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by 

0 3OPOXlQ , 
Doctor Cn Cl.erlcius F i s icas  

kbt:.tract: The i nah  object  of i2if.c note 5.s to  give a 

;>icture of the  :?ieoha;lis~n by rnesns o:C ::?llich the a i r  densi ty  
1 

a t  tile troj:?ospheric isopycnic layer  !.s lnaiiltainea constant  

mi! t o  a i scuss  the p r a c t i c a l  and t h o r e t i c a l  s igni f icance  

of thc existeiico of this lager ,  :;!hich appears t o  have 

been neglected h i t h e r t o  i n  ii~vesti:<atioiiS of atmosplbric 

dynamics. 

k relatior?,sh$;; bet.::sen the var ia t ions  Of surface  

condensotio;! end Ci la t a t i on  wave:: i i i  t h e  lower troposphere 

and. a t  the tropoj!ausc?, witn ail i::o:>ycnic l ayer  between 

thorn, is  demonstrated. 

An explnnation of the ~ilaximum of pressure v a r i a b i l i t y ,  

observed a t  about 8 hn., is given, based on the  exis tence  

Of d ens i t y  saves and an isopycnic layor ,  and i t  i s  shown 

t h a t  sn i sobar ic  char t  f o r  the 3 k s ~  l e v e l  would g ive  the  

best possiblo ropi.ssentation of .  t-opopause waves. 

Sirnul taneous l oca l  v:rir;t ions of pressure  and 

tenqpratui-e i n  t l ~ a  f r eo  atmosphere a rc  discussed and 

a formula is doriw;:! for the coi:~p!~tat;ion of v e r t i c a l  

lnotion and stroti::hing of the Qir. The v e r t i c a l  motion 

and s t ru t ch ing  associa ted  with s w f a c e  preesure charaes 

Is examined and the existence of c e l l s  of e t r e t c h t n g  and 

oontrac t ion,  and of cells of v e r t i c a l  notion, travellwg 

w i t h  thc  polar naves, i s  demarstrated. 



r a t e s ,  \7:;:;i? the troijn:pclusc is l;i:?iow ;rii.Si ab0rrci i ts avarufle 

i i.s c;-,+.binsd 4%. by vertictl ~ i ~ o t i o n  of  tho a i r  

b~t:,.;c;eli tvo layni's of hor izonta i  xotion and e com'putatlon 

I s  ;ri-.rw: of t he  :zimui~t of' Ic,i.:a: d:ari:::o of tropopnuso h6ig-4, 

d.uo to VO?:~<CR: i::ot ion, 

.? -'. X X S X X 

vhich i n  thc .di:?ft,z'cntisl, with renpact to po, Tov and 

of the oquation 
P g  ' 

giv ing  t k  a i r  dens i ty  ',.. a t  :i l ove1  'i' , xhen ToV and po 

a r c  thc virtual tun@artl turc:  snd prcssrtrc a t  the surface, 

and ;'; thc lqmc: r a t e  of v i r t u a l  t e q o r a t u r e ,  assumed 



i n  which ordinary i n s t e a d  of v i r t u a l  t e i~pe ra tu r e s  a r e  

meaning of f i n  l t c  i i l t t irdiurnal change, equat ion (3)  gives 

ihc  cxpcctod r e l a t i o n  between the  chmges of l a p s e  r a t 0  

and surf'acx j?resaure,  necessary ::or keeping coi ls tant ,  

from day to  day ,  the a i r  dciisity a t  tl?e l e v e l  of tho 

(x) On t h e  usuunption of a l apse  r a t e  independent O f  
the  dcns i tv  can be emras scd  b v  e i t h o r  of the eaud3tiOns: ~ ~ ,. 

,..;' = (Po; T ~ ,  T, cp 2 ,  u i t h  T-= T~ -<pa, O r  y 
$(pO, TO, i j  , 12 ) , nhero po, To, T and $ are  f u n c t i o a s  of 

t he  hor lzonta i  coordinotss hnd the time. The second  
eouation vms uacd f o r  thc d iscuss ion because it l aads  



interi i iurmal ci?i:ii?~c;s o f  s u r f a c e  prr:s:;ilrc, arid the f i:!:urcs 

,civoa i n  !Cablo I a rc  a l g ~ b r a i c  zlvcrag,:os of' tho intardiurnal  
0 l apse  r a t e  chaizt:.~s i n  C ;,7~r r:,j:;.n. u a i t  of ~ ~ o ~ o t o n t l d .  



nul t ip l icd  by 2. Tho nbsolutc  values of obsorved 



6 .  

and computed nvcro,:c i n t c s d i u r n a l  v a r i a t i o n  o f  Kf c m n o t ,  

of cou r sa ,  bc c o ~ q a r o d ,  b u t  t h c r e  is s a t i s f a c t o r y  

agrcomi i t  regarding t h c  ex i s t cncc  of a mlnlmm 'between 7 

:;n& 8 gla~ ~ h c  observsd cirorui!:i: i n t e r d i w n a ~  v a r i a t i o n s  

of i?? a t  Thorshavn have been p l o t t e d  aga ine t  gF I n  Fig. 

2, xh i ch  g i v e s  n rtli:?iniun ofRA(i a t  7.65 @an, i n  good 
, . 

agrcimgiit i?ith t n c  ii~inimum of the S.D. found,  a t  7.8 glnn. 

i n  t lw . m i t e p '  B prev ious  paper. 

In.  1 of' t h c  p r a s c n t  pnpcr and t h e  w r i t e r ' s  p rov ious  

papor t h e  constnncy of thc a i r  d c i ~ s i t y  ha8 beon axpla inod  

from t h a  s t a t i c a l  ns:;,oct. ..'&I! oxlilaimtlon lnvolvos  the 

,L-L -. of 5 d c f i n i t c  r c l c t i o n s h i p  between the  changes 

i n  oursli&cc! 1jri;ssrrro ili?d of tc ; : ipra turo l a p s e  r a to .  This  

re la t ionsh i ;>  has  beon damonstrated s t a t i s t i c a l l y  from t h e  

a e r i e s  of' Thorshavn a sccn t s ;  , i t  is nobT proposod t o  g i v e  

a dynnmical i? ;? terpreta t ion of it. 

'171.,0 . .k~, - w oblon  is c l o s c l y  connected mith o t h e r s ,  which 

m e  t r c u t e d  i n  i i txosph&ric dynnmicS from d i f f c r e n t  

a s p c c t s  2nd iihich have h e n  the  sutzjccts of many gape r s  

and i i l v e s t i ~ a t i o n n .  It seerils adv isab le  t o  g i v e  hero n 

b r i c f  survey of those  connecttid problems. 

The c o r r e l a t i o n  betweon p re s su re  and temperature  

i n  t h e  f r o e  &tixosphere, t he  s u b j ~ c t  of s o v c r a l  

i n v e s t i g a t i o n s  by :Y/.H. Dines, p m t i c u l a r l y  (1912) and 

(1925), has  been one of thc 'fori i ls  i n  which this problem 

has  been t r ea tod .  Tha explnna t ion  of the  g o s i t i v e  

value of t he  p,T c o r r e l a t i o n  c o e f f i c i e n t  P r o m  the 

su r f ace  u.2 t o  10 his, cnd negetivc: f r o x  t h a t  h e i g h t  UP 

t o  13 lo;:,thi i.;r;xirilu~l huigiit  investigated b y  Dines, Was 

sought  by nir11 cxt i  otiners i n  t h e  e:ristcnce of v e r t i c a l  

Inotiorts of' thi: a i r  whea p a s s i n g  from a low t o  a high 

of p ressure .  The high :>os l t i v a  c o r r e l a t i o n  between 



- r .. i nv t s t f ; ; a to r s ,  t o  '!I* due t o  ud7rsct i0n,  Aacording 

t o  this hypothesis Rdvectlon brin~s in the tropopeusc 
. . 

of iiiore SOUth?i ' i?  l a t i t u d e s  vihil;en the  .:?ressuro of the 

cyclonsfi).  

'This lottc;. i x i i l f i c o t i o n  seems t o  be mainly due 

t o  t h e  r e s u l t  of zr., ii!vcstigati.oi:. by &mnen (1932). 

Coi~sid.arj.np ~:!l.iii.;:;~!B iij.' p o t e n t  i q l  h ~ : j e r a t u r e  a t  d i f f e r e l i t  

I.evel6 ~1.1' ; i l  y13.;;:: ai;l f i l l s  thc t r3posphere ,  Palmen 

founc: tkit n b w c :  i: ki:, tncre  i z  upwa~d !no~~i!leilt of WC: 



t o  w ig ina t e " )  the a i r  "is 'homogeneous' and ... there 18 

a ijpailt of huinoi-reileity of op:~osite charac ter  above an8 

belo1;f the c r i t i c a l  level '1.  To explain the  want of 

hoiilogeneity hc discussed the p o s s i b i l i  tg OP v e r t i c a l  

movenents . and sa id :  l I ~ h &  suggest ion ivkicn one der lves  from 

the  aiIi2arent forination of high $ruesure on the one s ido  . . 
of the curreilt a t  9 kiloinetrcs,  and of low on the opposite 

s i d e ,  i s  one oi' t ransference of z i r  a t  about 8 O r  9 

l i i loti~ctres across the d i r ec t i on  of the u.ltiinate current ,  

bulging upward, and th rus t ing  upward the s t ra tosphere  with 

reduct ion of temperature ,' an& peinetra t i ng  downward through 

the troposi?here with consequent e levat ion  of teiilperature, 

The pressure difforacncc;: thus forned is conserved by the , 

a i r  cur8rei1ts nkiich surround it. 3heii Dines (1919) 

quoted t h a t  piper  ke t r ea t ed  9 inn as  t he  height of tho 

I 1 c r i t i c z l u  i.evdl, no doubt, because he h jd  already worked out  

(11 many corre la t io i i s  i ' o ~  t h i s  l e v e l  

A l l  correlations bot%iei;n the u y p r  troposphere 

p r e s su re  :lild Hc computed siiacc: than weye r e f e r r ed  t o  9 hn 

u n t i l  Pal:ilen rever ted  t o  the 8 ina l e v e l ,  which appears t o  

be ilcarer t o  thc? average levc.:?s ."jitil a r e a l  :?hysical 

s i g n i f i c a ~ , c e ,  ns;ncAy the isopycnic l eve l  and the  nssociated 

levol  of 1-ior,izon.tal motion (see  5 5 ) .  

