Bails sy, ailobu
S Ol plas ¢ o
2

%”M%ﬁ.“

(Jg! pis)
b (e

O 32 BRI ¢ SIBLT g (g, Ll (cwigee 0955 cAild g, wigeo HLulild

WaterEng.1ir



RIVER FORMS ALONG ITS " ol
ENTIRE COURSE a0 Jgb ,d ailddg,y 0,8 Ol s

e sk s sfe sk e sfe e she e she s e s ke sl s sl sl ke sl s ke sl sk sl kol sk sk sl sk

\/Jm‘:)y ot ‘—?;‘“I hss du ALY
: A5 ab g o

Straight

— 3w Upland ‘é
¥

—
B,
-

-l L=

Braided
4 S & of o
4 (b B2y,
}
Ty o T
S u%ﬁi)u SIENYY
l & Meander
= 4_":-'1.;/14'
E | B ?3 td>
‘k‘\ ranches o
~—  Sea :

—



Streams Locked in Valleys
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Confluence of Green and Colorado Rivers




River Alluvial Fans
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THE RIVER AND ITS FLOODPLAIN

O CadaMaws g aildag,

floodplain b3 -

A river constructs its own
channel and floodplain.

At bankfull flow the river is on the verge of spilling out onto its
floodplain.
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,":-—- Drainage

basin boundary
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CHANNEL SLOPE VERSUS VALLEY SLOPE

Channel Sinousity

Valley walls

Simuosity Factor: St=Lc¢/Lv

If St= 1.5 then Straight Raver Reach
If Sf=1.5 then Meander River Reach



Flooding Data Measurement

Continuous recording gauge
measures elevation of water
in meters (stage].

1.5

Stage (m)
o

Q.5

Recorded by stream gouge
20r Flood event

Field measurement of
discharge in cubic
meters/second (cms)

at various stages.
Discharge |Q) is calculated
as the product of mean
velocity of the water (V)
measurad with a current
meter and cross sectional

area of flow (A): Q = VA
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Rating Curve
Yellowstone River near Livingston

- 10 | T
Yellowstone River o
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Rainfall intensity {cm/h)

ol

Bankifull discharge

el

Stream discharge (m%/s)

Time (hours)
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BANKFULL PARAMETERS: THE RIVER AND ITS
FLOODPLAIN

floodplain

A river constructs its own

channel and floodplain.
:

At bankfull flow the river is on the verge of spilling out onto its
floodplain.
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RIVERS ARE THE AUTHORS OF THEIR OWN GEOMETRY

« Given enough time, rivers construct their own channels.
« Ariver channel is characterized in terms of its bankfull geometry.

- Bankfull geometry is defined in terms of river width and
average depth at bankfull discharge.

- Bankfull discharge is the flow discharge when the river is just

about to spill onto its floodplain. - I

Class VI. Quasi Equilibrium
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The Mather Gorge from Cowhoof Rock: & (A) At normal water level.

¥ (B) During flood of June 1972,
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_{a} Before flood TN P

Flood-stage water level
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Seasonality of River Response to Flows

(a) Normal flow- (b) Flood flow- (c) Receding water
slight filling deep scouring after flood-
filling
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Degradation

Degradation and Widening

Degradation
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2. RIVER CHANGES

4000

- Irregularity in Channel Geometry:
Local Disturbances
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RIVER CHANGES

| 185 y O i

- Cut-off:
Shortening the Length in a Developed Meander Loop

B39, 40 (S Ol Mg,

An Oxbow
) s .
Progressing Cut-off

- Avulsion:

Permanent Change in River Course
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Freguency and Magnitude of
Flood

 Recurrence interval
R=(N+ 1)/M
N Is the number of years of record, M Is the
rank of individual flow within the recorded

years
« The probability of a given magnitude flood

P=1R
o Statistical probability versus

reality

— Probabillity: One 25-year flood, on average,
once every 25 years

— Reality: Two 25-year floods can occur in

~rANceart it vinare




Annual Flood Discharge
Yellowstone River near Livingston
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Annual Peak Discharge {cfs)

Yellowstone River at Livingston
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PMP and PMF Definitions

e PMP - Probable Maximum Precipitation:

