OTS: 60-4110k4 , JPRS: 5211
3 pugust 1960 -

TOWARD THE CALCULATION OF THE INFLUENCE OF FRONTAL SEPARATIONS
FOR THE SHORT RANGE PROGNOSES OF PRESSURE
AND VERTICAL VELOCITIES

by V. P. Sadokov

-USSR- v
A DWC' QU‘ibi
¥ gy,

uuuf 3
LS Gy
Viid.{) %

por
.

D~
O
DISTRIBUTION STATEMENT A
p— Appr_ove_d for Public Release
Distribution Unlimited

=~ |
N Distributed by:
S

OFFICE OF TECHNICAL SERVICES
L& N U. 8. DEPARTMENT OF COMMERCE
O WASHINGTON 25, D. C.
O i
~

- v - - 7. - O AN W e e W T S o e

—-_-——————--—---_....—-——-——---.---———.---.-

U. S. JOINT PUBLICATIONS RESEARCH SERVICE
205 EAST 42nd STREET, SUITE 300
NEW YORK 17, N. Y. :

Reproduced From
Best Available Copy




JEPRS: 5211
¢80 4611-N

TOWARD THE CALCULATION OF THE INFLUENCE OF FRONTAL SEPARATIONS FOR
THE SHORT RANGE TROGNCSES OF PRESSURE AND VERTICAL VELOCITIES

[This is a trnslation of an article by VeFe S&&ekov, in Trudy, TSIP,
No 6, 1957, pages 17-2L; CS0: H611-N]

At the present time, in the worksconcerning the short-range
srognosis of meteorological elements by hydrodynamical methods, large-scale
proceszes are studied. The usual consideration of such processes permits
‘he use of the so called quasi-geostrophic condition for the analyses and

‘ution of the hydrodynamical equations. It is considered, that in large-
scale process the chief part of the wind veloecity is determined by the
zeostrophic relation.

With the help of the guasi-geostrophic condition it is possible to
write down the basic equations of dynamic meteorology (the vorticity equation
and adiabatic equation) approximately in the form:
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Here the ’1’4?’ Yz 7~ system of coordinates is taken:
H " height of an iscbaric surface == constant,

A~ 5%(: "Jj‘i

£ =7335677”‘”9%’ — the Coriolis parameter
J angular velocity of the earth's rotation

;5 geographical latitude




& — acceleration of gravity
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/?1— gas constant
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77~ absclute temperature

T, ¥ corresponding adiabatic and ordinary temperature gradient
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W - vertical veloeity in the ;y%;gaﬁ,*zg coordinate system
F alr demsity

[, Y~ velocity components
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The s?stem of equations (1)~(2) themselves present a non-linear
system of differential equations for the unknowns }% and ¢~ . Their

solution could be found numerically with the help of'the'fast—operating

aumerical calculating machines. In general, system (1)~-(2) has an

nalytical solution for the functions 2.4 “and ¢ under certain
I
imitations.

The problem concerning the calculation of frontal separations in the

*t range prognoses is set down by the following method. The atwmosphere is

considered as a two layered fluid, each layer of which corresponds to a warm

o>r cold air mass, In each lgyer the parameter 7} 1s considered as

sonstant, but different from one another.

At the boundaries let us use:
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o the ear th is considered as flat
(4) 2) ljw né))‘m,/:-;:,‘{) ¢ * s
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where Vi 4s the norwal component of the yeloelty of displacement of

the fFont. Iadex 1 corresponds to the wars air, index 2 ~ cold.

| Genditione {5) and (6) make it pmsieie, witb the help of equation (2,
to write down the condition for the function 4 / 27 at the surface of
separacion. Furthexr, equations (1} and {2) ecould be solved relative to 2 %‘t‘
undar the comditiocn, "that the paramaier 1 == constant. Since we are
considering & two~layer atmosphexe with & constant parameter in each layer,
therefors 1t is possible to comsiruct an equa.t:ioﬁ for each lsyar, the
gnslytleal salution.of which shall serve oaly for the glven layer. With
the help.of the conditions, which follow from (5) aad {6), both soluticns
car. be fitted togethen.

