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Åâãåíè Ñèðàêîâ, Ìèëåí Öàíêîâ, Åìèë ×îëàêîâ. ÂÚÐÕÓ ÂËÈßÍÈÅ ÍÀ ÈÍÄÓÖÈÐÀ-
ÍÈÒÅ ÎÒ ÎÐÎÃÐÀÔÑÊÎ-ÒÅÐÌÈ×ÍÈ ÍÅÅÄÍÎÐÎÄÍÎÑÒÈ ÂÅÐÒÈÊÀËÍÈ ÄÂÈÆÅ-
ÍÈß ÂÚÐÕÓ ÍßÊÎÈ ÏÐÎÖÅÑÈ Â ÑÈÍÎÏÒÈ×ÅÍ È ÊËÈÌÀÒÈ×ÅÍ ÀÑÏÅÊÒ

Ðàçãëåæäàò ñå íÿêîè àñïåêòè íà ïàðàìåòðèçàöèÿ íà ïëàíåòàðíèÿ ãðàíè÷åí ñëîé (ÏÃÑ)
÷ðåç èçïîëçâàíå íà âåðòèêàëíàòà ñêîðîñò íà ãîðíàòà ãðàíèöà íà ÏÃÑ, îò÷èòàùà ñúâìå-
ñòíîòî âëèÿíèå íà îðîãðàôñêî-òåðìè÷íèòå ôàêòîðè è òðèåíåòî. Óñòàíîâåíè ñà êîðåëà-
öèîííè âðúçêè (ñúîòâåòñòâèÿ) ìåæäó òåðìè÷íèÿ ëàïëàñèàí è èíòåíçèâíîñòòà íà öèêëî è
àíòèöèêëîãåíåçà â êëèìàòè÷åí àñïåêò, îáîáùåíè ñà íÿêîè óñëîâèÿ çà ñúõðàíåíèå íà
ïîòåíöèàëíèÿ âèõúð è å àíàëèçèðàíî âëèÿíèåòî íà âåðòèêàëíèòå äâèæåíèÿ âúðõó âèñî-
÷èíàòà íà ÏÃÑ â çàâèñèìîñò îò êîíôèãóðàöèÿòà íà îðîãðàôñêî-òåðìè÷íèòå õîðèçîíòàë-
íè íååäíîðîäíîñòè. Ðåçóëòàòèòå ìîãàò äà áúäàò èçïîëçâàíè çà ïàðàìåòðèçàöèÿ íà ÷èñ-
ëåíè ìîäåëè íà âðåìåòî è çà èçó÷àâàíå íà êëèìàòà.

Evgeni Syrakov, Milen Tsankov, Emil Cholakov. ON THE INFLUENCE OF THE VERTICAL
MOTIONS, INDUCED BY THE OROGRAPHIC AND THERMAL NONHOMOGENEITIES,
ON SOME PROCESSES IN SYNOPTIC AND CLIMATIC ASPECT

It is considered some aspects of parameterization of the Planetary Boundary Layer
(PBL) using the vertical velocity at the upper boundary of PBL, which accounts the joint
influence of the orographic and thermal factors and the friction. It was found correlation
connections (correspondences) between the thermal laplacians and the intensity of cyclo and
anticyclogenesis in climatic aspect, it is generalized some conditions for conservation of the
potential vortex and it is analyzed the influence of the vertical motions on the height of PBL
in dependence of the configuration of the orographic and thermal horizontal nonhomogeneities.
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The results can be used for parameterization of numerical forecast models and for studying
the climate.

Keywords: orographic and thermal nonhomogeneity, vertical motion, equivalent topography,
height of PBL, laplacian effects.

PACS number: 92.10.Lq

1. INTRODUCTION

In distinction of the case of horizontal and homogeneous PBL, when there
are orographic and thermal horizontal nonhomogeneities, the vertical velocity,
induced at the upper boundary of PBL, describes a series of additional
effects, caused by the interaction of the orographic and thermal factors and
the friction [1-4].

The counted factors have a significant influence on a series of processes
in synoptic and climatical aspect. Some of them will be considered below.

2. PBL-SIMILARITY FORMULATION OVER
NONHOMOGENEOUS TERRAIN

The turbulent regime of orographic and thermal heterogeneous, baroclinic
PBL depends on the external parameters:
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where ρ is the density, p–the pressure, f–the Coriolis parameter, β–the buoyancy
parameter, Z0(x,y)–the topography, δθ = θTOP – θ0(x,y)–the potential temperature
increment in PBL in point (x,y).

