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Bilancio ldrologico
INcertezza e meccanismi di controllo

E
E
c
S
S
=1
2
[s]
E
=
=
&
£
©
8
=z
p=}
=
c
©




As "Mediterranean” we may identify a large hydroclimatic
area rather than only a geographical zone.

[
Kosppen's Climats Classification H
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As "Mediterranean” we may identify a large hydroclimatic
area rather than only a geographical zone.
Looking at climatic signatures we can count in the world up to
five areas, Mediterranean basins, California, western South
Africa, central Chile, and South - Western Australia.
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AVAILABLE STATIONS
© 7552 gauging stations

relatively poor density of gauging stations

Herold and Mouton (HESSD, 2011)




relatively poor density of gauging stations

Herold and Mouton (HESSD, 2011)




What 1s an Ungauged Basin?

* An ungauged basin is one with inadequate records (in terms of
both data quantity and quality) of hydrological observations to
enable computation of hydrological variables of interest (both
water quantity or quality) at the appropriate spatial and
temporal scales, and to the accuracy acceptable for practical
applications.

For example, 1f the variable of interest has not been measured
at the required resolution or for the length of period required
for predictions or for model calibration, the basin would be
classified as ungauged with respect to this variable. Variables
of interest can be, for example, precipitation, runoff, erosion
rates, sediment concentrations in streamflow, etc., so every
basin 1s “ungauged” in some respect.




IAHS Decade on PUB

INTERNATIONAL ASSOCIATION OF HYDROLOGICAL SCIENCES

|AHS Decade on Predictions in Ungauged Basins (PUB): 2003-2012

PUB Science and Implementation Plan




OBJECTIVES of the IAHS Decade on PUB

1. Advance the ability of hydrologists worldwide to predict the fluxes of
water and associated constituents from ungauged basins, along with
estimates of the uncertainty of predictions;

2. Advance the knowledge and understanding of climatic and landscape
controls on hydrologic processes occurring at all scales, in order to
constrain the uncertainty in hydrologic predictions;

3. Demonstrate the value of data for hydrologic predictions, and provide a
rational basis for future data acquisitions, including alternative data
sources, by quantifying the links between data and predictive
uncertainty;

4. Advance the scientific foundations of hydrology, and provide a scientific
basis for sustainable river basin management.

5. Actively promote capacity building activities in the development of
appropriate scientific knowledge and technology to areas and
communities where it is needed.




IAHS Science Plan for the decade 2013-2022

Panta Rhei

. No man ever steps in the
- same river twice, for it's not
. the same river and he's not

the same man

e =g
Nothing is
permanent

except change

Heraclitus of Ephesus
{c.535 BC - 475 BC)
Greek philosopher




Convergence of a Plurality of Approaches ...
Towards Single Common Objective:
"Reducing Uncertainty™

v = Reduction of Uncertainty Through
Bcertalnfy Improved Process Description

Before FUB Alter FLB
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About heterogeneity and uncertainty
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PREDICTIVE
UNCERTAINTY



PUB recognize the need of investigating the plurality of hydroclimatic
zones existing around the world.

Model Harmonisation

Throuah Gomparative Evaluation
BEFORE AFTER




The role of the “geographical” working
groups 1s to accomplish the PUB core
research targets

with the

general intent of constraining the predictive
uncertainties making the best use of the
available information and learning from a
comparative evaluation of a variety of
models applied to selected basins.




MEDiterranecan CLimate Ungauged Basins

MEDCLUB mainly focus on field experiments at basin scale
for the analysis of the Climate-Soil-Vegetation dynamics
and their impact on hydrological processes and extremes

and will work with the aim of

dominant or controlling processes at different scales,

the role of ecological functioning and human impact on
hydrological basins and associated ecosystems,

classification of model performance in terms of time and
space scales, local climate, data requirements and type of
application.
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Scientific questions...

“What are the gaps in our knowledge limiting reliable predictions in ungauged
catchments?”

“What are the information requirements to reduce predictive uncertainty?”

“What experimentation is needed to ubderpin the new knowledge required?”

“How can we employ new observational technologies in improved predictive
methods?”

“How can we improve the hydrological process descriptions in order to reduce
uncertainty?”

“How can we maximise the scientific value of available data in generating improved
prediction?”




Scientific questions...

“What are the gaps in our knowledge limiting reliable predictions in ungauged
catchments?”




reliable predictions in ungauged catchments?