“theoretically, the greatest depth of
precipitation for a given duration that is
physically possible over a given size storm area at
a particular geographic location during a certain
time of year”

e PMF — Probable Maximum Flood:

“the flood that may be expected from the most
severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible
In the drainage basin under study”

Source: FEMA Interagency Committee on Dam Safety, Oct., 1998
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THE DEFINITION OF BANKFULL DISCHARGE Q¢

Let £ denote river stage (water surface elevation in
meters or feet relative to an arbitrary datum) and Q
denote volume water discharge (cubic meters or feet
per second). In the case of rivers with floodplains, &
tends to increase rapidly with increasing Q when all the
flow is confined to the channel, but much less rapidly
when the flow spills significantly onto the floodplain.
The rollover in the curve defines bankfull discharge Q..

The floodplain is
often somewhat
poorly-developed in
mountain gravel-bed
streams. Bankfull

stage, however, can  \jinnesota River and flooded
often still be floodplain, USA, during the

determined by direct record flood of 1965
field inspection. 'y
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CHARACTERIZING BANKFULL DISCHARGE Q;

* Bankfull discharge Q, is used as a shorthand for the characteristic flow
discharge that forms the channel.

« One way to determine it is by means of direct measurement of the flow in a river.
Since bankfull flow is not frequent, this method may be impractical in a river
restoration scheme.

« Another way to estimate it is from a stage-discharge curve, as described in the
previous slide. In order to implement this, the river must be gaged near the
reach of interest.

« Another way is to estimate it using stream hydrology. It has been found that in gravel-
bed streams hankfull flow is often reasonably estimated in terms of a peak
flood discharge with a recurrence of 2 years (e.g. Williams, 1978 ). This
corresponds to a flow discharge that has a 50% probability of occurring in any
given year.

- When none of the above methods can be implemented, Q,; can be estimated from
bankfull channel characteristics using the tool
BankfullDischargePredictor.ppt of this toolbox.

58



The Gravel River
Bankfull Channel

plan view

A
EsTimator
A Gary Parker, 10/2004
bed
elevation
long profile of centerline bed elevation B
down-channel distance v
T Bu 7
|
Qy :
Hy =0.3785 1t e
- 0.0661
Qbf
B, = 4.698 AT .J____DZ
pell g Bankfull discharge Q, (in meters¥/sec) 2.7 ~ 5440
- -0.3438
Bankfull width By (in meters) 5.24 ~ 280
S=0.1003 D D2 Bankfull depth H,; (in meters) 0.25 ~ 6.95
vV 9Vs50 Ysso
Channel slope S 0.00034 ~ 0.031

Surface median size D g (in mm) 27 ~ 167
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Popular Maximum Discharge
Formulas of the 1940-60s

Myers Equation (Jarvis, 1942)
Q = 10,000A%>

where A = drainage area, sq. miles for watersheds
larger than 4 sg. miles

Q = ultimate maximum flood flow (cfs)
Creager Equation (Creager and Justin, 1950)
Q =46C A(O.894A'0-048)

where C = coefficient with maximum value of 100
for many areas
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Do actual floods ever approach the PMF?

e Harrison and Paxson have developed Fig. 6 for
floods In the Northern Appalachian area (PA).

 The PMFs lie above the envelop curve for
maximum observed floods in PA (See Fig. 6)



Peak Discharge [{F5]

1.0:00, 502

100,000 -

H R

1,200
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Northern Appalachian Region

Figure 6: Northern Appalachian (Crippen & Bue Region 4)
Observed Flows and Computed PMFs (HMR 51)
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"% Zther Rezord Floods >
‘wmmmrippen & Bue Regicn 4 Envecpe R =0.8853

& vl ard (Region 4y PiF
& P PMisg
—CrwEr (A PMFS) —

1 1 10 109 1004 10030
Grainage A@5arEe: “Ballpark PMFs” (Harrison, 2004)



Recent PMF Relationships

e Using data from PA, Harrison and Paxson (2002)
developed statistical relationships for the PMF,
the best of which is:

Q = 8148A%%°
where Q = PMF In cfs; A = drainage area in sqg mi

* Looks a lot like the old Myers.

e But - This type of statistical PMF relations
Intended only In areas where there is little
hydrologic data available. See Fig 9.



