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In addition to

+ tropical input into the stratosphere (standard method),

we consider

+ extra-tropical input (extended method).

This yields

+ even larger differences between NH and SH Mean Age 
than when using the standard method.
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POLSTRACC flight tracks. Keber et al. 2020SouthTRAC: All flight tracks of the local flights in 

Río Grande during the first campaing phase. 

Screenshot: Georg Dietz/Google

GhOST
Gas Chromatograph for Observational Studies using Tracers

2 measurement channels: 

 electron capture detector (ECD)

 mass spectrometer (MS)
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In situ trace gas measurements: GhOST-ECD
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SF6

CFC-12

two substances: SF6 and CFC-12

measurement every 1 min (~20 km)

precision: 

• 0.2% (CFC-12)

• 0.6% (SF6)
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Deriving Mean Age from trace gas measurements is well established.

However, the standard method yields questionable results in the lowermost stratosphere (LMS)

(i.e. Mean Age below zero at the local tropopause, e.g. during the WISE campaign (not shown))

Mean Age from long-lived trace gases

7

STANDARD METHOD

EXTENDED METHOD

We assume that tropospheric air only enters the stratosphere through the tropical 

tropopause.

We also consider extra-tropical input into the stratosphere in our newly developed 

extended method.
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Therefore, we assume the general shape of the age spectrum to follow an inverse Gaussian distribution

as proposed by Hall and Plumb (1994).

We applied a constant ratio of moments
𝚪

𝚫𝟐=𝟏.𝟐.

We infer the Mean Age

from + the SF6 in situ measurements from the GhOST-ECD instrument and

+ the SF6 time series from the AGAGE 12-box model (updated from Simmonds et al. 2020),

using a convolution method.

Mean Age from SF6 measurements
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STANDARD METHOD

https://de.wikipedia.org/wiki/Inverse_Normalverteilung#/media/Datei:PDF_invGauss.svg

2021-04-23 15:50 ECT
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We extend the ansatz of the standard method by

considering + three different regions* for tropospheric input into the stratosphere: 

• extra-tropical northern hemispheric (NH, 30° N - 90° N) tropopause (TP),

• tropical (TR, 30° S - 30° N) TP,

• extra-tropical southern hemispheric (SH, 30° S - 90° S) TP.

Mean Age from SF6 measurements
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EXTENDED METHOD

We use + the origin fractions from CLaMS (Hauck et al. 2020),

→ interpolate them to the measurement location (depending on the season).

For each measurement location we calculate a weighted entry mixing ratio time series 

+ using the origin fractions, multiplied by the respective SF6 entry mixing ratio timeseries.

*In practice, interhemispheric interaction can be

neglected and only two regions need to be

considered (see Hauck et al. 2020).
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Is this reasonable?

Considering the simplified case of an ideal linear increasing tracer, with

• the TR ground mixingratio time series: 𝜒𝑔𝑟𝑜𝑢𝑛𝑑𝑡=𝑎+𝑏∗(𝑡),

• the three entry regions‘ (NH TP, TR TP, SH TP) mixingratio time series (𝜒𝑔𝑟𝑜𝑢𝑛𝑑with the individual time shifts 𝑡𝑁𝐻, 𝑡𝑇𝑅, 𝑡𝑆𝐻):

𝜒𝑁𝐻𝑡=𝑎+𝑏∗(𝑡+𝑡𝑁𝐻),

𝜒𝑇𝑅𝑡=𝑎+𝑏∗(𝑡+𝑡𝑇𝑅), 

𝜒𝑆𝐻 𝑡=𝑎+𝑏∗(𝑡+𝑡𝑆𝐻),

• and the stratospheric mean age: Γ𝑠𝑡𝑟𝑎𝑡=𝑓𝑁𝐻∗Γ𝑁𝐻+𝑓𝑇𝑅∗Γ𝑇𝑅+𝑓𝑆𝐻∗Γ𝑆𝐻 (with the origin fractions 𝑓𝑁𝐻, 𝑓𝑇𝑅and 𝑓𝑆𝐻), 

the stratospheric mean age can be directly calculated, simply by weighting the entry mixing ratio time series:

On the weighted entry mixing ratio time series
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Γ𝑠𝑡𝑟𝑎𝑡=
𝑓𝑁𝐻∗𝜒𝑁𝐻 𝑡+𝑓𝑇𝑅∗𝜒𝑇𝑅𝑡+𝑓𝑆𝐻∗𝜒𝑆𝐻 𝑡−𝜒𝑠𝑡𝑟𝑎𝑡(𝑡)

𝑏
.