For the constiuction of the salution the assumption was made, which
eém&iéca in that, the surface of separation 18 presented as 2 quagi~horizontal
surfece. Ax a zesult we arrive at the necessity of solving the two-layei
problem with ﬁhez supplomentary conditions (5) and (6) at the boundary of the
two medivms, Xt followa i:.k;,.at we keep in mind for this, that the adopted
asaumptian cannot be interpreted as faet by the exclusion of the frontal slope
from consideration, neverthaless we éh,all consider completely the basie

kinematical and dynamical pecularities of the front, using (5) and (6).
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fiezs the present method of 1inesrizarion iz avellable.
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The scluzion of the problem iz scught by the Fouvier m mezhed. Finally
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where £ s & keows funeuion, which depends on the charastevistics of

the thermobaric Fialdzs of ths suwosphsre, !/:7 ez I - the height of the
front, f %j’ ) e the equation of the fromtal suriace
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are Craents Smetionz of the problem comsiderad. We shall not glve the

exprensions for the Gresn®s functions hare, but we shall only mote, that they -
could be calculatad snalyiically or, by masne of the numericsl solution of

the differentinl operatey of the system (13-(2}.

1/ 7ha sclutfon of the problem Ln such a form was fivst obteined by N.L.
Buleovev and §.1. Mazchuk. .
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In particular, the Greenls functions é;‘l) and (;‘fZ) were
computed by the latter merhod, by Hinkelmann [2].

The sccond integrals of formulas (7) and (8) describe the chief
effect, arising from the presence of the fromtal division. It depends on the
distribution of the discontinuities in the wind field at the frontal surface
and from the slope of the front. Here, integration is carried out along the
frontal surface. |

‘ Thus we considered, in a complex way, 2 model of the atmosphexe,
which includes in its detail, the frontal processes with the usual large scale
processes. It is completely cobvious; that the f{rontal processes appear to
attrikute to the processes & smaller order than the large scale €fecta. This
assertioncould be confirmed by empirical evidenca.

Ot the strength of the above-stared, it is possible to consider
separately the large scale processes, described by tﬂe first integrals in (7)
and (8), and the frontal processes deseribed by the second inregrals.

Indepﬁnde#tly analyzing the contributions of the two integrals on the
genezal change of pressure, it follows that we keep in mind, that the
relation betwaan th&,charac:eristic horlzontal and time scale calls for a
calculation of the second integral for smaltler time intervals, than is
usually done. '

We calculated the correlation coefficient between the actual 3 hour
pressure change and the values of the two integrals calculated for that same
interval of time. The correlatlon coefflcient was found equal to 8.6 according
to the results of 9 cases (over 100 points). Hence it is possible to conclude,
that tha»frontal terms in the formulas.(7,8) quite satisfactorily describes
the rgal process in this time intexrval. Tha effect of the large-scale

process in this case appears as a background, on which the effect of local,
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process (in particular frontal processes) is superimposed.

Let us‘turn to consideration of the vertical motions. We shall be
interested in those vertical motions, which arise in the regi;n‘of the front
and'connéctad on the whole with the digeontinuities in the wind field. Let
us mote, that contemporary methods of caleuiation of the vertical motions
[1}, [3] bave in mind those motioné, which arise as a result of iarge scale
exchange betwgen tha kinztic, potentiai and intenal energies of the air mass
in the atmosphore. It is possible to cénisder,the~vertical motions of such

& genmeration as a background. They can not describé'those details in the

distribution of vertical motlons, which are obsarved, for example, agé front

by virtue of the pecularities of its structure. In the future, we shall
only consider those vertical motioné,v%hich arelcanéed by the'presenée of the
frontal separation, not dwalling on considerstion of the large scale vertical
motions.