The 1160at" and cause of p r e s swe  .va r ia t ions  i s  

another pPobletil open f o r  inves t iga t ion  and discuss ion 

on !:?i ich there nrc con f l i c t i ng  theories' and worlcing 

hypothasis. Shan, as  indicated above, thought  it possib3.5 

t h a t  the o r ig in  of snrf'nce prcssurc chpngcs was i n  a layer  

at about 8 lm, which is' a l so  the l ove l  at. which thO 

in tordiurnnl  var iu t ion  of prossurc has a maxiinum of 

l L 1 ~ h c  ac tua l  :icights ~ u o t e d ,  as they m e  approximate 
h ~ i . g h t s  oaly,  nluy in t r iduce  a c e r t a i n  amount of confusion. 
Shan and Falmell r c f e r  to  t he  8 km. l e v e l  as  t he  l e v e l  
of hor izonta l  r o v e ~ ~ i l t ,  which t-lpgearh to  be above b u t  near  
t he  isopycnic level .  Th6 9 km. love l  i s  an a . rb i t ra ty  l e v e l  
s e l e c t c d  by Dincs "so t bc t  it may be as  high a6 poss ib le ,  
b u t  ye t  ao a r u l e  c loa r  of thc lsotheniizll l ayerv .  ( ~ i n e s  
1912, padc 31). 







out.  (Table V).  The l i n e s  of d i f f e r e n t  thickness i n  Big.3 

a r e  i so l i ne s  of cclual d e v i ~ t i o n  of SF from tho ilverage, 

and the ac tual  valuus ,011 zhich they a r e  based appear In 

' Table V. The tropopnuse as  compted f roin Peimer' s data  

is  shomn by a heavy l i n e  and 8 system of warin and cold 

f r o n t s  (continuous heavy l i ne )  and a s ~ ~ b s i d i n g  surf  ace 

(do t t ed  l i n e )  havo been added t o  i l l u s t r a t e  the conneotion 

botneen the dens i ty  va r ia t ions  and tho system of highs and 

lovrs. Later  the o r ig ina l  paper by Penner (194l.) giving 

the complete s e t  of average pressure,  temperature end 

t r o p o p i ~ u ~ e  hei2;ht values became ava i l ab le ,  but  a s  t h e  

dii'f er6nces betwon the  R p  depertures computcd from them 
t 

~lnd those coinputed from the  M.:;i,R. da ta  ore not g rea te r  than 

2 u n i t s  c.g.8. i t  has ilot been considered necessary t o  a l t e r  

the  f igure.  Wen making cllowence f o r  the f a c t  t h a t  the 

isoliines n r e  based on sr~~oothod p, T averages, i t  is obvious 

t h a t  a hor izonta l  surface  soinewhere betvreen 7 and 8 km 

would separute r e g u l a r .  troiopuuso dan" " i t y  waves from the  

more complicated m d  i ~ ~ r c g u l a r  d e ~ l s i t y  vaves i n  t he  lower 

troposplmric 1c:vsls.  he tropopause densi ty IiavGS s h a ~  

condensation a t  the rid[-:es of the tropopause wtives, 

d i l a t a t i o n  a t  the troughs. The nmnplitude, a fi~wlmum 

a t  the tropopause' i t s o l f ,  d e c r e a ~ a s  very rapidly  dovmwards 

i n  the troposphere, but  mucl~ more slowly i n  the s t ra tosphere ,  

The tropospheric dens i ty  W ~ V J S  h:m a g r ea t e r  anpli tude 
l 

and e r e  i r r e k u l a r  i n  form; they present  some, 'departures  

from a typ ica l  wave and the ihsso  is  i n  advnnio of the 

phase of the tropopause waves. 
! 

The f i gu re  shows t h a t  the  isopycnic l s v e l  is n 

s i g n i f i c a n t  one i n  any discussion of atmonpheric dynamics. 

The p r a c t i c a l  importance of t h i s  l e v e l  can be seen from 

the  following consideration. The in tegrnl  , 



of the  Bepartures of ;: from the  avwazc ,  givoo the ;Jreasurc: 
! 

depnrtusa from W e  c-?era{:e a t  every l e v e l  rfl, When t l i l s  

l e v e l  i s  4; , the l e v e l  of tile isopycnic: layep, t h e  I 

i n t e g r o l  :: Ives the b e s t  re::.wesentc t i o n  of the prossnro ~l 
::I 

naves ?.ue t o  dens i ty  ch~~!l!~;c,c: above ( t ropopsuse vmves). The 
- ,  

difference a p.-- .:2p+, rcprcsei l ts  the t royospherio wavos, 

k prsskure  c h m t  a t  8 kin. and t h e  c~rctina::y su r face  c h a r t  
. . 

should,  therefort i ,  provide thc; a p p r ~ p r i . a t e  t o o l o  f o r  the 

s tudy  nil$. eirzn.tu:;.l :?orccc~s tin!: of sur f  t:ici3 pressure  var in  t i m e .  1 
'I?b -,.,,, .- .'. ,, the exis tence  of troposphc?ric and t r o p o p u e e  

dons i ty  waves separatefi by the isopycnlc l a g e r  is  n o t  a 

s t a t i s t i c a l  r e s u l t  i s  shown by P~K. 4, giving the ioop le ths  
i 

of' R p  departures from t h e i r  fiveraize vi:.:l.~es a t  each l e v e l  

f o r  the per iod  27. 3. 39 t o  30. l+. 39 a t  Thorshavn. The 

tropopause is sl'ioi:$i~ by a Xcavy I. ine,  b u t  t rop6spharic  f r o n t s  

dej?arturcs on ril.iicl.i t :~:  iaoli!sc;s a r c  besod sppeclr i n  t a b l e  Vl. 

A horizni:tel i . i n c i  <i~::~:i!? :it 7 of 3 r;!cm. (mope e x ~ c t l y  a t  7.8 

gkm. ) VOU~!.<; ,::i.t a ;,!iri ?L,,!u,I Q:? i~3fiI:h(:!s. 'i':le existence of 

(lensit;,? yr-v::.:; 2,t t:!?, i ; ; ~ r y j o . i . j ~ : ~ s o .  ,. I ~;;r.rFt?i c;~\ii(iei-~s:?ti.oH ~t t he  

, . .. raidgus ::rl.ij. L ~ . . i ~ . ~ ~ t i o n '  h: the? ti.ou[!!x:, is y e l l  i l l u a  t ra ted .  

These w o w s ,  x i t h  :.I ::>eriocl of 1+ll dcys, do n o t  correspond 

with the  tyo>o~;x$iarFc: T ; : ~ L . I ~ ~ s  1.iij15~:1 ;::,pi :Lt:s[: r e k g ~ l g r  and 

prosent  c;videnc:e of s o w  ~ ! c r t u r b : ~ t i o n s .  The ' p o s s i b i l i t y  Of 

a syimetry : jo in t  3uggestocZ by thc trn;pop:,,use *;!am3 t i r 6  bJr th* 

8 ghn. 2nd surfcice ~ : W O ~ ~ U ; I I S  gi.ven i n  the sarii(c. figuI*e, 

has  n o t  ye t  been investigated.. Again the  8 1un pr,.P.BsUre 

c h a r t  and the; s u r f  ace c h a r t  riiqear t o  bc fundf:i.!,.e~.e!ltal f o r  

t h e  underskid id in~ of' tile evolut ion of p r e s s u r e  val- ia t ions , . 
a t  the surfnce. 



found a t  a*j:jo~t 8 lm., r i ~ y  be explai.ned: s a ~ i s f a c t o r i l y  

if' we take i n t o  accouilt the existence o:? %he tro2ospheric 

i sopycn j .~  l aye r .  A t  n love1 (J7 < &, t h& var ia t ion  of 

pressure i s  e;.u:il. to the algebraic sum of:  (a )  the 

'I' The ti.opopailse waves shown i n  fig. 4, b e i n g  aerlved. 
solely fro:n obscr*ved valucs without nny pcferancu to 
tho nssocinted synoptic   situation^:, tl.i:i':fer frofl those 
i n  fig. 3, iiihich aro tropopnusc: -raves couplea vSjth 
polcr  f r w l t  wavi.:s, an d.j.scusscd 537 J. jyJ,2rk11es a@ o ths r s@ 



vari.ni;ions of ir;:::sc :i3etc a:lt"ru::facl: pressure is o r e s u l t  

of the relnthoi?r,hig lsetaoen, s i l ; ?~ l tp~ lcous  va r i a t i ons  of 

:>rcgsure nad .  LC!: ~ r c r  a tc~.rc: Il; 'tho htriiosphere. For the 

vnr i3 t ion  uf 1::zuc.: (assu~-~lc& t o  be iiadepcildent Of 

the llGiiXht) i .. .'.'- - ,  ' : --. '.. "-.- 
A~ ~ A I L  c . ~  L ~ I  ~ . , l  ~ m e '  bet;lrceiz the voriatLons of 

t 'erqmoture at the: top nnc'l. bottom of the colw1~1 of a i r  
. . 

considered, al.6 %?ie va r i~2 t ion  of. sur f  ace pI1cssure c?cgends 

on the varinti-ons o:? tho air denfiity, .which, i n  t .he i r  tu rn ,  
! 

nro a functl.oa 9::; the prdessu.rc ni l6  temperature va r3a t i ons .  

Therefore, in order t o  undars.tanSi tho iiiechanisilg which 
I 

iilointains cons"i~;.-t the c Fr dcns 2ty a t  t he  iso2ycnic l~ '$ 'Cr ,  . . 
i t  seeiils iiccessaTy t o  cxirii~ine tkc simultaneous variation#. 

O f  a i r  prassuro 2nd 'tefiiperature. 

