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Abstract—In order to elucidate the thermal structure of the atmosphere in urban areas, a one-dimensional
numerical simulation is performed. Particular attention is paid to the effects of the earth surface condition,
aerosols and artificial heat release. The results indicate that the temperature in urban areas is generally
higher than in rural areas and that the inversion layer near the earth surface in urban areas disappears at
night in the winter season due to surface roughness and artificial heat release. A considerable temperature
difference is formed in rural and urban areas for several hours before and after sunset. Aerosols have a
great effect in daytime and the maximum effect of the aerosol diameter is found for the case of the diameter
nearly equalling the wavelength of visible light.

1. INTRODUCTION

THE METEOROLOGICAL conditions in urban areas are
different from those in rural areas. In urban areas, a
high temperature region is frequently formed and is
called the heat island. This phenomenon is par-
ticularly noticeable in a big city and is caused by
the artificial thermal environment. Conceivable causes
are: a shortage of vegetation, asphalt pavements, con-
crete buildings and discharge of heat and aerosols
from factories. A number of studies have been carried
out on the thermal structure of urban atmospheres
[1-6]; a problem which combines various factors in a
complicated way. In the previous studies, however,
several factors have not been included. In some cases,
the adopted parameters are not in agreement with
those in the real environmental system. Furthermore,
the radiative heat transfer, which is regarded as
important when the thermal structure of the urban
atmosphere is discussed, has not been considered
properly, since the effect could not be easily incor-
porated into the calculation. Therefore, it was difficult
to gain a correct understanding. However, the study
by Yoshida and Kunitomo [7] recently treated the
radiative heat transfer exactly and clarified the effect
of aerosols. However, heat transfer mechanisms other
than radiation were not included in ref. [7]. Therefore,
in this paper, we took up various factors which play
important roles in urban meteorological phenomena
and carried out a one-dimensional numerical simu-
lation taking full consideration of radiative heat trans-
fer and heat balance. With regard to aerosols, it is
considered that they have a great influence on the
thermal structure of the atmosphere when their con-
centration is increased.

With this in mind, we examined thoroughly the
effects of size distribution, complex refractive index
and relative humidity. Polluting gases such as SO, and

NO, may have influences upon the thermal structure
when their concentrations are very high. But we do
not need to consider such an unrealistic condition.
In the following, we supposed the urban and rural
atmospheric models to be connected with actual con-
ditions and examined synthetically the effects of vari-
ous parameters. A revised analytical method is
proposed to treat the surface boundary layer and to
determine the surface temperature.

2. THEORETICAL ANALYSIS

2.1. Model

The physical model of the atmosphere is shown in
Fig. 1.

To analyze the problem, the following assumptions
and conditions are introduced.

1. The atmosphere and the soil layer are plane parallel
and infinite and can be treated one-dimensionally.
2. The region between the atmospheric boundary and
the soil layer from 2000 m above the ground to 50
cm below the surface is considered in this simu-
lation. In the free atmosphere above an altitude of
2000 m the atmospheric variables are independent
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FiG. 1. Physical model for heat transfer in the atmosphere
and the soil layer.
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aerosol concentration

heat capacity of soil layer
specific heat at constant pressure
d  aerosol diameter

F  integrated value of ¢ with z, equation (10)
f. Coriolis factor

K turbulent eddy diffusivity

kC

L

/

M

o

Von Karman constant

Monin—-Obukov stability length

evaporation heat

moisture parameter at the earth surface,

equation (15)

aerosol source strength

A complex refractive indices of aerosol

O, Qc, Q1, Os, Qp artificial heat flux,
conductive heat flux, latent heat
flux, sensible heat flux and radiative heat
flux at the earth surface, respectively

g specific humidity

¢. specific humidity at the top of the surface
boundary layer

g, saturated specific humidity at the earth
surface

R atmospheric heating rate by radiative
heat flux

NOMENCLATURE

Ri Richardson number

T temperature of the atmosphere

T, temperature of soil layer

T, temperature at the earth surface

T, temperature of the atmosphere at an
altitude of 200 m

t time

u, v wind velocity (x, y component)

U,, v, geostrophic wind (x, y component)
u, friction velocity

z  vertical coordinate

zy  surface roughness.

