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Introduction

The middle atmosphere is strongly influenced by greenhouse gas
changes, ozone depleting substances and natural forcings, such as solar

variability and volcanic aerosols.

However, the exact response of

stratosphere and mesosphere to these different forcing types, the
mechanisms creating these responses, and possible implications for
tropospheric climate change are not fully understood. The extensive set of
CMIP5 simulations with the MPI-ESM (that has its upper lid at an altitude
of about 80 km) provides an opportunity to advance this understanding.
The purpose of this work is to give a first overview on responses of middle
atmosphere temperature and zonal wind to the different forcing types in
the CMIP5 simulations and suggest areas of future, more detailed studies.
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Fig. 1: Forcings used in the MPI-ESM for CO2 (top), total
solar irradiance (middle) and volcanic aerosol (bottom).
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The representation of solar and volcanic forcing in the CMIP5
simulations with the MPI-ESM
For solar irradiance data we follow the CMIP5 recommendations. We use
spectrally resolved historic data for the period 1850 to 2008 that were
reconstructed based on observations and proxy data by J. Lean (NRL, USA).
For the future we repeat solar cycle 23, i.e. the period May 1996 to August 2008.
To fully account for the change in stratospheric heating rates with solar activity
] we additionally prescribe a solar cycle dependence of stratospheric ozone.

The influence of stratospheric aerosol from volcanic eruptions on short and long-
wave radiation is represented in terms of optical properties from sulfate aerosols
based on a historic reconstruction published by Stenchikov et al. (JGR, 1998).
No volcanic eruptions are assumed for the future.

The temperature response in the
tropical stratosphere

The comparison with observation indicates a
realistic simulation of the temperature trend in
the tropical lower stratosphere for the period
1979 to 2005. In the historical simulations
temperature signals from volcanoes are
evident in the lower stratosphere while in the
upper stratosphere a clear solar signal can be
identified. The future evolution depends
strongly on the chosen scenario. While the
strong CO2 increase of RCP8.5 leads to

Temparature (K), 47hPa, 255-25N, ant

strong cooling everywhere, in RCPs 4.5 and i
2.6, the trend may level off or even reverse late
in the 215 century.
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Fig. 2: Temperature (K) in the tropical (10S-10N) stratosphere for 47, 9, and 1 hPa. MPI-ESM-LR: Black: average historical ensemble; red, yellow, green: fut
AND 8.5, respectively; gray shading: range spanned by three ensemble members. MPI-ESM-HR: pink: historical and RCP4.5. Green: observed trend from Randel et al. (JGR, 2009).
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Reference: Schmidt, H., et al. (2013): The response of the middle
atmosphere to anthropogenic and natural forcing in the CMIP5 simulations
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