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Abstract: - A numerical model to represent the impact of urban buildings on airflow in meso’scale turbulence 
models is presented. In the model, the buildings are not explicitly resolved, but their effects on the grid-
averaged variables are parameterized. An urbanized area is characterized by a horizontal building size, a street 
canyon width and a building density as a function of height. The improved, three-parametric 2E − ε − θ turbu-
lence model for the computation of the wind field, air temperature and pollutant dispersion was developed. The 
transport of momentum, heat and mass under density stratification is evaluated from the fully explicit anisot-
ropic algebraic expressions. These expressions are derived based on the assumption of weak-equilibrium turbu-
lence approach where transport effects on the stresses and heat fluxes are negligible. The heating processes at 
surfaces of buildings and ground are also modeled. The comparison of the computational results obtained with 
the present model and existing observational data and numerical models shows that the present model is capable 
of predicting the structure of turbulence in the urban canopy layer under density stratification and of obtaining 
high-resolution local wind fields. Numerical experiments with the new three-parametric model show that the 
behavior of the airflow in the urban canopy layer and above urbanized area is strongly affected by the existence 
of buildings and thermal stratification, including the urban heat island effect.  
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1   Introduction 

Urbanization causes drastic changes in radiative, 
thermal, moisture and aerodynamic characteristics of 
the land surface, leading to heterogeneities of the 
airflow. The main reasons for complexity of urban 
modeling lies in the diversity of spatio-temporal 
scales over the phenomena occur. In order to com-
pute the mean and turbulent transport, several vari-
ables are needed (wind, turbulent coefficients, tem-
perature, pressure, humidity). The numerical models 
must, indeed, ideally be able to represent the two 
main scales (the ‘urban’ and the ’meso’) involved. 
Since the horizontal dimensions of the domain are 
on the order of the meso’scale (~100 km), to keep 
the number of grid points compatible with the CPU 
time cost, the horizontal grid resolution of such 
(meso’scale) models ranges between several hun-
dreds of meters and a few kilometers. Because is not 
possible to resolve the city structure in detail (build-
ings or blocks), but that the effects of the urban sur-
faces must be parameterized [1]. The most important 
urban effects on the airflow are: (i) the presence of  

 
 

an intense shear layer at the top of the urban canopy 
(there, the mean kinetic energy of the flow is con-
verted into turbulent kinetic energy (TKE)); (ii) the 
development of the turbulent wakes that generated 
by the roughness elements; efficiently mix and dif-
fuse momentum, heat and mass; (iii) drag due to 
buildings, i.e. the pressure differences across indi-
vidual roughness elements; (iv) phenomena of dif-
ferential heating/cooling of sunlit/shaded surfaces, 
radiation trapping effects in street canyons and heat 
storage in buildings can generate the so-called urban 
heat island effect [2, 3]. (In modeling, the urban heat 
island effect can be specified by an urban-rural tem-
perature difference. The urban heat island effect 
may produce major temporal and spatial alterations 
to the thermodynamics and circulation of the urban 
airflow). 

This study attempts to formulate a three-
parametric numerical model for simulation of the 
air circulation over the urbanized areas. In this 
model, the turbulent transfer of momentum, heat 
and concentration in the urban boundary layer is 
numerically simulated by a time-dependent Rey-
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nolds-averaged Navier-Stokes (RANS approach). In 
the present model, two new ingredients are em-
ployed: 1) an updated expression for the pressure-
strain correlation, 2) an updated expression for the 
pressure-temperature correlation. The turbulent 
momentum and scalar fluxes are determined by the 
full explicit algebraic expressions which are derived 
from the closed transport equations for turbulent 
fluxes and simplified using the weak-equilibrium 
assumption and symbolic algebra. Closure is 
achieved by solving the evolution equations for the 
turbulent kinetic energy, its dissipation rate and sca-
lar variance (the three-parametric turbulence model 
[1, 4]). This improved meso’scale model is able to 
reproduce the most important features of a wind 
field above the city.  

