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HIGHLIGHTS
* High urban development in the coastline of SE Spain increases curve number rates (80-90).
» In Mediterranean convective systems, some precipitation episodes surpass 200-300 mm in
three or four hours.
* Flash floods simulations, through the SWAT code, reported discharge rates which exceed 900
m’/s.
* Peak flow rates have doubled or tripled as a consequence of changes in the land use during last
decades.
* Improving hydraulic barriers and socio-environmental risk perception against flash floods
effects is mandatory.
GRAPHICAL ABSTRACT
ABSTRACT

Flash floods cause severe natural disasters over the world generating property and
infrastructures damages, poverty and loss of human life, among others. Mediterranean coastal
watersheds are specially sensible to flash floods effects due to their typical drainage basin
features (steep slopes, short concentration times, complex orography, etc.) and the high rainfall
intensity typical of convective systems. In the present study, the temporal evolution of the
hydrological answer in five Mediterranean (SE Spain) ravine basins with sizes from 10.2 km?to
200.9 km? were analysed. A sub-daily SWAT model was used at watershed scale to capture the

complex hydrological dynamics. Five land use scenarios corresponding to no-urbanization
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(baseline), 1990, 2000, 2006 and 2012 were evaluated using GIS-based tools. Additionally,
statistical significant differences among the studied scenarios were checked employing the
Kruskal-Wallis and post-hoc tests based on Mann-Whitney test with BH correction.

Our results show that flash flood risks have increased in the studied catchments due to
changes in land uses, particularly affected by a large urban growth. Observed changes in soil
uses have been important since the sixties of the last century, because of a high demographic
and touristic pressure and specially the urban area has enhanced considerably during the last 22
years. Currently, some of these catchments present around 70% of their surface occupied by
urban land uses with high population density producing curve number surpasses 85 and 90
levels. The hydrological response of the studied basins changed to higher flow rate peaks and
shorter concentration times. Some discharges increased significantly from the baseline land use
scenario (= 50 m%s, 190 m*/s, 380 m%s) to the most urbanised scenario (= 235 m®/s, 385 m%/s,
940 m%s), respectively. These findings provide to urban planning policy makers very useful
information in the face of flash flood effects, which have cost even human lifes in the studied
ravine basins during last years.

Keywords: Land use changes; urban development; flash floods; SWAT,; sub-daily
simulation; Mediterranean ravine basins.

1. Introduction

Flash floods are one of the main risks that humans have faced throughout history.
Particularly in highly inhabited regions, flash floods produce some of the most sever natural
hazards as high peak runoff rates, landslides, transport of sediments and contaminants, causing
destruction to property, infrastructures, damage in agricultural crops, livestock death, poverty,
and even loss of human life (Boithias et al., 2017; Hooke, 2016; Mahmood et al., 2017). Flash
floods increase population vulnerability and, therefore, socio-environmental risk (Nogueira de
Andrade and Szlafsztein, 2018; Olcina-Cantos et al., 2010). Main factors affecting flash flood
occurrence are rainfall characteristics (duration, total amount, intensity, time-space distribution,
etc.) and drainage basin features (surface, length, slopes, time of concentration, orography, land

use and soils types and/or vegetation). Detailed information about the flash floods concepts,
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their differences with common floods, and associated factors can be found in Nogueira de
Andrade and Szlafsztein (2018), Ballesteros et al. (2018), Camarasa-Belmonte et al. (2011),
Conesa-Garcia et al. (2017), Rozalis et al. (2010), Zhong et al. (2018), etc.

This situation is particularly common in certain arid and semi-arid Mediterranean areas such
as Southeast of Spain, where one of its climate features is the presence of convective storms
with very quick development, short duration and very high intensity. These rain episodes
constitute a potential threat (Boithias et al., 2017; Martinez-lbarra, 2012; Papagiannaki et al.,
2015; Valdes-Abellan et al., 2017). At the same time, land use in the region has changed
significantly, characterised by a great urbanization and occupation, specially supported by the
touristic activity. This large urbanization and temporal population growth is mainly
concentrated in the coastline of the Mediterranean basins and spreads flash flood risk due to the
raise of impervious areas, the reduction in flood propagation times and infiltration rates and,
consequently, increasing peak runoff rates (Camarasa-Belmonte et al., 2011; Jeong et al., 2010;
Pérez-Gonzélez et al., 2017). In addition, rainfall intensities and land use changes are related
because of, for example, urban areas modify regional climate through several alterations into the
albedo, greenhouse-effect emissions, etc. varying the water balances and surface energy.
Moreover, at the end of the summer the warm water surface temperature of the Mediterranean
Sea raises the convective energy of the superimposed air masses and the complex topography
from these coastal areas increases the moist convection (Amengual et al., 2015; Ballesteros et
al., 2018), leading to very high intensity rainfall events. Consequences of this situation have
been widely identified in many studies along most affected provinces in the Southeast of Spain
as Almeria (Molina-Sanchis et al., 2016), Murcia (Amengual et al., 2015; Conesa- Garcia et al.,
2017; Hooke, 2016), Almeria and Murcia (Bracken et al., 2008), Alicante (Martinez-lbarra,
2012; Olcina-Cantos et al., 2010), Murcia and Alicante (Pérez- Morales et al., 2015), Valencia
(Camarasa-Belmonte, 2016; Camarasa-Belmonte et al., 2011; Camarasa-Belmonte and Segura-
Beltran, 2001) and Barcelona (Ballesteros et al., 2018). Nevertheless, the study of temporal
evolution of hydrological response as a consequence of land use changes along time has not yet

fully undertaken jointly with high intensity convective storms.



In order to predict flash floods events and their variations due to land use changes, the Soil
and Water Assessment Tool (SWAT) was employed (Arnold et al., 1998; Neitsch et al., 2011,
Winchell et al., 2013). It presents the following advantages: i) Currently, few numerical models
calculate hydrological processes at watershed scale with sub-daily time steps, required to
correctly simulated the hydrological response of short-time concentration basins (Boithias et al.,
2017; Jeong et al., 2010; Li et al., 2018; Rozalis et al., 2010; Yang et al., 2015). This temporal
resolution is essential to capture the hydrologic complexity of flash floods events. ii) SWAT
reaches spatial accuracies at hydrological response unit (HRU) being suitable to assess the land
use influence into the results of the present study. iii) The SWAT model has been widely
applied in ungauged basins obtaining, generally, good results (Boongaling et al., 2018; Gassman
et al., 2007; Gassman et al., 2014). This is important because ravine basins in the study area do
not show gauge stations due to the intermittent water flow regime. Scientific literature reports
robust uncalibrated models with appropriate results in ungauged basins. Even, in semi-arid
regions, some experiences showed uncalibrated and calibrated models with similar results
(Beven, 1989; Lange et al., 1999; Miao et al., 2016; Michaud and Sorooshian, 1994; Michaud et
al., 2001; Perrin et al., 2001; Rozalis et al., 2010; Silvestro et al., 2017).

