1.

DYARTCOAL ASHn0HS OF I CONRTANCY OF AIR DI

AL 8 Ku

by
" 1LARTANC  DOPORTO,

Doctor cn Ciencias Flsicas

Abatract: The main object of'this note is to mlve a
sleture of the acchanism by means of which the air density
at the tropospheric isopyenilc layer is maintained constant
and to discuss the practical and 'ﬁaoretical significanee
of the existence of this layer, whiech appesrs to have

been neglected hitherto in iunvestigations of atmospheric
dynanics,.

4 relationshiy between the varlations of surface
pressure and of lanse rate is derived and confirmed from
observational data, This pelationshily is aseribed to
voertical aotion in the atmosphera, '

The variastion of alr density, computed from
observational dats, is examined and the existence of
condensation snd dilatation waver in the lower troposphere
and at the tropopause, with an iszopyecnic layer between
then, 1s domonstrated.

An explanation of the maximum of prcssure vaﬁiability,
observed at about 8 km., is given, based on the existence
of density waves and an isopycnic layér, and 1t is shown
that sn isobaric chart for the 3 lan level WOuld give the
best poseible renrcsentation of tropopause waves,

Simultaneous local variations of pressure and
temperature in the freo atmosphere are discussed and -
g8 formula is derivel for the coupuiation of vertical 4
motion and straotohing of the air, . The vertical motion
and strutching assoclated with aufface preasure changes
18 examincd and the existence of cells of stretching and
eontraction, and of cells of wartical motion, travelling

with thc polar waves, is demonstrated,
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Frow the gtatleal ccuation und actual data Lt 1s
paGwn thav the correlatlon coefficluint hetween proessuprg
aud teimwperstursc is posiltive above s cevtain level (about
14 Im) and Lo is suppested thal the cluage of sign of the
Py T corrclation cocliioiont from sopitive to negative
feund L.y Uincs at abeut 11 km iz not connected with the
shown that the covpclation between

tronopausc, It is

the hoelght of tho tropopausce and the »ressure st the

uopon tropdsyhero s a moximom ot the isopyenle level,
The change of treopospheric aad stratogphoeric lapse

rates, whion the iropopuuse is bolow and above Lts averape

sosition, is cxowlolpned by verticael wotilon of the aiy

bolwoen two léyors of horizontal wotion and & computétion

is given of the amount of Local chanso of tropopause holzll,

due to vertical wmotion,

X X X X X X

The relationsilp between the dilurna ariadtlong of

lavsc zate and surfage. DICESUrc, .

1.

In & nrevious paper (Doporto, 19L3) the constancy
of the air density at about & gkine was proved by a

digeussion of the following ccuation:

.....

(1)

which {s the.difforeontial, with respeet to pg, Toy and Q .

of the eguatioun

}
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(2)

giving the air density i+ at & level:? , when Toy 2nd po
arc the virtasl tempersture snd nressurc at the surface,

and = i& the lapse rate of virtual tewperature, assumed



3.

to be 1nduwunac 1t of ! (x) '

-,
'u.

Wheén dpg and d@ arc zero the denéity 1 consfant
at a level givon by |
o=l o= RTQV; = 8 gkm, approximately which
e the level of the homogencous atmosphere,

Obscrvations chow ihat the standard deviation.of
the air density, Ifrom ité averssa valu at each level,
1z a mihlmwn ot a;}evel {%Lg called the level of the
isopyenic laycr, wnlch 1s in gencral slightly less than

%M « This means that the first wund third terms
of the right hand side of ecuation (1) havera tendency
to compensatc each other, op, in other words, that thore
must be a bCPtJLn rclationship betweon the changes in
surface prossure and the changes in tamperature lapse.
rate. “Then & = constant wo got from equation (2),

Ll

congidered ss & function of pgo and & ,

*

vt

TEY

or

(3)

in whiclhi ordinary instcad of virtual teuperatures arc
used, Replacing "d" by "/ " and giving to "/AY the
meaning of finite intordiurnal change, eguation (3) gives
the es{iwcted relation between the changes of lapse rate
and surface pressurc, necessary for keeping coqstant,

from day to day, the air dénsity at the level of the

(i) On the assumption of a lapse rate independent of
tha density can be expressed by eilther of the equﬂtion8°
2= ¢ (pos To» T "’xjj ; with T = To =48, or & =
w(po, o,‘g s 3 ), whero pg, To, T and # are functions of .
the horizontal coordinstes and the time, The second
eauation was uscd for the discussion becsuse 1t leads
to casier meteorologicul interpretation,

i
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homogenaous atmosphecre, The extent to whieh this
ecuation is fulfilled at differcnt lovels by the actual
variations of laps¢ ratc gnd surlface pressure will give
us an indication of the level at which 4he interdfurnal
changes of ailr doensity should be a aminilwoum,

The exccptidnally valuable sories of 35 ascents made
at Thorshavn (193%) at about 0700 G.M.T, every.day from
27+ 3« 39 to 30. be 39, have becn cxanined from this
apvpach. Tabie L glves the average values of the

interdiurncal ciwnges of lapse ratae W& = TR per
FLA '.:’u !‘a i el F&

miliibar interdiurnal change of surfacc prossure betwecn

e

the surface and the stendard levels € = 1,2;44¢9 2K,
Distinction has heen wade between positive and negative
Interdiurnal cihongos of surfacc DrGSHUrC, aqd the figurcs
piven in Teble I are slgebralc zveorages of the Interdiurnal
lapsc rate chanpes in Y nor . ge8. unit of geovotontial,
It will be noticed that the aversge interdiurnal
- change of lapse rate wp to 8 s, 18, in ghsolute value,
greator when the surface nressunc incrunses thon wvhen Lt

3 due oot only to the fact thet e

21

decrcascs, Tals A

freouency of cascs of diffurcnt sign of i\ Do and & Puy

-

is greater when 4spe >0 than when Jp,<. ¥ (which wmight

be a chance result with o limited set of data) bhut also

and weinly %o the Ffact that with fip.»D the air subsides

and inercagug ite fcuporaturs at the dey-usdiabotic

* -~
. . AN PLEY A . N . . . . el
rato, whila, -rith JRPmMJJ, the aly riges ond 1ts

teperature deereascs (on some occmsions) at the saturated

adigbatic ratoe, St 9 pkm, the differcnce hetween the

becomes negligivle, which is cue
partly to the swell vapour contont of the air at high
levels and, above all, to the negligible vertical

- | | g 8o
movenent of the ailr at sbout 9 Im., (sue 35). These
resulis arce in agrevuent with the aversps values of

temperaturs at the standurd levels on Guys whon the surface
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pressurce has inercascd (T +¥) or decrcased (5 =Y sincc
the nrevious day, siven in Table II, | The differcnes
E* - T7 at the differcnt lovels cannot be cxplained by
advection, although =zdvcetion is a factor which will bg

dtscusscd later (§ 4.

Table III givee the valucs of (N5, R58 ond
> T
o

Tor tho folloving setv of wvalues which corrcsnonds

amaroxinately to the average conditions at Thonghavn .

during the neriod 27. 3. 39 to 30. L. 39.

1013.103 CaffeBa (= 1013 mb,)

PG =
To = 278%;, -
= 0.56286 1077 %/c.i. 5, pote (= 6,5%C/ )
o = 2.87 100 CaflaBe

4@
o
1.

- S

Prom thcse, values of have becen computed from

equation (3), aad appesr in the column 5 of Table III.

It can bo demonstrated thot ig o miniman for P
= RTo and this wminimum is clegrly shown at 8 glan, by
thic computed valucs.

In Figure 1 the obscrved valucs of

107 to obtain df  when dpg = 1 mb) have boon

e,

w3 P e N A S o
&gulnstif*. e urves sncy thot the

botdason the theoretizol ond oheorved valucss 1s o wminimaun

Jslokni¥

e}

gen B oand 7 ogioa, which corvrosnonds roarnly with the
isonyenic zono woforrcd to in tho writer's vrovious povpen
(1943}

“7ith tho voluos given in Tovlos I cnd IIX and tho

whon Apo r 0 ond ADg<l, 0, avirago

son conmuted froa couation (1).

wvolghtced algebraic averarse for all
cascs, irrcespcciive of the sign of 4 po. mxcept for

1

5 glm, , Rép deercoses from the

the crrotic voluc ot ¢
surface up to 7 glkm. ond incroascs beyond that lovel.
- Column 2 of Toble IV gives the obaervcd'average valuc
of Eﬁl@ , the iauterdiwrnsl chonge of air density

multiplicd by . Thc absolutc values of obscrved
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and computed average interdiurnal variotion of Rp cannot,
of course, be compored, but there is satiafactofy
sgrooments regarding the existcnce of a minimum between ?‘
rnd & gk,  The obscrved avoerags interdiurnal variations
of Re at Thorshavn heve boon plotted againet ¥ in Mg,
2, which gives a minimum ofRdp ut 7.65 gkm, in good
agrociment with the minimum of the S.D. found at 7.8 glm,

in the writcer's previous puaper.

2, Dynamical ospects of the rclationship between

~ yariations of lapse watc and surfacg prossure,

In 1 of the presont paper and the writer's provious
papor the constancy of the air density has heen explalned
from the sbtatical aspoct. -, The exﬁlahatidn invelves the
exi&touce‘of & definite relationship between the changes
in surfece prossure snd of tomperaturc lapse rato. - This
relationshiy has been demonstrated statistically from the
sorics of Thorshawm ascents;: it is.now prdposed'to give
2 dynamical interpretation_of.it,

The problem is closcly connected with others, which
are trcated in atmosphéric‘dynamics froul diffcrent
a5po¢ts and which have been thc subjccts of many papers
and investigations, It scems advisable to glve here a
brief survey of those connecteé problems,

The correlation betwecn pressure and temperature
in the frce atmosp@ere, the subjéct of several
investigations by W.H, Dines, particularly (1912) and
(1925), has been one of the forms in which this problem
has been treated. The explanation of the positive
value of the p,T corrclation coeff1c1ent from the
surfaco'up to 10 kms, and ncgut;ve from that height up
to 13 km;thc maxinum heignt invostigated by Dinea, was
sought by him and others in the existence of vertical
motions of theJair when passing from a low %0 a high

of pressure, The high positive correlatiorn between
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the oressurc at 9 im, P9, énd the tropopause hoight,

He, #ound by Dines, Schedler and others,; has been

cone idercd by Bjorknes (Ve Bjerknes et alia, 1934) and
cther investlipgators, to be due to advectlon.‘ According
to this hywvothesis advection brings in the lropopauge

of more Southuirn 1étltudes when the,pressure of the
upmer troposphere inercases, and the tropopeuse of

more Worthern latitudes whon the Pressure decreases,
Advection is also held to explaln the variations of
temperature lapse ratc, ne - vertlcal amplitude of
these troponause waves is regarded as negligible, except
in chepuionulicaSﬁs (funnel-shaped formations in strong
eyclones),

This latter modification scems to be mainly due
to the result of en investigation by Palmen (1932),
Considering changes of potential éemperatur@ at different
levaels when pol&r.air fills the troposphere, Palmen
found thst sbove § Kaa there is upward movemnent of tho
alr in the fomwtion of an az2nticyclone, and downward
movenent i the formation of a cyclone, whlle tﬁe
reverse takes place below that height., A natural
develomment of this result was to consider this "neutral"
height as the west sultable for computing the correlation
betiiecn fhe pfés&nr@ of the umper troposphere and the
height of the tropopaise, and a corrclation coefficient
ag higlh as + 0.92 was obtaincd, In his paper Palmen
points out that vertical moveuent in polar air plays
a more important réle than adveetion in the varistion
of the trovopausc height.

48 fTar bask as 191l, Shaw (1.914) discussing ascents
pade ot Pyedon Mi1L, Limerisk and Bskdolomuir on the 6th,
7th and 9in ny, 1913 found that the wind had moved
norizontally at 8 km, and that ot thic “"eritical™ level

("which is alsc tho region in wiich pressure changes veoh



Sy ]

8.

to originate!) the air "is ‘homogeneous' and ... there 1s

a want of homogenelity of onposite character aboye and
below the critical level®s  To explain the want of
homogeneity he discussed the possibility or verticel
moverents- and satd:; "The suggeétion which one derlves from
the apparent Tormation of high pressure on the one side
of the current at 9 kilometres, and of 1ow'on the opposite
side, is one of transference of alr al about 8 or 9
kilometres across the direction of the ultimate current,
bﬁlging upward, and thrusting upward the stratosphere with
reduction of temperature, and penctrating downward through
the tropeosphere with counsequent elevation Qf temperature,
The pressurce diffcerence thus formed 1s conserved by the -
air currents which surround it." When Dines (1919)
guotcd that paper he treated 9 km as the height of the
Yepitical® levél, nc doubt becauée he had alrecady worked out
many correlstions for this levgl (12

411 correlations between the uppor troposphere
pressure and He computed since then were referred to 9 km
until Palmen reverted to the & ion levsl, which appears to

be nearér to the average levels with o real physical

o

significance, nsnely the isopyenic level and the associated
level of horizontal motion (sec §5),
‘The "soat" and causc of pressure -variations is

another prcblem open for investigation and discussion
on which there src conflicting theories and working
hypothesis, Shaw, as indicated sbove, thought it possiblc
that the origin of surfaoce Dressure chenges was' in a leyer
at about & km, which 15" also the level at which the
interdiurnal veriaztion of pressure has a maximum of
(l) & Nmy om A

The aetual heilghts cuoted, as they are approximate
heights only, may introducc a certaoln amount of confusion.
Shaw and Palmen rcfer to the 8§ km, level as the level
of horizontal movement, which appcars to be above but near
the isopyenic level, The 9 km. level 1s an arbitraky level

selected by Dincs "so thet it may be a8 high as possible,
but yet as a rule clear of the isothermal layer™. (Dines

1912, pagc 31).
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anuroximately thoe same value as . at the surface, . Loter
1ﬁvcst1gationm, moinly by Geriman wsteorolopists, have been
inturéroted ag showing that thore sre two EONES in the
abmcsphere where the changes of mass are greaters the
lowesn troposnhere and lower sﬁratOSphcre, Thc_cxistenco
oFf both mones nnve becn explained by adveetlon and formuleae
havo been piven by Rossby (1928) cnd nrtel and L1 (1935)
for the couisutabion, ffom the obsceved local ehungzes of
pressure ot the diffcrent lovels, of the contribution which
cach layev oF Gh atmosphere akes to the pesulting surface
TICHANTG CIONES,

A wery lumonbont 1imitation coimont to the d;ffereﬁt
cdvuetlve theorios is that they do not take account of
tivergence or stretehlng in the stiosnhore, The results
ohtuined oo the Hrtel and LI formnla are on occusioqs

in agreenent with »revious Cermon thceoriles of stratospheric

sdveetion, but in othor cases this fowmula (which is the
game ag the first Rossby formmila fov the case of edyvcotiow

a2t the ton of gn air column) attrilbutes to the uppser

stratosshoric lavews a considersble papt of the surfuce
prc#sure variation.