Models describing the turbulence to a different 
degree of completeness and different parameteriza-
tions of urban roughness have been used recently to 
simulate the processes of momentum and heat trans-
fer and pollutant scattering in an urban boundary 
layer.  

For example, in [5], the conventional E – ε 
model of turbulence is employed and the effect of 
stratification on turbulent momentum and heat trans-
fer is taken into account through the methodology of 
[6], with introduction of corrections for stratification 
into the proportionality coefficient standing in the 
standard two-parameter expression for the turbulent 
viscosity. The shortcomings of this representation 
are universally known. The turbulent viscosity also 
depends on the mean-velocity gradient and vertical 
turbulent heat flux (flux Richardson number) in ad-
dition to the turbulent kinetic energy E and its dissi-
pation rate ε. Therefore, the turbulent momentum 
and heat fluxes are not expressed explicitly in terms 
of the mean-field gradients and an iteration proce-
dure is required. To take into account the effect of 

roughness on heat-transfer processes and their influ-
ence on urban climate, the governing Navier–Stokes 
equations and the equation of heat inflow are aver-
aged not only over an ensemble but also over space 
via introduction of a certain effective-volume func-
tion.  

Another parameterization scheme [7] uses the 
approximation of “porous urban roughness,” in 
which the drag and frictional forces induced by 
buildings of different heights are taken into account 
in the form of source terms in the equations of mo-
tion and heat and moisture inflow via the method 
proposed in [8]. A scheme of such a parameteriza-
tion is depicted in Fig. 1b along with a horizontal-
wind-velocity profile, which clearly shows the ef-
fect of urban roughness on flow in an urban canopy 
layer. A conventional roughness model and a profile 
of mean wind velocity are shown in Fig. 1a. The 
two parameterization schemes are implemented in a 
simple two-dimensional test of planetary boundary 
layer (PBL) evolution through a one-parameter 
model of turbulence in which the turbulent kinetic 
energy alone is determined from the transport equa-
tion. For all turbulent fluxes, the gradient model of 
the K-theory with the linear turbulent scale regarded 
as a function of the vertical coordinate alone is used. 
In this paper, a scheme of parameterization of the 
roughness of the urbanized surface (Fig. 1b) is also 
implemented for a simple two-dimensional test.  

In our study the modified three-parameter model 
of turbulence for the PBL over an urbanized surface 
with modeling of the effect of an urban heat island 
is used. Unlike the three-parameter model devel-
oped previously in [9], for the modified model [1], 
completely explicit anisotropic models for the turbu-
lent momentum fluxes (Reynolds stresses) and tur-
bulent fluxes of the scalar via symbol algebra are 
derived. 

 

 
Figure 1. The concept of incorporation of urban canopy model: (a) –the conventional model,  

0z - the roughness length; (b) – the urban canopy model. 
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The model provides additional possibilities for 
studying the effects of an inhomogeneous underlying 
surface (thermal and mechanical) on the pattern of a 
stratified atmospheric flow as compared to one- and 
two-parameter techniques of modeling the turbu-
lence (see, for example, [5, 7, 10, 11]). 
 
 
2  The closure turbulence model for 
planetary boundary layer (PBL) 

Both mean and turbulent variables are needed to 
model a PBL. The following system of partial dif-
ferential equations models the PBL flow over the 
urban heat island for a full 24 hour cycle. The Bous-
sinesq approximation for density variations is used 
to include buoyancy effects: 

0x zU W+ = ,                        (1) 

( )x
t x z z

PU UU WU wu f V D+ + = − − + +
ρ U ,    (2) 

( )t x z z
V UV WV wv fU D+ + = − − + V ,     (3) 

( )z
t x z z

PW UW WW ww g D+ + = − − + +βΘ
ρ W ,   (4) 

