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■mms  5202 

01 SU SmBEuIff OF KAURIS' SCAUS AÄIOSFHSaiC KOKdfS 

58oj   CSOJ   fe&s-il 

The stability of the atmospheric actions is investigated by 
means of a two level model on & Sphäre» The dependence of 
the conditional stability and also the various characteristic 
sotlons on  the differaaae of the circulation index at the 
chosen levels is Investigated« An example of the prognosis 
of the pressure field is given on the basis, of the. proceeding 
theory«. 

The stability of atmospheric motions was examined ic, &  series of 

studies, by the Soviet«: E>,  K. Bliaova (1), C I, Marchuk (2), la. M. Keifets 

(3)j C* V. HmcMncv, and by the foreiga authors: Chsrney (4}_. Kuo (5), Ea,dy 

(6>, and Spar (11), by sae&as of the solution of the linearized equations.  In 

these, the majority of the eited investigators ras trie ted themselves to only 

the qualitative (congruence) K^aw&Jswefe of the characteristic properties of 

the particular solutions of these equations with the typical pscularities of 

real pressure centers. lit the capacity of such particular solutions the un- 

stable waves, are begun. The distribution of the stable and unstable waves, its 

influence on the motion, &nd the evolution of the pressure syseesss are not 

exaaiaed completely is this« Besides that, in the cited, works either the com- 

plete aseridioa&l extents of tha disturbances are not considered or are con- 

sidered too crudely.  (Phillips [?],, Fleagle [8|). The stated restrictions do 

not permit the developed theory to be adapted to the quantitative investigations 

i  of the t&s-l  pressure fields, 
if 

In the present work,, wa. just as stated by the Soviet authors, do not 

make similar restrictions which pa malts a possibility of adapting the theory to 

the prognosis ©£ the pressure field. As long &e we study the saoticn on the 



planetary scale^ it is necessary to examine the solution on a sphere. As in 

work of E, N. Blinova [9], we take   for the initial equations the following: L iLC      lA V- 

-St 

(2) 

Here     *J'      is  the strsanfunction;     Q,    is  the radius of  the earth, 

^       is  the vertical velocity;       f&)       is a standard distribution of density; 

J   -    ' ~ ' / PC») i» a new independent variable; P Ö) 

is a standard distribution of pressure;     T~      is  the mean vertical  temperature. 

We shall  take the boundary conditions in the for», 

%   ~ ° for 1-  ~ o 

/»VäöSJO as 1   -*.  «» 

Wa shall divide  the whole  thickness of  the atmosphere by  the variable 

| into four parts  through the points       t ■ s o-3   (3«v«s)     |    =     »•£"  C^3)^ 

|^   =   o.7     i?6ew^       .    We approximate    fV» by a parabola and  take 

as boundary conditions \f % }6 -   if **j^    -    O 

Here   (/Vj0 is  the value of       fVfc at  infinity,     (j" V"*)^.     is   the 

value of     ^V'% on  the earth's  surface.     Than we obtain  that 

f^i     *    *   [f^U^b   -X) 'wherel?^k is the value or 
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■p A 
f    W'        at      "f3 -    i>"°° v* U ■ ,    Then we can. find       ~-^,~:"" and  sub- 

->  . ,. 
*C ~ ■ ci ^ '^ ^ 

.ticute it into equation<$* We shall write down equation (1) at  j$ ~   v 

•nd  J ~ °" *'   J 
and equation (2) at  £ ~ O- ■£"  .  Ir&>this WP shall sub- 

titute for the height derivatives of T   the difference relations. Except 

hat, in the term   (f, ||'j      we put  tl, = f (^ + ^ j  . Finally 

■c oota-. 

^ ;* 4.. 

"ft vOj 

Later eliminating        ( "? ^tJx      £rom tbe £lrst tw0 esiuatiotls '°y »earis 

f the  third we shall have-,; 

*<?3      +      —i-^ — 
"^1™ <V Su-, & 

<% t    Q-i **   *'»»a-"** «■**<* )   ~  ° 
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$ = .   ^ *■ -V K - *) 

We linearize can: equations in relation to a west-coast transfer, as 

this appears in the work of E. M. Blinova [l0}„ 

We obtain 

^ 

1/Q       —      &dj 

Here      <^ (%•)     is   the circulation 'index,  which we  take independent of  latitude, 

hater v?a obtain by a simple^ transformation; 

pjK.c  o 

(3) 

S.  + K, % \\  &%        r»    VT* "  wjk   ■   L ■ 

Subsequently we ignore *t       in comparison with t*l and we shall look 
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r a solution in the form; 

