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Abstract Floods are one of the most common natu-
ral phenomena and represent a serious hazard when
they affect human activities. Structural measures are
commonly used to mitigate them; however, these do
not always give good results, mainly in plain areas
with scarce slope. In this sense, the generation of a
flood hazard map contributes to adequate hazard
management and disaster prevention. The aim of this
work is to evaluate the flood hazard areas in hydro-
logical plain basins with scarce slope, taking as a
case study the Samboromboén river basin located in
the Pampean Plain, Argentina. For this, a flood haz-
ard map was made based on the analytical hierarchy
process and using a GIS, taking into account physi-
cal aspects of the terrain, observations, and field
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measurements. Likewise, the map was validated using
satellite images and the inhabitants in danger in the
basin were quantified. The results show that the flood
hazard areas correspond mainly to the floodplain of
rivers and tributaries, while the main and secondary
divide zones have low flood hazard sectors. On the
other hand, numerous urban settlements were identi-
fied within flood hazard areas, these being urban set-
tlements in the vicinity of old urban centers and new
gated communities with high value homes, quanti-
fying 1961 inhabitants at flood hazard and showing
poor territorial planning. The methodology proposed
gives to the management agencies the possibility of
generating land use maps, as well as designing miti-
gation and contingency plans after a large rainfall
event.

Keywords Samborombén river basin - Urban
settlements - Multi-criteria analysis - Analytical
hierarchy process - GIS

Introduction

Floods are one of the most common natural phe-
nomena and are a problem when they affect human
activities (Dworak & Gorlach, 2005; Mogollén et al.,
2016). Population settlements have been developed
throughout the history in sectors where a close rela-
tionship with water bodies exists, and they have used
the benefits of proximity to them for trade and/or
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supplies for diverse uses. However, population cent-
ers located close to water bodies are the most affected
during large floods (Barry, 2007; Goff et al., 2010;
Pacione, 1974; Villarrosa et al., 2009; Yeo & Blong,
2010). The term hazard implies a situation in which
a natural or human-induced phenomenon can pro-
duce losses (Smith, 2013). In this sense, the popula-
tion growth and the expansion of the historical urban
centers located in elevated riverine sectors, toward
adjacent floodplain areas, leads to these new settle-
ments being at flood hazard (Isunju & Kemp, 2016;
Mhonda, 2013; Montz, 2000; Morales, 2008). Floods
produced by storm events have been documented in
different sectors of the world associated with differ-
ent terrains such as Asia, Europe, and North Amer-
ica, among others (Brooks & Stensrud, 2000; Chau
et al., 2013; Gaume et al., 2009; Maddox et al., 1980).
There are records of large cities that have historically
been affected by water excess (Barriendos & Rodrigo,
2006; Burby, 2001; Carbognin et al., 2010; Montz,
2000); hence, mitigation strategies were used to avoid
the recurrence of these events (Gentilomo & Cecconi,
1997; Guerrero, 2013), mainly the construction of
canals to evacuate the water excess (Cui et al., 2009;
Scarpati et al., 2002).

The studies that define territory areas as hazard-
ous are approached from different disciplines, such
as approach through remote sensing (Hernindez
Guzman et al., 2016), the use of land and activities
that take place in it (Camarasa Belmonte et al., 2011;
Frazier et al., 2010; Kourgialas & Karatzas, 2011),
or approaches mainly related to the vulnerability
of flood hazard people (Camarasa Belmonte et al.,
2011). Although the initial focus of these studies is
different, they all have in common the aim to define
hazardous areas to generate adequate management
and territorial planning.

Global information systems (GIS) associated with
flood hazards have been used in many parts of the
world as the examples described above. The aim of
these works is to generate maps that define hazards
areas, giving a better impression of the spatial distri-
bution of the hazard (Merz et al., 2007). These maps
are generated using different techniques according to
the data, characteristics, and information available in
each territory. It is worth noting that many of these
maps are generated with diverse information, among
which historic flood zones stand out (Maantay &
Maroko, 2009; Merz et al., 2007), in which excellent

results are obtained; however, this information is
only available in developed countries. Despite this,
other studies are based on the use of satellite images,
rainfall or flow due to the lack of other base data, as
usually occurs in countries of Latin America or Asia
(Ho & Umitsu, 2011; Chau et al., 2013; Hernandez
Guzman et al., 2016). This context makes it evident
that the same information is not always available
in all areas to define sectors affected by floods, and
hence it is necessary to use the available tools in each
site.

