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p(x,y,z,t) = PO(Z)+ P'(x’y’zﬁ) (1)
T(x,y,z,t) = To(z) + T'(x,y,z,1) (2)
Plx,y,z,t) = Po(z) + P’(x,y,z,t) (3)
p’a p’vT' 70
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o= =2 (4)
ps— pt
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vDIV " la " ) & a p fu+ D (8)
u,v , M s p 7f Coriolis
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1
K298* E/R*
1 NOat hv(+ 02) ~ 03+ NO
2 03+ hv -01D+ 0,
3 HONO+ hv -HO+ NO
4 NOs+ hy ~0.3 NO+ 0.7NOz+ 0.703
5 H202+ hv -HO+ HO
6 HCHO+ hv - Hy+ CO
7 HCHO+ hv - HO»+ HO,+ CO
8 ALD+ hv -MOx HO,+ CO
9 OP+ hv - HCHO+ HO,+ HO

10 OP+ hv

- ALD+ HO,+ HO
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K298* E/ R+

11 PAA+ hv -MOx CO2+ HO

12 0'D+ M =03 4.290E+ 04

13 0D+ H,0 -HO+ HO 3.250E+ 05

14 03+ NO -NO2+ 02 2.660E+ 01 1.370E+ 03
15 O3+ HO - HO2+ O, 1. 010E+ 02 9.400E+ 02
16 O3+ HO» -HO+ 2.00, 2.960E+ 00 5. 800E+ 02
17 HO»+ NO -NO>+ HO 1. 230E+ 04 2.400E+ 02
18 HO2+ NO, - HNOy4 1. 460E+ 03 6.900E+ 02
19 HNO4 -HO2+ NO2 3. 180E+ 00 9.900E+ 03
20 HO,+ HO» - H02+ O, 4.450E+ 03 7.730E+ 02
21 HO2+ HOz+ H20 - H202+ H20 2.460E- 01 2.978E+ 03
22 H,0,+ HO - HO»+ H,0 2.510E+ 03 1. 870E+ 02
23 NO+ HO -HONO 7.090E+ 03

24 NO+ NO+ O, —-NO2+ NO» 7.280E- 10 5.300E+ 02
25 03+ NO» -NO3+ O, 4.730E- 02 2.450E+ 03
26 NO3z+ NO -2.0NO, 2.960E+ 04

27 NO3z+ NO, -NO+ NO2+ O, 5.910E- 01 1. 230E+ 03
28 NOs3+ NO2 -N20s 1. 770E+ 03 6.001E+ 01
29 N,Os —-NO3+ NO; 3. 120E+ 00 1. 084E+ 04
30 N20s+ H20 - HNO3+ HNO3 0. 000E+ 00

31 HO+ NO; - HNO; 1. 630E+ 04

32 HO+ HNO3 - NO3+ H20 1.920E+ 02

33 HO+ SO, -SULF+ HO, 1. 600E+ 03

34 CO+ HO -HO2+ CO, 3.550E+ 02

35 CH4+ HO -MOx H,0 1. 180+ 01 1. 710E+ 03
36 ETH+ HO - HCP+ H,0 3.990E+ 02 1. 260E+ 03
37 HC+ HO - HCP+ H20 3. 840K+ 03 5. 600E+ 02
38 OL,+ HO - 0L,P 1. 180E+ 04 8.390E+ 00
39 OLs+ HO - 0L3P 4.290E+ 04 1. 330E+ 01
40 OL4+ HO - OL4P 1. 030E+ 05 5.420E+ 02
41 TOL+ HO -2.0HCP 9.470E+ 03 8. 100E+ 02
42 XYL+ HO -2.0HCP 3.550E+ 04

43 HCHO+ HO - HO»+ CO+ H,0 1. 480E+ 04

44 ALD+ HO -ACO3+ H0 2.360E+ 04 2. 600E+ 02
45 HCHO+ NO3 - HO>+ HNO3+ CO 9.310E- 01

46 ALD+ NO3 - CO3+ HNO3 3.700E+ 00

47 ACO3+ NO, - PAN 8. 870E+ 03

48 PAN -ACO3+ NO2 2.520E- 02 1.333E+ 04
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K298" E/R*

49 MO+ NO —-HCHO+ HOz+ NO; 1. 120E+ 04 1. 800E+ 02
50 HCP+ NO - ALD+ HO»+ NO» 1. 030E+ 04 1. 800E+ 02
51 HCP+ NO - ONIT 8.280E+ 02 1. 800E+ 02
52 OL2P+ NO -2.0HCHO+ HO2+ NO2 1. 120E+ 04 1. 800E+ 02
53 OL3P+ NO -2.0ALD+ 2.0HCHO 5.390E+ 03 1. 800E+ 02
54 OL3P+ NO -2.0HO2+ 2.0NO2 5.390E+ 03 1. 800E+ 02
55 OL3P+ NO - ONIT 4.290E+ 02 1. 800E+ 02
56 OLsaP+ NO - HO2+ 2.0ALD+ NO2 1. 030E+ 04 1. 800E+ 02
57 OL4P+ NO - ONIT 8. 280E+ 02 1. 800E+ 02
58 ACO3+ NO -MOx NO, 1. 420E+ 04

