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Is global ozone recovering?
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 Turnaround of ozone depleting substances (ODS),
equivalent effective stratospheric chlorine (EESC) and
ozone

e Diagnosing ozone increases

* Real-world difficulties

o Latitude altitude patterns / regions of largest ODS sensitivity
« Clearest signs for recovery

« Expectations & attribution, need for model simulations

o Lack of total ozone recovery: ODS vs. transport changes

« Tropical trends and tropospheric changes

e Summary




Montreal Protocol effective?
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Is ozone responding
& going up?

Due to ODS decline?
Due to transport &
other changes?

WMO, 2014
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IS 0zone going up?

@ Unlver5|tyof
sa%#a%et Reading

Total Ozone Column Change [%]

Models t2c

Observations

| -solar, volc,, ...
Trend
| | | | | | | | | | | | | | | |
1960 1980 2000 2020 2040




36 Universi.tyof

Is ozone: go oY NAEar I Reading

()]

w

I
w

Observations

Total Ozone Column Change [%]
<

I
(@)}

__I Trend

1960 1980 2000 2020 2040




BG University of

Is ozone: go oY NAEar I Reading

(@)

w

I
w

i ecline
| Observations [pacovery =3X slower than d

ears?)
ax longer to detect (30 yea s 2000)

L Trend [T (eg Weateead SR
| | I | I | I | | I

1960 1980 2000 2020 2040

Total Ozone Column Change [%]
<

I
(@)




Time to detect trend
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Plate 5. The expected number of years to detect the predicted trend for ozone. Estimates assume that a

15 to 40 years
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Look for regions where:

e trends / ODS effects are large
e variability i1s low

* measurements are good
 clear trends In the past
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Look at the past

WMO, 2014
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Ozone trends since 2000

3@ Umver5|ty of
MONTREAL

ERecer

Reading

University

G

(

SBUV-NASA, trd g7t 00,0

v

T
oy
@}

T ——
IS
]

T
o
O

20 1 I
50 3 20
1003 .
200 .
500 3 SBUV-based i
o003 A
90 -60 -30 Q0 30 80 90
SBUV—NOAA trd_gft_00.0
05T " g
" =
“1 )40
55
103 -0
20 1
50 3 20
1003
2001 .
5003 SBUV-based
10003 S —
90 -0 -30 O 30 80 490

2000 to 2016

NASA GOZCARDS trd Oﬁ OO O

_CCMYal2 trd_0ft_00.0,

0.5
14 05 trend
X 1
2 }. [%/dec]
55 k\ Lt_\ : 5
109 - 302
20: % 0
100 7 = -5
200
500 3 MLS-based
10003 ‘ ‘
~90  —60 -30 0O 30 60
SWOOSH trd_aft_00.0 SAGE—OSIR trd_oft_00.0
0.5 Ly 0 g
19 1 05 trend
2 2 [%/dec]
40
51 5 } =
107 10 £
201 20 4 2| Lo
50 ] 50 3 =
100 3 100 3 Bl
200 1 o 200 §
o0 MLS- based o2 OSIRIS-based -
o0 &0 30 0 S0 6o o0 &0 30 0 00 60 90
Steinbrecht et al., ACP, 2017

14



. 3@ Umversntyof @;ﬁ; %
Ozone trends since 2000 M@Rea ding ©)

2000 to 2016

454 COZLARDS trd o000 CCMVal2 trd_aft 00.0

KIT 52_MIP_OM trd_aft_00.0

0.5 7 0.5 7 5
1 R N l 507 7290, trend
2 2 2 V/dec
o @ "ﬂ
. g ‘\ RS 5 . 1
107 L0 107 07 -_J&l‘i _302
20 i 20 ) 2| fo
50 4 20 504 20 £
100 | 100 q ol
2007 Lo 2PY ] MLS b 10 10
e asec m
1000 3 | M|PAS-based | 1000 3 d h
90 -60 -30 0 30 60 90 —90 ‘ ern 90 g0 90
\sten patt L t WP
\UAH § af 5 - SAGE-05IR trd_aft 000
0‘5: r) 0‘5: L 1 n n 1 n L 1 L n 1 L n 1 n n
13 _ 13 _5003 trend
2 2 [%/dec]
40
5 ! o
E 3 c 5
103 20 107 -30=
20 4 207 Ll fo
o0 5 20 . 503 L og =
100 7 4 100 7 100 3 | oo
200 3 D g 200- 200 1 \ s o
oo ESA-CCI 5003 MLS based oo OSIRIS-based
—90 -80 -30 O 30 80 90 o0 -60 -30 0 30 60 9 -90 -80 -30 O 30 60 90

