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El pronostico
hidrometeorologico
debe ser siempre FINALISTA

Depende del objetivo, de los datos disponibles y de
la capacidad de gestion que se tenga para utilizar los
j" resultados.
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Precipitation forecasting

 Nowcasting: short/range based on recent and current observations.

__convection initiatiun!denay]

 Numerical Weather Prediction (NWP): three-dimensional models of the atmosphere.
NWP outputs
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Precipitation forecasting

 Nowcasting: short/range based on recent and current observations.
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 Numerical Weather Prediction (NWP): three-dimensional models of the atmosphere.
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 Statistical methods. More focused on seasonal forecasting of large-scale
phenomena (El Nifo Southern Oscillation, North Atlantic
Oscillation,...).
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® Adapting high-resolution meteorological model
forecasts to FF & DF early warnings
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Leadtime (anticipation)

e

Current 2 hours 72
1 time hours

" Ensemble Radar
Nowcasting

® High resolution radar nowcasting probabilistic
outputs (ensembles) for FF & DF forecasting (up to 2 h)

® Adapting high-resolution meteorological model
forecasts to FF & DF early warnings
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lEnsw_-mblta' Radar Blending
Nowcasting Radar-NWP

® High resolution radar nowcasting probabilistic
outputs (ensembles) for FF & DF forecasting (up to 2 h)

® Combining (blending) radar rainfall nowcasting with
probabilistic NWP products (between 2h and 6h)

® Adapting high-resolution meteorological model
forecasts to FF & DF early warnings




Precipitation forecasting

The types of meteorological forecasting outputs which are potentially useful
Include:

Quantative Preciptiation Forecasts (QPF).
And other variables such as temperature, wind, humidity,...

* Nowcasting: short/range based
on recent and current
observations.

* Numerical Weather Prediction
(NWP): three-dimensional models
of the atmosphere.

» Statistical methods.

Forecast quality —»

Climatology

Forecast time ——p
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The types of meteorological forecasting outputs which are potentially useful
Include:

Quantative Preciptiation Forecasts (QPF).
And other variables such as temperature, wind, humidity,...

* Nowcasting: short/range based
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observations.

* Numerical Weather Prediction
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Precipitation forecasting - Evaluation of nowcasts and NWP

01 June 2013 - 48 hour evaluation
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Precnpltatlon forecasting - Evaluation of nowcasts and NWP
=gy g

Comparison between rainfall forecasts and
observations

Hydrometeorological pm:mesm interaction with the terrain -
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Precipitation forecasting - Evaluation of nowcasts and NWP
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Precnpltatlon forecasting - Evaluation of nowcasts and NWP
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Comparison between rainfall forecasts and
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Precnpltatlon forecasting - Evaluation of nowcasts and NWP
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CASE STUDY in The Netherlands
(20 June 2013)

Ondertussen in het oosten van het land:
zandzakken en rubberbootjes

e

Noodweer in Enschede. Screanshot van WeerGroningan
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Initialisation with ECMWF-VAREPS
(15 days, 51 members, 32 km resolution)

Operational COSMO-LEPS 7
7 km spatial resolution
since Dec 2009
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EUROPEAN FLOOD AWARENESS SYSTEM (EFAS) |
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FF & DF early warning systems

i = il

Concept of threshold exceedance

For flood early warning we want to know if critical discharges
are exceeded - not necessarily the discharges themselves
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If the threshold for flooding
is here, there is no problem
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certain a problem
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In Flash Floods, the basms affected are smell (tehths-of |

Km?) and show very quick responses
(from 1/ 2 hour to few hours)
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Basin aggregated rainfall exceedances
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Basin aggregated rainfall exceedances

Given a point in the
drainage system,

We can define the
associated basin, and
calculate the rainfall
that will be collected
by the selected point

a0 100 200




Basin aggregated rainfall exceedances

This basin aggregated
rainfall is accumulated
over the hydrological
characteristic time of the
basin




Basin aggregated rainfall exceedances

And a probability of
Exceedance is
associated
(return period in years)

This basin aggregated

rainfall is accumulated

over the hydrological
characteristic time of the

basin
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EPIC: European Precipitation Index Climatology
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EPIC: European Precipitation Index Climatology

® 30 Years of COSMO-LEPS reanalysis have been
generated.



