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Abstract Bromide was considered to improve the box-model of lower stratospheric ozone heterogeneous photochemi-
cal reactions established by Wang and Yang (2007). To obtain further understand of the relationship of stratospheric ozone
levels and human activities, the authors investigate the nonlinear response of the lower stratospheric ozone toward the
changes in emission intensity of sulfuric acid aerosol, chloride, oxynitride, and bromide. On the basis of the analysis, the
authors conclude that when the chloride emission intensity deviates from standard levels, the mutual interaction between
aerosol and chloride, oxynitride, and bromide can affect the photochemical system nonlinear response and change the
topological structure of parameter space.
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F1 BAPEARUFRE
Table1 Photochemical reactions used in the heterogeneous model
s 02 SRS Py &I SRR
1 0,+hv—0+0 0.43x1073 11 HO,NO,+hv—HO,+NO, 0.18X 107
2 03+hv—0,+0(1D) 025X 107 12 CIONO,+hv—CIO+NO, 0.54%107%
3 03;+hv—0,+0 0.56x 107" 13 CIONO,+hv—CI+NO; 04810
4 H,0-+hv—H+OH 0.32x107" 14 HOCI+hv—OH+CI 0.35x107%
5 H,0,+hv—20H 0.82X10™% 15 Cl0,+hv—0+ClO 0.12X10*%
6 NO,+hv—=NO+0 0.13x107" 16 Cl,0,+hv—>2C14+0, 0.20X 10"
7 NO;+hv—=NO+0, 0.29x 107" 17 BrO+hv—Br+0 0.56X107"
8 NO;+hv—NO,+0 0.24%x107% 18 HOBr+hv—Br+OH 0.28 X107
9 N,O5+hv—NO,+NO; 0.22x107* 19 BrONO,+hv—Br+NO; 0.18x 107"
10 HNO;+hv—~0H+NO, 0.55X107% 20 BrONO,+hv—BrO+NO, 0.18X 107"
Fz2 BERPERNANFERE
Table 2 Thermal chemical reactions used in the heterogeneous model
5 &I SR s 2 N S 7 R
1 0+0,+M—0;+M 0.34x107" 41 Cl+HO,~Cl0+0H 0.52x 107"
2 0+0+M—0,+M 0.24x107" 2 Cl+H,0,—~HCI+HO, 0.12X107"
3 0+0;—20, 0.60x107" 43 Cl+NO;—~NO,+CIO 0.24x107"°
4 O(1D)+0;—20, 0.12x10™% 44 Cl+CH,—~HCl+CO+HO0,+H,0 0.17x107"
5 O(1D)+N,—~0+N, 030107 45 ClO+0—Cl+0, 0.41x107"°
6 0(1D)+0,~0+0, 0.44Xx107"° 46 ClO+OH—CI+HO, 0.18X107'°
7 0O(1D)+H,0—~20H 0.22x10™% 47 ClO+OH—~HCI+0, 0.13x107"
8 0O(1D)+CH,—~CO-+2H,0 0.15x10™% 48 ClO+HO,—~HOCI+ 0, 0.12x107"°
9 OH+CH,;—~CO+2H,0+HO, 0.69X107"° 49 ClIO+NO—NO,+Cl 0.24x107"°
10 OH+0;—~0,+HO, 021%x107" 50 CIO+NO,+M—CIONO,+M 0.12x 107"
11 OH+CO—C0,+HO, 0.15X107"2 51 CIONO,+0—CIO+NO; 0.73%X107"
12 OH+OH—H,0+0 0.14x107" 52 CIONO,+O0OH—~HOCI+NO; 0.26X 10712
13 OH+OH+M—H,0,+M 0.15x107" 53 ClO+NO;—~CI+NO,+0, 0.47x107"
14 OH+HO,—~H,0+0, 0.15x10™% 54 Clo+CI0—~Cl+0CIo 0.63x107"°
15 HO,+0—0,+0H 0.75x107"° 55 0ClO+0—CI0+0, 0.29x107"
16 HO,+0;—20,+0H 0.11x 107" 56 0ClO+O0OH—~HOCI+0, 0.18%X107'°
17 HO,+HO0,—~H,0,+0, 0.37x107" 57 0CIO+NO—CIO+NO, 0.16X 1072
18 HO,+HO,+M—H,0,+0,+M 0.41x10™" 58 0ClOo+C1—-Cl0+Clo 0.71x1071°
19 OH+H,0,—~H,0+HO, 0.14x107" 59 ClO+ClO+M—CLO,+M 0.13x107"2
