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The radiative effect of amospheric agrosol is for the first time comprehensvely discussed in an urban
amospheric boundary mode. In the modd design the author has tried to reasonably choose basic
boundary equations, carefully desgn a cdculation scheme of the amosphere radiative effect, a
parameterization scheme of the basc physica processes close to the ground and a numerica solution
scheme. Findly a 1.5-leve-closure-used 3-D non-dationary atmospheric boundary mode, an atmospheric
diffuson modd and its corresponding radiation transmisson modd ae etablished in this thess The test
shows that the 16-hour to 39-hour integrated temperature and wind figures are in good conformity with
the actualy measured data. Therefore, the modd is proved to be stable in this aspect.

To describe the interaction of aerosol and boundary layer, the author has syntheticaly consdered the
effect of the aimospheric aerosol on the boundary layer and the feedback of the boundary layer to the
digribution of the aerosol. The modeling of the interaction of the aerosol and boundary layer reveds the
gpecific problems of boundary layer and amospheric diffuson in serioudy polluted cities and thus it
provides us with an opportunity to have better undersanding of such problems. The study involves the
following aspects.

(1) A synthetic boundary layer numericd moded is for the fird time put forward and successfully
edablished in condderation of the radiative effect of amospheric aerosol and the diffusion of the aerosol
paticle The modd includes three sub-modds, which are a 3-D non-sationary atmospheric boundary
layer modd, an amospheric diffuson modd and its corresponding atmospheric radiation transmisson
mode. In thismodd a 1.5-leve-closure schemeis used.

The modd has been vdidated with the amosphere boundary layer and diffuson data The result shows
that during the integration period between 16 and 39 hours the smulated boundary temperature and wind
do agree farly wdl with the actudly measured temperature, wind profile and surface wind fidd.
Thereforeit isof great Sability.

The amospheric diffuson modd in this thess is involved with the combinatiion of an advection diffuson
equation and the modified Gaussan point source equation, which is applicable to the time variation wind
fiedld. The combination of the two equations is proved more effective than the previous respective ones.
The validation of the measured TSP concentration shows greater accuracy of the diffuson modd.

Based on the frame of LOWTRAN 7, an amospheric radiation transmisson modd is developed to suit
the aimospheric redities in Lanzhou city. Firdly, on the bass of the studies and achievements in this
fied, the combined spectrum mode of Junge spectrum and graded, 3-parameter spectrum is modified to
be more in conformity with the redity and more convenient in use. Secondly, a scheme is designed to
convert read time aerosol mass concentration into radiation parameter and then put it into the radiation
transmisson modd. The vdidation of the radiaion transmisson modd shows that the smulated short
and long wave radigion flux matches the measured data very wel. The computation can reech the
precison of the computation result made by specific aerosol spectrum model, especidly the error of long
wave radiation flux is reduced from former 15% to below 10%.

Thus the time depended aerosol mass concentration can be converted into radiation flux and heating rate
(cooling rate respectively) so as to redize the coupling of the amospheric boundary layer modd,
diffuson modd and atmospheric radiation transmission modd.
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(2) With the edtablished boundary modd in this theds we smulate the evolution characteridtics of
temperature fidd, wind fidd, verticd wind speed and turbulence kinetic energy of day time under hesting
condition of the aerosol radidive effect. The smulation can reproduce the development of mixed layer,
vaiation of the wind fiedd which is caused by the dynamic and theromodynamic effect, such as revolving
fluid, updope and downdope wind, convergence and divergence. The smulaion result shows that the
vertical ar dream in the lower layer of the basin is wesk in day time, but there gppears a srong updraft in
the middle and upper layer of the boundary layer, and w* can reaches 0.05~0.2nm/s. The hills around the
basin are mainly controlled by the updraft. The smulation of the boundary layer a night shows that there
is a drong inverson layer below 25m levd under the heeting influence of the aerosol long wave and
atificid source in the lower layer, and above this levd there is a neutra or a very wesk upper inverson
layer extending to 200m leve. At night, there is a weak updraft in the basin and a downdraft above the
surrounding hills w* is-0.005~-0.05m/s.

(3) The dmulation can reved the features of the verticd digtribution and variation of TSP concentration.
Under the joint influence of the emisson source drength, source height and meteorology fidd, TSP
concentration varies greetly according to height and time in daytime and its variation is 1.0mg/m3. The
TSP trangmisson diffuson height can reach 600~800m in daytime. The smulated TSP concentration
profiles on the representative spots demondrate the highest concentration and the most extensive verticad
diffuson range a noon. These results correspond with the former observation of the smog layer height
and the turbidity.

(4 Through the smulation scheme, the influence of the aerosol radidive effect on boundary layer
dructure and the variation of TSP concentration are discussed in consderation of the change of the
boundary layer. Moreover a further andysis of the influence of aerosol radiative effect after a period of
one hour is made in the sudy.

The above results show an obvious heat increase in the boundary layer due to the short wave aerosol
radiation effect. The increment of the temperature reaches more than 1 K in an hour. The maximum vaue
of the temperature increase occurs near the mixed layer top level (500m). See Fig.1-a Influenced by the
temperaure increase, the verticad wind field and horizontal wind field are adjusted correspondingly. The
veticd ascending motion above 400m leve is drengthened with its increment vaue 0.05nVs, the
horizonta convergence in the lower layer is strengthened, the variation vaue of the wind speed is about
0.3m/s. See Fig.1-b. In this meteorology field, TSP concentration in the lower layer decreases. The
decrease vaue is 0.2~04mg/m3. In some loca convergence aress, the concentration increases with the
increase value 0.2~0.4 mg/m3. TSP concentration increases by about 0.4 mg/m3 at 500m levd.

At night, the long wave radiative effect of the aerosol gives rise to an increase in temperature of the
amosphere near the ground. The temperature can increese by 0.1~0.2K in an hour. The long wave
radiative effect dso tends to make the lower layer amosphere cooler, the decrease vaue is about
0.1~0.2K/h; wind speed decreases by 0.1~0.2m/s below 100m level and increases dightly in the upper
layer. See Fig.2. The convection is drengthened a the same time. Because of the variation of the
meteorology field, TSP concentration decreases below the 100m level, and the decrease vaue is about
0.06 mg/m3. Close to the upper inverson layer top (about 400~500m), the concentration may increase
dightly, and the increase vaue is about 0.001 mg/m3. Corresponding to the increased TSP concentration
aea in the lower layer is an aea with a very wesk veticd ar dsream. The downdraft therefore
corresponds with an increase in ground concentration.

The approach of the thess can be gpplied to the study of sand aerosol and it is believed to be helpful for
the improvement of the aerosol radiative parameterization in climate model.
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