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RESPOSE OF THE MINOR CONSTITUENTS
IN THE STRATOSPHERE INDUCED BY THE VARIATION
OF ULTRAVIOLET SOLAR RADIATION

By Guo—Jun Xu, Hisafumi MURAMATSU

Synopsis

One-dimensional model dealing with the vertical distributions of 36 species in
the stratosphere was developed. The vertical distributions of 20 species observed in
the stratosphere are reasonably well reproduced by this model. The effects of the
ultraviolet variability associated with the 11 -year solar cycle on the concentration of
the stratospheric minor constituents are estimated.

In the upper stratosphere O, OCP), O('D), O,, H, OH, HO,, Total H, CH; CH;O,
CH,0, CHO, N,O; and N,O show large variations of 4- 8% from the mean to the
maximum solar activity. H,0, CHO, N, HNO; and HOCI show large variations of 4-
89 in the middle stratosphere. In the lower stratosphere O('D) and CHO show
relatively large variations. The concentrations of CCLF, CCLF, CHCl, CCl, Total Cl
and Total N show no significant variations at any altitude.

In the upper stratosphere N,O decreases at the maximum solar activity due to
the increase in the uv flux, while other species mentioned above increase. In the
middle stratosphere H,0, CHO, N, HNO, and HOCl show the decrease at the
maximum solar activity. At the minimum solar activity the above variations are
reversed with almost the same magnitude.
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Table 1. Variations (%) of the concentration of constituents for the UV variability from
the mean to the maximum solar activity

ALTITUDE | 10km 15km 20km 2km 30km 35km 40km 45km 50km 55km
0s 0.0 00 +04 07 +24 +40 +43 +48 +48 +4.9
0 (CP) -01 -01 +0.2 -08 +21 +38 +42 +47 +4.8 +5.0
0 (D) -20 -21 -19 -32 -24 —-04 +11 +34 +66 +8.3
O« 0.0 00 +04 -07 +24 +40 +43 +48 +48 +49
H.0 0.0 00 -01 -02 -02 -02 -—-01 +0.2 +06 0.0
H -05 -07 -08 +20 -12 -11 +24 +50 +74 +85
OH -05 -08 -12 +08 -29 -37 —-09 +15 +38 +44
HO, -05 -07 -12 +09 -27 -33 -06 +16 +3.2 +3.6
H-0. 60 -11 -18 +27 -39 -52 -16 +13 +2.7 +29
TOTAL H -04 -10 -17 +25 -38 =50 —-13 +14 434 +4.0
CH. 0.0 0.0 00 -01 -02 -03 -06 -15 -3.1 0.0
CH, -06 -08 -12 +07 -28 -36 -10 +07 +20 +7.2
CH:0: -0.2 -0.1 00 +09 -14 -09 +16 +25 +2.7 +62
CH0O -05 -08 -12 +07 -27 =35 =12 +03 +1.4 +6.1
CH:0 -02 -05 -08 +09 -14 -19 -06 -09 -16 +26
CHO -07 -11 -15 407 -34 —-42 -12 406 +20 +7.0
CO 00 +0.1 +04 -0.2 —-0.3 00 —-04 —-10 -—-16 +24
N0 0.0 60 -02 -~-09 -18 -28 -39 -53 -7.0 0.0
N 0.0 00 ~14 +04 -32 —-58 —-57 -—-43 -24 -14
NO -04 -07 -12 -02 -13 -—-26 -27 -20 =12 -—-0.2
NO: -03 -07 -08 —-08 +08 +1.1 +“+11 +1.7 +2.2 +27
NOs -02 -06 -04 -11 +22 +29 +23 +24 +2.7 +3.8
N:Os -06 -13 -1.1 -18 +33 +39 +32 +39 +45 +43
HNO: +02 —-05 —-11 —-15 —47 -~75 —64 —43 —-20 —1.2
CIONO; -03 -05 -01 -02 +32 +32 +22 +04 -08 -17
HO:NO: -02 -07 -11 +01 -06 -24 -17 +08 +1.1 +1.3
TOTAL N 00 -05 -11 -12 =11 -12 -12 -11 -0.8 0.0
CCLF. 0.0 00 —-01 -04 -—-07 -1.3 0.0 0.0 0.0 0.0
CCLF 0.0 00 -01 -01 0.0 0.0 0.0 0.0 0.0 0.0
CH.Cl 00 +00 +01 401 +0.3 +0.7 0.0 0.0 0.0 0.0
CCL 00 —-00 -04 -138 0.0 0.0 0.0 0.0 0.0 0.0
Cl -05 -08 -11 +12 -38 -33 -15 -10 -04 +04
Cl0 -02 -05 +05 +0.7 -04 +25 +36 +28 +2.1 +15
HCl 00 -00 +01 +03 -16 -09 -14 -18 -17 -08
HOC1 -05 —-06 -09 +26 —-46 -41 -0.1 +0.1 409 +0.5
TOTAL Cl1 00 -00 +01 +01 +0.1 +0.1 400 +0.0 +0.0 0.0
5, EFAOEFICH>VTIREL W EERE - TV 3,
&E X H
1) FHAASE « SETHE - BEELER . BiEEF N, K[RUIEFEERE, $65, 1982, pp. 155-

