2. South Atlantic Anomaly - Geography

Why does the earth’s magnetic field have ‘weak spots? The South Atlantic Anomaly (SAA), the
Earth’s largest magnetic weak spot, has expanded by 0.9% since 2014, allowing higher radiation exposure
and affecting satellites and communication systems. ESA’s Swarm Mission tracks such fluctuations to
study the geodynamo process generating Earth’s magnetic field.

South Atlantic Anomaly (SAA) — Recent Findings

Observation - ESA’s Swarm Mission data shows that the SAA, the region of weakest Earth magnetic field,
has expanded by about 0.9% since 2014.

Location - Spans from South America to the South Atlantic Ocean and affects areas as far as southern
Africa.

Significance - The SAA is the largest and most studied region of magnetic weakness on Earth.

Earth’s Magnetic Field & Geodynamo Process

Core Composition - Generated in the outer core, mainly molten iron and nickel.

Mechanism - Convection currents in the molten outer core, combined with Earth’s rotation, generate
electric currents. These electric currents create the global magnetic field (geomagnetic field).
Magnetosphere - Extends into space, shielding Earth from harmful solar and cosmic radiation.

Magnetic Weak Spots

Definition - Regions where Earth’s magnetic field strength is significantly lower than the global average.
Causes -

1. Uneven motion of molten iron in the outer core.

2. Variations in core—mantle boundary temperature and density.

3. During magnetic field reversals or pole shifts, weak spots can expand or migrate.

Dynamic Nature -

1.  Weak regions are not static; they fluctuate as the fluid core evolves.

2. Expansion or contraction of the SAA is a natural fluctuation, not indicative of magnetic collapse.

Effects of the SAA and Weak Magnetic Regions
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. Radiation Exposure - Weaker magnetic shielding allows charged solar particles to penetrate deeper
into the atmosphere.



2. Satellite & Spacecraft Impact - Electronics disruption in satellites passing through SAA (e.g., Hubble
Telescope). Solar panel degradation and data corruption.

3. Navigation Disruptions - Minor effects on compasses and geomagnetic navigation.

4. Atmospheric lonization - Local increase in ionized particles can affect radio communication.

Swarm Mission (ESA)

Launched by - European Space Agency.

Mission Type - Earth observation, focusing on the magnetic field.

Constellation - Three identical satellites — Swarm A, Swarm B, Swarm C.

Objectives - Provide the most accurate measurements of the strength and direction of Earth’'s magnetic
field. Understand the geodynamo process generating the magnetic field. Track changes in magnetic
weak spots like the SAA over time.

Key Takeaways - The SAA is the largest magnetic weak spot and is gradually expanding. Magnetic
weak spots are natural fluctuations of the geodynamo, not a sign of imminent geomagnetic reversal.
Understanding and monitoring the SAA is critical for satellites, spacecraft, and communication systems.
Swarm Mission provides continuous, high-precision data to study Earth’s magnetic field evolution.
Source - https - //www.thehindu.com/sci-tech/science/why-does-the-earths-magnetic-field-have-
weak-spots/article7016566l.ece# - ~ -
text=The%20field%20has%20weak%20spots,others%20where%20it%20spreads%20out.
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