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_ A SEORT RANGE FORECAST OF THE ATMOSPHERIC PRESSURE FIELD FOR A THREE
LAYER ATMOSPHERIC MODEL

[This is & trenslation of an articls by C.V. Hemchinov, in Izvestiias,
Ser, Guofiz., No 3, 1959, peges W3o-4hk; €S0t W632-N)

An atmospheric model, consisting of three levels -- 250, 300
and 750 mb, is used for a forecast of the atmospheric pressure
field in 1-2 days, on the basis of the solution of the
linearized system of hydro-thermodynamic equations.

The condition of a maximum vertical velocity at the level of
the 500 mb surface is used when forming an initial closed
system of differential equations. The golution is given in
analytic form, on the basis of which a method of forecasting

the maps of absolute topography of isobaric surfaces is pro~-
posed, ‘

Considering that the flow in the free atmosphere is adiabatic and quasi-
geostrophic, let us denote for the solution of the presénted problem, the follow-
ing system of equations of hydrosthermodynamics {1]:
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Here is the geopotential, f = P ig the redvced pres-
esure, £  1s the Coriolis parameter, ﬁ:—- 4,2/4? ,et = /P7,' »

m is the gas constant, 7‘ "'is the mean temperature’

of the troposphere, of = R (Ya. — Y) R ?, is the force of gravity,

ﬁ}

b;_, _is the adiabatic temperature gradient, f is the vertical tempera-

ture gradient.




In the nature of boundary conditions let us take the following:
“f.-so t-""o«,atf:/ T =0

In part, let us examine thé solution of the system of equations (l.1)
numerically dividing the atmosphere into 2n -1 layers, equidistant

from each other {along .f ), and replacing derivatives along f s i.e0

aé/a‘r and at/a; , with centered finite differences:
f)’j:f' —~ Qkf-l ’QK—-I ( ) ~ Trr Lf:l
(55).> =55 5T

where S—f = [/ , unile (3‘%) K and ( g‘ correspond to

the quantities Ja = J: = K / =z . In addition the parameter
K = © will correspond to J’:O ,and K = 2N tof =/

In this case the boundary conditions adapt the form: -

(1.2)

_ _ ‘
T = (=S, O,

Now if we give the parameter M various values, we shall obtain various pro-
gunostic atmospheric models. In particular, for n = / we shall have the so
called one level model ,‘ cbinciding completely with the well known model of the
mean level (or the barotmpic model}.

Let us put the expressions fot@ é /3§> and(é?f/éﬁ& into (1l.1):

= 2 .Qiﬁ-l '—Ef-l C,: ~ f,( jr n-
tfnat =5 +—p-bx+_z_(ﬁx) ...’5__._’.. l)__.-

QQ’KH + = £ C;u—z“‘*" :.2/_ (—Jm‘-/; A‘@;H)f% 35;(;1

putting N = 2., let us write the first of equations (1.3) at

(1.3)

K= Z. , and the second at K=0O and K =2 . Then eliminating

the function T from the obtained system of equatiomns (for this condition

2.
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use of the boundary conditions & = v y, we arrive at the following

system of equations:
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It is clear;, that in the given case the index "1" corresponds to the geopa-
tential of the 250 mb surface of absolute topography, the index "2" -~ 500 mb,
the index "3" -- 750 mb. The system of two equations (l.4) contains three un-
known functions -- é. , QE N and 453 . In order to make (1.4)
a closed system, it is necessary to introduce another condition, which comnects
the unknown functioﬁs. It is possible for example, to take
¢ + ¢
é s il 2

2. -

(1.3)

Then we shall have a model of the atmosphere consisting of two levels.

Since ? appears as the geopotential of the 500mb surface, condition
2. .
(1.5) is not completely precise, since % satisfies the equation of the

2.
mean level: .

3 e 7 /ﬁj’z;
B, 1 sd) o e

& - : (1.6)

and could be found independently %é‘ i) and % . But then the
t

. 3
system of equations (1.4) and (1.6) would be camplete and could be taken for

the determination of é ; ? and % .
] 2 3
For the solution of the system of equations (1.4) and (1.6) let us
look into their linearization, considering, that the unknown function @
id be presented in the form é % é )

cau pee (‘é')+ (L l?}‘f,
where @ is the zonal distribution o; related to

L (d) ? L ;
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the speed of the west-east flow Y  in the mean troposphere by the relation

. p )
d’ég/ 'ﬁ K Vt, while § L are small deviations, &xd

PRODWTS oF .
' whosetderivatives may be neglected, At the same time let us introduce the non-

‘dimensional quantities for the horizontal coordinates, time and velocity: L
is a characteristic length, I is a characteristic time, ¥V = L-/T is
2 characteristic velozity., The system of equations (1.4) and (1.6) after
liﬁearization take the form: ' v
2 4 d)ag W p (2w 2 )(z" ~2,)
1.