Substituting (4) Into (3) we will obtain & system of two ordinary 

fiera&tial eqitaf.iotis; 

-or^-r^)-.Sfi-#fc-F.x,-^i5w.j]r.a o 

will satisfy this system if for  r£    e-nd  h^   we ta-KC solutions oi
T the 

oations as. suras of Legendre functions 

this form wa obtain the system: 



The syste» has a non-trivial solution if the determinant of the unknowns 

is equal, to zero. The last condition gives an equation for the determination 

of  <&"  :  „__;__- 

it 
(6) 

The value nf ff~ obtained in the work of Faillips (?) is similar in form, 

however, the parameters have s different meaning in our work. -From the first 

aquation (5) we find the relation between  ^  and %     . We oht&in that; 

C    ^ F ,       I**     .4.- A     B^2-V    (7) 

We notice that  °i  * **- .   , just as  . »*-    , depend» solely 

on  &°« (i.e. on ehe difference of th® circulation Indexes  at our chosen 

levels and does not depend on the saae indexes). This is evident because 

<T*'X  4 M3     *• .^^ "^^v -V       # The expression for  «~ indicates 

the possibility of a complex value, i.e. the loss of stability. The condition 

of stability is deterainad by the inequality;' 

B""~~ A^b-"A")V^ > O (8) 

n 
After fixiagAthe inequality (8) is either satisfied or not depending 

on A"C , which can change from day to day. The remaining parameters (en- 

tering into S  and A ) are standard. We have 1\     /an integer. Conse- 
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quently, A  takes discrete values only. For more suitable representation of 

rtc results va introduce the variatle/ V ' , which varies continuously £fo» 

O  to o»    * Th«K the equation 

<^_  A^-A^V*"   *e> (9) 

where       A    *~  v ^4 ^ *"' ceterndass« in th* pIsKia surface       VM^  ^V 

the boundary of  riss- regl«s# of stability (see fig»  1), 

pram (9) w* b.avs " 

/    ., { P,J-., \ v 

A1"   * ?. ± V   * ~ l:J^i 

V      and Iroos thle it I«  evident tb&t there «cdUts a saini«;«-» value of 

coasclient ly also     &<*     ,  »slew which all :thf, disturbances are «table.    The quasi- 

titv  iS   ä^t^tr.    "   "8 *<--e*  i£ öepeada tn essence ön the static stability. 

It is «sy Co uee.  thet t&e stability curve lias two asymptotes:     for 

■^- ©       &TA  V - "^fl-     (the last corr«e|«jadg v«itA   A » 2.  >;  for    el "> V«      tt 

is *lv&y* «astsble for any     &04"       . 

We stell take the folkiwirag values of the parameters: 

V- o-»»fe       degraas/sster 

«» •a    3s Co* ©>*, s   *** " 

C' -3. 
With such cbeicfts  Sss is eqwsl  to I ■ t?£* *C"'0 .    Aad sr° 

,5    •       s    -Q      «     37  (  «  *    fei     ■        ' 

FOE       &«*>' 1? &#-WJ*S       'chare ekiats an Interval'      V4 <  v < l^ 

within which iasegml value« of    n    c&n be found»    Tfes unstable disturbances 

will corE**poad to lt.„    Its fig*  2       tkiu f* displayed«    the behavior of    ^ 

^4     «;*'       ^   C'*    *    ~^™ . 1 oeo) as a function of   ^      for 

&S   i  aS {decotad No«  1)  and        *'4    ~   *" - (denoted No.  2). 

„7- «. 



For 4<5 » 53 the values of        n c  6' 7' F' ^ fall   in the interval 

of instability.    In this ease  the spaed of propagation of both  types of waves 

is one &id the sssie and is  e<{ual  to <& .    Therefore  the critical     <h, and 

^*&      ■'converge *» t!"iS interval of instability. „, 

Ilement&ry solutions of the type Cos.  *^>l    * 

will corr«»p«ad to -a    #&&**    valus of    f    . 

la ttss esse of ccsaplex   ö*     *?a will fcs-/e: 

The value of    *£H      tfiXI Al»o be complex 

¥i% t      „ \i  ~—-—-—-    ' & T~ 

We- see that the intensity of growth of the amplitudes VL"   depends 

on  **  and °   (through 07;  ). The quantity &i depending only on    fi f 

attains a maxiimm  for &.  certain value of 1   . The computations show that 

this value o£ ft  is weakly dependent on the jumps of the index of circulation, 

and in thft rsage   * 1 ™  «^ — * 31       O^        takes a maximum value for ^S 

