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Andalusian Regional Government

financed in 2002 a pilot project for

Water Integrated Management

10°W o 10°E

A tool for diagnosis and prognosis of
the system behavior in time and space
l' Integral watershed modelling
The Guadalfeo Project « Temporal and spatial scales
Uncertainty asessment
Soil use and climate Decission making on

Zcenarigs, azsociated water ‘ waler resources
emands and returns based on risk analysis
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Risk analysis and decision making

Risk = Probability of “failure” x Associated cost

Total cost = 2. partial costs =
=damage and repair + opportunity costs + environmental costs
(European Water FrameWork Directive)

Failure= Situation where our goals are not achieved

Decision making based on minimizing risk
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

Objectives:

To provide with a methodology for uncertainty assessment based on probabilistic
forecasting enhanced by the use of a physically based hydrological model:

Quantifying the reference variability of hydrological regimes in
Mediterranean watersheds

Quantifying uncertainty of derived variables

Quantifying uncertainty under changes in the catchment area

Oriented to risk analysis as a decision making tool

Index ‘

1 Study site
Mediterranean watersheds: The Guadalfeo River
Singularities
2 Uncertainty assessment for decision making
Sources of uncertainty
Model structure
Hydrological model

3 Results
Extreme flow values forecasting under current conditions
Derived variables: flood vulnerability
Impact of catchments changes: an example

4 Conclusions
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

1 Study site

From 0 to 3480 m height in a

70 km distance
3480 m

Subtropical and alpine
climatic zones in a 1340 km?
area om

Annual rainfall averages
570mm, runoff greatly
influenced by snow

www.cuencaguadalfeo.com (in Spanish)
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

1 Study site
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

1 Studx site

In 2002, a new dam was
constructed in the main course
of the Guadalfeo River

e .
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

2 Uncertainty assessment
Main uncertainty sources in runoff calculations:

Input variables
Occurrence of rainfall events, and their characteristics
Measurement error at stations
Interpolation algorithm

Input parameters

Characterization of the physical/experimental parameters that describe the
system and its modelling

Measurement error
Model structure
Mathematical formulation of each submodel and their connections

Spatiotemporal resolution of the state variables

By “control” of the rest of sources, the occurrence of rainfall accounts
for more than 96% of the variability in this area (Polo ef a/., 2006)
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

2 Uncertaintx assessment

Available multivariate data series of “events” and “non- events” = |/years

:

Probability distribution functions of the input variables

This single sample is replicated N times by resampling using a Weather Generator oriented
to Mediterranean conditions validated at the study site (Nieto ef a/., 2006)

Empirical/analytical Weather Generator N samples of V years of

pdfs of the input .
i ‘ : : ‘ meteorological
variables (Monte Carlo simulation sequenc%s
of multivariate variables)

:

Validation of pdfs
and
extreme variables in V
years pdfs




Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

2 Uncertainty assessment

Soil use
distribution,
water demands,
system operation

! ]

GIS definition o
the
environment,
and parameter
values in the
governing
equations

(Watershed \

distributed
physical/ global
models

(WiMMed

software, 2010)
\_ J

N groups of results
for the A state
variables
previously selecte

mountainous watershed in Southern Spain

Resampling: 1
event, v events,
season, year, V
years... by the
Weather Generator

. B

Results: N groups
made up byl event,
or v events, or 1
season, or 1 year, or
V years

Probability distribution
functions for each A
variable and theirjoint

combination (marginal,
conditional, joint...
distributions)




Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

2 Uncertaintx assessment

Available information at the study site

40 year series of daily meteorological variables at 32 stations

10 year series of 30 min meteorological variables at 5 stations

5 year of field data about snow conditions (from 2003 on)

30m DEM from Andalusian Regional Cartography

Soil characteristics cartography (LUCDEME Project)

Soil use and forests (CORINNE, and Andalusian Regional Cartography

15 year series of daily streamflow at 5 gauge stations upwaters (with gaps)
Vegetation cover fraction seasonal evolution by Landsat data analyses (8 year)

Hydrological /hydraulic simulation of the 40 year historical period by WiMMed
(calibration/validation by the research group in the Guadalfeo Project:

Herrero, 2005, 2007; Millares, 2006, 2008; Aguilar, 2006, 2008; Avila, 2006, 2008; Diaz-
Gutiérrez, 2007) e s i am wee

Herrero et al.,, 2009, Millares et al., 2009,
Aguilar et al., 2010
Aguilar et al., Millares et al., Polo et a/., under revision
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

mountainous watershed in Southern Spain

3 Results: Extreme variables regime
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

3 Results: Derived variables forecasting

Cyclonic front Physical models cascade

N—— diagram for streamflow
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

mountainous watershed in Southern Spain

3 Results: Derived variables forecasting

Derived pdfs for maximum
instantaneous water flow:

Annual maximum daily flow
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

3 Results: Derived variables forecasting

Derived pdfs for maximum
instantaneous water flow:

Q=6,728. 105 * P1.9555
r2=0.90
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

