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Definition

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

e 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.

e Criteria most used in studies: Tmax above the 90th percentile persisting for at
least 3 or 5 days.
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Heat waves and their impacts

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

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

- increased human mortality/hospitalizations
- drought

- water quality

- wildfires

- energy consumption

- and agricultural losses

Impactos no setor energético
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Heat waves and their impacts

Greater impacts in cities: intensification of the urban heat island effect during heat wave events.

Sao Paulo Metropolitan Region
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Heat waves and their impacts

Increase in hospitalizations (respiratory and circulatory)

Temperaturas Maximas e Minimas (06 e 14 horas) em S&o José dos Campos - SP , Estagdo Monte Castelo x Climatologia (06 e 14 horas)
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Heat wave case

Onda de Calor
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Heat wave case

Onda de Calor
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validation
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Heat wave case
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At grid point...

Average value of T, calculated
between grid points with record of

Tmax 2 Tmlu:

record of Tpax = Tnax + 0

Heatwave 1: d=7 days
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Methodology for identifying heat waves - Adapted from Bitencourt et al. 2016
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Algorithm for identifying heat wave episodes

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

Day=1

Tmar > Tma;r 4+ g —
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i °
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Day

2

Day=3

Minimum duration of 3
days

I

Intensity Parameter (IP):

IP > 75th percentile of the historical
series

I

Heat wave



Applying the heatwave algorithm in Python

Identification tool
e 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);

I. Create an environment with all the necessary libraries:
Example: conda create --name <environment_name> python=3.1 |

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:condaenvlist

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

I.Applying bias correction to forecast data

python Spath local/bias correction.py 'gfs' Arguments

2° Algorithm for identifying heat waves in forecasting

python Spath local/id heatwaves fcst.py

python $path local/mapa dias OC

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

Required information:

e Daily Climatology (366 days)
(ERAS reanalysis)
- 1981-2020 (40 years)

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




Applying the heatwave algorithm in Python

1° Applying bias correction to forecast data
'gfs! def arguments():

parser = a *H—‘_»A]':w»lz\‘:;ll;‘j

Reading of the ERAS reanalysis data (15 days) Pa"SEF-édd,a"gumentf

-date

f read era5 reanalysis(dates, dir out): type=str,
default=date.today(),
Delay 6 days help='Date: %Y%m%:d'
)
Hias coprectinnl . . . parser.add argument (
Hay st Function: Bias correction --model’,
dates=list, type=str,
file obs=str, default=l
model fcst=str, help='Forecast model
dir fcst=str,

'

rn parser.parse args()

prev corr = prev init today - final vies
prev _corr.to netcdf(f'{dir out}/{model fcst}.t00z.t2n

return prev corr




Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python S$path local/id heatwaves fcst.py 'gfs' Sregion

f arguments():
parser = argparse.Arg

D ar“ument( " previsao onda de calor(
p ot g GE

--date’, e Function: Heat wave
type=str, R - c .
de‘fau"{_t:q;tgjlyr}.today ) area=str, |dent|ﬁcat|0n - forecast
help='Date: %Y%mid', dir forecast=str,

) dir climatology=str,
dir out=str,
parser.add argument (
type;ztr,
default=
help='Modelo de previsao: wrf
)

parser.add argument(

€gd10n

type=;ﬁr,
default='BR',

n parser.parse args()



Applying the heatwave algorithm in Python

2° Algorithm for identifying heat waves in forecasting

python S$path local/id heatwaves fcst.py 'gfs' Sregion

" previsao onda de calor(
il Function: Heat wave
model=str,

o o o
> =‘T*— € - £
a{_ea ) Identlﬁca‘tlon foreca‘St read mask = xr.open dataset( dir local}/tools/mask region {area}.nc').rename({'lon':
dir forecast=str, except:
Sy : = S read mask = xr.open dataset( dir local}/tools/mask region {area}.nc')
dir climatology=str, '

dir out=str,

Mask data reference and forecast in the region of interest.