2+ S )ady + "9‘?" [% 2 (2 rn2) (5,45
- rwwﬂ%’*@ﬁl SO N fptens

where )\ 'and ﬁ are non dimensional parameters: /a’?( mzz[
z —
. 2L - ﬁ L7
A= z ) ﬂ .
Cz

Let us call upon the Fourier method to find the solution of the linear

system of equations (1.7). Let us assume, that
-7 {mn "¢‘L‘,¢»gmx+on;
@ (¥ 9,t) -‘*//Q; c - dmdn (1.8)
—— e?

Considering, that at the initial moment of time we know the geopotential
distribution, we must a.ésume that at T = © % / ( )
? ? io (PG O

is a known function, But then, it is clear,

. + oo s . x‘/ . 7/
= tmn) P —tMmx —eny ’ (1.9)
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will also be a known function, Putting (13} into (1.7), we have:
t

maol
e

N{r+5)2,'"" + ZJAZE;".M?:‘-[F’;"J‘,’Z(Y”J) —AZ(r+do )].@;’_m
[B-rir+6)]8, ™=0

where

o g =
r+8§ = m *V, r—S=% *+% , r+&=m*"%

v, — ¥ -
5‘; ;23’ ézg,/z..;/_,‘f?%’ /z:’_msz_ﬂz.

Setting the determinant of the homogeneous linear algebraic system of

equations (1.10) equal to zero, we obtain the equation for the determination of

;he frequency T « If we dencte

g"/&(ri‘f)-'(r-h& Iaz=L(1 LF), | (1.11)
AHr+d)= Qr), 2zéA*= N -

Then the squation for the deternination of L has the form:
L(x5) - N Gr)
Q (F’) N A ( }’; "’5 ) == 0 _

o E’;/"( r+&) 0

From this

———

@«-fz(r‘/';; ):""0 B (1.12)
L(r §)L15=8) =@ (r)=0"
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The first equality from (1.12) gives one value for ¥

——

r: =7z — o - | (1.13)

The second condition yields a quadratic equation,

ik W 2 b v s )

which have the following values:

g, —atyor+b g;;z(éfﬁf‘)

)

;’i JO" (/:.7,_2)‘3-) 5=f66'z{j’z+2)\z) (1.14)

N, =

since ¥ lhas three different values, then correspondingly O will
: /
have three values. Since equation (1.7) is linear, the solution for é‘._

could now be presented in the form:

AP ' lim:ﬂ-[h .
’ W 6T @) (Rt A3) T
‘ _@:=/](C’;€ ¥ (e rGe Je ﬂ’gﬁ/ﬂ(l.li)
— O

(L)
A further problem will consist in finding the nine coefficients C‘:
(i'/ y=1, 2, 3) ©, using both equation (1.7) and the initial con-
‘ T / '
ditions. Let us note that ég satisfies the third equation of (1.7) v

4 < (3
vhen § = J~ , , therefore C'a.) =Cz. )

determination of the remaining seven coefficients

= O . For the
(&) B
C‘; , let us again

put @ g into (1.7) and, using (1.11) we shall have .
) - ) (= )] 613)@(r)=0
cLn,§)+6G qnr=o, G LB EIFE 5

CHL(n,8)-CPN + ;@ (n)=0 | (16)
C,Q(n) +CPN + G, -5)=0

It follows that we must supplement the initial conditions at € =0

to the system (146):
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c(f) (2) 5 ~=(mn) (2) () (1.17)

, +C = Q)w ) C, = L,

“) (2.) ’~ (2 _._ 7~ (mn)

Systems (1.16) and (1.17) together are now sufficient for the determination of
¢3) / (3
the coefiicients C‘; . Not writ;.*-‘g sut in full the values of C )

separately, let us directly introduce the expressions for the cembinations of

(4
C,_ g , entering in (1.15):

{1} 66715' {Z) (:G"é' (3) !:53'6 ©oe (mnl sy
e+ CGTe T +C e =0, e°7’
3 > -f-{mn) : ks £IzT N
+— (e‘m’.- C‘a‘f etz &,
){;"‘Xt ‘

%9“"}/'