These twe ouin zones of =dvective density change
producc two pressure waves which have an all important
Jinflucnece on thoe secucnce of woeather observed at the grounde.
iere apain the Goroan schools differ, betvoen themselves
and with the orweglan school, on the cucstion of which
pressure vave is the origingl and which the induced one
(Schmiedcel, 193?). In ths case of pressure variations
connected with vaves in the polar front, Je Bjerlsos
(1937) oxmlaingd the two woves in teris of advection 5nd
verticul metion, ond reached the conclusion that the

frontal troposoheric wave is thoe primary one.
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3. he practice slenlficancc of the traopospheric
- lsopyenilo loveld.
Tt 1s noticoagble thot althoush the exiatence of

an leopronic wzone has been lnown for over 30 years,
cnd the flest, but vasatisfactory, cxplanation foy it
dntes fpow 1919, Lt wos not taken into éacount in any
of tho inwvegbdigusions pafurrcd to above,

The dmnaleal impdrtanco of tho lsopyoenie layer
iy vede cloar by Mg, 3 which wos proporod at.an carly
8tagu 1n-tha_invaatigqfiqn which lcd to the gethod for
computing rressures at the 8 Im, level (Dopopde 19u5},
The fipure ghows the doeviobdlons from the sverage value
of' the aif degodty at differant lovels up o 18 lmy with
the puspaprs of guyfosc highe andllows. Pannoy's
volues (L940) of the cmplitudes and phases for the two
first hartonic compononts of the variution of pressurc
and tewporsturc st thu stundard hoights, 0, 2, § 44 18 X
over Sault Sto ilarie, lilech,, during 19538-39 have becen
used.  Ponner arrangod the avallsble radiosonde
observations in six groups according to the position of
Sault gte, Maric pelative to surface prassurs systemﬂ:
front, centre or rear of a low, front, centfo or roar of
a high, He computod mean valuss of the Pressures and
teeperaturss in sach ares for every two kn. steﬁs.' Whon
the woan valuws for each of éix aress were plotted on an
ideelized tinw oxis in the secucince givmn-dbove; ho |
obtalned failyly regular curves which wero sdbjeéted to
a hornonic amwlysié. Prom tho resultant amplitudeslund
. vhasos pressurs ond tex.-zperatﬁr@ deviations froux tho
average wore comutod by the nroescnt writer, . A4S the
actual aversge valucs were not given in the abstract of
Pennoer's paper quoﬁoﬁ obove, wnhual means for Sault Ste
Liarie werce couputed from the sverages published in tho
ponthly Weathcr leview and the aiv denaity departures

fron the svorase for czeh hwight and ares were worked

L
PRy YT NI
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out. (Table V). The lines of différent thickness in Fig.3
are isoliﬁcs of eqﬁal devistion of Rfa from the average,

and the actual valuws-om which they are based appear in
* Table V. The tropopause as computed frowm Penner's data

is shown by & heavy line and a system of warih and cold
fronts (continuous heavy line) and a subsiding surface
(dotted line) have been added to illustrate the conneotion
botween the density‘variations and tho system of highs and
lows, Later the original paper by Penner (1941) giving

the complete set of average pressure, temperature and
tropopause heipht values became available, but as the
differences vetween the R? &epartﬁres computcd from them
end those computed from the M,V.R. data are not greater than
2 units c.ges8s 1t has not been considered necessary to alter
the figure. Even making allowance for the fact that the
isolines are baged on smoothed P, T averages, it is obvious
hat a horizontal surface somewherc between 7.and 8 xm
would separute regular tropopause density waves from the
more complicated and irrcgular densiiy waves in the lower
tr0pospﬁeric levels, The tropopause density waves show
condensation at the ridges of the tropopause waves,
dilatation at the troughs. The ampiiﬁude,'a max imum

at tho tropopause itsclf, &ecreases very rapidly downwards
in the troposphere, but muéh more slowly in the stratosphere,
The tropbspheric deﬁsity wé%as have a greater amplitude
and ere irregular in form; Eﬁhey ;resent somagdepartures
from a typical wave and the ﬁhase is in advanée of the
phase of the tr0p9puuse waveé..

The figure shcws that the isopyenic level is a

significant one in any discussion of atmospheric dynamics.
The practical importance of this level can be seen from

the following consideration, - The integrnl,

Dp=ir [Blreer
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of the departures of £ from the average, glves the pressure
departure from the overage at every level q9. When f{his

level is (¥, , %he level of the isopyonic layen, the

integrol lves the best representotion of the pressure K
waves Gue to density chanpgos above (tropopause Wwaves) Thé 1
difference ilpnwuﬂfh reprecents the tropospherise waves,
A preszure chart at 8 k., and the ordinary surface chart
should, therefore, provlide tho appropriute tools for the
study and eventusl forccasting of surfuace pressure variations,
That the existence of tropospheric cnd tropopause
density woves separated by the isopyente layer is not a
statisticnl result is shown by Fis. U, giving the isopleths
of Rp departures from thelr average values at sach level
for the period 27. 3., 39 to 30. L. 39 at Thorshawm. The
tropopause is shown by a heavy line, dbut tropospheric fronts
end surfacés of subsidence Have heen omitted, The actual
departures on whiech the isolines are based apﬁear in tsble VI

A horizontal lins drawm at 7 or 8 glan, (more cxactly at 7.8

gkme) would cut a winilinw: of isolines, The existenco of
density woves ot the tropovause, with condensotion at the

ridges snd dllatation st the troughs, is well illustrated.
These weves, with @ neriod off 10-1l1 deoys, do mnot correspond
with the tronespheric waves which sre less regular aﬁd
present cvidence of some perturbations.  The possibility of
a symuetry voint suggested by the trovopause waves and by the
8 gkm. ond surface harwgrams given in thé Same: Pipure,
has not yet been investigated, Agaln the 8 m pr.ossure
chart and the surface chart appear to be fﬁnﬁ&mental:fOf
the undersianding of the svolution of pressure varistions .
at the surface,

In this connuetion it iz noteworthy that Béur (1936)
and other Cerman meteorolopists assume the wandering of
the 24«hour variations of surface pressure to he 4ue to

the motion of the a2ipr 2t about 5 knm. Baupr gives oxamples

WHeeaanr
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of isallobaric highs and lows wmoving with the average
direction of ths wind at wbeut 5 lua, In all these cases,
the windg at 8 km, were blowing from the sane dilrections
as the winds ot L oor 5 Xk, Baur uses the topographic
choapt of tho f":':('.‘(,} wie 2ledfsoy 88 A subsitiiute for the
nraessure chart for tac base of the stratosphers and romarks
that on occasions this substitution will ﬁot be legiﬁimate.
In support of tiidls he gives asn exniople of 2h-hour isallobars
meving with the wind at ¢ or 10 ku., while the observed
wind at 4 ln. and the wind computed from the 500 mb,
tovosreaphic chart arve at variance,  This evidence seems
mors consistent with the idea put forward ahove, namely,
that the iscbaric chart 2t tho lsopyenic level is in 21l

cases tho most aporoptiasto chart for studying the
veriations of pressure dus to tropopriuse waves,

In the Saie paper Baur affirms the existence of
broad-weather situations with an average duration of 5%
days, Suceessful ten-day forecasts heve been made by him
with  a method based on the oxistence of such broad-weather
situations, If the 10-~11 days period ofithe tropopause
waves a Thorshuvn(l) vere to represent a peranent
charncteristic of the atmosphere, it would provide.a
dircct explanation of Baur's broad~weathe$ gsituations and
of Dofant's Bi-day periodicity. '

The secondary maximum in the variabiﬁity of pressure,
found at about & lm., may be sxplained sa%isfactorlly
if we take into a coﬁnt the existence of ‘the tropospheric
izopyenic layer. At a level (}3{ {'1‘)1 thé variation of
pressure is ecual to the algebraic sum of: (a) the
variation of prossure at the isopycnic 1evél; (b) ‘the
variation of pressure due to the tropospheri.c waves, the
(1) The tiropopause waves showﬁ in fig., 4, beiﬁé’,’.‘ derived

solely from observed valucs without sny roference o
the associsted synoptic situstions, dirfer frosn those

in fig, 3, which arc trovopsuse waves coupled width ]
polar froat waves, as discussed by J, Djerknes afd others,
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amplliude of vwhich decreascs from the asurface upwards

oo

and 18 negflisible at the Lsopyenic zonaz (from about 6 to
‘ 1)
8 ), and (o) tho veriaztions of »ressure due to
chonges of tha oly doenslsy 't::atz:rejoﬁ;fj. {}u‘ and ‘P‘
: 3p

Cn acoounc of the zero value of ER at about ‘#L ’
the term (é} e 1n general of opposit@.sign to the term
(a). Thorofore in seneral the awplitude of the pressura
variation decreuaes from the surface -up to the beginning
of_the isopyenic zone and thoen lnereascs up to ¥ = {;L ..
On the other hund, {or {9 ~PL , the varilations of
Pregsure duc to density chanpes above the isopyenic zone
Increase with decveasing F and reach thelr pgreatest value
at qf = @h, . This valuc 1is the pecondary maximum of -
pressurc varicbility found at about 8 km, by'different‘
investigators. ‘
Le The connututiér of vorticsl wotion in the atmosphere

from simultoncous varizstions of Dressure and
temparature at the sste 1chl.

The cxistoncs of a f@lﬁnLOHuﬂ]O between the diurnal
variations of laovse rate and surfacc preéssure is a result
of the rclationship betyéen simﬁltgneous variétions of’
nregssure and tczycratﬁrﬁ in the atmosphere, For the
variation of lunsc rate (assumced to be indeﬁendeﬁt of
the height) is tho differcnce betwoen the voriations of
tenperature at the top and bDottom of the colum éf alr
considered, snd the variation of surfacc preasuro ‘depends
on the varigtions of the air density,-which, in their turn,
arc g function of the pressurc aﬁd temparature vardations.

Thereforc, in order to undcrsbana the uechanlan which
maintains constant the sip donsi@y at the isopycnie 1a}yer,
it seeus nccessary to cxamihe the simultaneous variatioﬂ#i
of air pressurc aﬁd temperaturq.ﬁ

It is justifiable to assume that the transformations

(1) | L

With the excoption of the tropopause wavep coupked
with polar front waves, the phases of the tropospherie. and
tropopause waves are 1ndcpendent.
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which any norticlos of aiyr undeprgocs in the free

atmosphere arve adiabatic, hen the particle of air

aoas not reach the saturated stete daring the
trangformation, tha volues of 447 for a chonge 4ip during
an interval of time zhort enoupgh to maks the non—-adisbetic

Tactors (radiuntion, ete.) negligivle are glven hy the

eorstion m '! _
e Toee SEedep =T, dip

|_-.L.i

(c;g.s. units)

where 4 shands for an lndivideol variatlon and T§~ ;, I
heing the dry adisbatic lovse rate per ¢.g.5. unit of
geopotwmtﬁal). without syoreciobls erpor the numerical
value of ¢ iz that for dry oir, “Then there is

condangated wabter in the nerticle of alr o similar formula

e}
o] } el
Where |, ﬂi“ﬁ“ s, ¢ being the saturated dry adichatic:
4 1
prnd
lapse roto per unit of geopotentisl. | may be computed

from tatlos Ty Brunt (L933). Tabhle VII pives Tp

=}
and v eporopriate fop Thoprshavm. The obscrved luapse

and the averagoe values of

. A - -
rate poer

B o~

R and B arc-also included. In the computation we

-

e -t
shell use EF or Ip values ag appropriste, but in the

formaiae nb will he uszed throughout,

M
Proim the adlebatic cveuwstion we obtain, for my

level in the feco wimosphere

iy T e
l A 4

:

The individual veriations sro wmnde wp of two ports,. onc

dus to tho dis

acement of the particlc, l.e, advection,
and the other duc to local varisctions. If we assume
that the wind follows the ischars, 2t the isopyenic

)
Laovel, whore the gpobars are clee isotherms, the
advectlion eon be due only to veriical Sianlocerueit. AT

thet level we obtoin for the loenl voriations, by

Giffoeroatiation of the eoustion of sicta,
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It there 1s no verticsl motion, 4iT = %ﬂﬁr, wﬁich is
possible only when dip = 5? = 0, i,¢. vhen no locnl
variation of »nressure takes pluce, On the other hand,
if 2 local wvariation of nressurc occurs at the‘isopycnic
level, dipfﬁ3gp ; which means that there must be vertical
Gisplacement of the ailr.

Ve Sidll now discuss thig noint more generally,
wita thae objoect of ohiaining vilues for the vertical
Gigsploeenants involved at different levels

Lat p and T be the pressure and temperature ohserved

et £ (Pig, 5) at the time t , The particle of air

I‘“'
\J

appiving at 4 at the time t + dt, iz at the point O

. e - . ° . 1 psae o e ) m-r-““ g . - ---E.- T_’ R
(pregmurepmggfmw%?,pwgvh, temparature | @!,T &g:,;.%T)
at the timo b, The Loecal ohnnge of el rature at A

from & to t 4+ 4t will be

e e .. .
53{! =iy Vb v Byp ~@-éfre..,;;+htp>~hx P by T —ayd (L)

If the axis y is tangont to ths ischar Lz‘oarh the point

0 at the-time t, ¥,b= 0 and ecuation (4) Dbscomesy

- - -, ’M
S oo 1T (5)
5.1, Bw=li-

[

wiwere: is Luo temperature cradient alomg the

% “Vi ""-(‘? o —,._\

isobar, and

ars the rates of temperature

change per millibar in the horizontal snd vep tical

Airections perpendicular to the isobar,

Z 1 iz the local variation of temperatupes obssrved

eate

! by ) z o oa - . . B .
at 4, and %=€Eb is the adlabatic chsnze of tenperature

at 4 due to the local variation of pressure by p gt thalb
point. The left hand side of (B5) is the part oY the
local chaﬁge of tommeraturs ot 4 due o the
subgtitutlon of the origingl warticle of zir that

occupied point 4 at the time t, by another particle

of air at the time t .. 4dt,



17.
If we =pply couation (B) to interdiurnal variations

it becomos

(6)

