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The most distinguished behaviors and ideas
often look obvious
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Pietra diBismantova Reggio Emilig Italy
By GiorgidGaleotti- Own work, CC BY 4.0,
https://commons.wikimedia.org/w/index.php?curid=51426204




Hydrology is important: a trivial statement!
y gy P EGU

Five facts to prove the essential role of hydrology in ensuring sustainable development:
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Hydrology is important: a trivial statement!
y gy P ( EG U

Five facts to prove the essential role of hydrology in ensuring sustainable development:
A Economic losses from hydrological extreme events, and the number of reported events are steadily increasing;

Number of relevant natural loss events worldwide 1980 - 2016
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This presentation is available at the web address http://www.albertomontanari.it — E-mail: alberto.montanari@unibo.it [ ‘- .




Hydrology is important: a trivial statement!
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Five facts to prove the essential role of hydrology in ensuring sustainable development:

A Economic losses from hydrological extreme events, and the number of
reported events are steadily increasing;

AHydrology is the interface between humans and climate. Climate chang
affects humans through the filter operated by hydrology;

Hydrol. Earth Syst. Sci., 19, 379-387, 2015
Research article https://doi.org/10.5194/hess-19-379-2015

i = i bilitys © Author(s) 2015. This work is distributed under
E;I;"::tec::‘i::?5:;:3:;1‘072rlahlllw' the Creative Commons Attribution 3.0 License.

I. Andrés-Doménechl, R. Garcia-Bartuall, A. Montanari2, and J. B. Marcol
Linstituto Universitario de Investigacion de Ingenieria del Agua y Medio Ambiente, Universitat Politécnica de Valéncia
Camino de Vera s/n, 46022 Valencia, Spain

2Facolta di Ingegneria, Universita di Bologna, Via del Risorgimento 2, 40136 Bologna, Italy

on Svalbard.
By AndreadVeith (Own work) [CC BSA 4.0

(https://creativecommons.org/licenses/bga/4.0)], via Wikimedia
1 Commons
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Five facts to prove the essential role of hydrology in ensuring sustainable development:
A Economic losses from hydrological extreme events, and the number of
reported events are steadily increasing;
AHydrology is the interface between humans and climate. Climate change
affects human through the filter operated by hydrology;
A Projections of water demands point out an uncertain future situatidmérasinghe Smakhtin 2014);
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Sources: AQUASTAT data for 1995 and 2005 are from FAO 2012a; AQUASTAT 2000 and 2015-2025 data are authors’ estimates.
BAU scenario and SUS values are based on Table 1 (with further adjustments as noted above).
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Five facts to prove the essential role of hydrology in ensuring sustainable development:
A Economic losses from hydrological extreme events, and the number of

reported events are steadily increasing; World Energy Balance
AHydrology is the interface between humans and climate. Climate chan e, v —

affects human through the filter operated by hydrology; f’w Rk i
A Projections of water demands point out an alarming future situation 12 2 Hydr:;?oZSSS%

(Amarasingh& Smakhtin 2014); Nuclear 5%

Al BRNRLI2ZGSNI KIIa |y SaaSyaAalft NRfE:
energy consumption (see Koutsoyiannis et al., 2009);

Wind Turbines
& Solar Panels make
0.8% of World Energy

10

Billion tonnes of oil equivalent

Fossil Fuels 81%

This presentation is available at the web address http://www.albertomontanari.it — E-mail: alberto.montanari@unibo.it m
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Hydrology is important: a trivial statement!
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Five facts to prove the essential role of hydrology in ensuring sustainable development:
AHydrological extreme events are steadily increasing in terms of number and economic losses;
AHydrology is the interface between humans and climate. Climate change affects human through

the filter operated by hydrology;
A Projections of water demands point out an alarming future situatidymarasinghe Smakhtin 2014);

AHop: 2F ¢g2NIRQa SYSNHeé O2yadzYLWiA2y Aa O20SNBR o6& | @RI
Alncreasing irrigation and groundwater depletion may impact water and food security (video by NASA's Scientific
Visualization Studio, http://svs.gsfc.nasa.gov/4523; Baénet al., Nature 543, 2017).

