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Ces evenements n‘arrivent pas qu’a Zurich...
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L'infrastructure a ete concue a partir d'informations
normalisées et historiques
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'avenir ne ressemblera plus au passe

Stationary ser

- poucyrorum!

CLIMATE CHANGE

Stationarity Is Dead:
Whither Water Management?

PCD Milly,'* Julio B
drowicz. Dennis P. L

ystems for management of water

throughout the developed woeld have

been demgxxd and opcnled tnda the

wption of stati ity. § the
idea that natural systoms fluctuate vmhm an
unchanging envelope of vaniability-—is a
found | pt that p 3
and practice in water-resource engineering, It
implics that amy variable (¢.g., annual stream-
flow or annual flood peak) has a time-invan-
ant (or 1-year-periodic) probability density
function (pdf), whose propertics can be esti-
mated from the instrument record. Under sta-
tionarity, pdf estimation errors are acknowl-
edged, but have been assumed to be reducible
by additional observations, more efficient
estimators, or regional or paleohydrologic
data. The pdfs, in tumn, are used to evaluate
and manage risks to waser supplics, wates-
works, and floodplains; annual global invest-
ment in water infrastructure  exceods
US.$500 billion (/).

The stationanity assumption has loag
been compromised by human disturbances
in river basins. Flood risk, water supply, and
water quality are affected by water infra.

rk.’ Robert M. Hirsch,* Zhigniew W.

¥ Ronald J. Stostfer’

An encertain future chalienges water plansers.

In view of the magnitude and ubiguity of
the hydroclimatic change apparently mow
under way, bowever, we assert that stationanity
is dead and should no longer serve as a central,
default assumpticon in water-resource risk

and pl. 1g. Finding a suitabl

structure, ch 1 modifi drainage
waorks. and land-cover and land-use chanee.

is crucial for human adapiation o
changing climate.

Chmate change undermines a basic assumption
that historically has facititated management of
water supplies, demands, and risks.

that has emerged from climate models (sec
figure, p. $74).

Why mow? That anthropogenic climate
change affects the water cycle () and water
uwly(ld)urmnnw/ﬁndng Nevertheless,

bjecti 10d {4 ity
hz\tbvmmm!. For a time, hydroclimate had
not demonstrably exited the emvelope of natu-
ral variability and/or the effective range of
optimally operated infrastructare (71, 12).
Accounting for the substantial uncertaintics
of ck s d from short
records (I.ﬂ cffectively hodged against small
climate changes. Additionally, climate projec-
tions were not considered crodible (12, 14).

Recent developments have led us to the
opinion that the time has come 10 move
beyond the wait-and-see approach, Pro-
Jjections of rumoff changes are bolstered by the
recently demonstrated retrodictive skill of cli-
mate models. The global pattern of cbserved
annual streamflow trends is unlikely to have
arsen from unforced varsability and is consis-
tent with modeled response 1o climase forcing
(15). Paleohydrologic studies suggest that
small changes in mean climase might produce

large changes in extremes (/6), although EEI'-IEE

sttemnts 8o detect a recent chanee i elobal



Une atmosphere plus chaude peut contenir plus d'eau
~ 6-7% per °C pour Ies extremes quotidiens
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Il va falloir “s’adapter” aux futurs extrémes climatiques
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Notre infrastructure Notre facon de penser Notre vision de l'avenir



Comment s'adapter?

Modifier la conception Adopter les infrastructures Suivre le performance au

des systémes de bleu-vertes fils du temps
drainage urbain
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Une facon de modifier le processus de conception est
de mettre a jour les informations sur les precipitations

Courbes IDF




Plusieurs options pour actualiser la conception
des systemes de drainage urbain

P - PR R ~ ~
Jer C er 1es ormations historigues, mais augmenter le
N A N A A AN PN e Y A\ =i e e Y=y A =Y =N [ A~ N /;: Ve N A TN T
eau de protection (par exemple, doubler la période de retc
ﬁ o Va o . . . . } A -
) = ‘eur de sécurité arbifraire lié au changement c
- AN A SR
N N N AN PV TN N N N N AN P N g N T A~ ST PN
) O =oXE D1, Ulie aud = ® @ e U N

limaftigue

3. Utiliser les projections des modéles climatiques pour aligner les
conceptions sur l'avenir prévu.
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L'incertitude des modeles climatiques peut affecter les
décisions de conception

Résvultats du modeéle

climatique
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Un exemple : comment la resolution spatiale d'un modele
climatique affecte-t-elle les dimensions des canalisations ?

Résvultats du modeéle

climatique
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Le choix du modele climatique modifie les dimensions

du conduit

50km, 2020 - 2100

25km, 2020 - 2100

(O  Observed, 1950 - 2010

e=mme (Observed (50-year)

Cook et al (2020) Climatic Change

Pittsburgh

Future, 25-km ensemble (50-year)

=== Future, 50-km ensemble (50-year)
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Ces differences modifient les tailles et les coUts dans
chaque ville
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En raison de cette incertitude, il faut nous tourner sur
'infrastructure bleue-verte

Adopter les infrastructures
bleu-vertes
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Méme les infrastructures bleu-vert sont soumises a des
changements dans les precipitations, alors...

Suivre le performance au
fils du temps
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Il faut d'abord définir les objectifs de performance

Fréquence ou volume de
débordement
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Il faut d'abord définir les objectifs de performance

Durée du drainage de

surface
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Efficacité du captage des
eaux de ruissellement

Fréquence ou volume de
débordement
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Suivi des performances possible grace aux capteurs,
a la simulation et a l'inspection habituelle
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Les caractéristiques des précipitations sont liees a la
performance hydrologique : surveiller la pluie ?
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Messages “take away”

1. Nos infrastructures n'ont pas été congues pour résister aux
précipitations extrémes d'un monde plus chaud

2. Chaque systéme de drainage urbain devra étre adapté a des
précipitations plus extremes

3. L'adaptation nécessitera une combinaison de nouvelles techniques
de conception, d'infrastructures bleu-vert et de suivi des
performances
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