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THE_EFFECT OF THE TROPOPAUSE ON THICKNESS PATTERNS USED

THE CONSTRUCTION OF HIGH LEVEL C. P. CHARDS.
By R. H' Clal"ke B.A. BQSCO

Observations of the tropopause in the
nuotralian region disclose wide departures from any simple form
on most occaslons and it will not be possible in thls essay
to take these into account, Nor will a @gfinitiomsof ."tropo-
pause" be given, '

Schematically, we may presdﬁgm;n idealised
troposphere, stratosphers and tropopause, and enquire into
thceir effect on thickness patterns, !

* ' Iet our co~ordinates be . x, measured on
an lsobaric surface, and p, measured perpoendicularly to

. the 1sobaric surfaces. Let a surface (the tropopause)
‘intersect the isobaric surfaces and let dpp/dx = _§, whore
by 18 the pressure at the tropopause. '
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It can be casily shown that n = m+ ng

. In our model 1t 1s clear that there 1s

no discontinulty of temperature at. the tropopause, but as we
move isobarically from troposphere to stratosphere, the .
tomperature gradlent changes abruptly fromm to n, Hence

. th¢ tropopause, thus portrayed, 1s a tomperature dilscontin-
alk§y of the: first order, unlike a front, which is ideally

a dlscontinuity of zero order [,]
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It now remains to find the effect of this gradient
discontinuity on the thlckness patterns, which are a simple
furiction of (virtual) mean temperature of the layer.

Iet :ZZ be the thickness of the layer from P to Po,

Then, if p  lies between p, and Pos
T 1 2

- o . P o - S ‘p
7 _ 872 T4 =-R Pr -R P2
Z:-‘g - p 4P g (I1dr 3 L ap
R - . Py N . Pp
and a2 = . Hn . dp - Riis ap
Ix g ,jf 7 g /(  p

P - - By

zm (108 p1 - log Pp) * g{l (log b = log py)

Measuring x in degrees of latitude, and z in geo-potential
feet, this becomes : ERE

42 = A 1lq (log pr - log p,) + m (log py - log pg)- . (1)
where A = .QéR (R 1s gas constant, Muds ‘ -
gW 30,48 R o ﬁ
logarithmic modulus, g 1s acceleration of graviby.

The.expression for %ﬁ when the temperature gradients ¢an be

considered constant with height, say = ry, a3 1in troposphere and
stratosphere in our model is ‘ S S :

| gﬁ ?; A1 log gl - | R o (2)
| o | | | :

Clearly thcrc is no discontinuity in gg as pT approaches

either Pl or pg, since in each. -case the’ value of 42 obtained
‘ dx
from equatlon (l) approaches that obtained from equation (2).
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In fact, discontinuitios in thickhness gradients probably are
ieluher rarg or non- eXlutehb.:p; . N

e We may now dllot numerlcal values and obtain
a “Chematlc thickness pduuavn. o

Lot % be measured towards the south, in degrees

L

Tt
q

Thea' n = m +/€q = + 0, l C/degree

3 mb/degree
03,59 C/degrbe
o .2~ C/mb (roughly d.a.l o at 300 mb)

Hnon

Consider the thickness of layer 300-200 mb, . '
Wihen-this 1lies wholly in the stratosphere (i.e, south of the
tropopause in our model)

%—Z- = 3,8 g.p.ft/degree
imen the layer is wholly in the troposphere (north of the
t{ropopause )
az - -
= F 19,1 g.p.ft/degree
When the léyer is partiy in the troposphere and partly in
the stratosphere (as will be the case for a zone 33~ 1/3° wide),
the gradient is given by equation (1)

1eCo d — . - :
‘ -g;zc = A .6 log 1+ 35X -~ ,088 . ifx is
200 | '

.mdasured from the intersccition of the tropopause with the
200 mb surface. This may be integrated elther graphically
or mathematically, to give Z as a function of %,

Mathematlical 1ntégration glves

cm 2y = A (_40 log (1 + S ) + X ~{.¢ 6 log (1 + )

SX

200 500

w‘;549;}7' whe re Z/ 1s the value of Z at x = 0,

: The graph of the complete function Z is shown An
Pigure 1, where ¥ = O is taken as 30° S and Z, is taken as
8970 g.p.feet, an observed mean mlid-summer value. For

i comparlson, observed values of 300-200 thickness as’ réad

from mean charts for January (broken line) are plottig also.

A much Géloser fit to observed values may, of course,
bé obtalned, by allowiug. the parameters &, m sNyqy to, vary. with
%, In this case integration of the equation for dz/dx with
respect to x 1s performed graphically, . The values of these:
parameters which give a reasonably close approximation to
all observed values for midwinter are as follow: . e
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Figure 2 shows plotted values of Z derived from the above
mean figures, compared with values read from the mean charts
for July, for longitude 1SQ°E. - Pigure 3 shows similar
calculated values.compared,with.mean chart values, = For
completeness, observed mldsummer values are added also, The
basls of the figures in table I.1s contatned in.ﬁ?]