Irrigation
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Hydrology is indeed important !

According to theGlobal Risk 2015 Report of the World Economic
Forum,global water crisesre the biggest threat facing the
planet over the next decade.

For the first time water is at the top position for impact.

Twothirds of the global population live under conditions of
severe water scarcity at least 1 month of the year.

| FfF 2F GKS ¢g2NI RQa f I

Source: Global Risk 2015 Repdfforld Economic Forum (drawing on the
perspectives of experts and global decisioakers).
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Global Risks 2015 Report WORLD

ECONOMIC
Data explorer F%QA/A

Menu

The Global Risks Landscape 2015

What is the impact and likelihood of global risks?

Water crises

Weapons of mass:destruction Spread of infectious diseases

Interstate conflict

Critical information infrastructure breakdowniergy price shock ‘ Failure of climate-change adaptation

Fiscal crises
5.0
Unemployment or underemployment
Biodiversity loss and ecosystem collapse » Cgbgglanacks
i sset bubble
Failure of financial mechanism or institution Terrorist attacks
Food crises Profound social instability
45 Failure of national goverr:nce ‘
B st fraiale tﬁo'flt'""s‘c‘a”?:fr‘ gfisigher events
Large-scale involuntary migrationat@ fraud or the
Jnmanageable inflation
Misuse of technologies
@ Defation Natural catastrophes
Failure of critical infrastructure
Man-made environmental catastrophes
4.0
Failure of urban planning
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Is hydrology perceived as important by the public?

It seems not, basing on The Chapman
University Survey of American Fears 2017
(https://blogs.chapman.edu/wilkinson/2017/
10/11/americastop-fears2017)). What are we most concerned about?

There is concern about water pollution, but
there are no fears at all regarding water
security, drought and flood risk, and @
associated social tensions. R =
A similar situations highlighted by the 6]
GwSTFE SOGAZ2Y LI LISNI 2\
defence& http://eur -lex.europa.eu/legal o
&
®

o
@ ® O o
content/EN/TXT/?uri=CELEX%3A52017DCI o /’® ® o
5) published by the European Commission. {a
(Katainen& Mogherini 2017). Ao S o
.'j 0 @ 0
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3. Economic situaton

4_The state of Member States’ public finances

5. Unemployment

7. Rising prices/inflaton/most of living
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S_Climate change

10_The environment
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Is hydrology perceived as important by the public? EG U

Articles and other documents published in Nature and Science

Search for keywords in the title of articles 2013-2018
and other documents published in Nature e
and Science, during the period 262818 S £ S
(search performed on Marcl#12018) € 450

g 400 |
Hydrology: 8 papers, H index = 4 e
Water: 224 papers, H index = 50 % 00 |
River: 36 papers, H index =9 S 250 | e
Flood: 26 papers, H index = 7 S w0 R
Drought: 33 papers, H index = 13 ® w0 7| K =
Climate change: 147 papers, Hindex=34 3 0 A -
Climate: 471 papers, H index = 54 E 52 — ﬂ P
Climate: 9730 citations, 8450 citing articles; rcrology  Weter - Rver - Fload  Droveht  cimae  climate
Water. 10904 citations, 9788 citing articles. Keyword in the title of the paper
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It is not yet clear what the research priorities are for ensuring { E(5|J
environmentally sustainable human development.
Science needs to seek credibility through objectivity.
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Why is the importance of hydrology underperceived?

Four reasons why the role of hydrology is underestimated by the public and administrations:
The hydrological community is not unified enough;
Vs there too much competition within the hydrological community?

