
We identified three areas of uncertainty in the age calculation:
U1. Uncertainties associated with the data used as the trop. trend.
U2. Analytical uncertainties associated with the data used as the strat. inputs.
U3. Uncertainty associated with parameterisation of the width of the age spectrum. A value of 0.7 for 

the ratio 
𝑤𝑖𝑑𝑡ℎ 2

𝑚𝑒𝑎𝑛 𝑎𝑔𝑒
is commonly used, we also tested 0.5 and 1.

Analysis of the impact of these uncertainties is shown in Table 2. U3 has a small impact compared to 
U1 and U2. U1 and U2 were combined to form the error bars in Fig. 2. 
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Trop. trends from 1978-2012 for all compounds except CF4 were taken 
from the UEA Cape Grim (CG) archive. CF4 data are from the SIO CG 
time series5. Two treatments were applied to the UEA datasets: 

(1) 6 month time shift to correct the offset between the Southern 
Hemisphere and the tropical upper trop. (main strat. input region).

(2) Increased dataset size and temporal distribution by applying a
polynomial fit and using monthly interpolated values as trop. trend. 

Efficacy of these treatments shown in Fig. 1. Impact of uncertainties 
associated with trop. trend (see Sect. 3) ~1.5 x (3x for SF6 and CHF3) 
smaller when using fit-interpolated (▬) rather than raw (●) 
datasets. 

Stratospheric data: air samples analysed at UEA5 from five campaigns 
covering the tropics (2008 balloon flight from Teresina, Brazil), 
mid-latitudes (2009 Geophysica flight from Oberpfaffenhofen, Germany) and polar regions (1999 balloon and 2010 and 
2011 Geophysica flights from Kiruna, Sweden). 
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• Inert chemical tracers (‘age tracers’) are used to infer stratospheric (strat.) transport, specifically the Brewer-Dobson 
circulation (BDC), which cannot be measured directly.

• Increasing the number of tracers, and strat. measurements of them, is important for reconciling the differences 
between model predictions of increasing BDC strength and observations which do not show this1.

• In particular the ‘mean age of air’ (AoA), the mean 
transit time of air from the troposphere (trop.) to a 
given location in the strat., is commonly inferred from 
SF6 or CO2

e.g.2.

• However, recent evidence suggests that SF6 loss 
mechanisms may be underestimated, reducing its 
atmospheric lifetime3.

• Ideal age tracers should have no strat. sources or sinks; 
reliable strat. measurements; and a known trop. 
trend extending for at least a decade. 

Stratospheric age tracers: re-evaluating old friends and making new ones

TABLE 1
Compound (formula)

Strat. lifetime / 
a4

Mean measurement 
precision$

Perfluoromethane
(CF4)

>50,000 0.2%

Perfluoroethane
PFC-116 (C2F6)

>10000 1.6%

Perfluoropropane
PFC-218 (C3F8)

~7000 1.9%

Trifluoromethane
HFC-23 (CHF3)

4420 1.7%

Pentafluoroethane
HFC-125 (C2HF5)

351 1.1%

Heptafluoropropane
HFC-227ea (C3HF7)

673 2.8%

SF6 32004

850 (580 – 1400)3

1.1%

TABLE 2

Compound

± uncertainty on…
mean (range) / months

U1. Trop. trend U2. Strat. trend U3. Parameterisation of 
width of age spectrum

Combined
uncertainty: U1 + U2

CF4 2.1 (1.0 – 2.5) 4.2 (2.0 – 9.2) - 4.8 (2.8 – 9.4)

C2F6 1.7 (1.0 – 2.2) 3.3 (2.00 – 5.2) 0.7 (0.1 – 1.4) 3.8 (2.4 – 5.5)

C3F8 2.5 (1.9 – 4.3) 2.6 (0.3 – 5.5) 0.7 (<0.1 – 1.0) 3.7 (1.7 – 6.5)

CHF3 1.5 (1.3 – 1.7) 3.4 (0.3 – 5.8) 0.3 (<0.1 – 0.5) 3.8 (1.4 – 5.9)

HFC-125 0.6 (<0.1 – 0.8) 0.6 (<0.1 – 1.2) 0.5 (<0.1 – 1.4) 0.9 (0.3 – 1.4)

HFC-227ea 2.4 (1.8 – 3.2) 1.7 (0.4 – 5.6) 0.4 (<0.1 – 1.4) 3.1 (2.2 – 6.2)

SF6 1.1 (0.1 – 3.3) 2.5 (<0.1 – 7.0) 0.3 (<0.1 – 0.5) 2.9 (1.1 – 7.0)

• Uncertainties on new age tracers comparable with the 
existing tracer SF6.

• There is particularly good agreement, within errors, 
between CF4, C2F6, C3F8 and HFC-125.

• Our results support a shorter lifetime for SF6 which 
agrees well with HFC-227ea. This holds true even for
mid-latitude and tropical flights outside of the polar 
vortex (SF6 loss region).

• Breakdown of compounds with shorter lifetimes does 
impact mean age, especially at higher altitudes: care
should be taken when using SF6 as an age tracer 
outside of the upper trop./lower strat..

The EXC3ITE (exc3ite.wordpress.com) project aims to 
increase the availability of data for these age tracers, and 
hopefully identify other suitable age tracers, by: 
(1) conducting 45 strat. AirCore flights over two years, 

providing data for >30 trace gases (see poster 
EGU2017-7715). 

(2) analysis of over 200 historical (1975 – 2012) air samples 
for >50 trace gases.

PDF of poster available here: http://tiny.cc/h17bky/

$ from trop. time series (Sect. 2)

We have identified several
potential new age tracers (Table 1) and have 

investigated their suitability, comparing them to SF6.
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