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Abstract

The principal aim of this study is to taste the answer of one distributed physically-based
rainfall/runoff hydrological model like FEST-WB (created in Politecnico of Milan), for forecast of
flash-flood events in semi-arid basins, like our area of study or rather Catalonia region . Infact
originally the FEST model was created to forecast flood events for mountain’s basins of the alpes,
so with different climatics and morphologicals features from those examinated in this work. The
examinated basins have particular characteristics, being mainly compounds by karst terrains, and
subject to long summer droughts followed by very high intensity rains that in a few hours can pour
a quantity of rainfalls that can account for a very large fraction of the annual amounts, causing
events called Flash-flood. These type of events are importants to understand and to study, because
often cause extensive damages to property and people given their difficult predictability, due
principally to the short lag-time answer of basins to the intense rainfalls in the creation of runoffs,
also characterized by very high peak discharges that are very dangerous for the population.

First we studied the model’s answer calibrating and validating it in the originally way, using the
originally code or settings of FEST-WB and we try to understand on which parameter we had to
intervene to adapt the model at these type of basins. We identified it in the Strickler coefficient.
Afterwards we modified the code , calibrating the Strickler coefficient how explained in our work,
and we calibrated and validated the model in a different way from the standard method, following
Borga et al 2007.

1 Introduction

Flash-floods are among the most devastating natural hazards in terms of human, social and
economic losses. These extremes are extraordinarily rapid and the response time for any preventive
measure ought to be short. One of the major scientific challenges of the international HyMeX
(HYdrological cycle in the Mediterranean EXperiment; further information at:
http://www.hymex.org) programme is to improve the understanding of hydrometeorological
extremes in the Mediterranean (Drobinski et al., 2014). The Spanish Mediterranean is a flash flood
prone region during late summer and early autumn as high precipitation rates persist for several
hours over individual basins. This persistence is often associated with prominent orography that
anchors quasi-stationary mesoscale convective systems (MCSs; Doswell et al., 1996; Kolios and
Feidas, 2010). Furthermore, the particular geographical settings of this semi-arid region, with many
small-to-medium size steep and densely urbanised coastal catchments, further reduce the
hydrological response times, increasing the associated risks. In addition, most of these rivers are
often dry during the warm season, exacerbating unexpected and extensive flood damage (Fig. 1;
Belmonte and Beltran, 2001; Amengual et al., 2007 and 2015).

Persistent low antecedent soil water contents and high soil moisture capacities are characteristic of
the semi-arid Mediterranean Spain. In addition, heavy rainfalls and large precipitation amounts
result in a highly nonlinear rainfallrunoff transformation (Borga et al., 2007).

Hydrological forecasting systems based only on rainfall observations do not provide forecasts with
sufficient lead time to take effective precautionary civil protection measures, and with this work we
try to improve the answer of the hydrological model that is the basis for making good forecast.



1.1 Literature review and state of the art
The increasing awareness that fluvial floods in Europe constitute a non-negligible threat to the well

being of the population and after several floods events of trans-national dimensions which struck
many countries, in 2003 the European Commission started the development of an European Flood
Alert System (EFAS) to provide medium-range flood simulations across Europe (from 3 up to 10
days in advance), in order to reduce the impact of floods through an early warning system (Thielen
et al., 2009a; Bartholmes et al., 2009).

In 2004, a similar initiative, called HEPEX was launched. This is an international effort that brings
together meteorological and hydrological communities to foster advanced probabilistic hydrological
forecasting techniques that use weather and climate ensemble forecasts (Schaake et al., 2006;
Thielen et al., 2008).

Other international programmes dealing with these topics were: AMPHORE (Application des
Methodologies de Previsions Hydrometeorologiques Orientees aux Risques Environnementaux) in
2006 (Amengual et al., 2008; Rabuffetti et al., 2008), which is a continuation of the
HYDROPTIMET Project (Rabuffetti and Milelli, 2005), mainly devoted to the hydro-
meteorological modelling of heavy precipitation events causing floods, and the optimisation of the
existing warning systems in the Western Mediterranean Basin, the European COST Action 731
(Propagation of Uncertainty in Advanced Meteo-Hydrological Forecast System) (Rossa et al., 2010;
Zappa et al., 2010), and RAPHAEL (Runoff and Atmospheric Process for flood Hazard forecasting
and control), in 1998 (Bacchi and Ranzi, 2003).

The idea of a forecasting cascade was also one of the scientific objectives of the Mesoscale Alpine
Programme (MAP) between 1994 and 2005, a unique initiative to improve the understanding of the
processes involved in orographically induced precipitation events and the improvement of high-
resolution numerical weather prediction in mountain terrain (Ranzi et al., 2003 and 2007).
After the encouraging results obtained in the MAP Project and considering that orographic
precipitation has often led to disastrous flooding events over the Alps, in 2007 it was decided to
devote the MAP Forecast Demonstration Project (FDP) to show recent improvements in the
operational use of an end to end forecasting system, consisting of atmospheric models, hydrological

prediction systems, nowcasting tools and warnings for end users.

1.2 Studies about Semi-arid areas

Differents studies show that the peculiar climatic and morphologycal characteristics of semi-arid
basins distinguished their behaviors from those of other type of basins. In a lot of studies about
semi-arid basins, were taken a lot of times those in which we are interested, and this increase the
importance of or work.



In the region of Valencia, rambla or barranc refers to ephemeral gravel-bed streams,
hydrologically dependent on rainfall. Geomorphologically, these basins are small (several hundred
square kilometres), with steep slopes, wide valleys and a braided channel morphology. These
systems, which are usually dry for most of the year, become particularly active during flood events.
Ephemeral streams are dominated by extreme events of low frequency but high

magnitude. The absence of base flow means that to discuss the hydrology of ephemeral streams is
to discuss floods. Therefore, any analysis of flood balances of isolated events contributes to a better
understanding of the processes involved in the genesis of runoff. Traditionally, such studies have
been based on daily data. Although the precision of such data is insufficient for a detailed analysis
of the development of the flood, they are very useful for studying the rainfall-runoff relation.
Despite the large amounts of discharge during floods, only a small part of the total rainfall .

