Heat Warning Issué‘d

Eight districts in mainland Portugal are under a yellow
weather warning today due to the heat, according to

the Portuguese Institute for Sea and Atmosphere
(IPMA).

By TPN/Lusa, in News, Portugal - 16 Sep 2024

Almost half of the Portuguese population (49%) feels particularly vulnerable to wildfires. SIC Noticias, 30 September 2024.
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1. Introduction
Heatwaves are nasty business: They're extreme weather events that
seriously impact people's health, the natural world, and essential
infrastructure, making them a complex challenge to tackle.

« Things are getting worse: Climate change
is making heatwaves more frequent and

more severe across the globe.

Portugal's feeling the heat: The country's

seen some really bad heatwaves lately,

and is especially vulnerable due to its

changing climate.

Severe heatwaves struck Portugal in
2022: July's event caused nearly 2,400
deaths and triggered major forest fires,

particularly inland.



2. Study Area

Mainland Portugal was selected as the case study In this research. It
boasts a diverse topography and regional climatic variations.
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3. Materials and Methods

Heatwaves in Portugal were analysed using high-resolution daily
temperature data from ERA5-Land.

Analysis based on high-resolution daily

temperature data from ERA5-Land The HWMI is delined as the maximum magnitude of the heatwaves in a year,
where a heatwave is the period > 3 consecutive days with Tmin (or Tmax) above

(1 980-2021 ) the daily threshold. The threshold is defined as the 90th percentile of daily Tmin
(or Tmax), centred on a 31-day window. Hence, for a given day d, the threshold

Validation of ERA5-Land data against series A, of the dataset is given by:

surface observations from IPMA for the Y

Ay = U U Ty
period 1980 to 2018 (39 years). y=1980 i—d—15
: o _ where | ) denotes the union of sets and T, ; is daily temperature of the day ¢ in

the yvear y. To obtain A4, the daily temperature I a-Land data in the 15-day

Heatwaves were identified using the I To obtain Ag, the dail ERA5-Land data in the 15-d

period before the 1 October 1980 and after the 30 September 2021 were used.

Heatwave Magnitude Index (HWMI), as

proposed by Russo et al., 2014*.

The frequency of heatwaves was

examined using a kernel occurrence rate
*Russo, S., Dosio, A., Graversen, R. G., Sillmann, J., Carrao, H., Dunbar, M. B., & Vogt, J. V.

estimator (KORE) technique. (2014). Magnitude of extreme heat waves in present climate and their projection in a warming
world. Journal of Geophysical Research: Atmospheres, 119(22), 12-500.




4. Results

Comparison between ERA5-Land data and meteorological station
records (IPMA) from 1980 to 2018.

« Strong agreement between data sources:
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4. Results

Comparison between ERA5-Land data and meteorological station
records (IPMA) from 1980 to 2018.

« Strong agreement between data sources:
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4. Results

Long-term average monthly temperature and its centroids for the period
from January 1980 to December 2018.

a) P0059 - MOAL b) PO515 - CSBR

« ERAS5-Land runs a tad warmer: ERA5- =l

30
Land generally shows slightly higher Tmin FESSR

values, except for the P0515 (CSBR)

dataset, where the opposite is true.

IPMA captures more extremes: Tmax

from IPMA show greater variability and

tend to reach higher values compared to
ERA5-Land.

Long-term averages tell a similar story:

Line graphs of long-term average

temperatures reveal consistent patterns Y FBMR ARMY IN IL AG SP OT NV DC  JY FB MR ARMY IN IL AG SP OT NV DC
Month of the year

across both datasets.



Strong agreement, but IPMA catches the
heat: There's good agreement overall
between the ERA5-Land and IPMA
temperature data. While IPMA recorded
higher maximum daily temperatures (Tmax),
both datasets showed consistent patterns
of temperature variation.

Moving on to heatwaves: Having validated
the ERAS5-Land dataset, the study then
investigated heatwaves. This was done using
the Heatwave Magnitude Index (HWMI), which
was applied to the daily temperature data at
each of the nine grid locations within the study
area.

