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Note the correspondence between
Ozone and OH, the major oxidants,
Ozone makes OH locally, OH can
add to Ozone over time.
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Kinetic equations for Ozone Production

The analysis begins by considering the production of
ozone. In a given well-mixed parcel of air, each additional NO,
molecule from any source produces ozone by speeding these
reactions;

(R1) HOO® + NO —— NO, + OH"
(R2) ROO* + NO —— NO, + various products
(R3) NG, —Y , NO +0 —2 0, .

Since the latter reaction is fast, ozone production is to a very
close approximation given as

koo, No[HOO'JINO] + ¥ kr;on, no [R;00]INOY
R;
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Efficiency at dilution. Beyond this linear influence, an
important process is the relatively efficient production of
tropospheric ozone per NO, molecule that occurs at low NO,
concentrations [see Liu et al., 1987; Lin et al., 1988]. As NO,
is added to the system, the ozone-producing channel for HOO®
and ROOQ"® is progressively favored with with respect to these
reactions

(R4) HOO+ 03— OH' + O,
(RS) HOO'+ HOO* —— HOOH
(R6) ROO®+ HOO® —— ROOH + other products

which produce no ozone and may destroy it. In fact, the
reactions

ROO*+ (03— OH* + 0O,
and
R7) W, olp) +0,
(R8) O(*D)+ H0— 2 OH’

play almost equal roles in the destruction of ozone in these
simulations. Each added molecule of NO, tends to increase the
rates (R1,R2 above in a linear manner with the increase of NO.
At the same time, however, each additional NO, molecule has
three other effects. It may tend to decrease the factor [HOO"] as
the increasing HOO" + NO rate provides a sink for HOO® in
addition to the sink provide by O;. (The same occurs for the
organic peroxy radicals.) In fact, for the conditions of CO,

hydrocarbons, and photolysis we describe, this does occur in
the rance from 0.3 tao R nh_
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CHATFIELD AND DELANY: TROPICAL QZONE, CONVECTION, AND OVERPREDICTION

Upper Level Westerlies
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Fig. 1. Owerview of the meteorology over the Iste-winter Cerrado when agriculnral buming ocours, smi
the process by which it enters the free wroposphere, :




Cook, then Mix

Mix, then Cook

The Stir-Fry

Error

ALTITUDE (km) ALTITUDE {km) ALTITUDE (km)

o

Ao e WA IR g, TR T FJ T, Ve |

e RO AE NP WFEASL G, T T AL ALY, MUV W Y DL LIV

| { | 1 i ! | { 1 i | | | 1 ]
o F | )\ 2
- Subsidence ) Subsidence .
C & .
| -lt' -]
5 - & . -]
E lnversion & Inversion 3
- - ﬁ -
o = EIIESI L | I 1 ] 1 | 1 | AN
N I ! | ! | J 1 ' ] | | U
10 - . . -
- Subsidence & Subsidence -
u & ]
n £ ]
5 . & - .
—inversion G inversion -
— . -~

0 rFIlres-'\f . "1 ” I 1 A | ] ] i | ]
T { ! | ! | ! | ! | | | L -
: ’4"-"'"‘\‘ "t'"“"'\l N Jf"'"---‘ ]
OE A s) A s e 0 B
i &, O L { .8 - -
A S Ao F s F N -
ST ;" &7 A&y A&y :
'—_ -5 ' [ & 4 'y I'I -
S/ & / iFi & v (’ (f ’ f § 4 ~
=t Q0 A — — S—— e S— T

H

6
TIME (days)

Y



Tr@paspharlc Gs Cook, thern Mix

LT —— T

Ebedge bl cobobos 4

i

"

> T —
&

B 4% gy Trapeenheris S sofunin
& oy Enncthfmﬂﬂn, Epb

E

-

&

TF

2

£

<

time, days

fz 4 Verdesd disteibution of ozone (ppbed and sxone cslame
{l3ohacn onils) for the Toporphere i the eeckabea-ix pimoletion
Mote that the. most cotulon procere for the mopoiplernic trowe sebimn
is sfow decuy excepd whon fresh mitrogan oxides, moaily HNOS which
it nor rained sur, ouler e syeiemn al Say 7. Relatively littha orone i
prada.

Cook, then Mix
Mix, then Cook

Dobssis ks

Trapospheric Oz: Mix, then Cook

EL

4%

EF1433

Tropaspheric O salumn
1 F | 1 L . L L

Uy ondentratien, pph

14

Aftifuds, k2n

time, days

Fig. 5 Vemticad distribution of ozone snd ozowe oclumo for Um
tposphere in the miz-hen-conk dmolsEor. Noi= thar the crone
ceAoma does uot change Juring mixing, bur doer mevease mpidly for
one or (wo days, ks the depeted NOp is cvnvesied w HNO,

oiives thon cotidaies 1 e produced o8 dowsr e
hmﬂttﬂiﬂppﬂlnwﬂ:ma:iﬂﬂjgmmmhm
carsyring ozonc production.  The smve bebavior in recopaizabie 10
woe vt dn Fipore 4, et thee midompospheris oons production it
iwewheimed by lower tropospheric destnection in Jdetermdning the
poltrn, Je this ceae, there is vl Sobiran ozone incmese to valoes a3
high or highey than sbacresd in (e mewn over the baming-influeseed
borprice.






Centinyaus, Mo Events

T p—— 1 —— 2 " ——p——

Trepospheric Oy splumn
. I ] I A H ) H

[Dofveon wEniks

O, Contantration, ppb

F:
o
#
z
3
2
=
=

time, doys

fig. 9. & simladon in which afl smissons, marpons, and amissions
rhomy I vhe (33 and MO siociatione horve bween time aseraged,
evernmoathed, over the 14 dxys.  Notice ibe very lasge oZone
gonimrirations Gae resatt, doe o wn stificial ditation slfect Jencrided
in The text. A comtinmation of the ren stggeste that the opone Bt The
midirgposphere toaches B2 ppbee by 25 daya, and that the sl otone
tedutnn veacies $5 G




CHATFIELD AND DELANY: TROPICAL OZCNE, CONVECTION, AND OVERPREDICTION

TABLE 3. Qzone Production Efficiency and NO,, Days 4-6
Direct NOx Factor Efficiency Factor Ozone Produced

: (*Hoo.NolHOO'INO]).

(k00,50 [HOO'[NO])
(i~o))
SIMULATION molecules a1 molecules cm™ d!

Cook, then Mix 1.4 x 109 29.0 4.1 x 1010
Mix, then Cook 2.1 x 102 30.1
Stir-Fry 1.3 x 107

NOTE: 2.4 %1010 molecules cm =3 is ~1 ppb near the sy
as an approximate troposphernc average.
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