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Overview of the CHASER model

[ @ Based on CCSRNIES AGCM s4gse |  Sudoetal[2002ab] (CEASIER

Horizontal resolution : T42 (2.8 ° x28° )| [ J-Values
32 vertical layers (D-40km) calculated on-line by using GCM

® 34 tracers, 13 radical species radiation flux and temperture.
® 142 chemical reactions

including 7 heterogeneous reactions : - :
® Upper boundary(>20km) g GE) Photochemical reactmﬂ

Ozone: HALOE (1992-1998) ‘
K others: 3D stratospheric chemical madej Y

( ; o @) Chemical reaction)

(5) Wet Depnsitibnq 1‘. SO, (--)

— «b,ol
HNO, H.0. CH,® CH,O.H 4
calculated by GCM |r-|'e-:‘i,1:-it;¢_i-::n Y Q NMHC

(6) Lightning NOx prod.

parameterized with GCM

convection
Hj

(3) Surface Emission
NO. CO C.Hs C-H, CsH; GH;
Acetone, Isoprene, Terpenes
ONMV SO- DMS

(4) Dry Deposition

0, NO. HNO, H.0. CO PAN CH.0O CH.O.

calculated using temperture, solar irradiance, snow cover
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Observed & calculated seasonal variations of surface ozone

10

Reykauk 641 2V

Reykjavik — mi &
-®
.
L I
iR oo oem®
[ i ul ]
JIFIM .I:I.IM JIJ .I:I.IE -::Ir-.l =]
Iilorth
Kageehima 22H121E

1 1 I- 1 Il:tE. I.- .
Kagoshima — meas ©
s e llwl . 1 3
A & il!‘ fqiER

. [AH] o '- ' L
- ] . -
= { E
JIFIM .I:I.IM JIJ .I:I.IE -::Ir-.l =]

Forih
Samoa 145 189E

1 1 1 1 r:..ﬁ_ I:-.- :
| Samoa .
1 . il K. I ]
&2 M7 H - g

Cuymibing ratio [ppbe]

25 miking ratio [ppbe]
B EEBRBEB

B B &5 2 B

2, miding ratio [ppbe]

HE

o o

d

o

B B B

&

B

I.-'E.I:E- HE-E.EI 53-” 1l.'.'l'l.'|'

Mace Head o

Rl
BTl
i ]

“aaaﬁaaﬁ

J F K &K J J A 5 O MDD
Ikttt

Barruda 221 &4

1 ] ] ] ] 1 II:tEI..I-..I
- Bermuda medkl
g
R R-HIN. i &
lille i | S
'iI'T'E'Jm
5 IR

J F K &K J J A 5 O MDD

Cuiaba 1685 560

- ok, i
. model )
Cuiaba
o

| o Y

]
sflicEn 2 vl ]
e coog" O

L i

0, i ireg ratls [Pt ] D, mbing ratlo [ppb]

B B & 8 &

O, i ratls [ppb]

s HEERBLAEBER

4 B

Hehenpsissenberg 421 11E

!.

Hohenpelsenbergdﬂ

ii.“ .
- n - .

L

J FK & J J A& TF O MDD
Ilorth

Kamna Loa 1904 1550

] ] 1 ] ctﬂl !I
- Mauna Loa  messt b S
i . ! | ]
-w Ch ; 3 WG i
i . w o (- 5_

J FK & J J A TF O MDD
Il

Cape 3nm 405 144E

1 1 1 1 rnﬁj !I
- Cape Grim T
i . ®aa ]

-:._:3 Ch 2 !;
aw o .

J FK & J J A TF O MDD



Radiative forcing (W m-2) due to tropospheric ozone increase
calculated by CHASER ( preindustrial > present-day )

Tropospheric ozone increase LW+ SW  total ozone forcing e
O

197 TgO3 (preindustrial)

! +10.4 DU (+58%)

311 TgO3 (present-day)

Tropospheric ozone radiative forcing

W m-2 (at tropopause, in annual mean)

Global NH SH
LW 0.402 0.485 0.319
SW 0.085 0.107 0.063
LW + 0.487 0.592 0.382
SW

Normalized radiative forcing

= 0.047 W m2DU-1
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Effect on Temperature

Distribution
e
X
Variation of Tropospheric Ozone P
- Effect onEast/West Average AT (K) | S
<

~ 25-30% of WMGHGs for
Troposphere in the Northern Hemisphere
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Effect on Surface Temperature ( 2m) : Chemistry Camat Hode
Tropospheric Ozone Increase

I Radiative Forcing I Change in Surface Temperature ]
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Increse of Surface Temperature
due to O3 Increase

Surface Temperature Increase for
Uniform Global Ozone Icrease
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Mickley, et al., J. Geophys. Res., 109, D05106, (2004)
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Chemistry Climate Model -

Effect on Surface (2m) Temperature : Tropospheric
Ozone and WMGHGs

East-West, Annual Average
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Contribution to Surface Temperature ( % )
Tropospheric Oozne Increase

AT (Tropo.O,) 100 (%)
AT (WMGHGSs+Tropo.Q,)
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Effect on Annual Precipitation Amount : Tropospheric
Ozone Increase and WMGHGs Increse

I Tropospheric Ozone I WMGHGs
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Summary and Conclusions

P

@ Equilibrated climate response of tropospheric ozone and long-loved GHG
(WMGHG) from pre-industrial to present has been evaluated.

@ Tropospheric ozone brings more than 0.6 °C increase in the upper troposphere,
which contributes 20-30 % of WMGHGs.

® Temperature decrease up tp1.0 °C by tropospheric ozone was calculated in the
stratosphere.

@ Tropospheric ozone and WMGHGs increase will increase global average surface
temperature by +0.5°C, ad +2.3°C., Contribution of tropospheric ozone is large in
North America, Middle East and Western Pacific including Japan.

® Climate senisitivity of tropospehric ozone is 1.04 K m2 w1,

® Impact of tropospheric ozone on cloud and precipitation may not be negligible.