225.

2) HREAE - BIEER: ASHYHRES, BB PRBORS, HEUK¥HRS, 1981, pp. 9-

14.

3) Hisafumi Muramatsu: Dissociation Rates of Oxygen and Ozone Molecules in the
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Table2. Same as Table 1, but from the mean to the minimum solar activity
ALTITUDE { 10km 15km 20km 25km 30km 35km 40km 45km 50km 55km
Os 00 +01 -02 -10 -25 -—-41 -45 -50 -51 52
o CP) +0.2 +03 +00 -07 -—-22 —-40 —-45 -50 -51 -53
o (D) +35 +37 +38 +36 +26 +04 —-12 —-36 —6.7 —83
O, 0.0 +01 -02 -10 -26 —-41 —-45 =50 —-50 -5.2
H.0 0.0 +006 +02 +03 +04 +04 +02 -01 -06 0.0
H +09 +10 +1.0 -03 +06 +07 -26 -52 -75 —86
OH +09 +12 +16 +15 +29 +38 +1.0 -16 —38 —45
HO: +08 +10 +16 +14 +26 +34 +07 -16 -—-34 -—38
H.O, 00 +14 +23 +20 +37 +54 +17 -—-14 -29 =32
TOTAL H +07 +14 +22 +20 +36 +51 +14 -—15 -—-356 —4.2
CHe. 0.0 0.0 0.0 0.0 +01 +0.2 +06 +1.56 +3.2 0.0
CH, +09 +12 +16 +16 +28 +37 +10 -08 -22 -—-73
CHiO: +0.2 +02 +02 +04 +12 +09 -16 -—-26 -29 -—6.3
CH:0 +08 +12 +16 +16 +26 +36 +12 —-056 -—-17 -—6.1
CH:0O +04 +07 +10 +08 +13 +18 +06 +08 +15 -—2.7
CHO +1.2 +16 +20 +21 +33 +43 +1.2 -08 -22 -—-7.1
CoO 60 -02 -07 -09 -08 -03 +02 +10 +15 =25
N0 00 +00 +01 +09 +20 +31 +43 +59 +79 0.0
N 0.0 00 +16 +20 +35 +64 +64 +47 +25 +1.6
NO +06 +1.0 +14 +1.2 +13 +27 +29 +22 +12 +0.1
NO. +06 +10 +11 +03 -10 -13 -14 -—-20 -26 —29
NOs +04 +08 -08 —-05 -24 -32 -26 -27 -30 -40
N:O. +09 +18 +1.8 —03 -—-36 —-44 —-37 —44 52 —47
HNOs -03 +04 +09 +20 +50 +85 +73 +47 +20 +13
CIONO; +0.5 +09 +06 -06 -33 -34 -26 -08 +05 +16
HO:NO. +0.3 +09 +1.2 +03 +0.3 22 +15 =07 -15 =15
TOTAL N 0.0 +05 +11 +12 +12 +12 +11 +1.0 +0.7 0.0
CCLF: 00 +00 +0.1 +04 +08 +14 0.0 0.0 0.0 0.0
CCLF 0.0 0.0 0.0 +0.1 0.0 0.0 0.0 0.0 0.0 0.0
CH.C! 00 -00 -03 -08 -15 -19 0.0 0.0 0.0 0.0
CCL 0.0 +00 +02 +1.1 0.0 0.0 0.0 0.0 0.0 0.0
Cl +08 +12 +16 +16 +40 +36 +16 +1.1 +05 -—04
Clo +0.3 +0.3 00 -05 +03 -26 -37 -29 -—-24 -16
HCl 00 +00 -00 +02 +16 +11 +14 +19 +18 +08
HOC1 +08 +09 +13 +13 +47 +44 +11 =01 -—-1.0 -06
TOTAL Cl 00 +01 +00 -01 -01 -01 -01 -0.0 0.0 0.0