The aim of the study is to analyse the temporal evolution of the discharge rates as a
consequence of changes in cover land uses, essentially due to tourism and urban growth. Five
ravine basins (San Juan, Juncaret, Alicante Puerto, Oveja and Agua Amarga) located in the
Alicante province and representing typical fluvial systems of Mediterranean semi-arid
environments with ephemeral streams, moderately steep slopes, short concentration times and
with registered critical flash floods episodes during last decades were selected.

To get this objective, first, the runoff curve number was calculated at a HRU spatial
resolution. Second, design storms were generated for each basin independently, according to
their time of concentration. And third, the watershed response to these storms was achieved
using the SWAT model with a sub-daily time step. These procedures were accomplished with
five land use scenarios in order to assess the impact of urban development in the studied

catchments. Finally, Kruskal-Wallis and post-hoc statistical tests based on Mann-Whitney test
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with BH correction (Benjamini and Hochberg, 1995; Kruskal and Wallis, 1952; Sheskin, 2007)
were performed to evaluate the changes significance obtained in the discharge rates.
2. Study area

This project is focused in the semi-arid domain of the Alicante province (SE Spain). The
region has a semi-arid Mediterranean climate with mean annual temperature of 18 °C, and low
total annual precipitation values, ranging from 250 to 350 mm/year in the selected basins.
Precipitation is unevenly distributed along the year, with dry summers and autumns
concentrating the majority of precipitation. Climatic data was obtained from daily temporal
series provided by the Spanish National Meteorological Agency (AEMET, 2018). Very
important precipitation events are common in autumn and episodes of more than 200 mm in one
day have been registered (Martinez-1barra, 2012; Valdes-Abellan et al., 2017).

The selected study ravine basins are San Juan, Juncaret, Alicante Puerto, Oveja and Agua
Amarga. They all five are fluvial systems that drain to the coastline of the Alicante municipality
(Fig. 1). These Mediterranean catchments present different sizes, with areas ranging from 10.2
km?® to 200.9 km? moderately steep slopes and ephemeral streams (Table 1), according to the
digital elevation model (DEM) available in Centro Nacional de Informacion Geogréfica
(CNIG, 2017). Characteristic orography, with elevations up to 1400 m in less than 20 km from
the coastline, produces rainfall water concentrates rapidly increasing flash floods risk (Martinez-
Ibarra, 2012; Valdes-Abellan et al., 2017).

Study watersheds are situated in the eastern part of the Baetic mountain range (Prebaetic
System). They are characterised by a certain lithological diversity with materials from the
Tertiary, Jurassic and Quaternary periods (DPA-IGME, 2015). Regarding their geomorphology,
landforms are dominated by gravels, sands, clays and silts from glacis and foothills deposits,
with some inclusions of sandstones and limestones (IGME, 2018). Data from the Harmonized
World Soil Database (HWSD, 2017) denote that haplic calcisols, calcaric cambisols and haplic
gypsisols are the dominant soil classes (Table 1).

At present time, Alicante province is the fifth most populated region in Spain with

1,825,332 inhabitants; 59.3 % of them are located in coastal municipalities. In addition, the
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touristic activity attracts more than 3.4 million tourists and 14.5 million overnight stays per
year, mainly concentrated in summer (INE, 2017; Sanchez-Galiano et al., 2017). Alicante
municipality, where the outlets of all selected basins are located, is the most populated in the
province, with 330,525 inhabitants (INE, 2017). Jointly with this demographic development,
urban areas have largely increased during last four decades mainly in the coastline and often
without a suitable urban development plan (Olcina-Cantos et al., 2010; Pérez-Morales et al.,
2015). Consequently, some of these basins have approximately 70 % of their surface occupied
by urban areas (Table 1) with high population density according to the Corine Land Cover
(CLC) database (CNIG, 2017).

The risk associated to flash floods increases as a consequence of the combination of high
intensity precipitation threat and vulnerable land uses. In addition, this situation even affects to
the sediment transport toward the coast due to large terrain waterproofing rates (Pagan et al.,
2018). Local authorities, within a flood risk prevention plan (PATRICOVA, 2015), are trying to
reduce flash floods effects by, among others, hydraulic infrastructures as the floodable park La
Marjal and the José Manuel Obrero Diez tank, placed respectively in San Juan and Alicante
Puerto ravine basins. However, these hydraulic barriers were insufficient against the last flash
floods events, in December 2016 and March 2017, with two human deaths and very severe
economic impacts (Jodar-Abellan et al., 2018; Morote-Seguido and Herndndez-Hernandez,
2017).

3. Methodology

Hydrological simulations have been accomplished with SWAT (Neitsch et al., 2011), a
semi-distributed, time-continuous hydrological tool at basin scale. It is a physically based model
which can be applied to a wide range of cases such as climate change impacts on water
resources (Ashraf-Vaghefi et al., 2013; Faramarzi et al., 2013), land-management practices on
water (Abbaspour et al., 2015), sediment transport and agricultural chemical yields in gauged
and ungauged watersheds (Azimi et al., 2013; Rouholahnejad et al., 2014) or microbial
contamination and fate from dairy farms (Arnold et al., 1998; Arnold et al., 2012; Gassman et
al., 2007; Gassman et al., 2014; Park et al., 2016). Recent improvements in the model time
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resolution allow simulating with time steps of minutes, placing SWAT as a suitable tool to
accomplish flash floods studies (Boithias et al., 2017; Jeong et al., 2010).
3.1. Cover data and land use scenarios

Basins and subbasins were delineated based on a DEM with a spatial resolution of 25 m x
25 m (CNIG, 2017). In line with Tarboton et al. (1991), DEM was pre-filtered using GIS tools
to remove sinks and peaks, ensuring a later proper delineation of watersheds, subbasins and
streams and avoiding the generation of discontinuous drainage systems. To improve the
mentioned delineation, the drainage network layer, scale 1:25,000, modified from the Pfafstetter
national river classification (MAPAMA, 2017) was also used. The basin output in all basins was
fixed next to the Mediterranean Sea.