These losses must be due to infiltration, evapotranspiration or transmission losses, but not
necessarily with equal importance. Indeed, in Mediterranean ephemeral streams, water remains in
the channel for too short a time for evaporation to be an important

factor (Graf, 1988). It must therefore be infiltration and transmission losses that reduce or smooth
the flood peak and the total discharge (Burkham, 1970). Transmission losses are important,
especially downstream, where losses increase in proportion to the increase in channel width and the
texture of the sediments (Jordan, 1977; Wallace and Lane, 1978; Thornes, 1976), as has been shown
by the disappearance of runoff in the channels during these events ( Keppel and Renard, 1962)
showed for streams in Arizona the importance of the peak and the previous humidity when
estimating transmission losses. For a 6.4-km stretch, these authors found that 35% of the runoff
disappeared, while (Hughes and Sami ,1992), in a semiarid basin in South Africa found values that
varied between 75% and 22% of the runoff. These studies corroborate the visual observations made
for Valencian ephemeral streams, where the discharge is frequently seen to diminish along the
length of the channel (Segura, 1990).

Water balances are usually calculated on the basis of annual totals, but this is not a very revealing
procedure for ephemeral streams since flows are limited to floods, which can account for over 80%
of the annual total in a single event (Segura and Camarasa, 1996). For this reason, it is advisable to
establish balances that refer just to the periods of individual flood events. However, since it is
difficult to directly measure the different loss processes, indirect techniques like runoff deficits,
runoff coefficients and runoff thresholds have to be used (Ana M. Camarasa Belmonte, Francesca
Segura Beltran, 2001). This is an important article that explain a lot about ephemeral streams in
Valencia region. About the runoff threshold (that quantifies a rainfall limit below which runoff does
not occur so indicates the amount of precipitation needed to generate surface flows in each event)
the same authors found that it vary significantly for different events in the same basin, with a
marked seasonal character: maxima in autumn and minima in summer (Segura and Camarasa,
1996) . They think that these apparently contradictory data may be related to the type of rain and the
behaviour of the soil. In summer, intense convective showers may alter the soil structure to quickly
exceed the infiltration capacity and so generate Hortonian flows, while in autumn—winter, the rains
are less intense but more persistent, and the system responds more gradually. In addition,
hydrophobic soil behaviour is sometimes observed (Cerda, 1995). So they arrived to many the
following conclusions: the hydrological behaviour of ephemeral streams in study area is dominated
by extreme events and clearly related to the characteristics of the drainage basin. Fractured, fissured
and karstified calcareous substrates produce important aquifers at depth. These aquifers receive
contributions from transmissions losses in the channels, but they do not contribute to create
baseflow in beds. The intensity of the rainfall has been seen to be the factor that provokes flood
events in small basins.

So as a consequence of the rainfall pattern, flooding is typically in the form of flash floods, with
high peaks and steep rises and short lag times, and for this motivation floods in Mediterranean
ephemeral streams are especially rapid, violent and, therefore,dangerous.



Another important topic is the hydrologic connectivity of the hillslopes in that type of basins
determined from the soil moisture of soil. In humid temperate climates, where rainfall exceeds
evapotranspiration during much of the year, a range of processes ensures that entire hillslopes
remain hydrologically connected. Infiltration excess and saturation overland flow, saturated and
unsaturated subsurface flow, return flow and groundwater flow, all help to convey water downhill
(Whipkey and Kirkby, 1979).

This hydrologic connectivity is made evident through the spatial distribution of soil water along the
hillslopes. As these flows are largely driven by gravity, topography is an important constraint in the
location of surface saturation zones and, in general, the spatial distribution of soil water. The
likelihood of soils becoming saturated increases at the base of slopes and in depressions or swales,
where both surface and subsurface flow converge (Kirkby and Chorley, 1967; Moore and Burch,
1986).

In contrast, hillslopes in semi-arid climates show poor hydrologic connectivity. Spatial patterns of
soil water are less predictable, soil water content does not always increase towards the base of the
slope and pockets of moist soil may remain isolated in uphill positions. In such climatic conditions,
evapotranspiration equals or exceeds rainfall during large parts of the year, leaving very little, if
any, water for drainage downhill and rainfall events are few, short-lived and unreliable. Therefore,
saturated subsurface layers are rarely formed and water transfer occurs mainly through overland
flow or unsaturated subsurface flow. The importance of the latter, confirmed to occur under semi-
arid conditions (McCord and Stephens, 1987), is probably much smaller than that of the former.
Firstly, this is because gravity-driven unsaturated subsurface flow requires water contents to exceed
field capacity, which occurs rarely, and secondly, because unsaturated flow velocities are about
three orders of magnitude lower than those of overland flow (Kirkby and Chorley, 1967). These
features of semi-arid hillslopes imply that their hydrological behaviour is largely unpredictable.

The spatial distribution of soil moisture is controlled more by local factors than by topographic
atributes that determine the transfer of water among different hillslope sections. Infact local factors
such as pore volume, rock fragment cover, silt and clay contents are more important in explaining
the spatial patterns of soil moisture ( Puigdefbregas, Del Barrio, et al... 1997).

These authors with this study arrived at the conclusion that two mechanisms of overland flow
generation have been distinguished. One is caused by infiltration being exceeded at the uppermost
soil layer, while the other is produced by saturation of a subsurface layer.

e The first mechanism depends on the rainfall intensity at the beginning of an event and on the
hydraulic properties of the soil surface. It occurs more frequently than the second, but is
very shortlived and rarely reaches the channel.

e The second requires heavier rainfalls, and occurs after a shallow saturated layer has been
built up due to a lack of soil depth, or to the presence of a less permeable layer. Once these
conditions have been met, however, they lead to a situation in which small amounts of
additional rainfall may produce widespread overland flow.

So the second overland flow generation mechanism is the most important for the transfer of water at
the hillslope scale and the production of channel flow.



2 The study area

In this chapter we describe the geo-physics characteristics of the area where we focused our
research analyses in these years together with geomorphologic, physiographic and climatic features
for the selected hydrographic basins, which were the test beds for our hydrometeorological
simulations.

