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1. Introduction

 The main motivation of this work is to improve the
understanding of local impact weather by leveraging

* A severe weather catalogue has recently been
implemented (Gaztelumendi et al 2023), to record

detailed information about severe events that have
affected Basque society.

* This catalogue serves as a repository of valuable
information for characterizing and evaluating Impact
weather events and its consequences at local level.

the recently created catalogue

* Additionally, it aims to assess to what extent the

information contained in its current structure can be
systematically extracted and

exploited.
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1. Introduction

Catalogue of severe weather in the Basque
Country.

* |mpact weather events that have affected the

CAE during the 21st century.

* Homogeneous information structured in
three main categories:

(1) Context. Different information related with synoptical
and local hydro-meteo-ocean conditions including date,
duration, spatial extension, synoptic characteristics and
other contextual information.

(2) Hazard & Risk. An ad-hoc classification of hazard type
and risk type according to Euskalmet criteria.

(3) Impact. Various aspects are considered in order to
categorize impact, based on four impact indicators,

including general impact (l1G) and its three components:

social (II1S), economic (lIE) and human health (IIH) .
Among others: economic damages from insured assets,
human fatalities or normal life disruptions are checked
in order to stablish impact indexes.

e |dentification code
e Temporal characterization
e Date
e Duration
e Spatial characterization
e Political zones
e \Watershed zones.
e Detailed political zones
e femp zones.
e General conditions
e Brief meso-synoptic description
e Brief registered ocean-hydro-
meteo records summary
description™
e [mpact Weather Headline
e \Weather type*
e Internal control fields

e Severe weather report
available

e Analysis available

e Forecast available

e \Warning issued

e Present in annual report
e Press release issued

e CCS data available*

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

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

Hazard & Risk

e Hazard type
e Summer Convection
e \Wind Storm

e CTD (Coastal Trapped
Disturbance)

e NW Gale

e Active Frontal System
e Cut Off Low (Rain)

e Swell

e Heat Advection

e Cold Advection

e Winter Storm

e Fire Weather Conditions

e Risk type (including colour codes)

e MC: coastal impact
e MC: navigation

e MC: “Embata”

e PREC: Intense

e PREC: persistent

e WIND: exposed

e WIND: non exposed
e TEMP: extreme high
e TEMP: persistent high
e TEMP: extreme low
e SNOW

e Forest fires

e Others.
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e General impact Index (l1G)
e f(lIS,IIE,IIH)

e Social impact Index (lIS)
e Minor sanitary incidents
e Minor urban damages
e Evictions and rescues
e Qutages (power, water, ..)

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

e Emergencies interventions
e 112 calls*

e Economic impact Index (lIE)
e Euros paid by CCS
e Claims accepted by CCS

e Number Municipalities with
accepted claims.

e Number of Civil Works claims.
e Human health impact Index (lIH)
e Number of injuries
e Number of seriously injured
e Number of deaths
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1. Data and methodology

All events recorded in the catalog (as of
25/02/2024) for the period 2001-2023 were
used.

Working with the original data structure
and dealing with coexistence of both
guantitative and qualitative variables.

Various R scripts were developed for
data loading, cleaning, segmentation,
aggregation, transformation, and
visualization.

A “wide” data frame was prepared from
the original data, with 133 columns for
features and 500 rows for events,
serving as a starting point for

subsequent operations. The columns

contain variables related to date, duration,
spatial classification, hazard typology, risk
typology, and impact indicators, while the rows
represent the events.

* Various techniques of Exploratory Data

Analysis (EDA) and Visual Data Analytics
(VDA) were applied for characterization,
including segmentation/aggregation
processes and the implementation of
summary tables, count matrices,

heatmaps, histograms, density plots, bar graphs,
etc.

Each key aspect (hazard, risk, impact,
spatial, and temporal features) was
characterized:

(1) individually,

(2) in combination with the hazard-risk
pair, and

(3) for the hazard-risk-impact trio.

In this presentation, only some of these are
shown.