. ' : (1.18)
(r Lot (2 oLt 3 ¢ _,t‘ ) o
ety (P 1R, (Pt e
- 373 (eéﬂi'ﬁ‘ (.0'?‘5‘ E‘mn} >/ _v‘\...[‘wﬂ} ) (acd"f Lo t)_ﬁ
et s w— 4 p— - '
“/f&_”’ ._@z v’f‘
(2? Lo’;‘é'

T

— 3‘/5_31", (f%-é'.’q,)-—-(l -,l-;z»{z_)j £a‘§f-
X (/“Mzﬁ‘})(/'fp“;é/() (e - C )

. - 2
' e:../ (/ 1“)‘{4)( " - e ‘_t)
/“" }lg cf/f




Mo Mg LM, (15 I2) (/"//.a)](vw-c- e“‘*‘"’/‘

x ( 71— o el (H> ~J 7 -
— Hs (1+47) -(ecaw__ 6&0;'6‘)

/ — He )7ﬁ$ |

| 2,5 L8/
)/;3:" W)) )f,_&“- I ’ )__.)) Me= — -7
Gr,s) QM) G (re)
Hes = Q(r’)
pPutting (1.18) into (1.15) and substituting ~$Z(;'{lnl’) from

(1.9), we arrive at the final form of the solution for the unknown function

Q’ ((= /2, 3)'
jhl,/?f’) =7, (- VL“;O)
+ //_Q (x,/)é (XX,;/;/,L)J/%JZ;I

+ 2,,-//_,20(7‘/ )G (?{13{//,0)/}’%

- oo

z/”//_gso(z; &”(}475// f)/)f%
gty = Bg ¥ %5007

) N s
/7020 f%; )6 (%, %] 9, ,m/x/{/

+
k%k

+ 7

-7y o

+'7',L/7' /¢30 {Xj 0)(7474/ ;;é) odx ;
G, tg.8)= =B, (- V;t‘,ga)-l-szjf (4,996, (xx/;,z) drdy’

~7a-




wre 6 . ¢ are the Green's functions, having the following

[ &
o= L d )= 5 (pB)+2 (LA )= B A 47
SI( = jEJ;(f i3/ Jo /0 J }73_.},‘(, v

o

oo = s [ (14 He) =1+ 3.0 ]
o _ a(//]/)"' o(,j'-)
G —-/a [ [ 1=dy Mo ) (Hs =42) (I % Jo (/75 )

Az (1 +52)
+ : a(AI/)"'J;[ /72, G/
A (5 / /}]//

oL

: Jo (PA) = Jo (PA) p 10
G’ = YA/ |
7 j;; Mi“)f' _ (2.20)
gf-;),_-, / X, H3 Jo (PAZ,;) ~ Jo (,/9/4/)/05//9
' _ oV3 — 37,
o1 T s [ (145t )0+ D] [ = (04, )~ T (24, )
6% | [ Bt T I, (P A )= e ()

<

— s (7+ J’/.’.,) - 7 T ,4/4 \7 6/
_ Ry vy (Ja[/,cﬁ,) Jo (/. Z—)//J/ e

6L 0/ [ % (PA)-% () = (o127, )"'J;[/%)jj v

=0t
i [ FVPA) =T (P B0 ] r 7

/7‘- :z/[(ﬂ”"'g:m,,)t./- 75~;{’J2-+(;“dc,/)2; C=52,3
_}3;—"\/{7(—‘:/;7,‘-%’)‘-/- (;w/“’/'"

2. Before going into the use of the gsolution obtained for % for
‘ <

wopnostic purposes, let us stop briefly to analyze the stability of the solu-

= I, 2‘: 3)

:ion., The frequencies C are connected with Y (¢

-8




on the basis of (1.10) by means of the equality O~ ;&{( ¥Fo ~— Smeq“) m .
But, through (1.13) and (1.14) I/  is a real number, thercfore O,

is also real, and the obtained solution, generally speaking, is stable. Never-
theless as further analysis shows, there are possible cases, when the functions
G ) @‘3) .

2. and (20 , will always contain a secular term of the or-
atl

der + [2],(and not of the order & (2 ) O , a8 this would
have a place for complex values of T , ) for some wave number f . .

