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ABSTRACT

The association between sca-levsl and 500-mb patierns is
obtained by analyzing the hydrostatic ocontribution of 500-mb height
changes to pressure ohanges at gea levsl. The 500-mb height changes
are also utilized to analyze the changing divergence fields in the
upper troposphere. Fram this duml analysis of 500-mb changes criteria
are established for development of new surface syscems and deepening

. or filling of existing surfece systems. The forecast aids are
supported by various empirioal studies and are illustrated by three

synoptioc situations.
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SEA-LEVEL PRESSURE PATTERNS ASSOCIATED WITH
50C-MB CONTOUR PATTERNS
by

Je Me Austin

INTRODUCTICN

During the past deoade many techniques have been suggested
for the use of upper-air data in the oonstruotion of prognostio
oharts at sea level. Recently Riehl and oollaborators (1) have
presented an extensive analysis of the relationship between the sur-
face prognosis and various features of the upper-air pattern together
with an extensive blibliography of pertinent literaturs. It is
avident that the 500-mb chart has evolved as a basic synoptic tool
for the forecaster. It is pertinent, therefore, to discuss the sur-
face prognostio chert in the light of the interrelationships between
surfaoce and 500-mb oharts. This paper presents some of these inter-
relationships and their forecast signifioance for sea-level charts.
Msny of the prognostio aids are similar to those discussed by Riehl.
The p.sinoipal difference resides in the method of analysis. Here the
prognostic tools are related to a single upper—air chart and the

height changes which are commonly drawn on the chart.

SURFACE AND SCO-MB CHANGE

The problem of the prediction of oyclonic and anticyslonic
systems oan be oonsidered as one of estimating the field of pressure
change. Attention is focused first, thervfore, upon the types of

surface pressure ohanges associsted with 600-mb changes. It is con-

venient to oonsider thres paramsterss
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AP, the sea-level pressure change,
IBHSOO the 500-mb height ohange, and
AT tha change in muan temparature between P and 500 mb.

From the hydrustatis equation it follows that
2P, =P, F CHgeo - Ha /1) (1)

where H is the height of the 500-mb surface, T the mean temperature
between P, end 500 mb, g the aoceloration of gravity eand R is the gas
oonstant. This formula shows that when AT is zero, ip_ is of the same
sign as GHSOO and that its magnitude is oiosely approximated by oon-
sidering that a 100-ft change at 500 mb is equal to a 4-mb ohenge at

sea levele It follows from the equation that the sign and magnitude of
AT is the prime faotor whioch oontributes to a variety of Alpo'l with

a single AHSOO' as demonstrated in table 1. An enalysis of 1762 cases
of 12-hr ohanges over North Amerioa, during the winters of 1961 and 1942,
demonsatrated the laok of oorrespondence between the sign und magnitude
of .p, and AHgy,e These data gave a oorralation oosffioient of +0.256
betwesn “HSOO and Apo. It is evident, then, that height changes at
500 mb cannot be used to determine sea-lavel ohanges without considering
the ochange in mean temperature below 500 mb.

A ohange in the tempsrature ( . T) of the volummn belsw 500 mdb

arises from the oombined effects of horizontel adwecticn, adis
erature change and non-adiabatio effeots near the ocarth's surfaoce. Many
empirical studies have shown that the first two factors tend to aot in
such a manner that warm-air adveotion is accompanied by adiabatic oooling
and cold-air adveotion by adiabatio warming. A good oorrelation should

be expected, therefore, betwsen the adveotion below 500 mb and 4Te. Data
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durirg February 1952 gave a correlation of =0.68 between the inte-
grated advection below 500 mb (warm advection considered negative) and
:Te It is apparent that the nost important factor which contributes
to values of AT in equation (1) ie the horizontal advection. The ad-
vection and AT can be large in regions of strong temperature contrast
below 500 mb and must be small in regions of weak thermal gradient. It
should follow that in regions of weak thermal gradient, there is a
positive correlation betwesn 2Hghy and 5P e This conclusion is
supported by a study of changes duriang the winter of 1951-1952. 185
cages of 12-hr changes at two west coast stations (index numbers 398
and 798) gave a correlation ccefficient of +0.67 between “Po and
AHghge These stations were located in regions of weak gradients of
temperature so that T was usually smslle Such studies of ‘HSOO'

