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Abstract: On the basis of practical orientated complex parameterization method it is determined basic characteristics in several
types of stable turbulent regimes: nocturnal, long-lived and at over critical Richardson numbers. In particular the result can be used
for differential studying of the diffusion processes in PBL depending on the type of SL-PBL stable conditions.
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1. INTRODUCTION
Recently it became clear that it can be distinguished several types of stable boundary layers (SBL), depending on the
structure and the particularities of the turbulent regimes:
(a) Conventional nocturnal (short-lived) SBL in the middle latitudes, which is described by the Monin-Obuchov
similarity theory.
(b) Long-lived SBL (in the high latitudes) and neutral BL too, influenced by the free-flow stability.
(c) very stable and weak intermittent turbulence regime at over critical numbers of Richardson (no critical Richardson
concept).
The parameterization of these PBL regimes is the subject of the present work.
Parameterization method
According to the Monin-Obuchov similarity theory the following relations can be written:
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potential temperature, z1 is given level above the surface. In the conventional case (a), the universal functions are:
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where Bu , BT are empirical constants. According to (1), (3) the numbers Prt and Rb monotonously increase with
increasing [ and at [ o f take their maximal limit values:
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where Rbcr is critical bulk Richardson number. We will note that according to (4) in case (a) the turbulence cuts off

at Rb ! Rbcr and the values of Rb are in the range 0 d Rb d Rbcr .

In case (b) after taking into account the effect of the static stability in the free atmosphere on the surface layer, Mu [
and MT [ modify into the following expressions (Zilitinkevich and Essau, 2005):

Mu [

~
~
1 Bu[ , Bu

2
Bu (1  C NM
Fi 2 )1 2 ; MT [

~
~
1 BT [ , BT

2
BT (1  C NH
Fi 2 ) ,

(5)

LN u* sFi 0 is dimensionless parameter, taking values in the range 0 d Fi  1 , s L z1 ,
Fi 0 Nz 1 u* , N is typical gradient of the potential temperature in the free atmosphere, C NM , C NH are new
empirical constants. In this case the critical Richardson number (4) is substituted with the following expression
(Syrakov, 2005):
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Since I ! 1 then Rbcr
! Rbcr , which leads to larger range of values of Rb and increase of the critical Richardson
number (Fig. 1).

Figure 1. Dependence of the critical bulk Richardson number

Rbcr

on the free flow stability parameter

Fi 0

Experimental and LES data show, that at stable stratification turbulence can exists and at big over critical numbers
Rb of order ~ 10 (case (c)). At such conditions it appears to be that the parameters (2) are increasing function of [ .

This means that the asymptotic [ –dependence of MT should be stronger than linear, e.g. quadratic (Zilitinkevich
and Essau, 2007). Here we will use the following expression for MT :
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2
BTcc 1  C NH
Fi 2 , BTc and BTcc are empirical constants.

After taking into account the corresponding universal functions M u ,MT and the specific particularities of the turbulent
regimes (a), (b) and (c), for their parameterization it is used, developed in Syrakov, (1990, 2005) and Syrakov and
Cholakov, (2005), practically orientated method including several mutual connected parameterization schemes: bulk
Richardson ( Rb –method), PBL resistance laws (RL–method) and combined ( Rb –RL method), which is based on
their joint and coordinated use.
2. RESULT AND DISCUSSION
Let’s now go to the determination of basic turbulent characteristics of the listed above stable regimes. The following
values of the constants are used at the realization of the parameterization methods: Bu 5 , BT 6,25 (at these

0.25 ; BTc 5.5 , BTcc 1.25 (at these values there is a good coincidence of Prt and
Ri with the experimental data), C NM 0.06 , C NH 0.6 (according to Zilitinkevich and Essau, 2005). For the

values according to (4) Rbcr

reference height is chosen z1
coefficient Ct
the view C H
where Ou

10 m . First we will consider the drag coefficient C d1 2

u* u1 and the heat transfer

T* 'T . We will note that the number of Dalton C H can be expressed by these two coefficient in

C d1 2 Ct . All of these coefficients taking into account (5), (6) depend on the dimensionless parameters:
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ln z z0T , z0 and z0T are the respective aerodynamic and temperature roughness. The

determined by the Rb –method, dependence of C d1 2 and Ct on Rb is shown on Figure 2. The results from Figure 2

at ( Rb

0 , Fi 0

0 ) correspond to truly neutral regime, at ( Rb  0 , Fi 0

0 ) to stable nocturnal, at ( Rb

0 , Fi 0 ! 0 )

to conventional neutral and at ( Rb ! 0 , Fi 0 ! 0 ) to long-lived stable.
The Rb –RL method allows determining a series of basic relations between SL–PBL parameters, for example:
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where G0

(u g2 0  v g2 0 )1 2 is module of the geostrophic wind, GT

T H  T 0 is the difference of the potential

temperature in PBL, S EGT fG0 is external integral parameter of the stratification in PBL, D is the angle of full
turning of the wind in PBL. For example on Figure 3 it is shown the parameters f g and D . It can be seen that the

accounting of the non-local effects Fi 0 z 0 leads to increasing of the critical Richardson number. In this case the
different regimes can be classified analogically as on Figure 2. At the parameterization of stable regime (c) have to be
taken into account (7) which leads to respective corrections in the parameterization schemes. The respective to
Figures 2 and 3 results for stable regime (c) at Fi 0 0 are shown on Figures 4 and 5.

