (slacsluys)
2 Gl Oleludl 29 e dzrgd Maw il 5> galsz
Slali3] g0 . 5 JBIS e Calao Jalds cMew J5S
e Sty SS9 Gste Oleldl Jals lojluyss
dblie gy Glore slatad)b slol 5 (Slupgdbl ijgel wiile
Wils hgye lasly 5 gelsz Cuaglde (iolis) ol (M b
lodely gzl b Wisie (e dmelz 9 LLES Cdgd
Dl sl glaptuw G=hb BT Gl 5 el wile
9 g Slol « M Jolde 35 SSolel Sleludl g 658y
9 Cowyhrimmn (omab @ilie Copide 5 (lulid @Y Oliuges
35483 e S0l 3l 50 o oo 8l 850340l Gizmad
JAS slaoile 4 slazel pus Bb 3l 5 dyswdan (5,55 b
S5O0 5 itee Bl Sy ook Gl 4 yocio Bl
v JAS slaojle Sl glods GSoatnleds <Cuul oud
Slad,Ss9) 3l ooldinl b b s pyhae Sl d=ol) Olsisdy
Sty g oo Mo 5l 53 G510 Gialidl sl 6Bk
Slooile &S Oygo ol dy.554 S35 639100 e |y OMew
L 5095 03l 9 dsz9e slaylil 3l 5o Dlsisds OMew JRS
43, 55 w3l 30 910 Giali3l g €S Slaladl ol
e $l gale 09l SQ 0,509 (3l g S5 sl
5 4nils 35,8 §)sloll p b 45 wade ) Slw S
Dhew Eidlge paly 30 me'lvg laCylus Jhis! GialS Cel
Sy Co e Slagiassy Dge 10 Jalod 9 4328 05
4sdS dad ) jogasds Glddse dogl 4 ol GLid Odlw
G Blww Sty S GilaSo ilizne glodiiz
Ol=iigd §)5un 9 dog (ols yobdy .Caul atily g, Shis
e Sy T ke Glaalw (5531 530 390 331 5
Sl Gl (Mew Sy Co e 0l slaylizbs 9,8 es
SR e szlz (s 7S ue B 9 WMiw gl slodalyy dgs
O Sy Co ke bzl 3l Colos 9 Oluwse Gadiloile
SOLINS Cewliw (s dS Wi o OLis Lo iy ol . Wilod g
e Sl 35279 31 5d9) es8ie SIS ssbds Olrdisd sl
SO)lus 5 Cuwl sl Olyhas ool &S Wyls dogi g whyls
Slooly 351 Jlogil Wishie Cansihume 5 Oludl
23 &9l Cosls 5 M Sy oo 39442 6le 63L)
Ole 635 Gigli8l JLis dy Sl 5 )15 d929 w1y
9 Cadlad oloul 9 did iy dsde laghy) 3l osldiul (Ylsdigd

Yo

B0 $lr GLd dsdie Bl leLiszlz bawss &S S5l
el gl a8l OBl Sty T ok i) 55 G485
51 ooliul b dsugs 5 Lagiasiy 51 oSl slass o plol
IG5 slass g wlaxils 35,8 ileilu 36 Olgisds lssgle
SSPOler il Cszle g 9090 b 4536 bLI S Ladllie
Slaszle dauws’ 4 5Ls &S s e LS Judod 5 525 ol
ghe S5y 5 Lol )3 Wew Seuny oo Gl 5o
D1 3929 dixe) (1l 1 Slejl Gl

Slatslup ) GilSeglowyz)le glpodd alodl slaiasdy
OLES () 9 Caanl 0392 S9umme e Meas Sty g oo 3 b 30
el gl Caal die) (3l 53 fdeo Olaudss alodl alill ouims
5 Bkl gl Giey ey «Mew 1l 50 pslde malo=
Slowgesle 3l oolatul dacudgiuwe 9 odls )81 Lad)lis-le
2 Olojl €S huse b 55l 9 gy 09 s 45 Cawl il S
b 5l b szl ol s dSly) S e Cudlsd O
G ilume § (Sioyd eloiz] qgoladl Jalse coslhe 0350
Sy Capde ol @l Saadleds 3,80 B3 58 )
Slagisles il ¢l dlin G2l le 9 aLlojlw M
SUlg3 S9app 9 O ) Lab slacw] SialS Hlrasgd
iy el 3L O Olbline s (585uly 5o Laglejle
Sy oo 039 ) il Oilsllas 5 Gladod 3 audae
5 Gl GleSe slavszly 4 45 3l 3929 M
DSz WS (5 ey Olidiod ol 3108 ases Cuwliw
5 Gl Ol «gySpunad Hlisle doludgtun 9 logids
Sl 5 6ok wsslul Gl @y Wigie caulio ol
O SSnleds S 35,8 dsalz 5 Cauihae 1 G5l
2Bkl (S Glagzle 9390 0 Gidshy 4 Oladss
Celow 9 s hausma by Jadye glooslys 5 galsz Gadslislu g
Sl 1y 350 9 1aDIS (298 ladsaly Wlsn B 5yl dogs eges
A3 dzwgd elatz] § Glu e Ol b 6Bl gl
Armitage sile Sldlae (huse Olusd L dgolge 3
Bakker «(V+VY) OhSen 9 Westley (V1Y) OhSes 9
Gl ¢ bl3)l &5 was e olis (Y+VY) Morinville o
b Geges sloCuuluw 5 Gluaibume GileSe slacszle
Jlosl 0555 (0 Sl ol 00 oy has Sty Sy o
Copde slagis) 5 agHliul 13 eolis 9 lbogzile ol
Cupde Gladss H5 Hgiwd 50 ege Gl «Mw Sy
G @ Rl Olades o) sl el Ll e Sy
eeolie 3996 dz)lSo 5 bl gl il 9 (e slaySal,
Greihme GleSe sleLszle b Ol Sug) Conde
g rwlio glaylSaly &) 4 9 WS 35,8 (egae Cowlew 9
D0y Js )0 G e sladalip () Iy

OLlSan 3.6 (sl

s Sty ok 9 a5 Ghelos



93 (i (Silens 3 36 S ol M 43 (1Sl AaylS
ol (S0 hlde 5580 (331 955 9 )15 350 9 oo ladlys
3505 d3 0lg3 4 0392 () slaidle 1500 3l le sl NS
5535 094 oyl Mew Sty 9390 35 rgas AT 5 Gosl
40 £ 5090 polie Cluy) dsugd &S Sl (69 00 455 ()
3 Wi w4 pslie Glatusluy) drwsd 9 ) «owl
ST ouds plodl sl Bub AS 6,Sslo Olus 9 oy
ke 9 (HaSe €S 093 Dyl Olgie 95 Cule lse
GiealS 5 Slojluped TSI (33 age 31 S Olsisds O Sea)

Ll dos Sg0 s Ol yhas
1-Stakeholder Engagement
2-Policies and Actions
3-Research on Practice
4-Supporting Tools
5-Frameworks
&l:w

oo Jalod (AYAV) 83,342l e § cdyguome Sy 2l
b sndycacad 5 442190 ol eumlio ol 1 O S
AV-VY (1)0 sl dzwss 3 Ol Ladds 9 laggzle &)l
https:/doi.org/10.22067/jwsd.v5i1.62313

Sog,S (WA gl dduw (udomopn 9 (ol (Sl
2 Silive sladiluy egw 5 bty dow 33 iyl
https://dorl. .¥Y-VY (MY il 5 Sienyd cdsale .5yl
net/dor/20.1001.1.38552322.1398.8.33.1.6

(VF+) el aidliz 5 (le (3L e oty 6L
355995 bl 2 0l 5 s Sy GilaSe Cusmdg (L))
AV (W Ol O @l Olidos il ol
https://dorl.net/dor/20.1001.1.17352347.1400.17.3.4.9

3 GaS (W) Lsy Olds @iled 9 dase gy Ay’
9 T Gldod Cutloaly St 55 GG Oloyos
APV ()F ol dszwss

&olz L3 Cozolz (VW) el (llasa 9 Gligd (215500
9 wgake pultunnd ouiitnn) Juw dladl glaylus
dbge 39ails00g3 WD (53939,8 VA Juw oSy (wgelals
o e 5 Ging (1S (el dalilad 39,055 dils-ds)
http:/dorl.net/dor/20.1001.1.2322595 .¥AY-YAY «(F) «jlyo0
5.1398.9.4.5.0
Akamani, K., & Wilson, PI., (2011). Toward the adap-