→ Yes, it is reasonable.



23. April 2021

We use + the AGAGE 12-box model tropical ground SF6 time series updated from Simmonds et al. (2020) and

+ the previously derived time shift from TR ground to the respective entry region,

→ to generate the SF6 time series at the respective reference surface.

(i.e. TR TP for the ,

and NH TP, TR TP and SH TP for the )  

Mean Age from SF6 measurements
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EXTENDED METHOD

We use + the global SF6 fields derived from MOZART, published by Rigby et al. (2010), in order to

→ derive the time shift of the SF6 time series between tropical ground and each input region.

preliminary: NH TP: -0.4 yrs, TR TP: 0.2 yrs, SH TP: 0.54 yrs

How to get the entry mixing ratio time series?

STANDARD METHOD



23. April 2021

Mean Age from SF6 measurements
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→ answered by Hauck et al. (2020):

They found that the fractions of

interhemispheric exchange are

vanishingly low in the LMS.

What does the distribution of origin fractions look like?
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Preliminary



23. April 2021

NH and SH Mean Age: Vertical-Meridional Distribution
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STANDARD METHOD

SouthTRAC phase 1
Sep. 19, 2019 – Oct. 9, 2019

POLSTRACC phase 2
Feb. 29, 2016 – Mar. 18, 2016

interhemispheric difference

older air masses at mid-latitudes in NH than in SH

stronger descent of old air masses at high latitudes in SH than in NH
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NH and SH Mean Age: Vertical-Meridional Distribution
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EXTENDED METHOD

SouthTRAC phase 1
Sep. 19, 2019 – Oct. 9, 2019

POLSTRACC phase 2
Feb. 29, 2016 – Mar. 18, 2016

interhemispheric difference

older air masses at mid-latitudes in NH than in SH

even stronger signal using the extended method

NH air masses close to TP mixed more uniformly
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EXTENDED METHOD STANDARD METHOD-

SouthTRAC all flights
Sep. 19, 2019 – Nov. 15, 2019

POLSTRACC all flights
Dec. 13, 2015 – Mar. 18, 2016

The extended method yields + sligthtly lower Mean Age in the SH LMS, and

+ higher Mean Age in the NH LMS than the standard method.
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NH and SH Mean Age: Δθ-eq. lat Distribution
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Scroll past the acknowledgements to see these preliminary results in Δθ-eq. lat space
(relative to the climatological WMO tropopause)
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We infer the stratospheric Mean Age of air from in situ SF6 measurements and the AGAGE 

SF6 ground time series, and compare NH late winter 2016 with SH late winter 2019 

preliminary results. 

We find older air at mid-latitudes in the NH than in the SH and a stronger descent of old air 

masses at high latitudes in the SH than in the NH.

In order to get more robust results in the LMS, we extended our method by considering extra-

tropical input into the stratosphere.

The preliminary results from the extended method suggest even larger differences between 

NH and SH late winter.

Conclusions
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We want to

+ parameterize the origin fractions to facilitate reusing the extended method,

+ test how robust the extended method works, using a Monte Carlo simulation,

+ have a closer look on the time shift of the entry regions‘ SF6 mixing ratio time series 

compared to the tropical ground, using observations and models.

Outlook
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NH and SH Mean Age: Δθ-eq. lat Distribution
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STANDARD METHOD

SouthTRAC phase 1
Sep. 19, 2019 – Oct. 9, 2019

POLSTRACC phase 2
Feb. 29, 2016 – Mar. 18, 2016

interhemispheric difference

older air masses at mid-latitudes in NH than in SH

stronger descent of old air masses at high latitudes in SH than in NH
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NH and SH Mean Age: Δθ-eq. lat Distribution
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EXTENDED METHOD

SouthTRAC phase 1
Sep. 19, 2019 – Oct. 9, 2019

POLSTRACC phase 2
Feb. 29, 2016 – Mar. 18, 2016

interhemispheric difference

older air masses at mid-latitudes in NH than in SH

even stronger signal using the extended method

NH air masses close to TP mixed more uniformly
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EXTENDED METHOD STANDARD METHOD-

SouthTRAC all flights
Sep. 19, 2019 – Nov. 15, 2019

POLSTRACC all flights
Dec. 13, 2015 – Mar. 18, 2016

The extended method yields + sligthtly lower Mean Age in the SH LMS, and

+ higher Mean Age in the NH LMS than the standard method.