The generated subbasins were subdivided into hydrological response units (HRUs) with
homogeneous land use, slope, and soil features (Neitsch et al., 2011). Therefore, a raster cover
data of soils, with a scale of 1:1,000,000, was used (HWSD, 2017). The soil codes from HWSD
(2017) were adapted and included into the SWAT?2012 database. Slope was divided into two
classes (0%-3% and >3%) following the 5.2-1C Spanish normative (BOE, 2016). Land use data
was obtained from CLC database with a scale of 1:100,000 (CNIG, 2017). A baseline scenario
with no urban land use and CLC data from 1990, 2000, 2006 and 2012 were considered yielding
five scenarios: baseline, CLC1990, CLC2000, CLC2006 and CLC2012. Similarly to Pulido-
Velazquez et al. (2015), the baseline scenario was generated using the CLC1990 and assigning
proportionality agricultural and natural land use classes to urban classes. Land uses from CLC
were reclassified into SWAT land use classes following Dunea et al. (2016), El-Sadek and
Irvem (2014), Koulov and Zhelezov (2016), Koutalakis et al. (2001) and Koutalakis et al.
(2015). These reclassifications are shown in Table 2.

The runoff curve number for moisture condition Il (CN2), attending to the Soil
Conservation Service (SCS, 1986) nomenclature, and the average sub-daily streamflow out of
each subbasin (flow_out) were selected using the sub-daily SWAT model (Jeong et al., 2010;

Winchell et al., 2013), version 2012.10.2.18, as a coupled extension to ArcGIS tool



(ArcSWAT). Finally, the obtained CN2 was modified according to the slopes in each HRU
using the Williams (1995) method.

3.2. Design storms and meteorological dataTime of concentration (Tc) for each basin was
calculated using the empirical equations developed by Neitsch et al. (2011) considering main
and tributary channels at a subbasin level. The Tc of each watershed was accomplished selecting
subbasins which main and tributary channels define the longest water routing. A Tc of 1.57
hours was obtained in the San Juan ravine basin, 2.41 hours in Juncaret, 1.93 hours in Alicante
Puerto, 4.59 hours in Oveja and 2.76 hours in Agua Amarga (Table 1).

Next, the Intensity-Duration-Frequency (IDF) function (Eq. (1)) was obtained for the
observed meteorological data in the the 8025 station (Koutsoyiannis et al., 1998):

- a'T"
C(T.+b)™

€Y)

where | is the intensity (mm/hours); T is the return period (years); Tc is the time of
concentration (hours); a, n, b and m are specific coefficients for the 8025 station. The selected
meteorological station presents the longest daily registers (from 1921) and the lowest presence
of gaps. Later, synthetic rainfall events were obtained for each basin following the non-
symmetric alternating blocks method (Chow et al., 1988). Fig. 2 shows the synthetic rainfalls
intensities generated to each ravine basin considering a return period of 100 years and a time
step of 10 minutes.

SWAT also requires daily meteorological series of maximum and minimum temperatures
(Tmax and Tmin), relative humidity, solar radiation and wind speed (Winchell et al., 2013).
Daily registers of Tmax and Tmin were obtained from the 8010A, 80141, 8019, 8021A, 8025,
8025A and 8026A meteorological stations (AEMET, 2018) and used in each watershed
according to their proximity (Fig.1). These stations were selected on account of temporal
lengths for meteorological data of 30 years or more. Potential evapotranspiration was simulated

with the Hargreaves et al. (1985) method. Daily series of relative humidity, solar radiation and

wind speed were obtained using the weather generator of the SWAT model (Neitsch et al.,



2011; Sharpley and Williams, 1990). Meteorological parameters with a monthly time level,
needed to run this generator, were calculated using data from the ALC20wgn station (Fig.1).
3.3. Surface runoff, flood propagation and velocity of flow

Rainfall-runoff conversion was accomplished through the Green and Ampt infiltration
method (Green and Ampt, 1911), lately modified by Mein and Larson (1973). The Green-Ampt
Mein-Larson excess rainfall method, coupled in SWAT by Jeong et al. (2010), is considered
appropriated to achieve the objectives of the present study because of the requirement of sub-
daily precipitation data and the inclusion of the curve number variations (land cover impacts)
into the effective hydraulic conductivity expression (Bauwe et al., 2017; Boithias et al., 2017;
Jeong et al., 2010; Maharjan et al., 2013; Nearing et al., 1996; Neitsch et al., 2011). Flood
propagation in channels was simulated using the Muskingum river routing method (Cunge,
1969; Overton, 1966) whose main expression is presented in Eq. (2):

Vstorea = K+ (X qin + (1 = X) " qour) (2)
where Vgoreg IS the storage volume (m® H,0); K is the storage time constant for the reach
segment (S); i, is the inflow rate (m%s); qoy is the discharge rate (m%s); and X is a weighting
factor that regulates the relative importance of g, and g, into the reach storage. According to
Neitsch et al. (2011), a X of 0.2 was assigned in the watersheds channels. Regarding K, it
depends on two calibration coefficients that control the impact of high flow (K) and low flow
(Ke2) in the propagation process. Values of 0.25 for Ky and 0.75 for K., were used in this
study attending to the channel characteristics of the catchments and the experiences of Cunge
(1969) and Overton (1966).

Manning‘s equation for uniform flow (Manning et al., 1977) was considered to calculate the
rate and velocity of water in the overland and in the main and tributary channels (Eg. (3) and
Eq. (4)):

0.005 - Ly,,0% - slp03

3)

vOU
nOU

0317 Area®1?5 - slp 0375

Ve = N, 0.75 (4)




where v, is the overland flow velocity (m/s); Ly, is the subbasin slope length (m); slp is the
average slope in the subbasin (m/m); and n,, is the Manning’s roughness coefficient for the
subbasin. v is the average channel velocity (m/s); Area is the subbasin area (km?); slpe is the
channel slope (m/m); and n. is the Manning coefficient for the channel. In this study, n,, values
were assigned according to the land use classes (Table 2) following the Engman (1986)
categories. Regarding n., two coefficients were chosen based on the basins knowledge and
Kehew et al. (2010) experiences. A coefficient of 0.021 corresponding to the channel category
of “Excavated or dredged/Earth, straight and uniform” in Chow (1959) was given to the main
and tributary channels located in urban subbasins. However, channels in subbasins with natural
or agricultural land use received a coefficient of 0.065 corresponding to “Natural streams/Few
trees, stones or brush” (Chow, 1959; Kehew et al., 2010).

