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Bazin hidrografic (Catchment)

Un bazin hidrografic este o zona in care toate apele se scurg
catre acelasi punct de varsare.
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Precipitatiile

Masurarea precipitatiilor ca si adancime este un standard
international, Tn principal pentru ca este foarte usor de

convertit adancimea in volum.

Factorul de conversie este: 1 mm precipitatie =1 litru de

apa/m?

ttp://climate4life.blogspot.co.id
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Evaporare, transpiratie si evapotranspiratie

evapotranspiratie

Evapotranspiration

Precipitatii
Precipitation \a50rj atmosferici

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

{ w Atmospheric vapor
/ \m\ Le[ evaporarea frunzelor ude
Evapor, trangpiratie :
. P Sk schimbmet de H,0 Wet leal
Evaporation Transpiration w Net H,0 evaporation
exchange
= transpiratie
/ \ Transpiration
Open . Vegetation
Water aal Surfaces Pl
] ] I I
apadeschisa sol suprafete vegetale plante )
aporarea ape
Water
evaporarea din sol evaporation
! Soil evaporation

1

Stem wate
apa din tulpini

/ Soil surface :
suprafata solul
Soil water =——p
apadin sol

UNIVERSITATEA Universiteit =~ JUSTUSLIEBIG-
BABES-BOLYAI O ¢mec Antwerpen Dores™  (tndeco

SOITE

Co-funded by
the European Union 5

Grant Agreement 101159497



P STRENGTHENING THE RESEARCH CAPACITIES
7 SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Infiltratia

UNIVERSITATEA cmcece Universiteit JUSTUS-LIEBIG- _ - Co-funded by
BABES-BOLYAI 0 e W &4 Antwerpen Toiessen Lndeco the European Unlon

'sui Cambiamenti Climatici 6
Grant Agreement 101159497



http://upload.wikimedia.org/wikipedia/en/e/e9/Double_ring.JPG

P STRENGTHENING THE RESEARCH CAPACITIES
0 SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Bilantul apei
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Debitul (Streamflow)

Debitul, scurgerea sau scurgerea de
suprafata  reprezinta  partea  din
precipitatii, topirea zapezii sau apa de
irigatie care curge pe suprafata solului
catre albia unui curs de apa.
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Q=Au

e Q-debitul ([L*T""]; m*/s sau ft°/s)

* A-aria sectiunii transversale ocupata de curgere
([L°]; m? sau ft?)

* u-vitezamedie a curgerii ([LT™']; m/s sau ft/s)
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Z‘a% scewero 2. Modelarea hidrologica e eAcS

De ce modelarea?

Utilizarea modelelor permite factorilor de decizie si
partilor interesate sa ia decizii pe baza masuratorilor
limitate si a predictiilor calitative in spatiu si timp ale
proceselor hidrologice.

Modelarea reprezinta o modalitate fundamentala si
cantitativa de a intelege si analiza sisteme si fenomene

complexe.
Modelarea este un complement al teoriei si .
experimentului. o
Exemplu: evaluarea disponibilitatii apei pentru Eg4‘L“."_L/_ng::d::ﬂ“fi; p

PlIOM-8(1-pUnole-Woi-sWep-1a1eM-1NJIINeaq-1soW-Q | -8y1/801q/Wwoo dnoig-yoa10ipAy Mmm//:sdny

Elevation (in m)

consum uman, inundatii, secete, irigatii, contaminarea
apei si altele. -
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Tipuri de modele

Modele hidrologice

[ HYDROLOGICMODELS J

descrierea procesului

1) )
Stochastic Deterministic
Model Model
modele modele

stochastice

- ONIVERSITATEA
@ BABES-BOLYAI

deterministe

cmcC

Centro Eurt
sui Cambla'na ti Gllmaul:l

)
Process Description
4 4
Empirical || Conceptual || Physical
empirice  ~c5nceptuale fizice

U’ Universiteit
Antwerpen

JUSTUS-LIEBIG-

UNIVERSITAT
GIESSEN

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

Discretizarea spatiala

Spatial Discretization

!