Stratosphere and the Mesosphere, Papers in Meteor. and Geophys. 26, 1975, pp.219-

264.
4)

AND MONITORING PROJECT, REPORT No. 11, MAY 1981, pp. A-20-A-3l1.
5) WORLD METEOROLOGICAL ORGANIZATION: GLOBAL OZONE RESEARCH AND
MONITORING PROJECT REPORT No. 16, ATMOSPHERIC OZONE, 1985, VOLUME I,
KINETICS AND PHOTOCHEMISTRY, pp. 896-909.

6)

Long-Term Variability

in Solar UV

Irradiance,

WORLD METEOROLOGICAL ORGANIZATION: WMO GLOBAL OZONE RESEARCH

BRASSEUR, G. AND P.C. SIMON: Stratospheric Chemical and Thermal Response to
JOURNAL OF GEOPHYSICAL
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RESEARCH, VOL. 86, No.C8, AUGUST 20, 1981, pp.7345-7348.

7) WORLD METEOROLOGICAL ORGANIZATION: GLOBAL OZONE RESEARCH AND
MONITORING PROJECT REPORT No. 16, ATMOSPHERIC OZONE, 1985, VOLUME 1,
SPECIAL INTRODUCTION FOR CHAPTERS 8, 9, 10, AND 11, pp. 441 -648.



Jl o +hv
J2 O +hv
J3 O +hv
Jd O +hv
J5 O +hy
Jé O +hv
J7 O +hvy
J8 N0 +hv
J9 N.O +hv
JI10 N.Os  +hvy
JI1 N:Os  +hv
J12 NOs  +hv
J13 NOs  +hv
J14 NO +hy
J15 NO. +hvy
J16 NO: +hv
J17 HNG: +hv
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Fig. Al. Photochemical reactions.

—-0CP) +0(CP) 17608<CA<{24244 | Ji18 HNO3 +hv —~OH +NO:  1880A<C2A<(32504
-~0CP) +0(D) A<1760& | J19 H:0 +hv = QOH +H 13004 <2 <24204
-0, L) +O0CP) 3100A<2 J20 HO, +hv —OH +0(CP) 1850A<A<{2T00A
-0 (4g)+0(D) 2660A<CA<31004 | J21 H.O: +hv —>OH +0H 1900 4 <C A <3500 4
-0 (Zg) +0 (D) 2000A<<A<2660A | J22 CH +hv —CH; +H 1350 A <A <1600 A
-0, (dg)+0('S) 1800A<CA<20008 | J23 CH:0 +hv = CHO +H 24003 << A <3340 4
-0 (Zg)+0(9) A<{18004& | J24 N.O +hv —H +CO 2750 A <A <3600A
- N: +0('D) 1500A<A<3150A | J25 CO: +hv —CO +0(CP) 1200A<<A<19504
- NO +N 15004 <<A <1696 4 | J26 CF.CL +hv —CF.Cl +Cl 18603 <A <2220
—=2NO:  +O0CP) 2050A<<A<38004 | J27 CCLF +hy —CCLF +Cl 1860 A < 1 <2250 &
- NO: +NO: 20503 <A<C3800A | J28 CH:Cl +hv —CH, +Cl 1750 A <A <2125
- N +0('D) 5800A<CA<{90004 | J29 CCL +hyv —CCI3 +CI 1750 A <2 <2375
— NO: +0(°P) A<5800& | J30 HCI +hv —H +Ci 1400 4 < 2 <2200 4
—N +0CP) B, & Bands | J31 CIONG: +hv —~CIO +NG: 1860 A<CA<{46004
- NO +0(p) 24503 <<A<3980A | J32 HONO:+hv — NO +HO: 19028 <A <33004
- NO +0('D) 1350A<CA<24504 | J33 HOCI +hv —>OH +Cl 1998 8 << A <<42004
—-H +NO;,  1650A<< 1 <24004

