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Source:
Rainfall, snowmelt, storm surges and waves

i B
Pathway:

B-E | Bank failure, overland flow

e i
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M

s 3 |Consequence:
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(receptor) ~ % 15 % (consequence) o

2. % i (sources)
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Extents of floodplain

Flood defences-

Load

;iLiF;

Source

i ;

Probability = =
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(1) % i

Extents of floodplain

Flood defences -

Pathway Probability
s iy
i ] i& ol Load -i¢ 4
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Extents of floodplain

Flood defences-

Receptor
Damage
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v % d ¢HF
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#oRIFER
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rﬂl?: }}_xﬁ/}*frﬁ_‘im
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50% probability level
Central estimate

90% probability level
Very unlikely to be
greater than

]
E
E
S
wv

-70 -50 -30 -10 0 10 30 50 70

Change in summer mean precipitation (%) for the 2080s, Medium emissions scenario
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Change in winter mean precipitation (%) for the 2080s, Medium emissions scenario
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- g > UKCIP 4e > 7 35 i 4 > BET A Kb 47
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Size of
change

= 31 parameter
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£ = ~300 versions of
the MOHC climate
model
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AR e R IR E 0 R AL % A S 1 fE(structure
measures) % 2-1 4245 5 (non-structure measures) ° # ~ %
=Rk R BB E 72 15 (The Chartered Institution of Water
and Environmental Management, CIWEM)#7#% ! e g 5% +
# (CIWEM Water Practice Manual no. 7) » 14— i 3K s
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) e ¥ Reh1 AR 6 0 B bldeT

® 3 [ (Embankments)

® [7 ;= 4 (Flood walls)

® ir % Z& i (Channel enlargement)

® :z % & i (Channel improvements)

® "% kE A& (Reducing roughness)

® ;£ (Flood relief or bypass channel)

® ;7 "' :zig (Interceptor channel)

® itk 2 iF £ (Flood storage solution)

® ¥ E % ¥ #7f ¥ (Redevelopment)

® 34 -k (Pumping)
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(4) %~ £ (Flood relief or bypass channel) :
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@ FPE R X BEIRAMM KA E

(5):® "' #&iE (Interceptor channel) :
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FloodRlsk = f (Hazard, Consequence)

FloodRizsk = Hazard s Conzequstice
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FloodRisk = J p(E) D(E)dp
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Damage [€] g - -

Exceedence
probability [-]

\/

W22 T EFELIRRE2ZRJ-ERFHE LIPS TR

2.5 & %% 33 B (flood vulnerability)
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)

% ] » »]4c " National Level: The Americas
Project ; (Cardona, 2006) - " Community-based disaster risk
index ; (Bollin & Hidajat, 2006) > " Flood Vulnerability Index |
(Balica et al., 2009) -
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dpthy 2 17— # Bl (A System of Indicators for Disaster
Risk Management in the Americas (Cardona, 2007)) -
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(f£ 4+ p Cardona, 2007, A system of Indicators of Disaster Risk
Management in the Americas)
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(4 #-p Cardona, 2007, A system of Indicators of Disaster Risk
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Management in the Americas)
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(4 p Cardona, 2007, A system of Indicators of Disaster Risk
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16 lowwaterlevel 4  flood level 14\

1 - narrowing of main channel 9 - lowering of flood plain

2 - lowering of groyne 10 - nature development

3 - dredging 11 - removing of high-water free areas
4 - dumping of sediment 12 - dike reinforcement

5 - permanent layer 13 - dike repositioning

6 - natural bank 14 - retention

7 - removing of summer embankment 15 - obstruction of lateral flow

8 - secondarv channel 16 - dike raisina
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(4% 4 Room for the river 3 )
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dwarsprofiel van nieuwe situatie tijdens normale waterstand

7’ 'E7/\T

dwarsprofiel van nieuwe situatie tijdens hoogwater
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LESS WATER COMING THROUGH
OUR RHINE BRANCH
MEANS MORE (ATER 7
N THE OTHER
BRAMCHES

IF WE ENLARGE THE RIVER
CRO5S SECTion HERE,
OUR UPSTREAM Nersnuun
wite ALSO BENEFIT %

THE FLOOD/NG PROBLEM s
won ‘T
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= ANy SE J“G.RLG
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FMERTE LR E IR 2R E 1995 E R4
B ooom B R EARACT ATon
® 1999~2000 & : B 72k *& * w # 7 (National assets at
risk study)
® 2002~2004 & : = &’ & k#3|(UK Foresight process)
® 2005~2010 # : gz fv = ;% (Policy and legislation)

1.1998 # £ R4 &
7R 1998 £ - B Bk BHEEREAF 2R
B EFRBE ER 2R TR NSRS AER T A

2
HLPhP e (£ CARR 4B 38 #7177 ) o F|3F 5 3778 & %

#n

%

7“_.
r

N F RS P AT R ELFE LR E D
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] 38 3 ] 1008 & 32 -k £ %
(4% p Dr. Samuels + 3 %)