The flood research obtained a remarkable advance with the
Introduction of theoretically derived probability distributions
(Eagleson, 1972), which moved hydrologists from a pure statistical to
a more physically based approach. Eagleson showed that the
probability distribution of the peak streamflow may be computed by
Integrating the joint density function g(i,t,,A,) of the rainfall intensity

/., rainfall duration ¢, and contributing area to the peak flow A, in the
domain A(g) where Qs less than q:

G(a) = prob[Q <ql= [[[ g(i..t.. A)di.dt.dA

= The model requires assumption on the rainfall stochastic variability;

. Assumption on the infiltration process to define the net precipitation;

~. Propagation model to account for network effects.
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“What are the information requirements to reduce predictive uncertainty?”




2) “What are the information requirements to reduce
predictive uncertainty?”







Jla(E ,
idrologici

e Clima MEDITERRANEO

- variabllita, storminess,

- P e E, In opposizione di fase

e Substrati CARBONATICI = suoli sottili
e REGIMI IDROLOGICI

- regime episodico dei deflussi,
- perdite idrologiche,

- deflusso hortoniano







water-limited

Forest

Mixed veq.

Fasture

Unknown

Eq. (10} (forest)
====Eg. {10} (mixed veg.)
— — Eqg. (10} (pasture)
—x— Milly {1954)




Approccio capacitivo per il bilancio idrico

1O10O (ad es. Rodriguez-lturbe, Proc. Ryl Soc. Lnd 1999; Milly,
WRR 1994; Farmer et al., WRR 2003)

e Stima dei flussi
attraverso il suolo e
del contenuto idrico
medio

e Descrizione
concettuale
dell’interazione CSV




/2% colture agrarie, 5 categorie

eElevato grado di selezione

0 area totale

. altri usi 28%
W‘*’E Grano, S.n.i. 35%
Oliveti 25%

Vigneti 7%
Frutteti 2%
Colture orticole 3%
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Capacita utilizzabile
AWC = Dr (efc_ ewp): Ste — SWp

e Vegetazione -2 Dr, altezza
radicale. ~incognita.
Dipendenza dal clima e dalle
caratteristiche del suolo.

e Suolo - spessore totale,
tessitura e proprieta
idrauliche. Incertezza.
Variablilita nello spazio.




annual rainfall fluctuation [mm]

% of annual value

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Simulazione del

suolo per una serie di
50 anni di dati
climatici, con passo
temporale mensile

4 categorie di uso del
suolo tipicamente N-I|
(72% del territorio)

Variazione dei valori
del parametri del suolo
adottati nel modello,
contenuto idrico
unitario e
altezzaradicale




Eagleson, Adv.WR 1994,
definisce:

Max productivity

< Max evapotraspirazione | = Min water stress
(Rodriguez-lturbe, WRR 1999)

Max security <

“Eagleson, 1994, advances the hypothesis that the canopy density will adjust to a value in the range
where the community is between maximum soil moisture and maximum evapotranspiration.”

Mean Maximum annual water stress for 50-years simulation
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Produttivita O Et i olive
1 . grape

citrus
wheat

]

Sensitivita e
stabilizzazione
delle fluttuazioni
climatiche
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MaximLIn water stress fin 50-years simulation

Permanent
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Considerazioni

| principi di eco-idrologia (max. produttivita, max.
sicurezza, fattore limitante), riconosciuti validi per gl
ecosistemi naturali, spiegano gli assetti di uso del suolo
negli ambienti a clima semi-arido.

L’'analisi delle occorrenze spaziali di una data specie per
assegnata classe del contenuto idrico unitario sono

spiegabili alla luce dei risultati del modello idrologico
adottato.

In prospettiva, attraverso tali principi e possibile
condizionare i valori dei parametri di capacita idrologica
dei suoli prescindendo dall'informazione pedologica.



“What experimentation is needed to ubderpin the new knowledge required?”







- DEM (2 m resolution)
- laser-altimeter

MODELLING

STREAM GAUGE




“How can we employ new observational technologies in improved predictive
methods?”
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“How can we improve the hydrological process descriptions in order to reduce
uncertainty?”




“How can we improve the hydrological

uncertainty?”




6 “How can we maximise the scientific value of available data in generating improved
prediction?”




“How can we maximise the scientific value of available

Differentiated vs Integrated in the learning process.

High levels of differentiation without
integration promote the complicated status, SO DD
high integration, without differentiation,
produces coarse.

In order to improve modelling and reduce knowledge

uncertainty we tend to avoid the complicated
and we are not interested in the coarse.

Differentiated

information
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From the hydrologist’s point of view, one may COARSE

assimilate “differentiated” to “distributed” and
“integrated” to “lumped”.

(Hnderstanding)
Integrated

inspired by Bellinger (2004)




“Science 1s built up with facts, as a house 1s
with stones.

But a collection of facts 1s no more a science

than a heap of stones 1s a house™