EPIC: European Precipitation Index Climatology

® 30 Years of COSMO-LEPS reanalysis have been
generated.

® For any point in the river system (I km?) a Climatology
of its basin aggregated rainfall is calculated.



EPIC: European Precipitation Index Climatology

® 30 Years of COSMO-LEPS reanalysis have been
generated.

® For any point in the river system (I km?) a Climatology
of its basin aggregated rainfall is calculated.

@ A Precipitation Index based on Climatology is thus
calculated at European scale (EPIC).



EPIC: European Precipitation Index Climatology

30 Years of COSMO-LEPS reanalysis have been
generated.

For any point in the river system (I km?) a Climatology
of its basin aggregated rainfall is calculated.

A Precipitation Index based on Climatology is thus
calculated at European scale (EPIC).

For any new event the rainfall forecasted is used to calculate
the basin aggregated rainfall, and compared
against the EPIC CLIMATOLOGY.



S PP W i T 5

COSMO LEPS
Probabilistic Rainfall
forecasts




v
. -

k
- I'Ill'r";.‘l.lllul -.1" r "_1_I' 2
.- LN NS o mad
3 L

P L E - -
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" COSMO-LEPS
Probabilistic Rainfall

forecasts Probabilistic basin
aggregated rainfall
forecasts

Forecast return period of EPIC
COSMOQ-LEPS 23/09/2012 12 UTC
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Forecast return period of EPIC
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COSMO-LEPS
Probabilistic Rainfall
forecasts Probabilistic basin
aggregated rainfall
forecasts

Warning code associated
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Forecast return period of EPIC
COSMO-LEPS 23/09/2012 12 UTC
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Forecast 48h
in advance

Floods hit 300 homes in north England

26 Sep 2012: River defences under pressure in
downpours, while fishing village is lefl covered in sea
foam

24109 25/09 2608 @ 2708 28009
12UTG  12UTC  12UTC  12UTC  12UTG
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Most recent

Looters of flooded shop condemned by
police

26 Sep 2012; Newcastle upon Tyne cycle shop targeted
as swollen rivers cause havoc in northern England
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We derived an alert criterion for
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of exceeding the 5-year return

period.

363 points above the alert criterion
were clustered in 50 events, 42 of
which were confirmed events. 40°NA

Out of 8 false alarms, 3 were due to
boundary issues and can be easily

recognized and removed
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Introduccion a Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

Tipos de flujo:
Flujo superficial (overland flow)

Qei: Exceso de infiltracion o de Horton
Qes: Exceso de saturacion o de Dunne

Flujo base (base flow, return flow)

Flujo subsuperficial (interflow)
Flujo subterraneo
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MODELOS
GLOBALES

==p- Entrada unica P(t)

model classic: Funcio de Perdues + Hidrograma Unitari

FP g - . II.-\.____ 8
{ Funcio de == PE Hidrograma

Produccic Unitari

sistema senzill de modelitzar (pocs parametres}
cascada de diposits de Nash (1957)

MODELOS DE BASE FISICA intent de reproduir els

processos fisics globalment (equacions fisiques amb molts parametres)
comuns als anys 60
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Models de caixa negra (black-box)

relacionen entrades i sortides sense cercar una base fisica

AR
e —
ABRMA
ARMAX

Redes neuronales
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Models distribuits

divisio de la conca en subunitats

Model SHIFT
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Modelo de tipo distribuido

Intento de integrar la variabilidad espacial de
las variables

precipitacion .. ...

caracteristicas -
de la cuenca .
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Qué le pedimos al modelo propuesto?

@ prevision de caudales distribuida y versdtil

@ modelo con pocos parametros

malla

celda hidrologica

unidad en la que asumimos que los procesos hidrologicos se
pueden reproducir con bastante fidelidad de manera agregada

© caracteristicas hidrologicas medias de la celda
© lluvia media
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Qes(?)

On(0)

@ 2 parametros de cuenca(m, T,)

e 1 parametro de inicializacion (D, )
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Generacion de agua a escala de celda
celda urbana: funcién de pérdidas del SCS

@ 1 parametro de cuenca (CN )

@ 1 parametro de inicializacion (P,)

Qex(?)