2. %3 A Rk *%&# 7 (National assets at risk study) (1999~2000)
GAT AR I R RMERF I IRl D
ER A
@ T FEILE & }%’—ﬁﬂ‘fﬁ%r‘é o~ EARE A
® T & F|H PR FT R B BRI S AR (4B 40 #7oT)

® I ?Tff: iFRBRP TR
AT e 74T

® 50 & & LI EEA BLAR 4 e B

oL i’* B Bl (Ar B 39 #17)

[ JERpT e :}

0B F il IAfLIT

® TS LR oRIRRE Bk

® - 5 & & I 3aiF 4 (Annual Average Damages)
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Land Use Bands
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Asscssment of Economic Value of National Asscts at Risk
from Flooding and Coastal Erosion
Flood Damage Analysis

Southern Region:
Land Use and Built Property Value

Assigned Land Use Bands
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| E
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Fhial Qsxy I 0 3 i 13
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o ride o " 3 L__ 4 B
S gre et
A ha

Built Property Value -£ per m2

B30 2RRARF AR GFT-2
F%{g‘ﬁ)

A% e

(4% p Dr. Samuels
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T A I RFHE)RIEE L A F 2 BB AR E o
£7.1 Bn

Anglian (£21.0Bn)

Thames (£109.8 Bn)

Midland (£15.9Bn)

. East (E19.5Bn)

N. West (£11.2Bn)

S. West (£8.5Bn)

- SealTidal Flooding Southern (£21.6Bn)

- Coastal Erosion

M40 TRRFFARGFL-FRESATHAFTARZR %S T R
1)

(4% p Dr. Samuels t 2k %)

Damage Avoided Damage Avoided
£2.22 Bn £2.67 Bn

Maintain Present Meet Indicative Maintain Present
Protection Protection Investment (Long
Standards Standards Term)

AAD : & X a4 % (Annual Average Damages)

W41 FERRF AR GF TP ERTRET L
(4% A Dr. Samuels t 2k %)
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3.# W& %33 (UK Foresight process) (2002~2004)
TRREARE CHERZES BREFTA RRLT(UK

Foresight process) > %A T A NER 2R SFAT LR H R
ARFT R E RS TS FE AL g~ ZAERE NPT
o RN BN E TR ]G e

Sl

O Tk KR EMAESRD 4 o doAb g~ SRS TRBRA -

® = = jp i 7|3 e85 (storyline) » 4 2050 & 2 2080 & -

O TV R s 7 IAE-EA FRAPER

B oo
O T EHEREF

o+

UK Foresight process #-it ¢ S/ B FHE A 2 2 =
R N R ALl IS & ok AR - § N S SRR L T
BHPALE®EALA TV - R RERL L R H R
A TR LA G CARE R R A G (e B 42
BT )

® 3 £ % (National Enterprise)

® 3 = ;532 (Local Stewardship)

® & 7 7 3-((World Markets)

® > 1 A 4 (Global Sustainability)

WA EFBE T EIPCC e BHBRMEE ZTF A

B R T 0 A K(2080 £ )® B E TS 3 (4o B 43) o
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v -B R LARNLY)
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emissions emissions
Y & s IR LY . ]

National enterprise QOVEFNANce | qeq1 stewardship

¥R AR i#E kP4

consumerism RN values community
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= ’?T W 3 Glob-z sfstainiility
World markets

B AR

High emissions 'i'b‘%ﬁ
Low emissions
I R

interdependence

Bl 42 Ak g AV BB
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2-53



T30s Foresight so=nanos
Change from preseant day (002
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Low incrmase (£1k o E100k)
M=dm increas= [E100k to £10,000k!
High mmcrease 10,0001
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World Markets 20805 Global Zustainability 208
[ES0ppmi [E50ppmi
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O PNFAMPIT 2 F R E > 5 FE o
O SRR B 0k AenE kT Rk BBk R

4.5z R 4w % (Policy and legislation) (2005~2010)
5w E R A kR F(UK Foresight process) 3 B 5c i\
Zko R RN "5k F T 3 B (Making Space
for Water)sz il » P #& 5 2025 & > s P #AL € & K
£ 4 ”(live with floods) > £ ¢ p 7 ¢ 7 7
@t e AV ERKRE 2 IR AR o
@G MAakEl o 0 BEBFEABITLL -
® 37~ 5 = ( “portfolio” approach) ~ 21 f245 % -

© fBig iR § AR BICHD
3% PR R 17 £ (a “holistic” approach)4c™

® i_aipa}«é;}%% % 5% ‘g‘\ﬂ'«&ﬁ\“%
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® 7 ae s HlE LR R T A