Defining ‘heatwave’: As a first step in
identifying heatwaves, daily temperature
thresholds were calculated. These thresholds
were based on the reference period from 1
October 1980 to 30 September 2021 and were
used to define what constitutes an unusually
high temperature for that time of year.
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4. Results

Daily temperature thresholds, A, for a) Tmin and b) Tmax, calculated
from 1 October 1980 to 30 September 2021.
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4. Results
A closer look at what constitutes a heatwave day.

These "arrows" or temporal data
45 lllu points were considered in the

The Heatwave Magnitude Index (HWMI) 43 kernel technique (KORE) for

tells us how intense the worst heatwave i frequency analysis,

of a given year was. 5’5 zj
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4. Results
Frequency analysis of heatwave days based on Tmin and Tmax.

- Heatwaves were identified objectively a) P0059
using the Heatwave Magnitude Index 407 35
(HWMI). This index relies on comparing - 30
daily temperatures to predetermined daily 9 307 s
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to estimate the annual frequency of Hydrological year

heatwave events.



4. Results
Frequency analysis of heatwave days based on Tmin and Tmax.

Heatwaves were identified using the
HWMI based on daily thresholds.

KORE was used for annual frequency

analysis.

Time-dependent occurrence rates of

heatwave days from October 1980

to September 2021 were analysed. The

occurrence dates of heatwave days are

indicated by vertical markers.
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4. Results
Frequency analysis of heatwave days based on Tmin and Tmax.

a) P0059 b) PO515
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5. Final Remarks
Significant increase in Tmax heatwave days over the past two decades.
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5. Final Remarks

Significant increase in Tmax heatwave days over the past two decades.

Greater vulnerability of certain population Frequency of Tmax heatwave days P1062 (FARO)
n 35

groups, highlighting the need for targeted
support and interventions. | | -30
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Abstract: This study presents a comprehensive analysis of heatwaves in mainland Portugal from
1 October 1980 to 30 September 2021 (41 hydrological years). It addresses a research gap by providing
an updated assessment using high-resolution reanalysis daily minimum and maximum temperature
data (Tmin and Tmax) from the gridded ERA5-Land dataset, overcoming the lack of publicly available
daily temperature records. To assess the representation of the previous dataset, nine different grid-
point locations across the country were considered. By comparing monthly ERAS-Land temperature
data to ground-based records from the Portuguese Met Office, a monthly validation of the data was
conducted for the longest common period, demonstrating good agreement between the two datasets.
The heatwave magnitude index (HWMI) was employed to establish the temperature thresholds and
thus identify heatwaves (defined as three or more consecutive days above the threshold). With over
640 Tmin heatwave days recorded at each of the nine ERA5-Land grid-points, data analysis revealed
a discernible upward trend in Tmin heatwaves. The grid-point situated in the capital city’s urban
area, i.e., Lisbon, exhibited the highest number of Tmin heatwave days. With an average of more than
800 Tmax heatwave days over the 41-year period, the northern and interior regions of Portugal had the
greatest number of occurrences, reaching up to 916. A kernel rate estimation method was applied to
further investigate the annual frequency of Tmin and Tmax heatwave occurrences. Results exhibited
clear temperature changes, with a widespread increase in the number of heatwave days over the
past two decades, particularly for Tmax. In summary, the occurrence of this phenomenon displayed
significant spatial variations, with the southern interior and coastal grid-points experiencing a greater
increase in annual Tmax heatwave days, rising from 10 to 30 between 2018 and 2019.

Keywords: heatwaves; ERAS-Land; temperature changes; Portugal; frequency analysis
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Understanding, Mitigation, Adaptation

Summary

« This policy brief summarises a comprehensive analysis* of
heatwaves in mainland Portugal from October 1980 to September
2021, utilising high-resolution ERAS-Land daily temperature data.
The study aims to address the increasing occurrence of heatwaves
in Portugal, a phenomenon that will be exacerbated by dimate
change.

« Key findings include a noticeable upward trend in both minimum
and maximum temperatures (Tmin and Tmax) heatwave days, with
notable spatial variations across different regions of Portugal.