Fig. A2, Chemical reactions and their rate constants. The rate constants for two-body reactions
are in cm’ sec”' and those for three-body reactions are in cm® sec™.

OCP)+0 CP)+M—G:+M R1 (1) =48D—33* (300.0/T (1)) * *2.0

0 CP)+0+ =0+ M

O CPY+O—>0i+Os

0 ('D)+0:—~0 CP)+0
0 (D) +N~0 CP) +N:
0 (D) +0—~>0+0:

O (D) + Oy +2%0 (P)
N:0+0 ('D)=2*NO
N;O+0 (‘D)N,+0:
NO+0—=>NO:+0:

NO+0 CP)+M—>NO+M
NO+NOs>2 * NO;
NO:+0 CP)=NO+0:
NO+O—NO+O;
NO+0 CP) + M~+NOs+M
NO:+NOs+ M—>N:Os+ M
NiOs+ M=>NO+ NOs»+ M
N+0 CP)+M—NO+M
N+0~+NO+0 (P)
N+Om>NO+0
N+NO->N:+0 (P)
N:Os+ Hi0—2 = HNO,
HNOs+0 (P)—>NO:+OH
HNO:+OH—NOy+ H:0
NO+HO~>NO+0H
NO+OH+M—HNG,+M
NO+HO:+M—~HNO+M
NG:+OH+M—HNG:+M
N+OH-NO+H

H:0+0 ('D)—~2+0H
H+0>0H+0G:
H+O+M—~HO+M
OH+0 CP)>H+0
OH+O0—=HO+ O

OH +O0H—H:0+0 (P)
OH+OH+M—H.0:+M
HO:+0 (P)=OH+0:
HO:+O—>0H+2% 0,
HO,+OH—=H.0+0:
HO:+ HO—HiOi+ O
H:0:+0 (P)~HO:+0H
HiO:+0 CP)=HO+ 0
H:0s+OH—>HO:+ H:0
H+0H—~H:+0 CP)
H+OH+M—H0+M
H+HO~0H +0H
H+HO~>H:+0

R2 (1) =6.0D~34 * (300.0/T (1)) * 23

R3 (1) =8.0D~12* DEXP (~2060.0/T (1))
R4 (D=32D—11* DEXP (67.0/(1))

R5 (1) =18D—11 * DEXP (107.0/T (1))
R6=12D-10

R7=1.2D~10

R18=6.7D—-11

R19=49D~—11

R20 (1)=18D~12* DEXP(-1170.0/T (1))
R21 (1)=9.0D—32 * (T (1)/300.0) » *(—15)
R22 (1)=1.3D—11 * DEXP (0.0/T (1))
R23=93D-12

R24 (1)=12D—13 * DEXP (—2310.0/T (I))
R25 (1) =1.0D—31 * (T (1)/300.0) * * (~3.0)
R26 (1)=2.2D—30* (T (1)/300.0) * * (—43)
R27 (1) =88D—6* DEXP (—9700.0/T (1))
R28 (1)=18D=31%T (1) * *(-05)

