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Abstract: Floods are probably the most hazardous global natural event as well as the main cause of
human losses and economic damage. They are often hard to predict, but their consequences may
be reduced by taking the right precautions. In this sense, hydraulic infrastructures, such as dams,
are generally the most widely used management elements to significantly mitigate this natural risk.
However, others, such as linear ones, mainly ditches and canals, can both in themselves be potentially
active risk-generating factors and vectors of flooding risk propagation. The aim of this research is to
develop an accurate and detailed technique for assessing the intrinsic risk of these infrastructures
due to flood events. This is performed based on two key factors: the proximity to urban areas and the
water level reached in the infrastructures. Consequently, this research is developed through a double
geomatic and hydraulic component organized into four steps: topological processing, parameter
computation, risk calculation, and development of the Risk Colored Snake (RCS) technique. This was
successfully applied to the network of irrigation ditches of Almoradí in Alicante (Spain), which is
characterized by a high exposure level to flood hazards. RCS is a valuable tool to easily assess the
potential risk of each section of the linear hydraulic infrastructures. By means of color-coding RCS,
it is simpler for the end user to quickly detect potentially problematic locations in an accurate and
detailed manner.

Keywords: risk colored snake; flooding; hydraulic infrastructures; risk assessment; mapping algebra

1. Introduction

Damage caused by natural disasters is a constant threat to the population, largely
due to the uncertainty involved. Good planning, readiness, and a proper risk assess-
ment, together with adequate decision-making, can increase safety and reduce damage.
This involves knowing the hazards and risks of each territory. Furthermore, hydraulic
infrastructures, especially linear ones such as canals and irrigation ditches, are also vul-
nerable to natural disasters such as floods. The impacts can go far beyond the calculated
spatiotemporal physical affected frame. This is due to linear infrastructures themselves
being susceptible to propagating the induced failure through linear hydraulic infrastruc-
tures [1–4]. This is normally a consequence of necessary terrain modification. Usually,
those infrastructures are used for agricultural purposes.
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Conversely, due to global warming, flood episodes are increasing [5]. In this sense,
it is predicted that by 2050 the phenomena will become more frequent [6]. That makes
it essential to have prevention and risk assessment plans in place. This mainly involves
knowing which areas are most likely to be at risk [7]. According to the Centre for Research
on the Epidemiology of Disasters (CRED) and the United Nations Office for Disaster
Risk Reduction (UNISD), floods have caused the most disasters in the period 1998–2017,
accounting for 43.4% of recorded disasters and 23% of total economic losses [7]. In Europe,
the average annual damage due to floods in the period 2000–2012 was EUR 4.2 billion, and
the forecast is that by 2050 this will increase to EUR 23.5 billion [7]. In Spain, according
to the Insurance Compensation Consortium (the Spanish public reinsurer), in the period
1971–2021, almost 46% of the claims processed were due to floods and accounted for 64%
of the total compensation [8].

Traditionally, flood risk is understood as the probability of expected losses occurring
in the event of a flood. This approach is based on four (4) key concepts: (i) susceptibility,
(ii) vulnerability, (iii) hazard, and (iv) level of exposure [9–11]. Susceptibility is a concept
related to the occurrence of certain phenomena in an area. Vulnerability refers to the ability
of each element to cope with the risk. Hazard is related to the magnitude, severity, and
frequency with which the event manifests itself. Specifically, in the event of floods, a hazard
corresponds to the depth, velocity, and extent of the water surface [12]. Finally, exposure
encompasses the properties that may be damaged by the flood event (risk elements), which
depends mainly on their distance to the risk source [12]. Therefore, conceptually, the risk
level is determined as a result of multiplying hazard, exposure, and vulnerability [9,10]. In
this manner, once risks have been analyzed, the level of risk is assessed and thresholded,
and preventive measures may finally be implemented.

It is possible to create interactive maps, created by multi-criteria analysis, in which
the most vulnerable points with the greatest possibility of suffering flood damage can be
identified. For this purpose, cartography has been and still is a highly effective tool for
showing the results of natural risk analysis [13]. Likewise, cartography serves both to
raise public awareness and to plan actions in case of emergency [14]. In this sense, the
identification of risk at points of special importance is key, and hydraulic risk maps are the
baseline for land use and emergency planning [15,16].