It is  jus til'iclblc t o  assume tiiat the t ransformations I 

(1)  
! l i th the e~:ception of the tropopnuse wavek, coupxed 

n l t h  po la r  f'rofit wives, t he  phases of t he  tropospheriC. and 
tropopouse wslvcs ,are indepen.dent, 





L e t  p m i l  7' 7x3 thc  p m s a u r e  and teinperature ohsorved 

t . ( I .  5 a t .  tht? t ime t . The p a r t i c l o  of a i r  
. . 

2 j::.+.i. virly .- :ut ;i. fit the tiroe t + B t ,  il; n't the  p o i n t  0 

. tcn.;p?jFaturey*-l!"l-r-qr'T-~'T) ( y r c w ! ~ . r e  y-!+ : p - - L u p  ,,,...$;,+I,~ .; > . , '  -*' 

, 1" ," ~ 3% : . ,, . . . F<.: 
: r. > 

,( >,.; - I  !,? ,:,, t~, l~,z~r ' .A: .c: . . i :~: .  ? I ,, z ;,; i t ; t, -.- : .:!.-:. 
I.. i P 24<,y4 "'", 

+. ... 

n;lere ;,$..!., i < " ..,!! l;*i: teiiqeroturc: ::rcid.icnt a l o n g  the 
;.\ 0 :; ,? p r :\ '.' j . , ; s,:,, -:-', . . .  . 

is o.(, r$r , nlld ' ,, ' .Z, . ; ' s!ild / )'...:..-:..'.! ,.I I I 

., ,,: : .  n ,. ,i ~3 .: 8~ npf: the: y c t e n  of telilper~tUrC3 





10. 

stratosphere tho d l s t i i l c t ion  bct!oen sad ' is of no 

consuc:uence. 

Thu val.ugs of A T  - Fap f o r  both ci'OUi>s need t o  bu 

explained by t,ho r i g h t  hsild s i de  of eq. (6 ) .  The t o n  

1;- ($'J & p aoasurcc t he  p a r t  of the l o c a l  chaw6 of 
r 

te i i rprature d w  t o  tilo hor izonta l  depmturu of the  octuul  

wind f rolii the gr adieut  wiad. Thc: iilost important duparturua 

from tho gradient  wind are  due t o  tho i s a l l o b m i c  

col-q3onent. On the avernge i:.:tk-p .;;.ill be Zero, f o r  thc 

i s z l l o b a r l c  p,radicn t is indepcndon t of the pressurc  

gradient .  

h t  thc isopycnic L o v c l  (8 gim. q~proximatoly)  , , . , .,. . 
. . $ I  j . .- - 
( hy.,iP .= 0 ,  ( t h e  i sob :~rs  being z l so  isotherms). Then 

a t  t h a t  lcvel :  

Using the voluc;s of Tablcs V I I  and V I I I  cq. (7) gives: 

o r  p ? 0 ,  L . . . s , ~ , ~  A = 24. R nibs . 
For A p ": 0 ,  ,:.:..,y$ ..'\ z -28.8 iiihs. 

which c o r r e s p n d  to  

I 
i.. 1 p .2 0 2 Ai{? s -461 p. 

?' A p "... 0 , ;(Iz.q = +558 ?,?;I. 
I 

I t  fo1I0~7s tX1zt t i l o  - f 0 ~ t i ~ z 3 ; 1  fiisplaceiilei~t of the ,?IT at 

the  isopycnic l e v e l ,  is,' on t<c; rvcrsKe, abou t  500 01. in 

24 hours, tho :.lip ci<scei:itiin[; iihi;.:? the  p r e s s u r e  incrensc;s 

and vicc versa. 
, .. 'V 'L  

A t  o & c r  Ic-fols,  i..O.!.i h .,. 2 Y:p I . .  i i; ?r;lp-csonts the ,loco1 

;!::.:?lii:iny I;? :::miifit- ni; ;:i tluc? t o  t k e  i.l@yj.:?ontal t p m 0 r - t  
. .  . ol' , i . , ,  : ' ' .  -.- ..,* 

I ...! L:...\.. t j i i ;  ~ i i ~ '  ~~'i~:CSi.iii~:liy a t  13 bg 

the: ai.1- t, 0 ,  tfic a i r  t h c  i so2ars  

nne icothc-rms 8;loyr a tcilCcri.i:y ,t:s rmi ;-:;;pallcL, bu t  a3 '3 y 

i s  t:!-li.: !'!is;)lt:ce1i1l.1:i.t 24 Iiciilro :;>::> r ~ s ~ l i t ~ l l i ~  tra,16;?ort of 



temperature  o r  advect ion of t empers ture ,  which is 

n e g l i g i b l e  a t  t h e  i sopycnic  le.v?.i ,  iilay be v e r y  important 

a t  o t h e r  l c v e l s ,  e s p e c i n l l r  a t  t h e  su.rfacc. When t h e  

p r e s s u r e  i n c r e a s e s ,  the  wind q e n e r a l l y  has  a p o l a r  

cor:~ponent cnd when t h e  p re s su re  decreases  t hc  wind hae 

r ieneral ly  :;n eounto'ial componcilt. <.., Tiicrefore, if wo bear 

in mind t h e  zonal d i s t r i b u t i m  r,f tei-ii;)erature, it seems 

t h a t ,  i n  t h e  troposi ,herc,  the  t:,:.ansport of temperature 

would brine: i n  co lde r  a i r  f o r  i nc reas ing  p r a s s u r c  and 

warmer a i r  f o r  d e c r e ~ ~ i n ~  p r e s s w e ,  2nd t h e  r e v e r s e  i n  
( 1 )  

t h e  s t r a to sphe re .  

I n  the  troposphere between the s u r f a c e  and t h e  

i sopycnic  l e v e l  the e f f e c t s  of advec t ion  a r e  iilcinly 

concen t r a t ed  i n  thc, f r o n t a l  zones and f r o n t s  ~ e p a r a t i n g  

d i f f  e r e n t  a i r  mosses ,. -~i : . i io  they g e n e r a l l y  smal l  i n s i d e  

t he  sciiiw air mass. D o u ~ l a s  (1.935) show s e v e r a l  i n 3 ~ ~ n C C S  

of this f o r  the  :::ma i)ct~wecn lcclni ld  and England. 

t h e  advsc t ive  c k n g e s  could t h c r c f o r e  be e l imina t ed  

by disraf:wding t h e  i .n terdiurnn1 l o c a l  v a r i a t i o n s  when a 

change oi; c:i.i: mss h o s  taken p l ace  'dur ing  the 24 hours  

corlsidered. . -t.? 

a l t e r n a t i v r l ~  by n e ~ ~ l e c t i n r  t h e  t e r n  j ~y '"y p 
i n  ( 6 ) ,  eq. (7) w i l l  g ive  t he  miciiilun a b s o l u t e  va lues  

of &,'P~ . A t  s o m  d i s t a n c e  above the  i sopycnic  l e v e l ,  

i t h e  sipp of &i'- T , t > p  changes f o r  bo th  t h e  groupsAp) 0 
h / 'n and ~.l~\i; . If advect ion,  a f t e r  be ing  zero  a t  8 km, 

-- - ., ,. 

( l ) A t  very  iligr? l a t i t u d e s  i n  i t  Cimo, t h e r o  oro 
t h e o r e t i c a l  reasons  f o r  bel ievinp;  t,h.?t the  s t r a t o s p h e r i c  
h o r i z o n t a l  g r a d i e n t  of tci i~pr~:tr : . i~e is d i r e c t e d  tovrards 
t h e  p o l c s  (Gold: 1932). k s c e n t s  a t  L i t t l e  lii!lerica I11 
seein t o  confirrn t h i s  vicvu' (Court ,  1942). 

I 



20. 

had the samc s ign  abovo t h a t  l eve l  up t o  the stratosphere 

as i t  had below, the values of \ ~ i , ~ ~ !  ' computed from (7) 

would be somewhat 1ar.yor than t l ~ c  roa l  ones. Abovc the 

t,ropopnuso (average hu i sh t  n"u%orehavn 9.63 glan. ) advoctioa. 

changes Its s i c n ,  while t h e  si[n of AT- 5Ap does not 

change:: u n t i l  13 @x. ?:<. , , ~ ~ . c f  -, <* , orc, i n  t h a t  zone the 

com;,uted vnluos of !:lri!fl he again losrr than tho 
: 

ncS .~a l  ones. n t  tna upj2or l cvo l s  of tha s t ra tosphere  
- 

cbove 1 3  glw. coin$uted neglect ing advection, w i l l  

again be lar.gar than the cor rec t  value due t o  t he  change 
A 'r t I. i n  the sicn OF .A I I pL.A7', . r 

Ho-:iever , n s  J. Bj wlmes (1930) has  pointod ou t ,  tho 

sgstelli of , -, e r tu rba t  ions of tho tropopau8e 

suggested hy liii:! ::auld .have the roinarl~nblo r,onssyuence t hc t ,  

in the  c:;,:c;r troposphere (a0 can szy between tho 8 o r  9 

hn. l.i:~(;S ofif: .i;l?c .tr.qpqpuse) .iii.iliis w i t h  u p l n r  cOmp0nent 

nould brine ii.1 :;i:lm;~or n i p  and :::ii~dfi with an equotori€d 

cO~:i>onent ; :col.ilor a i r .  I:.? tfic lolwer li.iJ~c rs of the 

stp;~tos~::,e~;~.. , ,ic,:or~2ii:~g t o  Pig. 21: of' :iis lj ci?er and Fig. 