PMF vs. Drainage Areas

Figure 9: Approximate PMF vs Drainage Area for Evalualed Regions
(Base graph source: USGS PP924)

PELY FIH ORELC el

3

Iy

-

Ly}

[ I L N T L)

Ffag spihel mAaRGn,

LS Ty 5 eerroooemon ip pUTYSREST ©p o we[1jie v ep ey ey epgeee gy cweraegeg me g frestpe t oy v gy
: ; ; ; . N i .
e : : Slnethern Arnalachian (HRQion o) m—— ; 3
Selm : i
i ST ] enen e - i r
: Tectia Appalachian (Bagoon H ———— : i
. . i
; MATION - i i b s
. . BXFLANANION Suadh Carargl Texas (Fagion 3 .
= Drmenowrad by Byt & Losghes T4 ; ”""?
: i i - "
T e Adetiiinnnd maro atad By M cHRoab §EEL A e e - E .
I w Mraio otidinag pince LF&EL J E
RN LLoew Y Dean ; -
E H i : N H
: i _ -
~ i . : id O N
; ' 4 o # ol :
Lezrigphopin = O
R A
ekl S - - "-1 . . it ‘“w
T
@l et o Pes -
5 T SR -
d - .. Wl K . . .
L b N W . - & i
o b i - R w * w -
N ik w o = o = o ® L i
P N T S5 T 7 R S -
A . Sowom s owE Pow
P e R . _: . FR. L . . %
i 3 W o kS o b L 3': ; ad . il
I I I e T - ' r t =
oo aEEL vy Y3 o % 5 &=
R B P R - & s 5
i & bl
g¥i L EE o FiR o E
ED s ' F P o
B yEOEY s w,0- 22
g E ) K
. L * !
e e A R !
£l . e :_ :'- e
X i "; . L s i
i P itk DU U 10% S-SR AOY 0 £ SIS TR N
i iR H " il s TOENTE 14}, (330G

AR AT s WE A TR LULARE sbeS

PEEIMEeLnL X cTLLrEe v ah Ui aep Tor BReweh oo,




Summary and Current Status of
PMP/PMF

There remain uncertainties regarding the
estimation of the PMP, its time distribution and its
probability of occurrence.

Questions remain about the PMF, because it Is a
hydrologic estimate based on the PMP and the
saturation condition of the watershed.

Because it has almost zero exceedance probability,
the PMF is difficult to fit into current-day risk
analysis.

The use of fractional parts of the PMF has led to an
Inconsistent standard across US.

Other approaches have been adopted, such as the
use of “incremental analysis”
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Types of Flooding

e By stream location

@Upstream flood: Shorter duration, smaller area
@Downstream flood: Longer duration, greater
magnitude, larger area

e By duration

@Flash flood: High volume of flooding water in very
short duration, characteristic short lag time, usually
In upstream

@Non-flash flood

By magnitude/recurrence interval
(A100-year, 50-year, 25-year, 10-year floods



Glddg, Cawadw 43 gl dalrino Jaw 5 oS







" IIIino:isl_?iver August 14, 1993 i

August19, 1993

MISSISSIPPI Floods 1993

Bangladesh floods in 2004
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What i1s a flash flood?

A Flash Flood

Can occur In
normally dry areas
with no visible
stream channel.

What is a Flash
Flood?

A flash flood is a life-
threatening flood that ey
begins within 6 hours B = =

-and often within3 g~ - . ¥
hours- of the rain e

8 <olith Ash Creek in Utah, January 2005

event S S e T o frns




Fort Collins, CO
(July 1997)

1

(o

L
m’:ﬂd-l!.i.lgli:‘,lgjr

e Flash Flood

— Thunderstorms

il

e :,ua,e :

A

“[Calorade Climate Conter _
| Depl of Atrnosplhieric Science || |
Colorado Siate LUnlversity :
1aT Scale: 1:87.500 | {

T i T el
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Figura 14, Rainfall (Inchee) for Fort Collins, Colorado, for 4:00 p.m. MDT
July 27, 1997 through 11:00 p.m. MDT for July 2B, 1957
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Teton dam failure (4)




Teton dam failure (6)




Other dam-break examples (1/2)