V Competition may be beneficial to science, but nowadays scientists work in an 1\ 1\
environment of relentless stress, time pressure, and insecurity, factors that are

counterproductive to good science.
V We need to make an effort to unify the community. Earth Science is not an individu

Adapted fromCieresek Own work, CC BSA 4.0,

Lhttps //commons Wlklmedla org/w/mdex php”curld 5015025

effort. Most science today would benefit from a radically different structure that
promotes cooperation, collaboration, and creativity.

V Useful measures may include changing the criteria for professional advanceme
with an emphasign common rather than individual goaad a reduced emphasis
on publication in prestigious venues.

g



An interesting example where EG U
community made the difference

Hydrological Sciences Journal — Journal des Sciences Hydrologigues, 2013 1
http/idx.doi.org/10.1080/02626667.2013.809088

“Panta Rhei—Everything Flows”: Change in hydrology and
society—The IAHS Scientific Decade 2013-2022

A. Montanari!, G. Young?, H. H. G. Savenije?, D. Hughes*, T. Wagener®, L. L. Ren®,
D. Koutsoyiannis’, C. Cudennec®, E. Toth!, 8. Grimaldi®, G. Bloschl'®, M. Sivapalan'!, K. Beven!?,

H. Gupta'®, M. Hipsey'*, B. Schaefli'®, B. Arheimer'®, E. Boegh'’, S. J. Schymanski'®,
G. Di Baldassarre'?, B. Yu?®, P. Hubert?!, Y. Huang??, A. Schumann?, D. A. Post®*, V. Srinivasan®,

C. Harman®®, S. Thompson®’, M. Rogger'®, A. Viglione'®, H. McMillan®®, G. Characklis®, Z. Pang™
and V. Belyaev?!

Fig. 2 Examples of interaction between environmental and
human systems.




Why is the importance of hydrology underperceived? (EG U

Four reasons why the role of hydrology is underestimated by the public and administrations:
AThe hydrological community is not unified enough;

. - . ) See Explorable.com (Aug 11, 2009).
Vs there too much competition within the hydrological community? Competition in Science. Retrieved Mar 05,

V Competition may be beneficial to science, but nowadays scientists work in an | 2018 from Explorable.com:
: . : . https://explorable.com/competitionin-science
environment of relentless stress, time pressure, and insecurity, factors that are | pang, F. C., @asadevalla. (2015).

counterproductive to good science. Competitive science: is competition ruining

) ) ) ) .- |, science?, Infect. Immun. April 2015 vol. 83 ng
VWe need to make an effort to unify the community. Earth Science is not an mdmdil 991233 P

effort. Most science today would benefit from a radically different structure that
promotes cooperation, collaboration, and creativity.

V Useful measures may include changing the criteria for professional advancement,
with an emphasi®n common rather than individual goasd a reduced emphasis
on publication in prestigious venues.

V Unselfish scientific acts such as mentoring and making useful reagents and information available to the community s
recognized.

i V Defining joint goals promotes cohesion in the community, just as Hilbert's definition of 23 unsolved problems in 1900
| to galvanize the efforts of mathematicians.
i pe— " Z
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IAHS initiatives: PUB, Panta Rhei and EGU
Unsolved Problems in Hydrology

What are the 23 unsolved problems in

Hydrology that would revolutionise
resea rch in the 21St century‘? HOME IAHS UPH IAHS COMMISSIONS PUBLICATIONS NEWS CALENDAR

LINKS

Published on November 15, 2017

i o N
sl Adn?".] IAHS = Follow ( ej 11 () o
Administrator at IAHS N N

NEWS

IAHS Mews

« Back to News

Unsolved Problems in Hydrology - Join the Comversation
S

In Movember 2017 1AHS launched the new initiative to generate the 23 unsolved

problems in Hydrology that would revolutionise research in the 21st century with a
YouTube video.
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The generation of questions is open to everyone and will be distilled through discussion
on the IAHS Linkedin group https:/www linkedin.com/groups/13552921 We aim to finalise
the questions in Spring 2018,

Change in Hydrol
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Why is the importance of hydrology underperceived?

