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Abstract. In this study, the focus is on the characterization of floods in Basque Autonomous Community, con-
sidering damages, hydrometeorological aspects and others factors during the period 2000-2021. The ultimate
goal is to contribute to understanding the processes of impact, enhancing awareness, and improving preparedness
before flood events. To assess flood impact, damage data from the Spanish Insurance Compensation Consortium
areexposureccccccc used as a proxy. For hydro-meteorological characterization and weather context, we use data
from the Automatic Weather Station Network and various Euskalmet general and local ad-hoc weather context
classifications. Different datasets are conveniently prepared to extract a range of indicators, taking into account:
(1) physiographic and socio-economic factors, (2) damages and impact, (3) hydrometeorological aspects, and
(4) weather context. Visual data analytics techniques are utilized for analysis, characterization, and presentation
of findings. We integrate indicators with diverse temporal resolutions (daily and monthly) and spatial aggrega-
tions (primary watersheds and selected hydrological units) to facilitate discussions and derive conclusions. This
work establishes a foundation for a semi-automatic procedure for data preparation, indicator extraction, analy-
sis, and results presentation. Although it is a strategy specifically designed for its application in our context, we
believe it can serve as inspiration for conducting similar free software based exercises in other parts of the world.

1 Introduction

Severe weather phenomena affect the Basque society in
many ways, from disruption in various sectors and substan-
tial damages in infrastructure to human and economic losses
(e.g. CCS, 2023; Gaztelumendi et al., 2016a, 2017, 2023;
Prieto and Lamas, 1985; Egafia and Gaztelumendi, 2018).
Flooding is, among others, one of the natural events that
causes a relatively high impact in Basque Country, usu-
ally as a consequence of intense and persistent precipita-
tion (e.g. DAEM, 2015, 2016; Ibisate et al., 2000, Egafia
et al., 2010, 2015, 2016; Gaztelumendi et al., 2011, 2016b;
Mugerza et al., 2005; Ruiz et al., 2012).

Impact from meteo-climatic hazards depends on the nature
of the meteo-climatic severe event (GV, 2023; Gaztelumendi
et al., 2012, 2016¢) and on the vulnerability of exposed hu-
man assets to this particular hazard. Vulnerability and expo-
sure are a consequence of different complex factors (Cardona
et al., 2012), mainly related to physical characteristics of wa-
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tersheds, human occupation of the territory and others socio-
economic factors.

It is noteworthy that the Basque Country is situated be-
tween France and Spain, on the western part of the Pyre-
nees (Fig. 1). The Basque Autonomous Community (BAC)
is politically comprised of the territories of Araba, Bizkaia,
and Gipuzkoa (Fig. 1). On the physical side, rivers flow
into two main basins, the Cantabrian and the Mediterranean
(Fig. 1). For further considerations about impact, it is impor-
tant to mention that Mediterranean watersheds cover the ma-
jority of the southern part of the territory, mainly in Araba,
which is the largest (2963km?) of the three BAC territo-
ries but is less industrialized, inhabited, and relatively flat.
In contrast, Bizkaia (2217 km?, 1141000 inhabitants) and
Gipuzkoa (1980 km?Z, 700000 inhabitants), mainly in the
Cantabrian basin, are characterized by many densely popu-
lated river valleys with significant industrial activities (GV,
2002; Urzainqui, 2023).
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Figure 1. Basque Country location, orography and rivers, main basins and watersheds, and political Basque Autonomous Community

territories (from left to right).
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Figure 2. Watershed segmentation used in this study.

This study focuses on the analysis of flood impacts pro-
duced in our territory and their hydrometeorological charac-
terization during 2000-2021 period, where data are available.
The study cover twenty-one areas coinciding with natural
watersheds, five in Mediterranean basins, seven in the east-
ern Cantabrian basin, and nine in the western part (Fig. 2).
The overarching objective of our work is to contribute to un-
derstanding the impact processes associated with floods by
characterizing events using daily indicators at the watershed
level. Additionally, we aim to develop a general and flexible
methodology to extend our findings to other watersheds and
different temporal periods.