Both Manning and Muskingum methods reported good results in certain experiences
performed in arid and semi-arid Mediterranean areas using SWAT (Kehew et al., 2010).

3.4. Water flow in urban areasSWAT classifies urban use in four categories: pervious and
impervious areas hydraulically connected or not to the drainage system. These considerations
allow obtaining an increase in the total runoff volume, flow velocity and peak flood discharges
typical of urban areas (Neitsch et al., 2011). Thus, surface runoff calculations require a
corrected curve number (Eg. (5) and Eqg. (6)):

impdcon

N, =CN, +i (CNypyp — CN,) - (1 — —2
CN; = CN, + impeor * (CNipy Cp)( 2 b,

) if impeo; < 030 (5)

CN. = CNp + impyor - (CNynyp — CNyy) if impeor > 0.30 (6)
where CN; is the corrected runoff curve number for moisture condition Il (CN2); CNp is the
initial CN2 in pervious areas; CNin, is the CN2 for impervious areas; impy is the fraction of the
HRU that is impervious (both directly connected and disconnected); and impgcn is the fraction
of the HRU that is impervious but not hydraulically connected to the drainage system (Arnold et
al., 2012; Neitsch et al., 2011; SCS, 1986). In urban areas, the implemented version of the
SWAT tool assigns the same CNp values into the four Hydrologic Soil Groups omitting the

differences between urban classes (CNpA:31; CNpB:59; CNpC:72; and CNpD:79). In this work,
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according to the study area knowledge and the CNp categories stablished in SCS (1986),
different CNpA, CNpB, CNpC and CNpD values were assigned to each urban area into the
SWAT database. CNi,, was considered equal to 98 in all urban areas while Impy and impgcon
were modified at a HRU level (Neitsch et al., 2011). Finally, the obtained CNc is later modified

according to the slope in the same way as in non-urban areas.

Simulation in urban areas used the Buildup/Wash Off algorithm. This
algorithm, similar to the Storm Water Management Model, divides each
HRU into pervious and impervious areas (Arnold et al., 2012; Huber and
Dickinson, 1988). The algorithm affects peak runoff rate calculation
(mm/hr) mainly with a wash off coefficient (mm™) that received a 0.19 value

in urban areas (Huber and Dickinson, 1988; Sonnen, 1980). 3.5. Setup the SWAT

sub-daily model

SWAT tool was run with a time step of 10 minutes using the sub-daily runoff module of the
model. The 10-minutes time step is appropriate to represent the characteristic and quick
development of flash floods events; satisfactory results with this time step were provided King
(2000) using the Green and Ampt equation. Detail information about the sub-daily SWAT
module and further modifications can be found in Arnold et al. (2012), Bauwe et al. (2017),
Boithias et al. (2017), Jeong et al. (2010), Maharjan et al. (2013), Neitsch et al. (2011) and Yang
et al. (2015), among others.
3.6 Hydrologic parameters regionalisation

Study watersheds do not possess gauge stations with reliable streamflow series as can be
verified in national Spanish networks (CEDEX, 2018; ROEA, 2018; SAIH, 2018; SIA, 2018)
and regional sub-networks (CHJ, 2018; DPA-IGME, 2015). Therefore, traditional sensitive
analysis and the subsequent uncertainly analysis (calibration and validation) to correct initial
values of hydrologic parameters through stream gauge series (inverse modeling: Abbaspour et
al., 2015), was inviable. Nevertheless, the hydrological model intricacy, required in flash flood
simulations, has been analysed in detail (Miao et al., 2016; Michaud and Sorooshian, 1994;
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Michaud et al., 2001). In floods modeling, a long set of parameters could rises the prediction
uncertainty. Thus, to reduce this uncertainty, extend calibration processes are required (Beven,
1989; Perrin et al., 2001). At the same time, robust uncalibrated models reported appropriate
results in ungauged basins. Even, in semi-arid regions, some experiences showed uncalibrated
and calibrated models with similar results (Gaume et al., 2010; Lange et al., 1999; Miao et al.,
2016; Michaud and Sorooshian, 1994; Nguyen et al., 2014; Rozalis et al., 2010; Silvestro et al.,
2017).

Considering previous issues, and keeping in mind that the main objective of the present
study is assessing relative changes in discharge rates due to land use changes, certain
regionalized parameters were adopted from Gomariz-Castillo (2016), and Gomariz-Castillo and
Alonso-Sarria (2018). Both works were performed in two watersheds in the Alicante province,
that surround the studied ravine basins: the Vinalop6 river watershed in the South and the
Monnegre river watershed in the North. These catchments present similar features to the
assessed basins (steep slopes, land uses, soils, high rainfall intensities, etc.) and were calibrated
and validated using the SIA (2018) Spanish network. Finally, obtained results in the five basins
of the present work were checked (validated) with several technical studies developed in the
studied and contiguous areas within the framework of a relevant flood risk prevention plan
(PATRICOVA, 2015) from the Alicante, Valencia and Castell6n provinces.

3.7. Statistical analysis between the different scenarios

Results of the storm hydrographs (streamflow), obtained at the mouth of the basins, in the
coastline, were statistically treated to capture hydrological processes differences derived from
the implemented land use scenarios (baseline, CLC1990, CLC2000, CLC2006 and CLC2012).
Firstly, the null hypothesis of hydrographs equality was tested. All discharges data were also
verified for normality using the Lilliefore test and for homoscedasticity through the Levene’s
test. Although homoscedasticity tests were not significant, Lilliefore tests indicated non-
normality. Therefore, the Kruskal-Wallis ANOVA analysis was implemented (Kruskal and
Wallis, 1952). Detail information about this statistical contrast and its development can be

found in Sheskin (2007). This test, that uses the ranks of the data values, is the non-parametric
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alternative to the one-way analysis of variance (one-way ANOVA). Thus, in the Kruskal-Wallis
ANOVA analysis, the statistical test is compared to a critical Chi-squared (X?) theoretical value
for a given confidence level (a= 0.05 in the present study). Hence, p-value < o (significant test)
can be considered as a significant difference among the discharge values.