Steinbrecht et al., ACP, 2017

15




30 @ UnlverSItyOf

Increases over Antarctica? uovmes & Reading

Cranfield
‘ University

[GE

1979 1980 1981 1982 1983 1984 1985 1986

1988 1989 1990 1991 1992 1993 1994

1996 1997 1998 1999 2000 2001 2002

2003 2004 2005 2006 2007 2008 2009 2010

September total ozone
ozonewatch.gsfc.nasa.gov

2011 2012 2013 2014 2015 2016

16



3G @ Unlver5|tyof

Cranfield
University

1 1 MONTREAL
INCcreases over Antarctica PROTOCOL Reading Ny
d350 Total ozone trend 1979-2015 (90° S-60° S, Sept) .. average 220 DU OMD Day Of Year 220-280, south of 60°S
B a a T —Trrrrrr rTr-Tr-r-T = I I T ! T I
Bl 03 column < fit ]
M 03 column > fit ]
[\ 2071 perturbed years 7
300 —— EESC fit i
[ S 15 ]
£ [ §
I g | "
250 @ 10 n
L o
E B ]
m o |
— § 5 i
200 — SBUV v8.6 NASA ol . ' 1
| — SBUV v8.6 NOAA ] B 1
— GOMESAGSG oy | s -0.52 0.50 Mt/year
— GOME/SCIA/OMI GTO r2=0.83 ] i j
FIT (SBUV NASA) ] o | ]
150 _1'9'86 """" 1'9'96 """" 2'0'06 """" 2'0'1 6 """ 1977 1981 1985 1989 1993 1997 2001 2005 2009 2013 201
Chipperfield et al., Nature, 2017 de Laat et al., QOS, 2016

17



Increases over Antarctica

@ Unlver5|tyof
Sﬁ%’%’*éét Reading

: ARRERER RS RS A
900 F ‘ 1 :
JUU : SON b |

v -2000 baseline 9% :CI

<8000 | |

- r | I

= aTals I

CG 7'\_}(}‘ N | ‘. ]

— : | i l y

L : 3 Il increase |

£ 000} | F 4 since |

= 2000 g2 T\ 2000

© 500 s | B

= : | S

- 7 : : ;

QL \ | L

o 4I\"H“ \1'-. ]

S S e Y SN
300 ¢ ' (h)

: | Ay T
—10 O 10

O, trend [Y%/yeatr]

Kuttipurath & Nair, Nature, 2017

0zone Increase
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Increases over Antarctica

] @ Unlver5|tyof
(attributed) %%#‘8"56& Reading

400 - September Increase / decline

CCMI
® i 47 DU/dec /27 = 0.6

— 350 1 = Chem-Only
- - CCMI 85-90 °S @ SBUV
0 ++== Chem-Dyn-Vol 85-90 °S 4 South Pole
= 3004 v | should be 0.33 !
o \
: - N
iy | ' A other: 20 DU
o s o o = ODS: 20 DU
Y 200
S
o 1
= 150- ;

100 Y

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Solomon et al., Science 2016

19



Increases over Antarctica 36
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Increases upper stratosphere
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Model simulations (TOMCAT-CTM
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Model simulations (TOMCAT-CTM)
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Models differ!! MONTREAL
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e decline ended in mid-1990s (Montreal worked!)

* no significant increases since

e (small) chemical increases offset by (decadal)
transport changes?

e unexpected for increased Brewer Dobson circulation?

 related to warming hiatus?

 di-chloro methane unlikely (Hossaini et al., Nature, 2017: 2 DU /
50 years = 0.2 DU / decade = 0.07% / decade)

e to be watched
« WMO 20187
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Heue et al. AMT 2016
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Tropical ozone trends
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seasonal variation!

0 T
5 E
2 =
8 f -
T 4
E C 3
o C ]
& -10F =
(o} . ]

"W Tropospheric column ozone E

'20 E L " L L 1 L L L L 1 L L L L 1 ' L L L 1 L L L L 7

1860 1970 1980 1980 2000 2010




3G

: University of @;
Tropical ozone trends %%?g,‘fggt@Rea ding

@E

Ozone Trend (%/decade) of 4-11 km Layer from Irene-MOZAIC Dataset for 1990-2007
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» Ozone Is recovering in upper stratosphere

» patterns & magnitude consistent with expectations
» ODS + CO, as in WMO 2014

» Antarctic Sept. increase

» larger than expected from ODS decline!!

» Column ozone: no clear increases yet

» = expected (takes 20 to 40 years!)
» ,chemical increase offset by (unexpected) transport decline?

» tropospheric changes?

» to see actual recovery: need 1% accuracy, long-term
observations & simulations
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