R29 (I)=4.4D—12 * DEXP (—3220.0/T (1))
R30=57D-13

R31=84D—11

R32=1.3D—-20

R33=30D-17

R34=85D~-14

R35 (1) =3.7D—12 * DEXP (320.0/T (1))
R36 (1) =7.0D—31 % (T (1)/300.0) * * (—2.6)
R37=00

R38 (1)=2,3D—30* (T (1)/300.0) * » (~1.8)
R39=53D—11

R40 (1)=2.2D~—10* DEXP (100.0/T (1))
R41 (1)=1.4D—10* DEXP (—4700/T (1))
R42 (1)=55D—32#% (T (1)/300.0) * *# (—1.6)
R43 (1) =22D— 11 * DEXP (U17.0/T (1))
R44 (1)=16D—12* DEXP (—940.0/T (1))
R45 (1)=4.2D~12 * DEXP (0.0/T (1))

R46 (1)=6.9D—31 * (T (1)/300.0) * * (~0.8)
RAT (1)=3.0D~11 * DEXP (200.0/T (1))
R48 (1) =14D—14 % DEXP (~580.0/T (I))
R49 (1)=17D-11 * DEXP (316.0/T (1))
R50 (1)=2.3D—13 * DEXP (390.0/T (1))
R51 (1)=14D-12 * DEXP (~2000.0/T (1))
R52 (1)=2.7D—12 * DEXP (~-2100.0/T (D)
R53 (1)=3.1D—12* DEXP (—-287.0/T (1))
RS4 (1)=14D—14 * DEXP (—3500.0/T (1))
R55 (D =6.1D—26 T (1) * % (~20)
R56=74D—11

R57=14D~11

H+H:O0r~H: +HO:

H+ H:0—~0H +H:0
H+NO—NO+0H
H:+0 CP)—~H+0H
H:+0 ('D)~>H+0H
Hi+OH—~H+H.0
CH.+0 (P)~CH:+OH
CH.+0 (D)—CH,+0H
CH+0 (D)~CH:0+H,
CHi+0r>CHs+OH+0x
CH(+OH-CHs+H:0
CHi+ 0+ M—>CH:O:+ M
CHs+0:>CH:0+0H
CHy0:+ NO—~CH:0+NO:

CHi0:+ HO—~CH,QOH+(:
CHiO:+CHO2 * CHO+ O,

R58 (I)=52D~12 * DEXP (—1400.0/T (1))
R59 (1) =5.2D—12 « DEXP (~1400.0/T (1))
R60 (1)=58D—10 + DEXP (—450.0/T (1))
R61 (1)=16D—11 « DEXP (-4750.0/T (1))
R62=10D-10

R63 (1)=12D-11 * DEXP (—2200.0/T (1))
R64 (1)=35D~11 % DEXP (—4550.0/T (1))
R65=14D—10

R66=14D—11

R67 (1)=2.7D~13 * DEXP (=7700.0/T (1))
R68 () =24D—12 % DEXP (—1710.0/T (1))
R69 (1)=4.5D~-31 % (T (1)/300.0) » * (—2.0)
R70 (I)=23D~13* DEXP (~940.0/T (1))
R71 (1)=42D~12 * DEXP(180.0/T (1))
R72 (1) =7.7D—14 * DEXP(1300.0/T (1))
R73=16D-13

CHisOy+CH;0,>CH:O0H + CHiOs R74 (D) =1.6D— 13 * DEXP (220.0/T (1))

CH:0+0:—CH:0+ HG:
CH,0+NO—CH:ONC
CHsO+NO—CH:ONO:

CH:0+0 ¢(P)—~CHO+0H

CH;0+OH~CHO+ H:0
CH:0+HO—~>CHO+ H:0:
CHO+0,~>CO+HOG

CO+0 (P} +M—~CO:+M

CO+0H—-CO:+H
Cl+0—CIO+ 0,
CIO+0 CP)>Cl+0;
ClO+NO—CI+NO,
Cl+CH~HCI+CH;
Cl+H,—~HCI+H
Cl+HO—~HCI+ O
HCl+OH~Cl+H:0
HCI+0 (P)—>Cl+0H

NO,+CIO+M—CIONO: + M
CIONO: +0 CP)->ClO+ NG
CF:Cl+0 ('D)~CF.Cl+CIO
CFCL+0 ('D)=~CFCL+CIO
CH;Cl+OH~CH;Cl+ H.0
CHCL+0 ('D)—~CH:Cl+OH
CCL+0 ('D)-CCL+CIO
HO:+NO: +M—=HONO+M
HONG:+OH—>NO:+ H:O0+0:

