RegCM for the estimation of flood
risk maps: an integrated
hydrological and hydraulic
approach




Observed
precipitation
Data
RegCM

output

Observed
discharges

Data

Statistical
Analysis

CHyM hydrological model

CA2D hydraulic model

Flood Maps



THE METHOD:
Statistical Flood Frequency analysis: why?

N = years of data
T<= 2N but the target is T=100, 200, 500 years!!

Considering the hydrological quantity as a random variable:

the maximum discharges of a river, can’t be predictable and occur with
remarkable variations in intensity, thus we need to define the feasible range of
values that they can assume, through a statistical-probabilistic analysis on the
base of OBSERVED (or MODELLED) DATA, so that the frequency of occurrence can
be deduced.

When speaking of flood events, the “frequency” is often expressed in terms of
“RETURN PERIODS” = the probability that the event will be equalled or exceeded
in any one year. This does not mean that a 100-year flood will happen regularly
every 100 years, or only once in 100 years. Despite the connotations of the name
"return period". In any given 100-year period, a 100-year event may occur once,
twice, more or never.



THE METHOD:

From the discharge climatology to the Flood hazard maps
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1. The maximum discharges of a river, can’t be predictable and occur with
remarkable variations in intensity, thus we need to define the feasible range of
values that they can assume, through a statistical-probabilistic analysis on the base
of OBSERVED (or MODELLED) DATA, so that the can be
deduced.

When speaking of flood events, the “frequency” is often expressed
in terms of “ ” = the probability that the event will
be equalled or exceeded in any one year. This does not mean that
a 100-year flood will happen regularly every 100 years, or only
once in 100 years. Despite the connotations of the name "return
period". In any given 100-year period, a 100-year event may occur
once, twice, more or never.

Thus, the aim of the statistical analysis is the determination of the relationship:

QD = QD(T)

between discharges and return periods.



This is crucial in flood management (typical cases: definition of inundation
maps and optimisation of flood plain management in view of risk

mitigation) where the elements of interest are in the definition of
hydrological risk are:

1. the peak discharge

the flood volume

3. the shape of the hydrograph (A hydrograph is a graph showing the
rate of flow (discharge) versus time past a specific point in a river),
that gives the information on when the peak would occur

g

Thus, the aim of the statistical analysis is the determination of the relationship:

Q, = Qp(T)

between discharges and return periods.

A possible solution is the formulation of a Synthetic Design
Hydrograph (SDH)
(Maione et al., 2003)



The return period is the inverse of the probability that the event will
be exceeded in any one year (or more accurately the inverse of the
expected number of occurrences in a year). For example, a 10-year
flood hasa 1/10=0.1 or 10% chance of being exceeded in any one

year and a 50-year flood has a 0.02 or 2% chance of being exceeded
in any one year.

This does not mean that a 100-year flood will happen regularly every
100 years, or only once in 100 years. Despite the connotations of the
name "return period". In any given 100-year period, a 100-year event
may occur once, twice, more, or not at all, and each outcome has a
probability that can be computed as below.



The construction of the SDH is based on the Flow Duration Frequency reduction curves
(FDF) that can be obtained through the statistical analysis of historical hydrographs:

Data sampling of Q, and r, from an historical hydrographs (D=16):
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Let’s try to do an example..