144, :-,age iii27, in  V, f i > i r l u ~ e s  e t  a l i n  (19342, the contrary  

vroulfi t i k c  place. Accordin!:. t o  t h i s  hypothes is  the  t?f'fOct 

of  i:.egiecti.n~ the ;.odvection term i n  (6) mou1.d ~ ~ i v e  vr',luos 
i of <:-.>,,C ; 

r r  , l e s s  thcn thc ac tunl  ii-i t l s  ilp'2cr troposphere 

and g rea te r  than thc ac tua l  i n  the lov~er  s t rn tosphero ,  a 

r e s u l t  q?:;~ositc t o  the r e s u l t  found vrhen thc unporturbcd 

zonal dictrri,bu t ion  o r  t(>i!~:)~rst:~.~~i'; in  the  troposphere and 

stratos3ilcr1:: i6 ;;~ccaptad. With both hyi30theses the 

t ro i~opa~l . . ;~  i n  the s c a t  of :: discon t inu i ty  i n  thc advective 

tern, :;'or the biind direction renrnins constent  a t  e i t h e r  

s i do  of i t ,  the v010city only drop;!ing suddenly abovo the 

tropopause ( ~ o b ~ o n  1.920). Table V l I Z  shwn  no such a 
,A<'.:" ... !- \ 

discon t inu i ty  i.11 the vclluas of&-. . Ipi_lp and no d incon t inu i ty  

i n  Cbp nnjr bc: accepted a t  t he  tropopnuse. This suggasts  

t h a t  e i t h e r  t21e d i scon t inu i ty  i n  the advection term does 

no t  e x i s t  o r  t h a t  i t s  IL'ffcct on t h ~  averago values C O Q U ~ ~ ~  



IIL. 
-. * . . A co,,,pc;ns,3ti& in 

i.. . ... . P "." A 
some way. The 

l ack  o:? discon t inu i ty  i n  t,ho ,zCi.v~'ction t e r n  lilay bu d u e  

ei . thcr t o  the  f a c t  t h z t  i ts  valrie i s  aug l ig i3 lc  u t  : i l l  

Icvals  in. thc: upper troposphere and lower stratosphere 

or t h a t  i t  ]?asses through n zero v:ilcc a t  the tropopause; 
. . 

i n  both those c.,nses,L.~+,~ conl:>ute& a t  9.63 giun. would bo 

corroct .  The values of &r--.'i,c:~~P a t  l e v e l s  swept 

by the tro;?opausc i n  i ts  l a c c l  v e r t i - a l  motion, r e f e r  on 

sol~le occasion:: t c )  i;it;.ler tr~cr;~osgheric o r  s t ru tospher ic  

condit ions exclu.3ivul:r, but  on o thar  occasions they 

ii?volve, ir, addit ion,  u vai?i.:ti.on f rm troposphere to 

ievcl:; npa ~ . i -ven  f o r  i&:,rs 17;;'ilei.;. t h o  l>l:+e::siliqe has increased 

or , , - a :. ,c; c, :;.,rcy-r':...-:. . . I ,  I!: the; l a s t  row 

:)." tlrj.,? !ca'i)ie i;ht:.s;, di.l:'fori:1-ici::::j.c !:::ye 12c.b;;. coryected for 

the &Lrf<;:;*c;ir cg ir. averng:: $:.::,s:iu:re. ;%wept a t  the lowar 

tpoi?osp!lr:r f c rind i~pgor  st~~L~ii:;,?:i:ri.c ! evuls  , the 



v{i:?_ give values re;~resenting tj?e overage con6itions 

6t those levels .  FOP our P U ~ ~ J O Z ~ ,  the exact i tude i n  t h e  

absolute values of &b is l e s s  i l i ~ o r t a n t  than the s ign  a t  
* 

the d i f f e r e n t  l e v e l s ,  and i t  Ei>:xars t h a t  the  l eve l s  a t  
A 

,t?hich *l.l.,+ c?xi.n.ge:i Lts s im a re  given w i t h  sufficient 
t' 

accuracy by eq. (7). 

Values for  L::jpp. c~nlputed i ~ e g l e c t i a g  the advection 

term are  given i n  Table IX. They are r e f e r r ed  t o  ~?.j?.'=''-l 
L:,."i 

mb. For 'the coiquta t ion ,  values of i;?TP9 given i n  the two - l a s t  columns of Table VIII and values f o r  ; and ri' 
f ro= Table 'VII has been used. 

For cont inui ty  reasons, arprjl f o r  +1 and f o r  - 1 riib. 

1-dust be equal. I t  can be seen tiiat ';his condit ion is 

not  f u l f i l l e d  In the  lower t~oyos>here .  The reason 
,... ; 

f o r  i t  is t h a t  the use of I;, belom 8 g h .  with  negative 
rr + r,' 

L ' A ~  is not appropziaie.. If we acces t  a l q x e  rote.";---- 2 

f o r  those cases,  the va1v.e~ f o r  j:~::,~r. in column 5 a r e  

obtained. Tnese values s r e  1ilui:h :iiore in agreemnt  with 
';j .+ \;;I 

those fop i(li;>g. Tke zssunpt io;l of ;I. l agse  r a t e  2 
amounts roui;.hlg t o  su-23osing t k n t  the  8 . b  i-eazhed 

s a tu r a t i on  011137 i n  Iitilf of the casss  of ascending motion. 

h ~1 iJ. The smaothness of the E:cix-ves j!d,Gl: foi. L%TJ>O ail& L - L ~ ,  
1 .- 

5uggests t h a t  the asswi~2tion of t,he i ~ s g l i g i b l e  e f f e c t  Of 

the  advect ioa terr.1 is Jus t i f i ed .  This does ilot iilea;? t;mt 

adveiltion i n  a p a r t i c u l s r  case is nzg l i c ib l e ,  b u t  only 

t h a t  i ts  e f f e c t s  ore miniraised vrheil the average is fPri.aed, 

a s  explained above. 

~01~1illls 3 aiid 6 o f  TaSle I X  are  given the 

v e r t i c a l  displacencnt  k$of the a i r  i:rhen CI ? + 1 i'nb: and 
" * r" 

.:2.:.-.Y. 
. /I:..;, = - 1 mb. ( f o r  l a p e  r a t e  2 ) ~d-iile column 7 

gives the smoothed sverzge values. The u]?;jer s ign  must 

he taken f o r  = + 1 inb. 'Aetwean the su r face -and  the 

isopycnic l e v e l ,  the ~ii100tL~d values are  tinose f o r  = +I 

b .  For the upper l eve l s  the si?~ootl:iiii:. p o c c s s  ha6 been 



- .. , . -.-:.rt ic:>l - ---- : :stior, anE strotchini:  i n  the at~iosnhero as 
t i  f w c % i o n  of thc  s i r f ace  :>resoure va r ia t ion ,  

?ormula (7) could :nave been derived direct ly or. thci 

corrc;sgoi?ding 2ressures a t  the  same l e v e l s  a t  the time t 

Thercforo, on thc  assuilption of iio aclvection ail& no 

wlidcl i  I s  tile s a x  as e rua t ion  (7).  The individual  

On tllc assm?ption or" i lO  advection tno lac!: of 

i n t e w r e t c d  as &us t o  stretcl-ling of thc d i f f e r e n t  



adiabat ic  eq,ueition we 

superior  order a r c  
C ,  ' -... --,. 

<.. 

obtnin, neglect ing terms 

The l o c a l  c h a n ~ c  sf psessure a t  <f w i l l  be 

If we assume tha t  there  is no s t re tch ing ,  ( 

arid t h a t  the i n c r e a ~ r :  of pTessure 6!,.p is c o n s t m t  a t  a l l  

.h,eights,as due, f o r  example, t o  an incrensc of :i-SS at 

the  top of the atmosphere, equation (9)  becorncs 

This equet!.on was given by Eossby (quoted i n  !lossby 

( i l l  h is  nota t ion)  by advcction at t h e  top Of! 

tke  ati.wsphere anci :lo s tretchi i lg of the a i r  .colunul. 

L a t w  on Eossby (1928) prodricc?d another fo r f i~u la  fo r  

a r b i t r a r y  ncivoction n t  a l l  l ove l s  assuming no  st=- 

of the  a i r  colanil and t h a t  "a l aye r  of the th ickness  dz . 



25. 

i s  through tho advoction process r e ~ l n c o d  by unothor 

layer of tk:: ewi:  tliicl';i:o::nH (::ossby' :s asswl~tton XV) . 
S r t e l  si-id Li (1935), dropping th i s  l e o t  oondition, guvo 

c' f o r  (.;tp ail crjuation r i ~ i ~ b l a r  to (10) b n C  with sf P as  a 

func t lnn  of z. 'Their :jrgwent f o r  r e  juc t ing  Rossby's 

rer~mbboring thnt &z, = 0 f o r  2, = 0. .If an edvoctlvq. 



Advectlon is net considered and Cnc v i ; r i zb i l l ty  of the 

is a t t r i b u t e d  t o  ntrutching n.f the intexlm81nte layers.  

:l.ovul.a. : l i tP,  +hi8 purpotie, the in te rd iurna l  va r ia t ions  

c l n s s i f i s d  acco.diing the s ign of the simultaneous 

in tordiurnal  .vnsiation of surface pressure,  and the valuo 
51 Ap. r 1. 

L. ~2.1 
I . und %J have hoen conputed, f o r  each group, Of 1 1 r. my 

frofi~ the surfaci: -LI~) t o  the 16  g h  level .  ~~z-- ,  IS the 

chunze of temperature, ::)c:r mb. of surface 2reenure 

in te rd iurnn l  v ~ r i r i t i o n .  Then .fiYp p ~ r  rnb of a p  has 

k e n  c o ~ ~ p u t c d  f o r  ~ c c h  group us heforc ( 5 41, adopting 

a r e  gi;rcn i n  Table X,  7vhi.ch a l so  uives values Ljpp -.. \ 2.. ::,! 
multiplied by ,?. . . t.o obtain tho l oca l  va r ia t ion  Of 

i " ? ;\ , .&f 

prossurs  undcrp;onc 6 y  the d i f f e r e n t  l ayers  whhen the  

surface  ;lressu;x i.ncrc;nses or  decreases one xb. These 

values havc been p lo t t ed  (fig, 7) aad from the  curve 

smoothod vnlues hove hcsn taken \-hicii apj?txr i n  C O ~ U M  10  

o f  Tabl.6 X, tho uppor (lower) s ign corresponding t o  t-1 

(-1) rb. Fin&:13.,y thi  foirnula (9) has been applied, 

Computed values of &rpan(l &?T i o r  steps of 1 glm., appear 

f1)~cl rnen (1932) uuing :mother formula by zrtul with tho same 
l imi t a t i on ,  gives a cox~ipta t ion cf the mount  of tho  surface 
pressure var ia t ion  clu~ to the d i f f e r en t  l ayers  of the atmosphere, 
vhich is  ci )TOO& exn~q312 of the unsu i t ab i l i t y  of such a 
s impl i f ica t ion.  F n s s i n ~  l r ~ l i ~  in tense ly  cyclonic t o  in tense ly  
antl.cyclonic canon of g o l a r  iifr f i l l i n g  the whole troposphore, 
he cr r ived a t  tLi ,  r e s u l t  that the t o t a l  change of pressure  a t  the 
d i f f e r e n t  layi;rs up t o  19 kr,~. due t o  the interhiediate l ayers ,  
arsountad ta .r. 21.5 xb. Since the ohserved surface  ~ r e s s u r e  
chtngc: Gas +LL2.6 ixb. thc; remaining term above 19  k.~. nouU be 
t-20.7 fiib. But c:t 19 &:I. the  pressure change ens only from 71.6 
t o  72.9 clb. 0;. +l.3 ~l's. ('.?he pressures given here  have been 
co~lputed frm tr;in.$ert~l;ure an& poten t la1  ter~iprr l ture  valuW3 a t  
19 la. quoted i n  Pi?;:liilcn' c gaper). 



