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Composition-Climate Interactions
(with a focus on ozone and the Arctic)
(and in three parts)

® Introduction
W Structure of the atmosphere
® Why does ozone matter?
® Modelling the atmosphere
® Therecent past
® Observations (an aside: Antarctic climate change)
® Simulations of the recent past
® Expectations for the future
® Common sense (0zone recovery)
® Projecting the future (surprises?)
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Zonal Mean Total Column Ozone Trends &(IT

total ozone trends (1979-1997)
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Regional Total Column Ozone Trends
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Role of Natural Variability
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Excursion to the Southern Hemisphere ﬂ(".

Total Ozone Columns (DU)
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Christophe Lerot, BIRA/IASB
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Temp

eratures in PSCs

Minimum Air Temperatures in the Polar Stratosphere

Arctic winter
Nov Dec Jan Feb March April

| I | | |
Average daily values (40° to 90° latitude) =

—==— Arctic 1979/80 to 2013/14
——— Antarctic 1979 to 2013 <
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Catalytic Ozone Destruction

PSCs allow the
formation of
CIO and BrO

0zone Destruction Cycle 1

Oxygen molecule (O Chlorine atom (CI) Ozone (0,)

fv \/"“@

CIO +0 1 Chlorine Cl+0, Ozone
reactmn catalytic reactmn destruction
cycle /

Oxygen atom (0) Chlorine monoxide (CIO) Oxygen molecule (O

Cl+0, - ClO+Q,
= CI0+0 — CI+0,

Net: O0+0, — 20,
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Ozone Destruction Cycles
in Polar Regions

Cycle 2
CIO + CIO —(CIO),
(ClO),+ sunlight — CIOO + Cl
CIOO — Cl + 0,
2(Cl+0, —»CIO+0,)

Net: 20, — 30,

Cycle 3
ClIO + BrO — Cl+Br+0,

( CIO + BrO — BrCl + O, )
r

BrCl + sunlight — CIl + Br

Cl+0, — ClO +0, é
Br+0; — BrO+ 0, O
Net: 20, — 30, o
H
AN
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,Observed” Ozone and Temperature Change

ERA-Interim Reality: Mean(1998 to 2002) - Mean(1979 to 1983)

Ozone Difference [%] — 90°-75°S
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“Observed” circulation and surface changes

ERA-Interim Reality: Mean(1998 to 2002) - Mean(1979 to 1983)

Height Difference [m] — 90°-75°S Surface Temp. Difference [K]
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Understanding: Designing experiments

BTy ey
spheric Sclences

http://www.ukca.ac.uk/wiki/index.php/UKCA

Model:

UMUKCA @ N48L60
3.75°%2.5°, 0 — 84km

CheS Chemistry (Look-up J)
CheST+ Chemistry (Fast-Jx)
Boundary conditions:

Hadley Centre SSTs/SI

Time slices for 2000 conditions
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Pair A: UMUKCA CheS

A : Control :
2000a 2000t

B Wi'ghout halogen activation on PISCs

2000a 2000t

-

L

A=A-B

Atmosphere
Ocean
Composition
Model
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Modelled ozone loss and response

Ozone Difference [%] — 90°-75°S Height Difference [m] — 90°-75°S
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Effects on surface climate ﬂ(".

Temperature Difference (K)
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Antarctic Ozone and Climate
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Antarctic Ozone Depletion Impacts on Southern Hemisphere Tropospheric Climate
Cooling due to
the Ozone Hole L m——eE
0"‘".'.
Stratosphere e
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Radiative Forcing
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Annual mean radiative forcing due to stratospheric ozone changes between 1979-1981 and 1995-1997
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Modelled Ozone Trends
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Mid-Latitude Ozone Change

diff. (clim.—control) — Au [m/s]
0.3
0.5 1

1 i

37.
5 -
104

\ 4

30 1
50 1
100 -

pressure [hPa]

300 1
500 1

F~|

1000

January latitude [deg.]

<90% 95% >99%

Braesicke and Pyle, GRL, 2003

17.07.2016

10N 20N 30N 40N 50N 60N 70N 8ON 9ON

nroceyre [hPA]

100 1

300 4
500 -

10N 20N 30N 40N 50N 60N 70N 80N 90N

March latitude [deq.]

<90% 95% >997%

diff. (loss—control) — A03 [nbar]

e e
—

3
5 -
10 1

30
50 1

100 4

|
/’/_.0;

e
0‘_, 0/

300 4
500 1

10N 20N 30N 40N 50N 60N 70N BON 9ON
latitude [deg.]
March

Peter Braesicke - Composition-Climate Interactions

SKIT

Karlsruher Institut fur Technologie

Unified Model: January
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Temperature Trends
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Shine et al., QJRMS, 2003
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Jet Shifts

17.07.2016
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Ozone and Climate (Change)
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Altitude

A

Stratospheric
cooling
Ozone

PSC maximum

region

<€

Tropospheric
warming

NP
SP

Polar Region

Z

AO,
+

+/-

toa

J o
=0

GHG cause stratospheric cooling
— Gas phase ozone destruction slows down
—> Ozone is increasing

The abundance of chlorine containing species is decreasing
— Less ozone is destroyed by chlorine chemistry

(sources are shrinking and transport removes chlorine
from the stratosphere and redistributes ozone)

PSCs form below a threshold temperature:

In colder conditions more PSCs could be formed for longer

- If more chlorine reservoirs can be activated ozone is decreasing
In warmer conditions less PSCs would be formed

—> Less chlorine activation would result in increasing ozone

Total ozone: column integrated ozone

— Is influenced by all mechanisms described above

Recovery: Total ozone is no longer affected by chlorine chemistry
Return: Total ozone reaches a value it had in the past (e.g. in 1980)

<:| Poleward and downward transport
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HALO Research Aircraft ﬁ(".

Gimballed Limb Observer for Radiance Imaging of the Atmosphere (GLORIA)
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POLSTRACC Winter 2015/16 ﬂ(IT

Polar Vortex

1 ..“ u“ .m RN
Chemical & Physical
Processing

Ouvufflow
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The importance of model resolution
POLSTRACC Flight #14 20160226
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Peter Braesicke
peter.braesicke@kit.edu
http://www.imk-asf.kit.edu

Thank you for your attention!

QUESTIONS?
A GREAT WIND IS BLOWING, AND THAT GIVES YOU EITHER IMAGINATION
OR A HEADACHE. CATHERINE Il OF RUSSIA (1729-1796)
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