L)

Lumped

agregata

LUMPED
MODEL

ntent/upl /2022/ /

tndeco

ISiEhs

Semi-

Distributed

distributed

semidistribuita

distribuita

SEMI-DISTRIBUTED

MODEL

/44 4

tHrllMlln f-NI.

f

DISTRIBUTED
MODEL

232
susal
e

ey
¥
T
T LT

- Co-funded by

Grant Agreement 101159497

the European Union


https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf

PN
Z‘gja SCEWERO

Modelul hidrologic GR4J
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X1 Capacity of the production store (mm

X2 Water exchange coefficient (mm)

X3 Capacity of the nonlinear routing store (mm)
X4 Unit hydrograph time base (day)
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X, — Capacitatea rezervorului de productie (mm)

X, — Coeficientul de schimb de apa (mm)

x5 — Capacitatea rezervorului neliniar de rutare (mm)
X, — Baza temporala a hidrografului unitar (zile)

Perrin, C., Michel, C., & Andréassian, V. (2003).
Improvement of a parsimonious model for streamflow
simulation. Journal of Hydrology, 279(1-4), 275-289.
https://doi.org/10.1016/S0022-1694(03)00225-7
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VIC-WUR

https://vicwur.readthedocs.io/en/latest/index_vicwur/
Variable Infiltration Capacity (VI &Capamtatea de infiltratie variabila (VIC)
Macroscale Hydrologic Model Model hidrologic la scara mare (macroscala)

Cell Energy and Moisture Fluxes ~ Acoperirea vegetatiei pe celula de grila
Fluxuri de energie si umiditate pe celula Grid Cell Vegetation Coverage

HYPE = Predictii Hidrologice pentru Mediu
The Hydrological Predictions for the Environment (HYPE)

_.“Variable Infiltration Curve
i=iaf1-(1-A)"™)]

Infiltration Capacity
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https://www.wur.nl/en/research-results/chair-

Contribution from other HRUs

https://www.smhi. se/en/research/research—
units/hydrology/hype---our-hydrological-model
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LISFLOOD o
Precipitatii
Precipitation

Interception

evaporarea apei interceptate Evaporation of intercepted water I
Leaf draingge

transpiratie
evaporarea solului  soil evaparation Transpiration

1

L4

} | Surface runoff
L snowimelt

.. S
strat superficial ; ; T— ) )
P superficial soil "~ ° _1 ________ _ ¥infiltration superficial soil
al solului Superficial to upper =ail
L upper soil i
strat superior =————— ____ ________ bV _____ upper soil
Upper to lower soil
strat inferior lower soil lower sail
Groundwater recharge By-pass flow
L 3
zona superioard  Upperzone | — | Lovbrsurecs ow
—_==
Groundwater percolation l
zona inferioars Lower zone Lower zone
| Base flow Qyow
— =

rutarea prin canal  Channel routing — / Channel discharge
https://ec-jrc.github.io/lisflood-model/2_01_stdLISFLOOD_overview/

Channel reuting
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Protocol

Identlflcarga Disponibilitatea Calibrare si Ikl Analiza
scopului

datelor validare sensibilitatii 3 a rezultatelor

modelarii incertitudinii
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Disponibilitatea datelor vs. complexitatea modelului

A Predictive capacity Capacitatea predictiva

(identifiability
problems)

(probleme de

identificabilitate)

ta) €« Complexitatea modelului > (ridicata)
(low) Model complexity (high)

(medium)
(medie)
(modelul nu poate
X o loata datel
o (scazuta) exploata datele)
7 (model cannot
- exploit data)
> Ochoa-Tocachi, Cuadros-Adriazola, Arapa, Aste, Ochoa-Tocachi, & Bonnesoeur. (2022).
low) D il ili high Guide to Hydrologic Modeling. Forest Trends Association. chrome-
( ° ) ata ava ab ty ( g ) extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.forest-trends.org/wp-
(scazuta) Disponibilitate a datelor (ridicata) content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NL.pdf
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Problema inversa

Cunoastem X si intrarile, deci

y=fUX,t) suntem interesati de rezultate
I y=x,0+x,
_ Cunoastem intrarile (l) si
X Y= f(I’ X,t) rezultatele (y), deci suntem

interesati de parametri.