Table VIII, computed from the Thorshavwn ascents, shows
the nagnitude of the left hand side of (5). At soch
stendard level the interdlurnal wvariationn of temperature
have been ciassified in iwo sroups according to the'sign
JEothe simultonsous interdivrnnl voariotion of pressure.
in a gmell nusmbor of cases when:ﬁap = 0 the simultancous
AT hes beén classified in the group in which there are

oy

nore T of 1is oW

-

sizn., One cuse when £Np = f;x'j: =0
nas bheen neglected, For sach prowp the average
intoerdiurnal chango of pressurs ond tho algebralce average
of interdiurnal chrnge of tempoerature have been coamputed.
Those averages,  the toisl mumber of cases ond the number
of cascs wikn iﬁp nnd SR cre of the same sign arc

entered, for both proups, in Tuble VILII. Colums 6 and

s . » Y
12 give the valoes of NT - iy , Tor /3p > 0 and
AP - p Por Lip ﬁwo. Golumng 7 and 13 give the
valus of  iop for both groups. Vailues for the lower

troposphoris levels are included for purpose of comparison
only, for ihe assumptlion of adiahatic transformation
does not wold necr the ground.  The sipgn of S0 is

contrary to the sign of Sp at 10, 11 and 12 gla,,

but the signs of AT and Ap aro the same at all other
standard levels, For tiwe upper stratospheric levels
this result is at  variance with the accepted ideas

on corrclation betveon progsure ond temporature and

will be aiscussed later ( 56). In computing

AT-Thp for Dp+ D, 1t has becn assumed that below 8 km.,
where there is apprecisble diffcrence between §; and

1? ., the air wus ssturated,which obviously is not always

the cose. In the upper troposphere and in the
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A Y ]
stratosphere the distinetion betucen i, and E; iz of no

CONSECucnce,

*

The values of AT — L4p for both groups need to be
explained by the right hand side of ec. (6)y The torm

E;“{%gg' AN measurcs the pairt of the local chenge of

teuperature due to the horizontai'departure of the actual
wind frow the gradient wind. The most important daparturea
from the gradient wind are duc to the isallobaric.

component. On the sverage ii% will be zero, for tho

isallobaric gradient ie independent of the pressurc

gradient,
At the isopycnic lovel (8 ghkn. approximately),
rATs

iayjp = 0, (tha isobars being olso isotherms). Then

at that lovel:

ATnae [ - 0] A | o

i i Sl
F O !‘_r’li: . o ' :P[

Using the valuces of Tablos VII and VIII eq. (7) gives:
For 53'p'b> 0, Dgh = 248 mbs, '
For & p < 0O, et = «2B,8 ubs.

which corres»ond to

1

Ap >0, NG = =481 g,

a3

AP <0, D = 1558 gm.
It follows that the vertical displacencnt of the alr at
the isopyenic level, is; on the Lverogc, aboat 500 o, in
2h hours, the air descending wien the ﬁr@ssufﬁ increcascs
and viee versa,

At otner levels, if’"‘ii AN ronreschts the L0001
vorising o cooling ol & due to the norizontal trondponrt
off alr, walwhn meplices tho sir originuliy at 4 by
the air coriginally at O, In the free air thoe isobars
ané isotherms show o tendency o puan worallel, but as Ay

is the displocenont in 24 hours ho reaulting transport of
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temperature or édvection of temperature, whilch is
negligivle ot the isopyenic leval, may be very importent
at othef levels, especlally at.the surface, When the
pressurc increasas, the wihd generally has a Polar
commonent ond when thé Dregsure ﬂecreases the wind has
generally an enuatorial component. Therefore, if we bear
in mind the zonal distribution of temperature, it seems
that, in the troposphere; the transport of tcmperature
wbuld bring in colder alir for increasiﬁg preagure and
warmer air for decreasing pressure, and the reverse in
(1) ‘

the stratosyhere.

In the troposphure between the surface and the
isopycnic level the effects of sdvection arc meinly

concentrated in the frontal zoncs and fronts separating

different air masses, while they sre generally small inside

the same air mass. Douplas (1935) show several instances
of this for the area between Teeland and England.
The passing of a warn front is morked by a negative
variation of pressure and positive variation of
temperature, and the contrary for a éold front, Most of
the advective chonges could theeroré be eliminated
by disregording the interdiurnal loeal variations when a
change-of aip 1@ss has taken place during the 24 hours
considered.

Alvernatively by neglecting the term (%§%3P'£hy

, 5y

in (8), eq. (7) will give the minimun absolute values
of dﬂy?P « At some distznece above the isopyenic level,
the sign of /AT~ A: changes for both the groups Ap> 0

'

and ikp<:ﬁ . It advection, after being zero at 8 km,

vk 10 5 o - ey A Al T s

(1)At very high lotitudes in winter time, theroe are
theoretical reasons for believing that the stratospheric
horizontal gradicnt of temperature is directed towards
the poles (Cold, 1932). Ascents at Little Awmerica IIT
secm to confirm this view (Court, 1942).
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had the same sign above thot level up to the stratosphore
as 1t had below, the wvalues of .L5¢P5'00mputed from (7)
would be somewhot larzer than the rcal ones, 'Above the
tropopause (average height &t Thorchawn 9,63 glkm.) odvection
changes 1ts sign, while the sign of HT- AP does not
chanpge until 13 gloa. Thcrefore, in that zone tho
computed valacs of }ihqqﬁ will be again less than the
actual ongs, At the upper levels of the stratosphere
above 13 ghm. %il¢§% compitaed neglecting advecﬁion, will
agein be larger than the correct value due to the change
in the sign'of'zﬁfT'“f;£l§u .

However, as J. Bjicrknes (1930) has pointced out, the
systeln of wave-like perturbatioﬁs of the tropopause
suggaested by hlm would have the ramnarkable consequence that,
in the ugior troposphere (wo cun say between the 8 or 9
¥m, lovel ond tho tropopmuse) winds with o polar compbnent
wouald bring in warmer oir and winds with annequatorial
component, colder air. In the lower layors of the
stratosynery, according to Fig., 24 of his poper -and Flg.
1hl, mage 807, in V. Blerknes et alia (1934}, the contrary
woulé take place. According to this hypotnesis the effect
of neglecting the advection term in'(6) would give values
of 553@95 less than the actual in the upper troposphere
and greater than the actusl in the lower stratosphere, a
result opposite to the result found when the unperturbed
zonal distribution of temperaturc in the troposphere.and
stratosphore 1s accepted, With poth hypotheses the
tropopause is the seat of =« discontindity in thc advective
term, for the wind dirsction remains constent at elther
s3ide of 1it, the vslocity only drophing suddenly above the
tropopause (Dobson 1920). ‘Table VIII shbws no such a
discontinuity in the values of /3717 I,2p and no discontinuity
in Zﬁ@p mnay be accepted at the tropopause. This suggests
that either the discontinuity in the advection term does

not exist or that its offcct on the average values computed



.

for éhm?“-i;ﬁﬁ? are compensated in some way. — The
lack of dlscontinuity in the sdvoction term may he dus
either to the fact that its value 1is negligible et all
lovels in- the upper troposphere and lower stratosphere
or that it pesses through a zero valuc at. the tropopause;
in both these cases,kh%P computed at 9,63 gkm. would be
corrcet,  The values ofﬁl?zmﬂuﬁ? , at levels swopt
by the tropopause in its local vertical motion, refer on
‘ soms ocgasions to uthGP troposcheric or stratosnheric
condltions execlusively, btut on cthar occasions they
involve, in addition, a variction from troposphere to
stratospuere or vice versa.

In cither circumstance, thc effcet of the advection

term, since its sign in the stratosphcore is opposite to

[

ts sign in the troposplere, will tend to Qﬂnoel,ouﬁy
urthermore, the effects of transiticns between the
éﬁratosyhare and the troposphers will concel out if we
copsider interdiurnol soeiztions oxdending over a long
neriod.

In Table II average wonperabture values at different

)

levels ara plven for days when the pregsure has increased

o
3

or decraesrned gince Thi weovioan day, the last row

of this Table these &ifferamgus nave hosn corrected for.
the differcnces In averaszs yJ ssurea, Ixcapt at the lower
tropospheric and upper strAU.:w eric levele, the
differencos of temporaturc in both groups do not show

any syastenatic tendency on which a computation of the
advective change of temperature could be hased.

Suimaing wn thils discupsion we can sdy that iﬁ5¢?i
comuubed from eg. (7), will certainly be loss than the
aotual tetween the surface and the isopyenic level, and
porhaps groster than the actusl in tho waepor

gtrateosphere, thedt it will hove 1tn correet valuo at

the isovnyenis level and thet thove is reoaoson to believe

that, botween the isopyenic level ond ebout 13 gkme 1t
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will plve values representing the average conditions
at thosge 1evels. For our purpose, the exactlitude in the
absolute values of LJIb 18 less important than the sign at

waears that the levels at -

ul

the different }evels, and 1% &ap
Which.élﬁp CABNEEeE 1ts sign are given with sufficient
accuracy by eq. (7).

Values for ¢ \wp computed neglecting the advectien
term are given in Table IX. They ere referred to Ap =1

r
P: given in the two

\,!l-

mb. For the couputation, values of %

o

last columns of Table VIII and values for | and T

from Table VII has been used.

For continuity reasons, &,p for +1 and.fxﬁ?for ~ 1 uib,

must be ecual. It can be seen that this condition is
not fulfilled in the lower trowosphere, The reason

for it is that the use of 5p below & glm. with negative

1“'+r"‘

Hp is not appropriate. If we sccent a lapse : ate 2
for those cases, the %alues for ﬂhﬂi in coluﬁn 5 are
obtained, These values sre muéh nore in agreement with

_ By i
those for éﬁﬁﬁbo. The assumption of a lanse : ate~i—-~
amoun ts roughly to supvosing that the sir reached
saturation only in half of the Casss of ascending motion.
The smoothness of the curves fﬁ.}.fo ’\rﬁx, ang :ﬁxp“:i}
suggests that the asswiption of the negligible effect of
the advection term is justified. his does not mean that
advection in a particular case is negligidle, but only
that its effects ere minimised when the average is formed,
a3 explained above,

In columns 3 and 6 of Table IX are given the

‘vertical displacementiﬁﬁof the ailr when ﬁs? + 1 wbh. and

Bt

Lp = = 1 mb, (for lapse rate "3 ), while colum 7
glves the smoothed averzge values. The upper sign mst
be talken for Op = + 1 mb. Between the surface-and the
isopycnic level, the smootied values are those foraﬁ§>= +1

t1b, For the upper levels the smoothing Drocess has been

L
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made on the weighted average of A¢ fordy = 4 1 mb, and
Lyp= = 1 wh, it the surféce, where the vertical
éiSElBGSQ.Jﬁ st he zend,qu9is takenras ZOr0.
fo obbain the average of the dally vertlcal
displacensnt of &ir for incréasing and decreasing pressure

L) o

it dliferent Iovels the Tigures in column 7 of Table IX

l‘?
"')

need Lo be wltiplied by the sbsolute values of the
average interdiurnel varlations given in Taeble VIII,

colwms 2 and 8.

“in the atmosphere as
gure variation,

vortical wotion and stretenin
a function of the suriace Rre

_\.'n
.

Formula (7) could nave Peen derived direetly on tho
assumnticn of no advecﬁive éhanges. Let P be the
nressure anc T the temperafdre at ¢ , and po the surfacc
pressure, at the time $5 &nd p +bp and.f; + £ P the
corresponding »ressurcs at the same levels at the time t
+ 4t. The layer O~ hes increased 1ts uass by gp«~£y ’
Thereforc, oni the assumption.of.no-advection and no
stretehing of the slementary volumes of air; the particle

e

of air originallr at the lcveltﬁ4€ﬁ? (pressure F-— [ip-Ep))

v
nas dcscondand bo the level ¢ ., The individual incrcase
Rarticle of aipr is EP, and the local

variation of tCberhtu“C at J‘ is

2:' f L ;r ‘) -Dp - i 2 i];; U}_ -.I- ,‘j; .,.,f‘jr",‘ ,.o-ﬂpaw {.1,
or for fn = 24 nours, with our previous notaﬂlons
e SO e i A ,
O i Aps Kiy“‘ﬁﬁﬁﬁi@?

which 18 the same as ecuation (7). The individual

o

variations are :
' Dy Qg ’\‘\{;}'P AP g L

On the zssuinption of no advection the lack of
constancy of &y at differcat heights must be
internreted as due to streitching of the differcnt
elementary‘volumés_of alr. Thé aitount of stretehing can
be casily commuted. Let us assume that the elementary
velume of air %z:g’az**fd?ovipinally cciitred at the point

presgure poand temperature T (f'i.g. 6).
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After a time dt ite volumc has changed to AT +ty

.

) =

P

- 1. e w5 it . s
oo 2 e =ifed o) 4 5 R ;
{}:Tﬂiﬁfng R s while its level, pressure and

temperature change to GF+bi¢, P+&p- T+ T,  Assuming
a horizontally homogencous air mass and that the whole
layer of alr at Qﬁ sexperisnces the samc changes of level
and pressurc, @ unit volume centred around the point
viL@EE¥ w97 have the samc pressure and temperature
as the unit volume which it displaces. From the
adisbatic ecuation we obtain, neglecting torns of

superlor order, . : £ ek
EEC st £ _%_"_-2 s E."-::"d— t;"" “";‘ —&&g:

"

.,-—--:‘;_::‘:.-.-. e 3 ? d‘» E{,:’!
F\ £A \~_ P Lﬁ:fré f!)‘: ) .
and as D 1) WYY, by integration it follows that
. Il i.ﬁl 7 Cg 8
G o O WU P — DB,
oL G R Ty PQLﬁﬂ yﬁ?i¢ (8)
Mot i : ? i 2w
(Y5 - f}i,
o S v 4 r e 1
with O =8 fer L0

!

The local change of pressure at § will be

v, o . "y
~ - o 3 LI A
Bow s B e s R iz Bea e o b 6;!’ ; r, i L7 o
Cpp= iyt +& beﬂ' frie o 2] - ] R AR T "oV, A I
BET P TS w0y a¢ / g (9

If wo assume that there is no stretching, ( &Ho=0),
and that the increasc of pressure &ip is constent at all
heights,as due, for cexample, to an inereassc of mass ab

the top of the atmosphere, ecuation (9) Tecomes

Copm B {1~ FP (dz) (10)
L,ff }’.3 !EL i’* iR _ ~-§r: A P jl

This eguetion was gilven by Rossby (guoted in Rossby
(1928)), assuming that there is an increase of pressure
(2ip =71 in his notation) by advection at the top of
the atwmosphere and nc stretching of the air colum,
Later on Rosshy (1928) produced another formmula for
arbitrary advection at sll levels assuming no stretching

of the air colwm and that "a layer of the thickness dz
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ig through thu advection brocess replaced by another
layor of the same thickeess" (Rossby's assuption IV),
Hrtol and Li (1935), dropping this last oondition, gave
for%§§! an ccuatlon simllar to (10} but with EQP as a
function of z. Their zrguient for rejecting Rossby's
assunptlion IV amounts to the-followimg: The advection
above the surfoce 7, brings it to 7, while the surface
7, (7<) movés to Z. . The dislalécement may be
derivud as a particular case of (8) nmaking &e = 0 and
revenbering that E%zo = 0 for Z, = 0. LE an.advectivg'
ehengc of Genaity now takes place hetween Z, and Zz s .