\ 24

I S &S y3bilen . Cuul 0332 () SlodnS 53 5KSuly
BB O Sy Cu e Glados &S Cuwl 00 odalive
5 asdlhan (93 SolSs Cosdl glaoly 5 Cal Sl
Sty S pake GlaSS )3 Syl pas ol 0455 Gy
390 55 9 (LIS dralz )3 aasd Siayd s 4« Mew
Sheate) Ceul 0)9= (3l 5> OlaASS gly dolSe Lszle SO
SO OMew S 3 Co o (Y V P Biesecker g McGraw Y« -4
97y SlaysdS el &S Lol GanVsh 5 susmkiz Sl
03,5 (6535405 e 3l Giady b 55 M g ke i 50
Olde $ilyud 9 s99 drinyd) Wlodls dmuwgs |y p3Y slacszylz 5
ol 9 el ooy Giller S Mo Sy S yocke (IVIA
gd Sy - Cawd Wl ulew 9 Glos (ale sl 3 ol
Lol BBlus Bl Sy Coppde $3sI00 ilides S
5 33 pole 0 &S Sl Gldndy 13 5 Gldtiyow Olidss
Sloiess) i $NSB 6l Sl oud azylSy eloze!
3 ReSome Gilhidiod HS jatwd SQ 4y« Mw Sy o e
Jales ol 15 ygiwd ol .l 55 3y 3929 ole Ulo )y dedil
5 13b @IS Caliw 0395 30 (ABES g 5 lidos glajls
Copde 0)s> 30 agiagsy pledl gl oSwe slagisy o sig
OlEdos ()5 Hgiwd uiz dlol b aed dill |y OMlew Sy
43 9 W5 pledl (63,350 US4 WIsi oo M Sty Sy ok
3558 C39 2 dadzgily LS SaS s 1ol 55 9106 5442
Slaslial 5.4 43 Wb B &5 Slakiome «Blaw il 33 Sr5IOL
oSy W3y Blaw Giludis 5 i G N3 psle
pole Sl islé degs elaizl pole laylil dzwss 45 Wl
Sy ke Sl dng’ Sloans],d 4 Wlgie oloe)
G S SaS Bl 3l 50 $351 0l 3902 5 )L Mo
SL69Li8 05 L5 & Ceaw Staayy Sy ko (g3 9540 61
Geb 390 Jalds [y GS)lie 9 olotz] S o5y dSd (el
0355 33 9 ks Sl il 0 el Cawwddy gl (ruizmas 9 il
dolds s Sy Sy e 9SS b hasys glaginss
ot 9 SWUSE slaciew Slge 1 53 sbe ) lse
B 89290 Gloodls 39d( 4 zmge (1l § LB (0 Fy 00ES
Sladun S GladSis dible (o o3 Lo gy gUs 3l olasl . il
2 Gy j9ia lel S SaS Wisie sSsuan Giss 9.6yl
i S5 Mg 30 39279 dise) (3l 1> Lo3ld G slras
$ddzin Jalgs bl 5550 il ey &S Sl M 385
9 Cumaz (355353 oaldl (ulidpu0) dspg ol Ol Jals
AOS (ids law S e 5 GlmeSe ) Gl slallzd
Gy o oolatul gladue g laools Ca5 wiile Llelgs iz
39din uzsn dalse (l doss it JIS,SE 55 Glosia
Capde ;500 dyge Al (55 pidly OMew 38> Grosiey

VBV oled oo Jlo

Il dmags 5 OF 4y i



Batica, J., & Gourbesville, P. (2016). Resilience in flood
risk management-A new communication tool. Pro-
cedia Engineering, 154, 811-817. https:/doi.org/10.1016/j.
proeng.2016.07.411

Begg, C. (2018). Power, responsibility and justice: A re-
view of local stakeholder participation in European
flood risk management. Local Environment, 23(4),
383-397. https://doi.org/10.1080/13549839.2017.1422119

Begg, C., Callsen, I, Kuhlicke, C., & Kelman, L (2018).
The role of local stakeholder participation in flood de-

fence decisions in the United Kingdom and Germany.
Journal of Flood Risk Management, 11(2), 180-190.
https://doi.org/10.1111/jfr3.12305

Benson, D., Lorenzoni, I., & Cook, H. (2016). Evaluating

social learning in England flood risk management: an

‘individual-community interaction’perspective. En-
vironmental Science & Policy, 55, 326-334. https:/doi.
org/10.1016/j.envsci.2015.05.013

Blazquez, L., Garcia, J. A., & Bodoque, J. M. (2021).
Stakeholder analysis: Mapping the river networks for

integrated flood risk management. Environmental Sci-
ence & Policy, 124, 506-516. https:/doi.org/10.1016/j.envs-

Borba, M. L., Warner, J. E, & Porto, M. E. A. (2016). Ur-
ban stormwater flood management in the Cordeiro
watershed, Sao Paulo, Brazil: does the interaction be-
tween socio-political and technical aspects create an
opportunity to attain community resilience?. Journal
of Flood Risk Management, 9(3), 234-242. https://doi.
org/10.1111/jfr3.12172

Buchecker, M., Salvini, G., Di Baldassarre, G., Semenzin, E.,
Maidl, E., & Marcomini, A. (2013). The role of risk per-
ception in making flood risk management more effec-
tive. Natural Hazards and Earth System Sciences, 13(11),
3013-3030. https://doi.org/10.5194/nhess-13-3013-2013

Buckland, J., & Rahman, M. (1999). Community-based
disaster management during the 1997 Red River
Flood in Canada. Disasters, 23(2), 174-191. https:/doi.
org/10.1111/1467-7717.00112

Burch, S., Sheppard, S. R., Shaw; A., & Flanders, D. (2010).

Planning for climate change in a flood-prone commu-

nity: municipal barriers to policy action and the use of
visualizations as decision-support tools. Journal of flood

risk management, 3(2), 126-139. https/doi.org/10.1111/

tive governance of transboundary water resources.
Conserv Lett, 4(6), 409-416. https://doi.org/10.1111/
j.1755-263X.2011.00188.x

Alexander, M., Priest, S., & Mees, H. (2016). A framework
for evaluating flood risk governance. Environmental
Science & Policy, 64, 38-47. https:/doi.org/10.1016/j.envs-
€i.2016.06.004

Alfieri, L., Feyen, L., & Di Baldassarre, G. (2016). Increas-

ing flood risk under climate change: a pan-European

assessment of the benefits of four adaptation strategies.
Climatic Change, 136, 507-521. https://doi.org/10.1007/
$10584-016-1641-1

Allan, C,, & Stankey, G. H. (2009). Adaptive environmen-
tal management. Springer. New York, United State.
https://doi.org/10.1007/978-1-4020-9632-7

Almoradie, A., Cortes, V. J., & Jonoski, A. (2015). Web-
based stakeholder collaboration in flood risk manage-
ment. Journal of Flood Risk Management, 8(1), 19-38.
https://doi.org/10.1111/jfr3.12076

Anderies, J. M., Janssen, M. A., & Ostrom, E. (2004). A

framework to analyze the robustness of social-ecolog-

ical systems from an institutional perspective. Ecolo-
gy and society, 9(1), 18. https://doi.org/10.5751/es-00610-
090118

Armitage, D., De Loé, R., & Plummer, R. (2012). Envi-
ronmental governance and its implications for con-
servation practice. Conservation letters, 5(4), 245-255.
https://doi.org/10.1111/j.1755-263x.2012.00238.x

Arnell, N. W,, & Lloyd-Hughes, B. (2014). The glob-
al-scale impacts of climate change on water resources
and flooding under new climate and socio-economic
scenarios. Climatic Change, 122, 127-140. https:/doi.
org/10.1007/s10584-013-0948-4

Bakker, K., & Morinville, C. (2013). The governance
dimensions of water security: a review. Philosoph-
ical Transactions of the Royal Society A: Mathemat-
ical, Physical and Engineering Sciences, 371(2002),
20130116. https://doi.org/10.1098/rsta.2013.0116

Barnett, J., Evans, L. S., Gross, C., Kiem, A. S., Kingsford,
R. T., Palutikof, J. P, Pickering, C.M., & Smithers, S.

G. (2015). From barriers to limits to climate change

adaptation: path dependency and the speed of change.

Ecology and society, 20(3), 5. https://doi.org/10.5751/es-
07698-200305

Ol 5.0 (B gSwl

yv

s Sty ok 9 a5 Ghelos



Georgetown County, South Carolina. Annals of the
Association of American Geographers, 90(4), 713-737.
https://doi.org/10.1111/0004-5608.00219

Daw, T. M., Coulthard, S., Cheung, W. W,, Brown, K.,
Abunge, C., Galafassi, D., Petersen, G.D., McCla-
nahan, TR., Omukoto, J.O., & Munyi, L. (2015).
Evaluating taboo trade-offs in ecosystems services
and human well-being. Proceedings of the National
Academy of Sciences, 112(22), 6949-6954. https://doi.
org/10.1073/pnas.1414900112

Dawson, T. P, Jackson, S. T., House, J. I, Prentice, I. C., &
Mace, G. M. (2011). Beyond predictions: biodiversity
conservation in a changing climate. Science, 332(6025),
53-58. https://doi.org/10.1126/science.1200303

DellOvo, M., Torrieri, E, & Oppio, A. (2018). How to
model stakeholder participation for flood manage-
ment. In Decision Support Systems VIII: Sustainable
Data-Driven and Evidence-Based Decision Support:
4th International Conference, ICDSST 2018, Springer
International Publishing. Heraklion, Greece. https:/doi.
0rg/10.1007/978-3-319-90315-6_6

Di Baldassarre, G., Viglione, A., Carr, G., Kuil, L., Yan,
K., Brandimarte, L., & Bloschl, G. (2015). Debates—
Perspectives on socio-hydrology: Capturing feed-

backs between physical and social processes. Water
Resources Research, 51(6), 4770-4781. https://doi.
0rg/10.1002/2014wr016416

Dos Santos, P. P, & Tavares, A. O. (2015). Basin flood risk

management: a territorial data-driven approach to sup-

port decision-making Water, 7(2), 480-502. https:/doi.
0rg/10.3390/w7020480

Dottori, E, Mentaschi, L., Bianchi, A., Alfieri, L., & Feyen,
L. (2023). Cost-effective adaptation strategies to rising

river flood risk in Europe. Nature Climate Change,
13(2), 196-202. https://doi.org/10.1038/s41558-022-01540-0
Dwyer, J. P, Wallace, D., & Larsen, D. R. (1997). Value
of woody river corridors in levee protection along the
Missouri River in 1993. JAWRA Journal of the Amer-
ican Water Resources Association, 33(2), 481-489.
https://doi.org/10.1111/j.1752-1688.1997.tb03526.x
Ebekozien, A., Aigbavboa, C., Samsurijan, M. S., Radin
Firdaus, R. B., & Salman, A. (2023). Appraising flood

resilience technologies role in developing cities: how

prepared is the professional stakeholder?. International

1.1753-318x.2010.01062.x
Butler, C.,, & Pidgeon, N. (2011). From ‘flood defence’to

