Changes in stratospheric
water vapor and aerosols
and their relation to ozone
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Stratospheric H,0O and O,

Impact of a stratospheric water change

increase H,O -> increase potential for PSCs

(Kirk-Davidoff et al., Nature, 1999)

CLaMS: Eqglat. > 65°N / (380—550K)
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Figure 6. (top) Column ozone (in Dobson units) of the reference (red), with additionally increased H,O
(“case A”, blue), “case A” with additional decreased temperatures (“case B”, yellow), and with a moderate
H,O0 increase (including corresponding decreased temperatures, “case C”, green) integrated over an altitude
range from 380 K to 550 K (=16-26 km) for equivalent latitudes poleward of 65°N. (middle) Ozone loss in
DU for these model simulations. (bottom) AO; due to “case A” (blue), “case B” (yellow), and “case C”
(green). A higher ozone loss of up to 5.9 DU (=10 %), 6.8 DU (=11 %), and 2.5 DU (4 %) is found
in “case A”, “case B”, and “case C”, respectively, compared to the reference.

From Vogel et al

..JGR, 2011



Stratospheric H,0O and O,

Impact of a stratospheric water change
increase H,O -> increase potential for PSCs ¥ O,
increase H,0 -> increase HOx ¥ 0,
increase H,O -> decrease stratospheric temperature
fO where PSCs do not form, 8-0; where there are PSCs
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Stratospheric H,0O and O,

Impact of a stratospheric water change

(d) DJF Southern hemisphere
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How has stratospheric H,0 changed?
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How has stratospheric H,0 changed?
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What causes H,O changes?

1) Changes in CH,
1979-2000 increase

ppb

2) Changes in tropical tropopause
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What causes H,O changes?
3) Variability related to potential changes in ice input

Geophysical Research Letters

RESEARCH LETTER Transport of ice into the stratosphere and the humidification
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What causes H,O changes?

3) Variability related to potential changes in ice input
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1 sample case where ice lofting is needed to reproduce observations, recent
strong ENSO event.

Avery et al., 2017, Nature Geoscience, 10, 405—409, DOI:10.1038/NGE0O2961



Stratospheric aerosol and O,

How do aerosols impact stratospheric ozone?

Changes from 1964-1980 average
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Stratospheric aerosol and O,

Relative differences in polar cap averaged
(63—-90°S) ozone between the Volcanic and
Vol-Clean WACCM simulations

a) SD-WACCM
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What causes stratospheric aerosol changes?

1) Volcanic input

Stratospheric burden (Gg S)
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2) Anthropogenic source is relatively small, but has changed with time
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Where do these changes fit into the O, big picture?

Global total ozone

-2 Essentially, the
aerosol and water
vapor effects are
encapsulated by the
spread of the
observational
symbols on this plot.

Total ozone change (DU)
|
abueyo Juad 184

B Base-GEOSCCM

1 L) L Ll l L) L) L) l T L) L) l
1960 2000 2040 2080

Year

Simulated global annual averaged total ozone response to changes in GHGs
and ODSs from the GSFC two-dimensional chemistry—climate model.

M P Chipperfield et al. Nature 549, 211-218 (2017) doi:10.1038/nature23681



What could happen in the future?

Considering stratospheric H,0O
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Figure 2. Time series of annual-averaged anomalies of [HyOJentry from the MRI (black), and its reconstruction using a multivariate linear
regression (brown). The red, green, and blue lines are the AT, BDC, and QBO terms from the regression, respectively.

Future increases are attributed to tropospheric warming with an
offset due to an increased strength of the Brewer Dobson Circulation

From Smalley et al., 2017, ACP



What could happen in the future?

Systematic changes in aerosol or water could skew the ozone evolution relative to
current model estimates, possibly delaying ozone recovery by a small number of years if:

» Stratospheric water increases
» There is a large volcanic eruption

Global AOD
" With geoengineering

» There is a new source of aerosols « control
Geoengineering? see Simone Tilmes’ talk#
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