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Numerical simulations of photochemical air pollution (CBM: Carbon-Bond Mechanism)
under a theoretical three-dimensional local wind system are carried to clarify the fun-
damental characteristics of the effects of local wind on photochemical air pollution.

According to the AWS data of Pusan coastal area and KMA, the surface wind of Pusan
during summertime showed a very remarkable land and sea breeze circulation. The o-
zone concentration distribution using local wind model showed that high ozone con-
centration zone near coastal area moved toward inland in the afternoon. This change im-
plies a sea breeze increases the ozone concentration, but a land breeze decreases it in Pu-

san coastal area
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Fig. 1. Summer wind rose with the use of
the data measured in Pusan
Meteorological Office(1991~1994).
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the data measured from AWS in
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Table 1. Input parameters for the initial condition

Horizontal grid interval 2 km
Horizontal grid size(x.y) 42x42
Vertical levels 16
Time step 15 sec
Integral initialization 0600 LST
Mean latitude 35(deg)
Solar declination 0.24 radian
Geostrophic wind component(U, V) 0 m/
Minimum value of vertical diffusion coefficient 0.1 m%/s
Maximum value of vertical diffusion coefficient 500 m*“/s
Initial vertical gradient of potential temperature 4 K/km
Land surface wetness 0.1
Initial relative humidity 60 % |
Coriolis force parameter 1.0E-4(s )
Initial value of land surface temperature at sea level 298 K
Albedo{on land) 0.12
Albedo(on sea) - 0.05
Initial surface pressure 1000hPa
Von Karman constant 0.4
Air density 1. 226kg/r£1
Gravitational acceleration 9.81m/s
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Fig. 3. Topography of Pusan coastal area
used in this model. Terrain is
contoured by dot lines with an in-
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Table 2. Chemical species in the CBM

Species Name Representation

Nitric oxide NO
Hydroperoxy radical HO;
Oxygen atom O
Hydroxyl radical OH
Olefinic carbon bond OLE
Nitrogen dioxide NO;
Hydrogen peroxide H202
Ozone O3
Peroxyacyl nitrate PAN
Aromatic carbon bond ARO
Nitrogen trioxide NOs;
Carbonic acid HCOs3
Carbon monoxide CO
Paraffin carbon bond PAR
Carbonyl carbon bond CAR
Nitrous acid HNO;
Methyl peroxide radical CH30,
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Table 3. Carbon Bond Mechanism
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No. | Reaction Rate constant unit

1] | NOz + hv = NO + O ki min |

2 |0+ 0 +M—>0; +M k; = 2.08E-5 ppm min |
3 | 03 + NO— NO; + O ks = 2.52E 1 ppm '‘min
4 | O+ NO; =~ NO + O ks = 1.34E 4 ppm \min |
5 O3 + NOz = NO3 + O2 ks = 5.0 E-2 ppm min
6 | NOs + NO — NO; + NO; ke = 1.3E4 ppm )min |
7 | NOs + NO2 + Hp0 — 2HNO; kr = 2.0 E-3 ppm ‘min !
8 | HO:z- + NO2 — HNO; ks = 20E 1 ppm \min |
9 | NO: + OH- — HNOs3 ke =9.0E 3 ppm ‘min’!
10 | HNOz + hv = NO + OH- kio = 1.9 E-1xk, | ppm !min |
11 | NO + OH- — HNOq kit = 90 E 3 ppm |min |
12 | CO + OH: — COp + HO;- kip = 2.06E 2 ppm min |
13 | HO2+ + NO — NOz + OH - kig = 2.0 E 3 ppm |min |
14 | HOz- + HO2- — Hy0: + Oq kia = 4.0 E 3 ppm, min
15 | PAN - HCOs;- + NO2 kis = 2.0 E-2 min!
16 | H;O, + hy - OH:- + OH- kig = 7.0 E-4Xki| ppm_min
17 | OLE + OH- — CAR + CH302- ki = 3.8 E 4 ppm_min_
18 | OLE + O — HCO3- + CH30;: kis =53 E3 ppm min |
19 | OLE + O3 -7 (HCO3- + HCHO + OH:-) kis = 1.5 E-2 ppm 'min’!
20 | PAR + OH- — CH30:- + H:20 ko =13 E 3 ppm 'min’!
21 | PAR + O —» CH3;0;- + OH: ket = 2.0 E 1 ppm ‘min’!
22 | CAR + OH- — HCOs- + HyO ke» = 1.0 E 4 ppm min |
23 | CAR + hy —a(HCOs- + HOz-) + (1-2)CO  |kss = 6.0 E-3xk; | ppm 'min
24 | ARO + OH- — CAR + CH30:- ke = 8.0 E 3 ppm 'min’!
25 | ARO + O — HCO;- + CH302- ks = 3.7 E 1 ppm ‘min’
26 | ARO + O3 — HCOs- + CAR + OH- ks = 2.0 E-3 ppm 'min !
27 | ARO + NOj — products(aerosols) kez = 5.0 E 1 ppm ‘min’!
28 | CHs02 - + NO — NO: + CAR + HOz- kes = 2.0 E 3 ppm_ min |
29 | HCOs+- + NO — NO; + COz + HOz- ke = 2.0 E 3 ppm 'min !
30 | HCOs- + NO; — PAN 30 =15E2 ppm ‘min !
31 | CHqOz- + HOz+ — CH;00H + O2 21 =40E3 ppm min |
32 HCQO3;: + HOz- — HCOsH + Og 32 = 4.0 E 3 ppm min
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Fig. 4. Distribution of the annual NOy emitted from Pusan area(After Bang, 1996).
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