2.1 Morphological characteristics

The Serpis river basin is located within the Confederacion Hidrografica del Jucar (CHJ)
demarcation (Figs. 1 and 2).
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Figure 1: Configuration of the computational domain used for the WRF numerical simulations. Main geographical
features mentioned in the text are shown. The thick continuous line shows the CHJ region where the Serpis river basin
is located
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Figure 2: Distribution of the rain-gauges from the Automatic Hydrological Information System (SAIH; 131 stations) of
the CHJ and AEMET (25 stations). It includes a total of 156 automatic rainfall stations distributed over an area of
45000 km2. The Serpis river basin is highlighted in shaded dark grey. Digital terrain model of the Serpis river basin
with a cell size of 200 meters. Main tributaries, stream-gauges and the reservoir are shown. Also included are locations
mentioned in the text.

CHJ has an extension of 42.851 kmz2 over east central Spain and comprises most of the Spanish
central rivers that end in the Mediterranean sea, J"ucar being the most important. The Serpis river
basin has an extension of 802.6 km2 and a length of 74.5 km at the entrance of Gandia city. The
catchment extends from the north-eastern most part of the Baetic system, then flowing north-
easterly through a set of narrow gullies towards the coastal plain of Gandia to finally end in the
Mediterranean. Maximum heights are roughly of 1450 m in the headwaters, then passing through a
height transition until 300-700 m in the middle basin (Fig. 2). The upper catchment is principally
formed by marl deposits, whereas the middle part mainly consists of limestones and marls. The
lower basin is formed by carbonate strata and by alluvial quaternary deposits at the river mouth.
The total population is of 228.389 inhabitants. Alcoi and Gandia are the main urban areas, with
more than 60.000 and 75.000 inhabitants, respectively. Main land uses are: forest (48.8 %),
agricultural (47.1%) and urban (3.2%) areas.

2.2 Climatic characteristics

The climate in the Valencia area is typical of the Mediterranean region with average annual

precipitations between 500 and 700 mm. Annual rainfall distribution is characterized by a period of

summer drought and wet periods mainly in autumn and spring. Summery and autumnal heavy
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rainfalls can account for a very large fraction of the annual amounts (Romero et al., 1998; Pastor et
al., 2010).

However, the Serpis river basin is located in one of the most rainy regions of the Valencia area with
average annual precipitations ranging from 700 to 900 mm, owing to its particular geographical
setting. The catchment is situated between the Baetic mountain ranges, which are oriented from
south-west to north-east, and the south-east to northwest coastline (Fig. 1). The east to north-east
facing of the basin encourages the entrance of easterly and north-easterly moist flows, mainly
associated with subsynoptic-scale rain-bearing Mediterranean disturbances. These episodes bring
very copious and convectively-driven rainfalls.

The flow regime of the Serpis catchment is typical of the semi-arid Mediterranean Spain, passing
from large periods of low flows to sporadic flash-floods. Being aware of this highly irregular river
regime, the CHJ hydraulic division built a reservoir for water supply and flood control purposes at
Beniarrés town, located in the middle watershed (Fig. 2).

2.3 Meteorological and hydrological data

Raw precipitation data come from 156 rain-gauges providing hour accumulations within or close to
the CHJ (Fig. 2). These pluviometric stations are distributed over an area of 45000 kmz2 and belong
either to the Automatic Hydrological Information System (SAIH) network of the CHJ or to Spanish
Agency of Meteorology (AEMET). 39 pluviometric stations lie within the Serpis river basin or near
its boundaries. Raw temperature data come from 12 additional ground stations of AEMET. Raw
runoff data at hour intervals is also available for three flow gauges located along the catchment.
These stream-gauges are integrated in the SAIH network and are deployed at: (i) Rotova city, in the
Vernissa affluent (labelled as Vernissa by the CHJ); (ii) the Beniarrés reservoir (Beniarrés); and
(iii) Assut d’en Carros close to Villalonga town (Carros) in the Serpis river. Their respective
drainage areas are of 113.0 kmz, 505.3 kmz2 and 594.2 kmz2 (Fig. 2).

2.4 Characteristic runoff coefficients of the area

The runoff coefficients that we found in our study area are consistent with those by other authors in
semiarid areas. In the table 1 are represented the runoff coefficients relative to the flood events
studied in this work, registered in the subbasins of Beniarrés and Vernissa.

The data about the subbasin of Carros are not reliable , and this is due to the dam presence
upstream, that cause a modification on the real natural discharge in that subbasin. In addition,
impacts on the natural river flow from real-time reservoir operations (i.e. water redistribution and
diversion, and actual water levels) have not been encompassed as these data series are not available,
so we didn’t take in consideration Carros subbasin in our studies.

To calculate the cumulated rain volumes, we multiplied the cumulated rain fluxes for the relative
subbasin areas and for 3600 seconds. The subbasin areas are : 505280000 m? for Beniarrés and
113000000 m? for Vernissa.



Subbasin Flood event data Cumulated rainfall m”3 Cumulated runoff m”3 [Runoff coefficient

7/5/2002 29930784 10162080 0.34

VERNISSA 15/04/2003 11213565 3974760 0.35
12/10/2007 27279393 9133560 0.33

21/11/2011 17135761 4318560 0.25

15/4/2003 69817010 4152600 0.06

12/10/2007 88624773 11124360 0.13

BENIARRé&S 9/10/2008 64282158 3625560 0.06
28/9/2009 79515842 5392440 0.07

23/11/2011 56941310 7793280 0.14

Table 1 : Runoff coefficents associated to each flash-flood event studied , with average cumulated rainfalls and
discharges at Vernissa and Beniarrés subbasins

How is possible observe the values in Vernissa are higher and it is probably due to the facts
mentioned in Ana M. Camarasa Belmonte, Francesca Segura Beltran, 2001 (that studied like said
before the Valencia region flood), or rather being Vernissa included in the litoral zone the rain is
more concentrated, with isolated high intensity peaks or in some cases it is related to the rainfall
intensity and the moisture conditions before the event, that can also cause variability of the
coefficients within a single basin. We obtained for completeness, the annual runoff coefficients for
the two subbasins studied, considering the years within the interval 2000 — 2012, for which we had
enough rainfall observation data. Some years wasn’t considered because evident mistakes at the rain
and flow gauges, that we found.