‘flood risk management”: exploring governance, re-
sponsibility, and blame. Environment and Planning
C: Government and Policy, 29(3), 533-547. https:/doi.
0rg/10.1068/c09181j

Carter, J. G., White, I, & Richards, J. (2009). Sustainability
appraisal and flood risk management. Environmen-
tal Impact Assessment Review, 29(1), 7-14. https://doi.
org/10.1016/j.eiar.2008.06.003

Cashman, A. C. (2011). Case study of institutional and
social responses to flooding: reforming for resilience?.
Journal of Flood Risk Management, 4(1), 33-41. https:/
doi.org/10.1111/j.1753-318x.2010.01087.x

Chin, A., Florsheim, J. L., Wohl, E., & Collins, B. D. (2014).
Feedbacks in human-landscape systems. Environmen-
tal Management, 53, 28-41. https://doi.org/10.1007/s00267-

013-0031-y
Clarvis, M. H., Allan, A., & Hannah, D. M. (2014). Water,

resilience and the law: from general concepts and gov-
ernance design principles to actionable mechanisms.
Environmental Science & Policy, 43, 98-110. https:/doi.
org/10.1016/j.envsci.2013.10.005

Corradini, C., Melone, E, & Singh, V. P. (1987). On the

structure of a semi-distributed adaptive model for

flood forecasting. Hydrological sciences journal, 32(2),
227-242. https://doi.org/10.1080/02626668709491180

Cosens, B., Gunderson, L., Allen, C., & Harm Benson,
M. (2014). Identifying legal, ecological and gover-
nance obstacles, and opportunities for adapting to cli-
mate change. Sustainability, 6(4), 2338-2356. https:/doi.
0rg/10.3390/su6042338

Coulthard, T. J., & Frostick, L. E. (2010). The Hull floods
of 2007: implications for the governance and manage-
ment of urban drainage systems. Journal of Flood Risk
Management, 3(3), 223-231. https:/doi.org/10.1111/j.1753-
318x.2010.01072.x

Crona, B. I, & Parker, J. N. (2012). Learning in support
of governance: theories, methods, and a framework
to assess how bridging organizations contribute to
adaptive resource governance. Ecology and Society,
17(1), 32. https://doi.org/10.5751/es-04534-170132

Cutter, S.L., Mitchell, ].T., & Scott, M.S. (2000). Revealing
the vulnerability of people and places: a case study of

VBV oled oo Jlo

YA

Il dmags 5 OF 4y i



Science & Policy, 55, 281-291. https://doi.org/10.1016/j.en-
vsci.2015.06.004

Gemitzi, A., Kopsidas, O., Stefani, E, Polymeros, A., &
Bellos, V. (2023). A near real time flood hazard as-
sessment tool using Satellite Data and Artificial In-
telligence. Research Square Platform LLC. https:/doi.
0rg/10.21203/rs.3.rs-3167250/v1

Gersonius, B., Ashley, R., Pathirana, A., & Zevenbergen,
C. (2012). Adaptation of flood risk infrastructure to
climate resilience. In Proceedings of the Institution
of Civil Engineers-Civil Engineering, 165(6), 40-45.
https://doi.org/10.1680/cien.11.00053

Gersonius, B., Ashley, R., Pathirana, A., & Zevenbergen,
C. (2013). Climate change uncertainty: building flexi-
bility into water and flood risk infrastructure. Climatic
change, 116(2), 411-423. https://doi.org/10.1007/s10584-
012-0494-5

Gersonius, B, Ashley, R., Jeuken, A., Pathinara, A, &
Zevenbergen, C. (2015). Accounting for uncertainty
and flexibility in flood risk management: comparing
real in options optimisation and adaptation tipping
points. Journal of Flood Risk Management, 8(2), 135-
144. https://doi.org/10.1111/jfr3.12083

Godden, L., & Kung, A. (2011). Water law and planning
frameworks under climate change variability: sys-
temic and adaptive management of flood risk. Water
Resources Management, 25(15), 4051-4068. https:/doi.
0rg/10.1007/s11269-011-9887-x

Golz, S., Schinke, R., & Naumann, T. (2015). Assessing
the effects of flood resilience technologies on building
scale. Urban Water Journal, 12(1), 30-43. https://doi.org/
10.1080/1573062x.2014.939090

Goyal, H. R,, Ghanshala, K. K., & Sharma, S. (2022). In-
telligent Internet of Things based Flood Management

System. In 2022 6th International Conference on In-
telligent Computing and Control Systems.IEEE. Vai-
gai College of Engineering, Madurai. India. https:/doi.
org/10.1109/iciccs53718.2022.9788401

Grayson, R. B., Doolan, J. M., & Blake, T. (1994). Appli-
cation of AEAM (adaptive environmental assessment
and management) to water quality in the Latrobe Riv-
er catchment. Journal of environmental management,

41(3), 245-258. https://doi.org/10.1006/jema.1994.1045
Green, C., & Penning-Rowsell, E. C. (2010). Stakehold-

Journal of Construction Management, 23, 1-10. https://
doi.org/10.1080/15623599.2023.2203501

Edelenbos, J., Van Buuren, A., Roth, D., & Winnubst,
M. (2017). Stakeholder initiatives in flood risk man-
agement: exploring the role and impact of bottom-up
initiatives in three ‘Room for the River’ projects in the
Netherlands. Journal of environmental planning and
management, 60(1), 47-66. https://doi.org/10.1080/096405
68.2016.1140025

Escarameia, M., Karanxha, A., & Tagg, A. (2007). Quan-
tifying the flood resilience properties of walls in typ-
ical UK dwellings. Building Services Engineering
Research and Technology, 28(3), 249-263. https://doi.
org/10.1177/0143624407079093

European Council. (2007). EU Directive of the European
Parliament and of the European Council on the esti-
mation and management of flood risks (2007/60/EU).
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX-
:32007L0060

Evers, M., Jonoski, A., MaksimoviC, C, Lange, L., Ochoa
Rodriguez, S., Teklesadik, A., Cortes Arevalo, j., Al-
moradie, A., Eduardo, Simées, N., Wang, L., & Mak-
ropoulos, C. (2012). Collaborative modelling for active
involvement of stakeholders in urban flood risk man-
agement”” Natural Hazards and Earth System Sciences,
12(9), 2821-2842. https://doi.org/10.5194/nhess-12-2821-2012

Figueiredo, R., Romao, X., & Paupério, E. (2020). Flood
risk assessment of cultural heritage at large spatial

scales: Framework and application to mainland Portu-
gal. Journal of Cultural Heritage, 43, 163-174. https://doi.
0rg/10.1016/j.culher.2019.11.007

Folke C., Carpenter S., Elmqvist T., Gunderson L., Holling
C. S. & Walker B. (2002). Resilience and sustainable
development: building adaptive capacity in a world
of transformations. Ambio, 31(5), 437-440. https://doi.
org/10.1579/0044-7447-31.5.437

Folke, C., Carpenter, S. R., Walker, B., Scheffer, M., Chap-
in, T., & Rockstrom, J. (2010). Resilience thinking: in-
tegrating resilience, adaptability and transformability.
Ecology and Society, 15(4), 20. https:/doi.org/10.5751/
€s-03610-150420

Geaves, L. H., & Penning-Rowsell, E. C. (2016). Flood risk

management as a public or a private good, and the im-

plications for stakeholder engagement” Environmental

Ol 5.0 (B gSwl

ra

s Sty ok 9 a5 Ghelos



uation of barriers and challenges based on evidence
from Ireland. Applied Geography, 37, 44-51. https:/doi.
org/10.1016/j.apgeog.2012.10.011

Jeffers, J. M. (2014). Environmental knowledge and hu-
man experience: using a historical analysis of flooding
in Ireland to challenge contemporary risk narratives
and develop creative policy alternatives. Environmen-
tal Hazards, 13(3), 229-247. h
91.2014.902800

Johannessen, A., & Hahn, T. (2013). Social learning to-

wards a more adaptive paradigm? Reducing flood risk

s://doi.org/10.1080/174778

in Kristianstad municipality, Sweden. Global environ-

mental change, 23(1), 372-381. https:/doi.org/10.1016/;.

gloenvcha.2012.07.009
Klijn, E, Samuels, P, & Van Os, A. (2008). Towards flood

risk management in the EU: State of affairs with exam-
ples from various European countries. International
Journal of River Basin Management, 6(4), 307-321.
https://doi.org/10.1080/15715124.2008.9635358

Kontogianni, A. D., Papageorgiou, E. I, & Tourkolias, C.
(2012). How do you perceive environmental change?
Fuzzy Cognitive Mapping informing stakeholder anal-
ysis for environmental policy making and non-market
valuation. Applied Soft Computing, 12(12), 3725-3735.
https://doi.org/10.1016/j.as0¢.2012.05.003

Kuhlicke, C., Callsen, I., & Begg, C. (2016). Reputational
risks and participation in flood risk management and
the public debate about the 2013 flood in Germany.
Environmental Science & Policy, 55, 318-325. hitps://
doi.org/10.1016/j.envsci.2015.06.011

Kundzewicz, Z. W. (2002). Flood protection in the context
of sustainable development. IAHS-AISH Publication,
27(1), 361-366. https://doi.org/10.1080/02508060208686972

Kundzewicz, Z. W., Kanae, S., Seneviratne, S. I, Handmer,
J., Nicholls, N., Peduzzi, P,, Mechler, R., & Sherstyukov,
B. (2014). Flood risk and climate change: global and
regional perspectives. Hydrological Sciences Journal,
59(1), 1-28. https://doi.org/10.1080/02626667.2013.857411

Lee, C. C.,, & Chen, L. C. (2011). Who are the resident
stakeholders in a flood project? A spatial analysis of

Natural hazards, 59, 107-128.
https://doi.org/10.1007/s11069-011-9742-7

Levy, J. K, Hartmann, J., Li, K. W,, An, Y., & Asgary, A.
(2007). Multi-criteria decision support systems for

resident stakeholders.

er engagement in flood risk management. Flood risk
science and management, 372-385. Chapter 18. Black-
well Publishing. Oxford, United Kingdom. https:/doi.
0rg/10.1002/9781444324846.ch18.