27. 

i n  colurns 11 and 12, Valuzs o f  hcve been plot ted 

i n  f i g .  8,. 

prapored., Ti10 pecked. l i n e s  repmsent  the v e r t i c a l  cross- 

sec t ion  of' ii c i r c i ~ l a r  co lu~a l  of a i r  10 k ~ i  i n  diemetor, 

eztel-i..di!l[~ f r m  .the scn i t?vcl L I ~  t o  16 g!m. This colwm 

i s  divided il:  16 ;?arts , by tho  St~nc?6rfi l e v e l  swfaces .  

The p r o f i l e s  of  a v e r t i c a l  suctio!~ of the Saiile coluim when 

the surface  :;yessure has chmged by 10 iilb. Ere shorn  by 

the  2rofLle on the r i g h t  hold s i de  corresponding with 10 

:j decre:rse of iO mb. If nc ii;~al:ine t h a t  the  l e f t  hand 

"yoce"n -- of inti-casing p x o c u r 0 ,  the d i f f e r e n t  s l a b s  of a i r  

(zinticyc1o::liz) shorn i::? the r i gh t  hsnd. E ide of tho 



fro~il  sinultancoun var ia t ions  of p and T a t  the same 

l e v e l ,  p o i n t ' t o  the saix conclusion. 

Fig. 9 and Tcbla X give nil average piotupe of 

v c r t i c a l  motion and s t r e t ch ing  i n  the  atmosphere. It 

nmeurs .. +. dcsirab:ie t o  have n;ialogous coi i~~mtutions f o r  
dim ' r l  e ren t  b u r o m t r i c  s i tui l t ions.  The analys is  of Scu l t  

Ste .  h r i e  esco:-ita by Peni.ier (1941), described i n  5 2, 

seetils su i t ab l e  f o r  t h i s  purpose. A s  Pailnor has x~ointed 

out ,  h i s  grouping of acconts strqssus the e f f e c t s  of 

advection f o r  c m h  group, but  when the d i f fesancas  between 

two consecutive groups urc;  considered, the udvection 

e f f e c t s  should. g a r t l a l l y  caaccl out. 

This exi2cctotion s e a s  t o  bi. fulfilled t o  some extent  

a s  shown i n  Table X I  cnd fig. 7 vhich ziva the m a u l t o  of 

the. coi.tyutation. The phase of the second harmonic 

cor@onmt f o r  the yressure , as tgl-mn by Pc'nner, show a 

d i scon t inu i ty  a t  4 ku. whilo c t  t h i n  lave1 the re  is a 

sec  ondnry iimxiijiu;~ of the r j.rs t i:oiiq?onent : i c ~ $ ) l i  tudos of 

pressurc  and. tc r !~per :~turc ,  !i.'lx s inp;ularity of t h i s  l e v e l  - 
connected perhaps v i t h  the v e r t i c a l  extension of po la r  

cont inenta l  a i r  masses rind subsidmce surface8 - 
introduces changes i n  the va r ia t ions  of & and 1 " 6 ff v i t h  

height  vhich do not appear t o  bo j u s t i f i ed .  For t h i s  

reason the ooirr_)utiition of 6a has been xi?& f o r  tho 4 Init. 

s t e p ,  2-6 lcil. i n  zddit ion t o  the colitj~utations by 2 lun. 

s tops  frot? the surface  to  18 kn. Thc ctin~)utecl values 

of ~ 2 z  f o r  I. = 0 cre  givon t o  coiq>lete the i l l u s t r a t i o n  

of the e r ro r s  introduced by the no adinbat ic  e f f e c t s  

of advection i n  tho loncr  troposphere. The 

tropopsuse ;;he syt;tei:l. 0%' f r o n t s  draw ton t a t i vc ly  i n  

f i g ,  3 arc, coi~survca i n  f i gu ra  10 with tho smle purpose. .. 

Pig. 7 shows a rough ;ochematic d iv i s ion  of tho 

atii~osphcrc; in to  two kind of c e l l s  no revealed by t h e  

computations: one kii ld.  def ined by the p?C!Ccd l i n e s ,  in 



ah ich  the aira  ccn t rnc t s  (-1 or. axtcnd:: (+) h c r t x o n t ~ l l y ,  

donsi ty  a t  the isopycnic level .  

6. Goiqxwison be tu?aen 12, T o-.;.:3~rvat ions a t  Thorshavn 
and o l s a ~ m .  
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in te rce t i jq ;  f<;&uxyjs 7yliich \.ill ;;OI:F be i J i a ~ ~ s ~ c &  

j a) S itiIultmVpu~5 va?.i.i:,t ioi?s of nressurc! snd t e n p e r a t u r ~  

i n  tho up.- :itratoophc;pc 
ikJ-' -.--- . .Tc?nlc VXZ:!: s l~ons  th, t for 

.fry.<Q end .&p>$ tila si::;.is ~ f i ? ~  a:~fiAT iire t h : ~  s:i:i!: f y ~ r ? .  
. . t ; ? ~  : : t ~ ~ f a c ~ ?  ~7;- t o  9 &;:~ ~ ; ~ ~ , j o : ; . ~ ~ ~ ~  ~t ii.: - .~ 13 u n C  I 2  2;imi. 

~.~:.!.f!, ~ f , 2  In t j j -  . 1 ? t i  I .  i d .  Bj.$lce i)iilcs'S 

p ( 9  i t  has bcon  -:zcoj7tc!:i i n  'ii;xCboo!;s and Ljaprn 

t h h t  thi: c;orrel~:.tion bct.5:;~:: :?mi ?' i s  positive i i l  tho 

tr(jp~sj?;lej:~: i:j,id. ne;.,., L2 ~~, ; . , svc?  " : i.n %??i: str;:,tc::;:,,h@ru, i)ii10s 

(1.c. ;?ak9 67) [;lves a tsM.e (i?cixoduccd ag Toblo X I I  

i n  t h i s  papci.) of tile 1. ,T corw:!..  tion coerf LC lent, 

coaputed .fr:x;i about 100 asc::nts, ::,r:i;j:::bly alz'oi' them 

incde i n  tilo 3riti.s:~ i s l e s .  In :ilabi.~: .GI thi? change of, 

thc s ign  of t;lc corre1:~t ion  coe:fYi.cioi,t frm;: pos i t i ve  

to negative takes ?,lace betvictm 10 x d  11 kin, and i t  

re!imiils ner!:i;i.vc; up t o  13  Irrn. the ;iicxiniuni height  

i n v c s t l ~ a t e d .    ow ever: t h ~  CXIU.~- :~ .  xc; ails of r nhou 

an increasc ( T n  cljsol:~.tc vn:!!uo i i  ~ x r w n ~ c )  from 12  to  13 

icn, which iiz i!)uch ;,lore ;-rrai?i!!11.1!:~,4 .:::la!?, values of 

r o r  the peFj.od;: .lj!r$.l - J u i ; ~  :in:'I. ,?lily - Scptor::l?er clre 

consi.C.ered: .A;L:~i.li.T - J ' L ~ I c :  - 3. 24 z f  12 l i ~ ;  - 0.01 a t  

3 I .  ; Jul;. Se:~"i;i;?ior : -0.13. a t  12 lc~a; -0.19 a t  

13 lm. (1) 1 <; sc: k:;,~;; t, t h ~  ? LI ~ i ~ i i i  tc,luc a t  a hci&;ht 

t h a t  hes a s e x o : l n l  viiri:ntioin. 1 7  . t:.:is vi~\:,r j.8 

cox,ract it is t o  126 QXL,UC~&I. :.;???t .ti-.e: ::!;uni:o of s i g n  i n  

the annual evo:rc;o v.:;lue of r would occur around 14 1ZL 

i l l  tho lzti tu.d,2 of I':i;yl~-::id. 'i'hifi i s  confijmcd by the 

values give11 i n  Tzbi,i ;U.II, coq~utec? from about 70 
-. , , 

ascents  ~z3.c fit I;ey &Id Sa~?lr,;nd duri.n{{ the  pe r iod  1935-N* 

It  i s  thought. i;.k t a11 tho usceil ts ;wAo a t  Kevi m ~ d  

Sealand during the peyi.Ocl. a r c  ilot f ilod, in the  '5..EI.8, but 

a l l  the  nsco;.:t:; ~ ; ~ : ~ i b i l  present ava i l ab le  u.nd VhiCh 

reach sl; :?sac;t 1 5  glm mpi! uscd fo r  cou'puting the' 
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co r r e ln t i on  cocff ic icnts .  Ondeysnhcnmorc  t h a n o n e  

s s o m t  nzs nvc i l a b l c  o:llp onc, tFic hil;.ilest, ;xis considered., 

Ix~respcct lve of pluce o r  time oi' launching, I n  order t o  

gat  an ldoa on tho raprenentcltiveness of thc  S C P ~ O S ,  t h e  

d i s t r i b u t i o n  ,of  the nscentz 1,~' months f o r  Chc 16 and 20 

I-. J F N R  M J J A  S 0 N D Total  
(soaland 3 4 7 2  0 1 3 7 ' 3 1 6  6 4 56 

20 [rim 1:aa I r Tota l  1 4 3 1  I 7 4 2 1 1  l o  2 

Nuribor of asocnts  1 5 1 0  13 26 13 2 70 

It seeriis f r o n  t h i s  analys is  t h a t  the s e r i e s  is f a i r l y  

rep reson t a t  iw ~ l t h o u g h  the nuzbw of Suriuiu;r oscor,ta is 

s ormwhot e r e a t o r  thrn  the nwiibtx* c ~ ' t  o thcr  seasons. 