Conversely, flood risk mapping focuses on showing the effects that a given flow would
have on a territory, encompassing all the elements on the ground [17]. However, these flood
events may involve flow rates greater than the transport capacities of linear infrastructures.
These infrastructures usually initiate from the main rivers in the area. In the case of a
river level rise due to a hydrological event, the amount of water flowing through the
canals increases and they may behave like active elements of risk propagation. Thus, the
network of irrigation ditches and irrigation channels can act as a vector of flow [18]. This is
especially important if the cleaning and maintenance norms for their correct drainage are
not followed [19]. In these cases, linear infrastructures reverse their natural flow direction
and become risk generating elements around them [20,21]. Generally, the overflow in
irrigation ditches that produces flooding and runs inside towns must be intercepted before
reaching the dam to divert it and provide continuity without affecting the urban areas [22].

In this work, the study areas comprise hydraulic infrastructures largely used for irri-
gation purposes. Affected areas often need public support to repair damaged agricultural
infrastructures and help to compensate farmers for their losses (loss of production and
even death of trees, cattle, and crops) [23]. In many cases, this results in expensive com-
pensation based on complex insurance methods [24]. Furthermore, linear infrastructures
are considered in themselves as potentially active risk-generating and risk propagation
vectors to flooding. This implies an infrastructure-based approach rather than the classical
territorial flooding approach.

The aim of this research is to develop an accurate and detailed technique for assessing
the intrinsic risk of these infrastructures due to flood events. This is performed based on
two key factors: (i) the proximity to urban areas, given that these areas are more suscep-
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tible to damage from overflowing, and (ii) the water level in the infrastructures (depth).
This challenge is developed through double geomatic and hydraulic components. This
manuscript is organized into four steps: topological processing, parameter computation,
risk calculation, and development of an innovative Risk Colored Snake (RCS) technique.
The result is a map of linear infrastructures categorized by color coding according to the
potential risk of each section. Through color coding, RCS increases the risk visualization
ability and makes it simpler for the end user to quickly detect potentially problematic
locations in an accurate and detailed manner. This analysis can provide valuable infor-
mation to water planners and managers, as well as civil protection agencies. This also
improves prevention and enables more effective flood management strategies tailored to
local conditions.

2. Materials
2.1. Case Study

In Spain, the greatest flood damage, in absolute terms, is concentrated in the Mediter-
ranean area, especially in the provinces of Alicante, Valencia, and Murcia [12]. These areas
are densely populated regions, with great economic dynamism, also due to the great influ-
ence of the agricultural sector, and where precipitation events are characterized by high
intensity and short duration. Thus, this research is focused on the network of irrigation
ditches of Almoradí, located in Vega Baja del Segura region in the province of Alicante
(Valencian Community, Alicante province, Spain; Figure 1). This area covers an area of
957.28 km2 (16.46% of the total area of the province). Within the region, the farming area
(approximately 183 km2) is supplied with water diverted from the Segura River through
irrigation channels or ditches that distribute the water through the farmland and make up
what is known as the “living water network”.
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Spain; open access data according to INSPIRE European Union Directive. Specification Web Map Tile
Service (WMTS) from Open Geospatial Consortium, Inc. (OGC) Arlington, VA 22201, USA. Digital
orthoimages from National Plan for Territory Observation. Coordinate Reference System: EPSG:
25830; Almoradi: 30S—688384 4221429.

Almoradí is placed on a large alluvial plain of the Segura River and is part of the
“Vega Baja” county. Due to its flat orography and that the Segura River borders the town of
Almoradí, the susceptibility of agricultural land and peri-urban areas to flood damage is
relevant, especially in the case of extreme events.

The Vega Baja of the Segura River has an extensive record of floods, with data from
the twelfth century to the present day [25]. From the twentieth century until now, more
than one hundred episodes of flooding have been recorded in this area. Among the most
important episodes in Almoradí are the flows of 1947 and 1948, when torrential rains caused
the Segura River to overflow. In 1987, the catastrophic results of floods led to the emergency
approval of the Segura River Basin Flood Control Plan [26]. Although this action included
interventions such as the creation of dams, canals, and wadis, the fact is that the action
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was mainly focused on canalization of the Segura River from its entrance in Orihuela to
Guardamar del Segura (roughly 40 km). Meanders were removed to facilitate the slope
and the velocity of the water [27]. After these actions, the first overflow of the Segura River
occurred in 2016. In that same year, it was observed that the canalization of the river could
cause similar effects to those produced in the 1987 flood. Basically, it was concluded that the
canalization generated a false sense of security [28] that led to the construction of houses
in flood zones. Three years later, in 2019, the last major flood occurred in this area, which
showed that structural solutions are not sufficient to prevent this type of catastrophe [29].
During this episode, Almoradí and other adjoining localities were left without water supply.
The river canalization was broken in Almoradí, Benejúzar, and Algorfa. Specifically, in
Almoradí, two pipes were broken, which caused the flooding of the industrial estate and
downstream towns and the loss of citrus and horticultural crop production. Furthermore,
the water level in this area exceeded the water level of the 1987 floods, resulting in the
worst event of this kind in the history of agricultural insurance. Thirty percent of the
harvest was lost and economic losses in the agricultural sector amounted to more than
EUR 6 million (about EUR 3000/ha in citrus, the most affected crops), with EUR 3.5 million
in agricultural insurance indemnities [30]. In this episode, the combination of extreme
rainfall events and flooding produced in total damages of approximately EUR 1319 million,
including agricultural losses, of which EUR 475 million was compensation for personal
damages [12,31].