St. francis dam failure




| Distance from Pukaki Lake Control:  50.20 km
Distance from Head of Lake Benmore: 30.25 km /
| Flood Arrival Time: 26-39hrs|"
Time to Peak Flood Elevation; 64-91hrs|.
Peak Flood Elevation: 368-372m

Distance from Benmore Dam:
| Flood Amival Time: 55nrs

Time to Peak Flood Elevation: S5.0-101hrs |
Peak Flood Elevation:

| Distance from Pukaki Lake Control: 54 45 km
| Distance from Benmore Dam: 4.1 Kkm

| Flood Arrival Time: 52 hrs
| Time to Peak Flood Elevation: 90-10.1 hrs
Peak Flood Elevation: 296-312m

1 Normal Design Flood Elevation: 269 m




See Figure 2 for estimated
imindation limmts within Town.
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Urbanization and FI

ooding

e Impact on frequency and mag

@ Increase In both frequency a
especially in small drainage

e [mpact on a river’s discharge

nitude
nd magnitude,

NasIins

@ Increase In runoff, without an Increase In

precipitation

e Significant reduction in lag time or flashy

discharge



Urbanization
and Flooding

e “Normal” storm

hydrograph

— What controls lag time?
— What controls flood peak

Q?

e Urbanized storm

hydrograph
— Same questions

S
>

Rainfall (centimeters)

Discharge (cms)

:-:— Lag time before urbanization

Hydrograph
o of stream flow

Center of mass
of runoff and
of rainfall

Time (hr)
(@)

| Llag time after
-— s
I urbanization

Before urbanization
from [a}
1

¥
L}

L/ After urbanization
A
A\

Time (hr)
(b)




Urbanization and Flooding

Effect of
Impervious
Area
INn an
Urban
Flooding

Multiples of mean annual flood

&

Impervious area (%)

Copyright @ 2008 Pearson Prentice Hall, Inc.




Sl (g2 lamed Jow shas « 5550 (49,5 29, (slauw aSuwd 3929 L

|
o G L A, o]

S8 "i #_;;P ZALAKI DAM \ \ '%:

BAKHTIARI DAM .
- VW g@g
! L .._:_ F UHJN_;JJI.I-.'@JM
. ( IDBAR LORESTAN DAM
HEm - 5.!-’-“‘*

' N - _ LIRO D&M

..

[\ pezoa
I-S#M.l‘
mmsmg IJ - .

-..Ismh 1_ N .;;u::m
‘NHF'-'L s k o - <G
aT[gl \ \ ‘r%%”@ -
.'-. GWMDHIIE r;- ;.;#..‘-:..
bl
p T rassisaw
% 5 ', u%wm 1
. T g P msaEummmu-m “HORUN 204 \ . {
. TN\ B N n
f Wi{rm; ﬁfﬂﬂh"ﬂx i N i
A N AR a e U u x

W5)SOVERY| JUNERY.| CRpgv vy o] - VO



il o caSo e 2500 (Gl awgio U >
awl g caSo y011000 : g pml cud b

Monthly average Nile River discharge

i
A
C.
£
1
X,
=

~—8——1968—73 (post dam)
——a—1912—67 (pre-dam)

)
o

o 395 ol ey

I *e *
‘-'W" ‘5'}‘9,' J‘f,a ':9) )b ] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Cegyright 2000 John Wiley & Sons, Ine. All fnghis resened

o

Discharge (billion cubic meters/month)




-~




639y w2y 9 el o a9, (2 Sl



&l &la3g, pllas il ylxial U]



L ailhdg; ylwn B pad g jolod (o U]
W39, O pdaws 38! ol o & A g s OS5 43LE) ool

Wla 3y, yim olae Sl







W39, oo, W
9
gy g
(S g A8
(1382-13094) ¢ pus. oo













ol

wrapd

.' I-|
AR R




wlhdg) bl g ojlw (Jeol jue slpal g (2,0




IR g lumgS adga 45 8, ew U]









(S0 gd) oyl dilB D9y 8,1995 Cu 3537 g U > dlo LU
(1367 cr359,8) Jol; S5 Uy




J

e Tl Y] TR, e e i =

(1386 (23,9,%) Jl;




o 739535 55 (6 g e ol
(1384 13 50) (35S W

Y 1

S 09 4
Ul @ 3 ailddy,
(1387)