59 HO,+ MO, - 0P 2.220E+ 03

60 HO,+ HCP - 0P 2.220E+ 03

61 HO2+ OL2P - 0P 2.220E+ 03

62 HO,+ OL3P - 0P 2.220E+ 03

63 HO2+ OL4P - 0P 2.220E+ 03

64 HO,+ ACO; -PAA+ O, 2.220E+ 03

65 ACO3+ MO2 - HCHO+ M 02+ HO2 2.220E+ 03

66 ACO3+ ACO3 -2.0M O+ 2.0CO, 2.220E+ 03

67 OLy+ O3 -HCHO+ CR1 2. 660E- 03 2.560E+ 03
68 OL3+ O3 —~HCHO+ CR2 8. 130E- 03 2. 100+ 03
69 OL3+ O3 —-ALD+ CR1 8. 130E- 03 2. 100E+ 03
70 OLa4t+ O3 - ALD+ CR2 2.960E- 01 1. 060E+ 03
71 CRI1 -0.4CRE1+ 0.42CO+ 0. 12HO» 5. 000E+ 07

72 CR2 - 1.2CRE2+ 0.36CH4+ 0.72C0O 5. 000E+ 07

73 CR2 - HO,+ 0.57HO+ 0. ISHCHO 5. 000E+ 07

74 CR2 - 1.3M 02 5. 000E+ 07

75 CREl+ NO - HCHO+ NO; 1. 030E+ 04 1. 800E+ 02
76 CRE1+ H,0 -0ORA1+ H,0 5.910E- 01

77 CREIl+ 30, -SULF+ HCHO 1. 030E+ 04

78 CRE2+ NO - ALD+ NO; 1. 030E+ 04 1. 800E+ 02
79  CRE2+ H20 - 0ORA2+ H20 5.910g- 01

80 CRE2+ SO, -SULF+ ALD 1. 030E+ 04

* smin~ 1 >, ppm™ 'min~ 1

,ppm”~ Zmin~ ! ,1 atm; ,25C
+ k
11
s
Chang, et al'”
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)

2 1994 8 (44°44'N, 127°36'E,
325 m), (30°25'N, 119%44'E, 132 m) (36°17'N,
100°54'E, 3810 m) L8] 8 17
, 3 1995 1 3 1
3 1 ,
1 ;
2 1994 8 3 8 17
8 (ppbv) 37.30% 5.75 41.99+ 5.49 54.76x 5.83
8 17 (ppbv) 44.72 43. 60 47.95
3 1995 1 3 1 8
1 (ppbv) 27.22+ 3.32 35.19+ 9.35 43.53+ 2.95
1 8 (ppbv) 36. 62 56. 62 44.61
, 14
3.1 NO-
NO. ,
NO NO2 NO2 NO«x

PNO:2] = R»[N20s] + Ris[PAN] + [NO]{Ri/[HOz] + 2R2[NO][O2] +
Ru[03]} + Ri[HNO4] + [NO]{Rs[ OL:P] + Rs:i[ OL:P] +
Rs OLiP] + Rsol HCP] + Rss[ ACO3] + Ra[MO:2]} + [NOs]{Rs+
2R%[NO] + R2[NO2]} + Rs[NOJ{[CREI] + [CRE2]} (18)
LINO2] = [NO:]{Ri+ Rx[NOs] + Rxs[NOs] + Rx[HO] + Raxs[03]
+ Ra[ACOs] + Ru[HO:]) (19)

NO2 Os HO2 NO 03
,NO2

4a  4b 1994 8 17 14 995 1 8 14 NO=x
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, NO« 2 ppbv 3

40N 40N |

30 |1 30

20 20
80 90 100 110 120°E 80 9() 100 17107 120°E
4 NO
(a. 1994 8 17 14 ;b. 1995 1 8 14 : ppbv)
3.2
03 , >
P O3] = Ri[NO2][02] + Ri[O'D][02] + 0.7R4NOs] (20
L[O3] = R{03] + R4[NO]J[O3] + Ra[HO] + Ris[HO][ O3] +
Rl HO2][ O3] + Ras[NO2][ O3] + {Re7]OL2] + Res| OL3] +
Reo{OL3] + R7[OL4]}[ O3] (21
5a 5b 1994 8 17 14 1995 1 8 14
5 ) ,
, 03 ,
103 ppr ) 40 ppbv—50 ppr , 1994
8 (0K 54. 76 5. 83 ppbv 4a  Sa
(OF NOx ,
NOK N (OF!
, NO« (OF
( 4a 5a) N Ox , 03
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120°E
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6b 9 2 2
, 100 hPa . 6¢c
W ,200 hPa (8.9 cm/s) ,
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9 1995 1 8 14 500 hPa
( cm/ s)
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A NUMERICAL STUDY OF THE VARIATIONS AND
DISTRIBUTIONS OF TROPOSPHERIC OZONE
AND ITS PRECURSORS OVER CHINA

Wang Xihong Li Xingsheng

(Chinese A cademy of Meteorological Sciences, Beijing, 100081)

Abstract

The mechanism of the distributions of tropospheric ozone and its precursors over
China has been simulated by means of three-dimensional MM 35 and chemical model in
summer and winter time, 16 18 August 1994 and 7 9 January 1995, and the distribu-
tion of ozone over Tibetan Plateau in summer time is deeply discussed. The simulated
results indicated that the distributions of surface ozone and N Ox have a good agreement
with measured results, and human activities and photochemical reactions are the main
factors controlling the surface ozone and NOx concentration. In addition, higher ozone
concentrations are coincided with the air convergence, and the lower are related to the
air divergence. In summer, over Tibetan Plateau the strong flow convergence results in
higher ozone concentrations in the lower troposphere; and the strong flow divergence re—
sults in lower ozone concentrations in the upper troposphere. In winter time ozone con—
centrations show large scale characteristics controlled by western flow, the ozone con—
centrations in jet area are lower than the other areas.

Key words: M M5, Air quality model, Tropospheric ozone.



