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Motivations

What are Earthos at mospheric resp
variations?

How are these responses coupled between the lower and upper
atmospheres (with focus on dynamical coupling)?

How much is the 11-year variation in the MERRA reanalysis data?

What are the impacts of other internal variabilities on the solar signal
seen in the atmosphere?



Introduction

Changes in zonal mean state or wavenumber (s=0)

Beating in time Wave Processes



Wavenumber-Frequency Diagram
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Related directly to solar forcings

A Diurnal
A Semidiurnal
A 27-day Cycle
A Annual
A Semiannual

A 11-year Cycle
A é

Oscillations Driven by Solar and
Internal Forcings

Related to internal variabilities

A Quasi Two-Day Wave

A Mixed Rossby Gravity Wave
A Madden-Julian Oscillation
A Quasi-Biennial Oscillation
A El Nifio-southern oscillation

A é




Decomposition of Wave Components

A Non-sinusoidal

R i
a incoming solar radiation A Non-linear or
d lagged responses
: outgoing terrestrial
‘i radiation
| A Wave-wave
0 Interference or
I . .
sunrise sunset Interactions
1Zam  6am noon J5pm 6pm 12 am

A Red background



MERRA Reanalysis Data

A 1979-present

A Model top = 0.01 hPa and 72 pressure levels;

A This study: 1000-0.1 hPa

A 6 hourly outputs -> resolving the semidiurnal variation
A 0.5° x0.67° Lat-Lon resolution



Trend and Volcanic Effects

A Linear trend e
A Volcanic effects:
memory and delay
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Trend and Volcanic Amplitudes

Mesospheric cooling Enhanced
Arctic warming
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Red Background in Power Spectra (1/2)

_ Temperature perturbations at 5S-5N
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Red Background in Power Spectra (2/2)

Wheeler et al. (1999)
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QBO (2.0y-2.6y) Amplitude
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ENSO and Quasi-Quadrennial Oscillations
(3.0y-5.3y)

GPS-RO data
Scherllin-Pirscher et al.
(2012)
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