(1384) DQ)W‘}.‘&W }.1)5‘9- b)‘%b Slas )J‘ )D ng) ‘))*o ‘_559‘)‘3 JAL—Q >









Ill . . _,.... e s

]

A o A

M 51 gt ioly] 5> s










5)9'?.9*’_2006 )Meumuﬁfe)ﬁ




JC7]

‘9.3: —

)9 0

(1365 )Si J,;«é) &L;.LQ.‘B 4\3\5-.59) S~



L2 4

3
w

J

b .
(1384 >1s )

—C)lf)f 5




(1385 Cudigud )l daw) sl 59151 (P ,U by 5




3> doa

L

e )59 9 ()

*

bcw)‘ 39) *

X3 o

(1385) e




53 ool cgJlegs ailing, Jy Joxe 13 w145 25T us



Sligary 9 Jaw SLEIS
SMaw 51 o

L 2 4




WB-3g, &l g (yialed

U s OHew

D




ObgSis B g Vede st fow

Sy s ol BT au)b (HLSTL) A alsng, ddes o cain SO Ste 43 Jlo Ve Jolee 550 (Tuly 2010) 2w Jls s
g edilddgy sl -3, o (Spider men/women) JeSie 4Uj g o0y @pnlye I Ko i) LS e olpis o b aly
loess dobo llgin ©los gl 03,08 ol cploxil s

140




WMO Report
(2014)
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Table 1. Hazard classification as defined in EM-DAT®

Disaster sub-group Disaster sub-type Disaster sub-sub-type

General river flood, flash
Flood flood, storm surge/coastal

flood
Rockfall
Hydrological Landslide Debris flow, debris avalanche
Mass movement wet Avalanche Snow avalanche, debris
avalanche
A Sudden subsidence, long-

lasting subsidence

142



Map highlighting major reported disasters linked to weather, climate and water extremes

(WMO gis 191 j1 S5 ol !

Riissian Federation
The 2010 heatwave led to

Europe . : _ : 4 over 55 700 deaths
Floods andrstormas were .- - . i o
the cos_‘tliest disasters '~ Eastern Europe Central Asia Democratic People’s Republic of Korea
i ‘Econoimic losses were largely Flopds and wet-mass movement Floods in 2007 caused over 600 deaths,
Europe ~—caused by floods, while - had biggest effects on _ and'nearly US$ 22.6 billion were attributed
The 2002 summer heativave - heat and celd waves had ] human lives lost ' _to flooding in 1995
was reported in 15-ceuntries : b'hgge“ ";"Pﬂc‘ltﬁ on . “—China E
and caused 72 210 deaths e Ives Tuck ', Floods (notably in 1998, USS 42.3 billion), Japan
a cold wave in 2008 {US$ 22.5 billion) and
Moroceo TslamicRepublic f Iran: 2 a drought in 1994 (US$ 21.3 billion) %~ A tropical cyclone in 1991
Drought in 2000 ¢ost ) Economic losses mainly 9 : i -
9 r were the costliest disasters’ (US$ 16.9 billion)
USE 1.2 billion related 1o flands, notably t) was the costliest event

Northern Africa  those of 1992/(USS$ 4.9 billion) S o

Mumber of deaths mainly

related to/droughts = Bangladesh X
Ea?t Africa i Cyclones in 1970 and it 2
: - _ Droughts'in 1975 (Ethiopia, 1991 cdused a total : ER Philippines and Indonesia
Western Africa Somalia).and in 1983 and 1984 of nearly 450 000 deaths Thailand > Storms led to important human losses,
Floods and storms taused iMozambique, Ethiopia, Floods in 2011+ especially a tropical cyclone in the Philippine
the majority of human lgsses, Sudan) caused more than M"fanmar cost US$ 40.8 _bl_."FDI_'I s in 1991 (& 956 deaths)
notably in Nigeria\ - ;600 000 deaths [ = :

Cyclone Nargis {2008):
138 366 deaths

Madagascar
A tropical cyclone

.'“ 197; i‘:ftduﬁf o b}'"'"” A drought in 1981 (US$ 15.2 billion) was
5 EAE] L PEOEHC the costliest event, followed by the
South Africa 2011 floods {US$-7.5 billion)
Droughtin 1991 cost g
US$ 1.7 billion