When significant differences between scenarios were observed, a post-hoc contrast among
pairs of scenarios based on Mann-Whitney, and using BH method (Benjamini and Hochberg,
1995) to correct p-values between scenarios, was performed in order to discover groups of non-
significantly different scenarios. All the statistical analysis were achieved with R-CRAN (2018).
4. Results and discussion
4.1. Land use changes

Land use classes are classified into three general categories (Table 3). Urban category
contains the URLD, URML, URHD, UTRN, UCOM and UIDU land use codes. Likewise,
agricultural group includes the AGRL, AGRC, AGRR, GRAP, ORCD, OLIV and PAST codes.
Finally, natural category encloses the FRSE, RNGE, RNGB, SWRN, BARR and WATR codes.
A detail description about these codes and their land use classes is presented in Table 2.

On the one hand, the five ravine basins increased highly their urban areas: currently,
Juncaret, San Juan and Alicante Puerto basins are the three fluvial systems with the highest
percentage of urban areas reaching 75% in the last two cases. Meanwhile, Agua Amarga and
Oveja basins show, respectively, a 9.3% and a 15% occupied by urban land use (Table 3).
Along time, a general change in the urban land use classes is also observed: initial scenarios
(1990 and 2000) showed mainly urban areas with low and medium population density (URLD
and URML respectively), while current scenarios (2006 and 2012) present urban areas with a
clear demographic density increase (URHD). A good example is identified in the Alicante
Puerto basin that presented a 24.5% of URHD in 1990 and a 31.8% of its total surface occupied
by this class in 2006. In addition, latest scenarios show a considerable rise of their commercial,
transportation and industrial areas (UCOM, UTRN and UIDU respectively) as depicted in Fig.
3c. These changes in the urban land use classes are consistent with the urban growth and the

high demographic pressure described in Ballesteros et al. (2018), Camarasa-Belmonte et al.
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(2011), Conesa-Garcia et al. (2017), etc. along the Southeast coast of Spain during last years
and, specially, in the coastline of the Alicante and Murcia provinces (Pérez- Morales et al.,
2015).

On the other hand, an important decrease in agricultural land use was detected over the
studied period (1990-2012, Table 3). Agua Amarga lost 17.4 km? (-36.9%) of agricultural land
use; Oveja presents a decrease of 58.3 km? (-51.5%); Alicante Puerto shows a reduction of 5.4
km? (-51.9%); Juncaret misplaced 24.8 km? (-54.7%); and San Juan presents a reduction of 5.1
km? (-68.9%). According to recent studies performed in the SE of Spain (Alonso-Sarria et al.,
2016; Garcia-Ruiz and Lana-Renault, 2011; Rodrigo-Comino et al., 2018), the observed
abandonment of agricultural areas was due to environmental factors related, mainly, to climate,
pedology and topographic limitations (e.g., intensification in the occurrence of small landslides)
and by numerous socio-economic factors derived from European Agricultural Policies,
unsuitable intensive uses of the land, and so one. Additionally, the studied catchments suffered
several conversions from cover areas into urban zones (Fig. 3a and c).

Agricultural land use was dominated by complex cultivation patterns (AGRR) and land
principally occupied by agriculture, with significant areas of natural vegetation (AGRL). These
classes showed low alterations during the studied periods. However, 1990 and 2000 scenarios
exhibited numerous areas with fruit trees and berry plantations (ORCD) and vineyards (GRAP)
which reduced their surfaces considerably in 2012. At the same time, an important increase of
pastures (PAST) was observed in 2012 (Fig. 3a and c) as the class where abandoned areas
moved first. These findings are in agreement with the experiences of Garcia-Diaz et al. (2018)
and Garcia-Ruiz and Lana-Renault (2011) developed in the Southeast of Spain.

Natural areas of the Agua Amarga, Oveja and Juncaret catchments raised greatly during the
studied periods, principally, due to the mentioned agricultural abandonment. However, in
Alicante Puerto and San Juan basins this category is scarce (Table 3). In the five watersheds,
natural grassland (RNGE) and sclerophyllous vegetation (SWRN) are the main natural land uses
throughout the 1990-2012 period, without considerable changes between scenarios. Likewise,
an enlargement in transitional woodland-shrub (RNGB) and forest (FRSE) was identified in the
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latest scenarios (Fig. 3a and c). Similar trustworthy results were also achieved in Garcia-Diaz et
al. (2018) and Romero-Diaz et al. (2017).
4.2. Curve number Il variations

Observed curve number (CN2) variations among scenarios were due exclusively to changes
in land uses since all other factors (slope and hydrologic soil groups) remained equal along the
analysed period in the study area. Fig. 3 shows the two scenarios with the biggest differences
between them (baseline and 2012). Specially relevant are the urban land uses which produce
great increases in CN2 levels as can be observed in residential-high density (URHD),
transportation (UTRN) and industrial (UIDU) classes with CN2 varying from 87.5 to 92.5 (Fig.
3c and d). Therefore, in these areas around 90% of the precipitation is converted to surface
runoff and only 10% would percolate into soil layers. This great terrain waterproofing rate
increases highly the risk of flooding. In Alicante province as it will be shown in the following
section, the increment in the flood hazard due to urban areas was highlighted by Martinez-lbarra
(2012), Olcina-Cantos et al. (2010) and Pérez-Morales et al. (2015), among others. Meanwhile,
agricultural and natural areas of the studied basins presented reductions in the obtained CN2 as
a consequence of their limited impermeable surface, even when they are located in areas
(normally the headwater and medium subbasins) with average slopes higher than the registered
in urban areas, usually placed in the flatter coastline (Fig. 3).

An aggregate analysis is presented in Table 3 to show the great differences identified in
CN2 levels of urban, agricultural and natural areas. This table includes the five studied scenarios
and the CN2 values of each land use category. Thus, in the five ravine basins, urban category
experimented gradual increases from 1990 to 2012 with CN2 levels varying, respectively, from
81 to 89 (Table 3). These rises in CN2, among scenarios, are due to the recognized growth of
urban areas with high population density, transportation and industrial classes within the study
period. Special attention requires San Juan catchment which presented the highest CN2 value
(86.6) in scenario 1990 because of the absence of urban areas with low population density
(URLD). However, in the remaining scenarios (2000, 2006 and 2012) some residential areas
spread, with parks and green zones, occupying around 3.2% and 4.4% of the watershed.
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Consequently, aggregated CN2 values, depicted in Table 3, went down moderately in the 2000,
2006 and 2012 scenarios.