2 Methodology and data

The methodology nvolves a sequential workflow (Fig. 3)
comprising four main steps: (1) data preparation, (2) water-
shed indicator calculation, (3) core analysis, and (4) char-
acterization. This approach follows a typical strategy for
data science (e.g., Cashman and Quinlan, 2018; Wickham
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and Grolemund, 2017), extensively utilizing Exploratory
Data Analysis (EDA) (e.g., Tukey, 1977; Willey, 2021) in
data preparation and indicator calculation (first and second
steps), and Visual Data Analytics (VDA) (e.g., Kabacoff,
2018; Tufte, 2001) in analysis and characterization (second
and third steps). A set of specific Python (PSF, 2021) and
R (Wickham and Grolemund, 2017; R Core Team, 2022)
scripts has been developed for the acquisition of such a het-
erogeneous raw dataset, its inspection, cleaning, and trans-
formation into a set of indicators with relevant information
for selected watersheds. The use of more or less complex in-
dicators for flood assessment and risk understanding is quite
extended (e.g. Vojtek, 2023; Quesada-Roman, 2022; Tang et
al., 2021; Tate et al., 2021; Solin and Rusnak, 2020; Santos
et al., 2020), in our case indicators are defined for the four
main aspects covered in this study: (1) physiographic and so-
cial, (2) damages and impact, (3) hydrometeorological, and
(4) weather context.

VDA techniques are used extensively for core analysis and
result reporting. VDA involves the use of visual representa-
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tions, such as charts, graphs, and dashboards, to explore and
analyze complex datasets. In our context, VDA helps analyze
watershed indicator datasets through visual representations,
enabling the discovery of relationships and patterns in the
data.

We utilized various R scripts for spatial data analysis
(Pebesma and Bivand, 2023), facilitating result generation,
conclusion extraction, and creating graphs and maps for re-
porting purposes. Diverse libraries were employed, includ-
ing sf (Pebesma, 2018) for spatial vector data manipulation
and analysis, Terra (Hijmans, 2022) for spatial raster data
manipulation and analysis, tidyr (Wickham et al., 2023) for
data manipulation and transformation, dplyr (Wickham et
al., 2023) for data transformation and analysis, and ggplot2
(Wickham, 2016) for data visualization and analysis. Facets
(Wickham, 2016) were used to generate multiple plot pan-
els based on categorical key indicators, and grouping and
summarizing (Wickham and Grolemund, 2017) were exten-
sively used to simplify complexity and extract conclusions
with varying levels of spatial and temporal aggregation.

2.1 Physiographic and socio-economic context data

Various data sources were used to calculate physiographic
and socio-economic context indicators, employing differ-
ent rasters and shapes for rivers, watersheds, municipali-
ties, and tabular data for population and other social aspects
(GEOEUSKADI, 2022; EUSTAT, 2022). Several R scripts
were developed to adapt original data formats for analysis,
transforming raw data into watershed-level indicators.

Distinct physiographic indicators for each watershed were
computed using whiteboxR (Wu and Brown, 2022; Lindsay
and Whitebox, 2016). Utilizing available river rasters, wa-
tershed shapes, orography, and land use data, we calculated
various geomorphometric and hydrological variables at the
pixel level (200 m resolution), such as slope and flow direc-
tion. These variables were then aggregated at the watershed
level through statistical operations (mean, max, etc.).

Various socio-economic indicators at the watershed level
were also calculated, including total population, population
density, and rental aspects. Data at the municipality level was
distributed in pixels based on a normalized population raster
map and later recombined at the watershed level.

Preparing useful indicators integrated at the watershed
level, along with auxiliary vector files and shapes, is crucial
for effective visual data analysis in combination with other
indicators and for geospatial result representation.

2.2 Impact data

Impact indicators were generated based on damage and
claim data from the Spanish Insurance Compensation Con-
sortium (CCS). These data consisted of individual claims
paid by CCS for “extraordinary inundation” (CCS, 2018;
Garcia Canales and Nédjera, 2010) during the study pe-
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riod. The available information included an Excel file with
80322 rows, detailing accepted claims in the Basque Au-
tonomous Community (BAC) and surrounding territories, in-
cluding attributes such as the day, amount paid, and munici-
pality where damages occurred.

