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Abstract. It is explored the influence of orographic and thak nonhomogeneities
and the friction in PBL on the trajectories of tharib formations (cyclones and
anticyclones). It is explored their deviation frdhe conventional rule of the leading
flow at level 500 hPa. On the basis of comparisdh weal synoptic situations it is
shown that the used parameterization of PBL signifily improves the results.
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I ntroduction

In the case of flat and horizontally homogeneouthesurface the trajectory of the
baric formations is determined to a great degreéhbyleading flow at level 500 hPa. It is
known that biggest errors are made over regionsh witographic and thermal
nonhomogeneities, which is not taken into accodrth@ method of the leading flow. In
such case the problem is significantly more compgilexause of taking into account the
complex processes of interaction with the eartliaser In this case in each point (local
area) of the earth surface significant role playgreup of factors like form and spatial
position of the relief , structure of the thermahhomogeneities, the friction, the baroclinic
factors in the Planetary boundary layer (PBL).

The purpose of the work is to explore the trajeesorof the baric centers
accounting these complicated effects for a numbeeal synoptic situations. This includes
proper parameterization of these complex effect®BL and their incorporation in the
equations of movement of the baric centers.
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Theoretical background

To obtain the equation for the movement of the danters (cyclones or
anticyclones) we will use the conditions for exttemof geopotenciafP in the center of
baric formation

a[20).q8(20) "
dt\ ox dt{ oy

and the following generalized formula for the veativelocity W,, at the top of orographic
and thermal horizontally inhomogeneous PBL:

W, =w +cQ  +Aw, Aw = Aw, + Aw, + Awg )
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is correction describing the orographic effectso@iés 1970),
-~ - 0°00
— e = 22 2 2
Aw,, =2, ([1068,,)+ b [88% o) - d,G20%50 -, oy 2, -v2) @
considers the effects caused by the thermal haakemonhomogeneities (Syrakov 1979,
1985) and

o1 . oT S
AWy = — fl(ugo o +Vyo a_yj =- fl(DT .cgo), (5)

describes the baroclinic effect connected with wamtold thermal advection (Syrakov
1979, 1985), her€, = (ugo,vgo) is the surface geostrophic win€g, = (uso +V§O
is its modul, Q 2%—65—50 is surface geostrophic vortexg =/2k/f , f is
Coriolis's parameter,K is average with the height, coefficient of vertidarbulent
exchange and depends ag(x, y) and d8(x,y), f,=(7/T)c, T is averaged with
height mean temperature in PBR,b,d,e are positive anda,,b,,d,,€ are negative
weight coefficients, whose explicit form is deteneil in (Syrakov 1979, 1985):0(X, y)
is Earth’s orography anJB(X, y) is horizontal thermal inhomogeneity.

Combining (1) and (2) after series of transformatiwe determined the velocity
components (-, V. ) of the baric center (see Syrakov 1985, 1990):
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Uc =Gy (g I f )l_uc1 tUez, tUcymp * uCBCJ
(6)
Ve = Go (g /1 )l_Vc:1 +Vez, ¥ Vew + Veae J’
where ¢, = 0.3and:
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The components Ug,,V;,) describe respectively kinematic effects connecteith
orographyzo( X, ); (Ucz, 1Vez, ) - the PBL friction, Uc s, Ve ) — effect connected with
thermal heterogeneitﬁé’(x, y) and (Uggc, Vege) baroclinicity effect.

The first termsU,,, V., in (6) are given by Gandin and Dubov (1968). Téeosd

terms U,V are given by Godev (1976) and last terbiyg;c,Vegc and Ucgy, Vg by

Syrakov (1985).
Let’s explain the physical meaning of separate aomepts in (6). Obviously:

0 0
uc1a—zx°+vaa—zy°:0- ®)

According to (8), the baric center moving with ety components g,,V,,)

takes part in “geostrophic” movement perpendictd:agrad(zo) (the role of the isobars
plays the isohypes of the relief). This means thatmovement is along the isohypes with
declining values of orography to the left. In tleese of linear isohypes the disposition of the

0z,

: " 0z
componentsUs, = —aa— and Vg, = —ba—O connected with the interaction of the
y
orography and friction and deviating the movemerthe decreasing values of the height of
the obstacle, is shown in Fig. 1a).

Let’s analyze the thermal effects connected withittiluence ofd@ - topography
and the baroclinic effects. We can introduce thiefdng terms:

. ___ 038 0 5 036 s 996
oy e 1oy VT, Ve TR

It is easy to check that:
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, 000 006
ucz?"'vlcza_y:o’ 9

which allows (u’cz,v'cz) to be interpreted as a kind of “geostrophic” wpetpendicular to
grad(d0) i.e. the movement is along the isotherms of di¢k- topography. In the case of

linear 0@ isotherms, shown in Fig 1b), the movement is athsdirection, that the

increasing value ofd@ are located to left side (i.e. to the areas wiitréased thermal
stability).