The Buenos Aires province, located in the Pam-
pean Plain in eastern central of Argentina (Fig. 1),
is characterized by presenting a relief with a scarce
slope of 0.1% (Sala et al., 1983), development of
numerous rivers and streams, populated centers close
to water bodies and agricultural activities in most of
the territory. These characteristics make this sector to
be known for its high agricultural productivity world-
wide (Duran et al., 2011) as well as for the regular
floods that affect the area (Latrubesse & Brea, 2009;
Scarpati & Capriolo, 2013). Regular floods affect
both the harvests in this province and the densely
populated basins within it (Pedrozo & Escobar, 2018;
Reyna et al., 2007; Vazquez et al., 2009). The popula-
tion development in these basins has been increased
in recent years, and currently, some towns in the
province have sectors with flood hazard, which have
been historically affected by regular floods.

Given the recurrent flooding in the Buenos Aires
province and the problems that this implies, some
studies have been carried out to identify flood hazard
areas (Hurtado et al., 2006; Quiroz Londoiio et al.,
2013); however, these studies are scarce and can-
not always be applied to neighboring areas. This is
because each author uses the data available from the
basin to be studied, which may not be registered for
the neighboring basins. For example, in Argentina,
historical rainfall records were discontinued or inter-
rupted in the 1990s with the closure of most of the
railway stations where these data were collected. On
the other hand, flows measurement is not uniformly
distributed in the province and is only restricted to
some rivers (Integrated Hydrologic Database, 2021)
due to the lack of continuity of public policies that
affect the organisms in charge of the registry. In this
sense, conducting a study through them can lead to
biased or wrong results. The available information
and the characteristics of a specific area make each
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Fig. 1 Main populated sectors, population density, and location of the study area in the northeast of the Buenos Aires province,

Argentina

site to be unique, being each one the starting point
for the creation of a flood hazard map. Thus, defin-
ing a methodology to generate these maps is of
utmost importance if representative results are to
be achieved. Likewise, it is important to note that
adequate flood management is mainly based on two
factors; firstly, it is necessary to know the flood haz-
ard areas, and secondly, it is essential to have a man-
agement strategy (Kourgialas & Karatzas, 2011),
being crucial the first factor for a proper territorial
management.

The Samborombdén river basin located in the
northeast of the Buenos Aires province is in the
context described previously and presents increas-
ingly frequent flooding problematic. In this sense,
this situation may be due to the occupation of flood
hazard areas or due to the increase in rainfall regis-
tered in the region in recent decades (Borzi et al.,
2020a; Kruse & Laurencena, 2005). This basin has an

extension of 5700 km? and is characterized by a low
slope of 0.18%, where the water drainage after a large
rainfall can take several days (Borzi, 2018). The basin
is mainly rural, sparsely populated, and encompasses
12 districts, where crops, livestock, and popula-
tion growth in recent decades predominate (INDEC,
2010). This population growth has been evidenced by
the expansion of urban centers in the vicinity of the
historical populated centers and the construction of
gated communities in peri-urban areas (Borzi et al.,
2020a). Likewise, some of these districts have a close
relationship with Samborombdn river or tributaries
due to its proximity (Fig. 1), and several towns within
these districts are the most affected during storm
events.

The increase of population centers toward floodplain
areas, added to the more frequent floods, evidences the
need to generate flood hazard maps. However, the lack
of data traditionally used for this type of study, such
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as flow data, is a limitation. The aim of the work is
to assess the flood hazard in hydrological basins with
scarce slope, taking as a case study the Samborombdn
river basin, located in the northeast of the Pampean
Plain, Argentina. The methodology used in this work
will not only be useful for the basin studied, but it may
also be used in other basins with similar problems of
hydrological data records, a characteristic which is
shared by most developing countries.

