
Heat Warning Issued
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 Notícias, 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.4



2. Study Area
Mainland Portugal was selected as the case study in this research. It 
boasts a diverse topography and regional climatic variations.

• This diverse landscape makes Portugal 

an interesting subject for research. The 

country's climate can be broadly divided 

into two main regions: one with a 

temperate climate with dry, hot summers 

(Csa), and another with a temperate 

climate with dry, mild summers (Csb).

• The north of Portugal experiences a 

temperate maritime climate influenced by 

the Atlantic Ocean. In contrast, the south 

tends to have hotter, drier summers, more 

characteristic of a Mediterranean climate.
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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 

(1980–2021).

• Validation of ERA5-Land data against 

surface observations from IPMA for the 

period 1980 to 2018 (39 years).

• Heatwaves were identified using the 

Heatwave Magnitude Index (HWMI), as 

proposed by Russo et al., 2014*.

• The frequency of heatwaves was 

examined using a kernel occurrence rate 

estimator (KORE) technique.
*Russo, S., Dosio, A., Graversen, R. G., Sillmann, J., Carrao, H., Dunbar, M. B., & Vogt, J. V. 
(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.
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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: 

A strong linear relationship was found 

between ERA5-Land temperature data 

and the data from the IPMA 

meteorological stations, suggesting good 

overall consistency.

• ERA5-Land smooths out extremes: The 

ERA5-Land Tmax (maximum 

temperature) values are generally 

smoother than the IPMA data due to the 

data retrieval method used, which can 

slightly dampen extreme values.
7
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4. Results 
Long-term average monthly temperature and its centroids for the period 
from January 1980 to December 2018.

• ERA5-Land runs a tad warmer: ERA5-

Land generally shows slightly higher Tmin 

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 

across both datasets.
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• 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 ERA5-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, Ad, for a) Tmin and b) Tmax, calculated 
from 1 October 1980 to 30 September 2021.

• The results indicate that P0059 

(Montalegre), located inland and at the 

northernmost grid-point, had the lowest 

thresholds for both Tmin and Tmax.

• P0515 (Castelo Branco) exhibited a 

higher Ad, particularly for Tmax.

• During the dry period (approximately from 

day 180 to day 365), P0515 (Castelo 

Branco) had the strictest, i.e., the highest, 

Tmax threshold of all grid-points.
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4. Results 
A closer look at what constitutes a heatwave day.

• The Heatwave Magnitude Index (HWMI) 

tells us how intense the worst heatwave 

of a given year was. 

• To work this out, we first defined a 

heatwave as a period of three or more 

consecutive days where either the 

minimum temperature (Tmin) or the 

maximum temperature (Tmax) exceeds a 

specific daily threshold. 

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

kernel technique (KORE) for 
frequency analysis.
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4. Results 
Frequency analysis of heatwave days based on Tmin and Tmax.

• Heatwaves were identified objectively 

using the Heatwave Magnitude Index 

(HWMI). This index relies on comparing 

daily temperatures to predetermined daily 

thresholds, allowing to pinpoint periods of 

unusually high temperatures.

• The KORE Technique: To understand how 

often heatwaves occur each year, we 

employed the kernel rate estimation 

(KORE) technique. This method allows us 

to estimate the annual frequency of 

heatwave events.

…
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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 

Tmin 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.

• Heatwaves were identified using the 

HWMI based on daily thresholds.

• KORE was used for annual frequency 

analysis.

• Time-dependent occurrence rates of 

Tmax heatwave days from October 1980 

to September 2021 were analysed. The 

occurrence dates of heatwave days are 

indicated by vertical markers.

The peak of λ(t) occurred between 2017 and 2019, coinciding with 
the historic heatwave that affected Portugal in August 2018.
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5. Final Remarks
Significant increase in Tmax heatwave days over the past two decades.

• Clear increase in the frequency of 

heatwave days in Portugal.

• Geographical variations in heatwave 

occurrence, with southern locations 

experiencing a greater increase in Tmax 

heatwave days.

• Heatwaves pose health risks (respiratory 

problems) and impact ecosystems and 

infrastructure.
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5. Final Remarks
Significant increase in Tmax heatwave days over the past two decades.

• Greater vulnerability of certain population 

groups, highlighting the need for targeted 

support and interventions.

• Heatwaves are becoming more frequent, 

posing an increasing threat to public 

health and the environment.

• ERA5-Land provides valuable data and 

insights for analysing heatwave trends.

• Urgent need for more research, 

adaptation measures, and increased 

climate awareness.
16
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What's next?

Bringing science to a 
different audience...
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New policy brief 
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