1 a) y A 20_2
C A
ﬁ/ 27
R 20, Ug + Uy
z,
> X
Loy oG+2
+
\/0'2 24
/ 06 +1
&; U,
o6
> X

Fig. 1 Location of the different velocity components fgnm the movement of the surface baric
centers in the case of linear isolines the orogragfy\X,Yy) - a) and of theé_H(X, y)-
“topography” - b).

The rest componentsl., and V.., cause additional effects. In the case of linear

isotherms (and the x-axes is aligned with themg (Eb)) ugz =0 and it remains

006

onlyve, = —b, , b >0. That component causes movement to the left of the
C2 ay
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direction of U, , which shows that the baric formation directstte areas with decreasing
drag coefficientC, (these are the areas in which the stability irseep The effect is

similar to the orographic eﬁeOIgl shown at Fig. 1a), where the baric formation mdees
the decreasing values &, (i.e. with decreasing height of the obstacle).

Let’s now look at the baroclinic terms in (604, Vegc)- It can be easily seen

that:
oT oT
Uepe— tVope— =0 (10)
CBC GX CBC ay
Accgrding to (10) the baric formation moves alohg fsotherms of the mean
temperaturd .

From the obtained results it follows that, becao$dhe effects of orography
Z, (X, y), 59(X, y) - “topography” and baroclinicity in the PBL, thari formations get

additional velocity components which are not taken account in the rule of the steering
flow.
On the basis of the upper formulas we determineviréical component of the

vortex Q. of the baric centerQ, = 0V, /X —0u_/dy . After ignoring some small terms
we receive:
2 2 2 2 2T 20T
Q.=c, 2| (raf T2+ 0% |4a 27401 SL 40 L
f ox~ oy 0x ay ox~ oy

The analysis of (11) shows that &, >0, i.e. over concave surfacész, >0

and increasing thermal instabilithéd < O, according to Fig. 1 cyclone and anticyclone
would have to move to these areas. However thi®ssible only for the cyclone, because

at Q_ >0 cyclones are developing. At the same tim&xt> 0 the anticyclone fills and
breaks down. That's why they move to the areas evfef <O i.e. to the peaks of the
mountains and to areas with decreasing thermailisgalvhich supports their development.

Application of the method to real synoptic situations

According to the theoretical background the follogvi main factors have
significant influence on the surface trajectoriéshe baric centers in PBL and cause their
possible deviation from the rule of the high stegiflow (the wind at level 500 hPa):

- the orographyz, (X, Y) - ( Z, - effect)

- the d6(X, y) topography - 06 - effect)

- the PBL friction which acts in conjunction withet first two factors
- mean temperatur& (X, y) - (T - effect).
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Basic purpose of the present work is on the bass series of chosen synoptic
situations to analyse the real trajectories oflthac formations and to compare with the
theoretical conclusions (6) and (7). It is consadieeight synoptic situations for which it is
traced the trajectories of Mediterranean cyclonas @ne synoptic situation of tracing the
trajectory of Atlantic anticyclone. The considemalone situations are for the respective
periods: from 08.11.04 / 00 UTC to 11.11.04 /00QjTrom 28.12.04 / 00 UTC to
30.12.04 /12 UTC; from 28.12.04 / 00 UTC to 290¥2/12 UTC; from 29.12.04 / 06 UTC
to 30.12.04 /06 UTC; from 06.05.05 / 06 UTC to(®05 /06 UTC; from 08.05.05 / 00
UTC to 08.05.05 /06 UTC; from 17.05.05 / 00 UT€ 18.05.05 /06 UTC; from 17.05.05 /
12 UTC to 18.05.05 /06 UTC; and anticyclone sitwrats from 10.07.05 / 00 UTC to
12.07.05 /12 UTC.

We use weather forecast maps provided by the Aameervice for meteorology
forecasts (GFS) publicly available at the German teomwlogical web site
www.wetterzentrale.de.

Each situation is divided into consequent interedl§ hourst; —t; and for each of them

it is traced the trajectory of the baric formatianslinear approximation. This leads to
overall of 37 cases for trajectories of cycloned 8ncases of trajectories of anticyclones.