Four reasons why the role of hydrology is underestimated by the public and administrations:

AThe hydrological community is not unified enough;
AHydrologists do not disseminate and communicate well;

V Scientific journals for hydrology have limited impgdthey are too
specific;

V No convincing alternative to journal publishing has appeared so far in

Hydrology; (Koutsoyiannis & Kundzewicz, 2007)
VIaS 2F o6ft23a4 YR aY2RSNYyé¢ 0O2Y
limited,;
V The dialog with stakeholders and administrations is not develope
the importance of our research would need and deserve;
Vv2S ySSR (2 YIS KeRNRf23& Y2N
where the cooperation of social scientists is essential.

Reach per tweet

8

(EGu

Twitter searchfor (last 100tweets):

#hydrology 1.2 tweet/h; 2.47reachpertweet;
#waterscience 0.4 tweet/h; 1.11reachpertweet;

#water. 222 2tweet/h; 3.71lreachpertweet;
#geology 22.2 tweet/h; 3.07reachpertweet;
#climate 303.0tweet/h; 4.35reachpertweet;

#climatechange 606.6tweet/h; 7.34reachpertweet;

1000

7

- 100

- 10

Tweets/hour



I Why is the importance of hydrology underperceived? r EG U

Four reasons why the role of hydrology is underestimated by the public and admInIStI’a'[l’*f’

AThe hydrological community is not unified enough; Qé"‘ &&"@ I
AHydrologists do not disseminate and communicate well; &e@ \g@ Jf Qf
AThe research agenda of hydrology is not convincingly addressing current global concerw@’ @‘-‘v& . &@ea“&% g d
o ¥ &
V Classical hydrology focuses on local problems; global scale hydrology was oés?é &é{};fi \&s»“‘i&""b
introduced 30 years go, but most contributions still focus on the catchment &s‘f"’ & & },f’ f\&
scale; & 6@& . fi o
V While there are good reasons for solving technical problems at the local level, f"@i‘“f
an effort need to be made to better model the global water cycle and wat@zq o
resources; Wage,
R
V While enlarging the modeling scale, hydrology should maintain a ngora,fﬁs W
approach to model validation. Hydrologists have a consolidated “q”’
experience in rigorously benchmarking models with observations; ”

V Humans need to be informed; when managing water there cannot be room fe
sensatlonallsm distortion, and overstatement.
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deal with and communicate.

Proposition #3
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I Why is the importance of hydrology underperceived? EG U

Four reasons why the role of hydrology is underestimated by the public and administrations:
AThe hydrological community is not unified enough;

AHydrologists do not disseminate and communicate well;

AThe research agenda of hydrology is not convincingly addressing current global concerns;
AHydrology implies uncertainty which we do not convincingly deal with and communicate.

V Hydrologists know well what uncertainty is; in the context of geosciences, we have a .

unique experience of benchmarking simulations and predictions with the real world e %{féé%
(Gupta et al., 2008); ALY

V However, is uncertainty in hydrology epistemic (related to lack of knowledge) or
intrinsic? Will uncertainty be eliminated in the future? Uncertainty is often
presented as a limitation, rather than an intrinsic property.

Val @RNRf 238XYdzald Y20S G261 NRa Xo oé
are unjustifiably trapped in the 1@century myths of deterministic theories and th
TSIt G2




On the nature of uncertainty

Aninterestingreading the BohrEinsteindebateson quantummechanics
(https://en .wikipediaorg/wiki/Bohr-Einstein_debates)

VLY MoHc al E 2NY LINRPLR2&aSR GKIFG | LI NIA

understood as a probability without any causal explanation.