CIO+HO:—~HOCIH+
HOCI+OH~CIO+ H:0
HOCI+0 CP)—OH+Cl0

R75 ()=84D—14 * DEXP (—1200.0/ T (1))
R76=68D—13

R77=60D—14

R78 (1) =3.0D—11 * DEXP (—1550.0/T (1))
R79=10D—11

R80 (1) =1.7D—12 * DEXP (—4000.0/T (I))
R81 (1)=3.5D—12* DEXP (140.0/T (1))
R82 (1) =65D~33 * DEXP (-2180.0/T (1))
R83=14D—13

R84 (1)=28D-11 » DEXP (—157.0/T (I))
R85 () =47D~11 * DEXP (50.0/T (1))

R86 (1)=6.2D—12 » DEXP (394.0/T (1))
R87 (1)=9.6D—12 * DEXP (—1200.0/T (1))
R88 (I)=3.7D~11 * DEXP (~2100.0/T (1))
R89 (1) =18D—11 * DEXP (370.0/T (1))
RS0 (1)=26D—12 % DEXP (—450.0/T (1))
R91 (1)=1.0D—11 #* DEXP (—3690.0/T (1)}
R92 (1) =15D—31* (T (1)/300.0) * * (—24)
R93 (1)=3.0D—12 * DEXP (—1008.0/T (D)
R94 (1)=14D—10* DEXP (100.0/T (D))
R95 (1) =2.3D-10 * DEXP (100.0/T (1))
R96 (1) =18D—12+ DEXP (-9120/T (1))
R97 (1)=4.0D—10 * DEXP (100.0/T (1))
R98 (1)=3.3D—10* DEXP (100.0/T (1))
R99 (I)=1.5D~—31 * (T (1)/300.0) * » (—1.2)
R100 (1) =1.D—12* DEXP (120.0/T (1))
R101 (1)=4.6D—13 % DEXP (710.0/T (1))
R102 (1)=3.0D—12 % DEXP (0.0/T (1))
R103 (1)=1.0D—11 * DEXP (~1200.0/T (1))
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Fig. A3-1. Production and loss terms, and equation for the constituents.

CO3=Density of Os, COP=Density of O *P), COD=Density of O ('D),

COX =Density of O,, CN20=Density of N:0, CCH4=Density of CH,,...,
D1=J1=Dissociation rate for Fig. Al, DNO=JNO=Dissociation rate for Fig. Al, ...,
A=Air density, FD=Q="Production term, FL=L= (Loss term)/n.

1. Oxygen group

ROP=(D3+2*R7*COD)/(R2*xCO2* A)

ROD=(D4+D5+D6+DT7)/((R4*CO2+R5%CN2) * R2*CO2 % A)

AA=R20* CNO+R24 * CNO2+ R30 * CN+ R41 * CH+ R44 * COH + R48 * CHO2 + R67
* CCH4+ R84 % CCl

BB=R21 *CNO* A+R23*CNO2+R25* CNO2* A+R28 * CN * A+ R33 * CHNO3+ R43
* COH+R47 * CHO2+ (R51 + R52) * CH202+R61 * CH2+R64 * CCH4+R78 * CCH20
+R82* CCO * A+ R85 * CCIO+R91 * CHCI+R93 * CCIONO2+ R103 * CHOCI

GG=(R18+R19) * CN20+R40 * CH20+ R62 * CH2+ (R65+ R66) * CCH4 + R94 * CCF2Cl
+95 % CCFCI3+R97 * CCH3CI+R98 * CCC14

FD=2x* (D1+D2) *C02+ D8 * CN20+ D10 * CN205+ D13 * CNO3+ DNO * CNO + (D15
+D16) * CNO2+DHO2 * CHO2+ DCO2 * CCO2+R29 * CN * CO2+ R31 * CN * CNO
+R45 * COH * COH+Rb54 * CH * COH