BENIARRéES
Year Cumulated rainfall m”3 Cumulated runoff m”3 Runoff coefficient
2001 284851671 36821520 0.13
2002 318287582 144257400 0.45
2003 382440783 66265560 0.17
2004 402394455 89058600 0.22
2007 450692076 46989360 0.10
2008 344633893 41175720 0.12
2009 347085738 38860200 0.11
2011 307912630 48985200 0.16
2012 325495377 56058120 0.17

Table 2 : Annual runoff coefficents , with average cumulated rainfalls and discharges at Beniarrés subbasin
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VERNISSA
Year Cumulated rainfall m*3| Cumulated runoff m”3 Runoff coefficient
2000 48161928 17513280 0.36
2001 79174852 29410200 0.37
2002 78390276 34153200 0.44
2003 87703469 61794000 0.70
2004 107693298 36444240 0.34
2005 46953016 20199960 0.43
2007 129229124 50959440 0.39
2011 86122031 9206640 0.11
2012 95204221 51135840 0.54

Table 3 : Annual Runoff coefficents , with average cumulated rainfalls and discharges at Vernissa subbasin

4 Hydrological model

In this chapter we present the main features of our distributed physically-based rainfall/runoff
hydrological model (FEST-WB), developed at Politecnico di Milano and used to generate daily

runoff for real-time flood forecasts, in this work.

4.1 A brief overview of hydrological models

Hydrologic models are simplified, conceptual representations of part of the hydrologic cycle
(Figure 5.1). They are primarily used for hydrologic prediction and for understanding hydrologic
processes, above all for meteorological and climatic events (floods or droughts) that affect

hydrographic basins.
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Figure 3 : Schematic illustration of the hydrological cycle.

Three important factors are developed into a hydrological model:

1) choice of model type
2) estimation of parameters (calibration set)
3) validation of simulations

The first point is related to select equations that can link the input and output of physical processes.
After choosing the mathematical equations and estimating the parameters, a calibration and
validation procedure is carried out in order to understand simulation behaviour.

Hydrological models can be classified in distributed physically-based models, input-output models
(or Black Box) and lumped models.

Physically-based models apply differential equations to calculate mass balance and momentum
considering space and time and a three-dimensional grid to divide the basin; these models require a
long computational time and the availability of a data source.

Instead, Black Box models are based on a systematic approach for rainfall/runoff transformation,
using an input-output relationship without considering the true dynamic of hydrological
phenomena.

Lumped models are based on a simplified pattern of hydrological processes, using empirical and
elementary relationships to describe such hydrological phenomena, such as evapotranspiration,
infiltration, soil saturation and so on; furthermore, in these lumped models, the set of equations
describes the basin as a single cell. An average value of parameters and input forcings are globally
estimated at the basin scale, and thus they can be approximated with a high level of accuracy if
there is high spatial variability in the catchment.

12



On the contrary, with distributed models the parameters are estimated for each single cell of the
watershed, obtaining a higher resolution of discretization in the hydrological variables.

These models are very useful to show basin heterogeneity, but missing and uncertain parameters
still remains a strong limiting factor for these models.

4.2 The distributed FEST-WB model

In this study the hydrological simulations were performed using the FEST-WB distributed water
balance model (Montaldo et al., 2007; Ravazzani et al., 2007; Rabuffetti et al., 2008; Ravazzani et
al., 2010), developed entirely at Politecnico di Milano starting in the nineties (Mancini, 1990). The
model is spatially distributed and physically-based, and the acronym stands for “Flash Flood Event-
based Spatially-distributed rainfall-runoff Transformations- Water Balance” (FEST-WB).

Atmospheric
forcings

:

Spatial Interpolation:
Thiessen, IDW

Y Soil
Snow > parameters
Moadel DEM
Vegetation
Water | parameters
balance
I l
¥ ¥
Drainage Surface River network
] Runoff definition
L |
Routing: Routing:
linear Muskingum-
reservoir Cunge
Outflow hydrograph

Figure 4 : Diagram illustrating the rainfall-runoff distributed hydrological model FEST-WB
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FEST-WB calculates the main processes of the hydrological cycle: evapotranspiration, infiltration,
surface runoff, flow routing, subsurface flow and snow dynamics (Figure 4 ). The computational
domain is discretized with a mesh of regular square cells (1 km in this application), in which water
fluxes are calculated at hourly time intervals. Five main components can be identified in the FEST-
WB model:

(@) the flow paths and channel network definition;

(b) the spazialization of site measured meteorological forcings;
(c) the snow pack dynamics;

(d) the runoff calculation;

(e) the overland and subsurface flow routing.

(@) In the first component the flow path network is automatically derived from the digital
elevation model using a least-cost path algorithm (Ehlschlaeger, 1989). It assigns flow from
each pixel to one of its eight neighbours, without the necessity to remove pits in the
elevation data. For hillslope and channel network definition the model uses the constant
minimum support area concept. It consists of selecting a constant critical support area that
defines the minimum drainage area required to initiate a channel (Montgomery and
Foufoula-Georgiou, 1993).

(b) In the second component, the spatial interpolation of ground measured meteorological
forcings is carried out. The model requires precipitation, air temperature, air relative
humidity, and net solar radiation, sum of short wave and long wave components. The
observed data at ground stations are interpolated with a regular grid, using the inverse
distance weighting (IDW) technique. Spatial distribution of local air temperature
measurements takes into account the reduction of temperature with altitude, with a constant
lapse rate of -0.0065 °C m™; thermal inversion phenomena are neglected. Shortwave net
radiation, which is involved in evaporative processes, is calculated considering the effect of
topography and long wave net radiation is evaluated as a function of air temperature
(Goudriaan, 1977). In order to facilitate integration with meteorological models, the FEST-
WAB can also accept spatial gridded meteorological as input.

(c) The third component deals with snow dynamics simulation. The snow module of the
FESTWBIncludes snow melt and snow accumulation dynamics. Since atmospheric
precipitations are measured by rain gauges in millimetres of water per square meter, for
solid rainfall (snow), rain gauges are usually heated to melt the accumulated snow. In the
FEST-WB model the partitioning of total precipitation, P, in liquid, PI, and solid, Ps,phase is
a function of air temperature, Ta (Tarboton et al., 1994):

---:‘:1

=a, P

P

P=(1-a,)P

where a-is calculated as follows:

Eg.(land 2)
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0 if T,<T,

ow

a, =11 if T,>T,
T -1
a low e
T I’{ I:i'ow < Ta < ‘Tr;p
up ~ *low

Eq. (3)

where Tiow and Typ are air temperatures below or above which precipitation falls as snow or
rain, respectively (Figure 5); in this thesis, Tiow Was calibrated at -3°C and T, at + 0°C
(Corbari et al., 2009).