The chmge of s L g n  of r has k e n  found 2180 i n  a 

s e r i e s  of  Gcri:i:x ~ s c ~ i l t s ,  made d:dri.ng ifioy, 1926 (20 casos,  

s s l cc tod  sr;,!?lorl;r t o  the B r i t i s h  ascc11.t~) , a t  between 12  
' 

and 13 gkm, and in c s e t  cons is t ing  of n sml l  number of 

asccntss,  ixnde i n  A p 4 1 .  1939, d.istri.bntwi 1111 over Europe. 

A ~ i m p l e  diccuosion of the s t a t i c  c-cuztioa shovrs t ha t  

t h e  p,T c o r r ~ . l c t i . o n  cnnnat be a il<?gntivc onc through tho 

whole s'trat~l:s;dluw. Lot US suypo~o  t h a t  p and T are  the  

A and A :my hc !>i ther  ascents  mde  a t  c:i.i'fu:?~;nt tims 

t h c  s a x  placc., O2 a t  i l i i"fwent j?lncos u t  tho saiile tim. 

A t  the l cve l  ? the air densi ty  a t  A is l e s s  than the a i r  

dens i t y  a t  E, i.,r,d i f ,  f o r  silke of s impl ic i ty ,  we assume 

zero lfi;;,so r a t e  'io t h o  stsr'atosj??.lcre i n  bo th  cases,  i t  is 

e a s i l y  secn t h a t  tile :;>:ro6sure over A docroaseS l a s s  than i t  



t e tqxra tu re ;  i n  other v;ords tho I?,';. c w r e l a t i o n  v l l l  become 

' p::.itive. 

(bj In ts r i i iurncl  vnrint ions of pivssure and toimorature a t  

$hora&y~and e l s e ~ h e r a ,  Iicurmitz and Turnbull (1938) 

using Xoi-th-A?!lerican dsta ,  hove m d e  8 canqrolicmslve study 

of thi: i : ~ t - r d i u r c s l  va r ia t ions  of p r a s n u x  and temern turo  

a t  t L i f f z  1 .  These authors c lo s s l f i ed  the 

tc-r;?prcr tuii.u T,, mas rjref erred t o  thc surf nce telilperaturo t o  
.. .;; . ' 

,.. . 



ths surface  temperature t o  e l iminate  the inf luence of 

+cry s h a l l 0 1  ground inversions.  Thus t he  four  groups 
2i JL > 0 , .A r,, ,::. 9 
n p,  < 0 , n r,,, > O 
'3 , > ci , ATmo ;? z 
A p,, < Q < c 

v.rero obtained. The i&sults are  given i n  Table XV, 

adjus ted  t o  u n i t  chcnge of surface  pressure t o  mire them 

coinparnble with the Thorshavn data given i n  Tables X 

and XIV. 

1iz.urvii t z  (1927) had made previously a s imi la r  s tudy 

using Luropcnn ascents. Fo? the groups Ay,)-O . . and Ape< 2 

he found opposite s ign  fori5p andA'T below, ond the same 

s i p  abovc, the c'iddle l cyc r s  of the troposL2hore. I n  

other  words, i n  the lower troposphere Guropenn ascents  

give the same x s u l t  2s the Axerican, but  above they agree 

b e t t e r  ? i t h  the r e s u l t  found f o r  Thorshavn. ~au rv r i t z '  s 

r e s u l t s  f o r  2uropeon w c a n t s  c l a s s i f i e d  according the s ign 

of Ape a~ndA.7'~ , and adjusted t o  un i t  change of the  

surfcce  i>ressurc,  a r e  cdso given i n  TaSli: ,W. 

That the  d i f ferences  a r e  6uc r;l::inl;r t o  odvection i n  

the loner  1c.ycrs of the atr;?osiAxrc is c l e s r l y  shown by a 

coi;ll:x!risoa of' North--&lcric:m and S u r ~ p e ~ i n  ascents  with 

tnose q d e  c t  Thorshavn. . .,, : ,mn tile s igns of su r face  

tenpcraturc and ljressure v a ~ i c ~ t i o n s  m e  the same, the 

atnosplmre i n  lTorth America and Gurope shows - except 

f o r  the absolute nqglitude of tile average values - 
s i n i l a r  va r io t ioas  t o  those found a t  Thorshavn when 

A?,:.? i'( i r r e s r e c t i v e  of the surface t e inpera t~ro  varietion:: 

In  thase cases the higher l eve l  ~ a ~ i ~ t i ~ i l s  a t  North 

A~ieric,? ::nd Europe are  l e s s  a f fec ted  by the surface 

advection ond can bo conpared with Tnorshovn ascents  where 

the e f f ec t s  of sui-face c,ilvcction a r e  n iiiin;h~iwn due t o  it5 

geographical s i tuc t ion ,  For instnnce , thc polar  

c o n t i n e n t ~ l  a i r  reaching Thorshavu undergoes important 

changes during its t r a j e c t o r y  over the %irr,ier sen. Tz3ble 

I1 shows t h a t  t:?e avcr:,ge diffcrunco of temparnture 
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betvfcen days when the  fjurf::~ce pressure has increased 

and decreased since t h e  previous dcy ,rn~i~ounts roughly 
0 0 to 2 C up t o  3 glim (ns::lnlum -1.7 C a t  3 glm, o r  - 2.0'~ 

making allovzance f o r  the adicbutic  wariaing) which ngreeo 

wi th   the^ s t a t e i m ~ t  above. 

Xf the nor th  kiiierican data  f o r  thc lower layors  of 

tho t rq?osphcrc,  when t he  siyrls of surf::co prbo6sure and 

terilpernture vsr i t i t ions an- :  opposite,  is  neglected, tho 

ugrement  of Ykc data given in  Table 1:V mith those f o r  

Thorshnvn ( ~ a b l c  XIV) Fs  very satisfactory. For the 

Europonn data tho- agrecmcnt i s  not so  good. Tho lower 

l zyers  of tha at::l03ph~;i"o i n  Korth , lmricn 2nd cont inenta l  

Europe w e  in  these c i r o ' l x t ? ~ i ~ c o s  genera l ly  f i l l e d  by 

coutinc-ntcl p o l s r  a i r ;  r i : ~ : p o i ~ s i b l ~ ~  TOP C! gi:oat p a r t  of' the 

Increase of' preosuro i:nd the dec:c3eose of teiilpercture nt 

,?'I, -, the s u ~ f  ttco. I.& f 2 c t  t h a t  the zgreui:.ii!~?t i n  the  u p p r  

l aye r s  of the ~t~!los@i;i-e i.6 bet t r j r  in thi? C ~ S O  of ITorth- 

s i n g l e  ascent  i n  iiugust; the pcrcentzge oP ascents  fo r  

t h o  four  seasons it; 23s fo l lo~vs:  !?inter ,  19; Spring* 19; 



tinsl.yris of tho Luropcnn ascents. 

From t h i s  disi;useion it  see::s t h a t  .~'vection in the 

lower troi,7osphei-e over the' contiae!it so  masks tine 

ro ln t ionahig  be't~ieen the in terdiur i la l  changes of prossure 

and tuKyjc;re tcri- in  the at::!csphore, t h a t  n d i f f e r e n t  f om1 

of claBs i f  ging thc observat ions vrncll?. 'oo coos t advisable. 

This o f f ac t  of d w c t i o n  is l o s s  i!;*$;o;-tunt a t  Thorshavn a s  

is show1 by thlo f i gu re s  pirrer, i.r: T~' i ; l cs  I: cnd ;(IV. 

~ h e c t i o n  of cold a i r  i n  tho icl-er l eve i s  i s  not p u : : t  

t o  pes1.ll.t i n  [? ch:.ci;e in &ig'::,Gf tile averzge preE.?wc: 

yarj.;:tion at :;ny icvc;l UT t o  16 gh1. ** 

;s i.nci-- abcve Dines's cc'relations between 

pressure an2 te:ilperc,ture have been frerLue;itiy quoted a s  

meaning t k t  the so r r c l a t i on  i e  :;lcsi";iire i n  the 

trogos;7ihere and n.e$ztive i n  tile s t ratosphnre.  I t  has 
. . ,,dy sl133:::i t h a t  the c3rTelfi;lcj:l '15 p3sit:'ire i n  been a i r - -  

the s t ~ a t o s p h z r e  a t  l e v e l s  above the hi;<hest inves t iga ted  

by Dines. Tnis change of s ign  ?ram ?ii!~us t o  plus :,vith 

. i n c r c a z h ~  height has been explairied abo-re hy neans of" 

the  s t z t i c a l  e::uaiion. The oy,,csi-te chr.,;?.ge of sign, 

taking p lace  s t  a height x p ~ r o z k m t e l y  equal t o  the 

average height of the tropopause, r m ~ t  be explained 

e i t h e r  bj: aCk?rcstion ar 5y v e r t i c a l  !iiotioa of the sir. 

