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Abstract. This paper introduces the Basque Country impact weather catalogue, a versatile tool designed, devel-
oped, and maintained by the Basque Meteorology Agency (Euskalmet), with the primary objective of systemati-
cally recording detailed information regarding adverse weather events that generate some degree of impact in the
Basque Autonomous Community (BAC). The catalogue serves as a repository where information is gathered for
the comprehensive characterisation and evaluation of extreme weather events, focusing on both environmental
conditions and their associated impacts. For this purpose, three key aspects are included: context, hazard and risk
and impact. In the context section, we include information about the date, duration, spatial extent, measurement
statistics data, synoptic/mesoscale aspects, and other metadata. The hazard and risk section includes information
about hazard and risk typology according to Euskalmet severe weather criteria and warnings procedure. Regard-
ing the impact, a range of metrics and indicators are defined to characterise critical aspects, encompassing the
severity of impact including economic damages, human fatalities, and disruptions to normal life. The creation
of the Catalogue involves utilising various data sources and repositories, not only from Euskalmet but also, par-
ticularly in terms of impact, from emergency interventions, newspapers, local media websites, social media, and
data from the Spanish Insurance Consortium. While the volume of available material from each event descrip-
tion may vary from case to case, a standardised information structure and minimum content are imperative for
all registered events. This ensures that qualitative analyses based on extensive reports, and quantitative analyses
based on recorded or estimated metrics and indicators, are possible for events included. This paper outlines into
the design and structuring of the catalogue, and the fundamental steps undertaken during its implementation.

1. The need to continue advancing in the knowledge of

Human-induced climate change, is causing more frequent
and intense extreme events resulting in widespread adverse
impacts and related losses and damages to nature and peo-
ple, beyond natural climate variability in different parts of
the world (e.g. IPCC, 2022). Strengthening the resilience of
our societies against the impact of severe weather is a global
priority (e.g. Seneviratne et al., 2021). At the Basque Country
level, a plausible escalation of severe weather conditions and
increasing exposure to these will likely result in a growing
impact that needs to be evaluated. The initial step in this intri-
cate process of characterising the impact of weather involves
collecting, preparing, and maintaining accurate information,
starting the establishment of what will hopefully become a
longer term record. Our main drivers for such effort can be
summarised as follows:

Published by Copernicus Publications.

local meteo-climate impact, increasing the value of
weather-related warnings (Zhang et al., 2019), and im-
proving Euskalmet’s operational procedures following
WMO recommendations (WMO, 2015, 2021) and other
initiatives for integration of impacts into weather and
climate services (e.g. Kaltenberger et al., 2020, Geiger
et al., 2024; Golding, 2022).

. The need to valorise the substantial work done in

past years, generating impact-oriented warnings, severe
weather reports, and other documentation related to im-
pactful weather in the Basque Autonomous Commu-
nity (BAC) within the context of Euskalmet (GV, 2023;
Gaztelumendi et al., 2012, 20164, b).

. The necessity for reliable and homogeneous informa-

tion about impactful weather suitable for monitoring the
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past and future evolution of climate change at the local
BAC level in the context of a formal climate emergency
as declared by the Basque Government (GV, 2019).

4. The conviction that official, trustworthy and unequivo-
cal information regarding weather and climate impact,
should be made available to specific users and general
public as soon as possible.

To o achieve these goals, we have undertaken a project
(starting in 2021) for the implementation of a catalogue of
impact events in the BAC. The project has been managed us-
ing a lean methodology, incorporating a cyclo-iterative phi-
losophy with a focus on rapid results, value checks, and suc-
cessive revisions. The main tasks undertaken in the project
included the review of similar initiatives, searching and se-
lecting appropriate data sources, designing the catalogue
structure, and selecting and characterising events. A pre-
liminary design was established and continuously improved
through expert feedback in successive phases until the final
solution was achieved. The main objective is to draw up and
maintain a catalogue with homogeneous information to char-
acterise events of impact that have affected the BAC during
the 21st century, from the hydro-ocean-meteo-climatic point
of view.

In this paper, we will present some results and discussions
of principal aspects undertaken during the project, including
some comments about the revision of similar initiatives, se-
lection of local data sources, the structuring of the content of
the catalogue, the event selection and strategies adopted for
characterisation, and some operational aspects that could be
of interest to readers. Finally, we draw some principal con-
clusions and comments for future improvement.