Regarding agricultural areas, CN2 ranges from 52 to 64 (Table 3). Between scenarios, CN2
did not show considerable changes, because there were low variations in their most extended
land uses classes (AGRR and AGRL) within the study period. In particular, Juncaret and San
Juan basins achieved CN2 values (around 60) discreetly higher than the registered in the other
watersheds. Since both catchments did not reach large variations in their land use classes
regarding the other ravine basins, neither steeper average slopes (Table 1), it is considered that
their main soil class (calcaric cambisols with inclusions of chromic luvisols) explains these
moderately higher CN2 values in the studied scenarios (Table 3). Detail analysis, developed in
the five watersheds, reported that the mentioned soil class usually presents numerous clay
deposits, increasing its terrain waterproofing rates and being classified as Hydrologic Soil
Group type C (HWSD, 2017; IGME, 2018; SCS, 1986).

Natural areas achieved CN2 varying from 42 to 60 and it is the category with the lowest
CN2 average values (Table 3). In general, CN2 obtained increases moderately among scenarios
(from 1990 to 2012) which are related to the different permeability of the main land use classes
recognized in each period (RNGE, SWRN, RNGB and FRSE). Finally, individual analysis
performed in each scenario of the five watersheds, showed that land use is the variable with the
highest impact on CN2, followed by the average slope. This close relation among land use and
CN2 has been widely assessed in scientist literature (Amengual et al., 2015; Bauwe et al., 2017,
Boongaling et al., 2018; Rozalis et al., 2010).

4.3. Temporal and spatial discharges changes

Land use changes and specially the great urban growth identified in the study area produced
basins answering with high discharge rates to the five design storms, representative of
Mediterranean convective systems. Figure 4 depicts the hydrographs for each scenario obtained
at the outlet of the lowest and highest subbasin.

Storm hydrographs of the headwater subbasins presented variations among scenarios,
mainly, due to the impact of different overland Manning’s roughness (n,,) from each land use
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class (Table 2) to the amount and water velocity (Eqg. (3)). In the case of Oveja, Juncaret and
Agua Amarga basins discharge differences were caused by agricultural and natural land use
changes since no urban development was observed in those subbasins. For example, Agua
Amarga headwater registered in the baseline and 1990 scenarios peak runoff rates around 9.3
m*/s being their main land uses ORCD (n,,=0.6) and RNGE (n,,=0.24). In 2000 and 2006
scenarios, peak runoff reached 11.6 m%s (Fig. 4e) because considerable increases of the RNGE
land use were observed occupying 70% of the terrain in this subbasin. Finally, in 2012 peak
flow achieved 13.1 m®*/s and RNGE use increased 81.4% of the subbasin area. Likewise,
specifically relevant was the analysis in Juncaret headwater because in 2012 agricultural land
use was replaced in numerous areas by natural land use, with higher n,,. Therefore, a reduction
of 7.5 m*/s and a translation time of 0.5 hours were identified in the peak runoff rate regarding
previous scenarios hydrographs (Fig. 4b). Similar trustworthy relations between overland
Manning’s roughness and discharge rates were achieved in San Juan and Alicante Puerto
headwaters which were also affected by the great urban development described from 1990 to
2012 (Table 3). Thus, the different Manning’s coefficients (n;) of the main and tributary
channels of urban areas (n.=0.021) and the other two categories (n.=0.065) produced large
differences among storms hydrographs (Fig. 4a and c).

Hydrographs in the basins mouth, in the coastline, showed a clear impact by the land use
changes that can be summarized as a general trend in all five basins as a reduction in the rising
limb times and an increase in the peak discharge value (Fig. 4). The relative reduction in the
rising limb time depends on the basin area. However, following a general rule, the higher the
area the higher the reduction in the rising limb time, changing from 5 to 3 hours in Alicante
Puerto and from 9 to 4 in Agua Amarga when comparing the first and last scenarios. For
example, Oveja basin registered peak discharge of 60-63 m%s in the headwater subbasin after
4.6 hours from the beginning of the storm, while in the outlet, the peak discharge was achieved
at 10.8 hours in the baseline scenario; at 7.5 hours in 1990; at 6.1 hours in 2000; at 5.8 hours in
2006; and, finally, at 5.5 hours in 2012 (Fig. 4d). Special attention requires the Alicante Puerto

basin in the 1990 scenario (Fig. 4c) because the peak runoff rate was reached at 4.6 hours in the
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headwater subbasin, whereas, in the outlet, maximum discharge was obtained at 3.1 hours. This
singular situation was a consequence of several factors: in SWAT all subbasins receive
precipitation to simulate properly the presence of several convective clouds (Arnold et al., 2012;
Neitsch et al., 2011); and the outlet subbasin in Alicante Puerto presented small size (2.8 km?)
with extensive urban areas, while the headwater subbasin extension (13.8 km?) was occupied, in
1990, by an important percentage of agricultural and natural areas (with high n,,). Therefore,
slower flood propagation was obtained in this headwater subbasin.

Spatial analysis confirmed the correct flood propagation among subbasins groups,
validating the Muskingum river routing model as a reliable method to simulate water routing
through the channels network. In addition, certain experiences accomplished in arid and semi-
arid Mediterranean areas reached good results using the Muskingum method (Amengual et al.,
2015; Kehew et al., 2010). Finally, it is worthy to consider that reductions in the rising limb
time are critical when dealing with risk management in a society because the reduced time to
organize emergency activities leads to a worse answer to a flood event and to more severe
socio-economic impacts as a consequence of a specific rainstorm.

Regarding the peak discharge value, the most important changes are located mainly during
the last decades of the XX century. As a general rule, differences between the 1990 scenario and
the baseline are smaller than differences between 1990 scenario and the latest scenarios (Fig. 4).
Compared to peak discharge values of 1990 scenarios (not considering the baseline results) peak
discharge values in the last scenario roughly doubled in Juncaret and Agua Amarga basins (Fig.
4b and e), and multiplied its value by a factor larger than two in San Juan, Alicante Puerto and
Oveja (Fig. 4a, c and d).

Fig. 5 depicts the two scenarios with the highest discharge differences between them (baseline
and 2012). The peak runoff rates achieved in the coastline outlet in the baseline and CLC2012
scenarios were respectively: 105.1 m%/s and 216.7 m*/s for Agua Amarga; 378.4 m%s and 938.1
m®/s for Oveja; 50.3 m%s and 234.3 m*/s for Alicante Puerto; 190.5 m%s and 385.9 m%/s for
Juncaret; 27.5 m*/s and 126.6 m%s for San Juan. Bronstert et al. (2018) and Scorpio et al.