Vin a 1926 letter to Max Born, Einstein wrote: "I, at any rate, am convinced that He [Ga
R2Sa y20 GKNRg RAOS®a

V Einstein did not reject the idea that positions in spdicge could never be completely

known but did not want to allow the uncertainty principle to necessitate a seemingly
random, nondeterministic mechanism by which the laws of physics operated.

V Can we locate a drop of water in a catchment through a deterministic law? Or should
better describe it through probability?

(Decemberl925;

Niels Bohmwith Albert Einsteirat PaulEhrenfest'shomein Leiden

https://en.wikipedia.org/wiki/Bohr%E2%80%93Einstein_debal



Why hydrology needs to get to the top of uncertainty

V Public does not like uncertainty. Public likes crystal clear predictions;

V Uncertainty (and probability) is associated to insecurity, doubt, lack of
understanding, failure of science, possible mismanagement;

y dzy O2 YT 2 NI UL

//7d:YOSNﬁrAyGé A&
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Voltaire, 1694 1778
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I Why hydrology needs to get to the top of uncertainty EG U

V Public does not like uncertainty. Public likes crystal clear predictions;

V Uncertainty (and probability) is associated to insecurity, doubt, lack of
understanding, possible mismanagement;

V Hydrologists generally second this interpretation by admitting that predictions
imprecise. Actually, our predictions are among the most reliable in the geoscie

V Uncertainty is an inherertiehaviourof hydrology. While hydrology is driven by
dynamical systems that may be known in detail, they cannot be described
deterministically for the presence of chaasobservabilityof control volume and
boundary conditions etc. Uncertainty is an attribute of informatidadeh 2005);
neglecting uncertainty implies discarding part of the information;

V Deterministic predictions are not merely stochastic predictions without uncerta....,
bounds. If a system is affected by randomness, deterministic predictions are wrong;

V Beven K. (2008). On doing better hydrological science. Hydrological processes,
22(17), 3548B553.
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Hydrology should understand uncertainty
through physical reasoning.
- Uncertainty is part of Nature (not a weakness of Science).

T
Q)
C

Proposition #4



A climbing route to the top EG U

. : ¢ ¢
Positive premises:

V Predictions are uncertain by definition; ﬂ

V Uncertainty is an intrinsic feature of water scieniteneans awareness and
understanding of the system;

V Uncertainty assessment needs to be process (physical chemical, ecologic) based,;
assessing the physical basis of uncertainty is an exciting research endeavor. It ope! *
door to several avenues of new and unexplored research! | \

V The theoretical basis for uncertainty assessment in hydrology are fully established. .
Several options are available. '3

V Uncertainty assessment is a distinguishing feature of hydrological research: thanks /

long experience in model benchmarking, we have a unique capability to present
predictions along with their reliability. This is an immensely valuable asset.




Objective and transparent uncertainty assessment and‘ ‘
communication is the way forward to cope with change.

- = 2
. % ’

Proposition #5




A theoretical blueprint EG U
Physically-Based Stochastic Modelling

A blueprint for process-based modeling of uncertain hydrological
systems Deterministic Model
-1 ] . .2 gne to O Ne
Alberto Montanari™ and Demetris Koutsoyiannis
o uncertajp
Received 16 September 2011 ; revised 19 August 2012; accepted 20 August 2012 ; published 29 September 2012. ﬁ t
L
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Hydrologicalmodelin a deterministic framework:

Q=5Q X

(=
wn

Rainfall
Flow

a1 13 15 a o 4 & 8 W 12 M 16
Time Time

Q, modelprediction
S modelstructure
X input datavector

Q parametervector Physically-based Stochastic Model

Hydrologicalmodelin a stochasticframework: m
fop (Q) = K g Q. X © ) ~ N

=
wheref indicatesthe probability densityfunction, andKis a transfer il L .