I n  $5 it has beel: establisher3 t h a t  a change i n  the a i m  

of the  v e r t i c a i  mtioi-1 a t  Viorsho-m takes p lace  a t  =bout 

9 gkm, a l e v e l  iu?sr tiie a7Jerage height ((9.63 gkm) of t he  

trapcpause. . Over h i e ~ i c a  ( f i g .  10) the chcilge of the 

r i p  of ' t qe  v e r t i c a l  r x t i on  a;,,pears t o  Lake p l ace  a t  SOIlle .. . 
dis tance  below the tropopaiine,: b a t  foll.ow?.ng t he  var ia t io l l  
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S o r v i c c ' s  i ; q ~ c c l i t i o ; ~  yf 2933-41. (GOIII:~ 1942). (1) . 
. .. . 
1 1 t h  docrcrsi.;ig ouyf:!cc j?i-cosnre thc; zi:. be tw ,~en  say 0 on 

1 7  h11. doscoilds , lasiS:.iilg the: tro!:~o?>r:u:;e. The l l m l t  of 

dFroct ior ,  of Lhc v ~ ~ t i c : c . l  i;lotioil of 'chc ;ir t o  ;.cvcpscd 

cnd r:! lurtnc-i* 6.r;crc.:isc of s c r f r c c  pr;csf<i~r~e yiI11 l c c v c  

s t c i t  ic r -m- .y  Zi.c t i ? o ~ i ~ ~ ~ . u : j c ,  A s i in i la r  : -?;ch::nlsm vould 

cxL>l;:ii?. t h i  lit ti;-1;: of  t he  t?apop:;ua:ji; 1,:;i.tll i n c r c a s  i ng  

f j u r f~cc .  ;,rc~:;urc c:;lfi. e x i s t c l l c ~  of :: iIi:ixLmU1'~~ of he i g h t  

of t h e  tra;~op;use. 

It seesla thcn thi-:t the tropoyouse ~3i13. be below t h o  8 

k~il. l e v e l  oilly on excogt ionol  r?c;%ioi1s of ion surfnco 

pressure .  T1he l,:.:ycr of s t ra tchinx i-io:-i:mlly found 

fmmeaintely undernc?,th tho t=o;?opt~usc cvcr t h e  r o a r  of 

d q r c s s  i o i ~ s  w i l l  thim b c  c t lo: i~cr  h a i g h t s  cnd prob2blg 

very  pronouncod, t hus  cccount ing f o r  2 lowering of the 

l o r ~ c r  l i i n i t  of dcsconding aYz, 2nd f'cr tho E w n ~ l - f j h ~ p e d  --, .e .- 
' 4 t ropopousc f nz'lxtion. . .. . . ., 

The ~ o s t  pei?insizent f a c t  i n  the atrimsphere seems t o  
:<. 

be the  constsnc:y c d  s ir  & n s i t y  a t  the i sopgcnic  l e v e l .  .+ ., 

 he f a c t  t h a t  the r e c o p i .  t l o n  of the tropopouse nould 
b e  somewhat d i f f i . c u l t  durini;. the palm '!inter was f o r e c a s t  
by Gold (1932) i n  t h e  fo l lowing  aords :  "Conseq.uently, i t  
appears  l i k e l y  t h a t  du r ing  t h e  .:,olar il.lght a l t hough  the i 
s t ra tos l2here  m y  b e  reached a t  l o n e r  l e v e l s  over  t h e  P o l e s  d 
t han  i n  t h e  teiiipercite o r  eq.uatoria1 r eg ions ,  i t  w i l l  no t  c 
i n  f a c t  he  an i so the ima l  s t r c t o s p h e r e ,  o r  a s t r a t o s p h e r e  
with temperature  increasinij .  up7:rard.s zs  i s  the case  with We , 
s t ra tos!?here  of lower l a t i t u d e s ,  tiut a s t r a t o s ~ > l i e r e  i n  

I n  t he  graphs ,of a c t u a l  i f i n t e r  a s c e n t s  g i v e n  by C O W t  
i n  his  ve ry  in terccs t ing paxjer t h e r e  a r e  s e v e r a l  p o i n t s  
t h a t  may be c o ~ i s i d e r e d  a s  r e p r e s e n t i n g  the tropopnuQQ 
b u t  this i ~ j  e c u a l l y  the c a s e  i n  some a s c e n t s  made a t  
lower l a t i t u d e s  i n  s p e c i a l  c i r cumta i l ce s .  T h i s  
sugges t s  t h a t  t h e  a r b i t r a r y  d e f i n i  t ioiis of trop0paUSe 
a t  p r e s e n t  i n  use need r e v i s i o n ,  a l though  s u c h  r e v i s i o n  
seems difficult u n t i l  a q u a n t i t a t i v e  t heo ry  of t h e  
s t r a t o s p h e r e  is ava i l ab l e .  
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The v e r t i c a l  motion of the atmosphere is a direot 
(2) t heo re t i c a l  consequence of its exis tence  , The 

pressure  a t  the isopycnic l eve l  seems, therefores %o be 

t h e  pressure rnos t oorrulated n i  t h  the tropopause hetght, 

This view ts confirmed by the va:Lues of the oorre la t ion  

coe f f i c i en t s  between and the pressure a t  d$Piensnt 

l e v e l s  a t  Thorshavn, given below: 

The probable o r ro r  betwgen 7 and 9 ~jhl. is *r 0,@5 and 

f 0.06 a t  5, 6 and 10 elm, nlJ remI.artty of We 

coeff Fcient vur i a t i on  wiljh poiit ts c l eg r ly  towards the 
:, : 

existence of' a iilaxinium a t  thi; isopyunip ?.e.avel, 

The cor re la t ion  even o t  the isopyon&b l e v e l  19 not  

a corflplete one, bocausa ot11i:r :factors a r e  8160 present ,  

f o r  example, r a d i a t  i 'os ecu i l i b r  i w z  . of' the atmosphem, 

zonal t r m s p o r t  of the tro:>opuuse, as  tiuggosted by 

Bjerlmes (1. c.) , ctc.  Then tho var iablc  e f f eo t a  of W s e  

other  Tactwn ~?i-o i.tlZLai:ii~~d ( 8 0  in the case of polar a i r  

f i l l i n g  the eri.mla t r ~ o g o s p h e r ~ ,  .:xhi.::h was i n v ~ s t i g a W  by 

Palmen (1. c.)) I t  can be expected t: cyussi-gerfoct 

correlation (5 . = . 4.0.92, PnLiml) .  
. > Y s  

A t  o ther  l e v e l s ,  :. 
~oF!c!vo~?: the  fiiuilber af ciisturbii.ig fbctol-;; is  g r ea t e r ,  i O  

-C 

ail{: the cor re la t ion  coe f f i c i en t  s!nalleF and va r iab le  from 

p I w e  t o  place. This i s  the was i l l u s t r a t e d  by t he  

values given above an& clsemheri? by othor authors. 

\ A /  ; Phis stateoi int  is n o t  ii~ti:i?dtfi t o  imply a causal  
r'e1kitionohi.p; i t  ixans  oilljr tha t ;  the constancy of 
a i r  dencsity a t  8 kiil, bein:: coizfi.r!ned by observation, 
i t  is iieces::ciry to acco:3t - t h o  axistcn.i:e of v e r t i c a l  
motion or .  thi: ::i;* cs  a funct ion of t h e  surface  pressure  
vmin t ioas.  . , 



9. zonc..l. trsr::;gort and v a r t i c a l  iilotlon of the tropovause. 

" ' G .  avGi 
r tvr  .:il,ycir tci-xjreturo lovol  curvo f o r  I'horshavn 

P O P  tho pw2ud 27. 3r 39. t o  30. I.!-, 39 ,  LB given in  fig. 13. 

li; ;:run b w n  dzwm 111 the  U E ~ U R ~  way, s t r a i g h t  l i n e s  Joining 

thti yoiniia vhoao abaciouue a r e  the s tandard levels and 

wE108d ordiiiatus a r e  tho corrutigonding avarage t awera tu ros .  

tomporaturu tt tho  avorage troporauoe l e v e l  TE I 9.63 

glm) has boan a&dad to  the  graph' rind joiriob by a poked 

l l n c  f o thc3 puinta rqwo$ontat ive of t h e  tvo rraeregt 

atandard lovals .  

If 1;w ontiipute tl?u svernge temperature of the  
.*. ,. ,,--- 

tropogause !?a f i n d  t h a t  the zwpre8ontative point  x ,  vc 
of the tiv6ruli:a trciyopaueo is not on the toinparahare-level 

curvo, Tlimt tlilc- i a  (.;arrcnrally ULC ca6e can b0 s a e i l y  

domons trnt ocl. 
.,."".. 

Let Tyl bo the average tcmpcraturo a t  the Level 

ond tho tC:iivcruturo on 8 ? )a r t i cu l a r  occasion. 

Then ::z: w J, -t, @ & 

ivhore f i o  tho Jupse m t e  and l c. I&-.'% the departure of t he  

ac tua l  513, $row. tho uveraao $ , If' we take the average 

for n asconts  
7- "t" 

". 'y ,$ [, - 
5 7 ' c  + , 0). . m " 8 y c  :" "-' 
_I 

.j;. , 
n. Yc C 

n n n 

Let  pt be the average tropospheric inpso r a t e  (6 .) 0 ) 
",-. 

when the troj?opau@c is above tho average (q,"$!'cc" f.':)o ) ,  

and P s  the  avorage s t ro tnspher lc  l apse  r a t e  ( f 3 r  4 0 i n  

general)  vrhon the tropopause i s  below the avera@e (qt-Vt=: 

vihere n '  (nu) i s  the nunber of casos when the tropopause 
11, 

is  above (below) tho avorage, and E' if ,! the average of 

thc ccrresponding ~70s 1 t i v e  (negat ive)  depar tures .  . When 

the s t r a t o s : h m  is iscthurmal 



-,- 

individual asc~ ; i l t s .  But if i t  hapiymed t h a t  H, be near 

and a b o w  o Staiadaru height  dra;;iing o f  the  curve th is  

xr:iy nou1.d ranu.lt  in the : ~ p ~ c a r n n c e  of a  superadiabatic '  

I ~ ~ , o e - r n t o  c t  the to:) of tho  t r o i ~ o s p h e r o ,  which is 

obviouuly wrong. 