*

Greek symbols

¢p emittance at the earth surface

0  potential temperature

0, frictional potential temperature

k  thermal diffusivity of soil layer

A thermal conductivity of soil layer

p  density of the atmosphere

pp reflectance (albedo) of the earth surface

¢m, ¢n  vertical profile parameters for velocity
and potential temperature, respectively,
equation (11).

of time. The temperature in the soil layer below 50
cm is assumed to be constant during the simulation
period of a few days. The surface boundary layer
at an altitude of 50 m is supposed to be the layer
of constant vertical momentum, heat and mass
flux.

. Local thermodynamic equilibrium is attained.

4. Clouds are not considered. Phase change and
chemical reaction can be neglected.

5. Gases (H,0, CO,, O;) and aerosols are included in
the calculation of radiative heat transfer. In the
daytime, the solar and atmospheric radiations are
partially absorbed at the earth surface. This
absorbed energy is transferred to the atmosphere
by convection (sensible and latent heat) and radi-
ation, and to the soil by conduction. In urban
areas, the artificial heat release is also introduced.

6. The area of middle latitude is considered. The
simulation is carried out for summer and winter
seasons.

W

2.2. Basic equations

Under the above assumptions and conditions, the
basic equations are introduced for the three different
regions.

(1) Atmospheric boundary layer (50 < z < 2000 m)

ou 0 Ou
5;=f;:(v'"vg)+§(Km 5) M

ov 1, ov
06 0 00
5?=&(Kh5>+R 3)
dg 0 0q
(3,—5;<an—2> 4
6C__6_ K 6£7 5
Bt oz\ coz /) ©)

The calculation method of the atmospheric heating
rate R by the radiative heat flux in equation (3) is
given by Yoshida and Kunitomo [7]. The turbulent
eddy diffusivities, Ks, are adopted from the paper by
O’Brien [8] and it is assumed that K, = K, = K.. For
the condition of K, < 0.1 m? s—!, it is assumed that
the wind velocity components, « and v, are equal to
u, and v, respectively.

(i) Surface boundary layer (0 < z < 50 m)

U = u,Folk, (6)
6 = 0,+0.F/k, @)
q = qot+9q.Fy/k. ®)
C = C,+C,F k. 9)

where k.= 0.4 and U = ./u?+v? In this layer the
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wind direction does not change and the subscript 0
means values at the earth surface. u,, 8,, ¢, and C, do
not change with the altitude in this surface boundary
layer. The momentum flux and the heat flux are u?
and u.0., respectively. The assumption of F, = F, = F,
is adopted. F,, and F) are expressed by

F, = ?Edz, Fh:j ﬁdz (10)
2y z zg z
where
_kedU | kdb
¢m_u, 0z """ 8. oz

¢, and ¢, are formulated by Kondo [9] and are the
functions of the Monin—Obukov stability length. The
turbulent eddy diffusivities in this layer are defined by
the following expressions

Km = kcu.z/¢m’ Kh = kcu,z/tbh. (12)
(iii) Soil layer (—50 < z € 0 cm)
oT, 0T,
Frial e (13)

The boundary conditions are as follows.

(a) At the top of the atmospheric boundary layer
(z=2000m):

u,v,0,q, C = const. (14)

where u = u, and v = v,.

(b) At the top of the surface boundary layer (z = 50
m): u, v, 8, g and C are continuous.

(c) At the earth surface (z = 0):

9—4q. = M(q:—q.) (15)

K(0C/oz) = —m, (16)

U=0 an

pc‘,thg+Iqu%—,l%jzv—s +0r+04=0. (18)
(d) Atz =—50cm in the soil layer

T, = const. (19)

It is assumed that the earth surface can not store the
energy and that the surface temperature is obtained by
the energy balance equation (18). In equation (18) the
radiative heat flux Qg is given from the paper by
Yoshida and Kunitomo [7]. It is difficult to determine
the reliable value of the moisture parameter M in
equation (15) as suggested by Halstead et al. [10], but
it is possible to discuss quantitatively the effect of
latent heat flux at the surface. For example: when
M = 0, latent heat flux is zero; when M = 1, the sur-
face moisture is saturated and latent heat flux prob-
ably has the maximum value. So the procedure
adopted in this paper to consider the effect of the
moisture transfer is appropriate for the simulation.