‘
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Diverse libraries were employed, including tidyr
(Wickham, 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 panels based on factors,
and grouping and summarizing (Wickham et al.,
2017) were extensively used to simplify
complexity and extract conclusions with varying
levels of aggregation.
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2.1. Results and discussion: Hazard type

The hazard categorization used in
the catalog is based on 12

categories derived from the hazard typology

definition employed by Euskalmet related with
weather systems/conditions precursors of
Impact.

The category H12.0ther is included to
encompass other types not explicitly covered in
the current hazard definition.

Multiple hazards can coexist

during a single event (465 events/607
hazards).

As we can see in the summary table

73% of events are single-hazard,
24% two-hazards, and 3%
three-hazards.

The three most frequently
occurring hazard types are
HO9.Winter Storm (24%),
HO2.Wind Storm (17%), and

Hazard summary table
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In the count matrixes H-H, we can observe in

absolute terms the frequency a hazard typology

appears in combination with others hazards in the

considered events (The diagonal shows the number of
times a particular typology appears, and off-diagonal the

instances where it is combined with other typologies).
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Events are characterized by The two most frequently occurring risk types are  The only risk type that mostly (more than half)
13 risk categories, matching RO2: Navigation (33%) and RO7: Wind in Exposed appears unaccompanied by other risks is

the same risk used in the Basque Zones (32%). RO8.Intense Precip.
system for monitoring and forecasting

severe weather (GV 2018, There are 173 events with a Slngle riSk, 118 with 2 riSkS, 70 with three FOCUSIHg on Releva nt RlSk events (deflned 35S
Gaztelumendi et al. 2010, 2011, risks, 42 with four, 29 with five, 8 with six, and 1 with seven.

2024), The most repeated combinations involve the two wind typologies, . . . |
These variables are not Navigation and Coastal Impact, and persistent and extreme Navigation, Wind in Exposed Zones, Snow, and

binary; instead, they temperatures. Persistent Precip are the most common, while
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2.2. Results and discussion: Risk type

those with an orange or red risk value),

° ° — ) o
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2.3. Results and discussion: Impact

The impact for each event is determined from the
General Impact Index (I1G) and its components:
Human (IIH), Social (11S), and Economic (IIE).

The impact indices can take values of 1, 2, 3, 4, or 5

(very low, low, moderate, high, very high) or NA if it is not
available for a particular event.

51% of events with relevant general impact level (11G>2).
14% of events with relevant human impact (lIH>2).

36% of events with relevant social impact (11S>2).

32% of events with relevant economic impact (IIE>2).

58% of events without economic impact (IIE=NA) (nowdays calculation involves
insurance data, which is not available for all events).

% of events per iImpact

? I

e~ - i i
\\\\ Euskalmet

The monthly event-impact distribution shows that the proportion
of high-impact events is concentrated in the winter period,
particularly IN January and February (Also proportionally relevant during

summer)
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The annual event-impact distribution shows the effect of the event catalog loading process
(Gaztelumendi et al. 2024), which results in a drastic increase in the number of events in last
yvear once real-time recording begins. This fact affects the proportion of significant events in

recent years and apparent trends.
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2.4. Results and discussion: Duration

45% of all events last 1 day, 31% two

days and 24% more than 2 days.

38% of relevant impact

events last 1 day, 32% two

days, 30% more than 2 days.

18% 1-day events has
relevant risk, this proportion

Duration summary table

increases to 42%, 51% and
80% for 2-days, 3-days and
over 3 days duration.

43% 1-day events has relevant general
impact, this proportion increases to
52%, 57% and 70% for 2-days, 3-days
and over 3 days duration.

The mean number of
hazards and risks per event
increases with duration.

The number of events decreases with
duration.