(2018) estimated approximate peak discharges in 11 catchments with similar features to the
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assessed in this work, as their surfaces, cumulative rainfalls (60-360 mm in 12 hours),
recurrence intervals of 100-150 years, etc. In addition, the obtained results are consistent with
several technical studies performed in Alicante province within the Action Plan on Flood Risk
Prevention (PATRICOVA in Spanish) developed since 2003 (PATRICOVA, 2015). One should
consider if the infrastructures were designed to absorb the high increase in the discharge rates
values produced as a consequence of the observed changes in land uses.4.4 Streamflow
statistical differences

Discharge rates achieved at the basin mouths, in the coastline, were evaluated to capture
statistical effects caused by the land use changes of the baseline, CLC1990, CLC2000,
CLC2006 and CLC2012 scenarios. Results show significant differences in the Alicante Puerto,
Juncaret and San Juan storm hydrographs (p-value < 0.0001; Table 4). This result denotes that
subbasin outlets, from these watersheds, reached high and sudden streamflow modifications
among land use scenarios. In particular, the greatest changes were obtained in the Alicante
Puerto ravine basin (X*(4) = 83.35, p < 0.0001). Meanwhile, the Oveja catchment presented the
smallest variations (X?(4) = 5.36, p = 0.2517; Table 4). Oveja and Agua Amarga watersheds
presented some discharge differences (Fig. 6), but smaller than the achieved in the other basins.
Hence, they were not identified as significant by the performed statistical contrast.

Detail variances among class pairs (land use scenarios), from each basin, were represented
in Fig. 6 based on their mean and median. In general, gradual rises of the average streamflow
(red points and red lines in Fig. 6) and median reductions (black points and black lines in Fig. 6)
were reached from the baseline to the 2012 scenario. This determined an asymmetric
distribution of streamflow values, with a bias oriented to the right, which increased
progressively. These findings, together with the identified hydrograph dynamics (Fig. 4),
showed a significant spread of peak runoff rates in the first hours from the storm beginning.
Hence, sensible enlargements of the discharge ascending slope, higher concentration crests and
recession curves characterised by a greater slope were recognized after the peak runoff (Fig. 4).

Regarding the post-hoc test based on Mann-Whitney using BH method (Benjamini and
Hochberg, 1995) and p < 0.05, changes in letters “a”, “b”, “bc” and “c” represented groups of
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significant different scenarios, being the “bc” letter a transitional (not significant) scenario (Fig.
6). Thus, in San Juan and Alicante Puerto ravine basins two groups with high changes were
observed: baseline and 1990 scenarios in comparison to 2000, 2006 and 2012, showing
statistical variances between them. In the case of Juncaret catchment, although a similar
behaviour to previous basins was detected, median confidence intervals indicate significant
modifications in 2012 with regard to other scenarios (Fig. 6).

Therefore, obtained statistical results are direct consequence of the urban growth identified
in the studied watersheds (with further effects in curve number and discharge rates) due to the
fact that most urbanized ravine basins, Alicante Puerto and San Juan, presented the highest
statistical differences among land use scenarios.

5. Conclusion
The main conclusions extracted from the present work are listed below:

e The studied Mediterranean coastal watersheds (San Juan, Juncaret, Alicante Puerto,
Oveja and Agua Amarga), located in the Alicante province (SE Spain), enhanced
considerably their urban areas in the last 22 years (1990-2012) without following a
sensible criterion in response to flood risk consequences. Some of them experimented
urban land use increases that surpass 70%. Additionally, an important abandonment of
agricultural zones was identified, in part, due to its conversion in urban land use.

e This poorly planned urban development, shaped by a great local population growth and
a considerable touristic activity, derived in highly vulnerable situations and amplified
the original flood hazard of these coast areas, generating curve number that reaches
even 85 and 90 levels.

e Hydrological response of the study basins to the 100-year return period design storm
shows a high variation among the five considered land use scenarios: baseline, 1990,
2000, 2006 and 2012. According to the performed statistical tests (Kruskal-Wallis and
post-hoc contrasts based on Mann-Whitney test with BH correction), some peak runoff
rates from subbasins outlets, in the coastline, showed significant differences from the
baseline land use scenario (= 50 m%s, 190 m%s, 380 m%s) to the most urbanised
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scenario (~ 235 m%s, 385 m%/s, 940 m®/s respectively). Consequently, the risk of flash
floods increased in the region by both a spread in the vulnerability and an enlargement
in the expected flow discharges.

Implemented sub-daily SWAT model and GIS-based tools have proved to be useful
when performing the study objectives. Within the SWAT code, the Green-Ampt Mein-
Larson model and the Muskingum method were suitable to resolve, respectively, the
rainfall-runoff conversion and the flood propagation equations. Thus, introduced
corrections in the urban areas curve numbers, and the channel and overland Manning
equations, related with the flow velocity, together with the different Manning roughness
coefficients chosen, were essential to translate the real land use categories of the study
catchments into the SWAT model.

The obtained results can help water management authorities in the decision-making
process against flash flood effects, specially in the framework of the Action Plan on
Flood Risk Prevention (PATRICOVA in Spanish) developed in the Alicante, Valencia
and Castellon provinces since 2003. Results highlight the great urban development that
may appear in coastal areas, and the subsequent necessity of considering future urban
developments, even if they are not planned or expected at the time when flood risk
prevention plans are being designed.

Flash floods studies aiming to capture the high complexity (orographical and
meteorological) of Mediterranean coastal catchments must continue to analyse
population vulnerability and socio-environmental risk perception. Both of them are
specially important in sensible areas of the SE of Spain which present extended urban
areas into floodplains.

Finally, this model will allow accomplishing further research in the evaluated
watersheds related mainly with: 1-the recognized abandonment of agricultural areas,
particularly important in headwater subbasins, and their expected influence into peak

runoff rates; 2-several alterations of the sediment transport toward the coast due to large
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terrain waterproofing rates as a consequence of the identified urban development; 3-an
increase in the occurrence of high intensity storms as a consequence of climate change.
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Table 1

Main features of ravine basins.

