Guillaume Kirgis, Thierry Leblanc, Tao Li
Stuart McDermid

\ | 0
AR ;“\\\l‘lm\ifl

Gl

¥ o
”

847
11} i':‘ ,//22

W OF ATMOgp,

g | | Variability
Measured by Lidar at MLO




60

&0

10}

30 p

ALTITUDE (km)

LIDAR 1
10 B

LIDAR 2

0
0.0E+00 1.0E+12 2.0E+12 3.0E+12 4.0E+12 5.0E+12
OZONE NUMBER DENSITY (em=3)

AP0




& #
+ #& #,) -
/) *01 > - 23 4
56
78
9+% )
L # & : &) 6 (
-<
& :
= ) &) # ) # (
"# 6 &# &6 ) ) % & >3 7>
#H& ) # ) ' & (
56 , # & # &
@ - - & 6
# 6 6 # & # & '>> (
A ,#& B# 6 & & - ( &
[ ) #) 8 6 (

AP0




Number of Profiles

[75)
[=]

== == [ a2
[=] (2] [=] o
IIIIIII|IIII|IIII

(2]

0

1996

Altitude (km)

50

45

L 5] J
L] n L]
TT T[T T T T[T T T T [T T T T[T T T T[T T T T [TTTT

]
[&)]

20

15

MLO Ozone Mxr 1996-2010 Climatology
— . . —

—  DJF
—— - MAM
— A
— — . 30N

2 4 5] a
03 mxr (ppmvy)

Histogram for years 1996-2010

1897 1998 1999 2000 2001

Year

2002 2003 2004 2005 2006 2007 2008 2009 2010

2011

AP0



" H#

Precision (%)

0 10 20 a0 40 50
5[: [ T T 1 T T T 1 T 1 | T T T LI T 1 T | T T T 1 LI T 1 | T T 1 _I | | I | | T T T T T 1 T 1 T ]
45 —
B RAYLEIGH HIGH i
40— —
E‘ i |
_E = -
-3 - -
= [ il
W0 —
B RAYLEIGH LOW i
25— —
- Pracision 1
[ L Resolution i
20— RAMAN —
1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1
0 2 4 A 8 10
Resolution (km)

AP0




+ #,, & & H

& & ) C# , 6

) # &

< & #

+ # & & & # & @9:AA

& H# & # # # >
D # & # &
#

AP0



&

# %

#& E= ,

%

TUINEIT [ TUTTUINT T VURETION T TUANITIOD TTIRITIN T RETIERTIY T HNIONTIN

#H A &'>F@ ?>3F(

'$>F@ > F7(

@ G #&

&H @ 6 ?>.@ 7>.7(

'35> F@ > F7(

7

'3>3F@ >$F

D
A & '3>77F@ $>3F(

5# J

> .@ 3> .7(

K

# #,

A: L:'3>3F@ $>$F (

, o #

> F(
> F7(

' >3F@

56

%

H

"SF

& D

%#H&E @ 6M  &'3>3F ?>?F7(

> 7> (

22>7%. 3> .7(

9# &NL

#H A &'>F@ ?>3F(

'$>F@ > F7(

@ G #&

7

$

'3>3F@ >$F

3$> F@ > F7(
D
A & '3>77F@ $>3F(

5#

&H @ 6 ?>.@ 7>.7(
J

> .@ 3> .7(

K

# #,

A: L:'3>3F@ $>%F (

, o #

'>3F@ > F(

56

%

H

> 72> (

%#HE @ 6M &'3>3F ?>?F7(

22>7%. 3> .7(

9# &NL

_J
D
~\




S
P

o Q=¥ P

- = 5 =
« O P

_ 5 =
. &

- D% (

- %="(

— %#H& '(

— =5J

- @ : #&

— 5 ,

AP0




)**)

60 60
— GSFC Lidar
— JPL Lider
50 50 — NOAA Sonde
— UMASS jWave
2 2
T T
< <
2 30 3 30
2 2
B B
20 20
10 10
o { J J J J J J J J o J J J J J J J J J

0.E+00 5E+1 1E+12 2E+12 2E+12 3E+H12 3E+H2 4E+12 4.E+12 5E+12 5E+12 0E+00 5E+1 1E+12 2E+12 2E+12 3E+12 3E+12 4E+2 4E+12 5E+12 5E+12
Ozone Number Density cm ) Ozone Number Density cm )




+ % (
--_I__

7'Q 17 ++ I +79 Q7"
L:" % D, i I T@<+: |I=:= ;B 3 2
D & #8 ? $
# , ?
A%:7 | ? ik b 3
Q ? A $
: B ? %
5:%=7 Q# ? Ab5+:::A5/ <
5 ? Q 3 72
! $
B $
5"9+ %, ( 9; J- ‘+ 6&
D?
@=: QL<- J I A+:- AT
9 #
A5:;J 1J Q I L 0% %, ?
K $
7" _ =,7 ’ B ’) I 5!!9% @ &
i $
=9+@ - 9 @R I 7
KS #

AP0




A= =+=A+
56 # 6 #
6 # . #

56& 6 #) ,6 C# .

