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Southern Europe 2022 drought, Galicia, Spain. Source: NBC news

Extreme weather events are among the deadliest and costliest natural hazards...

https://www.nbcnews.com/news/world/drought-hit-rivers-world-reveal-treasures-climate-change-heat-wave-rcna44192


Extreme weather events are among the deadliest and costliest natural hazards...

First snow in Rome in 26 years (2012). Source: CNN World

Temperature and hydrological extremes are the most impactful continent-wide, with wind- and 
snow-storms substantially affecting focused regions…

https://edition.cnn.com/2012/02/06/travel/europe-cold-snap/index.html


What do these example have in common?

Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?
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The tropics

The subtropics

The subtropics

The polar region

The polar region

The global circulation can be divided in 3 major latitudinal areas:

Marking the division 
between these latitudes, 
major jet streams are 
present: The subtropical
and polar jet streams.
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Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?



These jets can remain stable, modulated by low- and high-pressure systems:

L L

H H

Low pressure: L
High pressure: H
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Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?



Often, they are disturbed by these systems or other factors, increasing the instability:
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Low pressure: L
High pressure: H

Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?



These instabilities can create wave breaking events, leaving large systems:
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Low pressure: L
High pressure: H

Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?



These systems can form in different morphologies and affect areas the size of a continent:
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Low pressure: L
High pressure: H
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Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?
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Surface impacts can be varied, including weather extremes:

Heavy 
precipitation

Thunderstorms

Warm season

Heat
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Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?
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Surface impacts can be varied, including weather extremes:

Heavy 
precipitation

Thunderstorms

Warm season

Heat

Heavy 
precipitation

Snowstorms

Cold season

Cold

This leaves the question; How can we identify these blockings?
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Large-scale dynamic patterns were the main drivers for the 
prolonged intensity of these events. How so…?



Identification methods: Sousa et al. (2021)

➢ Z500 gradient methodology;

➢ Tracks event life-cycle;

➢ Assimilates low-latitude flow obstructions;

➢ Can differentiate between different types.
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Algorithm overview: Subtropical ridges
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Day N-15 ⇢ Day N-1

Field mean of 15 days before: 𝑍500



Algorithm overview: Subtropical ridges
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Day N-15 ⇢ Day N-1

𝑍500

Subtropical ridges are the areas the isoline exceeds the LATmin



Algorithm overview: Z500 gradients

Modified Tibaldi-Molteni index:
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L

𝑍500(𝜆,𝜑,𝑑)

𝑍500(𝜆,𝜑+∆𝜑,𝑑)

𝑍500(𝜆,𝜑−∆𝜑,𝑑)

GHGN

GHGS

L

L
𝑍500(𝜆,𝜑−2∆𝜑,𝑑)

GHGS2

➢ A point is considered blocked if its meridional 
flanks have lower Z500.

➢ It can be considered Omega if the southern flank 
has a weak Z500 gradient.
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From algorithm to software: BLOCS
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Inputs

Blocking Location and Obstruction Cataloguing System

Geopotential height data
➢Daily data;

➢ Regular gridded dataset (tested with 
0.25º, 1º, and 2.5º);

➢ Admits data for both hemispheres.

Input parameters
➢ Period of analysis;

➢ Adapt parameters of identification;

➢ Changes on structure capturing 
depending on Sousa et al. (2021) or 
updated approach.

Subtropical ridges

Daily structures by type

Omega blocks

Hybrid blocks

Rex blocks

Polar blocks

Identification of events: Overlapping structures in space on 
consecutive days that exceed 4 days in duration.

Identification of structures: Blocked pixels (obeying gradients 
and ridges rules) that exceed 500.000 km2 in total area. 

Available on GitHub!

Also scannable on 
poster outside.



From algorithm to software: BLOCS
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Output

Two .csv files:
➢Daily statistics (ID, time, weighted 

centre, area, geopotential, intensity)

➢ Event statistics (ID, duration, avg. 
stats., max. stats.)

One netcdf file:
➢Daily structure masks on regular grid 

same as input data.

➢ Blocking intensity per pixel for 
weighted studies.

Subtropical ridges

Daily structures by type

Omega blocks

Hybrid blocks

Rex blocks

Polar blocks

Identification of events: Overlapping structures in space on 
consecutive days that exceed 4 days in duration.

Identification of structures: Blocked pixels (obeying gradients 
and ridges rules) that exceed 500.000 km2 in total area. 

Blocking Location and Obstruction Cataloguing System

Available on GitHub!

Also scannable on 
poster outside.



Framework to identify extreme events
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Field composites of ridge/blocked conditions

Source: Sousa et al. (2021)

➢ In western Europe, ridges typically produce drier and 
warmer weather.

➢ Inversely, blocked conditions produce wetter and 
colder days on average.

➢ Location of impacts is dependent on specific events.



Framework to identify extreme events
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Individual extreme weather events: 2003 European heatwave

➢ Hottest summer since at least 1540.

Source: Sousa et al. (2021)

Field composites of blocked/ridge conditions



Frameworks to identify extreme events
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Individual extreme weather events: 2003 European heatwave

➢ Hottest summer since at least 1540. Death toll 
upwards of 72000.

➢ Surge in temperatures influenced the tragic wildfire 
season in Portugal and drought conditions in most of 
Europe.



The bigger picture:
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Temperature extreme events Hydrological extreme events
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> 150.000 fatalities (wars excl.)
> 120 billion €

Source: Kautz et al. (2022)

➢ A user-friendly method for their identification is important to focus on the study of impacts 
and determining the dynamics leading to said impacts.

➢ Possibility of assimilating into compound event studies.



Take-home message

Blocking Location and Obstruction Cataloguing System

H
L

L

User-friendly and open-source
atmospheric blocking identification 

algorithm that helps identifying large-
scale flow-obstructing conditions.

BLOCS helps in:
• Systematically classifying blocking 

structures according to type.

• Associating extreme weather to 
large-scale dynamics.

• Study intricate dynamics leading to 
high-impact events.

Persistent 
cut-off

Can be used/extended to:

❖ Used with climate models

❖ Use for forecasting

❖ To train ML algorithms
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