FL=(2*R1 *COP * COP * A+ R3* COP * CO3+ (R6+ R7) * COD * CO3+ AA * CO3+BB
* COP+GG * COD)/COX

Upper layer: COX=FD/FL. C03=C0X/(1+ROP+RO0OD, COP=C03 * ROP,

COD=C03*ROD

2. Hydrogen group
(1) Density of H: CH=FD/FL 4
FD=DI17* CHNO3+DH20 * CH20+ DCH4 * CCH4+ DCH20 * CCH20+ DHCl * CHC] + R3
9% CN * COH+R43 * COH * COP+R61 * CH2* COP+ R62 * CH2 * COD+ R63 * CH2
* COH+R83 * CCO * COH+R88 * CCl * CH2
FL=R41 * CO3+R42 * CO2 * A+ R54 * COH+R55* COH * A+ R56 * CHO2+ R57 * CHO2
+R58 * CH202+R59 » CH202+R60 * CNO2

(2) Density of OH: COH=FD/FL

FD=D18 * CHNO3+ DH20 * CH20+ DHO2 * CHO2+2 * DH202 * CH202+ DHOCI * CHOCl
+R33* CHNO3 * COP+R35* CNO * CHO2+2 * R40 * CH20 * COD + R41 * CH * CO3
+RAT * CHO2 * COP+ R48 * CHO2 * CO3+R51 * CH202 * COP+ 2 * R56 * CH * CHO2
+R59 % CH * CH202+R60 * CH * CNO2+R61 * CH2* COP+R62 * CH2 * COD + R64
* CCH4 * COP+ R65 * CCH4 * COD+R67 * CCH4 * CO3+R70 # CCH3 * CO2+R78
* CCH20 * COP+R91 * CHCIl * COP+ R97 * CCH3Cl * COD+R103 * CHOC! * COP

FL=R34 * CHNO3+R36 * CNO* A+R38* CNO2* A+R39* CN+ R43 * COP+ R44 * CO3
+R45* COH+R46 * COH+ R49* CHO2+ R53* CH202+ R54*CH+R565xCH *x A
+R63* CH2+R68 * CCH4+R79 * CCH20+R83* CCO+ R30 * CHCI+R96 x*x CCH3Cl
+R100 * CHO2NO2+R102 * CHOCI

{3) Density of HO2: CHO2=FD/FL
FD=DHO2NO02 * CHO2NO2+R42 * CH * CO2 * A+ R44 * COH * CO3+R51 * CH202 * COP
+R53 % CH202 * COH+ R58 * CH * CH202+ R75 * CCH30 * CO2+R81 * CCHO * CO2
FL=DHO2+R37* CNO * A +R47 * COP+R48 * CO3+R49 * COH + 2 * R50 * CHOZ+ R56
* CH+R57 * CH+R72 * CCH302+R80 * CCH20+R89 * CCl+ R99*CNO2 * A+ R101
* CCl00
(4) Density of H202: CH202:
FD=R46 * COH * COH * A+R50 * CHO2 * CHO2+ R80 * CCH20 * CHO2
FL=DH202+ (R51+R52) * COP+R53* COH+R58 * CH+R59 * CH
Upper layer CH202=FD/FL

{5) TOTAL H=CH+COH+CHO2+2 * CH202

3. Methane group
(1) Density of CH4: CCH4
FD=0, FL=(R65+R66) * COD+R68 * COH+R64 * COP+ R67 * CO3
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Fig. A3-2. Same as Fig. A3-1.

(2} Density of CH3: ,
CCH3=CCH4 * (DCH4+ R64 * COP+R65* COD+R67 * CO3+ R68 * COH + R87 * CCl)/
((R69* A+RT70) * CO2)
(3) Density of CH302:
CCH302=(DSQRT(4 * R69 * (R7T3+R74) * CO2* A * CCH3+ (R71 * CNO+ R72 * CHO2)
* (R71 * CNO+R72 * CHO2)) —R71 * CNO—R72* CHO2)/(2* (R73+RT74))

(4} Density of CH30:
CCH30=CCH302* (R71*CNO+2* R73*CCH302)/(R75*C02+R76 * CNO+RT77*CNO2)

