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Abstract Spatial distributions of vertical eddy diffusivity (K.), dry deposition velocity (V), and concentrations
of O; and NO, over East Asia are simulated using the surface-layer similarity and the whole PBL similarity in the

turbulence parameterization, after coupling the widely applied LILA (Lurmann Lloyd Atkinson) chemical mechanism
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in East Asia into the Regional Air Quality Eulerian Model (RAQM) and considering the temporal heterogeneity in
rainwater in long-term modeling studies of air pollutants over a large domain. Simulations indicate that K. values are
significantly underestimated by the whole PBL similarity, with above 20% at 50 m and around 70% at 750 m high a-
bove the ground, respectively. Dry deposition velocities of Osand NO, are underestimated at least 10% in the sea ar-
ea on the east and south of Japan, while in the sea area on the east and west of Korea Peninsula the values are gener-
ally higher. Large deviations in K. and dry deposition velocity between the two schemes lead to different results of
O; and NO,. Underestimation of K. values leads to large changes in NO, concentrations, with a maximum increase
of 30% at 50 m high above the ground and approximately 5%-20% increases in mean NO, levels in the whole PBL
except the sea area on the northeast of Taiwan. However, the concentrations of O;are dependent significantly on the
dry deposition process. The surface-layer similarity and the whole PBL similarity well depict the timing of O; and
NO, peaks while the surface-layer similarity follows observations in amplitude better than the whole PBL similarity.

The surface-layer similarity is a better choice than the whole PBL similarity and the first vertical model layer should

(o 14 %
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be set within the surface constant flux layer even in long-term regional simulations of air pollutants.
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Fig. 7 Spatial distributions of mean monthly concentration deviations of O3 (left) and NO, (right) between the whole PBL diagnostic
scheme and the surface-layer diagnostic scheme (%) : (a) and (¢) denote concentration deviations of O3 at 50 m and 750 m, respectively;
(b) and (d) denote concentration deviations of NO, at 50 m and 750 m, respectively; (e) and (f) denote simulated deviations of O3and

NO, concentrations in the planetary boundary layer, respectively

Y > B 2SR Y UL L 8 v 2 - FHARDUBI ALY Oy WRBEAE 50 m iR EEAR ¥ P A1
(3) FiHUZ W ARSI, 2 FRNL 5% ~25%; 16 750 m g RE [ 2%, (ARG



R

55

372 Climatic and Environmental Research

BoOWF R 14 %
Vol. 14

A B T O KIX . JTHUZ 50 m &b NO, ¥
JERAR LY 1026~30%; 750 m kb NO, ¥ J5 A48 fb i
K 5%~10%.,

4 FE R X, K2 S s,
A T b 2 3 AR R, HAEXEE — 2 1
e FE N I AR TR N

SZ XAk (References)

BRI, FHKE. BEIE. %1999, KM etk ias LLA-
CHLRIRIBEIMERE LA [T, URkE, 23 (4): 422-426. An
Junling. Wang Zifa, Gao Huiwang, et al. 1999. Comparison of a
simplified photochemical model for regional air quality simulation
(SRAS) with the LLA-C mechanism [J]. Chinese Journal of At-
mospheric Sciences (in Chinese), 23 (4): 422 - 426.

An Junling, Hiromasa Ueda, Wang Zifa. 2002. Simulations of
monthly mean nitrate concentration in precipitation over East A-
sia [J]. Atmospheric Environment, 36: 4159 - 4171.

An Junling, Hiromasa Ueda, Kazuhide Matsuda. 2003. Simulated
impacts of SO; emissions from the Miyake volcano on concentra-
tion and deposition of sulfur oxides in September and October of
2000 [J]. Atmospheric Environment, 37; 3039 — 3046.

An Junling, Cheng Xinjin, Qu Yu, et al. 2007. Influence of verti-
cal eddy diffusivity parameterization on daily and monthly mean
concentrations of O3 and NO, [J]. Advances in Atmospheric
Sciences, 24: 573 - 580.

Brodzinsky R, Cantrell B K, Endlich R M, et al. 1984. A long-range
air pollution transport model for Eastern North America—1II. Nitro-
gen oxides [J]. Atmospheric Environment, 18; 2361 — 2366.

Businger J A, Wyngaard J C, Izumi Y. 1971. Flux-profile relation-
ship in the atmospheric surface layer [J]. J. Atmos. Sci. ., 28:
181 -189.

Byun D W. 1990. On the analytical solutions of flux-profile rela-
tionships for the atmospheric surface layer [J]. Journal of Ap-
plied Meteorology. 29: 652 - 655.