Figure 2. Dependence of the drag coefficient Cd1 2 and heat transfer Ct on Rb at different values of Fi 0 and at

Figure 3. Dependence of f g

G0 u1 and angle D on Rb at different values of Fi 0 and Ou

OT
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Figure 4. Comparison of the results for Cd1 2 and Ct for conventional stable regime (a) (the curve at Rb  Rbcr
regime at overcritical Richardson numbers (c) (the curve at overcritical . Rb ! Rbcr 0.25 .
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Figure 5. Comparison of the results for f g

Rb  Rbcr

G0 u1 and angle D for conventional stable regime (a) (the curve at

0.25 and stable regime at overcritical Richardson numbers (c) (the curve at overcritical . Rb ! Rbcr

0.25 .

The respective results are shown in two ranges of variations of Rb at Rb d 1 and Rb from 0 to 10. On the figures it
is shown comparison between traditional turbulent regime (a) at which Rb  Rbcr and the intermittent, with
overcritical Richardson numbers, turbulent regime (c), which is valid only for big values of

Rb (for

example Rb ! 1 y 2 ). In the intermediate range of Rb a transitional regime between the above two is realized. On

Figure 4 we can see the behavior of the coefficients Cd1 2 and Ct at overcritical numbers Rb . They are decreasing
functions of Rb , which is due to the sporadic and gradually decreasing (with increasing of Rb ) turbulence in this
case. Besides we have to add and the fact that the wind is very weak (practically still). Obviously the description of
the diffusion processes meats significant difficulties (see Luchar, A. 2007).

Figure 6. Turbulent PBL characteristics u , v , K z , dispersions V x , V y , V z and vertical Lagrangian coordinate Z for height
source hs

5 m for stable PBL regime at overcritical Richardson numbers (c) at Rb

5 , u10

0.5 ms 1 , z0

0.01 m .

On Figure 6 it is presented some PBL and respective instantaneous cloud characteristics in the case of stable regime
(c) obtained at the following input parameters: Rb 5 , u10 0.5 ms 1 , z0 0.01 m , height source hs 5 m . It can

be seen that at such conditions, the cloud centre remains during the whole period at height z hs 5 m , the vertical
dispersion is strongly limited, while at the same time V x !! V z and V y !! V z (the cloud has quasi two dimensional
form), which corresponds to very strong anisotropy for that regime. The vertical coefficient of turbulent exchange k z
is very small and the vertical exchange processes are minimal, which creates conditions for big localized pollution.
3. CONCLUSION
The obtained results show that the turbulent characteristics vary in wide ranges depending on the type of SL-PBL
stable regimes. This imposes a differential approach when it is studied dynamical and diffusion processes at these
conditions. The developed in the work approach allows this to be done in the range of practically orientated similarity
format.



REFERENCE
Luhar, A., P. Hurley and K. Rayner, 2007: Modelling low wind-speed stable conditions in a prognostic
meteorologicalmodel and comparison with field data. Proc. Eleventh Intern. Conf. on Harm. w Atm. Disp.
Modell. for Reg. Purp, Cambridge, United Kingdom, July 2nd-5th, 2007.
Syrakov, E. and E. Cholakov, 2005: The combined non-local, baroclinic and capping inversion effects on the
disspersion and pollution characteristics in the neutral and stable PBL. Proc of 3rd Int Simp. On Air Qual.
Manag. of Urb., Reg and Glob. Scales, Istanbul, 26-30 Sept, 2, 1453-1465.
Syrakov, E., 1990: Process of thermal convection, dynamics, parameterization and diffusion at different scales and
atmospheric conditions with application to environmental task. Dr. of Sci. Thesis, University of Sofia.
Syrakov, E., 2005: On the form of universal functions A, B, C in resistance laws, considering non-local change
effects in barotropic and baroclinic conditions in PBL. Ann. de L’Uni. de Sofia, Fac. de Phys., 98, 167-184.
Zilitinkevich, S. S. and I. Esau, 2005: Resistance and heat transfer laws for stable and neutral planetary boundary
layers: old theory, advanced and ee-evaluated. Quart. J. Roy. Meteorol. Soc., 131, 1863-1892.
Zilitinkevich1 S.and I. Esau, 2007: Similarity theory and calculation of turbulent fluxes at the surface for the stable
stratified atmospheric boundary layers. Boundary-Layer Meteorol., 125, 193-205.