.Efg will be disnlaced to f’ ag before, but Z, will be

- - v f, . +
brought, not to 7! , but to 7, . This is due to tho

fact that the advective vuriation of pressuares on top of

~ .
£, 1is not couwnterbalanced by another variation of

nressure underncath that surface. Now 1t is clear that

. e . -t !
the change in heilght of the column Lg¢ ™ &

-

duc to this
caugs, will be ecual 2ad of owposite sign to the change

¥

in height of the colum &, -—8uiTace, 80 that the height

of the surface i, shove the ground remains wnaffected By

the adveection vndaerneath E; . Therefore the formula of
Brtel and Li roaduces to the original Rossby formula
for advecticn at the top of the atwmosohere, which, as
Rogsby moluted out, gives, when {1 L2 found to be
arizble with 2 , an indication of the anount of

advection at the Intermediaste levels.

nossby’s forrmla, snd that of Lrtel and Li, amsumes
that no latoral contraction or expénsicn of the gir
column takes place, which as Palmen (1.6.) rightly

remarked is a limitation thet cennot be maintalned in
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(1)
the stmosphere . Formula (9) is of a different type.

Advection is not considered snd the varlability of the
individual chonges of alr pressure at different lovels

1s attributed to stretehing of the intermediate layers,

To apply this forimla (9) it is nccessary to lnow
pimultencous values of f(&’[’ and Opp=Op+ A-a'!? at the different
lovels. Wiﬁh this purpose, the interdiurnal variations

of pressure and temperature at Thorshavin have been
classified according the sign of the simultaneous

interdiurnal variation of surface pressure, and the value

PAFAN PIVAN §
of s ARl ond )'zj‘,?‘,__\m have heen computed, fgrﬁeach group,
from the surfacc up to the 16 gkm level. Tf?igL\ {8 the
- »

algebzpic average of the interdiurnal change of nressure
and “?ﬁ%%iﬁ;thw alpobrale average of the interdiurnal
change of temperature, ner wbh, of surface pressure
interdiurngl variation. Tﬁén‘ﬁwf per mb of [ip has
been computedkfor'fach sroup as before ( § U4), adopting

a 1apse‘ratCAa%;"BL for- the groupgﬁ?ﬂ{;o . The rosults
ure given in Table X, which also gives values zfi?p

[ENARTS

maltiplied by
*-.'\.F”T

[y .S -
prassure undergone by the different layers when the

0 obtain the local variation of

surface praessurc incercases or decreases one b, Theso
‘values have been plotted (fig, 7) and from the curve

smoo thed values have beoen taken whiéh appeay in column 10
of Table X, the upper (lower) sign correaponding to +1
(~1) mb. Pinzlly the formula (9) has been applied, -

Computed values afcﬁ‘ﬂand 5@* for steps of 1 gkm.,, appear

\})Palmen (1932) using aznother formula by Grtel with the same

pressure variation duc to the different layers of the atmosphere,
which is @ good example of the unsuitability of such a
simplification, Passing from intensely cyclonic to intensely .
anticyclonic caases of polar air £illing the whole troposphere,
he arrived 2% thoe result that the total change of pressure at the
different laycrs up to 19 km. due to the intermedlate layers,
amounted to 4+ Z1.S b, 3ince the observed surface pressure
change was +l2.6 wmb. the remaining term abhove 19 ka. would be
+20,7 mb,  But &t 19 km. the preesure change Wwas only from 71.6
to 72.9 b, op +1.3 b, (The pressures glven here have boen
computed fron bemporature and potential temperature valueg at

19 km., cuoted in Palmen's paper).
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in colums 11 and 12. Valuss of 2,0° have béen plotted
in fig. 8, |

In order to illustrate the conception bf vertioal
motion and stretening in thﬁ atmosnhoere to ﬁhich we zre
led zg a result of these computations, fig. 9 has been
prepared, The pecked lines represent the vertical crogs-
sectionlof a elreular colum of alr 10 ki in diametor,
extending frow the sca level up to 16 ghn. This cplumn
is divided in 16 parts by ths standerd level surfaces.
The profiles of a vertical section of the sesme column when
the surface 2ressure hes changed Ly 10 wh. are shown by
heavy lines on cach side of the vertical cross~sectlon,
thie profile on the right hand side corresponding with 10
b, Increase of surface nressure and thot on the left with
a decrease of 10 uwb. If wo imegine that the left hand
side of Tigure 6 is the first state (cyelonic) in a
nrocess of inercasing nressure, the different slabs of air
undergo chonges in height and arca which end, acfter an
weraase of 20 whs, of surface pressure, in the staote
(anticyelonic) shown by the right hsnd side of the picture,
the peclked llne figure giving the average conditions of
the atmoaphere, The alr below a level at approximately
9 gl descends wien passing fron eyeclone to anticyclone,
while the air sbove thet level ascends.  Horizontal
expenglon of the slahs talkes place below 7 gkn and obove
10 glua, vhile between 7 and 10 glm. there is contraction.
The contrary havnens when passing from anticyelone to
eyclone, There is a layer of alr between 8 and 9 gkm
which noves horizdntally. It seecums llkely that
enother laover of horizontal mofion will he encountered
also ot about the 16 gk level, since, as has been
pointed ovt wbove ( % h), the effect of neglecting
advection in the unper stratospheres is o increase the

-

absolute values of the computed N .,  The values given

[P
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from Simultanoous variations of p and T at the same
level, point to the saine conclusion.

Plg. 2 and Table X give an average pleture of
vertical motion and stretching in the atmosphere. It
gpmears dcsirable to have analogous computatlions for
diffurent_barometric situations. The analysis of Sault
Ste. Maric ascents by Penner (1941), déscribed in § 2,
seems sultable for this purpose. 48 Penner has nointed
out, his grouping of ascents strgsses the affects of
adveetion for caeh group, but when the differences between
two consecutive groups arc considered; the advection
e¢ffects should wmartially cancel out.

This expcctation seens to bo fulfilled to some extent
ag shown in Table XI ond fig. 7 which give the wosults of
the computation. The phase of the sccond harmionile
conponent for the nressure, as given by Penner, shows a
discontinuity at L km. whilc ot this level there is a

secondary maximuma of the first coumponcnt umplltudes of

pressurce and btemmerature, The singularity of this level
connected perhaps with the verticol extension of polar
continental air masscs aond subsidence surfaces =
introduces changes in the variations of &2 ond ' +80 with
height which do noﬁ appear to be justified. For.this‘
reason the coputation of Es has beeﬁ meds for tho.u km,
gtep, 2-6 km, in addition to the computations by 2 km.
stocps from the surface to 18 k. | The computed values

of ©xz for Z = 0 cre glven to complete the 1llustration

of the errows introduced by the no adiabatic effects

of advection in the lower troposphere. The

tropopause and ihe system of fronts draw tentatively in
fig. 3 are conserved in figurc 10 with the same purpoée.u.,
Fig., 7 shows a rough schematic division of tho

atnosphere inte two xind of cells as revealed by the

commputations: one Lkind defined by the pecked lines, in

[T P R
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which the alr contracts (“}- r extends (+) hcrizontglly,
the other-defined by full lines «nd arrows, in which the
alr ascounds or doscends., It'sﬁema that the lower limit
of the cells ousht to sturdt Trom the‘pointé Le and He,
sloping towarde the left hand side of the.figure in
agreement wifh'tha backward inclination of the pressuré
trough in tho tropospherc,.

The pieture given by Tlgures 5 and 7, obtaincd frém
observatlons with ihc modifications jJjust refcrred to ,
has soms features thot sgree with ideas put forward on
several occasions by diffcrent cuthors; howover, .1t docs
not agree completely with any of them. I we substitute
stretching for diverpgence, it cgrees in the loyer between
7 and 10 gkm. with the scheme given by J, Bjérknes (1937)
as a result of a discussion of Dadebant's (1936) formula
for the baroactric tendency, but 1t iz at variance with
Bjerknes rcosults in ths lowsr troposyphiere and upper
stratosphere, Fof the trorosphere the agreement with a
picture given by Douglas (1935 aiter o qualitative
discussion of ihe processses at wofk in the troposphere'is
remarkable, There is in addition agreement with Palmen's
results (193%2) regarding verticul motion of the air in the
upper troposphere and lowoer stratosphere,  The effeets of
advection in thc stratesphore and lower troposnhere of the
Gorman meteorologists are here interpreted as effects of
vertical wmotion and stretching (or divergence)., The

8light effect of advection .in the centrsl troposphere

pointed out by Ficker and Brtel and Li (l.c.) is explained'

here by the vertical motlon which compensates for the
contrary effect of stretehing, lesving unchanged the alre
density at the isopyecnic level,

6. Comparison between p, T observations at Thorshavn
and elaewhers,

The analysis of interdivrnsl variations of pressure

and tomperature at Thorshawn (8 &4+ and 5) shows scveral

et e e
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interceting featurcs wihlch will now be discussed.

(a) Simultaoncous veriations of wressure and terperature

in the upper S5LratosNerG. _Tablc VITT ghows that foy

Lap < Y and rf:,,r 3 ‘tﬂu sirns of z:'.lp and AT are the saw from
the surface up to 9 gion, cpwosiie av 10, 11 wund 12 gk,

and 2gain the same from 15 gkme upwapds, Since Dines's

neper (1919} it has been cccepted in toxtbooks and papers

i T

that the co rol“tiou hctw; Vo oand T is pogttive In the

tropaspiieire and negmulve o the ztratosphera. Dines %
. 4

‘ g #

(Lee, page 67) gives o todle (ruproduced as Table XIX i

in this papcr) of the p,T corrslation coefficlent,
conputed frou about 100 asesnis, prmbmbly all of them
made in the British Isles, In Table XLI the change of
the sign of the correlation coefficient from positive
to nagative takes place between 10 and 11 kmy and it
remains negative up to 13 kme the weximum helght
investigated, However the smusl means of v sh?w

an ilncreaso (in ahsolutbts valuo o i@creaﬁe) from 12 to 13

when values of

EN

km, which iz nich more pronowicst

o

for the periode Apwil - June st Suly - Sceptomber ars
considered: April - June: —‘G.Eh g3 12 ku; = 0,01 at

13 k. ; July Sentenber 3 ~0J41 at 12 km; -0,19 at

13 km.(l). 1% sec that the v is a minimws at a height
that has a seaconagl Vdedthu. TT¥ tois vicew is

correct it is to he exypected thet the chonge of sign in
the snnusl svecage value of T would occur uround 14 lot.
in the latituds of Tagland, Thizg ia confirmed by the
values given in Teble XIII, computed from about 70
ascents made et lew and Sealand during the period 1935~ Jtla
It is thought ithst all the ascents nmade at Kew and
Sealsnd during the perilod are not filed in the T.MeS, bub
all the sascounts whnich srée ab present available and which

reach at teast 18 gkm were uscd for cowputing the

(1) The probable error of v is of little interest in this
connection; the variation of r with height is the.
significant feature frowm our aspect,
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correlation cocfficients, On days when more.than one
uscent was uvaiiablc only ong, thoe highest, was consildered,
irrespoctive of place or time of launching, In order to
8ot on idea on the representativencss of tho series, the
dtstribution of the ascents by months for the 16 and 20
gl luvels, and ¢lussificd accofding the surface pressure,

is given below:

HHonth, Jg PMA H JJdA80 N D Total
Scaland 3 L 72 O 137316 6 L 56
16 ghm (Xow ¢ 320 4 201120 Y O 4
No. of ascents Total 3 792 4 157L26 7 4 7F0
Scalond 1 3 8 l1 © Gh 211 1 O 23
20 pglm (Kew 0 100 1 1C¢c0C00 O O g
Total 1 K31 1 74211 1 0 2

Surface pressure < 980 980-990 990=1000 1000~1C10 1010-1020 1020=1030
1030 Total

Nucber of ssccnts 1 5 10 13 . 26 13 2 70
It seems from this enalysis that the serices is fairly
repreeentative zlthough the numbesr of Sumicr ascents is
sonewhat greator thon the numboer =t other seaséns.

The change of sign of ™ has been found slso in a
serics of Goriuan ascents, made during Moy, 1926 (20 casges,
selected simllarly to the British ascents), at between 12
and 1% gkn, and in & set consisting of a smell number of
ascents, wade In Apeil 1939, distributed all over Europe.

A simple discussion of the static couation shows that
the »,T correlstion cunnot be a negative one through the
whole stratossihera,. Lot us supposc that p and T are the
pressurce sod tempersture ss given by cecent A and p + & D
and T - 45T (gﬁ?}(jsglfkn ) the pressure and temperatﬁre
as given by ascent B, at the‘leveiip in the lower
strotosphere, where the corpslazstion is negatlve. Agoents
A and B wmay be wither asconts moads at differcnt times in
the same place, or'at different places st the same tine.
At the lovel ¢ the. air density at A is less than the air
density at B, and if, for sake of simplicity, we assums
a zero lagsc rate in the stratosphere in bothscéses, it is

easily scon that the pressurc over A decreascs less than it
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does over B for the sane increasec of level, Hence a
level wlll o reached where the pressures glven by both
asceonts wlll Bo Qﬁual, and boyond that level the grcater

Lregsure wil

ot
o'
[

asgociated with the sseent of greater
temperature; in other words the »,T correlation will become
posltive. |

(v} Intepdiurnzl variations of prcséure and temperature at

Thorshavn and clsewherc, Hourwitz and Turnbull (1938)

using Jorth-Amerizan dets, have nzde a comprehensive study

of the intordlurnal variations of pressure and temperature
at diffevent levels, These authors classified the
interdiurnel veriations according to the interdiurnsl
variaticn of surface pressurc, obtalning three groups

(.Cxp,,‘?% oo, They found that, with inereasing surface
pressurc {(sca Tsble XIV), the algebraic mean of pressure
variation at cther levels is positive, cxcevt for small
nogative veluos st lu and 15 i1, while for negative changes
of surface pressure, ths ulgebroic ncon of pressure variation
is necgative up %o 7 Jm and positive beyond this height,

At Thorchovn ths variction at 211 levels is of the same

-
5]

18 at the suriacs, Passing now to the sign of the

b

sign
interdiurnsl changes of tempevature, the results of

Hourwitz and Turnbull ehow thet, except for o few csses

0

when O ]?ut.“f ) 2nd for heights abovs Im when :,’.\?.,-*‘Q o, it is

oprositec to the sign of the changes of surfoce pressure,
This is at verisnse with the Thorahavm Tn:-‘-sut(..u:. as the
cuthors pciﬁted out, grouping the maoterial in the way
“indicated obviously combines very différent cases, For
instonce, s rising surface pressure aignt, among other
causcs b brought cbout by adveetion nesr the surfaces. o
sconrote these cases they subdivided the pressure groups,
Y

APy &
k

v,

aceording to fthoe sizn of the wvoapiotion of the

s
S

1Y

HNan teH@eratureﬂﬂm of the lowest layer from the surface
ui to 1 lm. secording urnbull and Hourwitz the mean

tomperatusce T,, was preferred to the surface tewperature to
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the surface temperature to eliminate the influence of

very shallow ground inversions, Thus the four groups
’}:b‘, >ﬁ s ’a'mo “ :'}

Hp <0, AT, } 3

Hp D20, ATee 7 O

INop, <} , AT < 0
vaere obteined, The results are glven in Table XV,
adjusted to unit change of surface pressure to mnake them
comparablé.with the Thorshavn data given in Tables X
and XIV. | _

Hourwitz (1927) had mode previously a similar study
using Iuropeon ascents. For the groups Apr0¥and Hp<C
he found opposite sign forsdy and AT below, ond the same
sign above, the niddle layers of the troposohere. In
other words, in the 1¢wer troposrhere Duropcan ascents
give the same rcsult os the asmerican, but above they agree
better with the result found for Thorshavn. Haurwitz's
results for Suropcon ascents classified according the sign
of Ay, and &1, , and adjusted to unit change of the
surface presgurce, are also given in Tﬁbla XV
That the differcnces are due Hulﬂ““ to advection in

the lower layers of thoe atmosphere is clesrly shown by a
comparison of North—gmcricaﬁ and Suropean ascents with
those umpde ot Thorshavn. vlien the signs of surface
temperature and pressure variations zre the same, the_
atmosphere in North America and Lurope shows - except
for tﬁe absolute magnitude of the average values -
sinilar varictions to those found at Thorshawm when
ﬁky@?() irrespective of the surface temperature variation:,
In these cases the higher level varictions at North
America ond Burone are less affected by the surface
udvectlon and can be compored with Thorshavn ascents where
the effects of surface advection are a minimum due to its
geographical situation. For instance, the polar

-y

continentol air reschiing Thorshavn undorgoes important
changes during its troajectory over the warmer sed. Table

IT shows that thc averoge difference of temperature
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betwcen doys when the surface pressure has increased
and decrcased sinece the previous dey amounts roughly
to 2% up to 3 gkm (maﬁimum ~1.7% at 3 gkm, or - 2,0%
making nllowance for the adilc ﬁtic worining) which agrees
with the statement above.