In the context of this document, a hazard is any agent that
can cause harm, risk is the probability of that harm occur-
ring, and impact is the final effect. Risk, hazard, and impact
categories are similar to those used operationally in Euskal-
met. Note that this definition of risk differs with respect to
the general literature, e.g., from the IPCC (Reisinger et al.,
2020), where risk is defined as the product of a potential im-
pact multiplied with its probability of occurrence.

2 Results and Discussion

2.1 Review of initiatives

At the beginning of the project, we proceeded to search
for and analyse different initiatives for cataloguing impact
weather to detect best practices and general guidance for our
project. The need to consistently characterise and catalogue
hazards related to extreme weather and climate events had
been recognised by many National Meteorological and Hy-
drological Services (NMHS), United Nations (UN) agencies,
research bodies, and the private sector (e.g. insurance compa-
nies). Many of them have independently developed databases
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and procedures to record extreme weather, water, and cli-
mate events and their impacts. At this initial stage of the
project, we selected and analysed some of them; not only
material from WMO workshops, meetings, and other pub-
licly available documentation (e.g. WMO, 2017), but also
from other heterogeneous initiatives with alignment with our
aims and project goals (e.g. ESWD, 2023; EWSC, 2023;
CatRaRE, 2023; ASSA, 2023; BNSWWA, 2023; NIWA,
2023; EMDAT, 2023; GLIDE, 2023; IRDR, 2023; ECMWF-
SEC, 2022; EWOB, 2023; Roberts et al., 2014; Dotzek et
al., 2009). Such initiatives exhibit a very different orienta-
tion, diverse data structures, and visualisation interfaces, de-
pending on their specific focus. They may contain structured
data (tabular), unstructured data, including documents, web
pages, images, audio, and video, as well as data visualisa-
tions, event sheets, dashboards, and other resources that fa-
cilitate inquiries. This first project phase has enabled us to
comprehend the general context in which similar initiatives
are developed and to establish a methodology considering
the particularities of our case (oriented towards local im-
pact, as simple and clear as possible, based on local plausi-
ble resources, including past and present events, operational,
human-based with some degree of automation, multipurpose,
scalable, and easy to improve).

2.2 Local data sources

Diverse raw data sources and repositories at the Basque
Country level are reviewed as potentially valuable for the
elaboration of the catalogue. These sources include not
only previous datasets and products available at Euskalmet
but also, particularly for impact-related aspects, information
from external sources such as newspapers, local media web-
sites, social media, emergency interventions, and data from
the Spanish Insurance Consortium. In Fig. 1, we illustrate
the main local raw data sources that we have used for the
catalogue development. A significant portion of the available
information originates from previous efforts conducted over
the years in various contexts, including Euskalmet’s opera-
tional tasks, research and development projects, European
projects, scientific papers and other internal documentation
initiatives (e.g. Egafia et al., 2021; Hernandez et al., 2022,
2009; Gaztelumendi et al., 2022a, 2021a, b, 2018a).

During the analysis phase of local data sources, we rec-
ognize the significant amount of potentially valuable infor-
mation that Euskalmet have already generated, but also that
the level of data structuration varies significantly among dif-
ferent products. Some products as analysis, forecasts, shift
change records, warnings, observations, etc. are structured in
database (DDBB) ready for direct exploitation. In contrast,
other information, such as severe events reports, monthly,
seasonal, and annual bulletins, social media data, impact
data, press releases, etc., is recorded in heterogeneous doc-
uments and folder structures that require considerable pro-
cessing efforts.
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Severe weather report

Euskalmet Analysis DDBB

Euskalmet Forecast DDBB

Euskalmet shift change tokens DDBB
Euskalmet Warning DDBB

MAIN DATA SOURCES |Euskalmet Annual reports

Scientific papers (Tecnalia. Euskalmet, others)
Insurance data (CCS)

Media information (newspapers,radio, tv, etc..)
Social networks (twitter, etc..)

Other sources (emergencies, 112,...)

Figure 1. Primary local raw information/data sources used for event
selection and characterization.

2.3 Catalogue content structuration

After analysing local data sources, we proceeded to structure
the content of the catalogue, considering the resources avail-
able for the project, and considering the catalogue as a mul-
tiple purposes space where information about environmental
conditions and impact are systematically collected. We de-
signed a flexible conceptual record structure based on three
main sections: context, hazard/risk and impact.