3 Results: Derived variables forecasting

Derived flood vulnerability
in 35 years:

Q=40 m3/s at Orgiva (p=0.99) Q=190 m3/s at Orgiva (p=0.01)

Fa
]




Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

3 Results: Derived variables forecasting

Flooding risk analysis

|
Flooding probability ‘
Failure isoprobability | =
maps B
[
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Damage and associated
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

3 Results : Simulated scenario
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Simulated scenario,
maximum daily flow (m3/s)

Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

3 Results: simulated scenario

Observed maximum daily flow (m3/s)
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Simulated scenario,
maximum daily flow (m3/s)

Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

3 Results: simulated scenario

Observed maximum daily flow (m3/s)
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean

3 Results: Simulation of scenario

pdF

mountainous watershed in Southern Spain
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

4 Conclusions

On the Mediterranean variability of extreme meteorological variables
The methodology proposed provides with reference variability regimes once the Weather
Generator is locally validated.

On the derived variables forecasting

The availability of validated coupled hydrologic and hydraulic models allows a good
aproximation to a probabilistic forecasting of derived variables, such as flooding
vulnerability characterization.

On the catchment change scenarios

The avalilability of validated coupled hydrologic (distributed physically-based) and hydraulic
models provides us with a tool to forecast such effects which, combined with the Weather
Generator, allows a probabilistic approach to be included in risk analysis

RISK ANALYSIS AS DECISION MAKING SUPPORT SYSTEM
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Uncertainty assessment for long-term forecasting of extreme values in streamflows due to catchment changes in a Mediterranean
mountainous watershed in Southern Spain

On-going work
Calibration / Validation of sediment and nutrient/pollutant fluxes

Inclusion of erosive and water quality modules , reservoir operation module, and
uncertainty assessment in the Windows interface of WiMMed

Transference of the model to the regional water administration
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Some usual features of Mediterranean watersheds

*Topography and morphology gradients
Height, slopes, facing...

*Wide range of meteorological conditions
Seasonal/annual/pluriannual droughts

Torrential rainfall events 1,4

High annual variabiliry 1000 r,\

800 \ ﬂ
o e \ oA "
o 400 \/\/ \’\j \./\J L / \
200 \/\1 J

1965 1975 1985 1995 2005

Hydrologic year
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Some usual features of Mediterranean watersheds

*Regulation, flood protection, and singularities

Reservoirs, aquifers, deltas, ephemeral streams
*Crops and natural vegetation in patched areas

Intensive and irrigated crops
*Urban and touristic development stress on water resources

Heterogeneity!!
Coincident in space and time: litsgsalyaadynmamaes bimo o
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Some usual constraints of water resource planning
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Some constraints for uncertainty assessment of hydrological variables

*Long time series available for meteorological variables (~O 40-100 years)
Rainfall, temperature >>> radiation components, wind, air humidity

*Medium time series available for streamflow in big rivers (~O 40-60 years)
Ebro, Guadalquivir, Guadiana > Jucar, Segura

Water depth > daily flow >>> water velocity

*Short time series available along the fluvial network (~O 10-20 years)
Water depth, inflow to reservoirs

Intermitent/ephemeral rivers (maximum-minimum values)

Prediction of extreme values at
different scales




WiM-Med, a distributed physically-based watershed model (I): Description and validation
2 WiMMed structure

Current Windows interface

Atmospheric model
ATMOSPHERE 1
Snow  Rain
|
Nutrient-pesticjde Snowmelt/Runoff :
- - Sediment loads
HILLSLOPES loads generation
|
CHANNELS Nutri.ent-pegticide = | Flow circulation #= | S¢diment circulation
circulation
§ 0 '
Nutrient-pesticid
RESERVOIR Reservoir internal processes " rleiloa%ess e

DELTA Delta evolution




WiM-Med, a distributed physically-based watershed model (I): Description and validation
2 WiMMed hydrological model

Atmosphere

Event (cyclonic front) and non-event definition of states

Spatial interpolation algorithms

Rainfall Height corrections
Temperature Height corrections
Solar radiation Topographic corrections

(Aguilar et al., 2070, HESS., in press)
Snowfall occurrence




WiM-Med, a distributed physically-based watershed model (I): Description and validation
2 WiMMed hydrological model

Hillslopes, energy and water balance (DEM cell)

Variable time resolution depending on process scales

Rainfall interception by vegetatlon

Storage ieaaaseasssesssszs
Throughfall HEHHHHH
Evaporation ~T| Precipitation
h._.,‘ ; ‘ En=rgy j-';_,L
Snow cover evolution Y, ‘ [ e |
Accumulation 1 m ?f j;,;j
Fusion Evapotranspiration _
Evaporation
Infiltration and runoff generation Subsurface
Aow
Infiltration
Lateral flow
Recharge
_ Baseflow

. Evaporation

l:\;%;,, Z
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WiM-Med, a distributed physically-based watershed model (1): Description and validation
2 WiMMed hydrological model

Hillslopes, energy and water balance (DEM cell)
Rainfall interception by vegetation

Storage

Throughfall
Evaporation

0 5000 10000 20.000 30.000 m 0 5000 10000 20.000 30.000 m
1 — 1

Snow cover evolution
(Herrero et al., 2009, J. Hydrol.)