Guerrin, J., Bouleau, G., & Grelot, E (2014). Functional fit
versus politics of scale in the governance of floodplain
retention capacity. Journal of Hydrology, 519, 2405-
2414. https://doi.org/10.1016/jjhydrol.2014.08.024

Gunderson, L. (1999). Resilience, flexibility and adaptive
management——Antidotes for spurious certitude?. Con-
servation Ecology;, 3(1), 7. https://doi.org/10.5751/es-00089-
030107

Haase, D. (2013). Participatory modelling of vulnerability
and adaptive capacity in flood risk management. Nat-
ural Hazards, 67, 77-97. https://doi.org/10.1007/s11069-010-
9704-5

Harden, C.P, Chin, A., English, M.R,, Fu, R., Galvin, K.A,,
Gerlak, A.K., McDowell, PE, McNamara, D.E., Peter-
son, ] M., Poff, N., Rosa, E.A., Solecki, W.D., & Wohl,
E.E. (2014). Understanding human-landscape inter-
actions in the “Anthropocene”. Environ Manag, 53(1),
4-13. https://doi.org/10.1007/s00267-013-0082-0

Head, B. W. (2014). Managing urban water crises: adap-
tive policy responses to drought and flood in Southeast
Queensland, Australia. Ecology and Society, 19(2), 33.
https://doi.org/10.5751/es-06414-190233

Heintz, M. D., Hagemeier-Klose, M., & Wagner, K.
(2012). Towards a risk governance culture in flood pol-

icy—Findings from the implementation of the floods
directive in Germany. Water, 4(1), 135-156. https:/doi.
0rg/10.3390/w4010135

Holling, C. S., & Walters, C. (1978). Adaptive environmen-
tal assessment and management. John Wiley & Sons.

Holling, C. S., & Meffe, G. K. (1996). Command and
control and the pathology of natural resource manage-
ment. Conservation Biology, 10(2), 328-337. https:/doi.
0rg/10.1046/j.1523-1739.1996.10020328 x

Ingirige, B., & Wedawatta, G. (2014). Putting policy ini-

tiatives into practice: Adopting an “honest broker” ap-
proach to adapting small businesses against flooding.
Structural Survey, 32(2), 123-139. https:/doi.org/10.1108/

ss-01-2013-0011
Jeffers, J. M. (2013). Integrating vulnerability analysis

and risk assessment in flood loss mitigation: An eval-

VBV oled oo Jlo

Ve

Il dmags 5 OF 4y i



Millerd, E, Dufournaud, CH., & Schaefer, A. (1994). Can-
ada Ontario Flood Damage Reduction Program-Case
Studies, Canadian Water Resources Journal, Revue
Canadienne Des Ressources Hydriques, 19(1), 17-26.
https://doi.org/10.4296/cwrj1901017

Morrison-Saunders, A., Pope, J., Gunn, J. A, Bond, A,
& Retief, E. (2014). Strengthening impact assessment: a
call for integration and focus. Impact Assessment and
Project Appraisal, 32(1), 2-8. https://doi.org/10.1080/14615
517.2013.872841

Neuvel, J. M. M., & Van Der Knaap, W. (2010). A spa-
tial planning perspective for measures concerning
flood risk management. International Journal of Wa-
ter Resources Development, 26(2), 283-296. https:/doi.
0rg/10.1080/07900621003655668

Noble, B. (2015). Cumulative effects research: achieve-

ments, status, directions and challenges in the Cana-

dian context. Journal of Environmental Assessment
Policy and Management, 17(01), 1550001. https:/doi.
org/10.1142/s1464333215500015

Nouzari, E., Hartmann, T., & Spit, T. (2020). Interactive

governance for satisfaction measurements: Stakeholder
involvement in design processes for flood risk man-
agement. Journal of Flood Risk Management, 13(4),
€12650. https://doi.org/10.1111/jfr3.12650

Nye, M., Tapsell, S., & Twigger-Ross, C. (2011). New so-
cial directions in UK flood risk management: moving
towards flood risk citizenship?. Journal of flood risk
management, 4(4), 288-297. hitps:/doi.org/10.1111/}.1753-
318x.2011.01114.x

O’Donnell, E. C,, Lamond, J. E., & Thorne, C. R. (2018).
Learning and Action Alliance framework to facilitate
stakeholder collaboration and social learning in urban
flood risk management. Environmental Science & Pol-
icy, 80, 1-8. https://doi.org/10.1016/j.envsci.2017.10.013

Olsson, P, Galaz, V., & Boonstra, W. J. (2014). Sustainabili-
ty transformations: a resilience perspective. Ecology and
Society, 19(4), 1. https://doi.org/10.5751/es-06799-190401

Osberghaus, D. (2015). The determinants of private flood
mitigation measures in Germany—Evidence from a
nationwide survey. Ecological Economics, 110, 36-50.
https://doi.org/10.1016/j.ecolecon.2014.12.010

Pahl-Wostl, C., Becker, G., Knieper, C., & Sendzimir, J.

(2013). How multilevel societal learning processes

flood hazard mitigation and emergency response in
urban watersheds 1. JAWRA Journal of the American
Water Resources Association, 43(2), 346-358. https://doi.
org/10.1111/§.1752-1688.2007.00027.x

Luu, C,, Tran, H.X,, Pham, B.T,, Al-Ansari, N., Tran, T.Q.,
Duong, N.Q,, Dao, N.H., Nguyen, L.P, Nguyen, H.D,,
Thu Ta, H., Le, H.V,, Meding, J.V. (2020). Framework
of Spatial Flood Risk Assessment for a Case Study in
Quang Binh Province, Vietnam. Sustainability, 12(7),
3058. https://doi.org/10.3390/su12073058

Maskrey, S. A., Mount, N. ], Thorne, C. R., & Dryden,
I. (2016). Participatory modelling for stakeholder in-

volvement in the development of flood risk manage-
ment intervention options. Environmental Modelling
& Software, 82, 275-294. https:/doi.org/10.1016/j.env-
soft.2016.04.027

Maskrey, S. A., Mount, N. J., & Thorne, C. R. (2022). Do-
ing flood risk modelling differently: Evaluating the
potential for participatory techniques to broaden flood
risk management decision-making. Journal of Flood
Risk Management, 15(1), €12757. https://doi.org/10.1111/
jfr3.12757

McGraw, DK, & Biesecker, A.G. (2014). Tribes, boundar-
ies and intellectual silos: science, technology and engi-
neering ethics education in the departmentalized world
of academia. International Symposium on Ethics in Sci-
ence, Technology and Engineering, IEEE. New Jersey,
United States. https://doi.org/10.1109/ethics.2014.6893441

Mechler, R., Czajkowski, J., Kunreuther, H., Michel-Ker-
jan, E., Botzen, W,, Keating, A., McQuistan, C., Coo-
per; N., & O'Donnell, I. (2014). Making communities
more flood resilient: The role of cost benefit analysis
and other decision-support tools in disaster risk reduc-
tion. White Paper, Zurich Flood Resilience Alliance,
1-10.

Meyer, V., Scheuer, S., & Haase, D. (2009). A multicri-
teria approach for flood risk mapping exemplified at
the Mulde river, Germany. Natural hazards, 48, 17-39.
https://doi.org/10.1007/s11069-008-9244-4

Meyer, V., Priest, S., & Kuhlicke, C. (2012). Economic
evaluation of structural and non-structural flood risk

management measures: examples from the Mulde Riv-
er. Natural Hazards, 62, 301-324. hitps://doi.org/10.1007/
$11069-011-9997-z

Ol 5.0 (B gSwl

¥y

s Sty ok 9 a5 Ghelos



place: A case study of flood history and sustainable
community engagement in flood risk management in
the County of Berkshire, England. International Jour-
nal of Disaster Risk Reduction, 52, 101980. https://doi.
0rg/10.1016/j.ijdrr.2020.101980

Puzyreva, K., Henning, Z., Schelwald, R., Rassman, H.,
Borgnino, E., de Beus, P, Casartelli, S, & Leon, D.
(2022). Professionalization of community engage-
ment in flood risk management: Insights from four
European countries. International Journal of Disas-
ter Risk Reduction, 71, 102811. https://doi.org/10.1016/i.

1]drr.2022. 102811
Raadgever, G. T, Booister, N., & Steenstra, M. K. (2018).