v =x.0+x,
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Calibrare, validare si evaluarea performantei

Mean Square Relative Error (MSRE) 2

Fﬁ = 100 % Zi\l':l )y—;,;:fo,r

Performance metric Expression
Mean Absolute Error (MAE) Fy = lz” Wer — Yol
Perioada de calibrare Perioada de validare No=tise - Jot
Variabila o | | Mean Square Error (MSE) Fo =AM Ver — Yool
Variable Calibration Period Validation Period Root Mean Square Error (RMSE) <N 21172
! L F3 = [NZ[:] ‘ys_[ _yo_£| ]
y : 60% 40% / .. — .
| i Minimax objective function Fy =gmax|y;; — Yorl
E . Average Absolute Percentage Error g _ 10015V e
| | (AAPE) = 1004 53

Coefficient of determination (R? . B _ 2
( ) F? _ { [ Zr=] {.Vo.r ’_Vo)(ys_:*ys) 0.5}

211 (}"9_, _y_ﬂ)z] ” [Zil (-Vf-f _E)z]

. pp  Time Index of agreement (D) Zf: I(ys_r—yo_[)z

; . ' Fg=1-
-~5%+ ==+« Observed data -~5%~ : S (s Yol +]yos—Te])
' _ : H N 2
warm up —— Simulated data worm up Nash-Sutcliffe Efficiency Fo—1- S (Ver—Yor)
- - I —
coefficient (NSE) S Ve Te)
Ochoa-Tocachi, Cuadros-Adriazola, Arapa, Aste, Ochoa-Tocachi, & Bonnesoeur. (2022). Guide to Hydrologic Modeling. Forest Trends Association. chrome- Biondi’ D_’ Freni’ G.’ |aC0be”.iS, V.’ Mascaro’ G.’ & Montanari, A (201 2) Validation Of

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf

hydrological models: Conceptual basis, methodological approaches and a proposal for a code
of practice. Physics and Chemistry of the Earth, Parts A/B/C, 42-44, 70-76.
https://doi.org/10.1016/j.pce.2011.07.037

Modified Kling—Gupta efficiency KGE' =1 - \/(V 124 (B =12+ (r - 1)2

Co-funded by
the European Union

Grant Agreement 101159497 8

UNIVERSITATEA cmcece Universiteit JUSTUS-LIEBIG- _
BABES-BOLYA] Q S Antwerpen Toses™  (undeco


https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
https://doi.org/10.1016/j.pce.2011.07.037

STRENGTHENING THE RESEARCH CAPACITIES

PN
Z\Z_Ia SCEWERO FOR EXTREME WEATHER EVENTS IN ROMANIA

Analiza sensibilitatii si a incertitudinii

Y Date observate
Variable -« Observed data

Uncertainty range

Interval de incertitudine

3

Pgrfo

Max |

1
! \‘_n‘ |

-

Min |

v

Time

Cumpilativgq Probgbility

; Cumgilativg Probgbility

Parameter x, Parameter x, Parameter x, Parameter x,

Ochoa-Tocachi, Cuadros-Adriazola, Arapa, Aste, Ochoa-Tocachi, & Bonnesoeur. (2022). Guide to Hydrologic Modeling. Forest Trends Association. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
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Curbele de durata a debitului

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

O curba de frecventa cumulata care arata procentul de timp in care anumite debite sunt egale
sau depasite

Aranjeaza debitele in ordine cronologica
Determina numarul de inregistrari (N)
Sorteaza datele de la cea mai mare la cea mai mica valoare

Atribuie ranguri (m = 1 pentru valoarea cea mai mare si m = N pentru cea mai mica)

Calculeaza probabilitatea de depasire pentru fiecare valoare folosind formula

corespunzatoare
Reprezinta p pe axa x si Q (ordonat) pe axay

Flow [m3/s]

101

4 INIVERSITATEA cmce Universiteit JUSTUS_NI]I\/EEFIe%_lTAT
7/ BABES-BOLYAI 0 Gantro o ecitrrneo Antwerpen GlESSEN Lndec;q

Flow Duration Curve - Calibration period

103

102 4

—— FDC obs
= FDC sim

Curbe de durata a debitului - Perioada de calibrare

T T T T T T
0] 20 40 60 80 100
Exceedance Probability [%]

Co-funded by
the European Union 20

Grant Agreement 101159497




PN
Z‘gja SCEWERO

Ajustarea functiei PDF: Gumbel

= Extreme Value Distribution: Extreme value distributions are widely
used in hydrology. Storm rainfalls are most commonly modeled by the
Extreme Value Type | distribution. Below is the “cumulative”
probability distribution version of the function.