Materials and methods

The flood hazard assessment in the Samborombdn
river basin was addressed by creating a hazard map
using a multi-criteria analysis, since multiple fac-
tors interfere when a flood occurs. For this, physical
aspects of the terrain were used, as well as observa-
tions and field measurements. Initially, variables that
contribute to the presence of surface water after a
large rainfall event were selected. Six variables were
selected and incorporated into a GIS to be evaluated.
These variables correspond to layers of slopes, soil
permeability, flooding trend according to field obser-
vations, the thickness of the unsaturated zone, sinks,
and finally a layer with the number of stream order
applied to the subbasins. All the variables were valued
and the methodology proposed by Saaty (1980) was
subsequently used to form matrices of pairwise com-
parisons and normalize the variables. The analytical
hierarchy process (AHP) is a multi-criteria decision-
making technique that provides a systematic approach
to assess the impacts of various variables (Saaty,
1980). The most common methodology used to make
the comparison is the scale proposed by Saaty (1980).
This consists of assigning a number from 1 to 9 to a
variable, where 1 means equal importance between
pairs of variables and 9 means that one variable is
extremely more important than another; comparisons
are always between pairs. The advantage of AHP is
the possibility of combining data from different fields
of knowledge, for example, management of watershed
and natural resources, socioeconomic analysis, among
others (De Steiguer et al., 2003; Jaiswal et al., 2014;
Srdjevic, 2007).

To verify the discrepancy between the comparison
of pairs of variables and the reliability of the weights
assigned to them, the consistency ratio (CR) may be
calculated (Eq. 1), which must be<0.1 so that the
weights assigned to the variables are accepted. Saaty
(1980) proposes the following expression:

CI(A)
Rin

CR = (0
where CI (A) (Eq. 2) is the consistency index depend-
ent on a comparison matrix A by pairs of variables,
its elements are the relationship between two weights
assigned to each one. A, is the maximum eigen-

‘max
value of the matrix A and » is the dimension thereof.

Also, A, =n, if and only if matrix A is consistent and
Amax > 1 in the rest of the situations.
A -n
ClI(A) = ——— )
n—1

A w=n\,,, w eigenvector. For the rest of the situ-
ations Saaty (1977) proposes a generalization and pro-
pose the following system:

Aw = AW ?3)

There are also several methods for calculating the w
associated with the A, being used in this work the so-
called eigenvector method, also corroborated from the
“geometric mean method” proposed by Crawford and
Williams (1985).

The RIn random index (Table 1) represents the con-
sistency of a randomly generated pairwise comparison
matrix. The RIn is derived as the average random con-
sistency index, calculated by Saaty (1980), from a sam-
ple of 500 randomly generated matrices.

To assess the variables, seven matrices were used,
one for each of the six variables, where the intrin-
sic differences of each one and a matrix were ranked
where the different components were compared to give
them a weight. The variables that were incorporated
into the GIS have a scale of 1: 50,000 and were pro-
cessed to obtain a flood hazard map of the same scale
as a final result. The map was generated by calculat-
ing the sum of the variables previously multiplied by