The effects of the phase change between water and

HMT 29:7-F
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water vapor are discussed briefly. Once condensation
begins, buoyancy occurs because the air particle is
warmed up by the heat of condensation. Because of
this, the condensation phenomenon is further inten-
sified. However, when the condensation proceeds to
some extent and the condensation layer becomes
thick, the cooling action due to infra-red radiation
takes effect. The surface temperature is also changed
under the influence of the infra-red radiation flux. The
interaction between the condensation layer and the
ground surface must be considered too. The region
that the effect of the condensation phenomenon
extends to is closely connected with the atmospheric
stability. The possibility of condensation in urban
areas is usually smaller than that in rural ones, because
in the city the atmosphere is often in an unstable
condition and the relative humidity is lower. In the
following calculated results are few cases where con-
densation occurs. The mechanism of condensation
from its appearance to its disappearance will be
included in a future simulation model.

2.3. Calculation procedure

The partial differential equations (1)—(5) and (13)
were solved numerically by a finite-difference tech-
nique. The implicit Crank-Nicolson method could be
used with good stability. A time step of 30 min was
adopted. After 39 h of the preceding calculation from
0900 h, the final calculation was started at 0000 h on
the third day and was continued for 24 h. As the
results of this final calculation were not affected by
the initial conditions, they were used for discussion.
The grid spaces in the atmosphere were 100 m above
an altitude of 1000 m, and 50 m below an altitude of
1000 m ; those in the soil layer were 2.5-5 cm.

In order to obtain the surface temperature, equa-
tion (18) must be solved. However, (18) is a function
of the Monin-Obukov length L where the surface
temperature is included implicitly. The following
equation is given from the definition of the bulk
Richardson’s number

Ri=Z2.F F:2 20)
_L h m - (

Then the surface temperature was determined by solv-
ing equation (18) and (20) simultaneously.

3. RESULTS AND DISCUSSION

3.1. Effects of parameters

The thermal structural feature of urban atmos-
pheres is affected by various complicated factors. In
order to know the effect of each parameter, the value
of the specified parameter was changed while the other
parameters were fixed. The results at 1300 h when the
highest temperature usually appears and the results at
0500 hin summer and at 0700 h in winter when the lowest
temperature appears were chosen for discussion. The
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FiG. 2. Effect of the reflectance (albedo) at the ground surface
for the solar radiation on the surface temperature and the
air temperature.

boundary conditions for temperatures were

0 = 309.0 K (summer), 286.1 K (winter)

at z = 2000 m
T, = 297.0 K (summer), 277.0 K (winter)
atz= —50cm.

Figure 2 shows the effect of albedo py, for solar radia-
ation in winter. The earth surface was treated as the
gray body; AT,y _, is the difference between T, and
Ta0- In the daytime the surface temperature decreases
with the increase of pp, due to the decrease of
the absorbed solar energy at the surface. Due to the
decrease of the temperature difference with the
increase of pp, sensible heat flux at the surface
decreases too. This difference was not found between
the summer and the winter seasons. The value of py
in urban areas is usually smaller than that in rural
areas, due to the multiple absorption among build-
ings. This may contribute a little to the higher tem-
perature near the surface in urban areas.

Figure 3 shows the effect of surface emittance ¢y in
the infra-red region in winter. The surface temperature
rises with the decrease of the emittance. The upper air
temperature is not affected. In the infra-red region
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F1G. 3. Effect of the emittance at the ground surface for the
infra-red radiation on the surface temperature and the air
temperature.
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F1G. 4. Effect of the artificial heat release on the surface
temperature.

almost all surfaces are regarded as black (¢p ~ 1.0)
and the effect is supposed to be small.