Among all the irrigation ditches that make up the network of Almoradí and its
surroundings, two are of special importance for the risk analysis, given their proximity to
urban areas: the Major Ditch of Almoradí and the Calvario Ditch (Figure 2). Both cross
the urban area in whole or in part and are the main object of the case study. The Major
Ditch of Almoradí runs almost parallel to the river and has a high branching. Its length
is 6730 m, along which irrigates an area of 2062 hectares [32]. The distribution of living
waters is made up of 5 minor irrigation ditches, 84 lines, and more than 200 small irrigation
ditches [33].
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2.2. Flood Hazards Cartography Considered

In Spain, several flood cartographies are available, both at the national and regional
level; in this case, two of them stand out: the National Flood Zone Mapping System,
Spanish acronym SNZCI at national scale, and the Sectoral Territorial Action Plan on
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Flood Risk Prevention in the Valencian Community, PATRICOVA (Spanish acronym),
specific to Valencian Community. Both offer flood risk maps but with differences between
them. SNZCI categorizes the risk in four groups (population, economic activity, points of
special interest, and areas of environmental importance), while PATRICOVA does so in six.
Similarly, SNZCI establishes three hazard scenarios, and, in contrast, PATRICOVA defines
six, highlighted that the latter considers geomorphological hazards, although it does not
represent them in the cartography. Indeed, when geomorphological hazards are considered,
the total number of affected structures is much higher. This characteristic should be
represented in any cartography to be totally truthful, although to date neither SNZCI nor
PATRICOVA incorporate it [29]. Figure 3 shows the PATRICOVA flood risk assessment.
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Due to the more detailed hazard shown in PATRICOVA, this one has been used to
assess the risk flood of the linear infrastructures. On the other hand, this cartography is
based on the events’ frequency and the floods’ depth. For this reason, the height of the
flood (depth) is a key parameter in this research. According to PATRICOVA [34], the entire
study area is defined as hazard scenario 2, with an average flood frequency of 100 years
and a depth higher than 0.8 m.

2.3. Data Acquisition

Data acquisition consists mainly of downloading the necessary layers of geospatial
information. Specifically, three layers of information are needed: (i) information related
to ditches and canals in the study area, (ii) urban area boundaries, and (iii) flood map of
the area. The first two layers are vectorial, while the last one is a raster layer of 1 m × 1 m
resolution. Regarding the vector layers, both are in shapefile format [35]. In this sense, the
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difference between both vector layers is that the one corresponding to canals and irrigation
ditches contains linear geometries while the one corresponding to urban area boundaries
contains polygonal geometries. Additional data contained in the shapefiles refer to the
identification of infrastructure, location, population, type of construction, etc.

The raster information of the flooding layer is in GeoTIFF format, which is an exten-
sion of the popular TIFF format, to support a geodetically sound raster data georeferencing
capability. The geographic content supported in the GeoTIFF tag structure includes its
cartographic projection, data, ground pixel dimension, and other geographic variables [36].
Taking this into account, each pixel of the raster file contains information about the max-
imum depth at that point. These data are freely provided through National Center for
Geographic Information according to INSPIRE Directive [37]. They are based on hydraulic
simulations according to a particular return period (in this case, 100 years as PATRICOVA),
in which the terrain is obtained through LIDAR (Laser Imaging Detection and Ranging)
technology, from the National Plan of Aerial Orthophotography of Spain. These geomet-
rical data have a spatial resolution up to 2 points/m2, with an altimetric accuracy higher
than 0.20 m (RMSE ≤ 0.20 m) [38].

