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Definition

● World Meteorological Organization (WMO) – extended period of maximum 
and minimum temperatures above an intensity threshold according to the 
meteorological conditions of a region.

● WMO has used a specific definition for a heatwave that involves a 5 degrees 
Celsius increase above the average maximum temperature. However…

● There is no consensus in the literature regarding spatial extent, minimum 
number of days of duration, and intensity threshold.

● Criteria most used in studies: Tmax above the 90th percentile persisting for at 
least 3 or 5 days.



Large-scale situation

Presence of an anticlonic 
anomaly at medium and high 

levels.

Source: Araújo (2025)



Heat waves and their impacts

Heat waves amplify many risks (economic and/or health-related):

- increased human mortality/hospitalizations
- drought
- water quality
- wildfires
- energy consumption
- and agricultural losses

Fonte: https://wmo.int/topics/heatwave

Silveira et al. (2019)
Impactos no setor energético

Taxa de mortalidade vs. Temp.

Aumento de queimadas em períodos extremos de Tmax

Libonati et al. (2022)

https://wmo.int/topics/heatwave


Heat waves and their impacts
Greater impacts in cities: intensification of the urban heat island effect during heat wave events.
São Paulo Metropolitan Region

Source: Araújo (2025)



Heat waves and their impacts

Heat wave between April 28 and May 5, 
2024 - São José dos Campos - SP

Source: project by student Júlia Teixeira Santos and Ariane Frassoni

Increase in hospitalizations (respiratory and circulatory) 



Heat wave case
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Heat wave case

ERA5 Reanalysis

Geopotential height anomaly

MONAN 
18:00 UTC
18h forecast



But...how can we diagnose heat wave events?
Methodology for identifying heat waves - Adapted from Bitencourt et al. 2016

At grid point…

Source: Araújo et al. 2022

Some adaptations:

● Spatial coverage - from 50% 
to 25%

● Homogeneous area



But...how can we diagnose heat wave events?

Day=1

Day=2

Day=3

Minimum duration of 3 
days

In at least 25% of grid points 
(spatial coverage)

Intensity Parameter (IP):

IP > 75th percentile of the historical 
series

Heat wave

Algorithm for identifying heat wave episodes



Applying the heatwave algorithm in Python

Identification tool

● Version Python 3.11

Main libraries used::
● xarray (NetCDF)
● pandas (Dataframe - Excel, csv)
● numpy (matrices)
● geopandas (Spatial and georeferenced data)

Python installation:

- Anaconda or Miniconda (virtual environments);

1. Create an environment with all the necessary libraries:
Example: conda create --name <environment_name> python=3.11 
xarray[complete] pandas geopandas joblib pyproj matplotlib netCDF4

Note: Some libraries may need to be installed after the environment has 
been created.

2. List the created environments.
Example: conda env list

3. Activation of the virtual environment
Example: conda activate <environment_name>



Applying the heatwave algorithm in Python

4. Execution of the codes in the virtual environment.
Steps to obtain a heatwave forecast:

- MONAN model

1. Applying bias correction to forecast data
python $path_local/bias_correction.py --model='gfs' --date $date

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

3° Visualization of the heat wave forecast

python $path_local/mapa_dias_OC_basemap.py --model='gfs' --region $region --date $date

Required information:

● Daily Climatology (366 days) 
(ERA5 reanalysis)
- 1981-2020 (40 years)

Heat wave forecast:
● Bias correction (At least 15 days of 

forecast)

Arguments

Project: https://github.com/gliciaGarcia/HWI-tool.git



Applying the heatwave algorithm in Python

1° Applying bias correction to forecast data 
python $path_local/bias_correction.py --model='gfs' --date $date

Reading of the ERA5 reanalysis data (15 days)

Delay 6 days

Function: Bias correction



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

Function: Heat wave 
identification - forecast



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

Function: Heat wave 
identification - forecast

I. Mask data reference and forecast in the region of interest.



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

II. First criterion based on climatology ERA5

Function: Heat wave 
identification - forecast



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

III. Criteria for spatial coverage and minimum number of days (3 days)

Function: Heat wave 
identification - forecast

Module tools.tools_idhw_v2



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python $path_local/id_heatwaves_fcst.py --model='gfs' --region $region --date $date

IV. Calculation of the Intensity Parameter (last criterion applied)  

Function: Heat wave 
identification - forecast

From the list_filter variable, where the 
list of days with possible events is 
stored, the last criterion for identifying 
the heat wave is checked (PI > P75).



Applying the heatwave algorithm in Python

4° Execution of the codes in the virtual environment.
Execution steps to identify heatwave events in the reference:

- ERA5 reanalysis (European Centre for Medium-Range Weather Forecasts - ECMWF)

1° Heat wave identification algorithm in the reference

python $path_local/id_heatwaves.py --date-init $date_i --date-end $date_f --region $region

2° Visualization of the heat wave event in the reference

python $path_local/plot_reference_heatwave.py --date-init $date_i --date-end $date_f --region $region



Applying the heatwave algorithm in Python

1° Heat wave identification algorithm in the reference

python $path_local/id_heatwaves.py --date-init $date_i --date-end $date_f --region $region

Function: Heat wave 
identification - Reference



Time to practice the tool…

Function: Heat wave 
identification - Reference

We will use the following tutorial:

https://github.com/gliciaGarcia/HWI-tool/blob/main/tutorial_run_tool.md

https://github.com/gliciaGarcia/HWI-tool/blob/main/tutorial_run_tool.md


Important documents and links
Anacondas Installation: https://docs.anaconda.com/anaconda/install/

Python installation tutorial: https://guilherme.readthedocs.io/en/latest/pages/tutoriais/python.html

Download Visual Studio Code: https://code.visualstudio.com/download

Python applications in Geosciences: https://drive.google.com/file/d/15_62F9lb21XDhCsYL_YoKIuuAATNWpNw/view

Python Libraries:
https://docs.xarray.dev/en/stable/
https://pandas.pydata.org/docs/
https://numpy.org/doc/2.1/
https://geopandas.org/en/stable/docs.html

Course documents: 
https://dataserver.cptec.inpe.br/dataserver_dimnt/monan/curso_OMM_INPE_2025/Validation/HeatWave/

https://docs.anaconda.com/anaconda/install/
https://guilherme.readthedocs.io/en/latest/pages/tutoriais/python.html
https://code.visualstudio.com/download
https://drive.google.com/file/d/15_62F9lb21XDhCsYL_YoKIuuAATNWpNw/view
https://docs.xarray.dev/en/stable/
https://pandas.pydata.org/docs/
https://numpy.org/doc/2.1/
https://geopandas.org/en/stable/docs.html
https://dataserver.cptec.inpe.br/dataserver_dimnt/monan/curso_OMM_INPE_2025/Validation/HeatWave/
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