Figure 4 shows the effect of the artificial heat re-
lease. AT, is the difference of the surface tempera-
ture between two cases: artificial heat released and
artificial heat not released. The variation of the heat
release with time was not considered. The heat release
was assumed to occur at the earth surface. The surface
temperature rises almost linearly with the increase of the
artificial heat release. The surface temperature is more
sensitive to the artificial heat release at night or in winter,
in comparison with the daytime or summer, respectively.
This result is caused by the situation that the ratio of
the artificial heat to the other energy sources at the
surface becomes larger at night or in winter. Actually
the artificial heat release is 10100 W m~2 in a big city
and its effect is supposed to be very large. Figure 5
shows the change of the vertical distribution of the air
temperature with the artificial heat release. The result at
dawn in winter is shown since it is greatly affected by
the artificial heat. With the increase of the artificial heat,
the strength of the inversion layer near the earth surface
(e.g. the difference between the surface and the peak
temperature) becomes weaker and the peak altitude of
the inversion falls. Then the atmosphere becomes
unstable and the convective heat exchange becomes

280

270 275
T K
FiG. 5. Effect of the artificial heat release on the vertical
distribution of the air temperature. The notations of 1, 2 and
3mean Q, = 0, 50 and 100 W m -2, respectively.
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F1G. 6. Effect of the artificial heat release on the change of
the surface temperature with time before and after sunset.

active. The artificial heat has, therefore, a large influence
not only on the surface temperature but also on the
upper air temperature. In the lower part of Fig. 6, the
variation of the surface temperature with time, d7,/dt,
is shown. The difference of dT;,/d? between two cases of
Qa=0and Q, = 100 W m~2 becomes large in several
hours before and after sunset and the maximum increase
rate of the temperature difference is also obtained at that
time. This result agrees with the observation that the
phenomenon of the heat island grows rapidly just before
and after sunset [11].

Figure 7 shows the effect of the surface roughness in
winter. With the increase of the surface roughness z,,
the surface temperature falls in the daytime and rises
slightly at night. With the increase of z,, the turbulent
intensity in the atmosphere becomes strong and the
mixing with the upper air becomes active. The difference
between the surface temperature and the upper air tem-
perature becomes small, which results in the dis-
appearance of the inversion layer. The surface roughness
has a larger influence on the surface temperature in
the daytime or in summer than at night or in winter,
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FiG. 7. Effect of the surface roughness on the air temperature
and the surface temperature.
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F1G. 8. Effect of the evaporation from the ground surface on
the surface temperature.

respectively, since in the former case the heat transfer by
convection is active.

Figure 8 shows the effect of evaporation at the surface,
i.e. the moisture parameter M. When M = 0, the surface
is dry and when M = 1 it is wet. The amount of the heat
transfer by latent heat has a peak at M = 1. Since the
surface in urban areas is covered with concrete and
asphalt instead of vegetation, the value of M is usually
smaller than that in rural areas. With the increase of M,
latent heat flux increases and the surface temperature
decreases due to the energy balance. Since the heat is
transferred by latent heat from the surface in the cases
of summer and daytime more actively than in the cases
of winter and night-time, respectively, the effect of the
wetness at the surface is stronger in the former cases—
especially in the case of small values of M, e.g. in the
case of urban areas, the effect is also strong.

Figure 9 shows the effects of the thermal diffusivity x

X107
L

1 T T

2851

[

ﬁ“
13:00 |
2801 winter

— %x=5.0x10"

x mes

----Ce=2.0x10° ]
JImIK

275%

To

270

265

1 i L.

10 20 30

Cs JIm¥K x10°

Fic. 9. Effect of the thermal properties of the soil layer
(i.e. thermal diffusivity and heat capacity) on the surface
temperature.
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and the heat capacity C; of the soil layer in winter.
At night, with the increase of x and C,, the surface
temperature increases since the conduction in the soil is
the dominating factor. When the thermal diffusivity is
large, the amplitude of the fluctuation of the surface
temperature becomes small. When the heat capacity is
large, it becomes small too. The thermal properties
depend on the percentage of moisture content and the
porosity. The values of x =50%x10"7 m? s~' and
C,=2.0x10° Y m~3K~! correspond to the wet soil.

Figure 10 shows the effect of the geostrophic wind in
winter. The y-component, v,, is assumed to be zero.
With the increase of the geostrophic wind velocity, the
surface temperature in the daytime decreases and that
at night increases. Furthermore, the difference between
the upper air temperature and the surface temperature
becomes small. This is caused by the fact that the con-
vective heat transfer becomes activated by the stronger
geostrophic wind, i.e. the stronger wind nearer the sur-
face.