2.4. Software and Tools

A Windows operating system with a 64-bit Intel Core i7 processor and 12 Gb RAM
memory was used. The geographic and spatial operations QGIS 3.22 software was used
because it is one of the most popular open-source GISs, with a growing user base and
increasing importance in the educational and research sector [39]. QGIS allows to create,
edit, and operate with different spatial data and cartography and is cross-platform.

The rest of the necessary in-house developments were implemented using the Python
3 programming language. Python is free, cross-platform, and easy to learn or read, which
facilitates the conversion of ideas to code [40]. It has efficient high-level data structures and
a simple but effective object-oriented programming system [41].

One of the major advantages of Python is that it includes libraries from a wide variety
of disciplines that can be included in projects. This is the case with PyQGIS [42], GRASS [43],
and PyQt5 [44] libraries used for the development of the tool.

3. Methodology

This research has a double fluvial hydraulic and geomatics component articulated in
four main sequential steps: topological processing, parameter calculation, risk calculation,
and generation of the Risk Colored Snake (RCS; Figure 4).
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3.1. Step 1: Topological Process

In this initial step, the necessary topological operations are performed to adapt the
input data to the data required by the algorithms. All line or polygon topologies are
converted to points by means of a distance-based discretization. This discretization distance
has been established by trial and error at 20 m for irrigation ditches and 1 m for urban areas.

3.2. Step 2: Parameter Calculation

Two essential parameters for determining the risk of any infrastructure are calculated:
(i) maximum depth (“q” parameter) and (ii) proximity to urban area (“K” parameter).

The maximum depth is obtained by map algebra process. Thus, for each discretized
point in Step 1, the value of the maximum depth contained in the flood map (raster format)
is obtained. The result is stored in a new information field. Finally, the parameter “q”
acquires values proportional to the maximum depth (Table 1; “q” parameter).

Table 1. Calculation of “q” parameter based on the depth of each point and “K” parameter depending
on the distance to urban areas. Note: the closer to the urban area, the greater the value. If the point is
inside the urban area, the “K” value is the maximum.

“q” Parameter “K” Parameter

Depth 1 “q” Value Urban Area Distance (d 1) “K” Value

Depth = 0 0 d ≥ 2000 1
0 < Depth ≤ 0.5 5 1000 ≤ d < 2000 2

0.5 < Depth ≤ 1.0 10 500 ≤ d < 1000 3
1.0 < Depth ≤ 1.5 15 100 ≤ d < 500 4

Depth > 1.5 20 0 ≤ d < 100 or urban zone 5

Note: 1 expressed in meters.

In contrast, for the calculation of “K” parameter (proximity to the urban zone), a
sequential process consisting of two parts is followed: first, it is checked, using map
algebra, if the point is within the urban zone, and, second, the value of “K” parameter is
calculated. If the point is within an urban area, the parameter has the maximum value,
which is 5. In contrast, if the point is not within any urban area, the minimum distance of the
point to the urban area is calculated and the parameter “K” acquires a value proportional
to this distance (Table 1; “K” parameter).

Conversely, and according to Milanesi et al. [16] and Cox et al. [45], the risk of drown-
ing in humans is closely related to the position of the head of children and adults in relation
to the flooding depth. In this sense, Cox et al. [45] propose maximum admissible water
depths of 1.2 for adults and 0.5 m for children, while Milanesi et al. [16] recommend con-
straints of 1.4 and 1 m, respectively, for adults and children. For this reason, and applying
a unifying criterion, the thresholding of the parameter “q” has been based on the values
recommended in both studies.

3.3. Step 3: Risk Calculation

The risk of each point to hydrological events is determined through two substeps:
(i) determination of the base risk (Rbase) and (ii) determination of the final risk. The base
risk considers only the maximum depth and is set in the same way to the “q” parameter.
However, the final risk (R) is obtained considering both the maximum depth and the
proximity to urban areas. This is expressed as the following:

Rbase = q (1)

R = Rbase + K (2)

It should be noted that the base risk is additive according to the distance to urban
areas to obtain the final value of the risk at each point.
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3.4. Step 4: Risk Colored Snakes (RCSs) Generation

In this last and crucial step, for each ditch section, the risk, previously assessed, is
assigned. For each section, the assigned risk is the maximum risk of all the points belonging
to that section. Then, according to experimental results provided though IGA [46], a
color-coding categorization is defined for RCS (Table 2).

Table 2. Color categorization of ditches based on risk.

