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| ABSTRACT. An expresion has b
notion on the basis of tife equation of
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recipitation 18

" with the actual amount of precipitations.

T

1 Introduction o
" The ordered vertical motions are one of the
~main factors affecting the variations of the verti-
~ cal profiles of air temperature and humidity, the
~ evolution .of the As, Ns cloud system, and- the
_ precipitations.” Such.' motions take place over a
significant atmospheric depths and vast . terri-
torics, which are comparable with the sizes of
fos leasz;ari(;,anticyﬁlcj‘nes; In the lower tropos-
~ phere the velocities of this motion do not exceed
- 7 ecm/sec (Yrolova 1979). ' L
. ‘@ﬁnusymsgarq};@ have computed vertical
motion field using-different techniques such as
diabatic and Bellamy method. Busbhy (1952)
computed vertical: motion field using . Suteliff’s
development theory. In general, these methods
_differ from each other in physical approximations
used and numerical solutions. Therefore, some
form of comparison between the methods should
~~ be found. S e Ca
~_In the present wor t
- another method for calculating the vertical velo-
. city. and, after that, the proposed method is
compared with two other known methods.

2. The essence of the method (proposed)
~ The equation of mass continuity may be Written
as: »

ork, consideration is given to

b

~ The thermodygm\nig‘ equation is of the form :

ertical motion

An expression has been obtained for calculating the altitude dependené,é 'Qf‘:qééﬁiﬂcﬁ :
mass continuity and the’ thermodynamic equation. The amount
calculated using the proposed method and two other methods and

O

551.513.1; 551.

Department o'f‘Astmnatfny,and;eMé %
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is then compared

where, p is the density of air; 7' is tk

- ture of air; R is universal gas con
‘the specific heat at a constant press
_the atmospheric pressure; Q. is the

" factors. : -

~state that i e

BoGE Tin
aT\Pa "Lgyd%) |

‘Eqns. (1)-(3) give the following expre

It can readily be obfained from the equatio

T

To high degree of accuracy. correlatio

the individual variations in pressure

~ vertical velocity (w) can be written
el s —-pgm‘

. The total divergence can be expressed as

2P

dwy-pr3

_where, D is the ‘hoﬂzoh§a1~ d;vergence

" After substituting (5) in (4) the vertica
~at a given pressure P will be expressed as

AP

5 Whéfé,lc—;-f
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e 9 % 5 Q.
T = RT %,A_D cpT(mcase

of adiabatic flow, 4 stands for horizontal diverge-
nece); wo is the vertical velocity on the surface.

In case of humid air, the term x is expressed as :

_TIE e
U= "RT cp’

Qa
A:D-—?ﬁ'

where, o« = (1-1—.6051_7:7%)“1 (Here, m is the

water vapour mixing ratio).

d
At Ty <T and g<< g¢* m:—é%l:()
and at
Tg¢=1T and g=¢* m=— o

Here, 9=-622p‘%’ where, ¢ is the specific

hunﬁdity; e is the pressure of water vapour, g*
specific humidity (saturation case).

The non-adiabatic effects are estimated using
the formulae :

2 ar
o= (5 x5 ) 0
p(dexdT e* P
Qo=—. 221)1—)(@ &€~§a§) ®

where, Q; and Q, are the turbulent and phase
transition respectively, and K is the turbulent
coefficient in cm2/sec. e* is the pressure of water

vapour (Saturation case).

3. The scheme of comparison

The proposed method will be compared with
two well-known methods for calculating the verti-

cal velocity.

TABLE 1
Coefficient
A

Isobaric level ‘ a, a, as\
850 - .014 .048 .87
700 .025 .032 .69
500 .047 .029 .55

- 300 .086 .026 .23
200 \ .14 .024 .14
100 .19 .028 .07

* means the saturationjcase,

Method 1 — This method is based on solving the
quasigeostrophic omega Eqn. (3) :
foo @2 Jo @ ' 1 ’
2440 ¢ —J0 O = 2
(v o) = g [7s7 (% v )+

+f+(1; & (Vg.v (~ gj’i))] ©)

where, o is the static stability determined
from the relation, the coriolis parameter f is
determined as f=f,--By. where, B is the Rossby
parameter = 3 f/9y.

The choice of the horizontal grids is limited in
order to apply this methods at one point (Hellwan).
Thus the used model is 10-level model and the
horizontal domain with dimensions (6x6) with
grid distance 390 km.

The necessary input data is the geopotential
heights at the different isobaric levels.