— o 4,

which after substitution of the values o)—/z and H takes the form:

- Gz‘(v;,)-/;m, §)l(r,=8)

Let us examine the expréssion DI (!"l)

D’ (Y'z) = /"'){2. M¢;

2 (1)
G*(rz)
Equation D (r") -D (Y ) determines \’"
and g 3 « Therefore ;Lf
D, (r ) =0 (2.2)
then this means that for some _ < -.-:/o’ ,y Y3 :.-Vl or
Y" = Y" . It is possible to show, that only the equality l" = b

is possible at/o /0 . But then the expression

T (PA ) — T (PAD
/— MMy - @3

(1) (3
appearing in G,_ and G 2. ) , will contain the itdegginate form

O/O , since from Y‘ = y':..' at/oﬂ/a, it will

- follow that A' = A 2 | by definition. The uncovered indeterminateness

gives the following value for the rates (2.3): ‘

-9~




T f/”/;

‘%(}0/4:)“.):(//4. ’ v
[5% [ My MHa /(r é’da b.,n%_./g]f

% -
h->i

/ﬂ"b/p’v‘ ' /if—,

This circumstance must be realized during numerical calculations of the

, - (1) (3D s
functions C7 o and ;63‘2. . For the Qetermlnatfon Of,/<pl

let us put the quantities C;S and L,, into (2.1):
D (i )_.,.,_......,_ 2o, * z (2.4)
NI 2@ |

Tt is easy to see, that D (Y }_3 = O whenf = f, only

in the case, when

) & €9, <.e v & =

{2.5)
) 550, but 524, e K>V
{2.6)
Then _/f? ! has the following value:
4 f——
ZAN* @ | Ssl
s e T 2.7)

.
———

J‘?‘ ] }5;2___(5";/

In the first case the velocity of the zonal flow increases with height

a little less than by the linear law. In the second case

- B

thoro exists an extremum {a makimum) of the speed of the zomal flow in the

-10~




layer, bounded by the 250 and 750 mb. surfaces, Let us note, that when using.
condition (1.5) together with equation (1.6) for the solution of the system

of ecuations (1.4), we would have obtained the following values for Vﬁ, and

Y3

5
2/o7 P
| _ G fz_'_)\z._i- )\z.. I+f4é.-—(_/‘:)-—4)\ ‘
[i,2 ”Jat(jgz.*z)‘a) P é (2.8)

The extremum of the term under the radical in (2.8) exists for ’/‘>==,A f.z "
Bith a value of / so that the expression under the radical can appear as

negaciﬁé, then P“‘ is complex,

3

7

The conditions for stability of the solution in this case take the form:
2 '

It is easy to see, it does not depend on the value of the velocity of

the zonal flow within the lgyer, bounded by the 250 and 750 mb surfaces.,

3, 1In the nalﬁfe of an example of the use of the obtained solution
for éii L_/ for prognostic purposes, let us apply it to a forecast of the
700 mb map. Although é 3 is the geopotential of 'the 750 mb surface,
in the future we shall identify it with the 700‘mb surface, since the latter
appears as a standard level, and the indicated substiﬁution does not give rise
to principle objections,

Since, generally speaking, it is possible to show [3], that

G . : .
// G‘fl)(x’ x’/y’;;f) /X /;:..0 C O (3.D)

11




Then, putting {%? . into (1.19) wo daduce
L
that —,‘C‘-’ ,,"w
+s2 N S
4 Pt o _..»... ;
f &,y 26" ﬁgy Dol Py )G e = D
. (3.2)
“?"
|
ot the basis of (3,1). From here it follows, that in the obtained solutien ‘
——- b 3 /
(1.19) it is possible to neglect & /’7/ “_‘"tk with @ Lo

In other words, the obtained solution describes the changes of its geopotential.
Therefore, for a forecast of the map of absolute topography of the 700 =b

surface let us use the following formula:

(2) ’,
L kgt =y 5% 100 ) 7 2 /;/a,o 67ty

(3.3)
{3) l //f (3) s Y
& ,, /. ;\K
2./7'// 220 G. ‘a‘” 2/7‘/ 7o ax 2
' ' (3) 2 (3
Caluulations of the influence functicons C;: (:; 2 ( and C;S )

-should be carried out partly numerically and paitly analytically if we use the

asymptotic integrand functiom. Lgt us place the initial coordinate at the point
= . n this case the function

£ =Vt 4 =° e ‘

T

(E; 3) (o = / 2, :3.> could be presented in the following convenient

fo”m for integration:

= (5-:5;/ J:’(Ja'*)“Jo(/d'(/jp#—Z(f\/)

Ve
s — L4,
e 2 [ mpa) =RV L o )
Stde % 7
"7
H

6= /Zjo(/”/(p’"x)"“’/z) j(/p/“"“/'z‘//

+~Tsv)
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Mo =7,

(N) / ( (//,‘/3 _ _(__5_“50))‘ )(J ‘{/,/é (jﬂﬂ//f@/f’