. T and 4P, clearly cemonstrate the necessity of the separate consider-
ation of :HSOO and .T for the determination of the siyn ard magnitude

cf SPye

INTENSIFICATION OF SURFACE PRESSURE SYSTEMS

Surface pressure systems are associated with characteristio
fields of horizontal divergence and vertical motion. An important
aspect of the intensification of these systems is the contemporary
chenge in the intensity of the horizontal divergence. Hence the 500-mb
height changses will be analyzed not only as contributions to apo. as
in equation (1), but also as indicators of a changing divergence fielde
It is oonvenient to refer S00-mb changes to trough-ridge pattems and
conssquently the behavior of pressure systems at sea lovel will be

classified according to their loocation reiative to the 500-mb chart.
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(a) Development of new pressure systems. The development of a new

oyclone requires the presence of a new area of pressure fall. Equation
(1) states that such a region of 2P, < O arises simultaneously with
oocurrence of :.H500< O or with . T >0. It appears that significant
values of . T are usually associated with horizontal advection as Judged
by the geostrophic flow. Synoptic sharts indicate that new prominent
regions of werm advection sre found after the oyclone is onoe dewwloped
and that the origin of the initial fall for the cyclone csnnot be attribe-
uted to advection. It is evident, than, that ths initlal surfece ocyclo-
genes:iz zenerally accompanies the appoarsnce of & regicn of height fall
at 500 ibe A favored looation is beneath and snead of sn intensifying
trough et 500 mbe This type of trough intensifit'ution at 500 mb has

been discussed by the author (2) in connection with the downstream pro-

gression of intensification. T% should be distinguished from the trough .

development at 500 mb which accompanies the deepening of an established
cyclone, as discussed b;low in section (b).

It is difficult to sbitain obaervetional date at the initial
stage of cyclone development in view of the 12-hr tims gap between
successive radiosonde observations. An attempt has been made to analyze
the initiel changes by selecting radioxonde stations immediately in ad-
vance of the position of a cyclone twelve hours after it was first de-
teoteds The cyclone tracks in the Monthly Weather Review were used to
determine the locations of the cyclone. A study of 122 new cyolones
showed'that, in the mean, a surfece falil of 4.8 mb was accompanied by a
height fall of 103 ft at £00 mbe This empirical) study of oyclones over

the central and eastern part of North America substantiatesthe argument

‘veilidk
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that the initial sea-level fall is beneath height falls at 500 mb and
that there is slight temperature change below the 500-mb surface.

(b) Intensifying pressure systems. If an existing cyclone

is to deepen it must be associated with intensifying pressure fells.
Frem equation (1) it follows that large pressure falls occur where

HSOO iz negative and where T is positive. Large negative values
of H500 are found ahead of intense migratory troughs and within
deepening troughs at 500 mb. .T is large in regions of strong warm
air advection. Hence the ideal location for a deepening surface
cyclone is ahead of an intensifying SOO-Qb trough and imbedded in a
zond of strong temperature contrast below the 500-mb surface. The
deepening of the surface cyclone is accompanied by height changes and
trough - ridge development of short wavelength at 500 mbe The 500-mdb
falls which accompany the surface deepening should be distinguished
from those height falls, within and ahead of a major trough at 500
mb, which initiete tho surface development. <1his dual aspect of
cyclone development is discussed by Bjsrknes (3) in terms of "wstable
frontal wave action" and “unstable growth of an upper wave trcugh®.
The vertical stability and relative humidity are modifying factors.

In the casge of moist unstable air, vertical motion does not detract
from the advective warming end, consequently, the deepening is
arhanced.