( ) ( )t x z z zU W u w D .+ + = − − + ΘΘ Θ Θ θ θ      (5) 

The dependent variables in (1)-(5) are the mean flow 
velocities , V , and W  in U x , , and y z  directions 
respectively, mean pressure , mean deviation P Θ  
from a reference temperature . The terms 

 here represent the forces (e.g., fric-
tional force, drag force etc.) and 

0T

U V WD ,D ,D
DΘ  denotes the 

impact of the sensible heat fluxes from solid surfaces 
(ground or buildings) on the potential temperature 
budget. The parametric quantities in the equations 
(1)-(5) include gravitational acceleration g (9.8 ms-

2), Coriolis parameter f (0.8× 10-4 at latitude 350N), 
volumetric expansion rate of air β  (3.53× 10-3 К-1), 
and mean air density ρ (1.25 kgm-3). The lower case 
terms u , v , , and w θ  represent time dependent de-
viations from their respective mean values, and their 
products in (1)-(5) give the turbulent Reynolds 
stresses and heat fluxes. They are modeled by the 
full explicit anisotropic algebraic expressions which 
are obtained from the differential closed transport 
equations for turbulent fluxes by reducing them to 
the system of algebraic equations using the weak-
equilibrium assumption. The system of algebraic 
turbulent flux equations is solved using symbolic 
algebra (cf. [4]). Three-parametric turbulence model 

[1, 9] is used to close expressions for the turbulent 
momentum and scalar fluxes. The turbulent fluxes 
expressions are not shown here because of their 
bulkiness. 
 
 
2.1 Nonlocal expressions for turbulent mo-
mentum and heat fluxes 

Equations for the turbulent momentum and heat 
fluxes were solved via symbol algebra. Below, we 
present expressions for those turbulent momentum 
and heat fluxes that were used in a numerical test to 
solve system of equations (1) – (5):  

( ), ,M
U Vuw vw K
z z

∂ ∂⎛ ⎞= − ⎜ ⎟∂ ∂⎝ ⎠
,  H cw K

z
∂Θ

= − +
∂

θ γ , 

M MK E S= τ , H HK E S= τ ; 

( )

( )

0 1 2 3

2
2

4 5 6

1
1

1 ( )

H H

M

H

s s G s s G
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D s s s G g
E
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= ⎨ ⎬

⎪ ⎪+ +
⎩ ⎭

θτβ
 

( )6
1
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3H HS s

D c
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⎧ ⎫
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; 

2 2
2 6 5

1 21 (
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D
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⎩ ⎭

)γ α α τβ θ  

is the countergradient term. 
The quantities GH and GM are defined as  
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( =2, =0. 54, =0.8, 1c 2c 3c 1c θ =3.28, 2c θ  =0.5). 
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3  Computational test 
The 2D numerical test is carried out. The size of 

the computational domain is km with the 
resolution of 1 km. The topography is flat with a 10-
km wide city surrounded by a rural area. In the 
model, urban heat island effects are specified by the 
urban-rural temperature difference. The magnitude 
of rural-urban temperature difference driving this 
circulation depends on a variety of factors including 
the morphology of urban canopy layer. Therefore, 
the urban roughness parameterization has been in-
corporated in the improved meso’scale model (Fig. 
1b). The ground temperature is the only unsteady 
boundary condition [1]. This thermal boundary con-
dition simulates the 24 hour cycle of heating by the 
sun on a land mass located from  km to 

 km. The meteorological initial conditions 
are geostrophic wind from the west of 1, 3 and 5m s

6 120×

x 0=
x 120=

-

1, and atmospheric thermal stratification equal to 3.5 
K km-1 in potential temperature. 
 
 
4   Simulation Results 
Results of numerical modeling of the urban bound-
ary layer lead to the following conclusions about 
transformation of the global structure of wind veloc-
ity field above the urbanized surface (Fig.1b). 
 