Table 1 RIn random index

Number 1 2 3
values

5 6 7 8 9 10

RIn 0 0 0.5247

0.8816

1.1086  1.2479 13417 1.4057 1.4499 1.4854
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their ranking. In this sense, each variable had differ-
ent classes, which were ranked using the previously
explained methodology (Saaty, 1980). The study area
is a plain sector where the vertical movements such as
evaporation and infiltration predominate over the hori-
zontal movements (Auge & Hernandez, 1983; Forte
Lay et al., 2007; Fuschini Mejia, 1983). All the water
coming from the rainfall, which does not infiltrate and/
or evaporate, will tend to accumulate in topographi-
cally depressed sectors (sinks) or to drain, reason why
the slope variable was considered. For the slope map,
a digital terrain model (DTM) was used, which was
created from the georeferencing of topographic charts
of the National Geographic Institute (IGN) using the
ANUDEM methodology developed by Hutchinson
(1988, 1989, 1996, 2000). This choice is based on the
fact that in areas with scarce relief such as the study
area, slopes are overestimated in DEMs such as SRTM
(Shuttle Radar Topography Mission) (Guth, 2006;
Jarvis et al., 2004). Likewise, the choice of a DTM was
due to the fact that this does not generate topographi-
cal super-elevations due to the constructions (Kiamehr
& Sjoberg, 2005; Schumann et al., 2008; Li & Wong,
2010) or due to the presence of forestation (Carabjal
& Harding, 2006; Hofton et al., 2006; Presutti, 2009;
Shortdrige & Messina, 2011), a common characteris-
tic in the farms of the basin, generating greater slopes
or false divides (Valeriano et al., 2006) in plain areas.
As mentioned previously, the vertical movements of
water are predominant, which makes it necessary to
consider the permeability variable, since it determines
much of the water behavior after rainfall events. The
soil cartography carried out by the National Institute
of Agricultural Technology at a scale of 1: 50,000
(INTA, 1993) has the series of soils of each sector of
the basin, as well as the percentage of each series that
corresponds to each mapped polygon. The permeabil-
ity values indicated in the soil series were normalized
according to the infiltration rate. Although the previ-
ous hydraulic conditions of the soil determine an area
flooding (Borzi et al., 2020b; Saksena et al., 2019), the
incorporation of this parameter constitutes an areal
characteristic that reflects the sectors with a differ-
ent tendency to surface waterlogging. The infiltration
rate parameters found in the soil charts of the basin
are very slow, slow, moderately slow, moderate, mod-
erately fast, and the value of this parameter acquired
the higher number as the lower the infiltration rate is.
On the other hand, the INTA series of soils (INTA,

1993) also includes field observations such as vegeta-
tion, terrain morphology that indicates its tendency to
be flooded, spatial position with an exceptionally low
tendency to flood, or observations regarding the water
content of the soil such as excess moisture and con-
spicuous flooding, among others. This last variable
was considered because on numerous occasions, these
observations contemplate soil features that predispose,
or not, the waterlogging of an area.

The depth of the water table obtained through field
measurements and background information (Sala
et al., 1972; CFI, 1980; Menéndez et al., 2010; Borzi,
2018), determines the thickness of the unsaturated
zone. The water table variations respond mainly to
seasonality, observing that during the months with
less evapotranspiration, the water table rises slightly,
a characteristic that makes this variable another fac-
tor that favors the presence of water on the surface
(Borzi, 2018; Borzi et al., 2020b). In this variable, the
lower thicknesses of the unsaturated zone were rated
as more susceptible to flooding, due to the oscillation
of the water table during the year and the possible
rise of water table after storm events.

The development of the sinks is found through-
out the basin; however, both in the headwaters and
in the river mouth sector is where they are more evi-
dent. This variable was obtained using the DEM
TandDEM-X 90 m downloaded from DLR’s EOC
GEOSERVICE (EOC Geoservice, 2019). The choice
of this DEM was due to the fact that it is a product
derived from an initial pixel of 12 m (Rizzoli et al.,
2017; Wessel et al., 2018), and minor features can be
observed which respond to the initial pixel size. In this
sense, a preliminary analysis was carried out in the
studied basin with different free access DEMs, being
able to identify minor features with the TandDEM-X,
but not with the SRTM or ASTER. The sink variable
was filled using the ArgGIS 10.0 software, and after-
ward, the result was subtracted from the original DEM
using map algebra, thus obtaining the areas where the
sinks were found, considering these sectors with the
highest category of flooding tendency.

Finally, using the ArcGIS 10.0 software and the
TandDEM-X 90 m, the Strahler (1954) order num-
ber of the drainage network was obtained. Due to
the fact that minor features can be identified in the
DEM used, the drainage network obtained could be
observed even in sectors where the river has a width
close to 15 m, in the headwater area. In this sense,
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the lowest order number was found in the headwa-
ter sector, where the incipient streams are observed
as continuous depressions and are born at the union
of successive sinks. The value of the order number
obtained was assigned to the subbasin where each
course is located. It was considered that the subba-
sins that correspond to the higher order number, will
accumulate water from those preceding, hence the
subbasins with the highest order number will collect
more water and will have a greater flooding tendency.