It will now be shown that such a situation meets the cri-

terion of Risehl and collaboratorse They state that, "The surfacs
pressure fulls where the relative vorticity decreamses downstream in

the upper troposphere.”™ This rule arises from the consideration that

- m A e
g g o e AT L T TS
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pressure falls are accompanied by horizontal divergence in the upper
troposphere and that horitontal divergence (div, \/ ) is found where

the relative vorticity (Y ) of individual varcels decreases with time,

that 1s
L 4 (r+F)m-atv,V (2)
Tey dt v

where £ is the coriolis parameter. The individual vorticity change

may be expressed as

L ey &y Y (3)

where the s-uxis is along a streamline. Equation (3) presumes that
sttention is focused on prominent changes in ¥ so that %§ and wgg can
be neglected. From this anelysis it is evident that intensifying pres-

surs fallas at sea level require increasingly negative values of géf and

Vs %‘;{ in the upper troposphere. The heighit change prttern in figure 1
shows the change in the contour field, and, therefore, the change in the
relative vorticity to the extent that the actual vorticity is given by
the vortiocity of the geostrophic winde The relative cyclonic vortiecity
is inocreasing with time abcut tha center of AHBOO and V; g; is bgcoming
more negative about Me There is a high correlation LSstwesn 500-mb
changes =znd changes in the upper troposphere and lower stratosphere. A
iclent of +0.85 was obtained for 384 parts of 500~ and
300-mb changes from widely distributed stationss It is apparent that

the isallobaric pattern at 300 mb is similar to the one at 500 mb,. Vs

in t' s upper troposphere depends primarily upon the mean thermal gradi-

ent with large values of V; above a regior of strong tropospheric temper-

ature contrast. Hence when a surface oyclone i3 looated in a zone of

e e e e T ST TS
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strong temperature oontrast ahead of an intensifying 500-mb trough

(M in figure 1), v, géf is becoming inoreasingly negatives The upper
ivergence is increasing, consistent with the postulated intensifying
pressure falls at sea level.

A similar analysis of pressure rises indicates that an anti-
cyolone ahead of a building ridge at 500 mb is favorably looated for
anticyclogenesis. Here 4Hg,. >0 send AT with oold air adveotion
is negative. géf is increasing downstream from the center of height
rises at S00 mb eo that Vs géf and the high-level convergence are be-

coming larger--a satisfaotory condition for anticyclogenesis.

(6) Minor or weakening pressure systems. Weak isallobaric

fields are associated either with minor pressure systems or with the
filling of cyclones and the weakening of antioyolonese The situations
favorable for such isallobario fields are more or less the converse of
those discussed in the preceding section. Three general types of situ-
ations are associated with small pressure changes at sea levels (1) A
weak air-mass contract in the troposphere means that low-level adveotion
can contribute little to the pressure change. (2) There are many
occasions when ISHSOO and 4T have the same sign. In these oircum-
stances Apo is not large. A ocyclone is likely to fill when it is
centered between AF in figure Z because the s Hehg is usually positive
and thereby reduces the magnitude of the surface falls. Similarly, an
anticyolone located ahead of a 500-mb trough is likely to weaken.

(3) The weakening of sea-level pressure systems may arise from a cheange

in the magnitude of AHEOO' A surface oyclone located ahead of a wesk-

ening trough at 500 mb fills when the diminished velue of ‘SHSOO is not
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offset by intansified adveotion and a larger AT below JOO mb. Likewise
antioyclones ahead of weakening ridges at 500 mb should deorease in
intersity.

Weakening pressure systems at sea level are acoompanied by
diminishing divergence fields in the upper tropoaphere. A2 in the pre-
vious saotion the ochanging divergence fields may be deduced fram the
vortioity equation. The 500-mb isallobario fields show the changes in

Y in the upper troposphere and V‘ deoreases with a weakening of the
air mass oontrast below 500 mb.

(d) Non-adiabatic influences. The _T in equation (1) osn

arise from the non-adiabatio addition of heat. The most favorable oir-

cumstance for a large AT ocoours with the flow of cold oontinental air

over warm water. The quantitative importance of this proocess is yet to

be analyzed. However, the marked tendenoy for surface oyclones to -
deepen off the east ocvasts of ocontinents suggests that this process is

important. In this respect it should also be noted that two other

favorable faotors also prevail with such cyclones, namely, strong thermal

oontrast and moist unstable air.