L

rain

SNow snow + rain

P
Tinf T-sup T(OC)

Figure 5 : Relationship between air temperature and atmospheric precipitation.

The snow melt simulation is based on the degree day concept (Martinec and Rango, 1986).
The melting rate in [m s-1], Ms, is proportional to the difference between air temperature and a
predefined threshold temperature, Th:

cC T -1T) if T >T
iM, — m( a b) f a b

"o if T,<T,
Eq. (4)
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where Cm [m °C™ s is an empirical coefficient, depending on meteorological conditions and
geographic location; generally C,, coefficient ranges from 4.8*10°® to 6.9%10% m °C* s™.

The predefined temperature Ty, fixes a threshold beyond which snow starts melting, and its value is
usually assumed to be equal to 0°C; T, and C, are calibrated values of the model. The terrain
covered by snow is supposed to be frozen and hence the melted water is prevented from infiltrating
the soil. Conversely, the liquid fraction of snow water equivalent, Rs, the sum of melted water and
liquid precipitation, is supposed to flow cell by cell through the snow pack with a linear reservoir
routing scheme (Ponce, 1989) with a celerity of 1.67 10° m s (Salandin et al., 2004). When Rs
reaches a cell not covered by snow, it is added to the liquid precipitation of that cell, becoming part
of the infiltrable water.

(d) In the fourth component, the runoff is computed for each elementary cell, according to a
modified SCS-CN method extended for continuous simulation (Ravazzani et al., 2007). The
potential maximum retention, S, is updated cell by cell at the beginning of rainfall as a linear
function of the degree of saturation, € :

S=S(1-¢)
Eq. (5)

where S; is the maximum value of S when the soil is dry (AMC 1) and € is obtained using following
formula:

6,6

res

r
6.5'(1? o HI'E’S

-

Eq. (6)

where 0; is explained in (Eq. 7), 0s IS the saturation soil moisture, while 6. is related to the
residual soil humidity. The dynamic of the soil moisture 6, for a cell not covered by snow, is
calculated using the following water balance equation:

20
( :%(B R -D—ET)

ot
Eq. (7)

where R is surface runoff flux, D is drainage flux, ET is evapotranspiration rate and Z is the soil
depth. Soil moisture in cells covered by snow is assumed not to vary over time.

The actual evapotranspiration, ET, is computed as a fraction of the potential rate calibrated by a
function that, in turn, depends on soil moisture content (Montaldo et al.,, 2003). Potential
evapotranspiration is calculated with a radiation-based equation (Priestley and Taylor, 1972).

(e) The fifth component performs the runoff routing throughout the hillslope and river network.
The surface flow routing, calculated for the cells that are not covered by snow, is based on
the Muskingum-Cunge method in its non-linear form with time variable celerity (Montaldo
et al. 2007). Subsurface flow routing, similar to the method implemented for routing in the
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snow pack, is calculated with a linear reservoir routing scheme (Ponce, 1989) with a celerity
calculated as a function of soil saturated conductivity.

The FEST-WB model can save state variables on the file system at regular time intervals,
permitting the restart of a simulation from a previous condition. This feature is used where a long
simulation has to be carried out at a different time, or to initialize the model before carrying out a
forecast run. For more details regarding the model calibration and validation, the reader can refer to
Rabuffetti et al. (2008).

Since the model was planned to simulate high discharge values related to floods events, as
described by the model’s name (Flash Flood Event-based Spatially-distributed rainfall-runoff
Transformations-Water Balance) , for each event the mean relative error on the peak discharge for
each single basin was calculated using the following equation:

1 i QIHB.X _ Q max
sim obs

Mean Relative Error =~ jmax
i=1 Q obs
Eq.(8)
where;
maxXx

Qsim is the maximum discharge value simulated with the FEST-WB model ;

max
Q obs is the maximum discharge value observed (i.e. measured) at the basin gauging station.
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5 Piogge

To interpolate the observed rainfalls all over the basin , starting from values measured by the rain
gauges, we have used in our work the Kriging method (J.P. Delhomme, 1978) .

As shown by the figures 6, 7 and 8 the use of this method instead of the inverse distance weighting
method, produced a good and similar rainfalls interpolation for each subbasin interested , in our
work. This validate another our issue that is the possibility to use the Kriging method in the FEST-
WB model. Being interpolated, observed rainfall data that are independent from the presence of the
upstream dam, we included only in that part of the work also the subbasin of Carros, to have more
data to validate our idea.

Carros
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140
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100 M [dw rain interpolation

B Kriging interpolation
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40

20

2003 2007 2008 2009 2011

Figure 6 : Comparison between two methods of rains interpolation : Idw ( inverse distance weighting ) and Kriging.
Representation of average cumulated precipitations in mm on carros’ subbasin
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Figure 7 : Comparison between two methods of rains interpolation: Idw ( inverse distance weighting ) and Kriging.
Representation of average cumulated precipitations in mm on Vernissa’s subbasin
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Figure 8 : Comparison between two methods of rains interpolation: Idw ( inverse distance weighting ) and Kriging.
Representation of average cumulated precipitations in mm on Beniarrés’ subbasin
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As is possible to see in the tables 4 and 5 , also for the observation-driven FEST-WB runoff
simulations , carried out with the two types of interpolated rainfall input data, we obtained similar
NSE and RMSE using these two methods. Infact despite a very small better results for the Idw
method , since the difference was very little, we decided the same to use Kriging method for

rainfalls interpolation.

