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Benefits of balloon observations: Examples:
» High resolution vertical profiles to ~35 km | » Polar ozone loss

» Long-term datasets * Denitrification
» Observations worldwide  Stratospheric bromine trends

» Large, complementary payloads  Climate change and stratospheric circulation?
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Major Issues In Stratospheric Science
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From Chapter 3 of Scientific Assessment of Cirone Depietions 010 (WD, 2011).

Montreal Protocol has
controlled ozone-
depleting substances

Ozone is just starting to
recover from past
depletion

But there are also two-
way chemistry-climate
interactions
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Polar Ozone - Discovery UNIVERSITY OF LEEDS

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

SOLOMON ET AL.: FOUR DECADES OF ANTARCTIC OZONESONDES

’a T l L R Farman et al (1985) 0 South If’qle(:l?ﬁﬁ-ﬂﬂ)l Soth If’qle(jglgp-2[|1(l|0) 10
| H ‘ } H /; Ozone hole oct. it oct
300 - I I l-l | discovered from
I { H j l ground-based £ 10 J1o0 £
_ o o
i 1. l column data
| ] } 10000 . . . o« o o0y L L4 w0 w144, 11000
- g 0 2¢10'2  4+10" 6¢10” 8+10 0 24107  4+10'* 610" 8e10"
[i o SYOWa(166-1975) - ___Syowa (19902000
- R . i Oct
| N WU N W [ TR T TR S NN S .-.:'::".":‘.-.'ﬂ
1960 1970 1980 g‘g‘
£ 00} T100 £
o o
Early satellite plots
of ozone column W000bEE . L b0 {1000
0 2410 410" 610" 810™ 0 2¢10™ 410" 6+10"* 810"
Ozone Density (cm™®) Ozone Density (cm™®)
Solomon et al (2005)

Martyn Chipperfield



Polar Ozone — South Pole Ozone Sondes

UNIVERSITY OF LEEDS

Regular NOAA
ozone sondes at
South Pole

High vertical
resolution

Long timeseries
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Polar Ozone - Recovery UNIVERSITY OF LEEDS

OZONE HOLE

Sonde data important for confirming ‘fingerprint’ of decreasing

Emergence of heallng in the chemical ozone loss in Antarctic

Antarctic ozone layer
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Fig. 2. Trends in Southern Hemisphere (SH) polar cap ozone profiles in September. Ozone data from balloons at the Syowa (69°S, 39.58°E) (Left)
and South Pole (Right) stations, along with model simulations averaged over the polar cap and over 85°S to 90°S, respectively, are shown versus
pressure. The shading represents the uncertainties on the trends at the 90% statistical confidence interval.

Solomon et al. (Science, 2016)
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Polar Ozone - Denitrification UNIVERSITY OF LEEDS

AH0 (ppmv) Fig. 1. (A) Arctic NO,, profiles in mid-

. . -0.2 0 +0.2 Feb 1995. Symbols: , bal-

« MIPAS-B balloon flight — Kiruna (67°N) T T T T T T T e MIPAS.B observations (12),
Feb 11th 1995, 30 : A _ B dots, aircraft-borne observations (76).

Solid symbols are NO, measure-
ments; open symbols mark NO_, de-
J:* ! duced from MIPAS N,O measure-

1 ments (73). NO;, represents the unper-
turbed case (without denitrification).
—t . The model calculations are denoted
by lines [dotted line, mid-latitude ref-
erence NO,, profile (28); dashed line,
scenario O With subsidence of air only
(no particle sedimentation); red line,
scenario 3 showing the effect of deni-
trification due to sedimenting ice and
NAT particles]. (B) Vertical redistribu-
tion of NO_ (red) and H,O (blue). In
addition, measured ANO is shown

* Limb IR observations of NO,, HNO;,
CIONO,, N,O., HO,NO,, N,O and CH,. -
e Near complete coverage of o5 |
stratospheric nitrogen species (NOy).
e Complementary long-lived tracer data
essential for dynamics and reference
atmosphere. i
e Allows determination of i
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Stratospheric Bromine — Deriving Total Bromine

