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Flood Frequency Analysis:

The objective of frequency analysis of hydrologic data is to 

relate the magnitude of extreme events to their frequency of 

occurrence through the use of probability distributions. 

…

…

The results of flood flow frequency analysis can be used for 

many engineering purposes: for the design of dams, bridges, 

culverts, and flood control structures; to determine the 

economic value of flood control projects; and to delineate flood 

plains and determine the effect of encroachments on the flood 

plain.

(Chow et al., 1988)



Flood Frequency Analysis: selection and representation of data

The hydrologic data employed should be carefully selected so that the assumptions of independence 

and identical distribution are satisfied (Chow et al., 1988).

Annual maximum peak discharges

frequency

m
a
g
n
itu

d
e

It is convenient to represent the data (and models) in a probability plot to better show their behavior 

for very small exceedence probabilities (i.e., the tail of the distribution).



Flood Frequency Analysis: probability distribution and design values

The objective of frequency analysis of hydrologic 

data is to relate the magnitude of extreme events 

to their frequency of occurrence through the use 

of probability distributions (Chow et al., 1988). 

=> Fitting a statistical model to the data to 

represent the population of possible floods.

In general engineers end up by choosing one model and, from it, a design value (e.g., 500-yr peak 

discharge, which is expected to be exceeded once every 500 years on average) 
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Flood Frequency Analysis: uncertainties

For events which are very rare, there is a 

great deal of uncertainty. Small differences in 

what a distribution line looks can have large 

impacts on the probabilities of uncommon events.

Many uncertainties are there:

- uncertainty in the chosen model (i.e., what 

probability distribution: Gumbel, GEV, LP3, 

BurrIII, …)

- uncertainty in the estimation of its parameters 

(i.e., what inference method: method of 

moments, L-moments, …)

- sample uncertainty (i.e., the size of the 

sample dictates the amount of information we 

have)
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Flood Frequency Analysis: uncertainties

Being honest, the outcome of the flood frequency 

analysis should be given in a probabilistic way, 

for example through uncertainty bounds, i.e., a 

range of values within which we do expect (with 

high probability) that the true probability 

distribution lies.

Problem: this is not satisfactory in engineering 

practice where a design value should be 

identified
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Flood Frequency Analysis: design values

What value do we choose as design value?

Usually the best point estimate is selected, i.e., 

our "best guess" of, for example, the unknown 

500-year flood peak

(we should give both then, the point estimate of 

Q500 and the estimate of its uncertainty)

best point estimate 

and distribution of the 

design value Q500

But other possible design values could be 

selected taking into account its estimated 

uncertainty (its distribution):

which ones?



Flood Frequency Analysis: design values (model averaging)

Mean (or median) of the estimated distribution of Q500 is a robust way to deal with uncertainty

Larger than point estimate because of 

the skewed uncertainty distribution



Flood Frequency Analysis: design values (posterior predictive)

Posterior predictive of Q500 is the value that has an expected probability of exceedance equal to 1/500 

(in one year) according to the full outcome of the inference procedure, including uncertainties

Larger uncertainties (positively skewed) 

determine larger design values



Flood Frequency Analysis: design values (UNCODE)

The UNcertainty COmpliant DEsign value is defined based on a simplified cost-benefit analysis, with 

linear damage and cost functions, and accounts for uncertainty in flood frequency estimation

is it equivalent to the posterior predictive 

design value



Black swan event!

Could we foresee an event like this before 2002?

Surprisingly severe flood of the Kamp river in 2002 

(northern Austria)



Black swan event!

Paradox: New event => more information -> larger uncertainty? What is going on here?

New event has shed some light on unknown-unknowns (we knew less than we thought)

Surprisingly severe flood of the Kamp river in 2002 

(northern Austia)



Flood Frequency Analysis: design values

before 2002 after 2002

The 2002 event has completely changed our perception on what could happen there…

…but hydrologists/engineers can do more than just flood frequency statistics

The increased uncertainty is reflected in increased uncertainty compliant design values



Flood Frequency Hydrology: Hydrologists/engineers know more than just 

the time series of maximum annual peaks:

- Temporal expansion

based on historic floods reconstructed from 

archival evidence, surveys, watermarks

- Spatial expansion

from observations in neighboring and similar 

catchments (regionalization)

- Causal expansion

from process understanding and rainfall-

runoff modelling



Flood Frequency Hydrology: Temporal expansion

More information => smaller uncertainty => smaller mismatch between design values at large return periods

=> smaller difference between estimates with and without the 2002 event

before 2002 after 2002

Information on inundated areas allows to reconstruct three major historic floods of the Kamp
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Flood Frequency Hydrology in a changing world

Recognising that the future may be more complex than we thought is information, that 

however may enlarge the “known” uncertainty, like observing the 2002 Kamp event

Studies on detection and attribution of flood changes are needed for informing flood design, 

in the spirit of flood frequency hydrology

Blöschl et al. (2020)
Bertola et al. (2021)
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