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Stratospheric sampling, why?

• Understand the impact of climate 
change on stratospheric transport 
- Engel (2009, 2017) 

• Constrain the stratospheric sink 
of CH4 using isotope 
measurements
– Röckmann (2011)
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Figure 11. Vertical profiles of CO2 derived mean age for the Air-
Core observations by the University of Frankfurt in 2015 in Tim-
mins, Canada and 2016 in Lindenberg, Germany.

atures of about 450 K and termed this region the tropically
controlled transition layer. In the stratospheric overworld
(above 450 K potential temperature) short-term influences,
e.g. due to seasonal cycles in the troposphere or tropopause
region are much smaller. CO2 can thus only be used as an age
tracer for air at potential temperatures above 450 K where the
mixing ratios are no longer influenced by seasonality in the
troposphere. Our analysis of mean age is thus restricted to
potential temperatures above 450 K. Thirdly, the deseason-
alised tropospheric trend of CO2 in the troposphere deviates
from a perfect linear increase. The mean age derived from
CO2 observations will thus depend on the shape of the age
spectrum. To compensate for the effects of this deviation on
the mean age values derived, we again followed the same ap-
proach as in Engel et al. (2009). We use a parameterisation of
the width of the age spectrum 1 as function of mean age 0

as suggested by Hall and Plumb (1994), i.e. 12

0 = 0.7 years
with the general shape of the age spectrum being an inverse
Gaussian function. We have further adapted the fitting period
for the tropospheric trend so as to represent 98 % of the air
input for each individual data point (i.e. shorter time periods
for the fit are applied for younger air) in order to find the best
possible description of the tropospheric input time series.

The influence of all three effects on the mean age values
has been included in the error analysis, again following Engel
et al. (2009).

4.1 Vertical profile observations

Figure 11 shows the mean age profiles for the two flights
from Lindenberg in May 2016 and the two AirCores flown
simultaneously in August 2015 from Timmins. The data have
been filtered to exclude air masses with potential temperature
below 450 K where the CO2 seasonal cycle is still expected

Figure 12. Time series of mean age derived from balloon obser-
vations. The data prior to 2010 are those presented in Engel et
al. (2009). The data from 2015 and 2016 are derived from the Air-
Core measurements presented here. Each data point represents the
average value of mean age derived above 30 and up to 5 hPa. The
inner error bars represent the variability (error of the mean), and the
larger outer error bars include the uncertainty as discussed in En-
gel et al. (2009). A non-significant trend of 0.15 (±0.18) years per
decade is derived from these observations.

to have a significant impact. As for many other profile ob-
servations of mean age (Andrews et al., 2001a; Engel et al.,
2009; Schmidt and Khedim, 1991) an increase of mean age
with altitude is observed up to about 23–24 km, above which
the vertical gradient becomes very small. Mean age values
above this layer are on the order of 5 years, in very good
agreement with other long-term data sets. The observations
from Timmins in August 2015 show slightly higher mean
age values than the observations in May 2016 from Linden-
berg in Germany. This could be explained by the seasonal
cycle in mean age derived from MIPAS Envisat observations
of SF6, showing youngest air in the Northern Hemisphere
midlatitudes above 25 km during winter and oldest air during
summer (Stiller et al., 2012). The younger spring measure-
ments from Lindenberg could thus still be influenced from
the lower mean age values during winter, while the older ob-
servations from Timmins in August 2015 should be during
the maximum of the seasonal cycle. Note that the accuracy
of the mean age values determined here is not limited by the
analytical precision of the Picarro analyser, which is typically
0.025 ppm – less than a week when translated into mean age.

4.2 Extension of long-term time series

As explained above, we want to use AirCore observations to
extend our long time series of stratospheric mean age obser-
vations (Engel et al., 2009). The calculation of a temporal
trend in mean age is complicated by the sparsity of the data
set in combination with a vertical gradient in mean age. As
the AirCore observations, in agreement with other balloon
data, only show a very small vertical gradient above an al-
titude of 23–24 km, corresponding to about 30 hPa, we have
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Fig. 1. Methane mixing ratio (a), �13C (b) and �D (c) for all anal-
ysed balloon samples. 1: Arctic samples (blue: vortex, purple:
non-vortex, ⇤: mid-latitudes (green, yellow), solid symbols: sam-
pled in summer,�: tropics (red).

