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The Importance of Balloon-Based 
Observations in Stratospheric Research

Benefits of balloon observations:
• High resolution vertical profiles to ~35 km
• Long-term datasets
• Observations worldwide
• Large, complementary payloads

Martyn Chipperfield

Examples:
• Polar ozone loss 
• Denitrification
• Stratospheric bromine trends
• Climate change and stratospheric circulation?
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Major Issues in Stratospheric Science

But there are also two-
way chemistry-climate 
interactions

Montreal Protocol has 
controlled ozone-
depleting substances 

Ozone is just starting to 
recover from past 
depletion
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Polar Ozone - Discovery

Balloon ozone sondes were essential in revealing the altitude of ozone depletion in campaigns around 1986

Farman et al (1985)
Ozone hole 
discovered from 
ground-based 
column data

Solomon et al (2005)

Early satellite plots 
of ozone column
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Polar Ozone – South Pole Ozone Sondes

Regular NOAA 
ozone sondes at 
South Pole 

High vertical 
resolution

Long timeseries
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Polar Ozone - Recovery

Solomon et al. (Science, 2016)

Sonde data important for confirming ‘fingerprint’ of decreasing 
chemical ozone loss in Antarctic
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Polar Ozone - Denitrification

Waibel et al. (Science, 1999)

• MIPAS-B balloon flight – Kiruna (67oN) 
Feb 11th 1995.

• Limb IR observations of NO2, HNO3, 
ClONO2, N2O5, HO2NO2, N2O and CH4.

• Near complete coverage of 
stratospheric nitrogen species (NOy).

• Complementary long-lived tracer data 
essential for dynamics and reference 
atmosphere.

• Allows determination of 
‘denitrification’ mechanism – process 
by which sedimenting polar 
stratospheric clouds (PSCs) remove 
condensed HNO3. Enhances ozone 
loss.
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• Bromine, along with chlorine, is one of the most important species for causing ozone depletion. 
• Among Bry species, only BrO can be well observed.
• Balloon-borne UV-vis limb BrO observations are an essential data set for allowing us to derive stratospheric 

bromine trends (and thereby have confidence in the Montreal Protocol and ozone recovery).

Dorf et al., GRL, doi:10.1029/2006GL027714, 2006.

Detailed photochemical modelling to convert BrO to Bry

Stratospheric Bromine – Deriving Total Bromine
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Stratospheric Bromine – Long-Term Variation

Update of Dorf et al. (2006)

Evidence that stratospheric 
bromine is decreasing, but 
important to continue to monitor 
(e.g. as large contribution from 
natural very short-lived species 
(VSLS), which may change…)

WMO/UNEP (2018)
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Balloons as Dynamical Tracers - Vorcore

• Long duration superpressure balloons
• 27 flights in Antarctic vortex in spring 2005
• Reveal Lagrangian dynamics of polar vortex

Hertzog et al (2007)
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Changing Brewer-Dobson Circulation?

Meridional Brewer-Dobson 
Circulation Stratospheric age of air (AoA) Models predict circulation will 

speed up – i.e. younger AoA
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Changing Brewer-Dobson Circulation?

• Balloon observations of long-lived tracers (SF6, CO2)
• 27 flights 1975-2005; 32oN-51oN
• Data (up to then) did NOT show significant trend
• Need to continue data series…

Engel et al. (2008)

CO2 Derived AoA
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• Balloons offer some important and unique advantages as a platform for 
stratospheric observations (vertical resolution, altitude range, …). 
Complementary with ground-based/aircraft/satellite platforms.

• Balloon-borne observations have made important contributions to our 
understanding of stratospheric composition during the past ~50 ‘ozone 
depletion’ years (e.g. characterising O3 depletion, chemical and 
microphysical mechanisms, trace gas trends, …).

• Balloons will continue to help probe changing composition of the 
stratosphere related to ozone recovery and changing climate.

Summary  
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Tropospheric loading of long-lived ozone 
depleting substances now largely decreasing.

Subsequent decrease in stratospheric 
chlorine (Cly) and bromine (Bry).

Montreal Protocol (1987)
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Ozone Depletion and Recovery

1980 used as 
reference 
baseline, but 
ozone depletion 
from chlorine 
and bromine did 
occur before this 
time.
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