In the following the results of the effect of aerosols
are shown. The values of 0.4 ym and 0.375 ug m~?
s~! and Model 2 [7] were adopted for the aerosol
diameter and the source strength and for the model
of the refractive indices of aerosols, unless otherwise
stated.

Figure 11 shows the effect of the diameter and size
distribution of aerosols. AT, , and AT, , indicate the
difference in the surface temperature and that in the
temperature at an altitude of 200 m, respectively,
caused by the existence of aerosols. The volume con-
centration was kept constant in the calculation. Since
aerosols are not generally monodispersive, the effect
of the size distribution was considered and is shown
by the results at 1300 h in winter with the marks of
Junge 1, Junge 2 and Haze L. The size distributions
are as follows; Junge 1: n(d) = c,d=* (02 <d<2.0
pm); Junge 2: n(d) = ¢, d=*(0.1 € d < 4.0 um); Haze
L:n(d) = c,d? x exp [—17.0594"2], where ¢, and ¢, are
constants. The representative diameters for scattering,
ds(= [ d”n(d)dd’[{ d’*n(d")dd’), are 0.38 pm in
Junge | and Haze L and 0.40 uym in Junge 2. In the
daytime the surface temperature falls since the solar
beam energy is lost by the scattering and absorption
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Fi6. 10. Effect of the geostrophic wind on the surface

temperature.
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F1G. 11. Effect of the diameter and the size distribution of
aerosols on the surface temperature and the air temperature.

of aerosols although the diffuse light increases. The
maximum effect is found at the aerosol diameter
around 0.4 um. This is caused by the fact that the
effect of the scattering by aerosols becomes large;
furthermore the forward scattering becomes domi-
nant with the increase of diameter [7]. The effect of
diameter is weakened by the size distribution. The
effect of aerosols in the daytime is stronger in winter
than in summer because the solar zenith angle is
smaller and the optical depth is larger. The tem-
perature of the higher altitude tends to rise more,
because of the absorption of solar energy by aerosols.
Early in the morning, the effect of aerosols is weak but
the surface temperature rises because the downward
infra-red energy from the atmosphere to the surface
increases at the rate of 2—4%. Since the temperature
and the infra-red atmospheric radiation are higher at
night in summer than in winter, the effect of aerosols
is stronger in the former case.

Figure 12 shows the effect of the difference in the
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F1G. 12. Effect of the difference in the models of the complex

refractive indices of aerosols on the surface temperature and

the air temperature. The number on the axis of abscissa, 0,

1, 2 and 3 mean no existence of aerosols, Model 1, Model 2
and Model 3 [7].
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FiG. 13. Effect of the aerosol source strength.

models of the complex refractive indices. Models 1, 2
and 3 [7] are assumed to correspond to the clean
atmosphere, the urban atmosphere and the especially
polluted atmosphere, respectively. At night the effect
of the models is weak. However, in the daytime, the
large difference is caused because the imaginary parts
of the complex refractive indices in the visible region
are extremely different among the models.

Figure 13 shows the effect of the aerosol source
strength m,, where the effect becomes large with the
increase of m,. Figure 14 shows the beam solar radi-
ation F, and the diffuse solar radiation F, at the
surface. It is understood that the depression of the
surface temperature is mainly caused by the decrease
of Fy. Fy is kept nearly constant when m, > 0.2 ug
m-2g-1l,

Table 1 shows the effect of the relative humidity
which causes the variations of the diameter and the
complex refractive indices of aerosols. AT, is the
difference between the surface temperatures that are
obtained by either considering or ignoring the
humidity effect; AT, is the same difference at an
altitude of 200 m. The moisture parameters M
adopted in summer and in winter were 0.3 and 0.2,

b—T—T T T T
Winter

13:00

oLt 1 1 L
00 02 04 0.6
m, ug/m’ls

1 ! 1

FiG. 14. Relation between the aerosol source strength and

the components of the downward solar radiation at the

surface. F, and F; mean the solar beam radiation and the
diffuse radiation.