The first section includes context information related to
synoptical and local hydro-ocean-meteo-climatic conditions,
such as date, duration, spatial extension, event typology, key
observations data, and a brief summary description of the
event. Other complementary contextual information is also
included as internal control fields (see Fig. 2). The second
section encompasses an ad-hoc classification of hazard type
and risk type according to Euskalmet official criteria con-
sidering maritime coastal risk (RMC), risk derived from ex-
treme temperatures (TEMP), risk from extreme precipitation
(PREC) and risk derived from extreme wind (WIND) and
others risks (see Fig. 2). The third section includes different
aspects indicative of impact (economic damages, human fa-
talities, or disruptions to normal life, etc), and four derived
indicators to categorize general impact and its social, eco-
nomic and human health components (see Fig. 2).

The designed event information structure meets our cur-
rent needs but is flexible enough for the incorporation of new
fields in subsequent revision phases (UNDRR, 2020, 2021).
General, social, economic and health impact indicators im-
plemented are segmented into five categories (very low, low,
medium, high and very high). All information of public in-
terest are planned to be open for consultation in near future.

2.4 Events selection and characterization

After establishing the basic structure of the catalogue, the
next step is to determine which events to include. In the
complete version of the catalogue, we have decided to fo-
cus on cases where hydro-ocean-meteo-climatic factors di-
rectly or indirectly cause some degree of damage or alter-
ation of human activity in the BAC during the 21st century.
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In other words, we are not only considering events from a
high-impact perspective but also including those with low
and medium impact.

The selection of events is based on the review of different
aspects as; (1) official warnings issued (GV, 2023), (2) differ-
ent documentation and studies available in Euskalmet (e.g.
Hernandez et al., 2009), (3) potential high impact environ-
ment (e.g. Egafaet al., 2021, 2016, 2014) (4) substantial sur-
pass of stablished thresholds in local observational network
(e.g. Hernandez et al., 2022; Gaztelumendi et al., 2018b,
2022b) and (5) impact check based on the analysis of Media,
Social networks, 112 or Insurance data (e.g. Gaztelumendi
et al., 2021c, 2020, 2017, 2016c). As the categorization of
impact in the lower zone could be somewhat subjective, we
decided to include in the catalogue all potentially impactful
events (including very low impact cases), considering that
further selection of events by degree of impact is immediate.

Once an event has been selected, the focus shifts to com-
plete characterization. The completion of the records in the
event forms is carried out through human effort by the expert
personnel in our analysis-surveillance-prediction team based
on available sources (see Table 1). One of the most difficult
and key issue in the process is the characterization of impact.
Impact data is collected and analysed in different subsequent
stages (1) in the short term including information from social
network (Gaztelumendi et al., 2021¢), communication media
and emergency interventions (Gaztelumendi et al., 2016b)
and (2) in the medium to long term with insurance data con-
veniently processed (e.g. Gaztelumendi et al., 2023a, b). It
is important to note that in our operational procedures, fore-
casters and surveillance staff (working 24 x 7) must be aware
of hydro-ocean-meteorological conditions and to the impact
during the course of a particular severe event. Real time in-
formation from social networks, emergencies and communi-
cation media is included in an event folder and summarized
in the shift change records. Impact data are also included into
operational severe events reports that are mandatory in the
case of high-impact weather.

It should be noted that the process of inclusion of events
in the catalogue commenced in 2021 (with the initiation of
the project), involving the retrospective incorporation of var-
ious “historical” events. Based on the experience during this
early stage of the project we decided to implement new spe-
cific routines in Euskalmet operational analysis and surveil-
lance procedures for systematically collect impact in a more
organized manner than before (primarily for its inclusion in
severe weather reports) with the aim of facilitating the sub-
sequent cataloguing process.

Through our experience we observed that as an event
which has the potential to be catalogued becomes more dis-
tant in time and its impact is lower and less widespread,
the difficulty in the characterization process substantially in-
creases. Note also, that as cataloguing requires a significant
amount of human resources, if possible, is convenient to au-
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¢ Identification code ¢ Hazard type

* General impact Index (l1G)

¢ Temporal characterization

* Date

* Duration

Spatial characterization

e Political zones

* Watershed zones.

* Detailed political zones

¢ Temp zones.

