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Data sets
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Data sets

HALOE aboard UARS 

observational period 
1991 - 2005 

solar occultation 
attenuation of solar light 

30 observations/day

MIPAS aboard Envisat 
reduced spectral resolution 

observational period 
2005 - 2012 

limb 
thermal emission 

~1300 observations/day

MIPAS aboard Envisat 
full spectral resolution 
observational period 

2002 - 2004 
limb 

thermal emission 
~1000 observations/day

‣ Merging accounts for biases, differences in vertical resolution and volcanic influences 
‣ Considered time period: March 1992 - April 2012
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Results
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Simple regression
fit = offset + linear term + annual cycle (12, 6, 4, 3 months) + QBO + ENSO (AoA shifted) 
Example: 10°S - Equator @ 17 km 
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Phase
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fit = offset + linear term + annual cycle (12, 6, 4, 3 months) + QBO + ENSO (AoA shifted) +  
       solar cycle (127 and 63 months)
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Regression fit improvement
fit = offset + linear term + annual cycle (12, 6, 4, 3 months) + QBO + ENSO (AoA shifted) +  
       solar cycle (F10.7 phase shifted based on 127 and 63 months sine/cosine results)
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Amplitude
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Possible explanations
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1. Coincidence 
2. Methane oxidation 
3. Transport from the troposphere 
4. Other

Possible explanations



CT3LS Meeting, 20 - 23 July 2015, Boulder/USA12

Role of methane
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Transport from the troposphere
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What temperature signal would we need?
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Linear fit to observations: ΔH2O (ppmv) = 0.23・ΔT (K) + 0.01 ppmv 
signal of 0.7 ppmv needs ~3 K
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What do we find in the literature?

K. Krüger et al.: TTL climatology 819

Fig. 4.

17

Fig. 4. Left side: DJF composite maps of LCP temperature [K] and density, using the ERA40 time series. Included are: volcanic eruptions,
La Niña, El Niño, QBOE, QBOW, SMAX and SMIN; number of years are indicated in the title. Right side: DJF anomalies of composite
maps from the 1962–2001 period (Fig. 3) of LCP temperature [K] and density. Intervals for the density differences are 0.5, 2.5 and 5⇥1000�1
per 5�⇥5� grid.

www.atmos-chem-phys.net/8/813/2008/ Atmos. Chem. Phys., 8, 813–823, 2008

ERA40 data set for DJF

Krüger et al., Atmospheric Chemistry & Physics (2008)
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A possible mechanism

1- 3 year lag between solar cycle and ocean heat-up

amplification of deep convection

latent heat release creates pressure perturbations excitation of quasi-stationary planetary waves

enhancement of upwelling around tropopause

waves move move upwards and dissipate

troposphere

stratosphere
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Summary
‣ a combined UARS/HALOE and Envisat/MIPAS data set indicates a 

decadal variation in the lower stratosphere 
‣ hypothesis is that this variation is a solar influence 
‣ amplitude is largest in the lowermost tropical stratosphere and 

decreases towards higher latitudes and altitudes 
‣ signal is phase-shifted to the apparent solar cycle by 2 - 3 years and 

anti-correlated, i.e. water vapour minimum follows apparent solar 
cycle maximum 

‣ one possible explanation could be a solar cycle influence on the 
tropical tropopause temperature that regulates water vapour 
transport into the stratosphere from from SST changes 



CT3LS Meeting, 20 - 23 July 2015, Boulder/USA18

Thank you!
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Trend estimates
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