.where(mask, np.nan)
nc prev xr.open dataset(f'{dir forecast}/{model}.t00z.t2m.pl8

nc prev nc prev.interp(coords=target coords, method="'11
ncl = nc prev.where(mask, np.nan)




Applying the heatwave algorithm in Python

previsao onda de calor(
oYL Function: Heat wave
model=str,

'gfs! $region area=str, identification - forecast
dir forecast=str,
dir climatology=str,

|l. First criterion based on climatology ERA5 f - R (U ¥, dir _out=str,

2° Algorithm for identifying heat waves in forecasting

points land = np.count nonzero(~np.isnan(tmax count))
print("total de pontos sobre o continente:", points land,

crit = np.where(Tmax > P1, Tmax, np.nan)
ncl['crit90'] = (('time', 'latitude 1

’




Applying the heatwave algorithm in Python

" previsao onda de calor(

2° Algorithm for identifying heat waves in forecastin : )
° yine 8 fﬂoﬁglzg, Function: Heat wave

- =str . . °
'gfs! $region et BT identification - forecast
dir:climatology:str,

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

list index = []

for idx, value time in enumerate(ncl.time.data):
value time = pd.to datetime(value time)
count valid = np.count nonzero(~np.isnan(ncl.sel(time=value time).crit90.data))
if (count valid/points land) > 0.25:

2 x x split list(mylist):
list index.append(idx) -

d = np.diff(mylist)
list filter = Split list(list index) b@am J;Qu?amnw len(mylist fl'd!f1l+l)
- ; £ slices zip([@] + breaks, breaks + [len(mylist)])
int list = [mylist[a:b] for a, b in slices]
filter = [int list[idx] for idx in range(0, len(int list

if len(int list[idx S

n list(filter)




Applying the heatwave algorithm in Python

" previsao onda de calor(

HaY Function: Heat wave
model=str,

'gfs $region area=str, identification - forecast
dir forecast=str,
dir climatology=str,
IV. Calculation of the Intensity Parameter (last criterion applied) dir_out=str,

2° Algorithm for identifying heat waves in forecasting

P75 = nc.isel(time=idx)['percentil75'].mean(dim=["'time', 'latitude', 'longitude']).values

if PI > P75:

il S ] e s From the list_filter variable, where the

dates without oc = [list dates[index] for index in range(len(list dates)) if index not in i list of days with pOSSibIe events is
sel_days = ncl.sel(time=dates without oc) stored, the last criterion for identifying
days empty = sel days.where( se, np.nan) the heat wave is checked (p| > p75)_

dataset
dataset

xr.concat([evento, days empty], dim='time
dataset.sortby('time’)

fni identificadno evenito de

msg = "Ndo foi identificado eventc
dataset = ncl.where(Fal

list datasets.append(dataset)

, Np.nan)

dataset final = xr.merge(list datasets)
dataset final.to netcdf(file out)




Applying the heatwave algorithm in Python

4° Execution of the codes in the virtual environment.
Execution steps to identify heatwave events in the reference:
- ERADS reanalysis (European Centre for Medium-Range Weather Forecasts - ECMWVF)

I1° Heat wave identification algorithm in the reference

python S$path local/id heatwaves.py Sdate i Sdate f Sregion

2°Visualization of the heat wave event in the reference

python Spath local/plot reference heatwave.py Sdate i Sdate f Sregion



Applying the heatwave algorithm in Python

|° Heat wave identification algorithm in the reference

python S$path local/id heatwaves.py Sdate i Sdate f

arguments():

parser = argparse.ArgumentParser(prog='plot reference heatwave.py ¥ onda de calori(

parser.add argument( day init, .
date-init’, day final Function: Heat wave

type=str, e i ) )

default=(datetime.today() - timedelta(days=50)).strftime s — identification - Reference
help='Date: %Ysmsd', [dir reference=str,

) dir climatology=str,

dir out=str,

parser.add argument(

-date-end

type=str,
default=(datetime. today - timedelta(days=6)).strftime
help='Date: %Y%m%:d'

r

)
parser.add argument (
"egion’,
type=str,
default='BR',
help='Regido:

rn parser.parse args()




Time to practice the tool...

We will use the following tutorial:

https://github.com/gliciaGarcia/HWVI-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/I15_62F9Ib2 | XDhCsYL YoKIuuAATNWWpNw/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/HeatVVave/



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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