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Hydrological consistency between the upstream
and downstream estimates of Q1000 flood on
the upper Rhine River, using historical series in
Basel (1808-2017) and Maxau (1815-2018)

flood series on the Rhine
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Long series in Basel and Maxau

Long series of annual maximum discharge in Basel : 1808-2017
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Corrected flood data in Basel
accounting for the Jura water correction (1890)
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3 stations
* Schifflinde : 1808-1932
« historical » station
* Rheinfelden : 1933-1994
since influence of Kembs dam
* Rheinhalle : 1995-2017
« modern » station
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Long series in Basel and Maxau Uncertainty on flood discharge ‘

Local flood distribution

‘ Hydrological consistency with a regional GEV distribution
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Conversion of raw discharge data into corrected flood data

- use of hydraulic studies

Long series of annual maximum discharge in Maxau : 1815-2018

(baseline conditions with a morphological state of the bed river in 1977)

Data in Maxau
* since 1815: stage series
* since 1947: gaugings

Before 1947, reconstructed discharge
series by hydraulic studies

Long series in Basel and Maxau Uncertainty on flood discharge

Local flood distribution ‘ Hydrological consistency with a regional GEV distribution

Use of the BaRatin bayesian model
Le Coz et al. (2014) J. Hydrology (doi: 10.1016/].jhydrol.2013.11.016)

v" Prior on the rating curve parameters from an expertise of the hydraulic controls
v’ Use of gauging information with associated uncertainties

v’ Bayesian combination of the prior + gaugings

- Assessment of the rating curve + uncertainties

Basel/ Rheinhalle 1994-2018
90 ADCP gaugings (uncertainty + 5%)

Basel/ Schifflinde 1808-1866

no gauging
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Uncertainty on flood discharge ‘

Basel (1808-2017): + 24% (1808-1866) up to + 7% (1994-2017)
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Maxau (1815-2018): + 45% (1815-1839) up to * 5% (1977-2018)
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‘ Local flood distribution

Bayesian analysis with the HBAY model accounting for rating curve uncertainty

v’ Use of a GEV distribution p(y|@) where y is a dataset of annual maximum values
0 is the set of parameters
v’ Prior p(8): by default non-informative, possibly a regional prior on the shape parameter

v’ Likelihood L(y, 8): accounting for rating curve uncertainties with multiplicative errors (Neppel et al., 2010, HSJ)
doi: 10.1080/02626660903546092

v Posterior GEV distribution p(8]y) « L(y,8)p(0)
v" Predictive GEV distribution p(z|y) = [ p(z18)p(6|y)dé

with MCMC simulations (Metropolis algorithm) > GEV distribution with credibility interval
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Long series in Basel and Maxau

Uncertainty on flood discharge Local flood distribution Hydrological consistency with a regional GEV distribution

Bayesian analysis with the HBAY model accounting for rating curve uncertainty
Basel 1808-2017 ; Maxau 1815-2018

GEV distribution with a non informative prior on 6 > Crossing of distributions beyond
7000 T =1000 years

Due to differences on the shape parameter
{(Basel) = 0,066 (near Gumbel)
{(Maxau) = 0,219 (Weibull; bounded)
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Long series in Basel and Maxau

Uncertainty on flood discharge ‘ Local flood distribution Hydrological consistency with a regional GEV distribution

Hydrological consistency between upstream/downstream estimates
Basel 1808-2017 ; Maxau 1815-2018

- No more crossing of distributions beyond
T =1000 years

Posterior estimates of the shape parameter

{(Basel) = 0,070 (near Gumbel)

{(Maxau) = 0,185 (Weibull, less bounded)

GEV distribution with a regional prior on shape parameter {
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‘ ‘ Hydrological consistency with a regional GEV distribution

Hydrological consistency between upstream/downstream estimates

GEV PREDICTIVE distribution with a regional prior on shape parameter {
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Crest elevation of dykes at
Iffezheim (25 km upstream
Maxauy) is relative to a
discharge Q*= 7500 m3/s

Even with a safety margin
from the predictive
distribution, the residual risk
of overtopping remains very
low:

no risk with the Q10 000 flood

Conclusion

* Long discharge flood series on the upper Rhine (Basel/Maxau)
with about 2 centuries of record are a valuable source of data |t
for extreme flood analysis '

* A Bayesian analysis allows to account that «modern» flood
discharges have lower uncertainties than «historical» flood
discharges

Basel (1808-2017): + 7% (1994-2017) up to + 24% (1808-1866)
Maxau (1815-2018): + 5% (1977-2018) up to + 45% (1815-1839)
* Hydrological consistency between upstream and downstream

estimates of Q1000 flood can be achieved with a regional prior
on the shape parameter of the GEV distribution

* Predictive distribution gives the opportunity to account for
parameters uncertainty
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