If the North American dats for the lower layers of
the tropospherc, when the signs of surface pressure ahd
terperature variations apre opposite, is neglected, thé
agreemenf of the data given in Teble IV with those for
Thorshawm (Tabio XIV) is very satisfactory. For the
Europecn data the agrecwment is not so good. Tha‘lcweb
layers of thc atm:ospheve in Narth America ond contiﬁﬁntal
Burope are in thesc clrevastonces generally filled by
continentel polar alr, reswonsible for o great part of the
inerease of pressurs ﬁnd the decrease of temperature at
thez sur'fa‘xce.l The fact that the sgreenont in the u}ﬁper
1ayers of the stmééphere ié better in the case of Torth-
america and Thorshavn than in fhe casc of Furope and
Thorshavn, éhows thot the effects of aiﬁcotion of cold
air.nedr the surface nﬁe for mors Lwportsnt in America
than in Survope where zdvection coens to affoct higher
levels, Pornaps hoquef thils Efeqter effeet of
advection nt thc surfzee in Americﬁn is due in part
to the distribution of coses ﬁctween the different mpnths.
An analyeis of the datés of the ~werico ascents used_by

Haurwitz znd Twwnbull sives the following result:

A0 4 6
AROD AL >0 10 10
ap2 AT 0 b 7
Dpst ATLLL 2 2

Total 20 25

MA MJJ4a 5 0 7 »HYinter Sorineg Summer Agbumn Tﬁtdl
20 L10G 5 7 4 3 13 6 1 16 36
20 5230 L12 &6 8 28 7 5 22 62
11 2220 3 1 1 5 16 n n 5 29
20 4120 1 5 0 © u_‘ 6 3 6 18
7115 6?@' 13 25 11 16 61 23 13 49 146

The following Facts wie zignificant: thore is not a
single ascent in August; the percentage of ascents for.

the four seasons is as follows: ‘Yinter, 19; Spring, 19;
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Sunmer, 28; Autwun, 47; the percentoze of ascents when
signs of QApeand 4Ll arc the same is ss follows:
Wiuter,'SE; Bpring, 43; Suminer, 5h; Autumn, 22, HNo
date are given by Huurwitz which pernits of a simllar
anélysis of thie Lurcehocan asconts,

FromAthiS discussgion it sees that advection.in the
lewsr troposphere over the continent so wmasks the
relationship between the interdiuvrial changes of pressure
and t@mpcfatnre in the atmosphere, that a. agifferent form
of classifying fho cheservations would be wst advisable.
This effsct of sdveetion is less inportunt at Thorshavn as
is shovn by the figures glven in Tobles I and XIV.

-

Advection of cold ailr in tho lower levels 1s not rreoat

encugh te result in o chonge in sign-cf the average pressure

variction at zny level up to 16 glm.

7. Change of sign of the p,.T coryelation neapr the
tropopause.

48 indicated above Dines's cerrelations betwsen
pressure and tempersiure have bsen freguently quoted as

wositive din the

=t
o

meaning thsat the corrslation
troposehere and nP;:-lve in the stratosphere. It has
been aslrsedy shown that +n9 correlaitica is positive in
the stratosphere st levels above the highest investigated
by Dinss.,  This cLange of sign from minus to plus with
“increasing height ﬂun been explained above by means of*
the stzvical ecuation. The opposite change of sign,
taking »lace at a height apﬁfcximately egual to the
average height of the troponause, muet be explained
elther by advecticon or by vertical wmotion of the air.

In §5 it has been established that & change in the sign
of the vertical motion st Thorshavn takes place at sbout
9 gkm, a level near £he average helght (9.63 gkm) of the
tropcPause._ Over America (fig. 10) the change of the

gizn of the vert’cal mction appears to tazke place at some

distance below the tropopause;fbut following the variation
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of the trovopauss hoipght with ths successlion of Llsng snd
lows, Tne first chenge of sign of the correlstlon

cacfiiclent Fow auldand Juping 1935-1938, (Tﬁble ALLX

takes plnese bebrson 10 ond 11 gln, the oversge troporause
nelght for the pavicd buing 10.0 oo, fhese Gota, having

regard to tho osoilvls

r

oelnt the simalsaneous

Yoat Thopshavn were

- . ¥ - - P R T T e - e I o Y s g . g -
clessified scenvding the repion of the etuossthaers in vhileh

[

they took place, nsglecting casuB whon the tropopause
had mzzsed, during the 2L hours nf¢¢0u; through the level
conegldarad, To tae dats vsed Tor tho commilation of
Table VIII =rerc 20ded the intoxiiuom

mothe

nteynolation
soinis oiven in the

15'39} . Tahle 20T

P e e e T e ey o prp——1 - e .
D0 o FnRa s Lnsordivrnal CILAEC

of fomporaburs ooy unilit of Ioterdiarnal soessurs varlistion
t the sams lovel, for ifnsevscming ood ooosgasing 2oosgarc

. U SR SN e g e PO A e T, .
in the trowossihcds and stratosgpacre, and oo numbor of

cases on vhlch cach svorass iz bosod,. Thie seqarcity of
dats docs not somelt delfinite concinaicns, dbut thors is

somc indicgiion thet the sign of tho interdiurnal veristion

o
3

chenges =ith the height rothor then with the region -
troposphcre or straotospbors - in vmleh the variction takes
rlacac, Tho veluce of the coppclotion coofficicnt bobooon

p ond T, for troyosphiru and a8tr. o

during the same pewziod, given in Toble IVILT, togother with
the velues of v whes o discriminction is wnde, suggest

the sonc result.
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oble XVIII. vhich is sclf cxplonctory 1ike Toble

AVIL, gives gluller valuwes of T coumuted it the 70

(1)

Britlsh ascents roferred to 1a § 5, (a) Tails
table shows that the corrclation chrnres from vositive

to nogabive not when passing From tronoshhere to
straﬁo&phcru, tut vhen passging through certain lovel, thot
WCNDUnS fo o1¢ R thG aver g h@ight o the tropopausa,
1t would be of aomsidorable intercat to have similar
velucs computcd for other ploces in difforont Latitudces
in ordor to romch o definlte concluslon ohout this point,

Averoge velucss of pressiurd -ad tomperature ond their

different ac 1gnts (fig. 11 and 12) oyo widely differont,

ch

the coneclusion bolng that the correlcosion cocffictients

vhaon ne dlstineti

2 is mude betweon trorosphurc ond

o
o

stratosvhere scems to he meaninglesy,

8. The coreolotion botwoon « B0 ““uflc nresssure ond
tronopauss hois ht

Prom the voiunes given in Tabic ¥ it is clear that the
tropopruss is corvied up ond donir by the vertieal transport

of

i_.l-

[al
L

r oo troposphoms ond strodosthord. A zZong in which

verticnl motion, sseending with inerouns
3

l""

ng «id doscending

prossure I

Ui

with deocroasing surfoec cncountcfo&, cxtonds
at the latituds of Thorshavi: (62°K) from cbout 9 lkm. to
chout 16 k. 48 the leovel of the honogoncous atmesphore
(b, = R, ) slopes gently from the Polc to the Louator,
the poundarice of this szons mry be tuken cs boing the 8
cnd 17 km. lowvols. But those arc the 1imits For tho

crogo ncight of the tropopuusc: 17 k. at tho couator
cecerding to Bat:v-d azcents ond & k. ot the poles record-
ing to the asconts so for vublished including those mode

by rodiosonde ot Littlo susrics IIT by tho U.S. Antarctiq

(1)

-4
'5

o eorrvection for suomonnl ction hae

been cpnlicd o v ..
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{Court 19&2).(1)

Tith deerersing surface pressurs the oilr betweon say 8 an

Service's cxpodition of B939-4l

17 km, descends, lowerlng the tronovousae, The limlt of
the descent will uopmally be 8 ka. os Bolow that lovel th
dlractibn of tho verticel motion of the -ir i8 roverscd
and o furthor Geerensc of sprfrce presasupe wiil lecve
Statioanry the tropopousc, A sinilor nﬂch:nism-woula
cxploin- the lifting of the tropopnusu with 1nurcastng
surface pressure and the existonce of o moximun of haight

of the tropopausc,

It seems thon that the troponcuse will be below the 8
kul, lcvel only on oxcentional occoslons of low surfacs |
prgssure; The Lloyer of stretehing nomwmlly found
immedintely undernenth the tropopousce over the rear of
depressions will then be at lower heights and proﬁahly
very pronounced, thus accouhtiﬁg'for a lowering of the
lower limit of descending air ond for the funnel-shaped
tropopaousc {omastion,

The nost parmanent fact in the atmosphere seems8 to

be the constancy of air density at the isopyenic level.

(1)

The fact that the recognition of the tropopause would
be somewhat difficult during the polar “Hinter was forecast
by Gold (1932) in the following words: "Consecuently, it
appears likely that during the polar ﬂight although the
stratosphere may be reached at lower levels over the Poles
than in the temperate or equatorial regions, 1t will not
in fact he an isothermsl stratosphere, or a stratosphere
with temperature increasing upwards gs is the case with the
stratosphere of lower latitudes, but & stratosphere in
which the tempmerature decreases upwards and probably falls
to levels substantisly bolov the tGWLL;dtuPG found at any
other ozrt of the abuosypaece! (G016 6 LLHLI1CS) .

i
i

Foowwi T

In the graphs of actual Winter ascents given by Court
in his very interesting paper there are several points
that may be considered as representing the itropopause
but this is eodally the case in some ascents made at
lower latitudes in speclal circumstances, This
suggests that the arbitrary definitions of tropopause
at present in use need revision, although such revision
gseems difficult until & cuantitative theory of the
stratosphere 1s availsble,
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The vertical motion of the atmosphere is a dlreot
theoretical consecuence of its exigtence , The
pressure at the isopycnie levél seews, therefore; Lo he
the pressure most cofrelated with the tropopause height,
This view is confirmed by the vslues of the correlation
coefficients between  and the pressure at diffewent
levels at Thorshawn, given below:

. -—-r s - — "':-—'v—"
% 1 2 5T 4 5 6 7 8 | o 10

—— , — - ”
Ty, =+0461] +0.59[+0,65] 40,69 +o.72l+0.75 +04 79 1+0,80140. 85 1+048% 140,83 140, 80

The probable error bedwgen 7 and 9 gkm, 1s : 005 and
+ ] .
- 0.06 at 5, 6 and 10 gkm, 'The regulariiy of the

. coefficient variation wifh¢ points cleprly towards the

"
o

existence of & maxlmam at the iscpyghia leve;.
The eorrelation even at the isopyonie level 43 not

a complete one, because cothey Ffactors are @lso present,

for example, radiative ecullibrium. of the atmosphere,

zonal transport of the tropopause, as suggested by

Bjierines (l.c.), ete, hen the variable effecats of these

other factors are wininised (ac in the case of polar air

filling the whole tropospherc, which was investigated by
CPalmen (1l.,c.)) it can be expected a cussi-perfect

correlation (qu% = . +0,92, Poluen). At other levels, .,

Lowever, the nuwiber of disturbing factors is greater, s

an@ the correlation coefficient smaller and variable from,““
plece to place, This is the case iilustrated by the

values given above and clsewhere by other authors.

e

ﬂ(}) Phis statement is not intended to imply a causal
relationship: 1t means only that, the constancy of

air density at 8 km, being conlirmed by observation,

it is necasvary bto accent-the existence of vertical
motion ¢ thw oir as a function of the surface pregsure
variations. : L
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9. Zontl transvort and verticael wmotion of the tropopause.