This trend is influenced by the
behavior of single-hazard events since

P
m = = Y
N O T C LL =
c | S|l =|5|% %% R || &z
= o ~ < O " (C 4= o
Dur — 5 § g | @ m = T 5 = o [
S| s | 2| T[T || E| _ _ » | 2| 3| 2| <=
O S = U, G, - - G, 72} T ) = G, [ G, U,
= Q — = = = = = = = = ) = e = =
S| S| e8| E|E| 5|5 | |5 | S| S| E|&5|¢E| %%
(qv) Q o o o Q Q Q Q Q Q o Q o Q QD
> > O O O > > > > > > O > O > >
lday| 1 1 222 126 96 1,2 1,9 2,4 1,9 1,4 3,2 174 2,4 41 2,1 3,5
2days| 2 2 155 /5 30 1,3 2,7 2,8 2,2 1,3 3,5 105 2,7 65 2,1 3,7
3days| 3 3 61 26 35 1,5 3 3 2,4 1,6 3,7 33 2,6 31 1,9 4
>3days| 12 5,4 55 15 40 1,7 3,3 3,5 3,1 2,3 3,9 23 3,3 44 2,4 3,8
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5\%

multi-hazard events do not show this
downward trend.

The duration trend behaviour when
segmented by Risk is similar.

The mean value of impact
indices increase as event
duration increases.

Impact

i var

& ’ == IG All Event
= 1G KEel Risky BEvent
= 1G Kel Mon Risky BEv
1S All Event
5 Rel Risky BEvent
s Kel Mon Risky Ev
= [IH All Event
=~ |IH Eel Risky Event
~ |IH Kel Mon RHisky BEv
= |IE All Event
= |IE Kel Risky Event
= |IE Kel Mon Risky Ev

1 day 2 days 3 days=3 days
Duration



2.5. Results and discussion: Spatial distribution

(SD1.0) Political territorial division

The spatial categorization used
(BIZKAIA, GIPUZKOA, or ARABA).

in the catalog is not univocal. For

the same event, there can be multiple
spatial descriptors of the affected
territory)

Spatial descriptors can be of 24

types, which we grouped into 6 different
categories for analysis.

(SDO) The entire territory (CAV).

(SD1.1) More detailed subdivisions along
the north-south and east-west axes within
each political division.

(SD2) Division by zones according to the
north-south axis (zones 1, 2, 3, and 4).

(SD3) Division by main basins
(Cantabrian/Mediterranean slope).

(SD4) Division between sea and coastal
strip.

2 SDO: 20% events and 18% of significant impact events affect

the entire Basque Country.

o SD1:48%/32% in ARABA, 75%/41% in BIZKAIA, and 70%/42% in GIPUZKOA.
o SD4: 14% affect the coastal strip, and 12% affect the sea.

o The presence of each spatial category (Sxx) is usually a consequence of to the risk
typology. For example, the SD2 category is common in extreme temperature risks, SD4
in maritime coastal risks, and SD3 in precipitation-related risks.
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2.6. Results and discussion: Hazard and Risk

When establishing relationships between
hazard typology and associated risk, it's
important to consider that multiple hazards

Summer Convection

Hazard (HO1) is primarily .

Precipitation Risk (RO5 and RO6).

HO6 Swell hazard type is

A\ Euskal

EUSKAL METEOROLOGIA AGENTZIA

Count Matnx H-R (=Single Event)

and risks may coexist in a given event. associated with the risk associated with maritime- H12.0ther |0 |0 [0 0|1)0|1[1]0|0|4]0 |14
. . H11.FireWeather (O (O (1 [O (1 (O (2 (0 [0 |22 ([14] 1
Based on frequency ana|y5|5 (we of Intense Precipitation coastal and wind type risk. oacrront |3 (14| 1]30] 767 [0 fo]o]1]0]18
" ' ' . f " ” ' " d HO9WinterStorm | 6 (1911 (8 |0 (5319 (0 |0 (O (18| 0| 9 s
present count matrices for "all events" an (ROS) and R13.0thers (mainly - Heat Advection (H07) i vecosis o Tololol o i 7 Tolo =10l 50
"single hazard events"), We observe that | | o , , , HO7 Heatadv | 0 | 0] 1]0]0]0]0]0]5/9]0/3]0 40
.. hail and lightning). mainly associated with soaswell [14]20] 0 | 111 ]115]2]0]0]2]0]
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. . «, o dSS0cCiatead wi an N . . HOZWindStorm | S (1[0 |0 |1 |3 [SF (290 0|1 1 2
Of hazard and rISk deflnlthnS- RlSk) SeCOndarlly Wlth HO1SumComvec |1 |2 (1[4 8210 |3 |2 |3 [2|0]1]38
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Hizother | O | O |1 | O |4 |1 |23 |1 ]|1]|4]|2]16 , . RO2.CMR.CTD Risk. H120tmer 100100110010 J010J0]1 18
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HO9.Winter Storm | 21 | 66| 1 | 38 | 8 ﬂﬁ 39 |16 | 0 |0 |37 | O | 34 . with R06.Snow and R11.Low Temp HO8.ColdAdv (O |O|O|[0|0O|0|O]JO|0O]|D]|2]|0]|D =
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reetsac 0 Jo 13|06 o)t 1 slzslosle] s mostly associated with | o wwecot [0 oo [s s oo oo [o[o[o]o]
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HOlSumConvec | 2 | 4 |2 | 4 |6F| 0 |4 |3 |4 |4 |03 |41 _ : : RO4.Persistent Precipitation and 2 28 E 2 T % ?E 2 2§ 5 &
: 5 S Precipitation Risk (RO5 L8 et FEE RGOS
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Considering Hazard , risk and impact relationships, in the summary table we shows mean values of impact indexes (among others)