Various R scripts were implemented to transform the orig-
inal data into a daily data structure based on watersheds.
Different daily quantitative and qualitative impact indicators
were constructed using spatial and statistical operations (ag-
gregation, segmentation, count, sum, mean, max). Main im-
pact indicators were defined considering temporal affection
(number of days: ND), social extension of damages (number
of claims: NP), magnitude of impact (sum of euros: SE), and
spatial extension (number of affected municipalities: NM).
Derived indicators were also defined by aggregation and seg-
mentation. The final impact dataset consisted of over 50 daily
impact indicators aggregated at the watershed level, stored in
R native tibble format and .csv files for external use.

To facilitate characterization, some categorical derived im-
pact indicators at the watershed level were defined. Specifi-
cally, the Economic Impact Indicator (ILE) categorizes events
based on impact relevance into five categories (very low,
low, moderate, high, very high) and includes a category for
no claims (NIA). IIE is a qualitative index based on three
components (IIEM, IIEP, IIEE) that capture the most im-
portant aspects of impact on a daily basis, derived from
insurance claims data: (1) economic amount paid (IIEM),
(2) number of claims (IIEP), and (3) spatial extension (IIEE).
Thresholds for segmentation were assigned based on data
characteristics and local knowledge. For economic impact
(SE), the thresholds were EUR 0, 5000, 20 000, 100 000, and
1 000 000; for number of claims (NP), they were 0, 1, 10, 50,
and 1000 claims; and for number of municipalities affected
(NM), they were 0, 1, 3, 10, and 50 municipalities.

2.3 Hydrometeorological data

The river level and precipitation data used in this study come
from Euskalmet (EUSKALMET, 2022) repositories. These
repositories consist of files with hydro-meteorological vari-
ables recorded every 10 min across the Basque network (e.g.,
Gaztelumendi et al., 2018) during the period 2000-2021
(e.g., Hernandez et al., 2022). Several Python scripts were
developed to prepare statistical variables (count, sum, mean,
max) under different spatial and temporal aggregations. For
precipitation, maximum, minimum, and mean values were
calculated over various temporal intervals (10 min — p10m,
30min — p30m, 1 h — plh, 3h — p3h, 6h — p6h, 12h — p12h,
24h — p24h, 48h — p48h, up to 168 h — p168h). Addition-
ally, daily normalized river level (niv) values were computed
based on the orange warning river level reference available
for each river-gauge location (GV, 2023). The final hydrom-
eteorological dataset consists of various daily variables ag-
gregated at the watershed level in .csv format.
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Figure 3. Workflow diagram.

To better represent the different natures of hydrometeoro-
logical precursors of impact, we defined categorical indica-
tors at the watershed level for the persistence degree of pre-
cipitation (IPP), intensity degree of precipitation (IIP), and
pluvial/fluvial segmentation (IFP), based on available rain-
gauge and river-gauge stations in each watershed. IPP cat-
egorizes the mean of p24h into five values (very low, low,
medium, high, very high) corresponding to 0, 15, 30, 40, 60,
and 120 mm per 24 h cut-off values. IIP categorizes the mean
of maximum plh into five values (very low, low, medium,
high, very high) corresponding to 0, 5, 15, 30, 45, and 60 mm
per 1 h cut-off values. The cut-off values for p24h and p1h are
determined based on the yellow, orange, and red thresholds
used in Euskalmet operational procedures (GV, 2023). IFP
is based on the categorization of the mean of the maximum
daily normalized river level (niv). IFP can take two values:
PLU (pluvial) or FLU (fluvial). If niv is above 0.8, the event
is classified as fluvial (FLU), and if below .8, it is considered
pluvial (PLU).