20 0+H,0,~0OH~+HO, 0.14X107" 60 CLO,+M—2CI0+M 033107
21 NO+0+M—NO,+M 0351072 61 HCl+0(1D)—~Cl+OH 0.15x10™%
22 NO+0;—NO,+0, 0.32Xx107" 62 HCI+0—Cl4+0H 0.25%X107"
23 NO+HO0,—~NO,+OH 0.11x107"° 63 HCl+OH—CI+H,0 0.52x 10712
24 NO,+0—NO+0, 0.11x107'° 64 HOCI+0—ClO+O0H 0.17x10712
25 NO,+0+M—NO;+M 0.40x107"2 65 HOCI+OH—CIO+H,0 0301072
26 NO,+0;—~NO;+0, 0.15x107"7 66 Br+0;—~BrO+0, 0431072
27 NO,+OH+M—~HNO;+M 0.80x 107" 67 Br+HO,—~HBr+0, 0.95x 1072
28 HNO;+OH—~H20+NO; 0.37X107"2 68 Br+0CI0—~BrO+CIO 0.65%X107"
29 NO,-+HO,+M—HO,NO,+M 0.83x107"2 69 BrO+0—Br+0, 0.55%x107'°
30 HO,NO,+M—NO,+HO,+M 0.61x107"7 70 BrO+OH—Br+HO, 0.75X107'°
31 HO,NO,+0OH—NO,+H,0+0, 0.75x107" 71 BrO+HO,—~HOBr+0, 0.41x107"°
32 NO,+NO;+M—N,05+M 0.14x 107" 72 BrO+NO—Br+NO, 0.29x107"°
33 N,05+M—NO,+NO;+M 0.49x 107" 73 BrO+NO,+M—BrONO,+M 0.23x 107"
34 NO;+0—NO,+0, 0.10X107"° 74 BrO+CI0—~0CIO+Br 0.12X107"°
35 NO;-+OH—NO,+HO, 0.22x107"° 75 BrO+ClO—~Br+CI+0, 0.80x 107!
36 NO;+HO0,~0OH~+NO,+0, 0.28%x 107" 76 BrO+BrO—2Br+0, 0.43x 107"
37 NO;+HO,—~HNO;+0, 0.70x107"2 77 HBr+0(1D)—~Br+OH 0.15x107%
38 NO;-+NO—2NO, 033107 78 HBr+O0—Br+0OH 0.58x 107"
39 Cl4+0;—~Cl0+0, 0.88x 1072 79 HBr+OH—Br+H,0 0.11x107'°
40 Cl+HO,—~HCI+0, 0.39%x107"° 80 HOBr+0—BrO+0OH 0.87X107%
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Table 3 Parameters used in the heterogeneous model
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Table 4 Modeling results of some species for the current state

O3 WK%/ HO, ¥/ NO WK/ CIO KB/ BrO g/  HNO; ¥/  CIONO K%/ BrONO, #J¥/ CHy i/
T2 cm™? cm™ cm™? cm™ cm™ cm™ cm™? cm™? cm™
John Orlando #55,  2.55X10"”  7.43Xx10°  2.66x10°  1.57X10° — 9.08 X 10’ 9.3X10’ — 429x10"
TR A 3.48X10"%  1.87X10°  276X10°  125X10° — 221x10" 9.01x 10’ — 3.02X10"2
(2007
SOCRATES £, 296X10"%  6.15X10°  583X10°  1.48X107  427X10° 4.49X10° 2.12x10* 593%x10°  430x10"
AR 250X10%  2.69X10°  881X10°  129X10°  2.84X10° 625%X10° 2.18%107 475X10°  3.14X10"
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Fig. 3 The influence of chloride on ozone number concentration in different aerosol concentration
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2) HOCI+hv—Cl+ OH, IPCC.1990. Climate Change: The IPCC Scientific Assessment [M]. Hough-
HOBr+hv—Br+ OH, ton J T, Jenkins G J, Ephraums J, Eds. Cambridge, United Kingdom and
New York, NY, USA: Cambridge University Press, 365.
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IPCC. 1996. Climate Change. The IPCC Second Assessment Report[M].
H02+O3_)202+0H’ Houghton J T, Meira Filho L G, Callander B A, et al, Eds. Cambridge,
Cl+ 03_’C10 + 02, United Kingdom and New York, NY, USA: Cambridge University Press,
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