Subbasin Flood event data | NSE with Idw rain interpolation | NSE with Kriging rain interpolation
7/5/2002 0.78 0.65
15/04/2003 0.02 -0.09
VERNISSA 12/10/2007 0.83 0.65
21/11/2011 0.03 -0.12
Mean value 0.214 0.124
15/4/2003 -14.09 -54.43
12/10/2007 -9.22 -6.76
, 9/10/2008 -4.8 -4.86
BENIARRES 28/9/2009 110.1 -17.39
23/11/2011 0.72 0.8
Mean value -7.498 -16.528

Table 4 : Comparison between NSE ( Nash and Sutcliffe efficiency ) of the model’s simulations, using Idw ( inverse
distance weighting ) and Kriging methods for the rain interpolation

Subbasin Flood event data [RMSE with Idw rain interpolation| RMSE with Kriging rain interpolation

7/5/2002 17.23 21.56

15/04/2003 11.97 12.56

VERNISSA 12/10/2007 24.57 35.29

21/11/2011 17.25 18.48

Mean value 16.232 19.524

15/4/2003 47.81 91.64

12/10/2007 168.4 146.74

, 9/10/2008 42.23 42.46
BENIARRES

28/9/2009 54.92 70.69

23/11/2011 21.8 18.62

Mean value 67.032 74.03

Table 5 : comparison between RMSE ( root mean square error ) in the model’s simulations, using Idw ( inverse
distance weighting ) and Kriging methods for the rain interpolation
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6 Procedure of the work

6.1 Strickler coefficient effect (slope roughness)

How largely discussed before, we now that in the semi-arid Mediterranean Spain, sparse vegetation
together with large and intense convective precipitations that quickly exceed the high initial
infiltration capacity of the soils, generate fast Hortonian flows and rapid flow velocities in the river
streams (Belmonte and Beltran, 2001; Amengual et al., 2007 and 2015). As pointed out by Borga et
al. (2007), high overland flows result from a systematic decrease of the basin response due to the
expansion on stream net work to unchanneled topographic elements for the hillslopes. Therefore,
we have calibrated the Strickler coefficients associated with the hillslope (ksns) and channel (ksc)
flow routing, thus modulating the overland (Vis) and channel flow velocities (Vc), respectively.
Infact from the observation-driven FEST-WB simulations before and after introducing this
“correction” , the model shows simulated-runoffs differents for each examinated flood event. You
have below an example for the simulation of the flash-flood event verified in 2003 at Beniarres
section.

180

N

160
/ \ e QOBSERVED runoff
140
/ \ = FEST simulation
120 / \
100 / \
80 / \
60

40 RN
m |/ N\ T
U

Q(m3s-1)

—

~

0 - T T T T T T
15/04/2003 00:00 15/04/2003 18:00 16/04/2003 12:00 17/04/2003 06:00 18/04/2003 00:00 18/04/2003 18:00 19/04/2003 12:00

date

Figure 9 : Observed discharge (black line) and observation-driven FEST-WB runoff simulation (red line) for the
15/04/2003 flash-flood event at Beniarrés stream-gauge before calibration of Ks (strickler coefficient)
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Figure 10 : Observed discharge (black line) and observation-driven FEST-WB runoff simulation (red line) for the
15/04/2003 flash-flood event at Beniarrés stream-gauge after calibration of Ks (strickler coefficient)

How is possible observe , the calibration of strickler coefficient have two principal effects on the
simulated hydrograph:

e the streamlining of the hydrograph that allow to simulate runoff volumes more similar to
the observed-real one ;

e a major peak discharge due to the increase of formation and propagation deflux velocity,
more similar to the observed-real peak discharge.

So this new model set up produce better results for the simulation of flash-flood events.

6.2 Model calibration

FEST-WB has been subjected to calibration by comparing observation-driven against observed
runoff for an independent set of flash-floods. At this aim, hourly observed discharge series have
been first examined for the entire 2000-2012 period. Seven episodes were initially selected at
Vernissa, Beniarres , respectively. Out of these, six flash-floods have been finally used for
calibration tasks at these stream-gauges, based on owing similar hydrometeorological features to
our study case. The events and the relative pick’s discharges are indicated in the table below.
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Stream gauges Flood event data Total pfecipitation (mm) Peak discharge (m”3/s)

7/5/2002 245.99 190.2

VERNISSA 15/04/2003 81.51 51.3
12/10/2007 230.58 314.4

21/11/2011 131.08 123.5

15/4/2003 147.22 54.5

12/10/2007 174.95 255.9

BENIARRES 9/10/2008 130.16 94.2
28/9/2009 159.17 125.7

23/11/2011 105.36 165.2

Table 6 : Main hydrometeorologial features of the episodes used for the calibration of the FESTWB model. Total
rainfall amounts are expressed as areal-averaged values

To this end, we have employed the observational network described in subsection 2.1(figure 2),
although not all the ground stations were continuously operational for the entire period.

To have one better approximation of the antecedent soil moisture conditions at the beginning of the
flood event, we have started the simulation two months before the date of the flood, for each event
and subbasin. This is important to do, because the basin responses to the rainfalls are more
influenced from the antecedent soil moisture conditions , and this cause a better simulation of the
event.

As aforementioned in chapter 4 , the runoff generation processes are described according to a
modified SCS-CN method extended for continuous simulation. Initially dry soils and high
infiltration capacities enhances the nonlinear response of runoff to intense precipitations and large
rainfall amounts over the Serpis river basin, resulting in a noticeable mitigation of the magnitude of
the runoff discharges and volumes (like shown in the table 1). These high initial infiltration losses
and large soil moisture storage capacities are associated with the predominant presence of
limestone, marl and carbonate strati, mainly favouring the recharge of deep aquifers (Belmonte and
Beltr'an, 2001).

Following the procedure explained in Borga et al. (2007), we have selected the following
infiltration parameters for calibration to better encompass the strong nonlinearities: curve number
(CN), infiltration storativity (S0O), initial abstraction ratio ([J[]), and saturated soil hydraulic
conductivity (Ks). Recall that in the original SCS-CN formulation, S is a site storage index related
to the CN as (Ponce and Hawinks, 1996):

Eqg. (9)

The use of Sy as a calibration parameter allows employing the spatial distribution of CN values to
correctly simulate the observed flood water balance. Note that the default value of Sg is 254 mm.
The initial abstraction is specified as a percentage of S:

Eqg. (10)

23



In the original formulation, A =0.2 is considered as the standard value (Ponce and Hawinks, 1996).
However, given the aforementioned physical specificities of the Serpis river basin,we have
considered A as further calibration parameter as well.