{5) Density of CH20:
CCH20=(R66 * COD * CCH4+R70* CO2 % CCH3+ RT75 * CO2* CCH30)/(DCH201
+DCH202+R78 * COP+R79 * COH+R80 * CHO2)

(6) Density of CHO:
CCHO=CCH20 * (DCH201+R78 * COP+R79 * COH+R80 * CHO2)/(R81 * CO2)

{7) Density of CO: CCO
FD=DCH202 * CCH20+ DCO02 * CCO2+R81 * CO2 * CCHO,
FL=R82* COP * A+R83 % COH
Upper layer: CCO=FD/FL

4. Nitrogen group
(1) Density of N20: CN20 FD=0, FL=D8+D9+ (R18+R19) * COD

{2) Density of TOTAL N: TLN
FD=2%*R18 * CN20 * COD+ D39 * CN20
FL=(2*R31*CN * CNO+R76 * CCH30 * CNO+ RT77 * CCH30 * CN02)/TLN

(3) Density of N, NO, NO2, NO3, N205, HNO3, CIONO2, HO2NO2 : CN, CNO, CNO2, CNO

3, CN205, CHNO3, CCIONO2, CHO2NO2 :

RN1=(D15+D16+R23 * COP+R60* CH)/(R20* CO3+ R21 * COP * A +2 « R22 » CNO3
+R35 * CHO2+R71 * CCH302+R86 * CCLO)

RN2=R38 * COH * A/(D18+ (D17+R33 * COP+ R34 * COH) * RN5)

RN3=DNO/(R28 * COP * A +R29 * CO2+R30 * CO3+R39* COH), RN4=RN3*RN1

RN5=(R25 * COP * A+R24 * CO3+ (D11+R27* A) * RN5+ (DHNO3 + R33 * COP+ R34
* COH) * RN2)/(D13+2 * R22 * CNO)

RN6=R26* CNO3* A/(2* D10+ D11+ R27 * A+2* R32 * CH20 * RN2)

RN7=R92 * CCIO * A/(DCIONO2+R93 * COP * RN5)

RN8=R99 * CHO2 * A/(DHO2NO2+ R100 * COH)

CNO2=TLN/(1+RN1+RN2+RN4+RN5+2* RN6+RN7+RN8), CN=RN4*CNO2,

CNO=RN1 *CNO2, CNO3=RN5 * CNO2, CN205=RN6 * CNO2,

CHNO3=RN2*CNO2, CCIONO2=RNT7*CNO2, CHO2NO2=RN8x*CNO2.

5. Chlorine group
1) Density of CF2Cl2: CCF2CI2 FD=0, FL=DCF2Ci12+R9% * COD

(

(2) Density of CFCI3: CCFCI3 FD=0, FL=DCFCI3+R9 * COD

(8) Density of CH3Cl: CCH3Cl FD=0, FL=DCH3Cl+R$6 * COH+R97 * COD
{4) Density of CCl4: CCCl4 FD=0, FL=DCCI4+R98 * COD

{5) Density of TOTAL Cl: TLCl
FD=(DCF2CI2+R9% * COD) * CCF2CI2+ (DCFCI3 + R95 * COD) * CCFCI3+ (DCH3Cl+
R96 * COH+R97 * COD) * CCH3Cl+ (DCCl4+R98 * COD) * CCCl4, FL=0

(6) Density of Cl, ClO, HCI, CIONO2, HOCl: CCl, CCIO, CHCI, CCIONO2, CHOCI
RCI1=(DHCI+R90 * COH+R91 * COP)/(R87 * CCH4 + R88 * CH2+ R89 * CHO2)
RCI2=RCl1 * R84 * CO3/(R85 * COP+R86 * CNO)

RCI3=RCI2 * R101 * CHO2/(R102 * COH+R103 * COP+DHOCI * R84 * CO3)
CHC1=(TLCl—-CCIONO2)/(1+RCl1 + RCI2+RCI3), CCl=RCl1 * CHC],
CClO=RCI2 * CHC], CHOCI=RCI3 * CHC], CCIONO2=CCIONO2