The variables were ranked using the matrices of
pairwise comparisons and were incorporated into a
GIS. Also, each variable was subsequently multiplied
by its weight, adding up all the variables to obtain a
final result, which was divided into five classes. Cat-
egory 1 represents a very low potential for the pixel to
be flooded, while category 5 has the highest potential
for that pixel to be covered by water, finding catego-
ries 2, 3, and 4 with intermediate characteristics.

Satellite images of Landsat satellite from May 18
and 19, 2000, were used to validate the flood haz-
ard map generated. The selection of these images
was based on the fact that from the beginning of the
Landsat satellite image captures (1972) until today,
this series registered the greatest flooding in the basin
during May 18 and 19, 2000. Likewise, the valida-
tion of the map generated was performed using the
methodology proposed by Dey et al. (2019). In this
sense, the areas with flood hazard obtained were com-
pared with the flood registered in the Landsat image,
where the value of 0% indicates that there is no cor-
respondence between the generated model and the
flooded area observed in the image, and the value of
100% indicates a good correspondence between them.
Finally, the identification of urban settlements that
are found in potentially flooded areas was carried out
using Google Earth Pro software and, during field-
work, an analysis of the constructions established in
these areas was carried out. On the basis of this iden-
tification, the last censal radius of the 2010 popula-
tion Census (INDEC, 2010) was used to quantify the
inhabitants of the basin and to evaluate how many
of them are located in flood hazard areas. It should
be noted that after the year 2000, when the great-
est flooding was recorded, there is an occupation of
floodplain areas by the inhabitants through buildings
(Borzi et al., 2020a), so a quantification of the inhab-
itants in floodplain areas could be performed for the
census period.

@ Springer

Results

The matrix of pairwise comparisons enabled to
assign a ranking to the variables, as well as the weight
of each one. On the other hand, the values of consist-
ency ratio (CR) show that all the matrices made were
accepted because they are below 0.1 (Satty, 1980)
(Table 2). Likewise, there were no major differences
between the eigenvector method and the geometric
mean method.

The evaluation of the six variables used for the
multi-criteria analysis showed that there is a great
tendency for the floodplain of rivers and streams to be
found as the feature that has greater susceptibility to
flooding, and to a lesser extent there are sinks in areas
without a connection to the drainage network (Fig. 2).
The slope layer allowed the observation of the scarce
slope of the rivers and streams floodplain limited by
higher relative slopes sectors. Likewise, the highest
sectors, in divide zones, are also characterized by a
scarce slope, a common feature of this plain area
(Fig. 2a). Regarding permeability, the lowest infil-
tration rate was observed mainly in the floodplain,
as well as in sinks near the river mouth area. On the
other hand, the highest infiltration rates coincided to
a large extent with both main and secondary divide
zones (Fig. 2b). The unsaturated zone presented the
smallest thickness in the river mouth sector, as well
as in river and streams floodplain, and progressively
acquired the greater thickness in the main divide zone
of the basin (Fig. 2c). Observations regarding the
flood tendency of each soil evidenced to a great extent
that the floodplain of rivers and streams are high sus-
ceptible, as well as the river mouth sector. Likewise,
it was observed that streams in headwaters and sinks
in the middle sector of the basin have a lesser ten-
dency to flooding, finding the main and secondary
divide zones with a low trend to flooding (Fig. 2d).
The creation of the sink map allowed the delimitation
of numerous sinks throughout the basin; however, its
concentration was greater in the headwaters, divide
zones and in the river mouth sector, coinciding with
the lack of drainage integrated into the main network
(Fig. 2e). Finally, the subbasins map where the order
number of the streams was incorporated, allowed us
to visualize that the main and secondary divide zones
have a low order number, while the main floodplain
has the maximum. It is highlighted that the interme-
diate orders are the minor tributaries, while the river
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Table 2 Weights and

. ; Variables/layers Weighting Classes Ranking
rankings obtained by
the pairwise comparison Slope 0.278 <0.0074% 0.5150
matrices used in the GIS 0.0074-0.1926% 02520
0.1926-0.3853% 0.1320
0.3853-0.7171% 0.0649
>0.7171% 0.0364
Consistency ratio 0.0602
Infiltration rate 0.202 Very slow 0.4190
Slow 0.2630
Moderate slow 0.1600
Moderate 0.0973
Moderate fast 0.0618
Consistency ratio 0.0152
Unsaturated zone 0.196 <14 m 0.5650
1.4-19m 0.2620
1.9-25m 0.1180
>25m 0.0550
Consistency ratio 0.0433
Flood tendency 0.124 High 0.5990
Medium 0.2590
Low 0.0980
Scarce 0.0440
Consistency ratio 0.0367
Sink 0.131 Without sink 0.1000
With sink 0.9000
Consistency ratio 0
Subbasins with order number 0.0693 5 0.4830
4 0.2720
3 0.1570
2 0.0880