General conditions

* Brief meso-synoptic description

* Brief registered ocean-hydro-
meteo records summary
description.

e Impact Weather Headline
» Weather type*
Internal control fields

» Severe weather report
available

e Analysis available

» Forecast available

* Warning issued

¢ Present in annual report
* Press release issued

* Severe Summer Convection
* Severe Wind Storm

¢ Severe CTD (Coastal Trapped
Disturbance)

e Severe NW Gale

¢ Severe Active Frontal System

* Severe Cut Off Low (Rain)

¢ Severe Swell

¢ Severe Heat Advection

e Severe Cold Advection

e Severe Winter Storm

¢ Severe Fire Weather Conditions
¢ Others

* Risk type (including colour codes)

* RMC: coastal impact
* RMC: navigation

* RMC: “Galernas”

¢ PREC: Intense

* PREC: persistent

* WIND: exposed

¢ WIND: non exposed
e TEMP: extreme high

.

.

o (IS, 11E,IIH)

Social impact Index (11S)

¢ Minor sanitary incidents

¢ Minor urban damages

e Evictions and rescues

e Outages (power, water, ..)

¢ Transport incidents (road
closures, traffic jumps, flight
cancelation,..)

* Emergencies interventions

e 112 calls*

Economic impact Index (IIE)

¢ Euros paid by CCS

e Claims accepted by CCS

e Number Municipalities with
accepted claims.

* Number of Civil Works claims.

Human health impact Index (I1H)

e Number of injuries

* Number of seriously injured

* Number of deaths

* CCS data available

* Media information available
(news online, press summary,
etc..)

» Social Networks (Tweeter, etc)
 Other (general comments,..)

* SNOW

¢ Others.

¢ Forest fires

e TEMP: persistent high
* TEMP: extreme low

Figure 2. List of components included in the three main categories of the catalogue: context, hazard and risk, and impact.

tomate as many processes as possible, and to involve the op-
erational staff who experienced the event to be catalogued.

2.5 Operational implementation

At an early stage of the project, we defined a field struc-
ture based on Excel, where key fields for event characteri-
zation and classification are kept in columns, and each event
is represented in rows. This approach allows for the quick
incorporation of information, revision of the aforementioned
fields, inclusion of new ones, and a certain capacity for anal-
ysis using commonly used tools in Excel itself and differ-
ent scripts implemented in R (R Core Team, 2022) for ex-
ploratory data analysis and visual data analytics (Gaztelu-
mendi et al., 2023a, b).

After completing the development phase, a more robust
solution will be implemented for operational purposes. We
plan to use a relational MySQL database to store all data,
which will ensure that the catalogue can be easily updated
and effectively utilized. This solution appears suitable for our
data structure and characteristics, supporting concurrent ac-
cess, facilitating queries, and enabling the development of
various analysis tools and summary dashboards.

Adv. Sci. Res., 21, 41-48, 2024

Several basic web tools have been implemented to facil-
itate the loading and querying of this database. Further ef-
forts are planned for the full exploitation of the catalogue,
including case consultation, comparative analysis, statistics,
and other identified tools as appropriate.

Maintenance and revision routines are formally estab-
lished in order to (1) improve aspects already included in
the catalogue (2) include new events from the past or (3) in-
clude new present events as soon as possible as they occur
and (4) to include new fields as new hazards/risk categories.
For this purpose, a series of operational work instructions are
established, detailing what, how, who and when new events
must be included or in which terms modification of record
structure could be done. In the medium term and depending
on the resources available and financial support, we are plan-
ning to extend the catalogue into the 20th century, which is
a challenge considering that Euskalmet has been active since
2003.

3 Conclusions

We have designed and established a methodology to maintain
a catalogue of impactful hydro-ocean-meteo-climatic events
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focusing on the Basque Country. During the project, intro-

84 duced in this paper, a first version of the catalogue has been
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¢ Throughout the course of this work, the utility of the cat-
R XM XM X alogue as a tool for valorizing previous reports and inter-
E = nal documentation related to adverse meteorology is evident.
A~ While compiling the catalogue, we have found it difficult to
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Design a flexible structure that can be gradually com-
pleted and enhanced.

— Establish internal procedures and resources to ensure
the ongoing continuity of the work.

— We believe that gathering impact information should be
viewed as a routine responsibility for operational staff.

— Give careful consideration to areas beyond your comfort
zone, such as assessing impact.

— Develop a redundant system to guarantee that impact
indicators, which may be somewhat subjective, remain
unbiased.

— Automate the collection of data from instrumentation
and modeling as much as possible, saving man-hours
for essential tasks.

Code and data availability. Although the code, as well as the de-
rived datasets, are not publicly accessible because they are intended
for internal use, details about their implementation can be obtained
by contacting the authors.
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