Accumulation
Fusion
Evaporation

Infiltration and runoff generation
(Millares et al., 2009, HESS)
(Aguilar et al., Millares et al., revision)

Infiltration

Lateral flow

Recharge

Evaporation
/g%, Baseflow
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WiM-Med, a distributed physically-based watershed model (1): Description and validation
2 WiMMed hydrological model

Water circulation (hillslopes and channels)

Variable time resolution depending on process scales

Streamflow hydrographs at control points

Baseflow —— Q Simulach Total
. o0 Q Superficial
Direct runoff —Gaen ,
) Q Medid i I8
('E7 AD L v TR T e TR A R AT R R R R oy M‘,’/,~~~\\* AAAAAA FF o Fogd o F
L] ] 0 o 4 I \‘-I\—»-—'“———
Hillslopes routing wi0ate

Storms/dry periods (river channels)
Hydrologic routing
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oR8

Kinematic/diffusive wave T ——————— — =

. . . . E ‘g-,,_ .................... | e ]
Hydraulic circulation (river channels) - s

1D hydrodynamic equations Sgﬁ

Transient regimes £

Floodplains

Per (mm)
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WiM-Med, a distributed physically-based watershed model (I): Description and validation
2 WiMMed hydrological model

=TT S /0 ¥

Water circulation (hillslopes and channels)

Variable time resolution depending on process scales

Resultados de la calibracion. Caudal en Orgiva
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WiM-Med, a distributed physically-based watershed model (I): Description and validation
2 WiMMed hydrological model

Water circulation (hillslopes and channels)

Variable time resolution depending on process scales

Hydraulic circulation (river channels)

1D hydrodynamic equations

Transient regimes
Floodplains %
Tidal contour conditions at the mouth =




WiM-Med, a distributed physically-based watershed model (I): Description and validation
3 Windows interface for WiMMed

(.7 Instalacidn de WiMMed 1.0

Seleccion de componentes
Seleccione qué caracteristicas de WiMMed 1.0 desea instalar,

Marque los componentes que desee instalar v desmarque los componentes que no desee
instalar, Presione Siguiente para continuar,

instalar; T e
DiE : documento de ejemplo
'‘Cuenca del guadalfeo’.

eeeve.

Espacio requerido; 4.8MB

Powered by Bermasoft, com

< Atras Siquiente > Cancelar
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WiM-Med, a distributed physically-based watershed model (I): Description and validation
3 Windows interface for WiMMed

% Ejemplo.wip* - WiMMed g

Archivo Edicidn Proyecto Yer Ayuda

D 2R SRINE BBBADB 2N KA W) = o Zoom: |75% v

'E‘royecto x

s [tnicia el video]

= [ Guadalfeo

(=7 Datos de entrada beao de 23/01/2000

# (= General - =
= Topografia

Valores de

# = Suelo — 400.00
=7 Vegetacién
[[]0 Capacidad de Almacenamiento de — 355.56
[:lg Capacida“d de Retencidn de Agua _ a11.11
& ]|
[0 Cubierta vegetal — 266,67
[# = Meteorologia
{=y Resultados 222,22
(=) Mapas de Usuario {oe
[#-{= Estaciones Meteoroldgicas 5
133,33
88.89
44,44
0,00

Altura del terreno

en m
— 3478
— 3081
2684
2288
1891
1494
1097
701
304
-93
<] i | [
X —————- Error: Simulacion abortada [A‘
2
b R o o o o o o R o o o o o R o o o o R o o o o
=) EEXRNEERRNNERNRNLERNNERNNNEN Fln del programa EEEERTRERNRNRERNNRERNNNRNNNN
18/01/2008 11:23:27 Fin del célculo L=l
(el
Inicia la visualizacion del video MNUM

@

UNIVERSIDAD B CORDOBA



WiM-Med, a distributed physically-based watershed model (1): Description and validation
3 Windows interface for WiMMed

*

Propiedades de la capa

General | Opciones de visualizacion |

-Rango de valores

(%) Automético

Calcula los valores maximo v minimo a partir de los valores del mapa.

(O Personalizado
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WiM-Med, a distributed physically-based watershed model (I): Description and validation
3 Windows interface for WiMMed

A g P S Ve A e *
Simulacidn Ciclo Superficial
Variables | Fechas ' Regiones |
Seleccionar por: Fechas %
Fecha inicial: 25108/2006 IVJ

Fecha final:

01/09/2006 [:J
< | septiembre de 2006 | > |

—_—

28 29 30 31 B 2 3
4 5 6 7 8 9 10
11 12 13 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 |

g B 5 F

Generar Cancelar

| |Hoy: 21/01,/2008




WiM-Med, a distributed physically-based watershed model (I): Description and validation
3 Windows interface for WiMMed

% Ejemplo.wip* - WiMMed Q@
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