 
4.1 Turbulent momentum 
Comparison of the vertical profiles of local  de-

fined as

*u

( )1 42 2 /
uw vw+  with the measurements data 

are presented in Fig. 2.  
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Figure 2. Vertical profiles of the “local” friction 

velocity (defined as (*u )1/ 42 2uw vw〈 〉 + 〈 〉 ) at the 

center of the urbanized area that are normalized by 
its maximum value. Different symbols show meas-
urement data: (rhombs) [12-14], (squares) [16], and 
(triangles) [17]. Lines 1 and 2 correspond to UG = 3 
m/s and UG = 5 m/s, respectively. The vertical co-
ordinate Z is normalized by the mean height of 
buildings in the urbanized area ZH. 

Above the roughness sublayer, urban simulations 
show a region where  is nearly constant with 
height during day and night for both geostrophic 
wind speeds. In the roughness sublayer the behavior 
of vertical profile of exhibit a very similar shape 
as in the observations during night and daytime.  
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Figure 3. Vertical profiles of the ratio of the local 
friction velocity  to the average horizontal wind 
velocity at the center of the urbanized area. The 
symbols correspond to the data of different au-
thors’ measurements presented in Fig. 1b of paper 
[1]. The other notation is the same as in Fig. 2. 

*u

The extensive data set of measurements in the 
cities is presented in review [18] for the ratio of the 
local friction velocity  to the mean velocity of 
horizontal wind (six groups of data; squares in Fig. 
3). The calculated profile of  (solid line in Fig. 
3) has a maximum near the top of the building and 
then decreases with increasing height, reaching a 
value close to 0.1 at a height of about a fourfold av-
erage height of the building. The profiles calculated 
for two values of the geostrophic wind (3 and 5 m/s) 
are in good agreement with observational data.  

*u

* /u U

The simulated results presented in these two fig-
ures show that the modified model of turbulence for 
the PBL and a more realistic model of urban rough-
ness (Fig. 1b) are able to reproduce the vertical pro-
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files of both the turbulent momentum flux and the 
mean velocity of horizontal wind that are consistent 
with observational data. 
 
 
4.2  Impact of an urban roughness on the 
velocity field 

It possible to make some quantitative estimation 
of change of wind speed above the city because in-

fluences the mechanical (urban roughness) and ther-
mal (the urban heat island effect) inhomogeneity of 
the urbanized area. In Fig. 4a, results of the simula-
tion with only the classical Monin-Obukhov similar-
ity theory (MOST) are shown. The simulation with 
the parameterization of urban roughness in Fig. 4b is 
represented. From these figures follows, that the ur-
ban roughness reduces the wind speed above the city 
approximately for 24 percent in comparison with  

 

2.25

2.
25

2.2
5

2.75

2.75

2.
75

2.
75

3.2
5

3.25

3.25

3.
75

3.754.25
4.

75

2.25

4.
25

2.75

2.25

4.
75

X, km

Z,
km

20 40 60 80 100 120

0.5

1

1.5

2
( a )

2.25

2.25

2.2
5

2.75

2.75

2.
75

2.75

2.
75

3.
25

3.25 3.25

3.75

3.
75

3.75

2.75
2.25

2.75

2.25

4.25

2.25

X, km

Z,
km

20 40 60 80 100 1200

0.5

1

1.5

2
( b )

 
Figure 4. Calculated vertical sections of horizontal wind speed (m/s) for the time 12:00: (a) - simulation with the classical 
MOST approach and (b) - simulation with the parameterization of urban roughness. The thick line on the abscissa between 
45 km and 55 km indicates the location of the urbanized area (city). 
 
the classical MOST approach (Fig. 1a). Thus, the 
increase of wind speed above the city most likely is 
connected with the urban heat island effect. The 
similar modification of wind speed above the city 
was probably simulated, for example, in [7]. 
 