(3.4)

| otz Ms Loty (14 Hp) = (/=)
T(N)—-/ [ z ? J

(1= ot o ) (25— 97:) X

s (ridh) 2 SAE ) N

(30080 =L 0 )= 5 Y
( To Ph) = T, (£A:0) ] 2oty

_L,c//) / T3 (540 (f/ (Z2-x)%")

M (=T (P8 ) [ P
o (5m0=582)]

2, = /X2y, W= JTIs+50¢ #%°172""
A = /Eopf._/,;{/)z?y/z

since

- (3.3)

1f F: ( 75) is a function, centinuous as e —? O adifa fihite
limie (+ ©2) = tim. 5 (2&)  [4] exists, then, obviously,
O L e e W D oo
(3.5) it is possible to cond ude, that
\_________,/ '
P A

hpa3)~ T (P4 T pa) = L fA), oy
A Tl A i

using

«l3-

T A s 4

(3.¢




(3)

. o~ ( ‘ ¢ 3
coupletely colncides with the influence function (J”% SR A ) (j) t) for

On the other hand, the definite integral which appears in G

b

the forecast of the absolute topography of the mean level ([1}, chapter v,

Section 5,3). Now it is possible to write that

B - z 130 25N az el
6, eIV, a7, 6N 20T, ¢ GreLiy
28 3 It ds ’
) (3
& graph of the funcion G' is presented in fig. l,'fupction Gﬁ('z.)
(3)
in fig. 2 and function'G 3 in fig. 3. During the calculations the

,

oilowing values of the parameters were used:

-

.L:/Obm) *T=!a.c:.~“ ﬂ:/-l, )\2-"'7/-6") 520’5’
S,=o0.4, t=/ N=3 |

For the realization of .a forecast, now calculation of the integrals

appearing on the right side of (3:3) remains. It is possible to do chis,' since
) i
it was proposed, for example, in [2], i.e. a polar system of coordinates was
introduced ahd an approximaté integration was construgted over litt1e> rectangles,
bounded by radii and circles. Using the approximate {integration in (3.3), lat
us bring it into the given case with the following form: 1ét us take the (zﬁ) 3)
plane in the equivalent "small™ squares, in order that it could be possible to
censider CP and GL ¢ constants within each of them, equal to
o

their values i‘r: the center of the square. If a side of the square takes the
value A/ > and the centers of the squares are denoted at the points by
(Tomh, ZnhYm, n=l, 2, ... ., , then formula (3.3)

can be presented in the following form:

| mos - €
J4tot)zgooerrs 5 5 P lmh k)G (2) OO
z,3

? ma-p N335 L=,

where

nn

. : 13) ‘ ' . .
G"’(t)=2~§, G Amh, nht) c¢=1,2,3




| c
a 24 hr forecast we produce the tables of the values of (-t\)j

mr
5 T £ ‘ } Pt D A A "oyl
uted for /7l = 0,25 and &= 1 (tables 1~3),
~~
- ; ” ; . : D - svers
For a forecast, it follows that we must calculate Lot oy at svery

rsection of the given grid by formula (3,8}, and then "advect” the ob-

ed field from west to east a distance equal to ‘!3 g .
zamplaes of forecasts of the f? 7,0{)' map for 24 hours, on the
s of the model of the atwosphere considered and with Lhe obrained solurion
Z
C%J , are illustrated in figs. 4-8. In figs. 4 and 5 the Initial
ot A ?7“ for 1800 on the 11 and 12 of January 1954 are given, in

. 6 and 8 the predictions are given, while in figs, 5 end 7 the correspond-
’33»‘2*7 O . :
actual/maps for 1800 on the 12 and 13 of January 1954 ave given, The fore-
s were made by N. M. Kirev.
In conclusion, 1t should be ‘mentioned that the given examples of pro-
is still can not surve as an evaluation of the given method of {ovecasting.

thig, it feollows thut we should amass the recessary statistical matevial.

pite of the simplicity of the idea of construction of the atn@suheli model

o
S
r'r

ained solution of the linearized system of equations, by which the fore-
method becomes quite simple, its realizatiwm nevertheless, calls upen the
iderable difficulty of numerical calculatbon of a series. It is easy to cal-
te, that lor every forecast it was necessary to make 94,770 cperations of

iplicavion and addition, ¥Yor that reason tests of the indicated atmospheric

L Hr prognestic purposes should only be carvied out through the use of high

1 electronic-computing machines. In additicn, it is uecessary to note the
. _ g; < . ‘ .
s of the parameters and < , , which play an imporiant role

e calculation of the influence fuuctions, For the realization of s 24 hr
zast of the pressure field the values of these parameters must be close to

“: actual values at the initial moment of time.
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