Byun D W. 1991. Determination of similarity functions of the resistance
laws for the planetary boundary layer using surface-layer similarity
functions [J]. Boundary-Layer Meteorology, 57; 17 — 48.

Byun D W, Dennis R. 1995. Design artifacts in Eulerian air quality
models: evaluation of the effects of layer thickness and vertical
profile correction on surface ozone concentrations [ J]. Atmos-
pheric Environment, 29: 105 - 126.

Byun D W, Pleim J E, Tang R T. 1999. Chap 12: Meteorology-
chemistry interface processor (MCIP) for models-3 community
multiscale air quality (CMAQ) modeling system [EB/OL]. ht-
tp: //www. epa. gov/asmdnerl/ CMAQ/CMAQscienceDoc. html

Carmichael G R, Peters L. K, Saylor R D. 1991. The STEM-II re-

gional scale acid deposition and photochemical oxidant model: 1.

An overview of model development and applications [J]. Atmos-
pheric Environment, 25; 2077 - 2092,

Grell G A, Dudhia J, Stauffer D R. 1994. A description of the
fifth-generation Penn State/NCAR mesoscale model ( MM5 )
[EB/OL]. NCAR Technical Note/TN-398 + STR. http: //
www. mmm. ucar. edu/mmb5/documents/mm5-desc-doc. html

Han Zhiwei, Ueda H, Matsuda K, et al. 2004. Model study on particle
segregation and deposition during dust events in March 2002 [J]. J.
Geophys. Res. , 109 (D19205), doi: 10. 1029/2004 JD004920.

Han Zhiwei, Hiromasa Ueda, Tatsuya Sakurai. 2006. Model study
on acidifying wet deposition in East Asia during wintertime [J].
Atmospheric Environment, 40: 2360 - 2373.

Hogstrom U. 1988. Nondimensional wind and temperature profiles
[J]. Bound.-Layer Meteor. , 42: 55— 78.

Holtslag A A, Bruijn D. 1990. A high resolution air mass transfor-
mation model for short-range weather forecasting [J]. Mon.
Wea. Rev., 118: 1561 —1575.

WHYEAE. VT, ESME. % 2003, mABRALY (M)
e R R M R 36 — 85, JiangWeimei, Sun Jianning.
Wang Xuemei, et al. 2003. Air Pollution Meteorology [M] (in
Chinese). Nanjing: Nanjing University Press: 36 — 85.

Kajino M, Ueda H. Satsumabayashi H, et al. 2004. Impacts of the erup-
tion of Miyakejima volcano on air quality over far east Asia [J]. J.
Geophys. Res. , 109 (D21204), doi: 10. 1029 /2004 JDO04762.

Louis J F. 1979. A parametric model of vertical eddy fluxes in the
atmosphere [J]. Bound. -Layer Meteor. , 17;: 187 - 202.

Lurmann F W, Lloyd A C. Atkinson R. 1986. A chemical mecha-
nism for use in long-range transport/acid deposition computer
modeling [J]. J. Geophys. Res., 91: 10905~ 10915.

Monin A S, Obukhov A M. 1954. Basic laws of turbulent mixing in
the atmospheric near the ground [J]. Akad. Naud. SSSR
Geofiz. Insr., 24 (151). 163 -187.

Okita T, Hara H, Fukuzaki N. 1996. Measurements of atmospheric
SO, and SOF~ , and determination of the wet scavenging coefficient of
sulfate aerosols for the winter monsoon season over the Sea of Japan
[J]. Atmospheric Environment, 30; 3733 - 3739.

Russell A, Dennis R. 2000. NARSTO critical review of photo-
chemical models and modeling [ J]. Atmospheric Environment,
34, 2283 -2324.

Walmsley J L, Wesely M L. 1996. Modification of coded parame-
terizations of surface resistances to gaseous dry deposition [ ] ].
Atmospheric Environment, 30. 1181 - 1188.

Fink, whdd, H2EE. 2002, YRixHE 2 RESEBIUNTIE
W T [J]. S SHEMsE. 7 (1) 42-48. Wang Qin-
geng, Han Zhiwei, Lei Xiaoen. 2002. Scientific problems in cur-
rent numerical studies of tropospheric ozone [J]. Climatic and
Environmental Research (in Chinese), 7 (1) 42 - 48.

Wesely M L. 1989. Parameterization of surface resistances to gase-
ous dry deposition in regional-scale numerical models [J]. At-

mospheric Environment, 23: 1293 - 1304.