2.4 Weather context data

The data and products used for weather context characteri-
zation are those routinely employed by Euskalmet for severe
weather classification and analysis purposes (e.g., Egaia et
al., 2005; Egafia and Gaztelumendi, 2018). These include sea
level pressure maps, geopotential and temperature synoptic
maps (850, 500 hPa), precipitation analysis maps, and vari-
ous radar products. From these sources, different indicators
are prepared at a daily level following Euskalmet’s classifi-
cation procedures for impact weather events (Gaztelumendi
et al., 2023). Specifically, impact days are classified based on
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synoptic type, circulation shape, cloud systems, precipitation
type, and severe weather typology (Egafia and Gaztelumendi,
2018). As a result, six different weather context categorical
indicators for relevant impact days are prepared for each wa-
tershed at a daily level. Given the small size of the Basque
Country, these indicators are the same for all watersheds.

Through various analyses of these categorical weather
context indicators aggregated for the entire territory, we
found that it is possible to classify flood impact events from
a weather context perspective into three main classes: Cut-
Off Lows configuration (C), Winter Frontal Systems (F), and
Local Storms (T). These specific classes are included in a
new categorical indicator, the Flood Weather Precursor Indi-
cator (ITPD).

3 Results

In Fig. 4 a tabular representation of derived impact indica-
tors for the entire temporal period is shown, spatially aggre-
gated by Cantabrian (VC) and Mediterranean (VM) basins,
as well as for the whole territory (ALL). From the tempo-
ral affection perspective (ND), we find that during 10 % of
the analyzed days, at least one claim is paid in some part
of the studied domain, and only during 0.5 % of the days,
more than 100 claims are paid. The number of days with any
claims is quite similar between VC and VM, but clear differ-
ences appear with an increasing number of claims. From the
social extension of impact perspective (NP), more than 80 %
of claims are produced in VC, the mean number of claims is
four times higher in VC than in VM, and around 16 % of total
claims are produced during a single flooding day. In terms of
the magnitude of impact (SE), more than 85 % of economic
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definition ALL vC VM units
sum(ND) 796 524 429|days
sum(ND>5P) 204 137 92|days
sum(ND>100P) 44 34 11|days
% ND>0P 9.9 6.5 5.3|%
% ND>5P 2.5 1.7 1.1\%
% ND>100P 0.5 0.4 0.1|%
sum(NP) 33616 27527 6089|claims
mean(NP) 42 52 14|claims
max(NP) 5639 5595 1092 |claims
sum(SE) 277 806 236583 41 223 (K€
mean(SE) 349 451 96.1|K€
max(SE) 54 896 54661 5264|KE
mean(NM) 4 4 2\municipalities
max(NM) 120 119 32|municipalities

Figure 4. Example of impact analysis for the entire domain (ALL)
Cantabric (VC) and Mediterranean basins (VM) using derived im-
pact indicators.

losses occur in VC (20 % during a single event). Focusing on
spatial extension (NM), note that in an “average event”, four
municipalities are affected (2 % of the total), and during the
worst event, 28 % of municipalities are affected (45 % in the
VC case and 16 % in the VM case).

In Fig. 5 we present some derived indicators at the wa-
tershed level, considering impact and socio-economic indi-
cators. Particularly, perPOB (% of total population in a par-
ticular watershed), perArea (% of total area corresponding to
a particular watershed), ND (number of impact days), NM
(number of municipalities), P_ND (number of claims/num-
ber of impact days), perP (% of total claims), perKE (% of
total euros), P_POB (total claims/population), and KE_POB
(total Euros/population). We observe that two Cantabrian wa-
tersheds, Urumea (affecting San Sebastian city) and Ibaiz-
abal plus (affecting the Bilbao area), account for 45 % of
claims and more than 50 % of Euros paid. The ratio of to-
tal claims per day (P_ND) is around 70 in the Urumea case,
50 in Oka, and 32 in Ibaizabal plus. Ratios of claims and
euros per population (KE_POB and P_POB indicators) are
higher in Oka, Urumea, Butrén, and Cadagua.