Australia

(CRED EM-DAT) WMO s 2315 85 45 g jouis 191 143



‘:)‘ )Lw@ uv )‘)‘5 definitions describing the social and economic impacts of disasters

_ Persons confirmed as dead and persons missing and presumed dead
People suffering from physical injuries, trauma or an illness requiring medical
treatment as a direct result of a disaster

People needing immediate assistance for shelter
People requiring immediate assistance during a period of emergency, including

Affected :
displaced or evacuated people
Total affected Sum of injured, homeless and affected

Total estimated The value of all damages and economic losses directly or indirectly related to the
damages disaster

Reconstruction cost Costs of replacing lost assets
Economic damages covered by the insurance industry

EXRWERETR]

+ Estimated damages (direct/indirect; by sector)

Economic impact * Insured losses

» Reconstruction cost(s)

* Deaths

* Injured

Human impact + Homeless

+ Affected

» Total affected (injured + homeless + affected)

* Impact on infrastructure: houses, bridges, hospitals, crops, roads damaged/

Sector impact destroyed
» Sectors affected: industry, sanitation, communication




Disasters ranked according to reported (a) deaths and

ib] economic losses (1970-2012). TC indicates disasters caused by

tropical cyclones.

) T O I -+
Stnrm (TC?) 1970 Bangladesh 300 000

P storm (TC®) 1991  Bangladesh 138 866
ElY storm (Nargis) 2008 Myanmar 138 366
I3 Flood 1974  Bangladesh 28 700
N storm (TC) 1985  Bangladesh 15 000
I storm (TC) 1977  India 14 204
EB storm (TC) 1999  India 9843
ERN storm (TC) 1971 India 9 658
EM Flood 1980  China 6 200
KT storm (Sidr) 2007  Bangladesh 4234
)t e P
Disaster type Country losses (in

USS$ billion)

FI Flood 1998  China 42.25

m Flood 2011 Thailand 40.82

Demﬂclrati[:
Flood 1995 E‘Z‘;ﬁ't‘fﬁi " 22,59
Korea

' f:;rsg:gmm 2008 China 22.49
29 Drought 1994  China 21.33
2 Flood 2010 China 18.95
'/ Flood 1996  China 18.45
R storm (Mireille) 1991 Japan 16.86
1 Flood 1991  China 12.65
EIH Flood 1999  China 11.16

Jw 3l

lyed %45 (Lol o

s Jgl 59085 10 53112

WMO Region Il (Asia)

Country/territory

Afghanistan
Bangladesh
Bhutan

Cambodia
China

Democratic People's
Republic of Korea

Hong Kong, China

India

Iran, Islamic Republic of
Irag

Japan

Kazakhstan

Kuwait

Kyrgyzstan

Lao People's Democratic
Republic

Macao, China
Maldives
Mongolia
Myanmar

Mepal

Oman

Pakistan

Republic of Korea
Russian Federation

No. of
disasters

101
24
]
24
525

31

104
432
81

150
15

16

27

20
32
74

120
86
61

Union of the Soviet Socialist

Republics {until 1991} i

Saudi Arabia 13
Sri Lanka 69
Taiwan Province of China 63
{CHN)

Tajikistan 40
Thailand 107
Turkmenistan 1
Uzbekistan 3
Viet Nam 165
Yemen prior to 1990 {Yemen 4
Arab Republic)

Yemen prior to 1990 {People's
Democratic Republic of 7
Yemen)

Yemen

daxs ylas )!
Ol b o
“) ol
35 ;111
D415 Luwl 4
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Map of reported disasters and their related deaths (1970-2012)