It is i x o m  t h c t  the  t r q o p n u s e  r i s e s  o r  f a l l s  



glun h ~ v e  I b ~ c a  intc:r:!olctc& frob1 the 35 Thorshsvn a s c e n t s ,  

tak ing l n t t j  ::iccc'.itit tlic; ::ignWFoan't yo in t s ,  Tsblo XIX 

iyllen tho  nvci-ut;e i a v o l  of the tropopi?use v a r i e s  from 8,85 

glm t o  10.45 gl~~iiln. According t o  t h e  advoct ion theory 

thcsc; v o r i o t i c n s  ou&t t o  bu accounted f o r  by an analogous 

. . 
cnm~uted from t h ~ s c ;  averaci:a h::;ve i in ilhysicnl iilonnlng . 

oxplanut ion 1;lu;i'i be round i n  the v e r t i c a l  motion of thc u i r  

ebovc and bale,.,: t h e  tropo&mse as a whole. The formula 





44. , 
1 i f  t i n g  cf t?:c str,ios_?hcro c a r r i e s  the tropo2ause s t i l l  

--. 
f urt:icr t o  .. C I ; ~ + ~ +  I P' (point  A )  . The observed p o s i t i v e  

Ceparture of the  trq3opause l eve l  from tho average v r i l l  
I i 

be Ei <:. ..". +.u . I n  the same m y  a Soutiivrard t r a n s i a t ~ o n  

of' thc tropopause w i l l  l o i ~ a r  the observed tropopause 

l e v e l  a t  'i'horshavn by an amount -x-!'" , where 

- . ,k " ... - . ' " , - f." being thc ~ b s o l u t e  value of thi: 

ilcgative d e p s r t u ~ o  of t he  tropopause l e v e l .  Let  i,z$c 

be the  de r iva t ive  of the  tcmperaturc with resgec t  t o  the  

l e v e l  along thc nvcragc tropopause. ?;;e have: . " T  \.: .. , -.... 
-J- = -j- .+ I-! ), - - f - i s l  -.- 7- ,+ (.?.T.'j , , I  - r- 

A C ,, d @/,: . \ , I <  , ,  . I 1 ! E'-T.~) 

Then i' [>T>: 1 ,  .... -1- i <..!-!. , + P i ( .'\,I ,. .~. "'b r (c' -+ :",! n B j s,, $$!,\ \ j L, .: k. di\. - 
2nd i n  the  cveragc 

- 
where i s  thc: sciiii-wi1:~litnde sf the mparen t  v e r t i c a l  

tropopausc xot ion  due t o  i ts  hor izonta l  displacement, and 
,. 
T, tha obscrved l o c a l  average deyarture of t h e  

tropopause l e v e l  Ti-om i ts  average, i r r e s p e c t i v e  of sityl. 

To apply formula (11) i t  i s  necessary t o  know the  
, >'-r i 

of i 
i,. wit;l reasonclblc accuracy. i i i t h  t h a t  

purpose valuas of Tc and f o r  TromsU and Hambvrg 
, %. 

published i n  Ttlglicher :;:etterbericht by the  ~ e u - t s c h e n  . 

Seenartc,  Haqburg, during the period 27.3.39 t o  30.4.39 

were used. Troms6 and Hambilburg were s e l ec t ed  on 

account of thc;Tr geogra:2hical s i t ua t i on .  Below are- 

given the avcraEe values found, v~hich compare f 5vourabi@- 

wi th  Thorshavn observrt ions:  



loriving 0.55 gkm Por tho &mplitudo of thu v e r t l o a l  dis&ocement 

. 
T F O ~ B ~  ( lat .6g0,m l o n g , ~ 9 ~ 0 u )  

~ h o r ~ h r n v t i ( 1 ~ t ~  6 2 , 1 • ‹ ~ ~  3.0ne;. G081).9 

Hamburg ( lc1t ,55~6l l  l o r r~~ .  10.08) . 

of tha troyopuueo duo to  thc vo r t i co l  !;lotion pf tho air?. The 
/- nvarr?go eurfoco lJPVf3UUrO f l t  Thorehovn when $\'.& vm"B007.0 and 

..** 
whon ( P C )  (PC was 1017.6, u diifmoncr;  of 10.6 mbe, Aocording 

-55r1•‹0 

-57. GOO 

-5g.l+'~ 

t o  tho c~voruyo vnlui.8 gtvun i n  Tublo X thc? vo r t i eo l  motion of 

tho a i r  a t  9.63 gkm is 34.7 @, per mh. of surfucu o h a n ~ o  o r  368 

em f o r  10.6 nib. , against  550 @I. obta incd from w.uat10ll (11) . 

8.46 gkn 

9.63 gkrn 

20.28 &n 

Tho dtscrcgoncy is sxplolnul by tho f o c t  t h a t  grouping t M  

- 
29 caeoa 

35 oases 

17 caws 

oeconbe according tho ci[jn of {Ic --r\E y ic lds  i,verngo tolnperaturo8 

t h u t  may bo :LPPoctorl ljy fuc ta re  othor than dynatnlcal onoe, and 

bococ~au, ae cxplc~inod a'oovo, c o ~ ~ d i t i o i ~ s  'ln thoeo two oxtremo 

groups of cooom d i f r w  frcirn thc; avorngrj f o r  which t h c  v o r t i o a l  

mot ion  has bocn conr,?utcd. 

~t i o  t o  bc. ox]?octod tliot if tho grouping ie rmdo according 

tho sign of tha oboowod  in tordiurnal  vari t i t ion of t ropopU8o 

l e v e l  thc: ~grcomcnt  vrould bo a h c t t a r  one. Fornuln (11) Can 

corrc~eponding ln to rd iu rnn l  vuricitions of lovel ,  Tho I 

a t  Thorshavn whcn tho ~x*o~><)~ : Iusc  has boon l i f t e d  s ince  tho 

previous day aro: 1013.6 mb, 10.03 ghn and -59.2'~ r sopec t ive ly  
0 and when I t  has bocm ~ G ~ : . I ~ z I ? o ~  1008.5 mb., '9.07p;km and -52.7 C. 



12 ti t u k  o r  6 9 ~  k~n. 'I'2ic Ls n ronsoiable f ie:ul-c f o r  
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TABLE 11. - - 
- - + Average temperztvres 3nd pressures a t  the standard levels on days when the surfsce Gressure has increased (T 

a d  p+) . - 
mi: 3ecreased (T- m d  p') since the previous day. (Thorshavn 27.3.39 t o  30.4.39) 

Xo. of cases 

50. of cases 





Com;suted values of Hdp and o5served zvoruge intsrdiwn -..-.- 0% 
vnrintione oil R a  at Thornha-a1 - in c . ~ .  s. uniw 

Weigh e 
average 

1604 

100 8 

10.6 

7.2 



- 
Ronr - 
- 2 
+ 20 

-15 

- 3 
-18 

-28 

-29 

-11; 

- 9 
- b 

-- 
ZIP [XI t - 

-1. 49 

+ 37 

+ 24 

+ 14 

+ 3 

- - 3 

-13 

r - tJ 
- 2 

- 3 

. . .  .- .. ? 

cen t~!e 
, -  .. .... 

+30 

+ 5- 

- 2 

+ 4 

+lo 

.t 23 

+21: 

+13 

+ 9 

i- 5 





1. 34 ccscs *  
2. 33 cmes .  
3 .  32 cases. 

-.-,- 

rip 
C/i-nb. 

4, 31 cases. 
5. 29 cases. 
6. 24. ccsss.  

om; )u t ed 

+O. 059 

+O .Oh0 

4.059 

+0.069 

4.065 

+O. 091 

+0.130 

+0.132 

+0.118 

+o. oG2 

-0.066 

-0.027 

-0.027 

+O. 013 

-0.005 

+O 013 



-- ill I:: 



A,,,! 
mb . 

- 0,3 
+ 1.8 
+ 4.0 
+ 5,0 
+ 7.5 

+ 7.6 

+11.8 

+lo. 8 

+ 5.7 

- 0.2 
- 209 

- 3*1 
- 2.0 
- 0.6 

+ 0.0 
- 0.1 
+ 0,2 

-- 
I;' 
n ,,p 
mb . 

+ 2.0 
4 0  

-12.0 

-11.5 

-12.5 

-17.5 

-14.3 

-14.0 

- 5.8 
0.0 

+ 2.6 
+ 2"O 
+ 2.0 

+ 0.3 

- 0.5 
- 0.6 
- 0.3 

(1) The uppei7 sign is t o  be taken f o r h p  = + 1 rb. 
2nd the  loner sign i o r f i p  = - 1 mb. 



TABLE X. 

Vertical motion and stretching at Thorshavn. 

Period 27.3.33 to 3.4.39. 

rap 
T- 

LL & 

kl. c.2 
. . I-('. 90 

cC.03 

a. 62 
.a. a. 
i-o.78 
to. 80 
a. 81 
to.78 

a. 65 

iG.55 
iJ.j.2 

+3.3C 
+0. 25 

*o.lE 

+0.09 

+0.07 
-- 

i 
i I - 

(1) The upper sign corresponds to &pa = +1 nb and the lower sign to,&,*+, J. = , 



TABLZ XI 

Ver t i ca l  motion and s t r e t ch ing ,  with d i f f e r e n t  barometric s i t ua t i ons ,  
a t  Sault  Ste. i!arie. 



TAELE W. 

Correlation coeff ic ient  be tween p and T a t  d i f fe ren t  heights (Y.s. Dines) 

A p r i l  - ,Tune 





TABLE XIV 
ynp .?-. 

Values of .... ,.*..l'.- ..Lax. and fT.> I , the ~,.vcragc in te rd lurno l  I&!! p, t ..".,-A 1- 

var ia t ions  of pressure and temperature, p a r  unit change of 
su r f  ace p e s s u r e  , a t  Thorshavn and ii? North Amerioa, 

Thorshovn North A eri a {J)iaurwitz 
and b % u l  
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TABLE XVI.Ix 

Correlation coefficients, -r , between pressure and temperature. 

England, 1935-1938. 

Tropo~pbere I Stratosphere I 611 cases 

0 Two ascer~ts  w i t h  irq;cp?use a t  10. C g'h. nave been 
included in  both the tropos2here and stratosphere groups. 