In Fig. 6, we present some daily impact indicators tem-
porally aggregated by seasonal mean and spatially aggre-
gated by main basins (Cantabrian vs. Mediterranean), seg-
mented by impact relevance for the entire studied period
(2000-2021). Specifically, meanD, meanE, meanNM, and
meanP represent the daily mean of the number of days, euros,
municipalities, and claims during each season. numbD is the
number of days, percD is the % of days, and sumD, sumE,
and sumP are the total sum of days, euros, and claims re-
spectively. This figure illustrates how the number of claims
with any degree of impact is higher during summer and low-
est during spring. It also shows that the proportion of claims
in less relevant impact events during summer is higher in the
Mediterranean basin and that the proportion of claims in rel-
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evant impact events is much higher in the Cantabrian basin
for any season.

In Fig. 7 we present some maximum daily hydrometeo-
rological indicators temporally aggregated by annual mean
and spatially aggregated for all basins (ALL), East and West
Cantabric basins (VCE, VCW) and Mediterranean basins
(VM) segmented by impact relevance (NIA, LOW,HIGH)
for all the studied period (2000-2021). We found that dur-
ing more relevant impact days mean of max hydromete-
orological indicators related with precipitation persistence
(p24h... p168h) double the value of such indicators during
low impact days that double the values that during NIA days.
Precipitation indicators are in general higher in VCE and
lower in VM. During impact days intense precipitation in-
dicators (p10m, p30m, plh) shows similar behavior for VCE
and VCW. Mean maximum normalized river level is over 0.8
for more relevant impact events in the case of VCE and VCW
and just over 0.6 in the case of VM.

In Fig. 8, we present some maximum daily hydrometeo-
rologival indicators temporally aggregated by monthly mean
and spatially aggregated for all basins, segmented by impact
relevance (NIA, HIGH, and LOW) for the entire studied pe-
riod. During the warm season, the mean of maximum hydro-
meteo indicators of intense precipitation (p10m, p30m, plh)
is much higher than during the cold season. Such differences
are higher as the impact becomes more relevant. During the
cold season, the mean of maximum indicators of persistent
precipitation (p24h, p48h, ..., p168h) doubles the values of
the warm season. Mean maximum normalized river level is
over 0.8 for high impact events during the cold season and
below 0.8 during the warm season.

In Fig. 9, we show the impact behavior by fluvial/plu-
vial indicator (IFP). For all watersheds (ALL), pluvial (PLU)
events are three times more frequent than fluvial (FLU)
events, quite similar for VCE, which nearly doubles VCW,
and more than three times in the VM case. All very high
impact cases are fluvial, and the proportion of higher im-
pact events is much more relevant for fluvial events and in
Cantabrian basins (VCE and VCW). From a seasonal per-
spective, we see that although fluvial events are predominant
during the cold season, they are plausible at any time, and al-
though pluvial events are predominant during the warm sea-
son, they are plausible at any time.

In Fig. 10, we present the weather context perspective. We
can appreciate how the impact of F and C situations is more
significant than that generated by T situations because the
first two often generate fluvial events and more widespread
consequences associated with persistent precipitation. Dur-
ing C situations, precipitation can also be intense and persis-
tent. On the other hand, T situations are related to localized
rainfall and generate localized impact associated with storms
that produce intense, short-duration showers. In fact, we have
events with very high impact in F and C situations, unlike in
T situations, where the maximum degree of impact is high. F
situations occur during the cold period between October and
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Figure 5. Example of some derived indicators for the analyzed watersheds (see text for variable explanation).

April, T situations occur in the warm season, and C situations
can occur throughout the year. The most relevant events oc-
cur in the Cantabrian region.

Finally, in Fig. 11, we summarize the results in a single
figure as a watershed impact dashboard, featuring bar graphs
presenting, for each watershed, the set of indicators defined
for the impact and hydrometeorological characterization of
floods during the studied period. Bar graphs are employed
to provide a summarized perspective on key aspects related
to flood characterization in selected watersheds. It is note-
worthy that NA values (dark grey color) are present in areas
where hydrometeorological data are unavailable.