« The results emphasise the urgent need for effective adaptation and
mitigation strategies to alleviate the negative impacts of extreme
temperatures on public health, agriculture, energy consumption,
and ecosystem functioning. Additionally, recommendations for
climate capacity building and raising public awareness are
highlighted.

Introduction

Heatwaves (often associated with extreme heat wamings) are
becoming more frequent and intense worldwide, posing significant
challenges to societies and ecosystems (see Box 1). Portugal has
experienced severe heatwaves in recent years, with notable impacts
on various sectors. However, the absence of local long-term
temperature records impedes comprehensive analysis and monitoring
of heatwaves. To address this gap, the study utilises high-resolution
ERAS-Land daily temperatures. Its goal is to offer insights into the
frequency, intensity, and spatial distribution of heatwaves in Portugal,
crucial for developing effective adaptation and mitigation strategies to
address the adverse effects of such extreme events.

Policy briefs offer information on curent

issues, presenting precise recommendations

to confribute to ongoing policy discussions.

This pohcy brief was written by Luts Angel

Espinosa
and Maria Manuela Portela

(mara.manuela.portela@tecnico.ulisbog,of).

7
Box 1. Definitions:

exceptionally hot weather, typically
marked by either Tmax or Tmin
surpassing spacific thresholds for
several consecutive days (e.g. three
or more days). Throughout a
heatwave, temperatures may persist
significantly above average,
presenting risks to human health,
particularly vulnerable groups such as
the elderly, young chikdren, and
individuals with pre-existing health
conditions.

Extreme Heat Warnings (also
known as orange or red derts) are
issued by meteorological agencies

such as the IPMA (Ir&#u{b Portugués
do Mar e da Atmosfers) during
periods of exceptionally high
temperatures. These alerts represent
a severe risk to human health due to
extreme heat conditions, typically
associated with prolonged heatwaves.
Adopted from the PMA wetsite.

Heatwaves.sprolongedpenoaof g

J

*This policy brief is based on: Espinosa, LA.; Portela, M.M.; Moreira Freitas, L.M.; Gharbia, S. Addressing the
Spatiotemporal Pattemns of Heatwaves in Portugal with a Validated ERAS-Land Dataset (1980-2021). Water 2023, 15,
3102. https://doi.org/10.3390/w15173102
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Methodology

This study employs validated high-resolution ERAS-Land daily
temperature data covering a 41-year period from October 1980 to
September 2021. Nine dimatological lecations across Portugal are
selected for analysis. The Heatwave Magnitude Index (HWMI) is
utilised to identify heatwave events based on temperature thresholds,
with a focus on both Tmin and Tmax. The methodology ensures
robust analysis and accurate representation of heatwave occurences
in Portugal, providing valuable insights for climate change awareness.

Research, Results, and Conclusions

The analysis reveals a significant increase in the frequency of bath
Tmin and Tmax heatwave days across Portugal over the 41-year
period. Spatial variations are observed, such as the higher number of
Tmax heatwave days in the northemn and interior regions compared to
the coastal areas (see Fgure 1), The study emphasises the
importance of utilising high-resolution reanalysis datasets like ERAS-
Land for comprehensive heatwave analysis, overcoming limitations of
traditional ground-based datasets. The findings underscore the
urgency of implementing proactive measures to mitigate the impacts
of heatwaves, induding enhancding temperature monitoring and
forecasting, developing early waming systems, implementing urban
heat island mitigation strategies, and promaoting sustainable practices.

Policy Recommendations

1. Enhance Temperature Monitoring and Forecasting: Invest in
continuous monitoring and data processing to enhance the accuracy
and timeliness of temperature predictions, thus improving early
intervention during heatwaves and raising awareness of climate risks.
2. Implement Early Warning Systems: Establish comprehensive
heatwave early warning systems at national and regional levels,
integrating meteorological data, health indicators, and vulnerability
assessments to ensure timely dissemination of alerts and advisories to
the public and relevant stakeholders.