® 3% ) e 4] 5 K (New Planning Policy
Statement)(2006)

®:= X LR %iTiE < i (Flood Risk Assessment
documents)

Rl

|

» I/ NTRZE R L F 7 # > % "(Flood and

Water Management Act) (2010) » 32> %k ¢

® & F X fE KRk ok

3

Ny
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(4 )JFLOODsite 3+ %
1.8 4
FIT & R R 0 3 2 F AR R UHE 0 BRR R AT
LB R ey TR R 3 2004 & 1 2009 & o 4= 7 FLOODsite
BRE TS FRRRe FER 2RI
B~ AR ~0 5T ~F Tl s B T
FI9 L S R(R 44 dorn) 0 HAE B S P 95 970 § &
Aood 37 LiFBKE o A2k 200 BAT G H =48 s #4535
BFELHE -
" ;Tgé AP 3 F A% 0 - 5 FLOODsite B
R

@ 13 Countries Involved
@ Real Cases

® 44 FLOODsite 3+ & %2 R 74 7 B
(4% p Dr. Samuels } #i &)

2.8 3% 3% #2.(Breaching processes) (3% 6)

AL PP RERY o BR KD E ARG Fla 2
F2+34 60T Hoaf zg‘.g.—:‘l—%4&@%“/afﬁf#18;}n@i;ing*ﬂljﬁﬂ,{ﬁ
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7 (failuremodes) o + 34 6 L B A 7T 38 P 407

® # v (breach)# 2 2 jF it

TR ERNEE L]

® Lok AR SRR D B A kb PR E

Bzt

A w1 FR P > F AL REAEBBERL B
B i bl BldcB 45977 c Hx > PN T HRET T %K UE
By F B (4o B 46) 0 g it R OBk B 3] HR
BREACH -8 (4 B 47) -

o4

Incipient wave overtopping

Phase 3a: Headcut erosion

AN

Phase 4: Crest shortening Phase 6: Full and final breach

N :" i EE Phase 5: Dike lowering

(@) Tert o

Phase 1: Grass erosion a) initiation of surface erosion d) deep erosion and ciiff formation
Phase 2: Local clay erosion -

Phase 3b: Sudden cover failure

B 46 B335 5% 18 A2 B
(4 i Dr. Samuels t k3 %)
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Processes Processes
V[ Faw Soils | |
| Caleulation Analysis !

Plg
L

¥ b % T

() # T4 & (b) 5 % 4
B 47 BLEAC W

(4% A Dr. Samuels + k3 %)

3.p # 1 #2407 4 A (Defence reliability) (3% 7)

FFEF T AR LEGEEIREST A > KT
HEPFAE IR BB RS P SAmd g 2
PR A A A RS RAY FH R

(Monte Carlo) » -4~ 47973 g 8> &m A 1715 2 1
A2 0¥ LR (4o @) 48) o

kA p A Fxasgr

....... /
i
e
Inundation
_ , N
oy N- e | tahse tature
T T | dike2 sliice
R = L 1
'_ I _l T T
M| | " .- . e shire taikure taiure
. . - . - i« sectioni section i+1 section i+2 section i+

(@ P EpRdl e s (b) =3 st fault tree)
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X L

Structure-specific Structure-specific
parameters, probability Fault tree 19 ) i d o7
distribution functions and i#'] I'% = 0.8
ranges : T 20 an 53 a0
9 Limit state equation o8 TR Y A
&’Fﬁb\ ’P? Failure mode 1
| % 0.7
: AR
Limit state equation 5 0.8
Numerical Failure mode 2 T oos *FERNM
Integration 3 = 1
) e v noertainty
Limit state aquation a.a
Failure mode 3
. 3 A L |
Structure-specific | Limit state equation 0.11
fragility curve Failure mode .n 0.6 : :
Annual probability " d !
of failure By ~=

TR S AR
@ TRl @ 7 5
(4% A Dr. Samuels t 2k %)

4.5% = 4 48 % #-3)(Loss of life modelling) 2 =444
(evacuation planning)

e AR R ;?HE%’«‘“TFB%?EE‘.@#E%’WT@J
(Loss of life modelling) 2 &= 47 #i- 4] (evacuation planning) -
e T

iﬁv#ﬁ?iﬁ:i'] » IR A RFBR TV A X g e
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@ T2 BT v BATh R RARTETER
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LR NN VAN
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EX)
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® i & & (Micro-scale)sr 4t 3]
LN e ML e |
@B AR R AR
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@A ki (blart ¢ A E m)
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(RN Eac
® it kil
® jhih ik ok 2
® L R
@t KiIFR
® ik
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® (s B

“r3) TRk (risk) 0 - &R & ¢ 7 K F (Hazards) ~ K
# £ (Exposure) 2 3% 33 & (Vulnerability) » # B} 4B 51 #7
T HZ T F R e T
R (Hazards) @ % C4LHCE B 4 8
ﬁ&%%%%@‘*%iﬁﬁi°