Consistency ratio 0.00538

mouth area, lacking an integrated drainage network
and receiving water from the entire basin, has the
highest values (Fig. 2f).

The map in Fig. 3 corresponds to the flood hazard
map generated by multi-criteria analysis, in which
areas with different degrees of flood hazard can be
observed (Fig. 3a). It is highlighted that the areas
with the highest flood hazard correspond to the flood-
plain of rivers and tributaries, sinks in the main and
secondary divide zones, and the river mouth area that
lacks an integrated drainage network. Conversely, the
main and secondary divide zones correspond to areas
with low flood hazard; however, as they are relatively
flat, the development of sinks which are not inte-
grated into the main drainage is evident (Fig. 3a).

In this sense, a good correspondence is observed
between the areas with the high flood hazard deter-
mined based on the multi-criteria analysis and the
flooded areas recorded in May 2000 by the Landsat
series (Fig. 3b). Thus, the validation of the generated
map showed that 67% of the covers susceptible to
flooding corresponded to flooding areas identified in
the satellite image.

On the other hand, numerous sectors with urban
settlements were identified in flood hazard areas,
mainly associated with the floodplain of the river
or tributaries, as well as some associated with topo-
graphically depressed sectors (Fig. 4). This enabled,
using the censal radius, to quantify a total of 1961
inhabitants located in flood hazard areas, out of a
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Fig. 2 Variables used in the AHP and GIS. a Slope. b Infiltration rate. ¢ Unsaturated zone. d Flood tendency. e Sink. f Subbasins

with order number

total of 184,590 inhabitants present in the basin, that
is, approximately 1% of the total.

In this sense, ten sectors stand out for the higher
population density. Of these, five areas correspond
to urban settlements in the vicinity of old urban
centers, which respond to the growth and expansion

@ Springer

of the old historic centers (light blue circles in
Fig. 4 and Fig. 5a—c). The remaining five sectors
were identified as new gated communities, in rural
peri-urban areas, evidencing a type of construction
with great purchasing power (light blue squares in
Fig. 4 and Fig. 5d—f).
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Discussion

The plain basin studied in this work is characterized by
scarce to null hydrological information. Despite this,
it was possible to select specific variables that allow to
carry out a multi-criteria analysis and an evaluation of
flood areas using a flood hazard map. Methodologies that
use data of flows and/or historical floods are used in other
regions (Maantay & Maroko, 2009; Reyna et al., 2007);
however, this information is not uniformly distributed
both spatially and temporally throughout the world, nor
is it available in the study area. Also, it is highlighted
that multi-criteria analysis combined with GIS is a
widely used methodology to create a flood hazard map,
obtaining excellent results at different scales for different
terrains (Youssef et al., 2011; Chen et al., 2015; Franci
et al., 2016; Kazakis et al., 2015). In Argentina, studies
aimed at identifying flood hazard areas are not very
common (Esper Angillieri, 2012; Hurtado et al., 2006;