F(x)= E—g;-%] << Distributia valorilor extreme: Distributiile
- valorilor extreme sunt utilizate pe scara larga in
~Jes, hidrologie. Precipitatiile de furtuna sunt cel mai
- T frecvent modelate prin distributia de tipull a
valorilor extreme. Mai jos este versiunea
u=x-057"2a ,cumulativd” a functiei de distributie a
Y—1u probabilitatii.
Let v=
o

= Correlating “y” with Return Period (T), the Extreme Value Distribution
can be simplified to:

Xp =u+ar;

(x—u)/

= —In (—In (F(x)))
—In (—In (F(x))) - o+ u

Vr = —111{111[%:@
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Prognoza prin ansamblu (Ensemble forecasting)
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— 100
climatologie :_g;
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. s ¢ =T~ — o4
prognoza determinista \ = \'/ — tos
Met Office Incertitudinea Deterministic A A 4000 1 Lboe
s e ey —— 0Obs
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Initial condition /
. rd
uncertainty - l’ . .
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I
- 1 :@
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intelegerea timpului de anticipatie (lead time)

issued on valid for

Date Dates 2017-01-01  2017-01-02 2017-01-03 201/-01-04 2017-01-05 2017-01-06  2017/-01-07

NaN

51513 358 342

predictii predictions  1-day lead time 312

341 364 551 332

2-day lead time

3-day lead time 361 358 327 327

observatii Observations 367 377 378 330 324

Hallouin, T., Bourgin, F., Perrin, C., Ramos, M.-H., & Andréassian, V. (2024). EvalHyd v0.1.2: A polyglot
tool for the evaluation of deterministic and probabilistic streamflow predictions. Geoscientific Model

Development, 17(11), 4561-4578. https://doi.org/10.5194/gmd-17-4561-2024
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Analiza rezultatelor
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Incertitudinea este prezenta in toate scenariile
proiectate si, prin urmare, trebuie luata in
considerare in timpul evaluarii beneficiilor

estimate.
Uncerminty is found in all projected scenariosand,| WA _ _ _ _
therefore, should be mken into consideration ’."
during the evalation of estimated benefits. 1
1
.
1

Ochoa-Tocachi, Cuadros-Adriazola, Arapa, Aste, Ochoa-Tocachi, & Bonnesoeur. (2022). Guide to Hydrologic Modeling. Forest Trends Association. chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.forest-trends.org/wp-content/uploads/2022/08/Guide-to-Hydrologic-Modeling-of-NI.pdf
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Indicatori de performanta pentru prognoza prin ansamblu

Brier Score (BS) = Scorul Brier

BS = (p — 0)?

Brier Skill Score (BSS) - Scorul de abilitate Brier
Rank Probability Scores (RPS) - Scorul probabilitatii ordonate

Continuous Ranked Probability Scores (CRPS) = Scorul
continuu al probabilitatii ordonate

Continuous Ranked Probability Skill Score (CRPSS) = Scorul de
abilitate al probabilitatii ordonate continue

Functia de distributie cumulativa empirica
(CDF) bazata pe ansamblu

Empirical CDF based on Ensemble

2
o
1

Probability
o
=Y

=
%)
1

1 —— oObservation

| mmm area for CRPS

0.0

— Forecast

Temperature

https://confluence.ecmwf.int/display/FUG/Section+12.B+Statistical+ Concepts+-+Probabilistic+Data
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Pregatirea datelor
de intrare:
Hart| statice

Methodology

Ny
3
i

~

Debite (streamflow) intrare:
— Informatu qespre Prognoze sezoniere
| | reforecast

: —statm ‘
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Pregatirea datelor de
intrare:
Observatii hidrologice:

Pregatirea datelor de\\( \

o L J M | ,l"\.‘ ,\_x&‘l"“\_ ‘I.