iet us determine the-vertiéal velocity,from equation (1), integratin
it with respect to the vertical and requiriﬁg that thé,qﬁantity. ‘ﬁff
becomes zerc ak the.uépex and lower boundary of the atmosphere. Not paying
attention to the iarge scale motions, described in equation {1) by the
terms, contained on the right side in expressions (7,8) by the first

integrals, it is possible to write
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) In exproseions {1}, 12), only the Greeats functions alone dapend om
ghe varlebles /D Coad ¥ ’ (?’ for that rmsw ?.hea integration with
respect to F sod ¢ifferentiation {4‘3 = );11. # ‘)d’ " ) must be carried
out only evec the Green's functionz. As 8 zesult fo::mulas (2,107, éfter

substiturion of expressioms (11,12) iato them, can be rewritten in the form:
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Hgra (;3 5 6 are new Graen’s functions. These functions

could be tebulsted under some assumptions mx a [ )
. oF
The exprezalons {8, ~ j .‘.)f g (V- ¥a / ?Tf :
X AN 4

. csn be simplified, supposing, that 7. f_gf 3;/ » vy g ax

Prom the condition at ﬂm fe ront

w  p[1y fegert]= B [og f gt 2]

in particuler, it follows, that
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s, we msnage to express the discontinulty in the winé at the
é"w*:ﬁ: i dze slope chrough che peculsarities of the baric fileld at it.

In expressions (13,14), the Creen’s fun ctions possess that cheracteristic,
that they deep very rapidly from the forecast point. This means that the
surresndings of the pofut.of caleulation of the field of the functions
{ H“ H } have 2 waak infkﬁenm on the result of the calculatien. Fox
that remson 1t 45 possible to simplify forwsies (13,14), combining them into

ong Ey the following form
{183 ?ﬂy!};} H}""‘ ﬂs{/‘)a J?//f?iaf";i/

1§ we solect Sy the unit of length in space se 500 lm and *;:e measure /“;’ in
dion {decametera}, to determine all the meteorcloglcal parameters inm the MIC
. gystam (meter-tgn-second), then for the value Ff‘: 0.8 (2kmw) the values of
the zoafiicients 4 Ifor the calevlation of =% in wbf12 hours will be
equsl Lo (6.8 1.0) = 0,386 2 (0.8; 0.83) = 5.68;

{0.8; 0.7) = 0.42; (£0.8; 0.5) = 0.28; (2 {(0.8; 6.3} = 0.06.
The caloviavion of verticsl motions in the fromtel zone roughly comes to the

following: ‘
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1. The location of the front 1is found on all the ‘/4'7230, ‘/77:;0
and ,477;éﬁ ~ maps. | |

2. The positions of the fromt at all lévels are placed on a se?arata
clean form of a synoptic map [asjif wa project the fronts at all standard
levels on to one plane {map})].
3. The necessary numbér of polnts are marked on the line of the from
at each ispharic surface.

4. At the mavked points the Jacobian {/9£, /?;,)::

EY ANV Y Y 7
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3 calcylated. The calculations of the devivatives is carried out in finite

Pt

differences, For this it is convenient to direct the ;}/ axis along the
normsl to the front on the side of the cold air, while the 6;2 axis is alon:

the tangent {(figure 1).

?‘ ‘g,%?/ 2 |
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-Assuming, that we obtain .

5.. All the valuas ( ffL,iﬁé,), calculated zt the points of the
surface front were then multiplied by the coefficient (1) = 0.16. The
values (,fé; 44ﬂ‘/ corresponding to the points of the front at the 850 wh
surface, were multiplfed by & (0.85) = 4.68 etc, Thase results were

written down at the corresponding points on the clean blank (form),

&

2y

mentioned in (Z), and then the map drawn.
In operatlonal work it is possible to use an accelerated method of
leulation, which consists in the determination of the maximum values along
, 1 2 . < Tz .
che whole front. The actual or progunostic map /% 7&8%Zp0 is used for this

purposeé. 7The position of the front is found on it and [:56; /?é,/ is

calculated at the points of interest. Then the result is multiplied by the

coefficient equal to 4.




In conclusion, we glve the results of some examples of the
calculation of & on warm fronts. Calculations at cold fronits proved
to be less successful, especially in the warm time of the year. :The

- ‘ Nﬁé ” o ‘ .
caleculation of ¢ in mh/12 hr presented in figures 2, 3, 4, corresponds
to the morming of March 24, 1953, the morning of September 14, 1953 and the
evening of Cctober 14, 1954 ( the shaded reglons aze clouds at the time of

- the cazlecubtions).
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