Below are represented respectively in red and blu, the first (A =0.2 ; So =254) and the last
simulations, done for the calibration of the model. Obviously the last simulation is that one , which
better simulate the real observed discharge .
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Figure 11 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 07/05/2002 flash-flood event at Vernissa stream-
gauge
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Figure 12: Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 15/04/2003 flash-flood event at Vernissa stream-

gauge
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Figure 13 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 12/10/2007 flash-flood event at VVernissa stream-
gauge. Is indicated also the subbasin’s area. Important event for him magnitude
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Figure 14 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 21/11/2011 flash-flood event at VVernissa stream-

gauge
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Figure 15 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 15/04/2003 flash-flood event at Beniarrés stream-
gauge
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Figure 16 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 12/10/2007 flash-flood event at Beniarrés stream-
gauge. Is indicated also the subbasin’s area. Important event for him magnitude
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Figure 17 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 9/10/2008 flash-flood event at Beniarrés stream-

gauge
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Figure 18: Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 28/09/2009 flash-flood event at Beniarrés stream-

gauge
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Figure 19 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff calibration (blu line) for the 23/11/2011 flash-flood event at Beniarrés stream-
gauge

Calibration tasks have been focused on model performance of peak discharges and timings and
runoff volumes, which are strongly dependent on the infiltration and routing processes.

The calibration effectiveness has been evaluated by computing the Nash-Sutcliffe efficiency
criterion (NSE; Nash and Sutcliffe, 1970), root-mean-square error (RMSE), and the relative errors
in volume (EV) and peak (EP) discharges at the flow-gauges. In the table below are shown these
errors before and after calibration for each event and sub-basin analysed.

Before calibration After calibration
Stream gauges | Flood event data

Peak error Volume error NSE RMSE Peak error Volume error| NSE RMSE
7/5/2002 -0.14 0.1 0.65 21.56 0.05 0.39 0.18 32.96
VERNISSA 15/04/2003 -0.65 -0.77 -0.09 12.56 0.05 -0.27 -0.23 13.36
12/10/2007 -0.14 0.33 0.65 35.29 0 0.53 0.46 44.27
21/11/2011 -0.62 -0.52 -0.12 18.48 -0.35 0.12 -0.21 19.19
15/4/2003 5.49 4 -54.43 91.64 0.92 0.57 -1.8 20.58
12/10/2007 1.76 221 -6.76 146.74 0.04 0.24 0.8 23.85
BENIARRéES 9/10/2008 1.79 3.31 -4.86 42.46 0.2 0.75 0.51 12.21

28/9/2009 2 2.53 -17.39 70.69 1.86 2.2 -14.55 65
23/11/2011 0.04 0.13 0.8 18.62 -0.04 0.01 0.82 17.43

Table 7 : Mean values of the statistical indices of the peak discharge and flood volume errors before and after
calibration for the observation-driven runoff simulations at the indicated sites. Negative biases denote model
underestimation. RMSE is expressed in m3s ™.
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As shown in the table 7 the Peak error decreases as we want also if NSE and RMSE in some cases
get a little bit worse, but it is normal since are related to the Hydrograph shape reproductions in
their complex.

Usually in the normal procedure of calibration, is calibrated the entire subbasin independently from
the events, assigning identic values to the parameters for each different simulation , until is found
the best combination of parameter values that best approximate the real observed hydrograph for all
the events.

Here as already mentioned, we used a different aproach, that consist in calibrate each event
independently from the others. So after the calibration phase, having determined more of one values
of Spand lambda for each subbasin, we have calculated different vales of initial abstraction la, using
as effective absorbability Sef the values obtained from FEST simulation for each calibrated event.
As shown in the table 8 was calculated also the cumulative rainfall (mm) for each event considered
to see if exist some direct proportionality between the total rainfall quantity and the calibrated
parameters and verify that found from Borga et al. 2007.

Stream gauges Flood event data Total precipitation (mm) lambda | So (mm) | Seff (mm) [la (mm)=Seff* lambda
7/5/2002 245.99 0.1 210 124.91 12.49
15/04/2003 81.51 0.05 140 86.81 4.34
VERNISSA 12/10/2007 230.58 0.1 230 121.68 12.17
21/11/2011 131.08 0.1 150 62.43 6.24
Mean values
15/4/2003 147.22 0.45 1500 827.02 372.16
12/10/2007 174.95 0.3 550 254.60 76.38
BENIARRES 9/10/2008 130.16 0.45 520 239.66 107.85
28/9/2009 159.17 0.25 254 90.07 22.52
23/11/2011 105.36 0.2 265 102.83 20.57
Mean values
Table 8 : Cumulated rainfalls, calibrated lambda and Sy, Se and la for each flood-event calibrated on the two
subbasins

We found that exist also for our calibration results this direct proportionally and we identified for
each subbasin and for each one of the parameters considered , trendlines.

To arrive at these trendlines we put in cartesian reference system the rainfalls like independent
variables and the parameters Spand lambda like dependet variables.

For Vernissa we found the equations indicated in the figures 20 and 21 :
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Figure 20 : Trendline for the calibrated parameter Sy in Vernissa subbasin

31



lambda vernissa

0.12
- TRENDLINE EQUATION
E 0.1 * < y = 0.0002x + 0.0458
- R%=0.5855
S 0.08
2
© 0.06
? ® ¢ lambda vernissa
2 0.04
= —— Lineare (lambda vernissa)
T 0.02

0 T T T T T 1
0 50 100 150 200 250 300
Cumulated Precipitation (mm)

Figure 21: Trendline for the calibrated parameter lambda in Vernissa subbasin

For Beniarres those indicated in the figures 22 and 23 :
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Figure 22: Trendline for the calibrated parameter Sy in Beniarrés subbasin
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Figure 23 : Trendline for the calibrated parameter lambda in Beniarrés subbasin

We also found, as it was logic expect, positive trendlines also for the initial abstraction, which being
directly proportional to lambda, grows proportionally with the rainfalls, for the subbasins
considered.
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Figure 24 : Trendline for the initial abstraction coefficient Iallin Vernissa subbasin
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Figure 25 : Trendline for the initial abstraction coefficient la in Beniarrés subbasin

6.3 Model validation

To validate the model we used the flash-flood event of 2012.