FOR EXTREME WEATHER EVENTS IN ROMANIA
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Fortarile meteorologice

Observatii: EFAS
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Proprietati morfologice,
fizice, de sol si de utilizare
a terenurilor

EFAS

Francesca Moschini; Margarita Choulga; Cinzia Mazzetti; Disperati, Juliana; Grimaldi, Stefania; Salamon, Peter;
Prudhomme, Christel (2023): LISFLOOD static and parameter maps for Europe. European Commission, Joint
Research Centre (JRC) [Dataset] PID: http://data.europa.eu/89h/f572c443-7466-4adf-87aa-c0847a169f23
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Pre-processor LISVAL

LISVAP instalat si testat pe sistemul HPC Levante

1. Installing/initializing git for large file Instalarea/initializarea Git pentru fisiere mari
git 1fs install

2. clone LISVAP from the respository Clonarea LISVAP din depozit (repository)
git clone https://github.com/ec-jrc/lisflood-lisvap.git
cd lisflood-lisvap

3. Creating a conda enviromment for lisvap Crearea unui mediu Conda pentru LISVAP
conda create --name lisvap python=3.8 --no-default-packages
source activate lisvap

4. Installing and checking lisvap Instalarea si verificarea LISVAP
pip install -r reguirements.txt

5. Installing and checking pcraster Instalarea si verificarea PCRaster
conda install -c conda-forge pcraster

6_ Runnlng LlSV)ﬁLP frDm ST fDIder Rularea LISVAP din folderul src

python lisvapl.py /my system/lisflood-lisvap/tests/data/tests _efas.xml -v -t
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Modelul hidrologic LISFLOOD

LISFLOOD, LISFLOOD-Utilities si instrumentele de calibrare LISFLOOD instalate si testate pe sistemul HPC Levante.
(Functioneaza in serie siin paralel.)

2000
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_ 1250
EIDOD
o
750
500
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% &
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B
o L 300 €
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matplotlib
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option choice="1" name=' 50.5 1
p install -r requirements.txt # run it in the lisflood code folder R - - : T T T T T T —
p install . # run it in t lisflood_calibration folde # inflow data 8.5 90 95 10.0 105 11.0
e="8" name="inflow"/> Longitude

ip install tbb # For parallelization
1)

" 1] fl i | : ti to initi ! e is _ N = = vo-Tunaea py
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Calibrare - Validare

01_wesser
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KGFE’ Description

Calibrare - Validare Excelent 1.0-0.8 Excellent
Bun 0.8-0.6 Good
Acceptabil 0.6-0.4 Acceptable
. . Scazut 0.4-0.2 Low
Calibrare Validare Foarte Scézut <02  verylow
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Hartile parametrilor pentru regiunea de studiu
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o5 scewero 3. Exemplu - DAKI-FWS

Prognoza hidrologica sezoniera
Dashboard Hydrological seasonal forecast

Bazine hidrografice de interes DAKI-FWS

Catchments of interest
List of catchments Lista de bazine
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Hidrograf
Hydrograph
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Propagation of the Ahrtal flood in 2021 Propagarea inundatiei din Ahrtal, 2021
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GLOFAS

https://global-flood.emergency.copernicus.eu/

European Flood Awareness
System - EFAS

https://european-flood.emergency.copernicus.eu/en
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1. Definirea modelului pentru luarea
deciziilor

N
@4‘;:@ SCEWERO

Evidente privind inundatiile

Cantitatile =~ maxime de precipitatii sunt
mreglstrate in timpul primaverii si verii, in special
in perioada martie-iunie si in august Se pot
mentiona mai multe valori istorice maxime de
prec:lpltatu asociate cu inundatii severe in
Intregul bazin hidrografic, cum au fost cele din
mai 1970 (peste 150 mm/24 h si chiar 200
mm/24 hin Baia Sprie).