operatorthat dependson modelS - ——— Time ¢, af"'ﬁ R

Rainfall




A theoretical blueprint
Physically-Based Stochastic Modelling

T
Q)
C

Symbols E
-Qy Predictedvalueof the true hydrologicalariable gﬁ .
- §Q,X) Deterministichydrologicaimodel £ ;
-e=Q,-SQ,X) Modelerror E :
-Q Model parametervector E E
- X Input datavector Assumptions S 2
-f(Q, - SQ, X)) Probabilitydistribution of model 1)Model uncertainty independent of E d
uncertainty; input/output dataand parameters E,} g
From the deterministic formulation: 2)Predictionwith additiveform. =, §
3)Other assumptionsare necessaryto E 5 B
Q,=9Q. %) computef,, s i
to the physicallybased stochastic formulation/ /~ Model uncertainty: R
resembles the g 3 E
S . R
fon(Qp) :/L,x ﬁe(Qp -SQ, X)) fo(Q) (X dQ dX Clieloln) CMRRTES
of the process. It s : :
\_depends on model S E. £ ;
=23 £ 3
= 2 4
< 7 2 &




A theoretical blueprint
Physically-Based Stochastic Modelling

T
Q)
C

=
)
An exampleof application: model is genericand possiblyphysicallybased Let us assume 2 :
that probability distributions of model input, model uncertainty and parameters are £ ;
known. -E"‘ &
~ N ooanng )
Obtain n Aj £ &
Compute mod_el o_utput points lying on = 3
and add n realisation of f (Q.) and iy B
Qpi<p = &
model error from » infer the = L =
probability distribution probability e £ 3
fe(Q-SQ. X istributi g £
e\<p / distribution = > 8
= Z o
~— =¥ 3 =
X @ S a
- ELQ 2 Lk
N ) 2 £ 2
5 E 3
Pick up a parameter vector Q from Pick up an input vector X from S 2 4
the model parameter space the input space according to Key issue: to estimate = 8 Z
according to probability f robability f (X ' €  E 3
gtop ty f o(Q) p y fx(X) f(Q,- SQ, %) = £
= 5 &
e =4
2 g 3
< < &




Model uncertainty: the key to decipher process randomness (EG U

V Model uncertainty can be viewed as the probability distribution of the discrepancy

between simulation and Nature. It may be nstationary;

V Model uncertaintycan be physically explained. Finding such physical explanation
challenging task and an exciting research endeavor;

V What may condition model uncertainty?
- Catchment morphology, geology and hydrology (aridity, imperviousness, etc.);
- Climate and climate change;
- Anthropogenic effects and human impact.

V Exploring the physical basis for model uncertainty is relatively easy, throogel
validation and deep learningQuilty et al., 2016).

Estimating the Uncertainty of Hydrological Predictions
through Data-Driven Resampling Techniques

Anna E. Sikorska'; Alberto Montanari%;, and Demetris Koutsoyiannis®

Abstract: Estimating the uncertainty of hydrological models remains a relevant challenge in applied hydrology, mostly because it is not easy

; aRandom walkBy[ t+ ald $ ¥ S(Gviq work) [CC BSA 4.0
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Exploring the physical basis of model uncertainty

V Recognizing randomness and its physical basis paves the way to an efficient and
revolutionary communication of predictability in hydrology and environmental sustainability in
the 215t century.

V Deep learning is an opportunity to decipher to what extent a signal caaxpkined
by a deterministic relationship. Deep learning may help to assess when a model (and a
hydrologist) has fulfilled its task. An interesting example is the Gamma Test
(Elshorbagt al., 2010). See alsghenet al., under discussion in HESSD, 2018.

V Recognizing randomness is especially relevant to decipher the feedbacks between
hydrology and society. They cannot be described deterministically.

V There is an upper limit to model performances that is determined by the hydrological features
of the catchment (including climate and human impact). No matter the complexity of the
model, uncertainty cannot be reduced beyond a limit that is dictated by the considered
process.

V The very reason why performances of hydrological models in some cases do not improve
despite increasing information and model complexity is that randomness cannot be
explained deterministically.
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