(e) Empirioal evidence on surface systems. A study of the
A

day-to-day behavior of pressure systems during February - April 1951 has
provided empiriocal information on ohauges in oyclonio sotivity. The
data are restrioted to the behavior of katsllobario systems rather than
to the ochanges in oentral piressure of oyolones. The frequent asymmetry
of the pressure field around a new cyolone oan give rise to ean erratio
behavior of the center of the oyclone whereas the katallobario ocenter

may move and change in a regular fashion. On occocaaions the new
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development cof & oyclone is first indiocated by falling pressure withia
an antioyolone, such as may cccu. over the Rocky Mountain plateau. Here
the oyclogenetioc process is firat deteoted in the field of pressure
changee Of oourse once a oyolone is well established an intensifying
katallobario system is acocompanied by a deepening of the oyclone.

The data in this study were oconfined to katallobario systems
over North Amerioca, whose oentral value at some stage exooceded a ohange
of 10 mb/12 hr. The average picture of the most prominent cases of in-
tensifying and weakening katallobarioc areas is presented in Table 2.

28 out of 29 cases of intensification were located between B and C
(figure 2) with the mean loocation about midway between the trough (B)
and ridge (C) at 500 mbe 15 of the 21 pronounced weakening cases werse
located at A or between A and Bs The remaining & cases of pronounoced
weakening were located between B and Ce For Table 2, intensification
was defined as 50 per oent or more inorease in the central pressure
change of the katallobaric center during a 12-hr period. Weakening
was defined as a 33 1/3 per oent or more decrease in the central pres-
sure change. Table 3 gives a olassifiocation of all katallobaric
systems. These data show the same general features of Table 2 in that
both ABSOO and AT oontribute to the intensification and weakening,
respsctively. It is important to note fram Table 3 that 80 per cent
of the weakening ocases ooour between B and C while only 20 per ocent of
the intensifying cases are looated betwsesen A and Be A further sub-
division of the data in the B to C regiorn is presented in Table 4« The
group of 23 intensifying ocases represents situations where the initial

fall arose primarily from large falls at 6500 mb while the fall for the
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28 oases of intensification was accompanied by strong warming below 500

mbe Likewise the weakening cases are divided into low=- and high-level

contributions respectively.

deepening

These empirical data support the following criteria for the
and filling of cyolones:

(1) Surface cyclones which deepen rapidly are located ahead
of e 500-mb troughs The simultaneocus development of the
500-mb trough and the location of the cyclone in a zone of
strong air-mass contrast below 500 mb ensure tha decpsuling of
the oyclone.

(2) Surface cyclones located on or ahead of a 500-mb ridge
ave adefinite tendenoy to weskens The most prominent cases
of weskening are looated in this region. The small percent-~
age of intensifying ocyolones do not change markedly.

(3) A oyclone ahead of a §00-mb trough with surface falls
directly beneath 500-mb falls, intensifies whan it becomes
loceted in a region of strong low-level tempe:~aturs oontrast.
Frequently new cyclones develop in this manner.

(4) Many cyclones located ahead of a 500-mb trough do not
intensify. 4 cyclone which moves to a regicn of week air-
6 weakening iow-ievel advectione
The surfece filling may also arise fram & decresse in the
contribution of the 600-mb falls to the surface falls. This
latter situation prevails either with the weakening of the
500=mb trough or with the relative migration of the surface

ocyclone toward the 500-mb ridge.
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The forecast aids stress the necessity for the cerarate conaideration
of the air-mass contrast and the deepening and filling of the major
troughs at 500 mb.

Bodurtha (4) has decribed in detail some prominent cases of
enticyclogenesise The antioyoclones intensify prominently when they

are located beneath and ahead of an intensifying ridge at 500 mb.

MOTION OF SURFACE PRESSURE SYSTEMS

As in the case of the discussion of intensification, the
analyses of the motion of oyolones and anticyclones will be based
upon the moticn of pressure-change centers. Consequently the following
comments assume that the pressure system moves in the same direction
and with the same speed as the isallobaric systeme With vast anti-
cyclones and strongly asymetrical oyclones care must be taken to recog-
nize that the center of tlie pressure system may not follow the isal-
lobaric center.

