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Summary

Interest in flood risk prevention has been growing steadily in recent years, with multi-criteria
analysis frequently used to develop prevention plans. One of the common factors included in
these analyses is annual rainfall. This study aims to assess the role of annual rainfall in identify-
ing flood-prone areas, using Geographic Information Systems (GIS) to conduct the research in
two stages. The first stage involved identifying at-risk areas using factors such as the Topographic
Wetness Index, Height Above Nearest Drainage, proximity to watercourses, and drainage den-
sity. In the second stage, these results were integrated with annual rainfall maps, applying con-
sistent weights across both stages. The findings suggest that while rainfall is a crucial factor in
flood assessment, its inclusion in multi-criteria analysis may inadvertently distort results. This
distortion occurs because rainfall distribution is influenced by topography, making it the only
variable criterion among otherwise stable basin characteristics. As a result, rainfall data may
shift the focus from lower basin areas, which are typically at greater risk but receive less rainfall,
to higher basin areas with more rainfall. Furthermore, the study argues that annual rainfall is
not a reliable basis for prevention planning, as it fails to accurately represent the characteristics
of rain events — such as intensity, duration, and frequency - that are critical in flood studies.
The research highlights the need for more appropriate criteria tailored to the specific study area
and emphasizes the importance of developing new methods that focus on the impact of rainfall
rather than just its distribution.
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1. Introduction

In recent decades, many countries have increasingly prioritized the field of natural
disaster prevention to avoid the severe consequences these events can cause [Das 2020,
Selvam and Antony Jebamalai 2023]. Today, flood risk prevention is one of the primary
concerns of researchers who seek to develop better strategies to mitigate the various
damages that may affect different aspects of development [Kumne and Samanta 2023].
This is especially critical given the new challenges posed by climate change, where it
has become essential to adopt practical and more precise methods for identifying risk-
prone areas [Jemai et al. 2024, Mwalwimba et al. 2024, Tout and Ghachi 2023].

Geographic Information Systems (GIS) offer a broad platform for spatial data
analysis [Elsadek et al. 2024, Tout 2023]. In the context of flood risks, GIS provides
an opportunity to utilize techniques that overcome many of the obstacles previously
encountered in identifying hazard-prone areas. This leads to much more accurate
assessments and the development of more realistic prediction models, enabling the
preparation of appropriate measures to help prevent various damages [Youssef et al.
2023].

Multi-criteria analysis (MCA) is a technique provided by Geographic Information
Systems (GIS) [Al-Hussein et al. 2023, Chelariu et al. 2023, Nkonu et al. 2023]. In
the ArcGIS environment, MCA is one of the most commonly used applications and
continues to deliver satisfactory results in identifying flood-prone areas. It enables the
production of flood vulnerability maps [Al-Juaidi et al. 2018].

Flood vulnerability maps are generated by overlaying various maps that represent
factors known to affect a basin’s response to water. This process may involve the use of
numerous factors, and the selection of these factors is subject to various constraints.
Achieving satisfactory and reasonable results depends on using criteria that are truly
significant and appropriately describe locations [Abdrabo et al. 2023, Ghosh et al. 2023,
Tout 2023], such as the Topographic Wetness Index, Height Above Nearest Drainage,
proximity to watercourses, and drainage density.

Due to its importance in creating floods, rainfall is relied upon as an influential
factor in the development of protection models using multi-criteria analysis [Bhatta
and Adhikari 2024, Dutta and Deka 2024, Jemai et al. 2024, Mshelia et al. 2024, Osman
and Das 2023, Wedajo et al. 2024, Yaseen 2024] and this may be due to its known effects,
as it is usually responsible for the rise in water levels and is involved in determining the
final response of the basin to rainfall and the production of floods.

In this research, we are interested in knowing the feasibility of using rainfall, which
is one of the most commonly used factors that sometimes take significant weights in
research when producing vulnerability maps, which can significantly affect the result-
ing maps in identifying vulnerable areas or the level of exposure.