3. Mitigate Urban Heat Island Effect: Implement urban planning
(a) PO039 (MOAL)

(b) PO070 (BRAG)

4. Promote Sustainable Practices:
Encourage sustainable practices such
as redudng greenholise gas emissions,
promoting energy-efficient
technologies, and adopting dimate-
resilient agricultural practices to
mitigate the long-term impacts of
dimate change and reduce the
frequency and intensity of heatwaves.

Expected Outputs

» Improved public health outcomes
through proactive heatwave
preparedness and response
MeasUres,

« Enhanced resilience of critical
infrastructure and ecosystems to
extreme heat events.

» Reduced economic losses associated
with heatwave-related impacts on
agriculture, energy consumption,
and tourism.

« Improved quality of life and well-
being for vulnerable populations
through targeted interventions and
community engagement.

To condlude, proactive measures
to tackle the growing frequency
and intensity of heatwaves in
Portugal are crucial for
safeguarding public health,
preserving ecosystems, and
enhancing resilience to dlimate
change. By implementing the
recommended polides and strategies
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A campainha da escola tocou, assinalando o inicio
das férias, e Pedrinho saiu da sala de aula cheio
de entusiasmo. No caminho para casa jé se
imaginava a comer gelados com os amigos, no meio
de sabores e de conversas divertidas.

OICELADO O ulE-

Desennos: Luis, qel |
; { Tex{2:LuisiAngel,
NC canall.‘.arissa
§/Mavia Manvelajt

/B e

Assim que puderam, Pedrinho
e os amigos dirigiram-se para

' a gelataria do parque. Mas algo
de estranho se passava:
o0s pdssaros estavam tristes
| e as drvores sem vida. Mas o

desejo dos gelados fazia-os sé
pensar em sabores deliciosos.
Jd servidos, dirigiram-se para
- - - o0 parque para disfrutarem
os gelados. Mas ... os gelados
derreteram rapidamentel
"Devem estar mal feitos!",
disseram.
Combinaram ir a outra
gelataria no préximo fim de

different audience...

O tempo parecia ter
parado. Quando o tdo
aguardado dia
chegou, o parque
estava ainda mais
estranho: pdssaros
mais silenciosos e
drvores mais tristes.
Contudo, avangaram
para a nova gelataria,
esperangados.

Mas ... os gelados
voltaram a derreter!
Dirigiram-se, assim,
para a biblioteca para
estudar o que estava
a acontecer ...

20 ISTID Hi=W\I[s B 0riz0n 2020 Confrato n.° 101003534 | Junho 2024
LISBOA https://score-eu-project.eu/
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Lendo livros, Pedrinho exclamou: "Isto é uma onda de calor!”
Os colegas, assustados, perguntaram: *Onda de calor???"
“Calma," disse Pedrinho, “é quando a temperatura fica

acima do normal por vdrios dias, deixando a natureza
murcha e tudo mais quente." Alarmados, investigaram

as causas: inddstrias poluentes, tréfego intenso,
desmatamento, ou seja, a influéncia humana no clima.
Decidiram que tinham de agir a favor do clima, pois ndo
podiam abdicar dos seus gelados favorifos.

Pedrinho e os amigos continuaram

a investigar o problema dos

gelados que derretem. Descobriram
| que as drvores reduzem os efeitos
das ondas de calor nas cidades.
Mais drvores significam melhor
qualidade de vida, mais sombra

e mais humidade no ar.
Conversaram com os pais, que
falaram com as autoridades locais,

Y e todos juntos decidiram plantar

4 mais drvores no parque.

Os dias seguintes foram
agitados e alegres, com
todos a plantar dezenas
de drvores. Cada um fez
a sua parte para reduzir
o calor na cidade. Com os
anos, as drvores, Pedrinho
e 0s amigos cresceram,
e 0 parque tornou-se
exuberante. Os pdssaros
voltaram a cantar e,
mesmo ho verdo, o ar
estava fresco.