4 Discussion
In the context of climate change across different regions of

the planet, flood events and their consequences show a ten-
dency to increase (Quesada-Roman, 2021; Mantovani et al.,
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2024), as do the research and studies analyzing these events
and their consequences (Pinos and Quesada-Romadn, 2022).
Itis essential to analyze the vulnerability and risk exposure of
populations to delineate and characterize the areas of great-
est impact, allowing for appropriate measures to be taken for
future extreme flood events. Decision-making must consider
multifactorial variables, which can be concretized into dif-
ferent risk indicators (Ikirri et al., 2022). Additionally, ana-
lyzing different types of events in urban environments is par-
ticularly relevant given the high population density in these
areas (Esdras Leite et al., 2024).

In our case, the characterization of floods and their impact
is based on a series of qualitative and quantitative daily indi-
cators that illustrate various aspects of a flood event at the wa-
tershed level. These indicators are constructed from damage
data provided by the CCS. The use of insurance claims data
when analyzing flood events is a relatively common practice
where data are available (e.g., Gradeci et al., 2019; Cortés
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Figure 7. Aggregated spatial (ALL, VCE, VCM, VM) mean daily values of various hydrometeorological indicators for the period 2000-2021

segmented by impact degree (NIA, LOW, HIGH).

et al., 2018; Bernet et al., 2017). Hydrometeorological and
general context indicators are based on quantitative observa-
tion data from instrumentation and certain weather context
indicators.

Our ultimate goal is to condense various data sources and
concepts, using visual data analytics techniques, to simplify
the study of impact following a particular strategy towards
full characterization:

— Focusing on impact indicators that are spatially and
temporally aggregated for the entire study period. In
Fig. 4, for example, results for the whole territory and
main basins are shown, allowing the quantification of
substantial differences in impact behavior between the
Mediterranean and Cantabrian slopes.

https://doi.org/10.5194/asr-21-27-2024

— Including certain socio-economic indicators and im-
pacts for each individual watershed. Figure 5 demon-
strates how the combined use of numbers and color bars
facilitates comparisons between different watersheds.

Incorporating the temporal perspective and combining
impact and hydro-meteorological indicators. For in-
stance, Fig. 6 presents various indicators segmented by
seasons and impact significance. The use of absolute
values and stacked bars helps discern the different sea-
sonal patterns across various watersheds.

Analyzing the behavior of hydro-meteorological indica-

tors for different watersheds based on impact classifica-
tion. Figure 7 provides examples of the results for main
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34 S. Gaztelumendi et al.: Characterization of hydrometeorological events and flood impacts in the Basque Country
p10m p30m pih p3h p6h pi2h p24h
125 % » 201 [} [ [] 0 80 [] 80 M []
10.01 T Y re ot 601 » A ! . $
'l L] 154 ] 20 e 301 i I \ 4 * 50“.‘ \ 'Y L 60 ot | /
751 ” e % 2 !.‘l d s 4[)‘-.‘-‘. \ 40 ,‘ 40 " 4
4 oo 3 1 2 T 1
501 '3 “" X Naed W 10{*+ ;,'v a % Fadl D) o”'q‘ . c"’*. lmials i lA
154/ LU IS Oy L o 4 " 10-.»."“' \ 20'.‘ sotey 201 V% 4] 204 VTN IE
2518 WY 0‘0.0’0‘3 o3 oeettoal ...4‘,..000: S0, 000?00t} ¢",...00.0' togotpestes®s *eva,, ot
* HIGH
p4gh p72h p9sh p120h p144h p168h niv - LOW
. A re 16070, y*| 200 e I. 200 1%« 1. " o.. 2501%y ! * . c. -
L ¥ e L] 2001 . ] ] ¢+ | 1.0 - NIA
1001 12201 ° 1501 200 \
s 1507 ¢4 1504 * ¢ [ ] 081
e " 80e by ot 1004e il . . . . 150‘l". o A %] J
5010 A, ¥ A Ve o A T 1001 TN A [100] T audl |08 T R e
V. .t‘ . i " dp.t . gre? LR \ m' . w4
.Q...:.’.. . 40 'o.":ﬂ P 50 oc,,.'_'.:,'. 50‘0;.'.:?‘:,‘| Sn,tc".:":"n 50 .':ti b I 04_,.0_.‘:‘1‘5‘30
OO0 OO0 000N OO PRIO0000-0N O PR OOPRIO0000-0N OUPROIO0000-CN