H»%       . for this the possible wave number is ** " »  at most.  (We have 

different eves minbers FO that v ~ o   on the equator).  Since in this case 

n~m s. t   > the wavss with tbs saaxiraum inteaaity of growth of amplitude will 

have a msxisasB latitudinal extant^ [on ttaa meridional] at &~H£,       The  wave 

' length of "^or,:0 **«*   corresponds to wave narabar w«7  . This is the 

saae valus Kuo obtained in the above referenced work. Phillips gets a »arger 

value  ^tsö&üite.SM)   . 
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It in the factor   e        the citr.e is written lor 24 nouir tperiOGSjj 

L--..--H in the rancse   33 :: t^iSl the vaiue  V>i   for the weve wich 

;hü r.ost intensive amplitude growth v;ill increase from 0.13 to 0.37.  In the 

iirat instance the wave amplitude grows about 131 in the course of 24 hours and 

in the second about 45%,  This depender.ee of V;  on A*   in general agrees 

with that which Phillips obtained [7].  Still it is proper to note that in the 

light of the criteria brought out by  us,, the instability in the atmosphere will 

be obtained itere rarely than is obtained frort the theory of Phillips.  Phillips 

mece use of the local values of the gradient of the vertical velocity while we 

took the vertical gradient of the index of circulation which is more expedient. 

Ncwe shsll write out the solution that satisfies the initial con.di- 

ttens * 

In the stable case we get; 

% 
<     <£ C,„       Co 

Wo  ess ***(* + <V\; 

■«-t    f.—, Wi 

«   ..   .     f>^t>    +   ^   S^(A^)j   l-t^a) 

0 c 

H4   "     Z. 
* on     «is' 

?    ?      I"      C      Cos    n,^*^*)    +       'S.r    S^^U-t^'t)   ^ 

C* 
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la consequence of (7) 

Ui w 

Cln        a    k«     0 
vn 

'i n vr * k^ "b ■*. n 

Batting the expansions of the initial field into spherical functions 

we have tb« forsu 

(ID 

«o   *\ — w 
P 

IVt.1   i*«* 

Suppose in  (10)  1*»«5 and do the satae in (11) we get the following 

C.n      ,  Can    &»<* so on: correlation for the determination of 

n 

kv, 'öi*. *  kn 

yin&lly for the unknown coefficients we write the following formula; 

p,r » ^ BIT + &* ^ 
t>s. *■ B: * 

a rs *« 

< ft**1 

„ A« - ft» «n Q.\r»   « P 
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Here 

p-> - P« I       &t\   Jt k n " h t 
U»P- ; 

- >e» 

Instead of R«    and h* 

nen pv.    and  p>» 

substitute their value fro:.-, (7), 

change into the- following form: 

Ö - S AV 
^ 

S t 2 A V 
^"^rTA^--^) v 

,IiJ 

In fig, 3 [is produced] the carve of [3 c* pi  x n dependence on V 

for  Aot*1*^    (figures 1,2,3,4 have to do wich  IS»  , f3o*   , pn        , 

*•<■*       )«  In fig* 4 is shown [evidencedj the behavip«* of the curves of £""> 

(figures 1^2,3,4 designated the c^Ses 4* « 7,%,   ?~H       ,     ~i> f      ,    ^ I       )• 

If is O'.ir formula., we let  V "> O  ^ then we obcain a solution for 

an. average level,, for this 

4T'   —*?   "   «*  *«" 

JL. 

Cat  *r  ——™~» . 

Analogously   fe»,   ~S> 1       >     *■>■»   -~ss>    I        ,   and  the coefficients     13« , 

N« ,   Q*        converge toward 1/2. From this ic is evident, chat 

although  °si  does not vanish, corresponding terns in the solution converge cc 

zero.. The solution completely agrees with that obtained by E. K. Eiinova iriOj. 

For instability of waves the groups of terms corresponding to fixed 

values of n  and VM. have the forci: 



no - 

w. 

se- 

es - 

to . 

20 - 

\ 

~i i_ 
S 6 SO V 

©irr.   i 
F >'«i ■ 

vVi 

DJS 

j2        ts   V 

Qnjr. 

Ff'fr. 

Ha 



Hi?   * n   C,r e V-A -.  C-/: ev^J     u«  K* ■>«>.*) 

\\j r^ r     C    r\ P*    ~- M' t 1 r*i        ■ f ( i * )       _ 

Analogously to the stable case we find: 

«"*  «4-  fi* *.fe. 6nm~ fevS.r" 

f , „   i.   ~;   M«   — •-1 
^"-   "        "?. -ij}  ¥ 

The   AiSit?*-*-*»       (i/j) 6how that the phase of tha disturbance 

the unstable cas« changes with-height and consequently the axis of the dis- 

s'bance tilts from the vertical. 