Inundatiile  severe, cu debite maxime
semnificative, provin din ploi abundente pe
suprafete mari ale bazinului sau din surse mixte
(topirea zapezii si ploi). Cea mai mare inundatie
istoricd din ultimele 50-60 de ani a avut loc in
1970, avand o sursa mixta. Analiza seriilor de
|nundat|| din ultimii circa 50 de ani arata ca cele
mai importante inundatii au avut loc in anii:
1970, 1974, 1975, 1978, 1979, 1980, 1981, 1989,
1993, 1995, 1998, 2000, 2001, 2005 $i 2008.

Prima jumatate a anului 1970 a fost caracterizata

https://inundatii.ro/en/river-basins/somes-tisa-watershed-area/

de inundatii catastrofale. Cele mai grave au avut
loc pe raurile Somes, Tisa, Tur, Viseu, Iza, Lapus,
Sieu, Crasna, Almas, SomesulMlc Si afluentu lor.
Debite care depasesc probabllltatea de
asigurare de 1% au fost inregistrate pe raurile
Somes (aval de Dej) si Viseu, iar pe alte cursuri
de apa debitele au avut probabllltatl de 5-10%.
Ruperea digurilor pe raurile Somes si Tur (judetul
Satu Mare) a provocat inundarea multor localitati
urbane si rurale. Inundatiile au fost cauzate de
ploi abundente si de lunga durata, combinate cu
topirea zapezii, ceea ce a dus la depasirea
cotelor de mundatle pe majoritatea raurilor din
bazinul Somes-Tisa.

Au fost afectate localitati urbane importante
precum N&sdud, Beclean, Gherla, Dej, Zalau,
Jibou, Simleu, Satu Mare, precum si peste 200 de
localltatl rurale.
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Evenimente extreme

/work/bb1480/b381840/scewero/somes_t

ng/somes_tisa_extrems.ipynb

Distributia Gumbel
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Analiza perioadei de revenire utilizadnd distributia Gumbel

Return Period Analysis using Gumbel Distribution
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Model hidrologic
GR4J

51 P> E, alors Pa=PFi-E =t E; =0,
51 Pp=E, alors Pa=0 et Eg=E-Fg

— Implementare in Python

numpy

xll] I_ll Itlﬂhl—l S.-. ] E!::' h’i‘-‘&:l I —
Ps = T ¥ et Ex= ﬁ‘-‘ll_&' rainfall-runoff
1+gy tanh| = | e
Production yx,
5= Sp+Ps-Fx, store

Perc = 5'{1 - [1 + [E.%]4]_}}, 5™ 5'- Perc

Perc + (Fn — Fs) A

0.9 0.1 21 model GRAJ'
Si0 =)= X SHLG) = (L) ;s j = X, SHL() = cle cal model GRaJ

(L]

. [ UH1 UH2 i e 5 A X <8 RO)-
50 < jE I_‘,SHII;E:I — E{_if_] ; _lﬁlt_tSt‘r‘f:, PEQ, A, X, 58, R@):
4 .set_PEQ{_PEQ}
X4 2.X4 .a = np.copy(A)

_ . iy 4 D i

o P 2 = f—— - v
Si X sis zx*_.' SH M=1-1z x'} . qu shape[6]
Sij > 2X,. SHZ() =1 "p.-copy (X)

UHI(j) = SH1() - SHIG-1) vl Fox) Fox) ' ceros((n).
UH2(j) = SH2(j) - SH2(j-1) ' -':upw[:RE\)

o9kl = 0.9, F“., UHLG). Prik = j+ 1), -copy (50)
Qik) =0.1. ¥ _1UH2[1}.F‘r|:l-:—i—-lj Q | Q,
Ry - . . set_PEQ(self, PEQ):
F=x2(B); R=maz@® Ry + QoK) + F) @ o Loyt
. ayt - : . . .E = np.copy(PEQ[ 1)

Or=R.{1- [1 + ['«_} ] ¢ Ryey = R Qr Perrin, C., Michel, C., & Andréassian, V. (2003). Improvement of a — np. copy (PEQ[

(DF) * parsimonious model for streamflow simulation. Journal of ’ B B
Qd = max(0: 10k + F): Hydrology, 279(1-4), 275-289. https://doi.org/10.1016/S0022-
Qlk) =Qr+ Qd 1694(03)00225-7
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https://cds.climate.copernicus.eu/datasets/seasonal-original-single-levels?tab=overview

Fortari meteorologice

PROGRAMME OF

THE EUROPEAN UNION (C)p?mICQS @ i e —c ECMWF 2 Edgar Espitia

Climate Data Store Datasets Applications User guide Live ®

Info 26Sep2024 Watch our Forum for Announcements, news and other discussed topics.