Risk Value/Assessment Color Coding

[0, 5) No risk

[5, 10) Low risk

[10, 15) Medium risk

[15, 20) High risk

[20, 25] Extreme risk

4. Results

Following the methodology described above, the start was set for the vector layers
of irrigation ditches and urban areas as well as the raster layer of flood zones (Figure 5a).
Once the topological processes of conversion of linear and polygonal entities to points
(Figure 5b) have been carried out, the different parameters are calculated.
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Figure 5. (a) Initial data of Almoradí urban area, ditches, and flow map. (b) Results of topological
conversion from linear and polygonal layers to points.

With the maximum depth extracted from the raster layer, the base risk is calculated
according to Table 1. This base risk is used together with the minimum distance of each
point to urban areas to obtain the final risk value (Table 3) as shown in Table 1. It is
important to note that, if the points are contained within urban areas, the “K” parameter is
set to the maximum value regardless of the minimum distance since it implies a greater
possibility of risk.
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Table 3. Sample of points set and calculated parameters. Note: the base risk calculated by means of
the depth is shown in the third column. In the last column, the final risk is displayed.

Name Depth * Rbase Inside Polygon Distance * “K” Parameter Risk

1. Major Ditch 0.059 5 False 317.884 4 9
2. Major Ditch 0.957 10 False 103.205 4 14
3. Major Ditch 1.018 15 False 99.184 5 20

4. Calvario Ditch 0.000 0 True 123.631 5 5
5. Calvario Ditch 0.433 5 True 122.179 5 10
6. Calvario Ditch 0.569 10 True 11.617 5 15
7. Calvario Ditch 0.000 0 True 98.146 5 5

Note: * expressed in meters.

The risk is then assigned to the different sections of the irrigation ditches, with the risk
of each section being equal to the maximum risk of the points belonging to it (Figure 6a).
Finally, the categorization by color is performed (Figure 6b) and the RCS is obtained
(Figure 7).
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4.1. Influence of “K” Parameter

As can be seen in the results, the final risk is determined by the “K” parameter (distance
to urban areas). This factor increases the value of the base risk, being the maximum increase
in one risk level for locations within urban areas. Thus, not only the depth of each area
is considered but also its location. The chance that an extreme hydrological event causes
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damage to facilities is much higher in urban areas than in unpopulated areas. Therefore,
the “K” parameter always increases the risk value based on the maximum depth.

4.2. Influence of Discretization Distance

One of the most influential factors in the final RCS and its associated risks is the
discretization distance of the points, chosen in Step 1 (please see Figure 4). An equidistance
of 20 m is set by trial and error. Each ditch section, delimited by the design or construction
requirements, is discretized in points so that, if a very large distance is chosen, details will
be lost (Figure 8). In contrast, if a very small distance is set, the system will be overloaded
with unnecessary operations that will not improve the result.
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In addition, the resolution of the raster layer with the flooding data must be considered
since it will determine the amount of maximum depth data available. For the case study, a
1 m × 1 m resolution raster is available, which means that there will be one flood data point
per square meter. If, on the other hand, a 10 m × 10 m resolution raster were implemented,
consequently, one flood data point per 100 square meters would be expected.

5. Discussion

According to Milanesi et al. [16], the following fundamental requirements are neces-
sary when defining vulnerability criteria are applied to flooding: (i) representing simple
processes easily understood by stakeholders, (ii) being easy to use and providing thresh-
olds, with the possibility of adaptation to different flooding environments, and (iii) fitting
experimental data reasonably. However, most of the criteria do not match these require-
ments [47]. The existing regulations provide thresholds for risk assessment, ranging from
supranational approaches to more detailed regional and/or local regulations tailored to the
realities of their territories.

The risk of flooding on the Spanish Mediterranean coast has continued to increase
despite the enormous efforts made to mitigate it [48]. As in many other parts of the
world, prevention actions have largely been based on the development of technical and
engineering measures. However, recent flood episodes have shown that the construction of
hydraulic infrastructures cannot be the only solution to mitigate natural hazards and that
the development of integrated risk management plans is also key. In this sense, it has been
widely reported that engineering measures derives in a false sense of security, encouraging
the occupation of floodplains and increasing the risk exposure [49]. Much less studied is
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the fact that the construction of irrigation infrastructures can be particularly dangerous in
case of floods because they can expand the flooding of the main rivers.