Vie shall show that inside of the region of stability or instability 

a determined coefficients do not have peculiarities.  In the expression for 

f 
vn   the denomination in t>.w  expression under the radical [never] does not 

COf'iS Z&3TO * In the region o£ instability it is always  2  AV > Ei 

r fro:-; the inequality opposite (8) it follows that 2 AVr> V B^+ A ^ 

the coefficient  te«  the sum <7^ + °<;3   can become zero. The same 
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•a.:,~~~ ■ 

co.fficio«  chenbccos«  infintto.    »u shall  shav th*t   ^       (in which   fe., 

«r.tarfc>   is rjiivminei  by  this  final value,     Consequently,   for   Ü«   +*3 ~ 

it  is waiiJicd in accordance with (6),   the  equality ^ ^  

> &/'>A rr    V ä   'ß/S        .     Wo  consider   the  first Tail,   is  possible, if     \t   =    -/«-n or   . V / <~ 

case. Fro^ (13) it is clear then that   ^ - *      " .  In order that on, r,ay 

P. -.-.r e, 
£iad  »3*  , w& take V = 3A * *  , wa substitute in th* cxp^^ion ,cr f~*  , 

and we p*ss to tha ltait for %-» Ö . Then j3* ^ 1  . Analogously the ^ 

second case can aho be exsnirved. The numerical evaluations show that w„ -r  > 

cannot, take the value zero. We pass to the study of the properties of tr.t 

short waves, U.   tha disturbances with a large nuasber ft.  -  r£ -or cfcese Iar£C:~ 

values, A is grater tiw« m  , thoa the disturbance ha. a lesser lor.Eitudinai 

dimension. But if  m  is not large, then n-^  is large. And, since «T» - ™ 

is Ä quantity equal to saro on the «erldian, then the disturbance has a soall 

cross dimension. Therefore the larger value of f\     corresponds to the distur- 

bance which have either small longitudinal or s«all transverse dimension. Fror,. 

the foraalas (6) and (13) it is clear that   *+Y " -* 

T-   ..^  „ OJ    —•*    ° 

ss    fV- ,  but  the refining parsers  do not depend on    *    .     In order  to 

X\*a    the lis-it of   fSl    we represent  this value in the  fore: 

t,+A).   K&w-J) +   JzZ2^tfr 
,vrF^^iF-^"v"v        ^ *" " 

Liait of the first component is 1 and the second rapidly converge 

-13- 
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Consequently Pn"*1 as  rt-**0   .  Sin« by (12)  P" = '  ^a 

Lh-.:n it is cioar t*iat jsts -s? &  for  ^ --je*   ,  Fror;: f.bis last it follows 

0-i« —"* Vä„     -. At the SMie time,, (.-av»    , U»«    -• -""    > 

converge! rapidly to zcvo. 

Thus, th.fi short waves move, without changing their shapes, with the 

spf-ed of Ehe -«res t> east transport on an equivalent i-svel. The elaborated 

theory la adapted by us to tha prognosis of the pressure fields of T^^and 

3»o *H»J »  la the series (I's) wf. take «"i - hi  and   n:-~j-c~   .    The- latitude 

step'is A»**"** ^ the lougitada step is dh - hS" *   . For the siapliiica- 

tioa of thfi computerion v?a have considered '¥ ~    °   /M      »hate  •£   is the ab- 

solute topography,,  X'  is an average value of the Corioiis parameter for the 

hemisphere. The initial situation taken was Decesib-er 'it   1957, The prognosis 

was given for one d&y^,  4«4  was computed from the initial aap and was equal 

to 53 (an «Ratable case);  S>.^ x 72. . As is seen in figures 5-10 the 

results obtained reflect the evolution and isove&ent of the large scale cyclones, 

Tbe -ffiotiou of the cyclone £ra© the Stockholm region to the Leningrad region and 

its dfcapening was correstly predicted« Also a good prediction of the develop- 

sent of an Icelander cyclone.  By the calculation there is a pressure fall of. 

15 decsaftters as» is-  actually 16 decam&ters.  It «as worse in the. western hemi- 

sphere., Thiis. in the territory of  the USA the pressure fomar.ion showed move- 

ments to the East, Separate errors could be partially explained by cho.smail 

nusber o£ terms of the series and also larg« steps for the longitudes and lati- 

; tude.  Therefore it is necessary to take ia the first specification tfee ,. enlist 

rftoHt] of a greater xit'mbe-r of terms in the series for the spherical functions 

and the selt-ctios of smaller grid intervals for the horizontal coordinates. 
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