 
4.3 Turbulent structure of the urban bound-
ary layer 

The structure of turbulence in the boundary layer 

over an urbanized surface is represented by the pro-
file of standard deviation of the vertical velocity 
(Fig. 5). The profile of standard deviation of the ver-
tical velocity *max/W uσ  is shown by the solid line in 
Fig. 6 along with the data of measurements (eight 
data groups) presented in review [18] in their Fig. 2f. 
These data are depicted by the same symbols (open 
squares). Fig. 5 shows the modeling results averaged 
over all calculations during their 24-h cycle. 
 

WSEAS TRANSACTIONS on FLUID MECHANICS A. F. Kurbatsky And L. I. Kurbatskaya 

ISSN: 1790-5087
48

Issue 2, Volume 2, April 2007



(<w2>)1/2/u*max

Z
/Z

H

0.5 1 1.5 2 2
0

1

2

3

4

5

6

7

12

.5

 
Figure 5. Vertical profile of the standard deviation 
for the vertical velocity at the center of the urban-
ized area: simulation at the geostrophic wind speed 
(1) UG = 3 m/s and (2) UG = 5 m/s. The symbols 
denote the measurement data from [1].  

We note that the calculated profiles are close to the 
center of the range of data scatter. The normalization 
is performed with the friction velocity averaged over 
all values calculated for 24 h. Thus, it may be in-
ferred that, for this structure characteristic of the tur-
bulence field, this PBL model gives results that are 
in satisfactory agreement with observational data. 

 
 

4.3  Impact on the dispersion of a passive 
tracer 

The baseline mesoscale model of turbulent at-
mospheric boundary layer is expanded to include 
atmospheric dispersion of a passive contaminant by 
adding equations for mean concentration , 
turbulent flux of a contaminant 

iC( x ,t )

j if u c≡< >  and cor-

relation cθ< > . Numerical results from validations 
of differential and algebraic models for turbulent 
concentration fluxes used in modeling of passive 
tracer dispersion above an urban heat island under 
conditions of night-time atmospheric boundary layer 
(weak wind, stable stratified atmosphere) have 
shown [19] that the algebraic model for turbulent 
concentration fluxes provides acceptable in accuracy 
results. Such a model is formulated in [19] by simpli-
fying closed differential transport equation for the 
turbulent scalar flux  under the same local-
equilibrium turbulence assumption applied for sim-
plification of equations for turbulent momentum 
(Reynolds stresses) and heat flux [1].  

iu c〈 〉

Anisotropic expressions for vertical wc〈 〉  and 
horizontal uc〈 〉  turbulent fluxes of concentration are 
derived by means of symbolical algebra in following 
form, 

2
1 1

1 *
C

E Cwc w w
D z

α α λ θ
ε

∂⎛ ⎞⎡ ⎤−〈 〉 = 〈 〉 + 〈 〉 +⎜ ⎟⎣ ⎦ ∂⎝ ⎠
 

1 1
1 *

C
E Cuw u

D x
α α λ θ

ε
∂⎛ ⎞⎡+ 〈 〉 + 〈 〉⎜ ⎟⎣ ∂⎝ ⎠

⎤⎦ ,       (6) 

 
2

2 1
1 *E E Uuc u uw u
D z

λ α λ
ε ε

⎛ ⎞
θ

⎡ ⎤∂
−〈 〉 = 〈 〉 + 〈 〉 + 〈 〉 ×⎜ ⎟⎢ ⎥∂⎣ ⎦⎝ ⎠

2
2

1 ( [C E E Uuw w
x D z

λ
ε ε

∂ ∂
× + 〈 〉 + 〈 〉 +
∂ ∂

 

*
1 ]) Cw

z
α λ θ ∂

〈 〉
∂

.                   (7) 

In these expressions, *
2 3(1 ) /C Cα α α= − , 

1 ( / )g Eλ β ε= , *
2 1 3C

E W
z z

λ α α λ
ε
∂ ∂

= + +
∂ ∂

Θ ,

2
3 ( / )g Eλ β ε= .  