Developing Z0(x,y) and δθ(x,y) in the arbitrary point with coordinates
(x = 0, y = 0) in a series to the second term, we find in a definite vicinity
δ(x <δ, y < δ) of this point: [1,3,4]:

(1)

Obviously the influence of Z0(x,y) and δθ(x,y) will be formed by both the
Z0(0,0) and δθ(0,0), and also by the horizontal changes of Z0 and δθ in a
vicinity δ ( first and second derivatives of Z0 and δθ). At x = y the forth and
the fifth terms of the right sides of (1) are expressed by the laplacians of Z0
and δθ:
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At the top H of PBL, the upper boundary conditions of u and v are: u = U,
v = V, where U and V are connected with pressure p:
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For a zero approximation (NXT = NYT = 0); x

p

∂
∂−

ρ
1

 and y

p

∂
∂−

ρ
1

 are

parameterized traditionally by the modul of the geostrophic wind 0G  and the
baroclinic parameters YX ΛΛ , :

YXG ΛΛ ,,0 , (3)

where ( ) 212
0

2
00 gg VUG += , gog VU ,0 are the quantity of the geostrophic wind

components ( ) ( )zVzU gg ,  at surface level z = 0, zU gX dd=Λ , zVgY dd=Λ .
In a non-linear approximation, when 0≠XTN , 0≠YTN are expressed

iteratively with zero approximation, to (3) are added several additional
parameters, expressed by the derivatives of YXgogo VU ΛΛ ,,,  over x, y and t.

Series of main PBL interaction characteristics like heat CH and mass
transfer Cd coefficients, angle of full turning in PBL-α, vertical velocity wH,
and etc. depend on the introduced above parameters. Here we will focus our
attention mainly to the parameter wH.

3. VERTICAL VELOCITY ON THE TOP OF THE PBL

On the basis of the equations of movements and continuity, after the
respective iteration procedure in the linear and nonlinear approximation (see

[2]) the expressions for the vertical velocity Hw  are determined [2–4]:

wcww gIH Δ+Ω+= , BCor wwww Δ+Δ+Δ=Δ δθ , (4)

where ( )gogogoI cZ
y

Z
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∂
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= 0
00  is the standard kinematical velocity,

gcΩ is a friction in a horizontal homogeneous PBL, and Δwor, Δwδθ, wBC are
corrections accounting the nonhomogeneity and baroclinicity–warm or cold
thermal advection:
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Here ( ) ( )
0

2 / ,  1/ , d ,
H

zc k f k H K x y z= = ∫  is the vertical averaged turbulent exchan-

ge coefficient; f1 > 0, a > 0, and a1 < 0, b1 < 0, d1 < 0, e1 < 0 are weight
coefficients, which can be expressed by c. The explicit forms of c and k are
determined on the basis of integral TKE method [3].

Formula (4) in the linear approximation ( 0, 111 ====== efdoefd ) can
be presented in the following equivalent but more convenient for analysis
form (see [5]).
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where A = π f 2/gℵ2 , ℵ = 0,4, ( )1/ 22 2
x yΛ = Λ = Λ + Λ , 2 /x x fΛ = ℵ Λ , 2 /y y fΛ = ℵ Λ

are the external baroclinic dimensionless parameters, β/~ 2
11 faa = , β/

~ 2
11 fbb =

and E is a dimensionless parameter:
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which characterizes the relative contribution of thermal and orography
heterogeneities in stratified rotating turbulent atmosphere to the formation of
vertical velocity. At 0→E , (8) describes pure topographic effects, at E → ∞–
pure δθ–thermal effects, and at intermediate values of E (e.g. typical  E = 2.104)–
the joint thermal and topography effects. As it can be seen from (8), when
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weight coefficients are given, wH depends on the dimensionless parameter E
and three angles, which are characterizing respectively: ϕ–the flow orientated
relative orography; ψ–the mutual orientation of orography and thermal
heterogeneity; Φ–the warm or cold thermal advection. For example the
dependence of 0 0/ (1 )h hw w G Z a= ∇ +  according to (8) (at Λ  = 0, E = 2.104) on
ϕ at different typical values of ψ is given in Fig. 1.