1047

Table 1. Effect of the relative humidity in the atmosphere

Summer Winter
AT, +12 +0.4
0500 Ta00¢ +0.2 +0.1
ATy, ~19 ~1.1
1300 AT —08 —04

respectively. At night the surface was almost satu-
rated. In the daytime the relative humidities at the
surface were about 70% in summer and 60% in
winter, respectively. Since in the summar the relative
humidity is high, the effect is strong. In the daytime,
the temperatures fall since the effect of the increase of
acrosol diameter, i.e. the increase of scattering,
exceeds that of the decrease of the imaginary part
of the complex refractive indices [7]. At night the
temperature rises due to the increase of aerosol dia-
meter, i.e. the increase of emission. However, since
the relative humidity is generally low in urban areas,
this effect is not so strong.

3.2. Combined effect of various parameters

In the following, the combined effect of various
parameters is examined by adopting typical com-
binations for urban and rural areas. The values of
parameters for both areas are shown in Table 2 ; the
boundary conditions in urban and rural areas were
the same. The results are shown in Figs. 15-17. Figure
15 shows the variations of the surface temperatures in
24 h in both areas. The large difference at night
between the two areas arises in the few hours before
and after sunset, and is kept nearly constant until
sunrise; this agrees well with observation [11]. The
peak temperature of urban areas in the daytime occurs
a little later than that in rural areas. In Figs. 16 and
17 the temperature distributions in winter and sum-
mer are shown, respectively, where the numbers in

Table 2. Parameters in rural and urban areas

Parameter Rural Urban
o 0.20 0.15
ep 1.00 1.00
M 0.3(s) 0.1

0.2(w)
zo(m) 0.01 1.0
O, (Wm™?) 0.0 35.0(s)

50.0(w)

U,(ms~") 9.0(s) 9.0(s)

12.0(w) 12.0(w)
Kk (m?s") 5.0x 1077 7.5x 1077
C,(Im3K™h 2.0 x 10¢ 2.0x 10°
d — Haze L
A — Model 2
my(ugm-2s7") 0.0 0.375

s and w indicate summer and winter seasons, respectively.
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FiG. 15. Variation of the surface temperature over 24 h.

the figure indicate the temperatures and the numbers
underlined correspond to the case of urban areas. The
temperatures in urban areas are usually higher than
those in rural areas. A large difference between the
two areas is found at night. In both figures, the weak
inversion layers are found from sunrise to noon,
and these are caused by the development of the bound-
ary layer. In winter, the inversion layer at night near
the earth surface almost disappears in urban areas;
this is mainly due to the effects of large artificial heat
release and large surface roughness. In the daytime,
the temperature difference between the two areas is
small because the surface roughness and the aerosol
act as a brake on the temperature increase in urban
areas.

4. CONCLUSIONS

The thermal structure of urban atmospheres is
examined by one-dimensional simulation. The results
obtained are summarized as follows:

1. At night all parameters considered in the simu-
lation cause the increase of the surface temperature
in urban areas. The effects of the artificial heat
release and the thermal properties of the soil layer
are relatively stronger than those of the other par-
ameters. The inversion layer near the surface at
night is disturbed mainly by the surface roughness
and the artificial heat release.

Sunrise

hours

FIG. 16. Air temperature distribution in winter. —— rural
model ; — — urban model.
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1000

24
Sunrise Sunset
¢ hours
FiG. 17. Air temperature distribution in summer. - rural
model ; ---- urban model.

2. In the daytime, the large surface roughness and the
aerosol decrease the surface temperature in urban
areas. On the other hand, the large artificial heat
release, the small evaporation rate at the surface
and the small reflectance of the surface cause the
increase of the surface temperature.

3. The effect of aerosols is strong in the daytime. The
maximum effect of the aerosol diameter is found
at a diameter of around 0.4 pym. The complex
refractive indices affect significantly the tem-
perature in the daytime. At night the aerosol effect
is weak. When the relative humidity in the atmos-
phere is high, the dependency of the diameter and
the complex refractive indices on the relative
humidity must be taken into consideration, other-
wise it leads to the wrong results.