© CN original a partir de tablas
©@ CN'=FS-CN
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Determinacion de las perdidas iniciales

@ inicializacion del modelo en cada celda hidrologica (P, =D _,)
© parametro dificil de estimar

> estimacion automatica: lluvia antecedente al inicio de la ascension

linia de determinacio :
. [ W L -t_,:_‘—";?.'l
de les pérdues inicials :

i

93

inici ascensio

efectivo en el funcionamiento operacional
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Transporte del agua generada

importancia de separar el flujo en vertiente / flujo en canal
rio: area drenada superior a un umbral

HU de Nash G(n,K)

(iadera

HU

HU de cel-la (retardat)

—

temps




Transporte del agua generada

importancia de separar el flujo en vertiente / flujo en canal
rio: area drenada superior a un umbral

temps
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Como se optimiza?

Meéetodo de Metropolis-Montecarlo (1953):

Generar n conjuntos de parametros 6, con una distribucio de probabilidad dada
Evaluar FO para n simulaciones. Quedarse con 8 / min(FO)

Problema: np=6; nd=10 = n = 106

Algoritmos de busqueda mas clasicos:

Simplex: Nelder and Mead (1957). Busqueda aleatoria controlada con formacion
de triangulos en el espacio de parametros

Metodo de Rosenbrock (1960). Mejora a partir de las ultimas iteraciones

Algoritmos de busqueda global:

SCE-UA (Suffled Complex Evolution): Duan et. al. (1992). Diferentes grupos que
evolucionan al optimo (con el Simplex). Los diferentes grupos son
periodicamente barajados (se excluyen los peores 8). Al final, todos los grupos
tienden al mejor 6.
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Wagener (2003)
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diferentes conjuntos de parametros (1 para cada FO)
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las otras FO: MOCOM-UA

Inclusion de informacion diferente a los Q observados

Estado de humedad del suelo, carga solida, etc (si el modelo lo proporciona)

Estructura del error que se espera (funcion gausiana, sin errores sistematicos, etc)



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

_inputs Eemed  Modelo P-Q e

parametros \—J



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

estructura del modelo

N TYE]

_inputs Eemed  Modelo P-Q e

propiedades de parametros
cuenca

estacion de aforos: pasode Ha Q



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

estructura del modelo
lluvia

inputs =S Modelo P-Q Bemal outputs |

propiedades de parametros
cuenca

estacion de aforos: pasode Ha Q

GLUE: Generalized Likelihood Uncertainty Estimation



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

estructura del modelo
lluvia

inputs =S Modelo P-Q Bemal outputs |

propiedades de parametros
cuenca

estacion de aforos: pasode Ha Q

GLUE: Generalized Likelihood Uncertainty Estimation

Concentrar la incertidumbre en los parametros 0



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

estructura del modelo
lluvia

propiedades de parametros
cuenca

estacion de aforos: pasode Ha Q

GLUE: Generalized Likelihood Uncertainty Estimation

Concentrar la incertidumbre en los parametros 0

Estudio de Montecarlo: Actualizar la funcion de probabilidad de los n conjuntos
de 0 segun la verosimilitud (f(NE))



Calibracion de los modelos hidrologicos

Nos creemos los parametros optimos?

Incertidumbre en todos los elementos de la modelizacion

estructura del modelo

lluvia

o Modelo P-Q [Esme outputs |

propiedades de parametros \J

cuenca
medidas

estacion de aforos: pasode Ha Q

GLUE: Generalized Likelihood Uncertainty Estimation

Concentrar la incertidumbre en los parametros 0
Estudio de Montecarlo: Actualizar la funcion de probabilidad de los n conjuntos

de 0 segun la verosimilitud (f(NE))

Parameter m Parameter In(To)

extraido de
“Topmodel: a critique”,
Beven (1997)

)
c
L
2
i
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Introduccion a Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

Tipos de flujo:
Flujo superficial (overland flow)

Qei: Exceso de infiltracion o de Horton
Qes: Exceso de saturacion o de Dunne

Flujo base (base flow, return flow)

Flujo subsuperficial (interflow)
Flujo subterraneo




Observations in rainfall-runoff modelling
HBV rainfall-runoff model (SMHI - Bergstrom and Forsman 1973)
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Development and test of the distributed HBV-96
hydrological model

Goran Lindstrom*, Barbro Johansson, Magnus Persson, Marie Gardelin,
Sten Bergstrom