& > Datasets > Seasonal forecast daily and subdaily data on single levels

Prognoze sezoniere, date zilnice si sub-zilnice la niveluri unice

Seasonal forecast daily and subdaily data on single levels

Overview Download Quality Documentation
This entry covers _— Quality Assurance
— * - - ‘.
single-level data and ~ L CEoMWE ':’f\ ) Data Management v
soil-level data at the \‘( \ A R
original time [ ome N \ Data records -

resolution (once a -
day, or once every 6 Metadata -
hours, depending on

WD "
the variable). Documentation - .
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Calibrarea modelului ~60% ~40%
e A % Pe baza experient
A - N ~20% ~20% N modelatorului
A — A —
Fractia setului de date LY Y N

Modelare / antrenare
Dmod

Scopul setului de date [

\ 4

=

Datele
neutilizate in
B niciuna dintre
—~" etapele de

Utilizate doar in timpul procesului de modelare modelare F’ef‘”“
luarea deciziilor

.

Based on: Shen, H., Tolson, B. A., & Mai, J. (2022). Time to Update the Split-Sample Approach in
Hydrological Model Calibration. Water Resources Research, 58(3), e2021WR031523.
https://doi.org/10.1029/2021WR031523
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Calibrarea modelului

KGE' Description
0.8-1.0 Excellent Excelent
5 5 2 0.6-0.8 Good Bun
KGE'=1 - \/(T o 1) + (JB - 1) + (T - 1) 0.4-0.6 Aceptable  Acceptabil
0.2-0.4 Low Scazut
<0.2 Very low Foarte scazut
n _ _
ros = Z% 1 (Oi B O) (Si - S) r 1 I53ias ratio B v;:nrfi_)ability ratio y
A\ 2 ) 2 0.8-1.0 > 1. > 1.
\/Z? 1 (Oi o O) \/2? 1 (Si o S) 0.6-0.8 1.3-15 1.3-15
0.4-0.6 11-13 11-13
0.2-0.4 09-11 09-11
<0.2 0.7-0.9 0.7-0.9
Raport de bias 8= Bs 0.5-0.7 0.5-0.7
i, <0.5 <0.5
Raport de v = Tul by
variabilitate Oof kg
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Calibrarea modelului
/work/bb1480/b381840/scewero/somes_tisa/hydromodelling/somes_tisa_hydromodelling.ipynb
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Curbele duratei de curgere
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Diagrame de dispersie (Scatter plots)
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Testare /work/bb1480/b381840/scewero/somes_tisa/hydr

ng/somes_tisa_generate_Q.ipynb
:,l Testare I
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Testare
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Rezumat pe termen scurt al inundatiilor

https://global-flood.emergency.copernicus.eu/
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Prognoze sezoniere

Seasonal Outlook - Reporting Points

Point Information

Point ID Station ID Couniry Basin River Station Nome Drainage Area [km2] Longitude [Deg]

SH235025 GO444. Germany Danube Danube Ingolseadt 20001 114220

Lafitude [Deg] LISFLOOD Drainage Area [km2] LISFLOOD X [Deg] LISFLOOD Y [Deg]
487540 20419 114250 487750

Hidrograful sezonier cu informatii anterioare, climatologice si de prognoza

Seasonal hydrograph of antecedent, climatological and forecast information
Extreme low Low

600

500

'S
=]
S

Discharge [m3/s]
w
8

200

100

Jan Feb Mar Apr May Jun
2025

Near normal High
[ | [ W

Extreme high ---- Climate median —@— ERA5

Jul Aug Sep QOct Nov Dec Jan

2026
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Praguri climatologice, de la Climatological thresholds
extrem de scazut la extrem de From extreme low to extreme

