Climate at a Glance: The Sun’s Impact on Climate Change
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Image above: A photograph of the sun taken by NASA’s Solar Dynamics Laboratory showing sunspots
many times larger than Earth from October 23, 2014, with the Earth added to scale by size. Distance is
not to scale.

Key Takeaways:

e Scientific measurements show the Sun’s heat and energy output varies over time.

e Changesin the Sun’s heat and energy output have long been the most important factor driving
climate change on Earth.

e A substantial increase in solar output during the 20™ century likely explains much, and perhaps
most, of recent warming.

Short Summary:

The Sun’s heat and energy output varies over time rather than being constant or steady.! Scientists have
been able to reconstruct the Sun’s heat output going back hundreds of years. The data show changes in
global temperatures have almost perfectly mirrored variabilities in the Sun’s heat output throughout the
past several hundred years, including during our current period of modest warming.

In Figure 1 below, scientists reconstructed changes in the Sun’s energy output going back to 1600 A.D.
The data, published in the peer-reviewed journal Geophysical Research Letters, show the Sun’s energy
output bottomed out in the 1600s, experienced a steep increase during the 1700s, plateaued in the
1800s, and then experienced another sharp increase during the 1900s.2
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Figure 1. Changes in the Sun’s energy output since 1900. The Sun’s energy output has increased since the 1600’s
with its most recent increase occurring during the 20™ century. Source: J. Lean, Geophysical Research Letters, Vol
27, No. 16 (2000); https://aqupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/2000GL000043.

In the bottom image in Figure 2 below, the United Nations Intergovernmental Panel on Climate Change
(IPCC) published Earth’s temperature history during the same time period as the chart above. According
to the IPCC, Earth’s temperature changes since the 1600’s almost perfectly match changes in the Sun’s
energy output throughout this time, including our period of recent warming.?
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Figure 2: Temperature history according to the United Nations IPCC First Assessment Report. The top
graph shows temperatures during the past 1 million years. The middle graph shows temperatures during
the past 12,000 years. The bottom graph shows temperatures during the past 1,000 years. Present
temperatures are at the far right. Temperatures in recent centuries closely mirror changes in the Sun’s



output, as shown in Figure 1. Source: IPCC First Assessment Report, United Nations, p. 202,
https://archive.ipcc.ch/ipccreports/far/wg l/ipcc far wq | chapter 07.pdf.

In Figure 3 below, scientists have compared changes in the Sun’s energy output, changes in atmospheric
carbon dioxide levels, and changes in Northern Hemisphere temperatures (which are similar to changes
in global temperatures). The image on the left show temperatures during the past 100-plus years, which
almost perfectly mirror changes in the Sun’s energy output. The image on the right show temperatures
exhibiting little if any correlation with changes in Earth’s atmospheric carbon dioxide levels.*

Figure 3: Temperature changes vs. changes in the Sun’s energy output and changes in atmospheric carbon
dioxide concentrations. The graph on the left shows 20" century temperature changes in blue vs. changes in the
Sun’s energy output in red. The graph on the right shows 20" century changes in blue vs. changes in atmospheric
carbon dioxide emissions in red.

With global temperatures over many centuries mirroring changes in the Sun’s energy output, it is not
surprising that the same correlation continues recently, as well.

Not only does an increase in the Sun’s energy output directly increase heating of the Earth, but scientists
have presented evidence that increases in the Sun’s energy output increase the Solar Wind, which
indirectly reduces the Earth’s cloud cover. Less cloud cover results in more sunlight hitting the surface of
the Earth, which amplifies the impact of the direct increase in the Earth’s temperature from an increase
in the Sun’s energy output. Other scientists have presented experimental evidence that solar activity
influences the volume of cosmic rays entering the earth’s atmosphere, which also impacts cloud
formation.®
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