0 ore 3 ore 12 ore 23 ore 30 ore

0T Q) Q[ms) r | Qi | r | Qi | r | Qs | r
1956 104.0 104.2 0.167 0238 0.202 73 0.220 60.7 0.167 |
1957 133.6 130.8 0.333 117.8 0.375 1035 0.313 05 0.264
1058 206.3 1815 0.167 1194 0.208 043 0.521 883 0.861
1959 308.6 273.9 0.333 2063 0.458 170.1 0.396 141.6 0.278
1960 4505 4302 0.333 3189 0.417 2475 0.896 235.6 0.708
1061 2012 276.8 0.5 234.1 0.583 1847 0.306 1483 0.310
1962 1804 186.6 0.667 180.6 0.208 161.1 0.021 158.8 0.097
1963 261.5 251.7 0.5 212 0.208 181.6 0.167 1535 0.139
1964 211.7 210.2 0.333 1803 0.333 1454 0.313 1264 0.333
1965 205.4 286.4 0.5 2304 025 1742 0.146 1429 0.125
1066 501.8 4779 0.5 353.1 0.417 250 025 207.7 0.194
1067 3337 204.1 0.333 204.7 0.202 143 0.146 111.8 0.111
1068 3680 335.1 0.167 250.4 0.208 2046 0.271 170.4 0.375
1969 4057 376.4 0.667 260.6 0.417 191.7 0.202 153 0.236
1970 1045 184.2 0.333 1652 0.583 1449 0.438 1403 0.264
1971 267.6 251.8 0333 213 0.167 197.9 0.104 1774 0.111
1972 2784 2732 0.667 2503 0.542 202.1 0.396 164.8 0.202
1973 4089 2728 0.667 197.6 025 145.1 0.202 1173 0.278
1974 3404 319.7 0.333 2792 0.458 216.6 0.375 178.7 0.202
1975 269.7 257.2 0.667 2063 0.202 17622 0.188 1474 0.153




Let’s try to do an example..




THE GOAL: Qg = Q,(T)

Following NERC (1975), let’s consider this empirical relationship:

the maximum average

disch
oy discharees L H©y)
0,(T) — 2 u(,)

/ Assumption (on the base of several

the peak flood discharge  studies in literature): the reduction

ratio is independent of the return
period T

approaches to identify the form of the reduction formula:

£p(T) =




Let’s try to do an example..

0 ore 3 ore i2 ore 24 ore
anno Qm’s] | Qms] r Q [mss] r Q [m’s] r
1 1956 1049 1042 0.167 928 73 0229
2 1957 1336 1308 0.333 1178 1035 0.313
3 1958 2063 1815 0.167 1194 943 0.521
4 1959 308.6 2739 0.333 2063 170.1 0.396
5 1960 4505 430.2 0.333 3189 2475 0.896
I U R ey e

2dia 313.29 28012 | 040 | 20995 | 033 | 16144 | 030

dev.st 19739 | 16598 1772 | | 8438

cv 063 059 0.56 052

eps D 1.00 0.89 0.67 052
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Let’s try to do an example..

ESERCITAZIONE | &-U1+PD)"
(NERC, 1975)
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Let’s try to do

rp(D)=a+b-D

05

04 ° @ Dati sperimentali
=== Posizione del Picco




THE GOAL: Qg = Q,(T)

Following NERC (1975), let’s consider this empirical relationship:

the maximum average

o, / discharges u(©@y)
£(T) = B 2T
0,(T) u(Q,)

/ Assumption (on the base of several
the peak flood discharge  studies in literature): the reduction
ratio is independent of the return

period T
ible approaches to identify the form of the reduction formula:




The Gumbel distribution is hypothesized as statistical distribution of the annual maxima of
discharge (Beirlant et al., 2004), so that the equation for the FDF curves is:

 u=2397.18 ~ u=2251.71  =2089.84
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The Gumbel distribution is hypothesized as statistical distribution of the annual maxima of
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THE METHOD:
Statistical Flood Frequency analysis

The construction of the Synthetic Design Hydrographs (SDH) is performed imposing
that the maximum average discharges for each duration coincides with the value

obtained from the FDF curves, in a given duration D for each value of the return period T

r,=D,/D




The rising and the falling limbs of the SDH are obtained by differentiating both the
equations with respect to the duration D as follows:

t=-r,D | t= (1-rp)D

d%(rDDQD(T))| dip((l - rD)DQD(T))‘
00 =— | KA o
4 —(1-r,)D
dD (rDD) D=D(1) aD (( ) ) D=D(1)




Before the peak: '~ 7o

r,(D)=a+b-D

Op(T) =£5(T)Qo(T)

d d, | d
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Let’s try to do an example..

P. Javelle et al. / Journal of Hydrology 258 (2002) 249-259
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Fig. 1. Determination of the maximum mean streamflows Qd.



After the peak: = (1-+,)D

A 0,(T)=£,(T)Q,(T)
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THE METHOD:
Synthetic Design Hydrographs
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THE METHOD:
Synthetic Design Hydrographs
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THE METHOD:
CA2D_par hydraulic model

For each return period T, a SDH has been estimated and used as
input data for the hydraulic model to predict the corrisponding
maximum flood inundation extent and depth
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