The values of w are calculated from Eqn. (9)
up to a 100 mb level using the Liebmann relaxa-
tion method. The relaxation coefficient for diff-
erent isobaric surfaces were chosen as in (Abdel
Wahab 1977).

Method 2 — This method is based on the values
of a geostrophic wind components to be substituted
in the expression :

p ?)u' '
W= oj (aw"‘“ 5’&) @z

, g [9°H ¢ 2

==t 4 (2 %)
9|4 2( @é’)]
V=T [9y95+f B3,

By the aid of this expression, Yrolova (1958)
derived that the vertical velocity may be expressed
as :

r=ay A (T, H)+ ay [ (T, AH)+(H, AT)]—a5 AP,

where,
- H is the height of isobaric surface.

T is the relative thickness between 1000/500 pM.b.
a;, as and a, are coefficients depending on the

where,

height of isobaric surface.
a'1=3. 7X10—2 (H;Po): 02'23.7 X102 (-H,T),
0320.589(Hz’—* po)/Po
_ 32 92
A= 2y’
and P, is the surface pressure.

The values of the coefficients used in Eqn. (10)
for a case 13 December 1962, are given in Table 1.
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- 200+
e
-
e ] Adiabatic velocity at m=0o
. 500F Water vapour effect at m#o
. ‘ Diabatic profile of =
- vertical velo;ity st
850}
1 I IR

, e Cm/sec
< Flg 1. Vertical velocity ovgéz Hellwan at 0000 UT

on 13 December 1

TABLE 2
* Amount of precipitation over Hellwan (mm)

. Let the three methods be app’hed to calculatmg
" the amount of prempltatmn Use W111 be made of
the iormula (6)

&

;‘,“4 2 0 +2 +4 +6 48 |

: Method ‘

Date A Actual

1 2 Proposed - amount

. 7Jm1962 62 65 T4 7.6

. 28Jaml962 128 131 148 14.2

13Dec1962 113 127 10.3 9.8

3jan194 105 100 9.8 107

18Dec1967 155 189 177 18.2

21 Jan 1968 97 104 131 124

 velocity, i.e., the term A in section 2 ex

. ) J' F* (£,7) wdf (11) - with the solid line. It can clearly be seen

?

Ahthad ' .
-Method 2
~\Vertical profild .
¢ Dromsed memod)

.'*7

———
e

lz00
i

.__.." =
Q "

-850

e Clye

cm/sec _

" Fig. 2. Altitude dependence of vertmal mo hon overLHellwanF
by dlfferent methods ;

where, £, fq are the dimensionless ccordf"/"'"
of pressure &40 ‘

el B

F* (&£T)= _1_; (_l. ,_'1_) i T
‘ oc* T ,q_*‘ {

Here, L is latent heat of condensatlon o :
specific air volume at saturatlon, q* is sp
hunnchty at saturation. .

4. Results and discussion

The vertical veloclty is calculated on iso
surface up to 100 mb and for various syn
conditions. Fig: 1 shows the vertical ve
over Hellwan at 0000 UT on 13 Dece

the horizontal divergence only. The vvate"

The diabatic profile of vertical velocity is sh n ;

diabatic heating affects mainly the vertical
:especmlly in the lower tt0posphere. .
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saturated stratification, only the water vapour
effect is significant. The vertical velocity w esti-
mated by three methods mentioned above is used
in Eqn. (11) to calculate the amount of precipita-
tion on some rainy days. It will be noted that the
method proposed here includes the diabatic heatin g.

Table 2 lists the calculated and actual amount of
precipitation.

The mean absolute error is (0.57) for the propo-
sed method while it reaches to (1 .65) and (1.43)
for the first and the second methods respectively.
Thus, this method can fairly gives a best estimation
to the expected amount of precipitation.

. The comparison of vertical motion by the va-
rious methods at different pressure levels is shown
in Fig. 2. The dotted lines represents the (Method
1) the cross-dash line describe the distribution of
(Method 2), and the vertical profile by the pro-
posed method is shown with the solid line.

5. Conclusion

() In the lower troposphere, the diabatic
heating and water-vapour content affect mainly
the sign and value of vertical velocity.

(i) At the levels above 500 mb, the method
based on actual wind observations (the method
proposed here) gives a better description of verti-
cal velocity as compared with methods based on
observations of geopotential and temperature,

(7i7) When calculated the expected amount of
precipitation, the .application of the- proposed
method in its complete form may be recommended.
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