Flood risk management strategies. Flood Risk Man-
agement Strategies and Governance, Springer Interna-
tional Publishing. New York City, United state. 93-100.
https://doi.org/10.1007/978-3-319-67699-9_8

Raska P, Bezak N, Ferreira CSS, Kalantari Z, Banasik K,
Bertola M, Bourke M, Cerda A, Davids P, Madruga de
Brito M, Evans R, Finger DC, Halbac-Cotoara-Zam-
fir R, Housh M, Hysa A, Jakubinsky J, Solomun MK,
Kaufmann M, Keesstra S, Keles E, Kohnova S, Pez-
zagno M, PotoCki K, Rufat S, Seifollahi-Aghmiuni S,
Schindelegger A, Sraj M, Stankunavicius G, Stolte J,
StriCevi€ R, Szolgay J, Zupanc V; Slavikova L, Hart-
mann T. (2022). Identifying barriers for nature-based

solutions in flood risk management: An interdisci-
plinary overview using expert community approach.
Journal of Environmental Management, 310, 114725.
https://doi.org/10.1016/j.jenvman.2022.114725

Rosner, A., Vogel, R. M., & Kirshen, P. H. (2014). A risk-

based approach to flood management decisions in a

nonstationary world. Water Resources Research, 50(3),
1928-1942. https://doi.org/10.1002/2013wr014561

Sayers, P, Yuanyuan, L., Galloway, G., Penning-Rowsell,
E., Fuxin, S., Kang, W, Yiwei, C.,, & Le Quesne, T.
(2013). Flood risk management: A strategic approach.
UNESCO. Paris, France.

Schanze, J. (2006). Flood risk management-a basic frame-
work. In Flood risk management: Hazards, vulnerabil-
ity and mitigation measures, Springer Netherlands, 67,
1-20. https://doi.org/10.1007/978-1-4020-4598-1_1

Schelfaut, K., Pannemans, B., Van der Craats, 1., Kryw-
kow, J., Mysiak, J., & Cooals, J. (2011). Bringing flood

facilitate transformative change: a comparative case
study analysis on flood management. Ecology and So-
ciety, 18(4), 54. https:/doi.org/10.5751/es-05779-180458

Pahl-Wostl, C., & Knieper, C. (2014). The capacity of
water governance to deal with the climate change ad-
aptation challenge: Using fuzzy set Qualitative Com-
parative Analysis to distinguish between polycentric,
fragmented and centralized regimes. Global Environ-
mental Change, 29, 139-154. https:/doi.org/10.1016/j.glo-
envcha.2014.09.003

Park, J., Seager, T. P, Rao, P. S. C,, Convertino, M., &
Linkov, I. (2013). Integrating risk and resilience ap-
proaches to catastrophe management in engineer-
ing systems. Risk Analysis, 33(3), 356-367. https:/doi.
org/10.1111/j.1539-6924.2012.01885.x

Penning-Rowsell, E. C., & Johnson, C. (2015). The ebb
and flow of power: British flood risk management and
the politics of scale. Geoforum, 62, 131-142. https:/doi.
org/10.1016/j.geoforum.2015.03.019

Perera, D., Agnihotri, ], Seidou, O., & Djalante, R. (2020).
Identifying societal challenges in flood early warning

systems. International Journal of Disaster Risk Reduc-
tion, 51, 101794. https://doi.org/10.1016/}.ijdrr.2020.101794

Porthin, M., Rosqvist, T, Perrels, A., & Molarius, R.
(2013). Multi-criteria decision analysis in adaptation
decision-making: a flood case study in Finland. Re-
gional Environmental Change, 13, 1171-1180. https://
doi.org/10.1007/s10113-013-0423-9

Posthumus, H., Hewett, C. J. M., Morris, J., & Quinn, P.
E (2008). Agricultural land use and flood risk man-
agement: Engaging with stakeholders in North York-
shire. Agricultural Water Management, 95(7), 787-798.
https://doi.org/10.1016/j.agwat.2008.02.001

Prakash, C. Barthwal, A, & Acharya, D. (2023).
FLOODALERT: An internet of things based real-time
flash flood tracking and prediction system. Multime-
dia Tools and Applications, 82, 43701-43727. https:/doi.
0rg/10.1007/s11042-023-15298-w

Prudhomme, C., Kay, A. L., Crooks, S., & Reynard, N.
(2013). Climate change and river flooding: Part 2 sen-
sitivity characterisation for British catchments and ex-
ample vulnerability assessments. Climatic Change, 119,
949-964. https://doi.org/10.1007/s10584-013-0726-3

Puzyreva, K., & de Vries, D. H. (2021). A low and watery

VBV oled oo Jlo

vy

Il dmags 5 OF 4y i



Swiss Re Group. (2018). How to rethink flood risk and
help society become more resilient. https://www.swissre.
com/reinsurance/property-and-casualty/solutions/flood.html

Tempels, B., & Hartmann, T. (2014). A co-evolving fron-
tier between land and water: dilemmas of flexibility

versus robustness in flood risk management. Water
International, 39(6), 872-883. https://doi.org/10.1080/0250
8060.2014.958797

Thaler, T. (2014). Developing partnership approaches for
flood risk management: implementation of inter-local
co-operations in Austria. Water International, 39(7),
1018-1029. https://doi.org/10.1080/02508060.2014.992720

Thaler, T., & Levin-Keitel, M. (2016). Multi-level stake-
holder engagement in flood risk management—A
question of roles and power: Lessons from England.
Environmental Science & Policy, 55, 292-301. https://
doi.org/10.1016/j.envsci.2015.04.007

Thorne, C. (2014). Geographies of UK flooding in 2013/4.
The Geographical Journal, 180(4), 297-309. https:/doi.
org/10.1111/ge0j.12122

Tseng, C. P, & Penning-Rowsell, E. C. (2012). Micro-
political and related barriers to stakeholder engage-

ment in flood risk management. The Geographical
Journal, 178(3), 253-269. https://doi.org/10.1111/1.1475-

United Nations. (2015). The human cost of weather-re-
lated disasters. United Nations Office for Disaster Risk
Reduction. Retrieved using real options and optimiza-
tion. Risk Analysis, 34(1), 75-92.

Van Herk, S., Zevenbergen, C., Gersonius, B., Waals, H.,
& Kelder, E. (2014(. Process design and management
for integrated flood risk management: exploring the
multi-layer safety approach for Dordrecht, The Neth-
erlands. Journal of Water and Climate Change, 5(1),
100-115. https://doi.org/10.2166/wcc.2013.171

Van Ree, C. C. D. E, Van, M. A,, Heilemann, K., Morris,
M. W, Royet, P, & Zevenbergen, C. (2011). Flood-
ProBE: technologies for improved safety of the built
environment in relation to flood events. Environmental
Science & Policy, 14(7), 874-883. https:/doi.org/10.1016/j.
envsci.2011.03.010

Van Wesenbeeck, B. K., Mulder, J. P, Marchand, M., Reed,
D.J., de Vries, M. B., de Vriend, H. J., & Herman, P. M.
(2014). Damming deltas: A practice of the past? To-

resilience into practice: the FREEMAN project. Envi-
ronmental Science & Policy, 14(7), 825-833. https://doi.
org/10.1016/j.envsci.2011.02.009

Sendzimir, J., Light, S., & Szymanowska, K. (1999). Adap-
tive understanding and management for floods. Envi-
ronments, 27(1), 115-136.

Seo, Y., Kim, S., & Singh, V. P. (2015). Multistep-ahead
flood forecasting using wavelet and data-driven meth-
ods. KSCE Journal of Civil Engineering, 19, 401-417.

https://doi.org/10.1007/s12205-015-1483-9
Sheate, W. R. (2009). The evolving nature of environ-

mental assessment and management: Linking tools
to help deliver sustainability. In Tools, techniques and
approaches for sustainability: collected writings in en-
vironmental assessment policy and management, 1-29.
https://doi.org/10.1142/9789814289696_0001

Shrubsole, D. (2013). A history of flood management
strategies in Canada revisited. Climate change and
flood risk management: Adaptation and extreme
events at the local level, Monograph Chapter, 95-120.
https://doi.org/10.4337/9781781006672.00009

SimonoviC, S. P. (2012). Floods in a changing climate: risk
management. Cambridge University Press. https:/doi.
0rg/10.1017/cb09781139088404

Smith, K., & Lawrence, G. (2014). Flooding and food se-
curity: A case study of community resilience in Rock-
hampton. Rural Society, 23(3), 216-228. https://doi.org/10
.1080/10371656.2014.11082066

Smits, A.JM., Nienhuis, PH., & Saeijs, H.L.E (2006).
Changing estuaries, changing views. Hydrobiologia,
565(1), 339-355. https://doi.org/10.1007/s10750-005-1924-4

Stevens, M. R., & Hanschka, S. (2013). Multilevel gover-
nance of flood hazards: municipal flood bylaws in Brit-
ish Columbia, Canada. Natural Hazards Review, 15(1),
74-87. https://doi.org/10.1061/(asce)nh.1527-6996.0000116

Strickert, G., Samarasinghe, S., & Davies, T. (2009). Resil-
ience models for New Zealand's Alpine Skiers based

on people's knowledge and experience: A mixed meth-
od and multi-step fuzzy cognitive mapping approach.
MODSIM Congress, Cairns, Australia.