Pedrinho e os amigos
puderam passear pelo
parque saboreando seus
gelados favoritos. Fim.
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Context and Importance: Climate change awareness is crucial for understanding the increasing severity of exceptional
weather events. Portugal, characterised by diverse topography and climatic variations. has experienced significant

shifts in extreme rainfall and temperature patterns over recent decades. These changes pose substantial risks to water
resources, infrastructure, agriculture and ecosystem stability. This policy brief summarises key findings from two studies
that utilise severity heat maps—as proposed by Espinosa, Portela, and Gharbia [1]—to analyse exceptional rainfall and
temperature events in Portugal. The findings highlight the intensification of extreme weather events throughout the past
four decades and provide insights into their regional impacts. Furthermore, the brief outlines implications for climate

adaptation strategies and policymaking, emphasising the need to strengthen resilience against escalating climate risks.

* This brief was supported by FCT (UIDB/04625/2020, CERIS) and EU Horizon 2020 (grant No. 101003534).

1 Introduction

Extreme weather events, including exceptional rainfall and
maximum temperature (Tmax), have intensified due to cli-
mate change, profoundly impacting hydrelogical forecast-
ing, disaster risk management, and infrastructure planning.
Understanding the spatiotemporal distribution of these ex-
tremes is critical for developing effective climate adaptation
palicies. This brief presents insights from two studies us-
ing ERAS5-Land reanalysis data at 1,012 evenly distributed
centroids to map changes in exceptional rainfall and Tmax
across Portugal. The studies provide a comparative analy-
sis of these events’ evolution over late and recent phases,
using severity heat maps to quantify their impacts.

2 Findings
Exceptional Rainfall (1981-2023). Using the retrieved re-
analysis rainfall data, this study identified exceptional rain-

fall events based on three high quantile thresholds (Q99,
99.5, 99.9), revealing:

+ A severity heat map (see Figure 1) that classifies re-
gions based on changes in occurrence and cumulative
rainfall over threshold from the late and recent phases,
highlighting a shift in exceptional rainfall occurrences
from the southern to northern regions.

« Increased severity of rainfall events, particularly in ur-
ban areas such as Lisbon and Porto, which exhibit
higher frequencies of exceptional rainfall events and
cumulative rainfall above threshold in the recent phase.

Exceptional Tmax (1980-2024). Examining Tmax data
over the late and recent phases, the study illustrated shifts
in exceptional Tmax events in Portugal {see Figure 2) for
the thresholds Q80, 99, Q99.9:

« Northern and central regions showed the most signifi-
cant increases in occurrences and temperature excess
{Maore & More, Case 1), while some areas, such as
Alentejo, exhibited increased frequency but less tem-
perature excess at higher thresholds {More & Less).

« A few regions, such as Braga and Guarda, showed
less occurrences or temperature excess, indicating lo-
calised improvements (Cases 3 and 4 for G99).

3 Policy Implications
The findings highlight urgent climate adaptation needs:

- Improved monitoring systems: Expanding hydrom-
eteorological networks to enhance early detection and
forecasting of extreme events.

Resilient Infrastructure and Land-Use Planning:
Develop flood defences. heat-resistant materials, and
urban strategies to mitigate extreme weather impacts.
integrating shifting climate patterns into development
policies.

Climate education and awareness: Strengthening
knowledge-sharing initiatives to enhance public and
policymaker awareness of climate change risks and
adaptation measures.

Red Flags on the Map: A Policy Brief on Extreme Rainfall and Temperature Events in Portugal | February 2025 1
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4 Conclusions ensure sustainable water and climate governance.

Climate change is altering Portugal's hydralagical and tem-  Feferences

perature regimes, increasing the severity of exceptional 1] L. A. Espinosa, M. M. Portela, and S. Gharbia, “As-
rainfall and Tmax events, as highlighted by severity heat sessing Changes in Exceptional Rainfall in Portu-
maps that provide essential insights for understanding and gal Using ERAS-Land Reanalysis Data (1981/1982—

mitigating extreme weather risks. Policymakers. engineers, 2022/2023);" Water, vol. 16, no. 5, p. 628, 2024,
and scientists must collaborate to strengthen resilience and ' ' ' !
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