With (6) and (7) the equation for mean concentra-
tion 

C CU CW wc uc
t x z z x

∂ ∂ ∂ ∂ ∂
+ + = − 〈 〉 − 〈

∂ ∂ ∂ ∂ ∂
〉  (8) 

is reduced to the closed form after neglecting mo-
lecular diffusion at higher Reynolds numbers. The 
numerical constants of diffusion models (6) – (8) 
are: 1С 3С 3,28α = α = , 2С 0,4α = . 

A passive tracer is emitted in the city at ground 
level with a time variation typical of traffic emis-
sions characterized by high values in a morning and 
low values during night hours in order to reproduce 
realistic profiles.  

Time (hour)

C
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n

8 16 24 32 40 48 50
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2000

6
 

Figure 6. Time evolution of passive tracer surface concen-
tration in the centre of the urban area as computed by the 
three-parameter turbulence model. Results are for the case 
with the geostrophic wind 3 m/s. GU =
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Figure 7. The passive tracer concentration at the lowest 
level for 13:00 a.m. of the second day. The city is located 
between 45 km and 55 km. Results are for the case with 
the geostrophic wind 3 m/s. GU =
The computed tracer concentration in the city centre 
at the lowest modeled level during 48-hour cycle of 
simulating the urban boundary layer evolution is pre-
sented on fig. 6. As expected, the concentrations are 
higher during the night than during the day, because 
the nocturnal boundary layer is much thinner than 
the diurnal one. It should be noted here that the 
overprediction of primary pollutants during the night 
in urban areas, as compared to the measurements, is 
fairly common for Eulerian photochemical models, 
especially under low wind conditions [20]. This 
problem can be linked to an inappropriate reproduc-
tion of the nocturnal urban heat island. Distributions 
of concentration at the lowest level in the centre of 
the urban area are plotted in Figure 7. As can be 
seen, at 0700 LST there is an accumulation of tracer 
concentration (symbols  in Figure 7) within the city 
limits. In addition, by 1300 LST (the second day of 
modeling) a fixed peak in the distribution of concen-
tration (curve noted by symbols  in Figure 7) forms 
some distance downwind from the city. 

Thus, influence of the urban surface on the day 
time pollutant concentration away from the city is 
clearly shown. This result is in qualitative agreement 
with calculations of [7]. The above-noted behavior of 
concentration in a vicinity of city’s leeward side is 
caused by the nature of the thermal circulation 
moved by advection downwind to the leeward side 
(see also a Figure 8 showing the isotachs of vertical 
wind speed (arrows show the average wind vector 
field). 

 
 

4.4 Countergradient heat flux: comparison 
between 2E − −ε θ  and K −ε  turbulence 
models 
The two turbulence models commonly used for 
simulating the urban boundary layer include standard 
−k ε model modified for effects of buoyancy on 
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Figure 8. Velocity vectors and isotachs ( 1ms− ) for ver-
tical velocity at 12:00 (noon) in the diurnal cycle of 
simulation for the geostrophic wind speed 1

GU 3ms−= . 

 

vertical turbulent transport [5], and traditional ap-
proach [7] based on the one-parameter turbulence 
model. Such an approach does not take into account 
either anisotropic transport in vertical and horizontal 
directions, or effects of buoyancy on vertical turbu-
lent transport. Computations of velocity vector field, 
temperature and turbulent quantities inside the urban 
boundary layer allow detecting differences in the 
turbulent transport modeled with the three-parameter 

2E − −ε θ  model and standard K-theory [7]. For 
this purpose, values of eddy diffusivities 