Swedish Meteorological and Hvdrological Institute, 5-601 76 Norrkoping, Sweden
Received 11 October 1996; accepted 6 March 1997

Abstract

A comprehensive re-evaluation of the HBY hydrological model has been carried out. The objec-
tives were to improve its potential for making use of spatially distributed data, to make it more
physically sound and to improve the model performance. The new version, HBV-96, uses subbasin
division with a typical resolution of 40 km*, although any resolution can be used. In addition, cach
subbasin is divided into elevation bands, vegetation and snow classes. Automatic weighting of
precipitalion and lemperature stations was introduced and a new automatic calibration scheme
was developed. The modificanons led 1o significant improvements in model performance. In
seven test basins the average value of the efficiency criterion R increased from 86 to 89%, with
improvements in both the calibration and verification penods. © 1997 Elsevier Science B.V.
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Observations in rainfall-runoff modelling

HBYV rainfall-runoff model

2R 7. Lindstriim ef ol Fowrnal of Hydrodogy 200 ¢ 1997) 272 288
P.T.LP
INPUT SOIL AND EVAPOTRANSPIRATION
Vanabies: Warnabias:
p = Weightisd mean praciptation M = 5ol moisture
H1sPCALTL ! = Weightad mean lamperatre R = Runoff ram sod
¥z> PCALTL o = Weighlsd maan svaporabion EA =  Actual evapotranspiration
P = [Precipitation at stafion i B = Interception evaporation
T = Temparabure i stabion i CF =  Capllary flow
ET2TT+ TN ER = [Potential evaponation at EL = Laks svaporason
HTTT -TN/2 station | (long-term T = Subbasin mean lemperature .
miaan wakees) (loneg-term daily means)
P = Jona precipitation Paramedars and constanis: A
T = Zone lemperaturs FC = Maximum sol mosiure conbant
IT>TIM (MELT 5 87 EP = Zone pobential evapotranspiration LP = Limdt for polential evapoiranspiration
ET<TTd (REFR 5 WC) RF = Zona raindall BETA = FParameber in sol muting
BWC < WHC - 59 SF = Tone snowfal CALUX = Maximum vaius of CF
WG 2 WHC - 5P Parameters and constants: CEVPL = Lake evaporation comection factor _
PC(z) s  Elevation corecton facior LAG = Time lag for lake evaporation
TCALT = Elevabion comection facior ETF = Temperature comection factor
ECALT = Elwvalion comection lacior 'E
z = Jone slevation RESPONSE
2w = Relwence kevel Vanabies: =
T = Temparahure limil for snow/rain ez = Storage in upper response box
™ s Tempershure inerval with Qo = Dutfliow from upper response box E
& mixtung of snow and rain Lz = Slorage in lower rasponse box b=
RFCF = Rainfall comection factor th = Outflow from lower response box
SFCF = Sncwiall comaction Fackor a s Chuflow from iransformation function
ECORA = Evaporation comection facior FParamalers and constants: #
K »  Recession coeflicient | =
RN = (SMFCNT SHOW ALFA = Responss box parsmeter
EP=EP- (14 ETF-(T-TJITJ Vanahies PERC = Percolation from upper it
EAEP = SMLP PSM<LP 5P = Frozen part af snowpack lower response box ]
g?t;l“ﬂ.m lﬁ"”.’:zlg WG = Liquid waber in snow Ks = Recession coefficin
EL = CEVPL - EP{LAG) MELT = Snowmelt MAXBAS = Transformahon funcion parameder ;
REFA = Refreezing of iquid water dake = Intemal lake zone E
iM = [nfltration fo sod g
T"" 49, Paramaters and constanis:
SFOIST =  Destribubion kactor for snowdall E
WHC = Waber holding capasity .
CFMAX = day kactor [ =18
_uz L ™ = Temparaturs bmit lor meling
CFR = Ralreazing factor
w LT M AF Fig. 3. ironnimeed } Schematic structure of one subbasin in the HBVY -9 model, with routings for snow (Lop), sl ]
Q=K LI {mihdbe) and response (bonom). Bodd letiers indicaie that the paameter i mormally calibraied E
'ln,.n, wight 'g
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Observations in rainfall-runoff modelling

HBYV rainfall-runoff model

* Subbasin division.

e Showmelt based on the degree-day approach (air temperature).