Figure 8. Aggregated monthly values for all the territory of various hydrometeorological indicators for the period 2000-2021, segmented

by impact degree.
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Figure 9. Distribution of impact days by IFP (FLU and PLU) considering number of impact days (#) and percentage of total days (%)
coloured by impact relevance (IIE). On top for spatial aggregation (ALL, VCE, VCW, VM) and below for monthly counts.

basins, while Fig. 8 incorporates the temporal perspec-
tive with values aggregated across all basins, showing
the seasonal pattern of accumulated precipitation dis-
tribution at different intervals and its relationship with

impact.

Adv. Sci. Res., 21, 27-39, 2024

— Studying the impact of fluvial and pluvial events for
each basin. Figure 9 illustrates this analysis for different
spatial aggregations (ALL, VCE, VCW, VM) and the
monthly distribution for ALL, highlighting the season-
ality of fluvial and pluvial events and noting the higher
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Figure 10. Distribution of impact days by ITPI coloured by IIE, IFP, IPP, and IIP for spatial aggregation (ALL, VCE, VCW, VM) (left
panels), monthly count (center panels), and monthly proportion (right panels).

degree of impact associated with fluvial events com-
pared to pluvial ones.

— Examining the influence of the weather context on the
value of different indicators for each watershed. Fig-
ure 10 includes colored bar charts with various indi-
cators for basin aggregations and their monthly distri-
bution. This representation highlights significant dif-
ferences in hydro-meteorological characteristics asso-
ciated with impact, depending on the time of year and
specific basin.

Unless all claims from the CCS are attributed to a common
cause of “extraordinary inundation”, numerous minor impact
events usually correspond to less impactful pluvial floods oc-
curring during intense stormy precipitation events. More sig-
nificant impact events are predominantly of a fluvial nature,
occurring mainly in the eastern Cantabrian watersheds, while

https://doi.org/10.5194/asr-21-27-2024

the proportion of less impactful pluvial events is higher in
Mediterranean watersheds.

For a more comprehensive characterization of impact
based on insurance data, detailed information about insur-
ance penetration is necessary. Insurance penetration varies
across different territories, and the number of claims and the
economic amounts paid depend on the insured assets exposed
to risk. Impact characterization could also benefit from incor-
porating more detailed data, such as postal code information,
which is particularly relevant for urban pluvial floods. Addi-
tionally, the characterization could be enhanced by integrat-
ing additional data sources, such as social media, press re-
ports, and emergency services, from the new Euskalmet im-
pact weather catalogue (Gaztelumendi et al., 2023).
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Figure 11. Bar graphs summary presenting key indicators values defined for the impact and hydrometeorological characterization of floods

in the 21 selected watersheds.

5 Conclusions

In this work, we have laid the foundations for a general semi-
automatic procedure for data preparation, indicator extrac-
tion, analysis, and results presentation, enabling the charac-
terization of flood events at the aggregated basin level in the
BAC, based on indicators extracted from various data sources
available in our territory. Although the proposed strategy is
specifically designed for application in our context, we be-
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lieve it can serve as inspiration for conducting similar free
software-based exercises in other parts of the world.

Using R for developing various scripts facilitates the anal-
ysis and visualization of data through graphs, charts, and
maps, aiding in the identification of patterns and relevant
factors underlying flooding, characterizing these phenomena
within the target catchments, and simplifying conclusion re-
porting.
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The definition of various specific indicators appears to
be an effective strategy for characterizing floods at the wa-
tershed level in BAC. It offers a new approach to effec-
tively summarize and communicate the impact and context in
which floods occur. The collection of qualitative and quanti-
tative indicators calculated in this study constitutes the essen-
tial database for further correlation studies and to implement
data-driven models based on machine learning techniques.
Several projects are planned in the field of data-driven mod-
eling for damage/impact and flood prediction at the Basque
Meteorology Agency.
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