In this context, the research does not discuss the role of short-term rains in the
production of floods, as their impact is known, especially with what climate change has
brought about in the way they fall in terms of intensity, but discusses the use of rains in
general as a contributing factor in the production of vulnerability maps.
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2. Study area

Wadi Zerdaza drainage basin Figure 1 belongs to the drainage basin Wadi Safaf 0309,
which in turn belongs to the Constantine Coastal Basin 03, located in northeastern
Algeria, with an area of 343.8 km? this basin feeds the Zerdaza Dam, which repre-
sents its discharge point. The highest point in the basin reaches an altitude of 1211
meters and the lowest to 190 meters, that is, the altitude range reaches 1021 meters,
this range in altitude creates a difference even in the distribution of rainfall, where
the high areas of the basin generally record higher values of rainfall up to 800 mm
per year. The basin has a Mediterranean climate, characterized by dry summers and
wet and rainy winters.
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Fig. 1. Study area

Figure 2 indicates the elevations in the Wadi Zardazza basin, while Figure 3 which
was reproduced based on data from the National Agency for Water Resources that
shows the distribution of annual rainfall in the basin, indicates the general proportion-
ality between elevations and recorded rainfall values.
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Fig. 2 . Heights in the study area
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Fig. 3. General proportionality between elevation and annual rainfall values

3. Methodology

Using one of the GIS tools (ArcGIS), we try to understand the impact of adopt-
ing rainfall as a criterion to produce a physical vulnerability map for flood risk, the
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research was done in two phases. The first phase required the production of a vulner-
ability map based on some commonly used criteria that have a good meaning in
terms of identifying potential flood-prone areas, namely Topographic Wetness Index,
Height Above Nearest Drainage, proximity to watercourses, and drainage density,
where the same weight was adopted for all criteria. The second stage was done by
adopting two criteria: the first criterion, which is the results of the first stage (the
map of at-risk areas produced using the previous criteria), and the second criterion,
which is the annual rainfall, where the same weight was given to both criteria. These
indicators can be considered as derivatives of the srtm digital elevation model, which
is available at 30-meter resolution for free on the USGS website and can be defined
as follows:

o Topographic Wetness Index: It is an index that refers to topographic factors that af-
fect the spatial distribution of water accumulation [Chowdhuri et al. 2020, Towfiqul
Islam et al. 2021] and is used to predict the most flood-prone areas based on topo-
graphic features.

o Height Above Nearest Drainage: It is a topographic descriptor that refers to the dif-
ference in elevation between the elevation data in the digital elevation model and
the points or paths of water discharge and has wide applications in flood simulation
[Avila-Aceves et al. 2023].

o Proximity to watercourses: It is considered a critical factor in identifying areas at
risk of flooding [Amen et al. 2023], and although it cannot be relied upon without
taking into account topographical factors, it can be said that the less likely we are to
be exposed to floods the farther away we are from the valley streams.

o Drainage density: It is a commonly used criterion [Arya and Kumar 2023, Ebodé
et al. 2024, Forson et al. 2023], found by dividing the total length of valleys and
streams by the area of the basin [Burayu et al. 2023], and according to this criterion,
areas with high drainage density are more prone to flooding.

In order to facilitate the understanding of the results, each factor was categorized
into flood-prone and non-flood-prone areas, where only illustrative classifications
were used for all the criteria that entered the first phase. In the second phase of the
research, a rainfall value of 800 mm was considered as flood-prone areas and the value
of 700 mm as non-flood-prone areas. The Table 1 shows the values indicating flood-
prone and non-flood-prone areas according to each criterion.

Table 1. Classification of at-risk areas according to the criteria used

HAND TWI DD PTW Rainfall
Flood-prone areas 0-80 >10 0-0.29 0-100 800 mm
Non-flood-prone areas 80-705 0-10 0.29-2.74 >100 700 mm
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Figure 4 indicates the criteria that were used, showing the difference in the distribu-
tion of vulnerable areas across the basin according to each criterion.

The aim of this methodology is to try to show the impact of using the rainfall map
on the potential results of vulnerability maps that rely on the use of multi-criteria anal-
ysis, not to clarify the value of one criterion in relation to other criteria or to determine
the rainfall values that actually contribute to the production of floods. The adoption of
previous classifications cannot be adopted or built upon in a study that aims to actually

identify areas at risk, as this matter requires extensive research into the exact impact of
each criterion.
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Fig. 4. Areas at risk according to each criterion

Figure 5 shows the model that was used to produce the overlay map, where the blue
colors indicate the input data, yellow the tools, and green the results.
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Source: Authors” own study

Fig. 5. The model used to produce vulnerability maps

4. Results and discussion

In Figure 6, which reflects the results of the first phase that did not take into account rain-
fall, the results indicate the wide extension of the risk areas along the drainage network
until the drainage area that represents the Zardaza Dam, these are the areas that provide
ideal conditions for flooding and are therefore the most vulnerable, and the areas in green
remain non-risky because they do not provide sufficient conditions for flooding accord-
ing to the criteria used and the weights given to them [Krellenberg and Welz 2017].
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Fig. 6. Flood-prone areas according to the results of the first phase
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In Figure 7, which reflects the results of the second phase that took into account two
factors, namely the results of the first phase and the rainfall factor, the map indicates
the dispersion of the results, where only areas that share the results of the first phase
and the annual rainfall distribution map with a value of 800 mm that was considered
the value that corresponds to areas at risk of flooding, and not areas that correspond
to the value of 700 mm rainfall, resulting in a large part of the lower areas of the basin
being considered as areas not at risk of flooding.
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Fig. 7. Flood-prone areas according to the results of the second phase

This dispersion in the results is due to the adoption of equal weights between the
two factors: Phase 1 results and rainfall, which identified areas that corresponded in the
classification of at-risk zones.