Maximum Soils Land use
Basi Surface altitude Average
asin (km?) slope (%)  Dominant soil/Associated soils % . 9
. . Categories
(m.as.l)* and inclusions area area
Haplic calcisols/haplic gypsisols 915
Haplic gypsisols/calcaric 21 Urban 9.3
A regosols ' .
gua 64.5 551 11.8 J Agricultural ~ 46.2
Amarga . . . .
Haplic calcisols/chromic luvisols 0.8
Natural 44.6
Calcaric cambisols/chromic 0.6
luvisols '
Cal_carlc cambisols/chromic 158
luvisols
Haplic gypsisols/calcaric 12.9
regosolg Urban 15.0
Oveja 200.9 1281 13.6 Haplic calcisols/haplic gypsisols ~ 10.5 Agricultural  27.3
Haplic calcisols/chromic luvisols ~ 10.9 Natural 57.7
Calcaric cambisols/calcaric 247
regosols
Haplic calcisols/lithic leptosols 25.1
Calcaric cambisols/chromic Urban 75.5
Alicante luvisols 96.1
Puerto 211 212 4.0 Agricultural ~ 23-8
Haplic calcisols/haplic gypsisols 3.9
Natural 0.7
izlg:;:z cambisols/calcaric 275
Urban 30.9
Lithic leptosols/ calcaric
Juncaret 68.2 566 8.3 o 117 Agricultural 300
Calcaric cambisols/chromic Natural 39.1
. 60.7
luvisols
Calcaric cambisols/chromic Urban 76.1
luvisols 91.2
San Juan 10.2 113 2.2 Agricultural 235
Calcaric cambisols/calcaric 8.8
regosols Natural 0.5

*m.a.s.l; meters above sea level.
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Table 2

Corine Land Cover land use classes reclassified into SWAT land use classes (Baseline, 1990,

2000, 2006 and 2012 scenarios) and overland Manning’s roughness coefficients according to

the Engman (1986) categories.

Overland Manning’s

cLc Land use class SWAT Land use class Roughness (n,,)
Code Code
Value Category
111 Continuous urban fabric URHD ReS|dent|§I-H|gh 0.03 No tillage
Density
112 Discontinuous urban fabric URML Remdegtéilsjilzgedllow 0.04 No tillage
121 Industrial or commercial units UCOM Commercial 0.04 No tillage
122 Road and rqll networks and UTRN Transportation 0.04 No tillage
associated land
123 Port areas UCOM Commercial 0.04 No tillage
124 Airports UTRN Transportation 0.04 No tillage
131 Mineral extraction sites uiDU Industrial 0.03 No tillage
132 Dump sites uiDU Industrial 0.03 No tillage
133 Construction sites URLD ReS|dent|_aI-Iow 0.05 No tillage
Density
141 Green urban areas URLD ReS|dent|_aI-Iow 0.05 No tillage
Density
142 Sport and leisure facilities UCOM Commercial 0.04 No tillage
. Agricultural land- Short grass
211 Non-irrigated arable land AGRL generic 0.16 prairie
. Agricultural land- Conventional
212 Permanently irrigated land AGRC close-grown 0.19 tillage
221 Vineyards GRAP Vineyard 0.21 Cont‘iﬁ;‘;f”a'
222 Fruit trees and berry plantations ORCD Orchard 0.60 Rangeland
223 Olive groves OLIV Olives 0.2p  Conventional
tillage
231 Pastures PAST Pasture 0.60 Rangeland
242 Complex cultivation patterns AGRR Agricultural Land- 0.22 Conyentlonal
Row Crops tillage
Land principally occupied by . i
243 agriculture, with significant AGRL Agncué’;t;rrai\::land 0.16 Shorr;i?ir:ss
areas of natural vegetation g P
312 Coniferous forest FRSE Forest-Evergreen 0.60 Rangeland
321 Natural grassland RNGE Range-Grasses 0.24 Dense grass
323 Sclerophyllous vegetation SWRN Southv&zs:;;n Arid 0.11 Chisel plow
324 Transitional woodland-shrub RNGB Range-Brush 0.60 Rangeland
333 Sparsely vegetated areas BARR Barren 0.12 Chisel plow
523 Sea and ocean WATR Water 0.01 -
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Table 3

Weighted average curve number 11 dependent on main land use categories of the Baseline, 1990,

2000, 2006 and 2012 scenarios.

Land use Curve number 11
Scenario  Scenario  Scenario  Scenario  Scenario
Baseline 1990 2000 2006 2012 Sce  Sce Sce Sce Sce
Basi nari  pari  npari  nari  nari
asi
g Cated gy Sur  Sur _ Sur _ Sur 0 0 0 0 0
ories  fac 9% fac X fac P fac P fac P Bas 199 200 200 201
elin
€ ar € ar € ar € ar € ar e 0 0 6 2
(I;m €a (I;m ea (I;m ea (I;m ea (I;m ea
) ) ) ) )
0. 4, 6. 9.
Urban 4 % 06 O 32 Y 41 3 6o 8
; - 834 849 840 86.8
Ag” S?J:z a7, o4 37 44, g 43, ? 29, g
Ama | 8 1 2 5 5 0 7 7 8 9 540 540 524 523 56.3
rga
Natur 1;3. 25 1;3. 5 186. 5 186. 9 288. 4 46.9 46.9 473 474 498
al .9 5. 6. 6. 4,
9 1 0 6
S R
Urban 0.0 0. 11. 6 23 5' 23. 9' 30. 0.
' 0 2 2 9 1
Agric 5 - 835 853 87.0 881
121 4 4 2
Ove ulura  —,~ 60 113 699 o 98 o 54 - 9, 597 577 577 589
ja | 3 1 3 3 7 8
5 1 3
Natur 7;). 39 7. 3 78 ; 78, ; 116 ; 49.2 493 50.0 50.1 518
al N 6 8. 4 3 .0
1 9. 9. 7.
0 0 7
4 5 6 7
Urban 0. 2. 5. 2. 5.
0.0 0 90 9 11. 1 13. 5 15 5
Alic Agric 6 ) 9 - 846 849 876 88.6
ante  ura  19- 90 10. 4 4 3 2
Pue | 1 3 4 9. 87 1. 71 3. 50 3. 591 586 580 575 530
ro 3 1 8 8 450 455 427 429 516
Nator 20 9. 16 0.8 0.8 0.1
al 7 7. 3. 3. 0.
8 8 8 7
Jun  Urban 0.0 0. 8.6 1 13. 1 15. 2 21. 3 - 81.3 830 852 892
care ) ' 0 ' 2. 5 9. 3 2 0 o
t  Agric 53 45 6 8 4 9 641 640 641 643 586
ultura 78 ' 41, 39. 20.
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Table 4

Kruskal-Wallis ANOVA analysis of the storm hydrographs achieved at subbasin outlets in the

coastline.
Basin DF* Chi-squared P-value
Agua Amarga 4 6.8729 0.1428
Oveja 4 5.3666 0.2517
Alicante
Puerto 4 83.354 <0.0001
Juncaret 4 24.507 <0.0001
San Juan 4 48.409 <0.0001

*DF: degrees of freedom.
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