* Evapotranspiration: potential evapotranspiration based on Penman, with an altitude
correction factor.

y )
| The HBV-96 Rainfall-Runoff Model \
* Interception storage.
L3y EAEP
* Response function: 1 ; | il mvl g
| ' Evape
> LFFC S T Soil box -g
2 rf"t'il KA = [i‘;]n f Su<Lp -g
EA=EP § SM:LP
o Wetght oo 7 E
Q=K-UZ'** ) g
. oo g
gy B Rt " ien 9
i MAXBAS Uppf:r
o == crLux{ FC:4) response box :
o [.w }' 2 ’ Lower
FCJ ) Fercolotion = FERE ~— ) response box 3
K= x::g.h B =K, b, ﬁ:ﬁ"ﬂmﬂﬂ g
LZ YARIABLES FARAMETERS E
R Recharge FC Maximum soil moisture storge [=9
Fig. 2. The response function of the standa®HBY model. £ Rainfall Lp Limit for potential evapotranspiration E
S Soil moisture storage i Soil routine parameter
EF Polential evapotramspiration KHO Recession at HO E
E4  Actual evapatranspiration FRC) Half of meean annual Nood '
B Storage in upper response box ok, Recession parameters E
L Storage in lower response box by, hy; bevel ar HO)
e[ and use (open areas, forests, Oz Runofffrom uppee esponse b PERC  Percolation rae
X op Hl.lrluﬂ"ﬁ'm lower response box CFLUX Capillary flux rate E
lakes and glaciers). Q' Rirer o MAXBAS  Rouiog perumete 3
L Rnuti ng (Mus kingu m methﬂd) Fig. 1. The principal structure and parameters of the HBEY-96 model when appliod on catchments without snow as described by Lindstrim enal. E,
7 (1997 ) including the recent modifications of the response routine by Bergsibm et al. {1997,




Observations in rainfall-runoff modelling

HBYV rainfall-runoff model
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SNOWFALL

SNOW
To MELTING | BAINFALL
A | _ Xo
Ho, | . Y
Snowpack Yo -~
PRECIPITATION _ \
X4 EVAPOTRANSPIRATION
_'._ % Yy
EXCEDENCE | | P [
X u| | %7 5
? 1 H1 -;
1
(s} Static storage _§
INFILTRATION oo~ T2y
- "2 OVERLAND f
X3 Hg, ~ FLOW -
! Surface storage .4
= W T Y
PERCOLATION e Y3 INTERELOW D
X 4 Hgi . g
’ Gravitational | E
4 storage 5
GROUNDWATER e Ty
OUTFLOW ; Y4 BASE FLOW
5 i _ ;
H4 .,
Y - Ts
Aquifer o
Hs
1
Channel E
Source: Velez et al. (HESS2009). }
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Topmodel
Hipotesis

@ Estacionariedad: la dinamica de los procesos se puede representar
por una cadena de procesos estacionarios < S(t+1) = S(t) + AS

@ Uniformidad: |a recarga a la zona saturada se puede considerar
uniforme

@ El gradiente hidraulico de la zona saturada se puede aproximar por la
pendiente del terreno

@ Funcion de la conductividad hidraulica (horizontal) con la
profundidad (o el déficit)

funcién exponencial K(D,)=K,- Exg{—g]
m
Deéficit D :: profundidad efectiva de la zona saturada

Zona

Saturada __ T(D.)= F" K,-exp(-D,/m)=m-K,-exp(—D,/m)
T

0
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Caudal base

caudal base
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Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

P-D
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! :[Drz :
Srmax D Qes :
-
8
Qp 2
Flow types: Q(t) = Q,,(9)+ Qy(t) E
Overland flow: i
Qei: Infiltration excess (Horton mechanism). g
Qes: Saturation excess (Dunne mechanism). 5.
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To D (A s
gy (A;) = -~ (— - ) 0,=AT, Ex,t:r(—l) exp(—}—ﬂ) 3
2
F



Introduction to Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

P-D,,
l" /\v P-D-(D-Sy2)
I IDE i
Srmax D Qes
Qb
SO Q(t) = Qo)+ Qy (1)

Overland flow:

Qei: Infiltration excess (Horton mechanism).
Qes: Saturation excess (Dunne mechanism).