Surminski, S. (2014). The role of insurance in reducing
direct risk: the case of flood insurance. International

Review of Environmental and Resource Economics,

7(3-4), 241-278. https://doi.org/10.1561/101.00000062

Ol 5.0 (B gSwl

Yy

s Sty ok 9 a5 Ghelos



Risk Management, 3(4), 337-346. https:/doi.org/10.1111/
j.1753-318x.2010.01083.x
Woodward, M., Kapelan, Z., & Gouldby, B. (2014). Adap-

tive flood risk management under climate change

uncertainty using real options and optimization. Risk
Analysis, 34(1), 75-92. https:/doi.org/10.1111/risa.12088
Yazdi, J., & Neyshabouri, S. S. (2014). Adaptive surro-

gate modeling for optimization of flood control de-

tention dams. Environmental modelling & software,
61, 106-120. https://doi.org/10.1016/j.envsoft.2014.07.007

Yildirim, E., & Demir, I. (2021). An integrated flood risk
assessment and mitigation framework: A case study
for middle Cedar River Basin, Iowa, US. International
Journal of Disaster Risk Reduction, 56, 102113. https:/
doi.org/10.1016/j.ijdrr.2021.102113

Zang, Y., Meng, Y., Guan, X,, Lv; H., & Yan, D. (2022). Study
on urban flood early warning system considering flood
loss. International Journal of Disaster Risk Reduction,
77, 103042. https://doi.org/10.1016/j.ijdrr.2022.103042

Zevenbergen, C., & Gersonius, B. (2007). Chapter 1:
Challenges in urban flood management. In: R. Ashley,
S. Garvin, E. Pasche, A. Vassilopoulos, & Zevenbergen,
eds. Advances in urban flood management. New York.
Taylor and Francis, London, CRC Press, 1-11. https:/
doi.org/10.1201/9780203945988

Zheng, H., Barta, D., & Zhang, X. (2014). Lesson learned
from adaptation response to Devils Lake flooding in
North Dakota, USA. Regional Environmental Change,
14, 185-194. https://doi.org/10.1007/s10113-013-0474-y

Zheng, ]., & Huang, G. (2023). Towards flood risk re-
duction: Commonalities and differences between ur-
ban flood resilience and risk based on a case study in
the Pearl River Delta. International Journal of Disas-
ter Risk Reduction, 86, 103568. https://doi.org/10.1016/j.
ijdrr.2023.103568

Zhou, Q., Lambert, J. H., Karvetski, C. W, Keisler, ]. M.,
& Linkov, I. (2012). Flood protection diversification to
reduce probabilities of extreme losses. Risk Analysis:
An International Journal, 32(11), 1873-1887. https://doi.
org/10.1111/j.1539-6924.2012.01870.x

wards nature-based flood defenses. Estuarine, Coast-
al and Shelf Science, 140, 1-6. https://doi.org/10.1016/i.
€css.2013.12.031

Veerbeek, W, & Zevenbergen, C. (2009). Deconstructing

urban flood damages: increasing the expressiveness of
flood damage models combining a high level of de-
tail with a broad attribute set. Journal of Flood Risk
Management, 2(1), 45-57. https:/doi.org/10.1111/j.1753-
318x.2009.01021.x

Vitousek, S., Barnard, PL., Fletcher, C.H., Frazer, N., Erik-
son, L., & Storlazzi, C.D. (2017). Doubling of coastal
flooding frequency within decades due to sea-level
rise. Scientific Reports, 7(1), 1-9. https:/doi.org/10.1038/
$41598-017-01362-7

Vogel, C., Moser, S. C., Kasperson, R. E., & Dabelko, G. D.
(2007). Linking vulnerability, adaptation, and resilience
science to practice: pathways, players, and partnerships.
Global Enironmental Change 17(3-4), 349-364. https://
doi.org/10.1016/j.gloenvcha.2007.05.002

Walters, C. J., & Hilborn, R. (1978). Ecological optimi-

zation and adaptive management. Annual review of

Ecology and Systematics, 9(1), 157-188. https:/doi.
org/10.1146/annurev.es.09.110178.001105

Wang, J. P, & Liang, Q. (2011). Testing a new adaptive
grid-based shallow flow model for different types of
flood simulations. Journal of Flood Risk Management,
4(2), 96-103. https://doi.org/10.1111/j.1753-318x.2011.01094.x

Wedawatta, G., Ingirige, B., & Proverbs, D. (2014). Small
businesses and flood impacts: the case of the 2009 flood
event in Cockermouth. Journal of Flood Risk Manage-
ment, 7(1), 42-53. https://doi.org/10.1111/jfr3.12031

Wehn, U, Rusca, M., Evers, J., & Lanfranchi, V. (2015).
Participation in flood risk management and the poten-
tial of citizen observatories: A governance analysis. En-
vironmental Science & Policy, 48, 225-236. https:/doi.
org/10.1016/j.envsci.2014.12.017

Westley, ER., Tjornbo, O., Schultz, L., Olsson, P, Folke,
C., Crona, B., & Bodin, O. (2013). A theory of trans-
formative agency in linked social-ecological systems.
Ecology and Society, 18(3), 27. https://doi.org/10.5751/es-
05072-180327

White, I, Kingston, R., & Barker, A. (2010). Participatory

geographic information systems and public engage-

ment within flood risk management. Journal of Flood

VBV oled oo Jlo

vf

Il dmags 5 OF 4y i



@) o 3

2023, Vol.10, No.3, Pages 35 to 50
Journal of Water and Sustainable Development

ey
o ¢

0 BYO Oloxo VFY Y oylods (pd Jlw
Ml dswgi 9 OF 4 83

Article Type: Review Article

Review of Flood Risk Management
Strategies and Legal and Practical
Challenges

S. M. Taheri', A. Mosaedi?

1- Ph.D. Student in Water Science and Engineering, Water and Environment Re-
search Institute, Ferdowsi University of Mashhad, Mashhad, Iran. 2- Professor,
Department of Water Science and Engineering, Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran.

*(Corresponding Author Email: taheri.sm@mail.um,ac.ir)

Revised: 25-11-2023
Available Online: 21-12-2023

Received: 12-09-2023
Accepted: 05-12-2023

G900 Wlide g b

Sy S pde gladpaly p Ggi9
s 9 P$B gyl g Jw

"gusbuo Jadtlgl g ol dusme oduw

9358 O8I Wy asoe 9 T 0uSLa g5y ol uskige 9 pole 15SS Gozeddls -
olSLals «g3)sLiS 0uSily (T ukige 5 psle 09, sl =Y .0l wigdes wagdeo
Ol edgpdin A gdin 93,8

(E-Mail: taheri.sm@mail.um,ac.ir «Jgiwe GoXiwssd)*

VFoV/+8/4F 16,5550 g
VE-Y/-a/y e lacs! @)b

VEeV/SIVY 1Cdlys g
VBV ANF iy g

Abstract

OS>

Flood management is a technique and strategy to reduce
the risk and damage caused by floods, and it specifies the
necessity of using efficient solutions through short-term
and long-term plans to minimize losses and damages
during an accident. Effective flood management requires
a coordinated and integrated system for dealing with
this natural phenomenon. In this article, the causes of
floods and corrective strategies for structural and non-
structural (defensive structures, forecasting, rescue
operations, and determining residential areas) flood
control and integrated flood management are explained.
Also, by examining flood risk management strategies
in France, England, Netherlands, and Malaysia, flood
governance measures in Iran are explained through five
approaches of prevention, defense measures, reduction
of event effects, disaster preparedness, and recovery,
and organizational and non-organizational bodies and
institutions effective in risk management are determined.
Finally, the factors that aggravate the flood damage in
Iran, the legal and practical challenges related to the river
bed, and the legal vacuum of universal flood insurance
are discussed.

Keywords: Flood Risk Management, Integrated Flood
Management, Management Approach, Legal Challenge.
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Abstract

OS>

Protecting and revitalizing wetlands and other water areas
requires the participation of all stakeholders, especially water
exploiters and local communities. Based on this fact, the present
descriptive-analytical research was conducted with the aim of
identifying and analyzing the barriers to farmers' participation
in the revitalization of Lake Urmia. The statistical population
of the research consisted of 7100 farmers in the Mahabad sub-
basin (one of the sub-basins of Lake Urmia); out of them, 364
cases were selected as the sample using random sampling.
The data collection tool was a researcher-made questionnaire.
The results of the exploratory factor analysis showed that
the barriers to the participation of farmers in the revival of
Lake Urmia can be categorized in the form of seven factors,
including the lack of awareness of organizations regarding the
concept of participation, economic barriers and infrastructural
weakness, centralized and inappropriate management, political
issues and legal weakness, cognitive and educational barriers,
weak communication, low social capital, and weak motivation
of users. These seven factors could account for 65.9% of the
variance in barriers to participation. Furthermore, the results
of the prioritization of these factors revealed that economic
barriers and infrastructure weakness, political issues and legal
weakness, and lack of awareness of organizations regarding the
concept of participation were more important in comparison to
the other barriers. Thus, it is recommended that any program
planning decision-making on the revival of Lake Urmia be
aligned with an emphasis on removing these barriers.