UNIVERSITY OF LEEDS

 Bromine, along with chlorine, is one of the most important species for causing ozone depletion.

e Among Bry species, only BrO can be well observed.

e 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).
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Stratospheric Bromine — Long-Term Variation

UNIVERSITY OF LEEDS
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Balloons as Dynamical Tracers - Vorcore UNIVERSITY OF LEEDS

e |Lon g duration su perpressure balloons Stratéole/Vorcore—Long-duration, Superpressure Balloons to Study the Antarctic
. . . . . Lower Stratosphere during the 2005 Winter
e 27 flights in Antarctic vortex in spring 2005 ,_ ) ) )
ALBERT HERTZOG.* PHILIPPE COCQUEREZ," CLAUDE BASDEVANT,” GILLIAN BOCCARA,
e Reveal Lagra ngia N dyna mics of pola r vortex JEROME BORDEREAU.# BERNARD BRIOIT.# ALAIN CARDONNE,© RENE GUILBON, T ALAIN Rj;VISSOT,@

ERIC SCHMITT,@ JEAN-NOEL VALDIVIA,T STEPHANIE VENEL, T AND FRANCOIS VIAL

* Laboratoire de Météorologie Dynamique, Université Pierre et Marie Curie, IPSL, CNRS, Palaiseau, France
+ Centre National d’Etudes Spatiales, Toulouse, France
# Laboratoire de Météorologie Dynamique, Ecole Polytechnique, IPSL, CNRS, Palaiseau, France
@ Centre National d’Etudes Spatiales, Aire-sur-l’Adour, France

September—October November December—Jonuary

R S

Oct 3, 2005

Fi16. 8. (top) Geographical distribution of Vorcore balloon observations in (left) September-October,
(middle) November, and (right) December—January. (bottom) Potential vorticity analyzed by ECMWF
on the 475-K isentrope on days representative of the three phases of the stratospheric flow during
Vorcore: (left) centered vortex, (middle) vortex displaced off the South Pole but still well defined, and

(right) vortex broken up in several pieces. The thick white line represents the vortex edge as defined by H e rtzog et a I (2007)

the Nash et al. (1996) algorithm. The PV color code is the same on the three panels.
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Changing Brewer-Dobson Circulation?

AMean Age, 50 hPa
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Figure 10. Mean age changes at 50 hPa during 21st century
simulations from ten of the CCMs described in Morgenstern et

0% | A Figure 3. Annual mean age of air in years simulated by al. [2011]. The mean age difference is the difference between
winter pole summer pole a CCM for the year 2000 (contours) and the simulated an average of the last 10 years of the simulations (usually,
change in age from 2000 to 2080 (colors). Figure 2a 2090-2099), and an average over 1990-1999. All of the CCMs
s from Li et al. [2012]. ©American Geophysical Union. Used predict younger age at all latitudes at the end of the 21st
M eri d ioNna I B rewer- DO bSO N century. Figure 5.18 (left panel) from Neu et al. [2010].
Circulation Stratospheric age of air (AoA) Models predict circulation will

speed up —i.e. younger AoA
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. . . : P,
Changing Brewer-Dobson Circulation” UNIVERSITY OF LEEDS

LETTERS nature

geoscience * Balloon observations of long-lived tracers (SF,, CO,)
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Summary

UNIVERSITY OF LEEDS

e 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 O, depletion, chemical and
microphysical mechanisms, trace gas trends, ...).

e Balloons will continue to help probe changing composition of the
stratosphere related to ozone recovery and changing climate.
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Montreal Protocol (1987)

Eﬁect of the Montreal Protocol Past arlld PrujectedlAtmospheric Abun;gcances of I-Ialolgen Sm.lrce ?ases
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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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Ozone change from pre-1980

increasing ozone

decreasing ozone

[y

Expected
return of
EESC to 1980

Stage iii: Full levels

recovery of ozone

r

Range of projections

From Chapter 6 of Scientific Assessment of Ozone Depletion: 2006 (WMO, 2007).
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