Surface ocyclones may be classified into two broad categories.
(1) A "co0ld" cyclone is accompanied by surface falls directly beneath
500-mb falls ( .p, and  H oo have same sign and 5T = 0)e Such
cyolones move in a direction and with the speed of the 500-mb height
falls. The prediotion of the motion of the surface oyclone is based
upon the motion of the 500-mb trough located above the surface cyclone.
A previous study (2) shows that such 0old® cyclones move slowly--an
average speed of about 24 mph across North America. (2) The pressure
falls with a "shallow" ocvolone are associated with temperature rises
between 1000 mb and 500 mb and nc¢ height falls at 500 mb ( . Py AT

and oH — 0)s Since the temperature rises ozcur primarily with

600
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warm-sir advection the cyclone moves parallel to the mean isotherms be-
twesn sea level and 500 mb. The forecaster must consider the changs in
the orientation of thes isotherms during the forecast period on sccount
of the varying wind flow perpendicular to the isotherms. Hence the
cyolcne moves in a direotion somewhere between the direction of the iso-
therms through the oyolone oenter and the sea-~levei geostrophic flow
ahead of the oyslone. The 500-mb flow conveniently oombines these two
components and such “shallow" ocyolones move parallel ts the 500-mb flow
direotly above and immediately ahead of the surface system. Ihe speed
is dependent upon the spscing of the mean isotherms so that ocyolones
move rapidly when the temperature gradient is stronge Sinoe the speed
of the 500-mb flow is greatly influenced by the thermal wind below 500
mb it follows that there is a direot relationship between the speed of
the cyolone and the geostrophic wind at 500 mbe These statsments on
direction and speed of this olass of oyclone appear to be in reasonabls
agreement wiih Riehl's oamments on the validity of the steering principle.
Practically all surface cycliones show some "cold™ and
"shallow" characteristios and the forecaster must weigh the relative
importance of the dual features. For example, a cyolone whose pressure
falls arise primarily from low-level temperature rises moves more nearly
in acoord with the steering prinoiple than with the 500-mb troughe
Since the forecast of intensification involves a prediction of the ohange
in the major troughs at 500 mb it is evident that the prediction of motion
is dependent upon the prediction of intensification. If a major trough
at 500 mb, to the rear of a surface oyclone, is predicted to intensify

markedly, it follows that the high-level oontribution to the surface



- 13 -

falls is inocreasing and thercfore, the motion of such & ocyclone is
being controlled to an incressing extent by the motion of the 500-mb
fallsse Many deepening oyclones which sluw down belong to this cate-
gorye On the other hand a cyolone which deepens because it is embedded
in a strong zone of temperature contrast below 500 mb moves in acocord-
ance with the steering prinociple. These deepening cyclones may accel-
erates The fact that surface oyolones often change in charaoter during
& 24<hr period complicates the estimation of the direction and speed
of the ocyclone. Nevertheless, once the fricenast of intensification has
been made the prediction of the motion can be based upon the foregoirg
rules for "cocld" and "shallow” oyclones.

The motion of antiocyoclcnss may be aralyzed in a 1like manner.

The shallow anticyclones move in acoord with the steering principle

while deep antiocyclones ahesd of a 600-mb ridge move slowly with the

500-mb ridge.

SYNOPTIC PROCEDURE AND EXAMPLES

In this paper the author has attempted to demonstrate how the
500-mb pattern and its height changes may be ussd to aid the predictim
of intensification and motion of surface systems. The basic forecast
tools are

(1) A 500-mb chart with 12-hr height changes.

(2) A surface map with the mesn isotherms between 1000 mb

and 500 mb.
(3) A map of 12«hr pressure changes at sea level.
The sets of 12-hr changes facilitate the analysis of the past develop-

ment. For example, the presence of 500-mb changes almost directly above
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like surface changes, means little vontribution to the surface ohange
fram the layer below 500 mbe The surface system is moving and changing
intensity in socord with the 500-mb chonges. (m the other hand, a
surfaoe change pattern beneath zero or unlike chenges at 500 mb shows
that the surfaoe system is moving snd changing intensity aocording to
the contributions between the surface and 500 mbe The mean isotherms
show the possibilities for low-level contributions to the sea-level
change. Also when the isotherms are drawn on the surface msp, the ad=-
vection fields stand out very olearly. The disadvantage of drawing

the mean isotherms on the 500-mb ohart is the marked tendency of the
500-mb oontours toc parallel tue isotherms thereby inoreasing the
possibility of erroneous depiction of adveotion areas. Finally, the
500-mb ochanges indicate the ohanging vorticity field in the upper trop-
osphere sc that they may be used to investigate the ohanging divergenoe
fields. A set of surface developments are inoluded as illustrations of
the principles raised in the foregoing sections.