Base flow:

Ti D (A - D
Percolation: ¢, (\;) = > exp (—g) Base flow: O, =A T Exp(—l) exp(——)
m m m

E
:
:
|
'§
g
%
|
:



Introduction to Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

P-D,,
l" P-D,-(D-Syy)

Q(t) = Q.(1)+ Q,(1)

D(t+1)=D(t)+AD AD=P(t+1) =Dy, (t+1) — Qu(t+1)

Hydrometeorological processes and-its interaction with the terrain -



Introduction to Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

P-D;

l‘” /\ P-D;-(D-Suz)

I :[Drz )

Srmax D Qes j
£
:
Qp 3
Spatial variability of Di Q1) = Q, (+ Q,(t) : g
D.=D+m-(A-1,) g
g
g
L B
D(t+1)=D(t)+AD AD=P(t+1) =Dy, (t+1) — Qu(t+1) g
‘é
F



Introduction to Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53

P-D,
l" /\v P-Dpz-(D-Su2)
! :[Drz i
Srmax D Qes ,.
-
3
Qb 2
Spatial variability of Di Q1) = Q, (+ Q,(t) : g
D.=D+m-(A-1,) g
g
Time update E_
8
D(t+1)=D(t)+AD AD=P(t+1) =Dy, (t+1) — Qu(t+1) g
2
2
7



Introduction to Topmodel

Beven, K., Kirkby, M.J. (1979). A physically-based variable-contributing area model of basin hydrology.
Hydrologic Science Bulletin, 24, p:27-53
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Simnax D Qes
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Spatial variability of Di Q(t) = Q_(O)+ Q, (1)
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Time update
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Q..(t)=P(r)- A-G(A,(1))

S Frmax

0,(1)=A-Tj- exp(_k(r))

l+ir)ﬁ

m

depdsito de la 8 D(t+1)=D(t)+AD= A (t+1)

zona radicular

depdsito de gestion
de la zona saturada
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@ concepto de area contributiva variable (Cappus, 1960)
@ influencia de la topografia en la dinamica de las areas saturadas

Pi

oy

Concepto de lluvia efectiva
Q=PEA=(cP)A

L

Q=P-A_=(cA)-P
Concepto de area contributiva variable

Qes (1)= P(t) - As(t)

area saturada

(As)
w
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Topmodel

Estimacion de parametros: inicializacion Drz, D

Drz(t=0) : a partir de lluvia antecedente, evapotranspiracion (dificil)

D(i=0) : a partir del caudal observado

O.(t)=A-T,. e}(p(—D(r)} exp(—A)

m

D(e‘ =0)= m(ln(];}) =y _]B[QE;EU) ]]
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- L Level 3:
| Full Hydrological modeling






The rainfall-runoff model Dichitop (Corral, 2004)

e Distributed model able to use
distributed rainfall fields.
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The rainfall-runoff model Dichitop (Corral, 2004)

: e Grid-based model able to use
| distributed rainfall fields.

e Able to produce runoff depending

on the characteristics of the
| hydrological cells.
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-] e The transfer function needs the . Ay,
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Rural / Urban

Soupled |ossiunction

Topmodel (rural) -+ SCS (urban)




Rural / Urban

P(1)
3 P-D,,
}Drz =Deficit
Srmax
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| Storage | | initial losses r
- " Radicular Z .J S
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}Drz =Deficit
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hillslope cell - Upstream Area < 30 km2




with Muskingum parameters

‘ Routing in hillslope cell j Difussive Wave Unit Hydrograph

B (Szymkievicz, JH 2002)

: e e (NP
HUODM (1) = ;E(EJ E-Jip{ (-1 ]

J2a(l-2X) K

I,

2(1-2X)K1,

| | =distance to output
i v = flow velocity

UH total
(hydrological cell)

/ hillslope cell

time

Q@) =2 OVcell i




The rainfall-runoff model Dichitop (Corral, 2004)

distributed rainfall fields.

I : e Grid-based model able to use

e Able to produce runoff depending
on the characteristics of the

hydrologicla cells.