- high (red to blue), derived from
ridicat (rosu—albastru), range-dependant madel

derivate din climatologiile climatologies
modelului dependente de
interval @semhl& forecast boxplo“

X 100" percentile (max)
Reprezentare tip boxplot

pentru ansamblu de
prognoza

75" percentile

50" percentile (median)

25" percentile

K 0™ percentile (max) _/

Anomaly category Rank Description
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Anomaly category
(rank-mean)

Extreme Low (1-10)

B L BL N BH
Juy 2025 6 29 4 0 2
June2025 22 21 14 1 14
May 2025 2 2 15 AU 2
April2025 2 12 19 14 2
March2025 6 21 14 12 19
February2025 10 15 14 25 14
Jamwary2025 2 12 18 14 25
UNIVERSITATEA
BABES-BOLYAI

July 2025

Low (10-25)

- Bit low (25-40)
Near
Normal 4 Normal (40-60)

(25-75)
Bit high (60-75)

High (75-90)

Extreme high (90-100)

Uncertainty category Rank STD

STRENGTHENING THE RESEARCH CAPACITIES
FOR EXTREME WEATHER EVENTS IN ROMANIA

Uncertainty category (rank-std)
Low (0-10) Medium (10-20) High (20<)

Description

The standard deviation of the ensemble member
Medium uncertain 10-20
v ranks is between 10 and 20
High uncertainty e The standard dewat'mn_of the ensemble member
ranks is higher than 20

Seasonal forecast probability (numbers) and expected anomaly category (coloured cells) [2025-07-01]

August 2025

L BL N BH H

31 12 1

a1 18

FERE T

12 16 14

1% 21 20

12 14 27

C,

B

10

"

September 2025

BL N BH H B H |L

16 15

1B 17

4 33

1B 23

‘Centro Euro-Mediterraneo
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B

B

17

8

+ B e B

October 2025

BL

N | BH

November 2025

BL

16

12

o

December 2025 January 2026

N BH H EH|E L BL N BH H EH E L BL|N [BH |H ®

Incertitudine scazuta
Incertitudine medie
Incertitudine ridicata

27 12 14 2 14 15 17 12 10 23 8 12 10 16 2 12 2B 6
2 12 6 12 8 19 12 19 20 1 8

0 135 235 2
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Descarcarea prognhozelor sezoniere
https://cds.climate.copernicus.eu/datasets [ mecwsesio (opemcs (3

:né ECMWF L Edgar Espitia

Climate Data Store Datasets Applications User guide Live ®

Info 26Sep2024  Watch our Forum for Announcements, news and other discussed topics.

@ > Datasets

Datasets { discharge| ® e .
We found 4 results Sort by Relevance v
Filter by O Multi-model seasonal forecasts of river discharge for Europe from
[] My favourites datasets -4 . January 2021 to present
i Updated 7 days ago
Product type v -_ _ This dataset provides hydrological seasonal forecasts of monthly mean river discharge
across Europe. Two hydrological model ensembles are provided. The first is an E-HYPE

multi-model system comprising eight model realisations using a catchment-based

Provider v resolution. The second comprises the E-HYPEgrid, V...
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Multumesc!

Intrebari ?

Co-funded by
the European Union

Grant Agreement 101159497 4

UNIVERSITATEA cmcece Universiteit JUSTUS-LIEBIG- _
BABES-BOLYAI 0 S Antwerpen Dores™  (tndeco



	Slide 1:   Școala de vară privind evenimentele extreme de temperatură și precipitații  Sesiunea 3: Inundațiile 
	Slide 2: 1. Ciclul apei
	Slide 3: 1. Ciclul apei
	Slide 4: 1. Ciclul apei
	Slide 5
	Slide 6: 1. Ciclul apei
	Slide 7: 1. Ciclul apei
	Slide 8: 1. Ciclul apei
	Slide 9: 1. Ciclul apei
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43: Exercițiu practic: Modelarea hidrologică
	Slide 44
	Slide 45: Evidențe privind inundațiile
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64