== e
ﬂ;‘r;’_' - e e i j_;.i. TH S =
L C4 4 rfa%‘ﬁ L-"'F-E'?! . ; —==R_ ——
aRana SN S (S  p e S M S
- S T i ] .
Bl Tl i - -
? = = J o — -
< China e S
1 Floods led to over - R 'f'“ :
e 1 P 41 000 deaths, S f B < e
T ) f_ﬁ,__n 5 '@_'T_ N nczﬂ:al:aiwI due to the event Lﬂ'};i v e
“'-g-llghe‘g’t-*deaﬁ"i’tﬁlfs' related to " of 1980 (6 200 deaths) I LA i, 3
f‘.; al cyclones in 1977 (14 204 deaths), gl - B
of and 197 uveﬁ“aau deaths =ach) g
S = -2 d N
I B ) N P 3 £
(3 _\_.:_F._E:__ .-:J_r" ] Shom _\_“-\._I Fs 'J *l_,—'- --I'::.E_‘-{
i S Ak Total number of
v RV 4 reported deaths
\ ) ‘*ﬂ___,{f,!_,‘;_— (1970-2012)
a1 o b
b i _ [] 0-2000
3 gladesh = 2 000 — 8 00D
;:"_,_ ‘Seve ooding along the M?El:ll'l_‘lﬂr i > 0
W ﬁfﬂhmaptltrﬂ river in 1974 e '":t?_lm led ' I >8000-60 000
o = : A / o i deaths
_I-, GEL-iSE.'-'d 28 700 deaths ri'\ll ; 8 ?’G_V‘. j B =60 000- 140 000
Nl [“ P Bangladesh . ?ﬁ vk B B =140 000 - 520 000
f Highest death tolls linked to devasitati & i B ! M cdidie prclsided
¢ Y cyclones, such as in 1970 (300 000 deaths), in’ ~ 4 G Toem T T SL — c;_mfr]z:f:ﬂrlr?ﬂ::;ﬁ
: I (138 866), in 1985 (15 000} or Cyclone Sidrin 2007 M_Eﬂf}}, ol 4 g | ,‘ | b 5=,
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Dottad line represants approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan.
The final status of Jammu and Kashmir has not yet been agreed upon by the parties.
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Map of reported disasters and their related economic losses (in USS billion, 1970-2012)

China
Among the 10 costliest disasters, 7 were
reported in China, mainly due to
floods (notably in 1998, USS$ 42.3 billion),
but also to = cold wave in 2008 (US$ 22.5 billion)

A% and a drought in 18

- . Japan
' . A tropical cyclone in 1991
' was the costliest event
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% __~Aflood in 1993 cos ey
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o
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Dotted line reprasents approximately the Line of Controlin Jammu and Kashmir agreed upon by India and Pakistan.
The final status of Jammu and Kashmir has not yet been agreed upon by the parties.



MNMumber of reported disasters by decade
by hazard type (1971-2010)
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Reported economic losses by decade
by hazard type (1971-2010)
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US Damage impact: Figure 4 3 indicates the annual flood damage in the United States
in percentage of GDP. It shows it varies from 0.02 to 0.48% of GDP with an average of

0.081%, representing about US$ 9.6 billion nowadays.
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Figure 4_3: Historic series of annual flood damage in % of GDP (Priscoli, 2001)
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It would take 10-15 days for floodwaters to recede.
'Please don't come home'

At least 13 toxic waste sites in Texas were flooded or damaged by Hurricane Harvey
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Costs of measures vs costs to society

e Costs of prevention, protection
and preparedness can be
substantial ...

e .. but so are the costs to society
of the damage caused by floods!

e It make economic sense to select
measures which have multiple
benefits for society !

¢ (Chose measures that are robust
and flexible in context of climate
change ("no-regret”).
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Nature and Extent of Flood Hazard

e Factors affecting flood damage
@ Type of land use on the floodplain
@ Magnitude and frequency of flood
@ Rate and duration of flood
@ Season of the flood
@ Population density
@ Public awareness

@ Effectiveness of forecasting, warning, and
emergency planning



Impact Effects of Flooding

e Primary effects

%]
0

njury and loss of life, damage and
estruction of property, erosion and

C

eposition of sediments

e Secondary effects
@Water pollution

QA QQ

-ire
Diseases
Displacement of people

nterruption of social and economic activities



App

lied and Critical Thinking Topics

o List four possible causes for flooding.

» \What is the largest flood to ever occur In your
area?

o Wit
freo

n global warming, do you think the
uency and magnitude of flooding will

cha

nge?

» Differentiate between competency and
capacity. Does a stream’s competency and
capacity change over time?



