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Objective

WHERE ARE WE HEADING IN FLOOD
QUANTILES ESTIMATION?

Whether the theory meets the expectations
of the practice?
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Introduction

flood quantile = probable size of flood flows within a given return
period T years

Flood Frequency Analysis (FFA) = estimation of upper quantiles of assumed
probability density function of annual or partial duration maximum flows
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Application of flood quantile estimates

designing hydraulic structures (spillways, dams, bridges, levees,etc.)
determining the limits of flood zones with varying degree of flood risk
estimating the risk of exploitation of floodplains

valuation of some insurance premiums

Flood near the village of Swiniary, in Central Poland, May 25, 2010. Avon & Severn Rivers, Tewkesbury, UK, 2007.
(AP Photo/Czarek Sokolowski)
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Flood quantiles estimation

Issue:
» choice of probability model
» choice of optimization criterion

Discrimination procedure:
» best-fit model to empirical data, primarily in upper quantiles
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Problems

» Unknown probability distribution function of annual peaks
» Short time series (N<<T)
» Error corrupted data
» Simplifying assumptions:
> Independent and identically distributed (i.i.d.) data
> stationarity of relatively long series

}

Flood quantile estimates are highly uncertain
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Case study

Annual peak flows for Nowy Targ on the Dunajec River, 1921-2010
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Models
2 parameters 3 parameters
* Weibull (We) * Weibull (We)
e log-normal (LN) * log-normal (LN)
 log-logistic (LL) e generalized log-logistic (GLL)
* log-Gumbel (LG) » generalized extreme value (GEV)
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Optimization criteria

Criterion of (conventional) moments - MO
Criterion of linear moments - LM
Maximum likelihood criterion - ML

Criterion built on mean deviation - MD

MD Location

Dispersion

Skewness

Measure H

J, = [|x=p dF(x)

Og = 1 —med

Dimensionless
measure
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Discrimination procedures

(1) Akaike information criterion (corrected for finite sample)

2K(K +1)
N-K-1

arce = -2m|L(f(x/6)]+ 2k +

K — number of model parameters
L — likelihood function of model

The best model = this one of the lowest AICc value



Discrimination procedures

(2) Daniels characteristic
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i=l,...N

F(x.,) — theoretical probability of theth element of X, <...< Xy,

F.,, — empirical probability given by the Weibull formul&,, =i /(N +1)
Sensitive within the area of probabilities approximating to one !

The best model = this one of the lowest Dmax value
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Discrimination procedures

(3) Difference between the quantile estimates

A ML A MO
D =x"—-x
1% 1%

~AML ~NIM
D,=x"~-x

~ML ~MD
) =x " —X

1% 1%

X" — 1% quantile estimated by the criterion of moments
XM — 1% quantile estimated by the criterion of linearments
X"° — 1% quantile estimated by the criterion built orameeviation

X" — 1% quantile estimated by the maximum likelihooigecion

The best model = this one of the lowest Di value



Flood quantile estimates

for two-parameter models

1% quantile estimate value
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Discrimination procedures

Akaike information criterion

Ga We LN LL LG

MO | 1088.7] 1093.1 1095.9( 2157.2
LM ]1086.7]1091.5 1085.1(1209.4
MD | 1087.4]1091.7 1084.5| 1198
ML |1085.7]1091.4 1080.8J 1084.1|1142.6

Daniels characteristic
Ga We LN LL
MO | 8.8241| 16.12 |2.1758|1.8015
LM | 15.21 | 55.578| 1.4466
MD | 12.022( 37.69 | 1.1562
ML |31.978|69.362|1.2728

0.3877] 1.9364

Difference between the quantile estimates

Ga LG
XML-XMO | 64.96 101.24
XML-XLM | 34.886 168.16
XML-XVD |47.384| 18.031 : 182.4




Flood quantile estimates

for three-parameter models

1% quantile estimate value
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Discrimination procedures

Akaike information criterion

Pe We GLL | GEV
M O k*kkkk *kkkk 1 103 1092
LM [ xex | e 1090.9| 1086.7
MD | *xx | e 11087.6| 1087
ML | 1085.2(1087.7 1082.7_J 1086.5| 1084.4

Daniels characteristic
Pe We GLL | GEV
MO | 3.5702| 3.5053 3.5584 | 3.3025
LM [4.6892| 6.239 |2.1049 1.3651
MD | 3.8207| 3.4893 | 0.8734( 0.5514( 0.6589
ML |17.717|25.306 | 1.5643 0.6594

Difference between the quantile estimates

Pe We GLL | GEV
XML-XMO | 86.245( 85.918 192.72 | 222.66
XML-XLM | 71.046 | 56.635 92.486( 164.4
XML-XMD | 83.864( 88.79 |36.427 63.15
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Conclusions

v The choice of the best fitting model and, thus, hydrological
design value (i.e. 1% quantile) depends on the optimization
criterion and the procedure of discrimination.

It is characteristic for hydrological size of samples.

v Development of flood frequency modelling is done by
improvement of statistical techniques, which in turn leads
to a proliferation of models, optimization criteria and
discrimination procedures.

This causes an increase in our awareness of the uncertainty
of flood quantile estimates instead of leading to clear solution.

v The hydrologists want to have an unique value, not accepting
the uncertainty !
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Conclusions

WHERE ARE WE HEADING IN FLOOD QUANTILES
ESTIMATION?

Go back and start examining the way in which
hydrological frequency analysis has been doing
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