# %, ++JB

56 &) .

568& 6 #) ,6 C# .
6 .

Q#, & #8 ' & (

J # # Bk

' 8 #'6 # (

& (

&

&

AP0



-100 -75 50 -25 0 25 50 75 100
Ozone volume mixing ratio anomaly in %
& ,6& B T) &, %= &
, 6 K# & : >/ B - & &,
& *& * 8 # &, & >

AP0




|

il | - i
J VIR

8

1995

N
I"I | ' | G .1 A II*' 1
| f | { | f [
w [\ .Ilk I .Tl.".l l IL J - "‘ i * 4 B, i |I&it‘ ﬂl
1997 1999 2001 2003 2005 2007 2009 2011
Year

AP0



% #
O3(t) = (O3mXr),, - MeaNggg 50, [(O3MXI), ]

O3(t)=a - trend+ b - solar+ g, - QBQ +g, - QBGQ, +€- ENSO+ 7- ODGI +y - EPflux+residual

Solar F10.7em™ radio flux ENSO MEI reference
=W E iE 3
200F- 3 = 3
5 F ] § 'E 3
= E = L] = =
] & 0F ]
= E o E
& 10 = = -1
0E- 3 2E
ok L L L L L L L L \ \ . L L L 3 -aE \ \ \ . \ \ \ \ . . . . . .
1894 1287 1998 10e@ 2000 2001 2002 2003 2004 2005 2006 2007 2003 2000 2010 2011 1898 18287 1998 1800 2000 2001 2002 2003 2004 2005 2006 2007 2003 2008 2010 2011
Year Year
Time series of QBO coefficients from EQOF 0 QDG proxy
- 11
—  PCi i
FC2 3 100

: | g
& - £ FE_ e
% ] E® 3
-Dip - 3
F = T0E -
-nzfF = E E
1006 1907 1002 1000 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 1998 1907 1988 1009 2000 2001 2002 2003 2004 2005 2006 2007 2002 2008 2010 2011
Year Year

Eliassen—Palm flux vertical component time series @ 100hPa

il

Amplitude (10°kg/s')
&

=
o

ook L . L . L L . L . L L . L . =
1996 1207 1985 1009 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 20
Year




(  # & -

Ozone Anomalies (ppmv)

-12 10 08 06 -04 02 0.0 0.2 0.4 0.6 0.8 10 1.2

Lidar Ozone QBO
L

]

Altitude (km)
=]

1996 1997 1993 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

AP0




Ozone Anomalies (ppmv)
I I I I

-12 -10 -08 -06 -04 -02 0.0 0.2 04 0.6 0.8 1.0 12

Lidar Czone QBO
45

40

L
on

Altitude (km)

30|
25} %

20

1996 1997 195938 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Singapore zonal wind (u=0)
- .... Singapore zonal wind (u<0)

AP0




( # & .$%

Ozone Anomalies (ppmv)

-0.6 —0.4 -0.2 0.0 0.2 0.4 0.6

Lidar Ozone ENSO
45

6

Altitude (km)
&

' — - F
19596 1997 1993 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

AP0




( # & % |

Ozone Anomalies (ppmv)

-06 -04 -02 0.0 02 04 06

i

Altitude (km)
&

1996 1997 19938 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

AP0




(  # & /| 0

Ozone Anomalies (ppmv)

0.6

-06 -04 -0.2 0.0 0.2 0.4

Lidar Ozone ODGI

Altitude (km)

Year

AP0




Altitude (km)

1995199?199319992@2@120022%2%4%2{1162{!} Z{I}HZ{I}QZ'I] 2011

Year

AP0



Ozone Anomalies (ppmv)

0.6

—0.6 —0.4 -0.2 0.0 0.2 0.4

Lidar Ozone Linear Trend

1

45

i

Altitude (km)
]

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

AP0




Ozone Anomalies (ppmv)

04 08 048 1.0 12

02

-06 -04 -02 00

-0.8

-10

=

Lidar Ozone Esiual

(W) apniny

1996 1997 1993 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

_
D
“\




qioh OF ATHOS .
e

%

Altitude (km)

15

—  Linear
_ Bolar
ENSO
QBO
EF flux
ODGI
R

20 40 60 80 100
Percentage of variance (%)

AP0



%0




%