/( / )MK uw U z= − ∂ ∂  and /( / )HK w= − ∂Θ ∂θ z  are 
computed diagnostically and the results are shown in 
Fig. 9a, b.  
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Figure 9a. Eddy diffusivity of momentum for urban 
simulation at noon. Results are for the case with 

geostrophic wind. 13m s−
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Figure 9b. Eddy diffusivity of heat for urban simula-
tion at noon. Results are for the case with 

geostrophic wind. 13m s−

As can be clearly seen in Fig. 9 a, b negative values 
of MK  and HK  are predicted in the region of turbu-
lent thermal circulation on the leeward side of the 
urbanized area (Fig. 8). However, their negative val-
ues are also predicted in the lower urban boundary 
layer for MK  and upper urban boundary layer part 
for HK . Regions of negative values of MK  and HK  
explicitly indicate non-local character of the turbu-
lent transport which can not be described using sim-
ple one- or two-parameter turbulence models. In 
these two models, it is difficult to correctly account 
for effects of buoyancy on the turbulent transport of 
momentum, mass and heat. For example, Fig. 10 
shows that the ‘standard’ k − ε  model underpredicts 
values of the vertical turbulent heat flux when com-
pared with the 2E − −ε θ  model and fully explicit 
anisotropic model for turbulent fluxes of momen-
tum, heat and mass. 

 
 

5 Conclusion 
A three-parameter mesoscale model of explicit 

anisotropic turbulent fluxes of momentum and heat 
has been developed in this paper for modeling at-
mospheric flows over an inhomogeneous underlying 
surface. An important property of the model lies in 
the improvement of estimating the processes of 
transfer in the vertical and horizontal directions 

/ iz z  

0 0.2 0.4 0.6 0.8 1
0
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three-parametric model

Κ − ε model

 
0w / wθ θ  

Fig. 10. Vertical turbulent heat flux in a point in the center 
of the city at 12:00 (noon) in the diurnal cycle of simula-
tion for the geostrophic wind speed 13GU m s−=  com-
puted by means of ‘standard’ k −ε  model and the three-

parametric 2E − −ε θ turbulence model with the fully 
explicit anisotropic model for turbulent fluxes. The fluxes 
normalized on the maximum value of 0wθ , iz is the in-
version layer height. 
 
 
under different stratification conditions, which are 
usually observed in an urban boundary layer.  

A simple two-dimensional numerical test on the 
influence of mechanical factors (urban roughness) 
and thermal factors (effect of an urban heat island) 
on a global structure of the atmospheric boundary 
layer has been implemented.  

This test has shown that the results of numerical 
simulation are in good qualitative and quantitative 
agreement with the data of field measurements. The 
model is able to reproduce turbulent processes within 
the urban canopy layer and above it with satisfactory 
accuracy.  

The formulated nonlocal model of turbulent 
fluxes can be potentially used to model the atmos-
pheric boundary layer within the “urban” scale and 
“mesoscale.” It is clear that a realistic modeling of 
the dispersion of urban pollutants requires an accu-
rate knowledge of meteorological parameters for this 
region of the urban boundary layer, where the pollut-
ants are emitted and where people live. An efficient 
use of this model for the turbulent PBL requires the 
specification (from measurement data) of “input” 
parameters such as the vertical distributions of the 
three base functions of the model, E, ε, and 2θ〈 〉  (for 
example, in the morning hours for a stably stratified 
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PBL). Testing the potentials of the RANS turbulence 
model for an urban PBL requires the measurement 
data on the distributions of a number of quantities, 
such as the variance of the vertical component of 
turbulent velocity and the boundaries of surface and 
raised inversions (including those under the condi-
tions of weakened PBL turbulence in the night and 
early-morning hours, measurement data on vertical 
distributions of temperature, turbulent heat flux, 
TKE, and other parameters).  

The improvement of the model requires a more 
accurate calculation of heating processes at surfaces 
of buildings and ground, and this modification of the 
model is regarded as the aim of our further study. 
Note that the description of a detailed pattern of ur-
ban climate requires of surface temperatures model-
ing from the urban energy balance model. 
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