The sverane temperature level curve for Thorshavn
for the period 27. 3. 39 to 30. L. 39, ie given in fig. 13.
It has been drawn in- the usual way,'straight lines Jjoining
the points whose absclspae are the Btandafd levels and

whoge ordlnatus are the corresponding sverage tenperatures,

——y e

The polnt T = Teiy., ¥ =% ( T,, = average
teuporaturo nt the averege tropopause level (e = 9463
- gkm) has been added to the graph end joinaed by & poocked
line to the polnts representative of the two ncséreat
Btandard lovels,

If wa courpute the sverage temerature of the
tropopause e find that the representative point ft,fﬁ;
of the everage tropopause is not on the temperature-levél
GUPVE . That this ie ponerally the caze can be easily
demonstrataed. ‘

Let :1; be the average temperature at the level P,
and Ty, the tewperature on a particular occasion,

Then Ty = T *
where § 15 the lupse rate and {= f;?c*-'"(ﬁ; the departure of the
actual (f)c frow the sverage gf’: + If we teke the average

o

i lp‘- i ey : ¢
n n T (7"‘ n

Let £ be the average tropospheric lapse rate (\3!'3‘ 0

- l"' .
when the tropopause is above the average (@~ = ¢ -:'O )s
end Ps the average stratospheric lapse rate (&% 0 in
general) when the tropopause is below the average (c,o.:»-ip =

£'<0).. The term-—‘:-‘ff can be written apgroximately-

......

ggs, . B;f ~ By v

™,
where n'(n*") 4s the nwmber of casos when the tropopause

: -1 f 3\
is above (below) the average, and & '\5",1 the ‘average of
the corresponding positive (negative) departures., ~When
the stratosnhere is iscthermal

R U S 3 SR
]‘f‘r REE f-*—‘-t-*;%” i

where ¢ is the averape departure of ths tropopause from ite



1.

aversgd lovel, irrosuectiveé of the signe
. L T Loy . 0 ..‘.::-!.__. . o
% A S G A TER T ‘q. &3 = '"f)’-‘" « 10 3 A -57. 6 C ;

Y= 40,82 i (17 casoes) ; -~ = =0.76 zkm (18 cases),

Thame—n

snd the 1o as ?mtﬁﬂ.ﬁﬁVﬂ the voluss ¢ = 04 G/ékm;

o OC/ . e en " -

By = =2,7 ’/éxm. (able XIX), e {ormula abeve glves
= = e A0 - - .
Tags = Ie = %670 while the dirsct computation glves

5l =07, 8) = 3:.57°¢ which iz a goold agreement,

In & nunber of nunlications thcf@lare given
tcmpcraturﬁ-huight graphs with isoclated points .
represoenting the overage ironopause, but as no mention is
wade in the bext of the-isolatod points, i£ seens that
their %ﬁistcnec'was stirivuted to the dAilfferent number of
asceitts used Jor computing the ﬁvarage, some of the |
asconta not hoving reached the stratosnhere, In_other
publilecations the tropopause point has been jolned by a
1ine to the noints representing the conditions at the
Btandard holphits 1mmadiﬁtcly above and below the average
heipght of the tropopause, which, of course, has been
possible becausgs it habpenm thiat i unt exactly a standard
helght, The curves referrved to have an unusual
aopearancs because ?ﬂ 1s nesr and bhelow a standard height,
which produces at the base of the stratosphere a sharp
inversion,'even sharper than is normally found In
individual asesnts, But if it happened that‘ﬁ;be near
and sbovc @ standard height drawing of the curve this
- way would result in the ﬁppearance of a superadiabatic
lanse-rate st the toy of the troposphere, which is
obviously wrong.

It is Imown that the tropopause rises or falls
when tho suarlfaco wressure increases or dacreases and
¥ appears from frevious paragraphs tnatv this.riaé and
fall muét be asgocioted with the vertical motion of the
air, Tt must b expected, therefore,; that the average
lapse-ratc sbove and undernsath the tropopause will be

different when the tropopouse is aboye and below its




' 1}20

average pesitlon, The teuperatures ot =) and @+
glm have bogn inﬁurpolated from the 35 Thorshow ascents,
taking 1ntu.mccﬁuﬁ¥ the significant vointse, Table XIX
glves thoe everape towmmoratures ot -0, 9 and ¢f, + 14
fopr tﬁe SO g&CLQﬂ 3ﬁu1 2 }'éi » and the average
lapee yates our glzn for the upper troposvhere and lower
stratospnoure for tha sl tWo groups.

The lapss rate for the hishest glan of the tropospheres
chanzes from +5.u to +6.h°0 and the lspaee rate for the
lowest glan of ﬁhe stratospherc changes from 2,7 to -u,joc
when the average iovel of the tropopause varies from 8,85
ka to 10.45 gkm. decording to the'aﬂvection theory
these voarlations ought to bg accounted for by an analogous
variaztion of lapsc vete with the latitude, The present
writer does not mnow any published data for lapse rates
in the troposphore and the stratosphcre other than tho

lapse pates that can be obtained fromn the avcragc values
of temmerature at the standard lovels,. But lapsc rotes
computed from these avmfagus hove no physiecal mcaning .
However it seenus certain thaet nct such big variations of
lapse=rate with latitude csn be obgerved, nor does J,

's cxplanntion (Biorknes 19%C, figs 19 De33)

Bjcrkues
of the diffcrenv types of temwerature-heipght curves at the
troposphere, hased on diffcrences of speed at differcnt
levels, wugrec with Thorshavn observations, Then the

cxplanation wust be foun& in the vertical motion of thc alr

above and belew the tropopause as a whole, — The formula
0. 1Y
ogb = constant

oo "ﬁ’

(l)It would sppesr desirable that the method of computing
the data published by the Initernational Aerological
Commission, ghould be cxtended to mest this point,  This
Cinvolves the adoption of the tropopsuse as a reference

surface in a similar way e wos done in o paper hy Dobson
(1920) desding with tho variction of the wind ot the
tropopause and by Dines (1928) in an investigation on
chonges of tempersture with height in the stratosphure over
the British Isles, )




us.

wheore o is the cross section of z layer of alr ab nressure

p ond levse rate 5, and T the :disbatic Lapse rate, holds

for such csgos. The -application of this formula is,
nowever, limossible because the varlictions of ¢ are ndt
knovi. Foy the velues couwuted 1n-5 5 ape average valucs
that ecznnot bo axplisd to the two cxtrene groups in which
ths rsseints heve Peen cl&ssifiu& in this cgease,
Cuclitotively Thorshawm V“ri tions of the tnoposdhoric

and stratespheric lapse-rates agres with the vartctlons
expectod vhaon the troponausc woves vertically between two
layers in which the alr motion is horizontal, In fig.
14, ABC is the tuperature height curve belfene the
tropopouse, &, is 1ifted, If taere is no advection

the tumporabirs ot & and ©, whers the alr motion is
horizontal, will nut clianga, but the troﬁonause aftEr
Cbeing 1ifted wi’1 be revrescnted by thc point B',

thc fgmpe:ature helght cuvve bocoming AB'C, When these
changes of lanse prats orpe weferrsi 0 the tropopause as
zero~-lavel ths t@m}eraturg—hqight surves appear as in fig.

) -

14b, which is conasistent with the Thorshavn observed

On ths othﬂr-hégd the difference of the average
tropopause terperoburss, nouely —53.7OG at 8,85 glon
and —61.706 zt 10.45 gim or -8.0% for 1.6 gim amounts
Just to a half of the adisgbatic cooling which might be
expected by the lifting of the tropoveause, This shovs
thut only part of the local change of tropopause helght is
due to vertical moflon of the tropopause, ths other part

being dve to iis zongl translation as suggested by

Let the heavy line of figure 15_repfesent'the
averagss woridian section of the tropopause and the point
C its ﬁVur&:e vacl(# at Thershavn. The zonal
trunslation of the tropopavse towards the Horth iicrcoses

the tropopause loevel to“!“+ A, ond the simultaneous



1lifting of the stmospherc carrics the tropopause stlll
furthsor to_§ﬁ+35*“f (point A). The observed positive
departure of the tropopause level from the average will
be £ =2+ | In the same way & Southward translatilon
of the tropopause will lower the observeﬁ tropopaﬁse |

level at Thorshavn by an amount Q%f}f”ﬁ‘

s Where

. * . " 4 ' ]
-m)f**}i"ﬂ -~ L ﬁ'"ﬁ'being the absolute value of the
ncgative depasrture of the tropopause level. Let \yac

be the derivative of the tempcrasture with respect to the

level along the average tropopause. | We have:
: B FCEIMEE N o F TR S 5% S SN o S
3‘; = r(_’ + P C‘[’-"‘L -P\\ ‘r-f:u' o I4 -+ 1\ ‘bl‘ﬂ;‘: M 1 i E A7
g ~ ‘_-_-;," _ . 1--:_?-;- _ f 23:‘? ot :_,_, ‘- ﬁ: it ‘...”
= ie T Rl At A
Then ey )
‘ LT OB e o ( | 5y
W TG A, AU A

HEg T l]?“ ~ 27 € (11)

where A is the scui-muplitude of the apparent vertical

tropopausc motion due to its horizontal displacement, and

£ the observed loeal average departure of the
tropopause level from its average, irrespective of slign.

To apply formula (11) it is necessary to know the
PR
7 1 L2k
valug of 3 'xl,l.-:.-f:"c

[«

with peasonable accuracy. iyith that
purpose values of Tc and ), for Troms8 and Hamburg
published in THglicher Wetterbericht by the Deu-tschen
Seewarte, Hamburg; during the period 27.3.3%9 to _30.L.39
were used, Troms® and Hamburg were selected on
accpunt OfAtheTr geogravhical situstion. Below are-
giventhe average values found, which compare favoursbly’

with Thorshavn observestions:



La,

J— P

Place Te Qpc No. of cases

Tromsd (1ate69°,7M long.19°0L) | ~55,1°C| 8.46 gian | 29 cases
Thorshuvn(lat, 62,1% long. 6°8) -57.6%) 9,63 gkm | 35 cases
Hanburg (Lat.55967 long. 10,08) —59.1+°C 10.28 glm | 17 casen

» -

These give the svorage valuo (37;); = 2-40(;/9/141&.
Tho agverage departure of the tropopouse at'Thorshavn was
"é'- = 0s80 glan, v o

Formula.‘ (11) when appliad o the avorugu \;aiuee; gglifénw'in
Peble XIX, yiolds: | |

W WG

g

P o ® 1,05 glam,
loaving 0.55 gkm for the wuplitude of the vertionl displacement
of the tropopause duce to thc vertical wmotion of tho air, The
avoruge surface pressurc st Thershavn when &;’Jﬂ@;‘was 1007.0 and
whon {ﬂr}{ﬁ was 1017.6, o diffurence of 10,6 mbss  Aocording
to tho average wvaluvs given in Toble X the verticel motion of
tho air at 9.683 ghm is 247 gm, per wh, of surface shange or 368
gm for 10.6 mb., sgalnst 550 ga. obtained from ecuation (11).
The discrepancy 1s explained by thoe fact that grouplng the
aseents aecording tho slgn of {,0,: vi}i yields averageo tomparaturos
that may be :Lffoctod by fuetors othor timn dynamlcol ones, and
bocausy, aé cxplained above, conditions in these two oxtreme
groups of casus Aiffur from the averngo fbr which the vertical
motion has been conputed,

It ie to bu oxpected thai if the grouping 18 made according
the sign of tho observed interdiurnal var‘ie:tion of tropograusc
level the agreoment would be a better one.  Formula (11) cen
be applied at this casc also, if .'_2‘}: and T.f’..._i'f.-'represent the
correeponding intordiurnel varictions of lovel, The
average surface pfcsau:‘ao and tropopouse level ond temporas 35111"3_
at Thorshavn when the tropopause has been lifted since thel
previous gday .arca: 1013,6 mb, 10.03 gkm and -59.20(3 respectivelsf
and when Lt has been lovered 1008.5 mb., '9.07gkm and -55_,_-700.



Ls,

Therefore, accordiing to formula (11) the vertiaesl
1lifding of the trsﬁoyaus& due to thoe zonal motion 1s 0.80
glm, ieaving 0496 =~ 0.80 = 0.16 glm, to be explailned by
the vertical.métisn of thé’air. As the difference of
sespresenres in 5.1 wh, a‘#urtical motion of 5,1 x

34,7 = 177 &ma, oonn be axpecte& 3 the average tropopausc

1 the rothor close cgreenent between these

figures may be consgidered duc in port 0 a chance result,

satisfectorily explained by the mechsnisn outlined above.
Frov: the heilshis of the trooonsuss at the latlitudes

et [ - -

oFf Tromsd and Howburg (see sbove) it follows that a

verbliesl intordiuvrnal displageuicnt of the bropopause

at Thorshnvn cmounting to 0.8 gkm covrresponds with a

g

. £ o)

hopizontol transomort of === x 0.8 = §6°2 degrecs of
latitude or 690 lm. This is a reasonable figure for
the intepdiuwrnal zonal trsnsport of the tropopause due

to the wave-like motion astoed by BEivrlnes. IT the

tempurature varistlon od 2t iovshavn were due

only € ¢ interdlurnsni zoanl transport, the figure

i,

obtained would bhe 1290 iou, very close to twice the

L. L _— -

Ve iiiis gLvsn uaJu\fE,. S WAy, s

‘ore, conclude that
at Thershavi about alf of ithe variotion of tropopause
level L8 dug to real verticsl wotion and sbout half to

the aprnavent vertical meition dve to horizontsl transhort.
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Average interdiurnal change of lapse rates DHEop between the surfhace and the standard levels, per millibar of

‘interdiurnal change of surface pressure A po. (Thorshavn, 27. 3. 39 to UO_.F 39)

i1

¢ 1 .2 . 3 | L 5 6 7 8 9 Notes

—0.076| ~0.,050| ~0.052| ~0.060| -0,062{ ~0.051| ~0.050{ ~0.028| +0.001}. |
BP0 N L L 3 N 2 3 6 5 8 | ) &DPo=+ 6:5mb.

G No. of coses ='14
%Y ) No, M .
of hw%?_.JH Gt o 0 1 19 0 1 0 0 9]
, ed el 10 10|  w | 9 12 10 8 9. 6
AR08 _, | )
. Sipa ~0.060 | ~0.011 | —0.030 | ~0.04k | ~0.0u8 | -0.039 | ~0.0U1 | ~0.02k | 0,002
A o >3 1 8 9 9 11 14 14 10 10 | Y Apg = ~4e8 mb.
o owv B, wfw £ ’ No., of cases = 20
cases{ _m Lr., 1 2 1 H 0 0 0 0 o) -
VU 8 10 10 10 9 6 6 10 10

iy

oq




TABLE II.
Average temperatvres and pressures at the standard levels on days when the surface pressure has increased- (;"' and ;"')
tnd decreased (T and p™) since the previous day. (Thorshavn 27.3.39 to 30..4.39)

{l‘_f} = 0 1 2 3 [ 5 6 7 8 9 10 11 12 1371 14 15‘ 16

T+ "-!bf:’ . "'2-6 "'7-2 -'13017 "18-'4- -214--?' "'311#.4- "'39-0 —L].6.6 "'52-0 -511-05 "'514-00 "51:.7 "50-6 "'50.6 "'50.;6 r"50.>6

No. of cases | 14 SR N TIA  1 13 R T T I " A U PO e T A IO D [T I T I I S T

ot 1015.2 | 894.0 786.1]688..-0 600.5} 522,14 453. 0} 391. 1| 336.1}287. 9} 246.1{209.5 {179.4}153.3 [130.9|111.8 | 95.8

No. of cases | 1k o | by {a pan b pan | wlaw s |1 fiw Jiw jiy 13 12

—_ 4

T 5.3 {~1.7 —5.82-11.Lp -17.9[-24.7{~52.0{~39.1| ~16.2 -'52..-1 -511,9|-53.8 {~-51.4}-51.0 }-51. 3 -5i.u -51.6
ffo. of cases | 20 20 | 20 20 20 |20 | 20 |20 | 20f20 |20 |2 |20 |19 |19 [18. |14
= . 11008.9 859.4 781.9;685.1 _'-598.0 520.7| 4511 | 390.1| 334.8{286. 6 |245.0 [208.5 [178.7]152. 7 h30. 3]2111.2 | 95.1
‘ 1 -1 -
Ho. of cases | 20 20 | 20 | 20 20 | 20 |20 {20 20 |20 [20 |20 |20 {29 119 |19 |17

b
H3
I
|
3=
l
+3
1

;0-8 "0.9 "‘1-’-]- "'1.7 ; "‘005 0.0 +0.6 +0e1 -On’-I- +0.1 +0?Ll- 0.2 _003 +0-h- -['007 +0o8 +1 40