Pefia-Monné et al., 2018; Quiroz-Londofio et al., 2013),
and only a few authors have implemented the multi-
criteria analysis proposed by Saaty (1980) (Fernindez
& Lutz, 2010). Likewise, it should be noted that none
of the studies has been carried out in a large plain basin
with a scarce slope as that of the study area. Regarding
the validation of the results obtained, it was corroborated
that there is a good correspondence between the map
generated based on the multi-criteria analysis and the
flooded areas recorded by the Landsat series during
the great flood in May 2000. This type of validation
is not always carried out to define flood hazard areas
(Bathrellos et al., 2016; Kourgialas & Karatzas, 2011);
however, they are important to give consistency to the
methodology used. In this sense, the map generated
highlights the maximum areas which tent to be flooded
according to the physical characteristics of the terrain,
being validated with the largest flood recorded. Although
the variables considered contribute to the presence of
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water on surface, the previous hydric conditions of the
soil also do so (Wanders et al., 2014; Massari et al.,
2014; Saksena et al., 2019), a situation that also has been
documented in the studied basin (Borzi et al., 2020b).
Despite this, there was no detailed information on
where the floods occurred. In this sense, the areas may
be smaller according to the flood event, which responds
largely to the previous hydric conditions of the soil (Borzi
et al., 2020b; Saksena et al., 2019). Despite the scarcity of
flow data in the study area, hydraulic modeling in some
sectors of the basin has shown a good correspondence
with the map generated in this study (Borzi et al., 2020a).
The creation of the flood hazard map shows that there are
urban settlements that are susceptible to regular floods.
The expansion of historic centers in the peri-urban sector
has been carried out in areas without the conditions for
urban development (Herndndez-Guerrero et al., 2012).
The generation of a flood hazard map constitutes one
of the steps for proper hazard management and disaster
prevention (Gonzélez-Arqueros et al., 2018; Kourgialas
& Karatzas, 2011), contributing to the identification of
potentially flooded areas, which can be early evacuated
during major floods avoiding possible human losses. It
is important to highlight that construction in areas with
flood hazard in the Samborombdn river basin does not
respond to a particular social class since both residential
houses and gated community with high purchasing
power and buildings of great value were established
within these areas. This situation is aggravated by the
scarce slope of the study area, which makes it take several
days for the water to drain after a storm event (Borzi,
2018). In this sense, the lack of planning management
or, a territorial planning that carried out with scarce base
studies is evident, a situation that is evidenced by the
urban settlements in flood hazard areas at many parts of
the world (Chang et al., 2009; Montz, 2000). It should
be noted that currently, the urban settlements identified
within flood hazard areas are in continuous growth
(Borzi & Carol, 2014), so there are more inhabitants
at flood hazard than those quantified in 2010 when the
population census was carried out.

Floods in Buenos Aires province affect agricul-
tural producers (Latrubesse & Brea, 2009; Tagle,
1980) and a great number of families located in
flood areas (Clichevsky, 2006). Historically, the
main mitigation measure for these floods was
the construction of drainage canals. These struc-
tural measures do not always behave as expected
(Camarasa Belmonte et al., 2011; Carol et al.,

2014) due to the fact that many parts of the prov-
ince has an extremely flat relief and a terrain con-
figuration that makes it impossible to drain all the
water from the basins (Latrubesse & Brea, 2009),
and as a result, flood hazard areas continue flood-
ing regularly. For this reason, defining flood haz-
ard areas seems to be a low-cost and more urgent
measure than using those that attempt to evacuate
the water excess. Likewise, this study and future
analyses in areas with this type of flood problem-
atic are of vital importance for the development of
environmental management guidelines and miti-
gation plans to avoid economic and human losses
during and after major flooding.

Conclusions

Flood hazard is a serious problem in many regions
around the world and especially in large plain
basins with scarce slope. The expansion of urban
centers through the construction towards flood
areas within the hydrographic basins shows the
lack of studies regarding areas suitable for urban
development. Faced with the traditional and
expensive structural measures that management
agencies tend to adopt to drain the water excess,
the generation of a flood hazard map is a low-cost
task that allows identifying areas that are regularly
flooded. In this sense, flood hazard maps, such as
the one created in this work, enable the genera-
tion of land-use guidelines, evidencing the need
to carry out this type of study prior to population
development.

The methodology applied in this paper, allowed
the generation of a flood hazard map from the scarce
data available, also achieving its validation through
remote sensing. It is worth noting that the analyti-
cal hierarchy process enables to give weights to the
variables which can be accepted or rejected, reducing
user errors.

The map presented in this study is an essential tool for
management and territorial planning in the districts that
constitute the basin, and it is also proposed as a method-
ology to use in plain basins such as those of the Pampean
Plain. In this way, the proposed methodology provides
the management agencies the possibility of generating
land-use maps, as well as designing mitigation and con-
tingency plans after a large rainfall event.
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