Keywords: Protection of Wetlands, Stakeholders, Inhibitory

Factors, Local Communities.
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Abstract

US>

Proper management and planning of water resources in their
operation, distribution, and revitalization play an important
role in sustainable development. This issue is of much high-
er importance in countries located in the arid and semi-arid
regions of the world, such as Iran. Because it is inevitable to
return and use indigenous technologies and knowledge and
update them alongside modern technologies to achieve sus-
tainable development, this research utilizes an extensive study
of literature from internal and external sources and exploratory
factor analysis to identify and assess the most important cri-
teria or applicable factors of indigenous knowledge relevant
to water resources planning and management in Yazd Prov-
ince. Due to the high importance of the issue, attempts were
made to use experienced and relevant faculty members from
certain universities, as well as experts and specialists from all
relevant organizations in Yazd Province. The results showed
that six criteria—protection and stability, integrated manage-
ment, holistic (comprehensive) approach, cost-effectiveness,
compatibility, and dynamism—are found to be more import-
ant than others for the area. In the second step of this research,
by means of BWM and creating a linear programming model,
six principal factors were weighted, and their optimal weights
were obtained. The integrated management criterion has the
highest weight (0.413), and the holistic approach criterion has
the lowest weight (0.048). Moreover, the protection and stabili-
ty criteria and the cost-effectiveness criteria jointly rank second
with a weight of 0.168, and the criteria of compatibility (0.119)
and dynamism (0.084), respectively, rank third and fourth.
Keywords: Water Resources, Arid and Semi-Arid Regions,
Management and Planning, Indigenous Knowledge, Best
Worst Method (BWM).
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Abstract

US>

Water is important as a prerequisite for the development
and survival of the human race and plays a fundamental
role in providing and achieving the social, economic, and
environmental goals and priorities of any country. With the
continuation of the unfavorable trend of the situation of
water resources in the world and the prediction of the con-
tinuation of the water crisis, the problem of water shortage
is continuously increasing. In this framework, this article
tries to identify the factors affecting it by examining the var-
ious dimensions of water poverty, including driving forces,
pressure, states, and impact, using the structural equation
modeling approach - partial least squares method (PLS-
SEM) in 2019. The results of the estimation of the model
show that, firstly, the driving forces have a positive and sig-
nificant effect on the pressure structures and the impact of
water poverty at the level of the provinces of the country.
Secondly, the pressure structure has a negative and signifi-
cant effect on the state of water poverty. Thirdly, the struc-
ture of the states, which expresses environmental changes,
has a negative and significant effect on the impacts of water
poverty. Also, among the factors affecting water poverty in
2019, the variables are the number of doctors per ten thou-
sand people with a coeflicient of 0.934, the ratio of irrigated
land to total cultivated land with a coeflicient of 0.893, to-
tal drinking water consumption with a coefficient of 0.888,
and desert phenomena with a coefficient of 1 are the most
important influencing factors.

Keywords: Water Poverty, Partial Least Squares, Water Re-

sources Management, WPI Components, Iran.
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Abstract

US>

Improving the lifestyle of city residents is conditional on
benefiting from high-quality urban infrastructure to satisfy
daily demands. The urban water supply network is one of
the most basic urban infrastructures, and its optimal de-
sign and service are essential during the planning period.
Therefore, it is important to determine the actual amount of
consumption and predict it for the future. For this purpose,
in this research, a method based on artificial intelligence,
i.e,, genetic programming (GP), as well as Pearson's correla-
tion coefficient data mining method, is proposed. The data
mining method is applied here for the database, including
daily data on temperature, precipitation, humidity, and the
amount of daily water produced in Najafabad city (present-
ing the total water consumption) from the beginning of
2014 to the end of 2018, and the best set of input data vec-
tors is selected. The selected data are used as input data vec-
tors for the proposed. The obtained results are compared
with the results of models based on artificial neural network
(ANN). To investigate the performance of the models, R?,
RMSE, and NSE statistical indices are calculated. A com-
parison of the results indicates the acceptable performance
of the proposed models based on the GP. In other words,
the values of RMSE, NSE, R? and MAPE statistical indices
for training data in the best GP model are equal to 3262.59
MCM, 0.80, 0.80, and 5.38%, respectively, and for test data
equal to 3507.68 MCM, 0.78, 0.78, and 6.67%.

Keywords: Water Consumption, Prediction, Artificial In-
telligence, Genetic Programming, Artificial Neural Net-
work, Najafabad City.
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1-Meta Regression

2-Support Vector Regression

3-Fourier Time Series

4-Franca

5-Fixed Regression Stricture

6-Fixed Regression Stricture
7-Pattern-based model

8-Moving window technique
9-Probabilistic Markov chain-based model
10-Naive

11-Padua

12-Exter

13-Gradient boosting machines
14-AutoRegressive Integrated Moving Average
15-Support Vector Regression

16-Random Forest

17-Extremely randomized trees
18-Beijing-Tianjin-Hebei Region
19-Gradient boosting decision trees

20-Long short-term memory networks
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Abstract

US>

Statistics show that the occurrence of severe and long-term droughts,
especially in sensitive and fragile areas of the country has caused
severe economic and social losses, and the occurrence of drought,
increased dust, storms, and desertification has caused a decrease in
agricultural production. Extensive and dynamic monitoring of dry-
ness by traditional methods is very difficult and costly due to the
lack of soil moisture display points. Remote sensing technology is a
practical and applied method for large-scale land monitoring. In this
study, we tried to identify the drought in the Siah Kooh watershed
area with TVDI dryness-temperature indices and the NDVT index
resulting from MODIS sensor images and to investigate the relation-
ship between drought and atmospheric elements in the region. The
results of correlation as a total showed that the correlation values of
TVDI index SPI6 and SPI12 are 0.68 and 0.71, respectively, and the
correlation rates of NDVTI values with SPI6 and SPI12 are 0.49 and
0.51, respectively. As a result, it can be said that the TVDI index,
due to the use of thermal and reflective bands and soil moisture,
is more accurate than the NDVI index, which considers only the
amount of vegetation in the region. The TVDI index had an inverse
correlation with the average of two months of rainfall of 0.54 and a
direct correlation of 0.64 with the surface temperature of the earth.
In contrast, the NDVI vegetation index with a two-month average
rainfall has a direct correlation of 0.54 and an inverse correlation of
0.6 with the temperature. These linkages show that the correlation
between vegetation and temperature is inverse (negative) and the
correlation between vegetation and rainfall is direct (positive).
Keywords: Drought, Remote Sensing, Vegetation, Temperature and
Precipitation, TVDL
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1-Temperature Vegetation Dryness Index

2-Modified Temperature Vegetation Dryness Index

3-Land Surface Temperature

4-Normalized difference vegetation index

5-Standardized precipitation index

6-Perpendicular Drought Index

7-Modified Perpendicular Drought Index

8-Vegetation Fraction, Fractional vegetation cover

9-https://ladsweb.modaps.eosdis.nasa.gov

10-Temperature Vegetation Dryness Index

11-land surface temperature

12-Drought Indicis Calculator
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Abstract

Accurate knowledge of where jets hit downstream of dams helps
designers a lot in locating plunging pools. The purpose of this
study is to investigate experimentally and numerically the trajec-
tory of pressurized jets through the gates and to determine their
location downstream of the dam. Ansys - Fluent software was
used for numerical simulation. The results showed that there is
a significant difference between the experimental values and the
values extracted from the jet projectile equations for predicting
the path of the pressurized jets, and this discrepancy may be
due to the effect of air resistance on flow. The existing jet tra-
jectory equations don’t consider air resistance. To minimize this
difference, the projectile equation was modified. Also, the effect
of changing the diameter of the dam gate and the discharge on
the point of impact of the pressurized jet on the ground surface
was examined. By increasing the diameter of the dam outlet at a
constant discharge, the location of impact of the impinging jet to
the ground from the dam toe decreases, and with increasing dis-
charge at a constant diameter of outlet, the place of impact of the
pressurized jet to the ground from the toe of the dam increases.
In addition, the numerical simulation results showed that the
dynamic pressure as well as the velocity at the point of impinge-
ment of the jets on the river bed have the maximum value that
should be considered in designs. The dynamic pressure as well
as the velocity of the jet coming out of the gate hit the ground
with an average increase of 145% and 242% relative to the end
edge of the gate, respectively. In addition, the breaking length
of the pressurized jet was investigated in this study, and it was
found that the breaking length of the pressurized jet increases
with the increase in the initial velocity of the water jet.

Keywords: Pressurized Jet, Plunging Pool, Gate, Dynamic

Pressure, Projectile Equation.
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Abstract

Nowadays, due to the expansion of cities as well as the increase
in the urban population, the lack of drinking water of good
quality is always one of the most important issues for the coun-
try's water and sewage authorities, especially the people. Deliv-
ering water for consumption is one of the important activities
of water transmission lines. In this context, optimizing the
route of transmission lines is important. In this research, the
plan to transfer water from the balance tank near Khoshab's
agricultural and industrial lands and Roza Dam in Madhim
City to the cities of Tabas Messina, Asadiyeh, and Gazik, has
been obtained as the optimal route in terms of technical and
engineering, economic and passive defense, and environment.
In this regard, the required information maps, such as topog-
raphy, land use, rivers and roads, infrastructure, faults, geology,
and population centers, were prepared in the form of raster
maps in the GIS environment to obtain a cost map. Then,
based on the Analytical Hierarchy Process (AHP), these maps
were weighted and integrated, and the cost map was obtained.
Finally, from the cost map, five routes were determined as the
best routes, and to optimize hydraulically, these routes were
entered into the EPANET software. The hydraulic design of
the routes was done in this software by linking it with the
multi-objective particle swarm algorithm. Two technical and
economic objective functions of Pareto curves for these routes
were obtained in a MATLAB environment. By analyzing these
curves, route 2 out of these 5 routes has a more appropriate
drop and cost and has been obtained as the optimal route for
this water transfer, and this route has a length of 112 km.
Keywords: Water Transmission Lines, Optimal Routing, GIS,
EPANET, Multipurpose Particle Swarm Algorithm.
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Abstract

Antibiotics enter the environment, mainly aquatic environ-
ments, through the effluents of pharmaceutical industries,
antibiotic factories, hospitals, human and animal sewage.
Toxicity (carcinogenicity, mutagenicity and damage to the
body's DNA), biodegradability, and drug resistance in anti-
biotics have caused these compounds to be called semi-per-
sistent pollutants in the environment. The present study was
conducted to investigate the effectiveness of ultrasonic waves
in reducing the antibiotic amoxiclav in aqueous solutions.
The discharge and flow velocity parameters have been ne-
glected due to their insignificance. The investigated variables
included contact time, amoxiclav concentration, and pH.
Antibiotics were based on concentrations of 2 and 6 mg/L of
Amoxiclav, retention time (30, 45, 60) minutes, and pH val-
ues (3, 7, 9) in an ultrasonic device with a volume of 10 liters
and internal dimensions (20*30*50), and the frequency was
set to 95. Then the remaining concentration in the samples
was measured by HPLC. The obtained results were subject-
ed to statistical analysis with SPSS software. As the reten-
tion time increases, the initial concentration of the antibiotic
decreases, but on the contrary, as the initial concentration
increases, the removal of the antibiotic decreases. The high-
est concentration reduction of amoxiclav in concentration 2
(mg/L) is about 50% in the retention time of 60 minutes and
pH = 3, but in concentration of 6 (mg/L), the highest con-
centration reduction is in the same retention time and pH of
about 47%. The advantages of ultrasonication are easy appli-
cation, acceleration of chemical and biological processes, no
production of secondary pollutants, reduction of suspended
and soluble substances in water, and an effective and cheap
method to remove the antibiotic Amoxiclav.