: : i | : .
_.'.:::p = p+ - P_ ; +6.3 -}-J_]..G +l}..2 +2.9 +2¢5 +l.? ;+1.6 +103 +103 +1ﬂ3 +101 +1¢.O +0:7 +Oo6 +0.6 +0.6 ‘1"0.7
A\ x - : . f :

QT = ..P "“'"’P . "103 '-1.3 '-1.8' ""2.0 ’-0‘8 ""012 i+0¢£l- —001 ""0.6 "0.—2 +0.1 "'05'—5 "Oo 6_ +0-1 +O‘LI- +O-5 +0¢5
1— ’ s : » ; f

eh

M



Values of }7«‘-1-%%, , Rg5, i¥nand &y in c.g.8. units.

o | mE | Rm | R% s
0 3597 16°| o -13.11 -
1| 3246 | 12.35 10%| -10.60 | ~2.86 10712
2 2,922 20;36 1 -8.38 -1l
3 2,623 24,93 - 642 | -1.05
L 2,348 28.03& ~ L.72 | 0,84
5  2.095 29,19 - 3.2 | -0.72
6 1,864 28.76 ~ 1.97 | -0.65
7 | 1.653 27.06_ —I0.89 -0, 61
8 1,461 |25.39 |+ 0.02 | -0.60
9 1.287 20,99 + 676 | ~0.61

10 | 1.128 17,09 + 137 | -0.66

M




TABLE TV,
gomputed values of Rc"LF' and observed cverage In | a
yapiations of Re a% Thorshavn in ¢.7.8, m_mmm
Rde S
tf A T TWelgnted GIgePRaLs |
{&por o |Ape<Ko __._oyeroge
0 31.5‘ 17.8 | -15.5 16,4
1 29.5 - 10.9 ~10,8 10.‘8
2 {309 | s | -11.8 10,6
3 1 273 5.8 | = 8.1 | 7.2
bo| 22,5 2.3 | = b7 37
5 | 20.7 0.5 | - 2,8 1ed
6 19-.2 1.8 = 53 . 27
7 | 15 1.6 | - 2.5 2,1
& | 161 5.1_ = L2 - b6
9 2le2 8.8 - 6.1 7.2
10 | 29.8 |- - | i_
H . H : .

M



52.
TABLE_V.
Average derortures of RE (o 2oy 8. units) from the

- averages arranfred ”cco*ﬁinf to position. rel‘_
10 surfoce 7 resuura svatems.. Sault Ste.> i

H L0 CHIGH g
km, | Front | Cenire |Rear | Front | Centre | . Reay
' - . e égamnnn}
o | -28 -9 | ~2| +u9 | 30 | o
2 | -26 |. -2z #20 |+ 37 +5 | =6
L =100 |- =11 L =15 | +24 | -2 | 415
& | -7 -9 | =3| +wm | 44 0
8 | #7 '% \;12 ? -18 + 3 +10 +‘7
f10 | +5 -t | -8 | -3 +23 | +18
12 | +7 | =18 | -29 | <3 | s21 | 30
1L o | .15 ] o. | -6 +13 ] 419
16 [+1 | -6 f-9l-2 | +9 |l+9
18 - 3 -5 =L =3 +5 |+ 7




ot
Taniy; VI,

Departares of Rg no.m.m. units) from the avercge at different lcvels, Thorshovn, 27.3.39 to 30.1. 39

0 ¥ 1] 2 ;
T 31 15|64 7| 8|91} 12|12}13;14]15!16} 2728 {19!} 20
99 ¢ 1C3 ST ] 1L | 67 651 &0 58} 45 W
1 - - - - - -
63| 62 60i €| 33] 321 26| 121 9} w.w w w 5{ 17 | 10 1 716 1 =} =
B 2t i) 7| 9| sl A us)| 7ot sz e A e N T A I T
7i o2l T -20 | -1 81 1 : 3 e

AR A A HEHEIEIE IR I I A A R R
- - 4 -10| =20 - il 171 21 25 591 50 25 18 10 5

~17 { L 1IN | =331 -20{ -1 - . - <% 5 g 1) O 0 0
=9 =2l =331 s RO N IR S I A B ey S I I I I e 3 o o B
Top | Tl T2\ T2l % | T € -9 |0 |10 | -ug| 33 -6 |l 7| | | -2 1L TE
By R N e RS T I P - iyt DU v g I SOl . G Y- -2 Bl I RO S S
36| 2! 127 81 25| 30| 2-I3{-7|-21 |~23;-F1; -L9 {-3L {~23 4 R Rl B E gl e
56 | i 2L 521 53 mw 9i— 3|22~ 8 |-11 -5} ~36 | -26 |~18 i-14 [~10 |- 9| 7 t-5 l-1 | -
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TAPLEL VII

Ayerage values of vressurs, b, temperature T, air density~

and dry odicbatic § , satursted cdisbaticly and observed As

O # I'3 L

loonga rates ner willibar ot Thorsnavi 27. 3.

e

: p T g owge® gt v 3, ° ,
g%g'n. mo . O¢ CofSeBa OC/rT;b. oc /mb. ’{3 P _(':/mb .
- Computed |Interpolated
o |1012.2| 4.9 | 1269 |+0.08 | +0.05 . +0.06
+0.059
1, 891-8 "202 111-1-8 0009 0005 ‘ +0.05
N ‘ +O|OL|-0
2 784.0 | ~0.5 1025 1 0.10 0.06 +0.05
+.,059
3 686.6 | ~12,2 91Y 0.11 0.08 ' +0.06
- : ‘ +00069
N 599,%3 | ~18.2 820 0.12 0,10 +0,08
‘ . +0.085
5 521.6 | 24,8 732 | 0.1b4 0,11 +0, 09
. : +OI 091 !
6 U52.2 | -31.1 &5, 0.15 0.1L +0,13
| +0.130
7 " 390.8 | -39.1 582 .17 0,16 +0.13
+0.132
8 335!“- “11.601—'- 516 0019 0019 T . "“0013
o | +0.118
9 287.2 | =52.1 453 0.22 0.22 | +0.09
+00062
10 oh5.5 | -Bh.7 392 0.26 0.26 =0,00
. - “"O- 066
11 208.9 | -52.3"| 332 |o0.30 | 0.30 ~0,05
) ) ""Ot 027
12 179.0% | -51.5% | 282 | 0.36 | 0.36 ~0,03
: ‘ . _O' 02? .
13 152,9 |-50.82| 240 |o0.42 | 0.42 -0.01
) ‘+'0.013 )
14 130.6% 1-51,131 205 | o.u49 | 0.49 - +0+00
- | ~0,005
15 |111.43 {-s1.0% | 175 [o0.57 | o0.57 +0,00
o 0,013
16 95,47 |~51.2% | 150 | 0.67 | 0.67 £0.01

MN

1. 34 cuscs.
2., 33 cuses.

3. 32 cases. -

4, 31 caoses,
5. 29 cases.
6. 2 coses.



TABLE VITT

Analysis of interdiurnal variations of pressure and temperature

Thorshaviy 27.3.39 t0 30+l 39

I

. Lp 2 0 Dp< Q
e 52 L% AT i a8 | BT

m‘ ...Wrm. wmmh.ﬂs e .oun. £ases AT mu A » m.wmw A ; T | No. of .nm.,..mm AT - ﬂ.& o B
. , 0 Total | signiip= . o Total | siznlps

TR mh, c = sign &7 i ib. 0 = gien T

C ] +5.5 [ +0u5 k. 6 ~0.,09 | +0.07 | =48 | ~0.1h4 20 11 +0.08 | -0,03
NG PR I 6 +0.39 { +0.16 | 4.2 | -0.43 20 11 ~0.22 | ~0.10
2 1 +5.1 | +1.53 | 16 10 +1.02 | +6.30 | -l | —0.79 18 1% | -0.53 | -C.18
3 Hil & +l, 91 17 13 +14 358 eIty -5 ~1.42 17 11 -1.05 -0, w”._, .
bo| vy | +2.27 |16 T 11,621 soh2 ! -6 | -1.60 18 11 “1.1h | ~0.35 v
5 | +4.8 | +2.07 1 17 12 21,80 1 +0.52 1 =h,5 § —2,00 | 17 11 ~1.50 | -0.46
6 | el | 4+5,5C 2 16 41,88 | +0.52 | =5.2 | ~2.99 1l 11 ~2,22 | =0.57
7 | aheg § owzio2 ;18 16 :2,10 | 40,60 | -9 | -2,81 | 16 13 -2.03 | -0.58
g | ai b i +2.33 | 19 16 2149 1 s0.53 1 2.9 | -2.66 15 11 ~1.73 | ~0.5k
9 | 4.0 | 40,82 |18 10 20,06 | 40,20 | —h.3 | ~C.O | 15 10 +o.mW ao.mw
10 | 43.3 | -1.48 | 20 9 ~2.29 | -0.4g | -3.9 | +1.64 | 1k 5 #2465 +o.m
11 | +2.6 | -0l | 18 L -2,821 -0.78 1 -2.9 | +2.01 i5 b +m.am +o._m
12 | +2.3 | =n.92 ¢ 18 5 1075 1 ~0.40 | =2,7 | +l.15 15 7 £2.12 +o.ww
13 | +1:6 § .32 m 16 10 -G 48 | +0.16 | -1.9 | -0.51 15 9 +w.mm Hm.qr
W ! o+l.8 o100 | 14 8 +0.03 ! +0.51 m -1.6 | ~1.19 15 12 -0. X -o.mm
15 | 21.7 | +0.91 | 11 7 0,061 0,53 -1.2 | -1.09 16 | HM :M.Wm no“mr
16 ¢ 42.0 | +1.55 | 6 m B B -0,92 11 | .



4

displocement 4y

e
TABLE IX

Values of & per millibar and corrdsponding vertieal

of the air at Thorshavn 27.3,39 to

30444 39,
Hp 2D Op <0 Accepte
iiﬁ -t [N igggahg
4y 3 AN L 2 a
gkm, mb. g, ﬁ;g? Iﬁﬁég. ﬂég. (EA.
0 - 0.3 - + 2.0 - - 0
1 +1.8{ - 15,7 +00 ~ 1.5 +13.1] 116
2 + 4,0 = 39,0] "12.0] =~ 3.3} + 32.2| 39
3 | 45.8] -65.2] -1.5[ - 7.3 «79.6| 163
b + 7.5 - 915 ~12.5| - 8.0 + 97.6{ 392
5 | +7.6| <1038 -17.5| ~ 8.3 | «113.4| 7130
6 +11.8 | -180.4 1 ~1l4.3| =15.5 +237.01 4180
7 +10,8 | ~185.6| -14.0! -10.3 | +177.0 ] 4186
8 # 5.7 | =110.5| = 5.8] =-5.8 | sil2.4| 7111
9 -~ 0.2 + Lli| 0.0 0 o.0f I 2
10 ~ 2,9 | + 0] + 2.6] + 26| -66.31 * 70
11 =~ 31 | 4+ 93,41 + 2.8] 4+ 2.8 - 83| Lo
12 - 2,01 +70.9] + 20| +20] ~70.9| %70
13 -~ 0,61 425,00 +0.3] +0.3] ~12.5| ¥no
W |+ 0.0 0.0] = 05| - 0.5 +amb| t1s
15 |- 01| +5.7] -0.6] =061 + 33| 5 5
16 + 0,21 =13.31 = 0.3] = 0.3 | + 20,01 F 20
(1) The upper sign is to be taken forAp = + 1 mb,
and the lower sign for/ip = - 1 mb,
M

i-::.“‘&iv';;-_-_‘,..‘,‘ .



TABLE X,

Vertical motion and stretching at Thorshavn.
Period 27.3.3¢ to 30.l.39.

MIN

A S Ay & AL JTop
YOO Eer bOTAT | Tapy ISP | I8 A y =it} Smoothed Ty ‘ )
i I S\ . LR | e TETTTY N D £ e £ ) 4

Bl i mt raup | DoP Sersanl T3 Lpd| [S8p! | P |Ber 2Da (1) g ()

0 J1.¢0 . 40.37 | -G.5 | =0.5 | -1.00 | —-C.03 | 400 [ +00 0 "5 o

1 {40,900 | 0,16 | 41.8 | +1.6 | ~0.86 | -0.16 { ~1.5 | -1.3 ¥ 0.8 + 6.9 t 29

2 140,89 | +9.19 | +1.8 | +2.6 | -0.83 | -0.06 | +0.7 | +0.6 * 1.6 :  15.6 : 108

3 140,83 | 3€.27 1 +3.2 | +2.7 | €.75 { -0.16 | =2.3 | -1.7 * 2.7 ¥ 29 t13.2

b 0.6k | 40.36 | +6.0 | 45.0 | ~0.75 | ~0.28 | -5.7 | -L.3 * 3.9 O (CL I I

5 [40.78 | w.47 | 46,6 | +5.1 | —0.68 | -o.u0 | ~6.8 | k.6 £ 5.1 ¥ 9970 4459

6 |+0.80 | o046 | +7.8 | 46.2 | —0.67 | -0.u0 | -6.3 | -L.2 t 6.2 F ob.6 + 8.2

? ‘1'0-81 +J051 +805 "2"6.9 "'0t67 "0.1-}7 —?'5 -5'0 i 6'7 : 115.1 ; 80.}4

8 40,78 +0,37 | +3.0 | +2.3 ! -0.64 | -0.35 | -2.7 | 1.7 2.3 ¥ k.6 < 63.2

9 [4+0.65 | +0.09 | -1.0 | =0.7 | ~-0.53| ~0.09 | +1.0 | +0.5 ¥ 0.7 * 15.5 : 281
10 140,55 | =0.39 | ~3.3 ] =1.8 ! —0.45 | +0.52 | +3.0 | +1l.h T 1.8 I L5.9 . 6.9
11 [+9.42 | <1033 | <7 1 =200 1 ~0.34 | 41426 1 #h.5 | 4145 T 1.9 *  57.2  be
13 [+0.25 | -1.10 | ~3.5 | ~0.9 | =0.25 | +1.34 | +d | 1.0 v 1.0 = W7 * 15,7
1 40,16 | ~1.36 | =3.8 | —0.€ { —0.13 | +1.27 | +3.6 | +0.5 7 0.6 2. 29.2 * E.6
15 (40,09 | =2.56 | ~5.li-i 0.5 | —0.08 { +Lilik | +3.5 | +0.3 F Ol 223 + L.6
16 [+0.07 | -1.32 | 3.0 0.2 -0.05 | +1.93 | +3.9 . +0.2 | ;0.3 |} I 20.0

(1} The upper sign zorrespoﬂds to ;EF; _ +1 mb and the lower sign tO,—:L{‘sj%a.: -1 wb.