Euskal

EUSKAL METEOROLOGIA AGENTZIA

2.7. Results and discussion: Hazard, Risk and Impact

- : _ T )
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2.7. Results and discussion: Hazard, Risk and Impact

Count Matrix H-R (All BEvents) Mean{ﬂish Number) Mat H-R (All Events) Mean(llG) Mat H-R (All BEvents)
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2.7. Results and discussion: Hazard, Risk and Impact ‘\

For example:

f we analyze the intersection of Count Matrix H-R (All BEvents) Mean{ﬂlshc Number) Mat H-R (All Events) MEEII'III:HG] Mat H-R (All Events)
HO7 Heat Adv with RO3.CMR . CTD. we H11.Fire Weather |0 |3 (6|1 |4 |0 [15|7 [10]13]2 |35 2| 2746321525 33204 114229152}
(] (] [ [ ’ . - - 2 B =
e H10.ActFront | @ [33]1 [51]17|21|21|6 |0 |0 |2 |0 @.E@ 4 | 420[3435/4
dve. HO9 Winter Storm [21[55] 1 |38 o [ofaz]o] * 5.9 3.3 g
For all events: HO&.Cold Adv 3 0|0 (170 100 [E 35 25
FREEra , o0|5|0|1]|1[18]|28]0 |13 1 4] [5]5pal2s] s
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: : & ¥ al ;"='='——— ;.'
concepts appear in a single event, AIEES e AEACER NG = _
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3. Remarks and future work

Remarks

Despite some shortcomings, the

severe weather catalog appears to be
a valuable tool for understanding key
aspects of severe weather in our

region

However, the non-unique nature of
many nominal categories (hazard, risk,
spatial) complicates drawing clear

conclusions.
Isolating the impact of each risk

and/or hazard category is challenging,
as the catalog only provides univocal
impact indexes at the event level.

Unsurprisingly, impacts increase in

multi-hazard, multi-risk, multi-
location, and multi-day events.

We are aware that the
terminology of hazard/risk/impact
used in this work could be

confusing. It responds to the historical
context of Euskalmet, where:

- “hazard” refers to the
weather/environmental conditions or
severe weather typology,

- “risk” is the cause of severe weather
warnings issued by the Basque
government, which indicates the risk of
impact due to some local environmental
variable (or combination) effect in a
particular exposure context, and

- “impact” refers to the realization of
that risk through the quantification of
the damage or perturbation of normal

life.

These are all complex concepts that can
be misinterpreted, among others, due
to translation into languages different
from the native context.

Future work

Review/expand the hazard and risk
categories existing in the catalog.
Review/expand the factors
considered in the calculation of
impact indicators.

Use available observational data to

quantify the spatial extent of risk and
other key contextual parameters.

Conduct comparative studies with
events in other available catalogs

(e.g., Deslnventar).

Employ more complex visual data

analytics techniques (initial results with
alluvial plots are particularly interesting).

Deepen the understanding of the
complex hazard/risk/impact
interrelationships through modeling

with Al-ML (initial results with Random
Forest are particularly promising).
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