For each case it is made comparison of the rgactary, the flow at 500 hPa)d andT -
isotherms, Z, - isohypses in the region of the trajectory usimgfollowing procedure:

For each time interval, —tj on the map it is plotted the real surface trajgctd

the cyclone and in its vicinity it is linearly imf@lated the isotherms of the fields 06 ,
T and the isohypses of the orography. On the basis of that configuration of the fields

of 06 and z, it is determined the different angles of deviatiohthe real surface
trajectory respectively from the isolines 00 (ay,), from the isotherms oﬂT(a’T) and

from the isohypses of, (& ,,). These angles are taken according to the axesv@igh
for each case is directed along the counted isplgeit is shown on Fig. 1 and are positive
at left rotation about Ox (counter-clockwise).
The obtained results for,, & ,, and @ are shown respectively in Fig. 2 a), b) and c) for
the cyclonic cases and in Fig. 3 for the anticyidaituation. On the figures the magnitude
of the deviation angle is expressed by verticaldsathe consequent number of each 6 hours
interval is shown on the axes Ox. When for a gitmere interval the vertical bar is missing,
it means that the respective angle is zero.

The analysis of the results allows making the feitg conclusions.
In majority of the cases thedd - effect is in accordance with the theoretical
considerations: the surface trajectories of thdoryes move along the isotherms 66 or
when they deviate from them, this is to the incregs/alues of O8 (the places with

increasing stability) and respectively to the dasieg value of the drag coefficiddy .

This fact confirms the important role @@ in the behavior of the baric trajectories.
We will note that for some cases tid# - PBL factor coincides with the rule of
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the high “steering” flow, but in most cases sigrafit deviations of the trajectories due to
the O - effects have been observed. The case with thieyahine fully confirms the
theoretical considerations. The deviation of tlagetrtory is to the decreasing valuesaff

i.e. to the places with decreasing stability (iasiag instability), on a contrary to cyclones.

In the majority of the cases th&, - effect acts according to the theory: the
trajectories are along the isolines n(g(x, y) and they have additional component to the
decreasing values df, (X, y) i.e. to the zones with decreasing value<xf for cyclones
(for anticyclones is to the increasing vaIuesZta(X, y)). In some cases the effects caused
by thedd and Z, configurations mutually compensate or intensify.

In most of the cases the surface trajectories havaponent along thel
isotherms and in the cases when the trajectorige daviation from them, it is to the

increasing value ofl . Generalizing these results, we will note thaytbeincide with the
theoretical considerations (5) and (6), and toificant degree they explain and correlate
with the observed deviations of the real surfaaécheajectories from the “steer” flow.
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Fig. 2. Results for the angle&', - a), @', - b) andd'; - ) at cyclonic situations.
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Fig 3. Results for the angled, , @', andd; at anticyclonic situation.

Conclusion

The above results show that the given approackedtmation and analyse of the
baric trajectories taking into account the mutuafluence of the orographic effects,
turbulent friction, effects connected witdd topography, baroclinicity gives good result
at comparison with data from real synoptic situagioThey show that the counted PBL —
forcing factors in series of cases have signifi¢afiilence on the surface trajectories of the
baric formations, which are very significant elemeh the synoptic forecast. A further
development of the task is to increase the numbéneoconsidered cases particularly for
anticyclones and to study in more details the datitn of the theoretical results with the
explored deviations of the surface trajectoriegftbe “steering” flow.

The approach is proper for use for parameterizaliomumerical forecasting
models (Beljaars and Vieterbo, 1998) in order tpriove the forecast of the surface baric
trajectories particularly over regions charactatizewith (orographic-thermal)
nonhomogeneities where as a rule it is groupeditpgest errors in the forecast (Wollace et
al 1982).
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Bansanaue Ha Tomorpadckure m TepmuuHu ¢akropn B III'C BBpXy npusemHHTE
TPAaeKTOPHHUTE HA MUKJIOHATE H AHTHIMKJIOHHUTE

E. Cupaxos, M. I{anxos, 1. Boxesu

Pe3rome. U3cnenBaHo € BIMSHHETO Ha OpPOrpa)CKUTE M TEPMHUYHHM HEEAHOPOIHOCTH U
tpuenero B III'C BBPXy TpaekTopuuTe Ha OapuuHuTe O00pasyBaHus (LIMKIOHH U
AHTHUIMKIOHK). M3CIeBaHo € TAXHOTO OTKJIOHEHWE OT KOHBCHIIMOHATHOTO TPAaBHIIO Ha
Bojenms motok Ha Huo 500 hPa Ha 06aszarta Ha cpaBHEHHME C pEaJHH CHHOITHYHH
CHTyal[l € I0Ka3aHO, Y€ M3IMOoJ3BaHaTa mapamerpusaiuoHHa cxema na I1I'C 3Haunmo
moIo0psiBa pe3yaTaTHUTE.
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