These results open a debate on the feasibility of using rainfall in general in multi-
criteria analysis for predicting flood risk areas and indicate that paying attention to
rainfall locations may not provide real help in identifying areas at risk of inundation as
it does not adequately characterize the contribution of rainfall to flooding and does not
reflect reality correctly.

The adoption of rainfall values and its localized precipitation in identifying vulner-
able areas is what led to these results and not the methodology that was adopted, which
was based on two stages. Even after using the rainfall criterion with the four criteria
that were used in the first stage, namely the Topographic Wetness Index, Height Above
Nearest Drainage, proximity to watercourses, and drainage density so that all criteria
have the same weight, the results still show dispersion, as the percentage of vulnerable
areas at the top of the basin is greater than the areas below Figure 8.
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Fig. 8. Areas at risk after using the first phase criteria with rainfall

These results indicate that although rainfall is one of the factors on which the basin
response is based, it does not adequately help in identifying vulnerable areas when
adopting multi-criteria analysis, and this is mainly related to the fact that it is a moving
factor, unlike other factors, it moves from the top of the basin and from the water divi-
sion lines to the waterways leading to the discharge points, and therefore its adoption
in the current form will lead to dispersion of results instead of improving them.

The research does not indicate that inconsistency in spatial data between criteria
is an inappropriate characteristic in research, as inconsistency is basically what makes
multi-criteria analysis valuable, especially if appropriate criteria are adopted with their
real weights to describe their real impact on the phenomenon under study, but it indi-
cates that rainfall has not yet found the appropriate formula for inclusion in multi-
criteria analysis and that this current formula refutes the known inverse relationship
between elevations and floods [Megahed et al. 2023].

In addition, annual rainfall cannot really be relied upon for studying floods, as
annual maximum daily rainfall and short-term rainfall are usually adopted in meth-
odologies other than multi-criteria analysis to study flood-prone areas [Hendrayana
et al. 2024].

Compared to previous studies that consider rainfall as an influential factor in the
production of flood vulnerability maps, this study presents new results that could help
to further refine the criteria that can be used and may require reconsideration of the
results of various previous studies, especially those that relied on large weights for rain-
fall regardless of the differences in the study areas.

One reason that may have hindered the detection of the negative impact of using
rainfall in its current form on vulnerability assessment models is the focus on the
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model as a whole. Many studies restrict the weights assigned to the model without
individually analyzing and evaluating how the rainfall criterion affects the overall
results. Additionally, these studies often overlook the actual occurrence of rainfall and
the process of rainfall transport through drainage basins. This study not only points
to the need to select appropriate criteria that truly reflect the factors contributing to
increasing or decreasing the level of vulnerability, but also to the need for a broader
study and a more accurate categorization of the values corresponding to vulnerable
areas and levels of vulnerability according to each criterion in order to ensure more
accurate results.

5. Conclusion

The multi-criteria analysis is considered one of the effective means to develop an appropri-
ate assessment of geographical locations at risk of flooding, one of the reasons for reaching
acceptable and logical results requires in the first stage the adoption of expressive criteria
that actually affect the production of floods, in our study area the research indicates that
the adoption of Topographic Wetness Index, Height Above Nearest Drainage, proxim-
ity to watercourses, and drainage density leads to homogeneous and reasonable results
confirmed by the topography of the basin, While the adoption of the annual rainfall led
to dispersion of the final results, as the criterion considers that the areas that receive larger
amounts of water, which are usually the upper areas of the basin, are exposed to a more
dangerous level, but this criterion cannot actually be adopted because it considers that
the locations of water are fixed across the basin in the places where it falls, which does
not reflect the reality, as a high percentage of it moves to waterways and lower areas of
the basin and up to the point of discharge. The research indicates that although rainfall in
general is important in understanding the response of the basin, its inclusion in preven-
tion models that rely on multi-criteria analysis will not help in obtaining accurate results,
the research also indicates that beyond multi-criteria analysis, annual maximum daily
rainfall and short-term rainfall are much more important than annual rainfall, which
does not provide much help in the study of floods.
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