® % 7 # (Exposure) : 5 ¥ i £ K T P A A F (Ao 4 O
£)2 p REmB

® i 55 & (Vulnerability) © -k % $4F 4 (4oid § 535 )
AR o

ZHEFF AT LA T h% = &35, (risk triangle)(dr
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%2
Hazards

*EL

Exposure

633 B
Vulnerability

<

W52 ELh'%= &35 W
= F PR E ILE LR & 0 i X R & Bl(flood risk mapping)
AREP1 EovkEg M UT R EBEBREAHFTN
ERARPREELTRERRE - ELLRR G 2 BT
B 54T

® ;= 3 Bl(flood maps) @ &7 ¥ it E LR B o

® ;= -k ¢ #g B (flood hazard maps) : & 7 £ -k#gA] ~ 82K

B ik~ R IR o
® ;= -k kb *% B (flood risk maps) : &7 ¥ it X %
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AR R ILH % W 4 5 1 fz(structural adaptions) ~ -
1 4z (non-structural adaptions)#; *5 2 % - x o1 23 %% 4o P
PPosRH TS O R s Ao R E ORI T E
B e R F 2 R e Bk X 4 (living with floods) -

AELE LR AR R e REFT
&% g = (Integrated Flood Management, IFM) - v % &
PO N e 2R REE B PR A E KT R
AL F B A Y 2 R LA ko] 1 (F R4 B 53) e
B Ap b B £ e

® Associated Programme on Flood Management

(http://www.apfm.info)

® International Flood Initiative (http://www.ifi-home.info/)

® EU project FLOODsite (http://www.floodsite.net)

® EU project RIBAMOD (Pre-flood, during flood and

post-flood activities)
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(4 #-p Integrated flood management concept paper, 2009)
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2.% E & -k4p £ (EU Flood Directive)

R 2007 & % % g R Ok 4y £ (EU Flood
Directive) » »* @ & ¢ A BI$tE Lk ‘e § ZHP- R D7
$0 A A MY E R R R E 2 F B e T

1A= % ¢k % :E (2011) 1 2011 & = & & i chie #
BORRIFER 0§ 7
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® 7 BRI R N

@ 3 E 7 B

® (i Rk R dy it

@ iTin A KE KA B

2.4 R '& B1(2013) : At ¢ B KT 2013 &£ w oA
ko 2 B (flood hazard maps) 2 £ % b & B (flood risk
maps) » ZRIE R Z B RFLFE > A 0G

® B 4 (TR LMBEE)E KT 2 (BlArtRy KT
)
¢ FARF(rY ERYIL)E-KFE(FLIPIF NS
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* 1

Bl oK RSk )% i % e 5 B
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<r

Blde 0 R LA T X PROGREE T d N TLKAG
FARG AT AS T R R EE RS (
B EOILHEE)E K L ERE o

3.5 X b "k FIL(2015) ¢ #rF € A BIEY 2013 & = =
¢ b *% # 22 (flood risk management):* & > ¢ 3 7

S
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® = > -k < fi-7| (Hydrological modelling) : i% i "% & -1Z7x
oy o F R R B EIRPPEEGUE K E o

®:= = -k 3@ # A (Hydraulic modelling) @ ¥ & * 4
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A5 R "G R AwE 2 R?

BRERRE kIS > F 2 ERT L blde TRl
W B2 #5540, (European eXchange Clrcle on
flood MAPping, EXCIMAP) 2 T g p# & iv ¢ « | (Joint
Research Centre, JRC) -

TECR R Uk B HEEEB A, (EXCIMAP) - >t 2006
ERAET 24 BRE A RSE o Rk BN
KR e BERSOT L IR EEL o

"EHpE Y e  JRCO)EE TitwmpP E Lh %W
(pan-European flood risk maps) > 2 Ad De Roo et al >+ 2007
E T LR E E R ' B (Potential Flood Hazard and Risk
Mapping at Pan-European Scale) 5 & » ¥ jgd W f #cid § 42
BASR K s oRIEEE S NPT (R R R LR KR AR
Ppot WiT Tk ® F W (flood hazard map) - # =% » fd &
B A v ®& 738 & % E4p % (computing exposure) » ¥4
PEE TR EBEAER £ #d &£ B GDP >+
PEES R4 FE T3 R B (vulnerability map)
B SFE A BE o @WiFTE LR %R, (flood risk
map)(+- B 54 1 B] 57) -
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74 %R : Ad De Roo et al (2007), “Potential Flood Hazard and Risk

Mapping at Pan-European Scale.”

Vulnerability Flood risk
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7 k& © Ad De Roo et al (2007), “Potential Flood Hazard and Risk
Mapping at Pan-European Scale.”
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