Keywords: Amoxiclav Antibiotic, Ultrasonic, Retention
Time, HPLC.
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Dike failures along the Waal and Meuse in the Betuwe region, between 1750 and 1820
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Kuala Lumpur gt Sg.Bunus

flood management e am
g Sg. Gombak 25.1 MCM)
4 Diversion o
B (3.375km)

Sg.Kerch
Diversion |8
(22km) |

Kg. Bemeng

c.p-cwcy(mmlni.'
cubic metre/MCM)

Flood retention area
SMART (KLFM-A)

3
-+ Sungai Keroh River Basin (KLFM-B) 7.1
Sungai Bunus Flood Mitigation 07

Plan (RTB Bunus
Total 10.8

*10.8 MCM s equivalent 10 4,320 Olympic-sized swimming pools. ~Taman Desa

Source: Drainage and lrrgation Department (0ID)
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1-Strom Management and Road Management Tunnel

508 Y ey bl 1) IS

b 525 sloows dgie 558 WV G5l Olew dyye5 )
C.u?eAT

Osales 045559 9942) WV Bl @YU Ol 4y dzgi 1y
Gl 45 W dogte CBs )10,ad 00 9 pOe 02 (59 O Olegs
90 LSS 3l 7eS 30 59,5 dza Wb g b 6
A Gy9lpaz o3 LSS 3l Olegs Osalse

ly ods Jdgd 9,5 3l duoyd Ve BV didbdsewgs glavygsS 4o .Y
SISl agas Cdlur 5 Sty (1alS 5 (ool die) 53
plosl Olsie gud 0 Olpl 5 G Glesw Guiz Lol S
Bl Lol 38 Ogiz 55 Sh32 (abgws Voo F b 53 3984
Ui Jlo SO .S Ly Olals 185 e ¥+ dgus oS oLl
AU YAAY Lo 31 dS (olosl 3 Ll g |yl dies (ogiL3l 5o
Sl 3,81 93 diuge ¢ 999 o Lol B Ogiz 53 SH3
Ve dilobu ol dloul disje 38,5 (6 SHd Iy dlis (ol Siyg 2
03 Gt diaie O glays S gl 9 992 00 335l Y0 (gules
3929 o Olals g9 ous 3l lely dlele oyl ,S) 9 993 Sy
Do 5l Ve 3 RS Hlewo odal

90 ke Ol 9 AL (1ealS )3 GulS Sl paye el

Mew Copie 25k gl SaS @rslaas 13 00 ol
3 pdme Sy &S wade OLES ggdy 4 W e 5o 5050
5 Ol Jals 5 ulS (i Wlgioe « Bl Gl yhs
s sleslid) 9 Olegial Mew slaeld ablb didls Ohlus
Ol S (el €5 amdse GLid 131 51 5y sy
«iS1s Olo) @39 (52 38 055 518 Ladiluy HIS Hgws 3o Wb
Olhs 4 Cud a0 8T 5 ol 436 Wiz b 5 43S Wiz

VRV oyled oo Jlu

Il dmags 5 OF 5



In the
Name

of
Allah

Grantee

Manager in Charge
Editor in Chief

Editorial Board

Guiding Council

A
A
K

Executive Expert
Editor

Graphic

Order of publication
Publisher

ISSN
Website/E-Mail
Address

Sponsor

Journal of A
and Sustainable Development

Volume 10 - Issue 3 (Serial No. 29) - December2023

Due to certificate no. 3/18/126631 dated 20/9/2015 from the scientific publications review
Commission of the Ministry of Science, Research and Technology and also Due to registration
number no76766 dated 25/1/2016 from the Ministry of Culture and Islamic Guidance, this jour-
nal has been licensed to publish. This journal is an output of joint scientific activities between
Ferdowsi University of Mashhad and the Hydraulic Association of Iran.

College of Agriculture , Ferdowsi University of Mashhad, Iran

Shahnooshi Foroushani, N. Prof., Ferdowsi University of Mashhad
Davary, K. Prof., Ferdowsi University of Mashhad

Alidadi, H. Prof., Mashhad University of Medical Sciences

Ansari, H. Prof., Ferdowsi University of Mashhad

Bagheri, A. Asso. Prof., Tarbiat Modares University

Esmaili, K. Asso. Prof., Ferdowsi University of Mashhad

Jolaini, M. Asso. Prof., Agricultural and Natural Resources Research Center of Khorasan Razavi
Morid, S. Prof., Tarbiat Modares University

Nassery, H.R. Prof., Shahid Behesti University, Tehran

Sayahi, A., Assistance of research and industrial relations center of National Water
and Wastewater Engineering Company (Chairman of the council)

Esmailian, H., Managing director of Mashhad Water & Wastewater Company
Taheri, A., Managing director of Khorasan Razavi Province's Regional Water Company
Mousavi, S. Y., Secretary of water Think tank at Iran Water Resources Management Company
Shahnooshi Foroushani, N., Manager in charge

Davary, K., Editor in chief

Noori Esfandiari, A., Representative of water Think tank at Iran Water Resources Management Company
Sajadifar, S.H., Representative of National Water & Wastewater Company

Kolahi, M., Ferdowsi University of Mashhad

Kalaei, GH., Representative of Mashhad Water & Wastewater Company
Ghanbari, F., Representative of Mashhad Water & Wastewater Company

Shahedi, M., Talebi Hossein Abad, F.

Quchanian, M., Shahedi, M., Oskouhi, M.

Shaikhi, M.R.

Quarterly

Ferdowsi University of Mashhad

2423-5474

https://jwsd.um.ac.ir/ Email:jwsd@um.ac.ir

Department of Water Engineering, College of Agriculture, Ferdowsi University
of Mashhad, Iran. P.O.Box: 91775- 1163

Mashhad Water & Wastewater Company




Journal of _
Water and Sustainable
Development

S Volume 10 -Issue 3 [serial No.29] - Decemher 2023
Articles inissue:

Land Capability, Biological Identity, and
Flood Ecology (Case Study: Kowsar’s
Multi-Institutional Plan in the Ecosystem
Coupled to Groundwater)

M. Maham

oot I
e

Analysis of Flood Governance and Risk
Management

. - . . el & ao
M. Oskouhi, K. Esmaili, A. N. Ziaei Wi T Iranian Hydraulic Association A/E»/o@h
Review of Flood Risk Management Strategies
and Legal and Practical Challenges
S. M. Taheri, A. Mosaedi
Identification and Analysis of the Barriersto
Farmers’ Participation in the Revitalization
of Lake Urmia Mahabad Sub-Basin
D. Amin Fanak, R. Rezaei, Z. Kahrizi wdrgibgilwil @ Cuwglas gloceluy; @
Modeling for Weighting the Most Effective XV d.i."?g.oli"sl.bu»)) | PR JORY
Evaluated Criteriaof IndigenousKnowledge - : .28

b ol © (- XVE) JCRYEN Lo )

Using the BWM Method in the Management J oz . "S - 9292
and Planning of Water Resources in Yazd Jaww dows (... 3925 Joke) 2mb

Province

M. Khani, H. Hoveidi, A.R. Yavari,, M. R. Khani
Investigating the Different Dimensions of
Water Poverty inthe Provinces of Iran
S.Safarpour, M. Maddah

Genetic Programming Method in Urban

Water Consumption Prediction (Case
Study: Najafabad City)

M. R. Alikhani, R. Moeini

Investigating the Trend of Drought Changes
with Temperature-Vegetation Dryness
Index (TVDI) and Its Relationship with
Atmospheric Factors (Case Study: Siah
Kooh Watershed)

A.Safdari Molan, A. Mardaneh

Experimentaland Numerical Investigation of
theTrajectoryofOutlet]etsthroughthePres-
surized Discharge Gates of Reservoir Dams

A. Taheri Aghdam, F. Salmasi, A. Hosseinzade
Dalir, A. Abbaspour

Preparation of an Optimized Model of
Water Transmission Lines Route Using
Meta-Heuristic Algorithm

A. Taheri, A. Khashei Seyuki, M. Pourreza
Bilandi, S.R. Hashemi

Removal of Amoxiclav Antibiotic from
Aqueous Solutions Using Ultrasonic Waves

S. Goudarzian, M. Soleimani Babarsad,

E. Derikund, M., H. Pourmohammadi, GS)’Jb‘é,é'”l;’ ® G)isvi‘f;'l?u:’l'&é}:’)“uﬁ ®
H. Ghorbanzadeh Kharazi Ss5bliy) @ Jowsl g 500 G sloxe @

ISSN [ Print): 2423-5474



