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ExplanaƟon for the Poster Space Weather and Earth´s Climate 

Ulrich von Kusserow 

On the one hand, the magneƟc Sun, whose properƟes change significantly over the course of 
periodic sunspot cycles, is the main driver of Space Weather, which describes the temporally 
varying state of the Interplanetary Medium in the Heliosphere of our Solar System, especially 
in the Earth's Magnetosphere and Ionosphere. On the other hand, the constantly changing 
MagneƟc Sun is the energeƟc driver of the Earth's temporally and spaƟally varying Climate, 
which describes the average values of the weather parameters in the Earth's atmosphere and 
on the Earth's surface. 

Since the 1990s, I have also been intensively researching the extent to which the magneƟcally 
variable Sun and Space Weather also influence the Earth's Climate. Eckart Marsch and I already 
touched on this topic in the last chapter of our book "The MagneƟc Sun - Solar Flares, Solar 
Winds and Space Weather," published in 2023. Unfortunately, this chapter was omiƩed from 
the English ediƟon of our book, which was just published end of April this year. I'm currently 
wriƟng much more intensively about this in a German arƟcle series Ɵtled "Sunspots and the 
Earth's Climate," which will be fully published end of 2025. 

Driven by dynamos, a mulƟtude of complex, oŌen nonlinear feedback processes take place in 
the plasma of the magnetosphere and the various atmospheric layers of both the Sun and 
Earth, allowing the occurrence of a wealth of fascinaƟng, interacƟng phenomena to be 
observed. Time-varying UV radiaƟon emiƩed by the Sun, high-energy parƟcles accelerated in 
flares, and interplanetary coronal mass ejecƟons moderate the various magneƟzed Solar Wind 
streams, which also impact Earth's Magnetosphere and Ionosphere. In addiƟon to the Solar 
Wind, which determines the Ɵme-dependent influx of cosmic radiaƟon into the Earth system, 
other processes related to the evoluƟon of the Solar System, its repeated passage through 
regions of stellar acƟvity in the spiral arms of the Milky Way, or changes in planetary 
constellaƟons can also be responsible for changes in Space Weather, and on much longer 
Ɵmescales, also in Space Climate. Frank Stefani will report on the laƩer in his lecture. 
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Due to the world's conƟnuing strong, now only linear, growth in populaƟon, increasing energy 
consumpƟon and transport, growing industrializaƟon, urban sprawl, environmental 
destrucƟon, and ecological mismanagement, human society can certainly contribute to 
climate change in many ways. Since the more pronounced global warming that began in the 
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1980s, many people today assume that, in addiƟon to the influence of clouds and the changing 
albedo of the Earth system, current Climate Change is caused almost exclusively by the 
increasing concentraƟon of the Greenhouse gas COଶ and the associated drasƟc increase in 
water vapor. Because the overall intensity of solar radiaƟon has changed very liƩle since that 
Ɵme, the Sun is now considered to have only a negligible influence on climate change, unlike 
before. I would like to discuss with you, not only during the poster session, the extent to which 
the influence of the MagneƟc Sun, the Solar Wind, and Space Weather as a whole can have a 
very noƟceable impact on weather and climate events in the Earth system. 

It is not sufficient to blame the current warming solely on changes in the atmospheric radiaƟon 
balance, especially on human acƟvity alone. On the one hand, a mulƟtude of other, so-called 
"top-down" and "boƩom-up" climate influencing factors can interact on very different spaƟal 
and temporal scales from above or below in the atmosphere, exerƟng a significant influence 
on weather and Climate. For example, the influx of solar UV radiaƟon and high-energy 
parƟcles, which varies greatly over the course of Solar AcƟvity Cycles, as well as Cosmic 
RadiaƟon, causes strong changes in the stratospheric Ozone Layer, which can very well have 
an impact on the Climate. Because solar acƟvity, which varies on a wide range of Ɵme scales, 
moderates the influx of charged cosmic radiaƟon, the number and properƟes of the Cloud 
condensaƟon nuclei that form also change, which can significantly alter cloud formaƟon 
processes and the climate-relevant cloud albedo. 

Second, the processes of heat transport from the equator to the polar regions must also be 
taken into account for climate influence. These processes occur in the turbulent, globally 
oscillaƟng Ocean Currents, driven by the Sun, as well as in the Stratosphere and tropospheric 
atmospheric layers. Meridional tropospheric energy transport effecƟvely occurs in the Hadley, 
Ferrel, and polar convecƟon cells, the characterisƟcs of which depend on the intensity of solar 
acƟvity. 

While solar radiaƟon is most intense in the equatorial region, the transport from the Earth 
system into interplanetary space occurs primarily in the Polar Regions. Under the influence of 
strong solar radiaƟon, large-scale tropospheric Walker circulaƟon cells form over the 
equatorial Pacific, in connecƟon with which the El Niño Southern OscillaƟon events and 
Madden-Julian OscillaƟons, which have a strong impact on weather and climate, occur. In the 
equatorial stratosphere, so-called Quasi-Biennial OscillaƟons occur. Brewer-Dobson 
circulaƟons describe the transport of air masses that are strongly heated above the equator, 
rise into the stratosphere, flow toward the polar regions, sink there, and flow back toward the 
equator in the upper troposphere. 

The inflow of heat into the polar regions and its ouƞlow from the Earth system are strongly 
regulated by the stratospheric and tropospheric Polar VorƟces, whose strength and topology 
influence the formaƟon of polar Jet Streams, which have a significant impact on weather and 
climate, and the associated development of high- and low-pressure areas. The increased 
inflow of cosmic parƟcles near the poles along Earth's magnetospheric structures, through the 
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plasma and ionosphere, can be considered one of the Gatekeepers of these processes in this 
context. 

By the way, on Ɵmescales of millions of years, the passage of our Solar System through 
molecular and dust clouds is also likely responsible for Climate Change, on Ɵme scales of tens 
of thousands of years, in connecƟon with the Milankovitch Cycles, strongly as well the change 
in Earth's Orbital Parameters due to varying Planetary ConstellaƟons 

A wide variety of factors, oŌen influencing in a more or less periodic, cyclical manner, and non-
linearly interacƟng processes are responsible for climate development on our planet. Their 
superposiƟon can have complex and even unpredictable consequences. Close correlaƟons 
between climate parameters, proven and scienƟfically jusƟfiable for a certain period, can lose 
their validity because the influence of other factors suddenly dominates. Even causal 
relaƟonships previously considered insignificant should be more thoroughly researched in the 
future to gain a deeper understanding of the connecƟon between Space Weather and Earth's 
Climate. However, the limits of human knowledge acquisiƟon should always be taken into 
account. The truth will always change from Ɵme to Ɵme. 
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