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Sunspot Number

11-year Solar Variability Variability over one
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Review Paper: Ward et al., Role Of the Sun and the Middle atmosphere/thermosphere/ionosphere In Climate (ROSMIC): a
retrospective and prospective view, Progress in Earth and Plantary Science, https://doi.org/10.1186/s40645-021-00433-8, 2021
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11-year Solar Variability Quiet Sun Reference

e Spectrum for Cycle 24
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New Reference Spectrum for CMIP7 (TSIS-1)

** The Total and spectral Solar Irradiance Sensor (TSIS-1) is a new “quiet sun”
reference spectrum (115 nm to 200 microns).

» It was measured on board the International Space Station (ISS) for

atmospheric radiative transfer and remote sensing applications (Coddington et
al. 2023).

** The New TSIS-1 spectrum has moved more energy from the Near IR into the
UV/Visible region.

» The TSIS-1 is the solar spectrum proposed by the CMIP7 Solar Working Group
and recently adopted by CMIP7 (Funke et al., Geos. Model Dev., 2024).



Model Description and Simulations

CESM2 - Whole Atmosphere Community Climate Model (used in CMIP6)
* Interactive Middle Atmosphere Chemistry and Deep Ocean
« ~2 degrees horizontal; 70 levels (surface to 140km)
* Repeating the year 2000 GHG and EESC conditions (60 years; examining years 10-60)
e Ran two solar minimum Solar Spectral Irradiance (SSI) experiments.

 CMIP7 (TSIS-1)

* CMIP6
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Comparison of Solar Spectral Irradiances
CMIP7 — CMIP6/CMIP6 (%)
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CMIP7 — CMIP6 *** Annual Mean *** 50 year Climatology

SW Heating difference (K/day) T difference (K)
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Shortwave heating rates (2-3% increase) and temperature increases throughout the
middle atmosphere. The temperature change is comparable to the 11-year solar cycle
change.
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CMIP7 — CMIP6 *** Annual Mean *** 50 year Climatology
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TSIS1 — CMIP6 *** Annual Mean *** 50 year Climatology
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Comparison of Solar Spectral Irradiances in the Near IR
CMIP7 — CMIP6/CMIP6 (%)
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Surface Albedo Sensitivity
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Surface climate cooling impact on Sea Ice (annual avg, zonal mean)
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FIG. 5. (a),(b) Zonal-mean surface temperature and sea ice fraction climatology for the CESM2 ensemble
simulation. (c) The differences in zonal-mean surface temperature climatology between the TSIS-1 and CESM2
simulations. Shaded areas denote *£1o of annual-mean temperature differences. Thickened portions of the line
indicate statistically significant differences (5% significance level). (d) As in (c), but for the sea ice fraction
differences.

Jing et al.



Surface climate cooling impact on Sea Ice (annual avg, zonal mean)
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Polar Projections, CMIP7 — CMIP6, Annual Average
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Conclusions
CMIP7 — CMIP6

** Shortwave heating and temperature increase throughout the middle
atmosphere.

** Ozone increases in the middle mesosphere and lower stratosphere
from O, Photolysis in the Schumann Runge Band and Hertzberg
Continuum respectively.

** Ozone decreases near the stratopause due to an increase in OH from
Ozone Hartley band photolysis (O; +hv => 0!D; O!D + H,0 => 20H).

** Sea-ice albedo differences between Near IR and Visible conditions
cause a surface cooling and increase in sea ice extent.
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Recommendations for CMIP7 solar forcing data

» The pre-industrial control forcing (pictontrol) includes time-averaged
historical data corresponding to 1850-1873 (SC9+SC10) mean conditions.

» The TSI is not very different from CMIP6 - should be around 1371.3 W/m2.

https://solarisheppa.geomar.de/solarisheppa/cmip7
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Troposphere is cooling
CMIP7 — CMIP6
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