Fig. 1. The dependence of hw~  according to (8) at E = 2.104 and barotropic conditions

(  = 0) at different values of ψ

4. CLIMATIC EFFECTS

Here we will briefly consider some non-linear effects in (4–6) caused by
the laplasians (2). Horizontal cards of the laplacians ∇2δθ for July (summer
half-season) and ∇2Z0 calculated from real data (with grid resolution two
degrees) are shown on Fig 2. The respective terms in (5) and (6), related to
these laplacians are:

(10)

They are invariant about the coordinate system and do not depend on the
wind direction. That’s why we can consider that beside synoptic, terms (10)
also have an accumulating significant climatic effect.

According to this it can be expected that between effects connected with
(10) and a series of main climatical parameters exists a very significant
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correlation. The detail analysis confirms this suggestion as for the term
containing (∇2Z0), so and (∇2δθ) laplacians. Here we will confine only with
Fig. 3, which demonstrates very good correspondence between the value and
the sign of ∇2δθ and the zones of cyclo and anticyclogenesis according to [6]
for July.

b

Fig.2. Distribution of the thermal laplacian ∇2δθ in conditional normalization during July:

a) at average scale 550 km and the orographic laplacian ∇2Z0; b) at average scale 250 km

a
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5. CONCEPTION OF “EQUIVALEINT” TOPOGRAPHY

On the basis of the kinematical velocity:
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when we use the introduced in [7] “envelope” topography correction ∆Z0Enand

replace Z0 with ∆Z0En, we have “kinematic-envelope corrected” velocity wIEn:
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where
Z0En = Z0 + ∆Z0En,  ∆Z0En = rµh, (13)

where ∆Z0En is “geometric” correction of Z0. Here µk is a sub-grid geometric
orographic scale height variance, r is the parameter depending on the scale
averaging.

In the general case, when we take into account Z0 – δθ, studied above
effects, analogically to (11)–(13) we introduce the “equivalent” topography
Z0Eq through the equation (see [8]):

EqEq ZZZ 000 ∆+= , (14)

Fig.3. Distribution of the areas of maximal cyclo and anticyclogenesis (see [6]) during
July (enclosed with thick curve) and the extreme values of the lapalcians with their signs

(∇2δθ < 0 cyclogenesis, and ∇2δθ > 0 anticyclogenesis)
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where Z0Eq is “dynamically generated correction” of Z0. The “equivalent”
topography is determined from the condition:
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where wH is given by the formula (4). On the basis of (14) and (15), we
receive the following equation for determination of ∆Z0Eq:
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where∆w is taken from (4). When instead of (11), it is used the more general
boundary condition (16), then for example the Rosby equation of conservation
of the potential vorticity Ωa = Ωz + f is:

( ) 0
,d

d

0

2 =







−

+Ω
yxZH

f

t ET

z , i.e., (17)

( )0 0 0

const
,

z z

T E T E

f f

H Z x y H Z Z

   Ω + Ω +
= =    − − − ∆  

, (18)

where Byff += 0 , yfB dd= ,HT is the upper boundary height of troposphere.
On this basis after determining EZ0∆  from the equation (16), in which the
right side is known according to (4), it can be estimated the influence of the
containing into (4) effects over the deviation of the main atmospheric flow
in dependence of the orographic and thermal factors in global scale.

We will briefly consider and the problem about the effect of the synoptic–
scale vertical velocity at the upper stable boundary layer height H through the
equation:
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u v w C f h h

t x y
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∂ ∂ ∂ (19)

Keeping only the vertical advection term on the left side of the upper
equation for the quasiequilibrium SBL height hQE we have [9]:
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EQE += , (20)

where Hw  is given by (4). For example in the private pure topographic case
(δθ = 0) and barotropic condition (Λ = 0) from (8) follows that:

( ) ( )ϕorh FaZGw +∇= 100 ,  
(21)
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where the first term in For(ϕ) describes the across and the second – the
parallel to the topography flow effect. At ϕ = 90° and ϕ  = 270° a pure parallel
flow effect is realized (see Fig.1). While in the first case, to the right side of
the movement direction are the increasing topography values and wk > 0, i.e.
hQE increases, and in the second case is the opposite, i.e.wk < 0 and hQE
decreases. At the same way it can be studied and the influence of joint 0Z –
δθ effects over hQE and to consider significantly more complex situations.

CONCLUSION

This research shows that the induced at the upper boundary of orographic
and thermal nonhomogeneous PBL, vertical velocity is an important factor,
which can influence on the atmospheric processes in synoptic and climatic
aspect.

As an important future task it can be pointed out the accounting of the
influence of the considered in this work factors on the baroclinic unstability
over orographic and thermal nonhomogeneous terrain. This problem will be
studied in other publication.
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