So we extrapolated from the trendlines, the relative values of Sp and lambda to put like input values
in the model for the validation. To do this we calculated the rainfall of the 2012 event to put in the
trendline equations.

We conducted the validation procedure in this form to :

e confirm that is possible calibrate and validate correctly a basin also using a different
procedure ; and demonstrate that each basin have a range of values for the parameters , that
we can keep in consideration when we will calibrate the model for the same basin more
rapidly than before.This will reduce a little bit the risk due to the model prediction time,
being more accurate and rapidly the forecast of the flood events ;

e confirmed that the direct proportionality between rainfalls and calibration parameters found
by Borga have a foundation ;

In the figures 26 and 27 are shown the simulation results applying this method of validation. The

red line indicate the first pre-calibration FEST simulation with lambda=0.2 e s0=254 mm, to show
the improvement of the model forecast.
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Figure 26 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff validation (Green line) for the 14/11/2012 flash-flood event at Vernissa stream-

gauge
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Figure 27 . Observed discharge (black line), first observation-driven FEST-WB runoff simulation (red line) and
observation-driven FEST-WB runoff validation (Green line) for the 14/11/2012 flash-flood event at Beniarrés stream-
gauge
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The table 9 exhibit the error improvement in the flood prevision particularly for the peak discharge
simulation.

Before validation After validation
Stream gauges | Flood event data
Peak error |Volume error | NSE RMSE | Peak error | Volume error| NSE RMSE
VERNISSA 14/11/2012 -0.28 -0.51 0.72 11.45 0.2 -0.16 0.71 11.5
BENIARRéS 14/11/2012 0.85 1.11 -1.27 28.95 0.13 0.29 0.51 13.42

Table 9 : Mean values of the statistical indices of the peak discharge and flood volume errors before and after
validation for the observation-driven runoff simulations at the indicated sites for the flood event of 14/11/2012.
Negative biases denote model underestimation. RMSE is expressed in m3s ™.

Another form of validation that we adopted was calculate the two mean values of Sp and lambda
for the two subbasins , that are highlighted in table 8. So we used that values like input for the
model simulations for each subbasin events.

Then we set up the model with :

e Jlambhda =0.0875 e sO = 183 for Vernissa;
e |lambda =0.33 e sO = 618 for Beniarrés;

and the model simulated the following hydrographs .
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Figure 28 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 07/05/2002 flash-flood
event at VVernissa stream-gauge
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Figure 29 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 16/04/2003 flash-flood
event at VVernissa stream-gauge
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Figure 30 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 12/10/2007 flash-flood
event at Vernissa stream-gauge
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Figure 31 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,

observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 21/11/2011 flash-flood
event at VVernissa stream-gauge
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Figure 32 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,

observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 15/04/2003 flash-flood
event at Beniarrés stream-gauge
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Figure 33 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 12/10/2007 flash-flood
event at Beniarrés stream-gauge
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Figure 34 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 9/10/2008 flash-flood

event at Beniarrés stream-gauge
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Figure 35 : Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 28/09/2009 flash-flood

event at Beniarrés stream-gauge
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Figure 36: Observed discharge (black line) , first observation-driven FEST-WB runoff simulation (red line) ,
observation-driven FEST-WB runoff calibration (blu line) and validation (Green line) for the 23/11/2011 flash-flood
event at Beniarrés stream-gauge

Is clear like we expected , that there is a worsening of the model prevision quality despite of the
precedent calibration, also if in some cases due to the casual unpredictability of each calibrated
event that could have similar parameters with the mean parameters here adopted, the simulation can
improve.

After calibration After validation with average of lambda e sO
Stream gauges | Flood event data
Peak error |Volume error| NSE RMSE | Peak error |Volume error| NSE RMSE

7/5/2002 0.05 0.39 0.18 32.96 0.13 0.52 -0.12|  38.55
15/04/2003 0.05 -0.27 -0.23 13.36 -0.28 -0.48 0.03 11.89

VERNISSA
12/10/2007 0 0.53 0.46 44.27 0.14 0.73 0.15 55.16
21/11/2011 -0.35 0.12 -0.21 19.19 -0.41 -0.04 -0.11 18.37
15/4/2003 0.92 0.57 -1.8 20.58 1.58 0.95 -4.5 28.88
12/10/2007 0.04 0.24 0.8 23.85 -0.07 0.16 0.85[ 20.13
BENIARRES 9/10/2008 0.2 0.75 0.51 12.21 0.27 0.95 0.43 13.3
28/9/2009 1.86 2.2| -14.55 65 1.38 1.11 -7.6| 48.35
23/11/2011 -0.04 0.01 0.82 17.43 -0.6 -0.5 0.54 28.1

Table 10 : Mean values of the statistical indices of the peak discharge and flood volume errors after calibration and
validation for the observation-driven runoff simulations at the indicated sites. Negative biases denote model
underestimation. RMSE is expressed in m3s™*

We followed the same procedure for 2012 flash-flood event, and we found that in this case the
second validation respect to the first one approximate better the real observed flood event. This is
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not strnge because we compared in this case two simulation of validation and not a validation with a
calibration (that represents the best simulation we arrived after many attempts ) .
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Figure 37 : comparison between the first (trendline’s parmeters, in green) and the second (average’s parameters in
orange) type of observation-driven FEST-WB runoff validations
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Figure 38 : comparison between the first (trendline’s parmeters, in green) and the second (average’s parameters in
orange) type of observation-driven FEST-WB runoff validations

After validation After validation with average of lambda e s0
Stream gauges | Flood event data
Peak error |Volume error| NSE | RMSE | Peak error |Volume error| NSE | RMSE
VERNISSA 14/11/2012 0.2 -0.16 0.71 11.5 0.09 -0.23 0.77 1043
BENIARRES 14/11/2012 0.13 0.29 051 13.42 0 0.13 0.64| 11.49

Table 11 : Mean values of the statistical indices of the peak discharge and flood volume errors after first and second
types of validation for the observation-driven runoff simulations at the indicated sites. Negative biases denote model
underestimation. RMSE is expressed in m® ™.
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