4. The temperature in urban areas is usually higher

than thatin rural areas. A larger difference between
urban and rural areas is found in winter and at
night than in summer and in the daytime, respect-
ively. The large difference at night between two
areas arises in the few hours before and after
sunset.
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SIMULATION MONODIMENSIONNELLE DE LA STRUCTURE THERMIQUE DE
L’ATMOSPHERE URBAINE

Résumé—On construit une simulation numérique monodimensionnelle de I'atmosphére urbaine pour
clarifier la structure thermique. Une attention particuliére est portée aux effets de la condition 4 la surface
du sol, des aérosols et des sources de chaleur artificielles. Les résultats montrent que le température dans
un site urbain est généralement plus élevée que dans un site rural et que la couche d'inversion prés du sol
en zone urbaine disparait pendant la nuit d’hiver & cause de la rugosité de surface et de la création de
chaleur artificielle. Une différence considérable de température apparait entre sites rural et urbain pour
quelques heures avant et apres le lever du soleil. L’aérosol a un effect dans la journée et un maximum
d’effet du diamétre est trouvé lorsque le diameétre est proche de la longueur d’onde de la lumiére visible.

EINDIMENSIONALE SIMULATION DER THERMISCHEN STRUKTUR DER
ATMOSPHARE UBER STADTISCHEN GEBIETEN

Zusammenfassung—Zur Beschreibung der thermischen Struktur der Atmosphére iiber stadtischen Gebieten
wurde eine eindimensionale numerische Simulation durchgefithrt, Besonders beriicksichtigt wurden die
Einfliisse von Eigenschaften der Erdoberfliche, von Aerosol und von kiinstlicher Warmefreisetzung. Die
Ergebnisse zeigen, dafl die Temperatur iber stddtischen Gebieten im allgemeinen hoher ist als iiber
landlichen Gebieten und sich die Inversionsschicht in der Nihe der Erdoberfliche iber stidtischen Gebieten
in Winterndchten—bedingt durch die Oberflichenrauhheit und kiinstliche Wirmefreisetzung—aufldst.
Erhebliche Unterschiede zeigen die Temperaturen in ldndlichen und stddtischen Gebieten fiir einige Stunden
vor und nach Sonnenuntergang. Das Aerosol hat tagsiiber einen groBen EinfluB3, wobei die PartikelgroBe
dann eine besonders grofe Rolle spielt, wenn ihr Durchmesser nahezu gleich groB wie die Wellenlinge des
sichtbaren Lichtes ist.

O/IHOMEPHA Sl MOJIEJIb TEIIJIOBOH CTPYKTYPbl ATMOC®EPHI TOPOJIA

AnnoTauns—/lIs OnNpenesieHHs TeIUIOBOR CTPYKTYpbl aTMOCepbl B ropoacKoil 30He MPOBENEHO OMHO-
MepHoe Moaenupopanye. Ocoboe BHUMaHNE YAEJIEHO Y4ETY YCIOBHIH HA MOBEPXHOCTH 3EMJIH, aspo3onei
¥ HCTOYHMKOB Teld, CO3OAHHBLIX HEJNOBEHECKOH JEATeNbHOCTLIO. Pe3yibTaThl NMOKa3bIBAIOT, HTO B
FOPOJICKOR 30HE Temmepatypa OObIMHO BbILLE, Y€M B CENIbCKOH, ¥ MHBEPCHOHHBIA criolt BOnusu 3emMuoil
TTOBEPXHOCTH HCHE3AET 3UMOi B HOYHOE BPEMS U3-3a2 HEPOBHOCTEH pesibea W BBILICYIOMAHY THIX HCTOU-
HUKOB. B TeueHue HECKONIBKHMX YacoB N0 M MOC/E 3aX04a COJIHIA B FOPOACKOH H cenbCckoit 30HaX cyiliecT-
BYET 3dMETHOE pa3/vyve TemrepaTyp. Bansuue asposoneil BeJMKO B JHEBHOE BPEMS M MakCHMAJIbHO,
KOr/la TMaMeTp 4acTHL O1IH30K K JUIHHE BOJIHBl BUAXMOLO H3ITY4YEHHS.