® The transfer function needs the
| \ basin to be classified into hillslope

and stream cells.

e A simplified drainage network is
used to transfer cell hydrographs.

e Basin hydrograph is calculated as
the linear combination of cell
hydrographs.
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e Grid-based model able to use

distributed rainfall fields.

e Able to produce runoff depending
on the characteristics of the

' hydrologicla cells.

® The transfer function needs the
| \ basin to be classified into hillslope

and stream cells.

e A simplified drainage network is
used to transfer cell hydrographs.

e Basin hydrograph is calculated as
the linear combination of cell
hydrographs.
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Simplified Hydrologic Models

@ Methodology

Application of a simple hydrological rainfall-runoff models (Loss
functions P-Q) in selected catchments.

Lumped: the simulated Hydrogram Q(t) is forecasted at the

output of each subbasin (node). Radar QPE is spatially averaged in
the subbsins.

Ungaged: Applied to catchments where no monitoring/
observation are available (no streamflow gages)
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Required Data I

* RAINFALL: Radar QPE (+QPF) I

-y

CARTOGRAPHY: basin boundary, stream
network, urban areas

BASIN PROPERTIES: Geology, land use,
slopes
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System Outputs I

DISCHARGES: discharge forecast in the
nodes

FLOOD HAZARD WARNINGS:
Discharge thresholds at nodes
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Coupling urban and rural (non urban) processes. Coupled
simulation of urban run-off and non-urban run-off (rural areas)

N i

,
Urban Non Urban
Loss function SCS (FPurb) Loss function SCS (FPnourb)

Unit Hydrogr. SCS (HUub) | Unit Hydrograph SCS (HUnourb)
v J

s \_

punt control
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Loss Function - SCS method: Curve Number Method
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@® Loss Function - SCS method: Curve Number Method

Estimation of the mean Curve Number CN for the urban area
(CNurb) and the non-urban area (CNnourb)

Po = S(Iﬂ - 50 (mm)
CN
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® Loss Function - SCS method: Curve Number Method

Estimation of the mean Curve Number CN for the urban area
(CNurb) and the non-urban area (CNnourb)

The Loss function parameters (Po, initial abstraction) are

estlmated separately for the urban and non-urban area
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® SCS Unit Hydrograph:

O The SCS Unit Hydrograph is asociated to an adimensional
hydrograph where time to peak (tp) and Peak discharge (Qp)
are the governing parameters
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® SCS Unit Hydrograph:

O The SCS Unit Hydrograph is asociated to an adimensional
hydrograph where time to peak (tp) and Peak discharge (Qp)
are the governing parameters

S5CS Dimensionless UHG Features




® SCS Unit Hydrograph:

O The SCS Unit Hydrograph is asociated to an adimensional
hydrograph where time to peak (tp) and Peak discharge (Qp)
are the governing parameters

Time to peak tp is estimated
as a function of the basin
concentration time tc:

tp=0,35. tc

S5CS Dimensionless UHG Features
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@ Reference Discharges:
Estimation of Discharge thresholds associated to Hazard (return

periods)

Rational method (when Ungaged): Reference discharges
associated to T=2 and 500 year Return Periods have been
estimated using the classical Rational Method at every subbasin.

Discharge frequency analysis (when Gaged): Applied to
catchments where historical discharge series are available
(streamflow gages).
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A Flash Flood Basin case: Maresme, 12 Set 2006. Radar rainfields

Discharge
Intensity Return
Rainfall Period
T(years)

P imm/h)
100

500

12,/08 /2006 21:10:00
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A Flash Flood Basin case: Maresme, 12 Set 2006. Radar rainfields
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PREVISION PROBABILISTICA




Effect of the interaction of both
sources of uncertainty on the
hydrological modelling
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Acceptable parameter sets
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Quantifying the effect of uncertainty
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Framework for comparing the different effects
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The effect from different sources of uncertainty

precipitation [ parameters ™ interaction
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Early warning systems

2z Advanced tools for Flash flood forecasting

(o) ojoo] #i il =i © e T

2 AL
eSS

I 03:30 UTC

&< £

[

. »
' s
"

S
AT

' [CCCEEREN

% lmuﬁ H-H.T -l-il.-Ml
m-l--- | ration 199] ate 20|

/

'l
I
F
{

A study of the uncertainty related to hydrological modelling @ @



Early warning systems

> Advanced tools for Flash flood forecasting
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Hydrological impact - flow forecasting
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