.8



TABLD

X1

Vertical motion snd stretching, ‘with different barometric situations ’
at Sault Ste. ifarie.

o Ly — L. Le— 1 Ly Hy M- He H. He M- Ly
&z b+ Bar Cok 0 !+ Go LNz | o+ Bo Loz b+ bo Sz t+ S0 AY4 | + bo
ki i . ey m, T L
& -30 +260 +200 -17C -210 -30
. 0.73 C.91 1.13 1.18 1.05 0.89
2 +420 +5C0 - 60 -580 -360 +140
' (0.84); ' (1.31)) (0.67)) (1.31)) (0.53)) (1.31)
k |(+870) C.83| (-80) 0.97; (+660) 1.01{~1400) 1.11{(+590) 0.95 (-500) .87
(1.11 3 (0.55) (1.44) | (0.87) (1.50)) (0.34))
6 | +830 +880 | ~190 ~144G | ~270 +880 3
-t 1.49° 1.48 ' 0.3 0.50 1.00 1 1.16 T
8 | —- 1D 0 +330 - 670 -330 +750
1.1 1e2l 1.18 0.52 0.96 - 1.57
10 | -280 -220 +610 + 210 -320 4140
; 1.07 0.92 1.18 C.85 0.78 1.2
12 1 -48o ~-210 +340 + 560 +1h0 -3L0
|} ce32 0.9 1.08 1.12 1.01 0.97
1y | -hof ~130 +250 +380 +150 - -350
§ C. 06 ; 0.96 1.05 1.10 1.03 0.89
16 | -180 - 80 +180 +200 4120 ~170 |
P 1 oo.e | 0.98 g 1.07 1.05 1.02 1.01
16 | - 80! ) - 50 | + 60 +110 +110 -390

L)



TABLE XIT.

Correlation coefficient between p and T at different heights (%.H. Dines)

}»\f:i C 1 2 '3 L 5 6 1 7 8 1 9 1o |11 12 13
January —7ﬁar3h -,02 .5& B2 | .79 .86 .85 oL | L&Y .91 .61 e35 [ =e32 | =38 | =37
April -~ June AL 28 NI “ 79 .89 «39 1 .52 37 .01 E: WU45 «2C | =412 - 24 -.01
July - 3sptamber ~. 02 «31 | .56 . .72 .757 el B3 | L8711 .87 .08 ; ..‘.pj -.0& | -t i -.19
October - Decerber .33‘ 56 W76 | .77 .83 %.8? .35 i .85 .86 .78 % .29 é—.2& ? -3 i -5

TBATIE 110 W2 .66 .8l 185 .36 86 | .71 1 .321-.19 | -i36 1 -.28

i o (7

*64



TABLE XIII-

ooaﬁmumﬁwg coefficlent between p and T at different levels

Sealand and Kew, 1935-1938..

- ' i = T 1
/Y g, L0 11 12 13 1y 15 16 17 18 9 | 20 2L ) 22
> 50433 | ~0012 | 0023 | «0.12( 0,00 | 40415 | 0,27 | +0.Llk} +0.5k | +0.6h [ 40,7} +0.73 | +0.88
Wumber of cuzgas | oo 70 70 70 7w i 70 70§ 34, L1 34 26 2l 16 ‘

s
=

069




e n

= Po

X Sk i,

» the average interdiurnal

variations of pressure and temperature, per unit change of
surface pressure, at Thorshavn and in North Amerioa,

0 Thorshavn North A%nﬁag izaurwitz
or Dps > 0 Ny, < O Spe»0 ] A RSO
Bl zar [ofoonees | AT | 30 o canee | 24T T ZAT[3ap] 28T
_|Fan|stenay = |2y |Ragljstendr = | [FApl| TAg,| LA g 1OR) 122
o [+1.00] 100 +0.07]-1,00| 100  |-0.03|+1,00[~0,22]-1400|+0,58
1 {+0,90| 100 +0.14)-0.86| 100 ~0409] 0483 [~0¢ 30 [=0,77+0, 60
2 |+0.89] 100 +0,17|-0.83| 100 ~0405| +0,69 |~0,17|-0,48]| 0.2
3 |+0.83[ 100 +0,22)-0,75 85 «0.12| 40459 |=0,09 | =0, 29| +0. 29
L |+0.84 100 +04 30| ~0. 75 90 ~0s 2L} +0. 48 | =0, 11 | =0,17 | +0, 25
5 [+0.78] 100 +0.37}-0,68 90 «0+27{+0. L1 [~040l4 | 0,1 3] +0.12
6 |+0.80] 100 +0,37|~0.67 85 ~0,27[+0.30} 0,00|=0,08]+0,12
7 {+0,81 93 +0.42]=0,67 75 ~0432|+0. 26}=0,02]| 0.,00]+0,13
8 [+0.78 100 +04 29 [~0, 64 75 =0, 22| +0, 28 |-0,04 |~0,02}+0.13
9 |+0.65 93 +0.05}=0.53 70 ~0.05]+0.22{w0,09]| +0,0L4 | +0.23
10 [+0.55 93 -0.32|~-0,45| 75 #0423 40415 |~0,06 | 40,12} 40,19
11 |+0.42 93 -0,56{=0, 34 70 #0450] 40,15 [=0,07| +0.10]+0, 21
12 140430 86 ~0.42 |=0, 30 68 +0. Ul 140,15 | -0, 11§ 40, 10|40, 25
13 [+0.25 86 0,26 |0, 25 68 40,27 |+0.02 |0, 200 40,15 | 40,12
14 |+0.16 92 -0.2l |=0,13 72 +0,17(=0,04 120,02} +0413|+0.08
15 [+0.09 80 ~0,221-0,08 | 72 4041l [0,02 =00l | 40,17 | +0. 0L
16 [+0,07 89 ~0417 {0405 67 +0411 140,06 |+0,07{ #0413| 0,00
17 | - - - - - - - ~ | 40s131%0410
18 | - - - - - - - | - 1+0.06|+0.04




TABLE XV

I AT
Values owmrﬂ uﬁmhku and mwﬂﬂ nmwmwwM in North America and Europe.

L g

North Arerica (Haurwitz and Turnbull) Burope (Haurwitz)

u..uy ﬂb”VQ b4 hﬂ)..vqlwﬂOQ DﬁﬂAuib:ﬂﬂx‘ L bvﬁq\l.v@ vbw.wz-m.m %.\V.-M\VQAQ‘&M_V.-M_‘;%O BUWRVQHDA’CAQ v..l.u.» HUO.:/ _.-. Hi&. wovns \)H.f.rr» Ly “hbcamrvrp tmy.uA OG o .3-.“... M\Uw

K @ art

| O ST Ay AT Lyp ] AT AR PANE FATS® AT | &p AT A AT D DT

0 |+1.00 | -0,60 | ~1.00 | +0.72 { +1.00| +0.56 | =1.00 | -0.70 | +1.00 | =033 | =1.00 | +0.59 } +1.00 | 40,37 | ~1.00 {~0.28

I 4065 [ ~0.75 | -0 7h | 40.88 | 41.22] 4061 | ~1.22 | -1.00 | 30.76 | 0.6 | ~0.65 | +0.59 | +1,00 | +0.58 | ~1.06 {-0.72

2 |40.38 | ~0. 16 | ~0.37 | +0.€3 | +1,37] +0. Ll | =1.hl | -2.00 | +0.52) -0.35 | ~0.49 | +0.49 | +1.13 | +0.50 | ~1.09 {-0-Lit

3 (40,20 | -0,27 | 0.1l | 40,139 +lolfli 4+0:29 | =1.63 | -0.96 | +0.33] -0.30 | 0.4l | +0.35 +1.13 | 40,50 | -1.00 | =-O. 4y -
I [+0.08 | ~0.27 Go00 | =0.46 | 413 40,24 | =1kl | =1.07 | 40.26| 0,20 | -0.22 | 4032 | +1.08 | 4061 | ~1.09 } ~0.hi

5 10002 | 037 | 40.11 [ 40232 | 45.24] 40.24 | 1,81 | =126 | 40,19 =0e20 | =0.11 | +0.38 | 4103 | 4076 | -1.00 | -0 3k o

6 |-0.05 | ~0.16 | +0.18 | .32 | 42.00] +0.29 | =1.78 | =1.07 | +0.15 02 | ~0.1h4 | 40,30 | +1.03 | +0.69 | -0.9% | -0.4l P

T |-0.13 nommr 0,25 1 40.3% | +31.02] 404l | =1 7| -1.00 -| +0.07{ -0.19 | +0.03 [ 40.30 | +1.03 | 40. 7 | ~0.81 | ~0.55

3 1-0.10 | =0.22 | 40,23 | 40,33 | 47.00] +0¢3hL | =1. 70| =1.10 | +0.09| =0.T7 | +0.05 | +0.27 "} 40.97 | +0.58 | -T.81 | ~0.06

5 |=0.74 | ~0.16 | 40,32 | +0.39 | +0.95! 0,00 | 1,74 ] =0.85 | +0.0L]| -0.15 | +0,05 | +0.19 | +0.95 | +0.45 | ~0.85 ~0. 63
30 |~0.13 | +0.06 | +0.39 | +0.28 .| +C.73] ~0.29 | ~1.52} ~0,26 | ~0.06| -0.13 | +0.03 +0.16 | +0.82 ] 0.1 | ~0.FL [ -0.30
W. ~0.08 ¢ +0,1.0 | +0.23 | +0.16 20,651 ~0ch “1,26 1 40:59 | =0.06} ~0.19 | +0.1k | #0120 | 40,7k | 0. ze 0,061 ~0:.09
20 |=0.06 ! 40,10 | 20,26 40,31 | +09.80 -0 ~0,96 | 41,25 | ~0,06] +0.0L | +0.LL | ~0.3 +ohmw -0.55 | ~0.59 quﬂom
ww 20,06 | —e1h | 40,28 | «0,08 | 40,17 =0:32 | ~0.67 | #1:70 | ~0.07 1 =037 } 40,03 | +0.08 | +0.50 | ~0.50 ao“mw +onmm
2 1-0:02 ] ~0.03 | 40e23 | ~0:0 | «0.10] 002 | . - —~Qe25 | =30i1 | ~0,03 | ~0.08 +o=“m_ (.20 | 0301 +0.03
wm o w4023 1 0.1 w 017 ~0 LS . - 4001 | +0.06 | —~0.03 | 506,26 | =0.0% ] =030 | =023y 0,05

w - - +oqmw —Uel¥ M . - - . 0ol | #0020 | 40 3 | 20 2L | =038 ] -0.05 N
Y - g +0.19 | +0. 05 1 - - - - - .- ] - " T o T
LERR . - 40.12 | ~0.07 | - - - - - - - b - - T
: “ ! i . 1 P _ L e S




Average veluzg of interdiurnal change of temperature per mb of interdiurnal change of pressure

TABLE XVI

in the troposphere snd the stratosphere,

Thorshavn, 27.3.39

to UO- r.- UW.

Troposphere stratosphere
>4 < 0 PAND IS PATR-IL S
‘No. of | ¥o. of | .47 | wo. of| 25T | wo. of
Cases | Cases PR Cases | Loyl Cases
17 13 - - - -
ik =026 12 (-0.13) 2 ?o.oE 1
7 +04 02 5 ~0.58 8 +Le 43 5
b =0, 23 5 ~0.47 11 +04 90 7
1 - - -0.55 16. +0.47 1
i

L

-y

T



nowa.mu.mﬁwon coefficients, 1" , dm&ﬁmow pressure and temperature.

TABLE XVII

.H.gH-MHngu NINQUQWW to g.poumo

<0 Troposphore “ Stratosphere £11 Cases

1 i

m, No, No, Mo,

£ wm P GeDa T S.De 1 of P SeDa T BeDa By of P S.De ﬁ mo . T

gases | mb, | mb. og Og Cases | mb. mb. Oc Og | Cases | mb. | mb. g C

9.00 | 27 289,5| 5.5 | -52.9] 2.8 ]+0.43 8 .| 279.44 2.8 [-49.L]| 2.8 [+0C.17| 35 287.2] 6.6 |-52.1} 3.1 |+0.0L
15,63 | 17 2648} L.1 | -56.7] 3.0 |+0.11]| 18 256,1] 3.4 |-51.7| k.9 [-0.62} 35 260.3} 5.7 |~5he1] 4.7 1-0.57 &
B.CO | 13 2149.91 3.4 | ~59.01 3.3 +0.221] 22 2h2.91 L.l ..m_m,m 5.2 | -0.717 35 D115.5] 5.1 ] =Bh.7| He6 ~0.68

RN

Wi,

i)



TABLE XVIIT

Correlation coefflcients, T, between pressure and temperature,

England, 1935-1938.

g _ .Tropoephere Stratosphere : A1l cases

&n. [Fo. T ' No. | No. _ '
of F ' S-Di T Sele ? of P SeDe T SaDa T‘ of } P SoDo g SGD. T.
Cases| mb. 1ib, 04 A Cases | mb, | mb. Op Oy Cases | mb, b, A A

[ SO - N BV

53 299.5! 10.2 | 226.0} 5.8 | «0.87} 17 283.5 | 5.6 {223.0 k.1 | +0.59 ) 70 |[295.6 {11.6] 226.8 | 5.9 +0. 84

43 259.¢G1 7.8 1 22%.9 5.14: +0.751 29 2hde 7.0. 223.9{ 3.8 | +0450 70 31253,2 110.1 222.7 he9 | +0.33

27 202,861 7.0 zls.ul 6.2 | +0.721 43 211.5} 6.5 222.8 1t h.,7 | +0.05 70 {216.3] 9.1 220.3 6.2 ~0+12 5

193.62 5.6 1 21h.5] 5.0 | -0.361 62 1835 7.0 | 220.2]} 6.5 | ~C.13 70 1184.6 ) T7.61 219.6 | 6.6 {~0.23

HOTH: Two ascents with itrounopause at 10.C gion., have been
included in both the troposphere and stratosphsre groups.

i



sverage temperatures and lapse rates in the upper troposphere and lower stratosphere.

Thorshavn, 27.3%.39 to 30.4.39.

Jbrﬂ Nmn (18 cases) mp..mwn > HM (17 cases) 411 cases (35)
Levzla o — g p— g = == == =
. £ T 3 . i £ L4 i B
Ti ! 2 :
e 1 7.85 | -h8.3 9.45 | -55.3 8.63 | -51.7
+m.-—- ..Tmor. +m.m
A 8.85 | =53.7 10.45 | =61.7 9.63 | -57.6
~247 -3 ~35
.+ { 9.85 | -51.0 11.45 | -57.4 16.63 | -5h.1

S \\.:";