- It will be noted that;, for the purpose of ‘this
Slmple treatment, the "double! tropopause has boen smootheqd
into a single one, - This can only be justified by expedlency,
and a useful fact 1s thoreby neglocted, namely, that the:
lower tropopause is rather closely correlated with both
stratospheric ang tropospheric temperatures, wherogs the uppoer

one eévinces no such commection, . The real fact:is that the

:”tropopauses,shdw wide deViations,from the.simple‘Strdctune

deplcted above angd any attempt to force them into a simple
bpattern suffers from the defect or artificlality, In partic-
ular, this anomalous behaviour occurs -principally in the

zonal belt 40-25°3, whe pe tropopause slopes and temperature
gradients - are veriable and large, and where in wihter jet
streafis are normally found, It must be pointed out that

‘values - of ‘'m and q in table I cannot be  taken:as representative

of mean-valucs in the troposphere but only of those in the
upper recaches of tho trbposphore.and'including portion of the
interitpopopause layer, where therc are two, This merecly
emphasises what should be obvious, namely, that in ‘the real

atmosphere,at any thne,JZﬂn,n,q, Pp are functions not only of

X, but of p and ¥ (longitude) as well,

A Two Dimensioﬂal‘Pictﬁre of'Thickness¥PatternS¢

oo T It is pqSéibletto-Cater,>inH0ur'simplegmodel, for

a 8lnuseigql corrugation of “the tropopause, .but 1t/ cannot be
expected  that this“Will‘yield_a very,rcalistic’pattern-owing
to.theigrOSs‘over-§implif10at10nsvmade.1‘,It~is an' observed
fact [3] s that there‘ISﬁa*closeiCOQy;IétionrbetwebnftropopauSQ
height gnd troposphere'p@@pérgturq;fa;extra*trbpical4latitudes,
a ‘cold trdposphere:ddrfespdndfngﬁﬁd a, 10w warm tropopauss- and
vice versa, Scatter dlagrams for g few southern Australian
RAOB stations suggest that a rather large fluctuation of the
tropopause is 60 mb elther side of the moan, and that this

<
b
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corresponds to a tropospiievic (400.mb) temperature fluctuat=-
ion of about 5°C, Likewise, the correlation between tropo-.
pause temperature and pressure i1s good, and a mean value of

u.2 C warming for a descent of 60 mb has been taken, This
vields, for a wavelength of corrugation of 80° longitude,

n mean value of my.OL .25°¢0 from ridge of trough and of

< ... of +.41°C/deg. long . Wlthfa mean.value of,gffrmm crest

‘bB trough, of 3mb/deg. long, this gives g = W22 C/mb, Values
0f Z = Z, can then be calculated for any point in the field.
Ihis has, been done for the 300-200 mbs thickness and the
rcsults are represented in figure 4, where isopleths are
drawn at 200 ft intervals, following current practice In
the .Central Anglysis Section, - It is cemphaslised that this
~inodel. is schematic only, and particularly in the tropics
(north of lat, 25° 8) it is-invalld,; because in thése.
iatitudes there is no ‘correlation at all betweon the . height
~of the tropopause and temporatures,,either tropospheric or

stratospheric, For this reason figure 6, showlng the effect
on the normal thickncss pattern of the layer 200-100 mb
-of a tropopause corrugatlon, is not extenoed N of lat. 2578,

: Several fe eturos of these patterns are

notoworthy, -

(1) A cold troposphcee oorresponding (see o.g. [- to. an
upper tropospheric troupn or low, is overlain by a ow warm
stratosphere, and this has the effect of invorting the
temperature. field 1n tne stratosphore. 1 € :

(2). - A thickness trough sn the 500 300 mb layer, corres-.
:)onding to a trough in the tropopause and also to a trough
i the 300 mb contours, is cvedrlaln by a thickness ridge in
thio . stratosphere, Thio is’ shown in the schematli¢ ropresent-
~ation in figure .5, and is found to apply genorally. It is
4 aseful rule to remember in drawing the 200-100 mb, thlckness
,.plttern. The result is, of course, one of stratospheric:s
rnmpensatlon whereby the ‘normally strong W wind and strong
;prossure -gradient in the.upper troposphere 1s rapidly damped
with height in the stratosphere and meridional flow is
similarly damped, o N . :

(3)  In the tra nsition layer SOO 200 mb, it is to be
cxpected that the tropopause . ridge. (and upper: troposphere
ridge) will Ye "a¢companied by low values of thickness in the
far south, and high values in .the north, so that gradients

of" thickness will be strong in middle latitudes, -whereas

they should be weak over .a tropopause ‘trough. (and upper .
troposphere trough)m . This:reasoning, however, 1s invalid
in winter, since in th1s ‘season the stratosphere ‘temperatures
decrease. southwards in. hlgher latitudes, due to radlation
from the ozone layer [2]
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