In Almoradí, linear hydraulic infrastructures such as canals and irrigation ditches have
been crucial for irrigation development and rural socio-economic progress. In the same
way as in other water-scarce regions, these infrastructures have contributed to accelerating
the transformation of agricultural production systems, helping the cultivation of more
profitable and water-intensive crops (e.g., horticulture) [50]. However, the intensification
of agriculture often contributes to modifying the hydrological dynamics of the territory,
increasing runoff and flow velocity in the event of heavy rainfall. Therefore, these areas are
likely to face increased risk of flooding and concentrate high economic losses. Although
the potential damage to agricultural areas is expected to be lower than in urban areas, it
has a major impact on decisions concerning flood management [23].

The avoided damage to agriculture is generally acknowledged to be critical because
farms are important to the regional economy and food supply. Furthermore, in small rural
areas, like Almoradí, agricultural and urban areas are very intermingled, which emphasizes
the need to develop fully integrated risk management strategies and coordinated land use
and urban planning policies [51]. Therefore, identifying areas where flood risk is potentially
significant is key, but this usually focuses on the study of rivers’ hydrodynamics, ignoring
the network of irrigation ditches.

6. Conclusions

This research has presented a new methodology for categorizing the risk of canals
and ditches in the face of hydrological events. This study considers not only the maximum
depth, from a human risk perspective (“q” parameter), of each point but also the proximity
to urban areas. The presented results, in the form of the color-coding RCS, make it easier for
the end user to identify and assess potentially dangerous areas immediately. Furthermore,
special emphasis has been placed on irrigation infrastructures, which are considered to be
potentially dangerous in floods because they expand and propagate the flooding of the
main rivers.

Conversely, the potential of RCS methodology can be clearly shown by comparing
the risk assessment between Figures 3 and 7. In the first one, the whole urban area is
evaluated as “very high flood risk”; however, the detailed analysis offered by RCS allows a
much more detailed evaluation. RCS analysis would allow prioritization of structural and
non-structural actions to mitigate flood risk in specific areas of the urban area, compared to
the general assessment available, based on a traditional approach.

According to the achieved results, the most decisive factor is the proximity to urban
areas (“K” parameter) as this is where most damage can occur. Thus, an area with a high
depth located in an area free of houses may have a lower risk value than an area with a
medium depth that runs through the interior of a town. This is the most innovative point
of the methodology as the consideration of the proximity to urban areas is an added value
for future risk planning.

Another important aspect comprises that, for each section, several points are taken
and the risk conditions of each one is assessed, assigning to the line the most unfavorable
value of all the points studied. This makes it possible to adapt the results to reality in a
more reliable way. However, this approach has a very important conditioning factor: the
discretization distance of the points. This factor might condition the result because of the
information loss effect or system overloading. In this case, the calculated value by trial and
error was 20 m, appropriate for the development of this research.

In the same way, it is necessary to consider the raster resolution and its effect on the
result. In this study, a resolution of 1 m × 1 m has been used, i.e., a maximum depth for
each square meter. However, not all raster files have the same resolution, and therefore it is
possible to find a raster of 10 m × 10 m resolution. In this case, it would have a maximum
depth per 100 square meters.
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Future works will study the influence of the following factors: (i) discretization
distance and (ii) spatial resolution of flooding data to the results to determine the suitable
combination of both, as well as the automation of their calculation. This research will also
be complemented in the future with the analysis of the influence of spatial resolution of
raster flooding data in the discretization distance. Other upcoming works comprise, on
one hand, the possibility of using other data types for the process, such as vector files,
containing the depth information at each point, and, on the other hand, the possibility of
making a connection to a database to extract that information.

Finally, this study goes a step further and develops an innovative visual method
capable of mapping the potential flooding risk of each canal and ditch section, particularly
useful for managing flood-prone areas. The risk segmentation provided by RCS has proven
to be a powerful and flexible approach (tool) for decisionmakers, such as water planners,
managers, as well as civil protection agencies, to anticipate potential impacts and improve
the prevention and enable more effective flood management strategies tailored to local
conditions. In this sense, RCS has made it possible to identify areas of special interest
where flood-induced risk to irrigation infrastructure might negatively affect its operational
capacity, as well as increase the hazard by transforming these infrastructures into elements
of risk in themselves (as flow vectors). In this sense, hydraulic reality after a severe flooding
event with or without linear infrastructures may be very different. In addition, this detailed
visualization approach allows, on the one hand, to prioritize risk minimization actions
in a more effective way, and, on the other hand, it can contribute to a better and easier
understanding of flood phenomena and increase citizen awareness, in line with the EU
Floods Directive objectives.
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