4.2 Isotope – mixing ratio correlations

It is obvious from Fig. 1 that there is considerable variabil-
ity between the individual flight profiles. However, the vari-
ations in mixing ratio and isotopic composition are closely
correlated, and it is useful and common to investigate isotope
results as isotope – mixing ratio correlations (Fig. 2). Two
points are remarkable in these correlations. First, each flight
profile shows up as a relatively compact correlation curve and
second, isotope-mixing ratio correlations are relatively stable
over the full period of time, in different seasons and at vari-
ous latitudinal regions (subtropics, mid-latitudes and polar).
Thus, most of the variation observed in the vertical profiles
disappears when � values are discussed on the mixing ratio
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Figure 2: Isotope:tracer relations δ(c) for the balloon data shown in Fig. 1. 
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Fig. 2. Isotope:tracer relations �(c) for the balloon data shown in
Fig. 1.

scale (as alternative height coordinate) and the correlation
curves can be regarded as (quasi) steady state functions for
�13C(c) and �D(c). Here and in the following, c represents
the mixing ratio.
The first observation reflects the previous finding that

compact stratospheric tracer-tracer correlations occur for
trace gases whose chemical removal time constants are larger
than the transport time constants (Plumb and Ko, 1992),
which is the case for the individual CH4 isotopologues. Thus
this property can be explained by the global mixing scheme.
The second observation shows the global validity of this
scheme and that it is not strongly variable in time. This is
expected, since CH4 is a long-lived trace gas with only small
temporal trends since 1990 (e.g. Dlugokencky et al., 1998).
From these correlations we can already conclude that no ma-
jor changes in dynamics in the stratosphere and/or changes
in the chemical sinks are observed.
Nevertheless, two areas of variability can be easily identi-

fied in Fig. 2: first, there is increased variability in both � val-
ues for methane mixing ratios<⇠1000 ppb, which is mainly
vortex or vortex edge air. For this region the assumptions
of Plumb and Ko (1992) fail, since at the vortex edge the
quasi-horizontal mixing on an isentrope is not fast enough to
equilibrate mixing ratio variations. In the inner vortex region
the time scale for vertical advection is of the same size as
horizontal transport across the edge. Furthermore, the vor-
tex undergoes dramatic changes over the seasons (it forms,
breaks up and resolves).
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Existing stratospheric measurements

• High-altitude aircraft
– ER-2 and Geophysica
– 22 km

• Balloon measurements
– Cryogenic sampler (250 kg payload)



Stratospheric sampling using AirCore

Stable isotope analysis, Mrozek et al. 2016
Radiocarbon analysis, Paul et al. 2016

AirCore, Karion et al. 2010

Profile

Sub 
sampler

Limited by:
• Vertical resolution 
• Sample size



A new stratospheric sampler
• Lightweight (easy operation and low cost)
• Larger amount of air per sample
• Higher vertical resolution per sample
• Reasonable accuracy for GHG measurements

• Applications:
– Validation of AirCore vertical altitude
– Analysis of isotopic compositions
– ….



System design

Pump

Datalogger

B1B2

B3

B4

S1S2

S5

S4

S3

P1

Battery

Diaphragm pump (8 
l/m)

B1-B4: Sampling bags

S1-S5: Valve, 
controlled by a servo 
motor

Datalogger

Weight core  ~1 kg



Design

Manifold

Pressure sensor

Pump 

Bag Valve   Data logger

22 cm
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Storage tests
• Storage test of sampling bags
– Drift=[4 hours]-[Initial measurement]



Storage test results

MLFTedlar



Storage test results

MLFTedlar



Vertical resolution vs. Sample size
• Vertical resolution 
– Ascending speed (5 m/s)
– Sampling time

• Sample size
– Sampling time 
– Pumping capacity

Characterization of the pump



Characterization of the pump

(/vertical resolution)



Test Flight

• Sodankylä (67.368N, 26.633E, 179 
m.a.s.l )

• 26th of April 2017

• Payload: sampler (2.8 kg), AirCore, 
Radiosonde

• Other AirCore flights: 21st and 24th

of April, 15th of May



Flight & AirCore comparison

All AirCore flights supported by ESA.



Towards the CO2 bias

1. Potential contamination of pump

2. Bag materials under very low temperature



Flight & AirCore comparison

All AirCore flights supported by ESA.



Conclusions

①A new lightweight stratospheric sampler was 
designed and tested in the laboratory

① Drift due to storage was quantified to be less than 
0.12 ppm CO2, 2 ppb CH4, 3 ppb CO

② A relation between vertical resolution and sample 
amount was established for each pressure level

②The sampler successfully obtained 4 samples
① First comparison with AirCore
② Sample size: 290 to 890 mL
③ Resolution .5 to 1.3 km 
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Storage test result (low mole fractions) 



Flight samples 

Pressure level 

(hPa)

Vertical Resolution 

(km)

Sample size (Lstp)

170.4 0.52 0.89

125.8 1.55 0.84

85.4 1.30 0.58

43.0 1.24 0.29