(«) Case of February 26th - 27th, 1953. This situation

illustrates a variety of surface developments. On the 26th there is
a deep low north of the Great Lakes which is aocompanied by surface

falls almcst directly below 500-mb falls. The laok of an isotherm

contributions to the pressure ohangess This "ocld" low moved slowly
(22 mph) and changed littl»s iﬁ intensitys In contrast a new low was
deveioping near Washington, D. Ce ahead of the 500-mb trough and im=-
bedded in a strong zone cof temperature contrast. This low moved

faster (40 mph) and deepensd rapidly. Sinoe the major oontributicn



e e g N =, TR

i ehrm g it _, e Y

- 16 -

tc the pressure falls came from temperature rises below 500 mb the
low moved approximately parallsl to the 500-mb flowe The northward
component to the motion during the second half of the period was in
reasonabls agreement with the 500-mb direction at that time. In this
instance the high humidity and instability of the warm air was a
favorable additional factor for rapid deepening. The small katallo-
baric area in southorn Alberta was another low-level system imbedded
in a zone of strong temperature ocontrast. It followed the steering
principle and moved very rapidly (57 mph)e The lack of intensifi=-
cation was consistent with a location to the west of the 500-mb traugh
so that during the 26th there were no height falls &t 500 mb over the
surface falls.

(b) Case of March 3 = l;, 1953. The asymetrical low in Texas

had changed litils during the 24-hr period prior to 0630 GMT on March
3rd. However, the synoptic situation had all the ingredients for a
rapidly deepening cyolone. There was a strong zane of temperature
contreast ahead of a deep 500-mb trough and the warm air was moist and
unstables The deepen?! 7 commenced when the 500-mb trough and its
height falls moved eastward so that the height falls contributed to
sea-level falls in a region of strong temperature contraste From
March 3rd to 4th the ocyclone deepened and moved rapidiys Since the
pressure changes were associated primarily with prominent temperature
changes below 500 mb the ocyclone followed the steering principle. By
March 4th there was a prominent short wavelength trough and ridge at
500 mb above the surface oyolone. This change in the pattern at 500

mo is part of the deepening process. Such 500-mb ohanges are common



with deepening syclones imbedded in a zone of strong temperature con-

trast below 500 mb.

(o) Case of March 26 - 27, 1953. From the 25th to the

31st of Maroh there was an unusual period of slow-moving oyolonise
aotivity along the mid-Atlantio Coaste Ordinarily oyclcnes develop
and move rapldly when they are loocated in the zone of strong tempera-
ture oontrast ocommonly present along the Atlantic Coaste The mapz far
0630 GMT Maroh 26th show an unusual pattern. The thiskness lines,
through and ahead of the oysclene center, demonstrate that the thermal
oontrast is weake Consequently, the surface pressure falls are be-
neath 500-mb falls and the cyclone is moving with the slowly-ohanging
cold low at 500 mbe Minor cyclone waves developed and moved northward
into the primary lo;. These weak disturbances were imbedded in the
stronger thermal oontrsst tc the south of the main ocenters This auoma-
ious pattern for the mid-Atlantic Coast demonstrates that a zcne of
strong thermal oontrast aoross the oyolone is a necessary requirement

£5r rapidly moving oyolones.
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Table l. Surface pressure chengos (.p_ in mb) related to 500-mb
height changes ("HSOO) and changes in mean temperature ( uT) be-

tween 500 mb and p . Table construoted for p, = 1010 mb, H (height
of the 500-mb surface) = 17850 ft and T = 266 K.

=400 =200 0 +200 +400
+8 =32 -2 4 =18 =8 )
+3 =24 =18 -8 0 +8
0 =18 =8 0 +8 +16
=3 =8 0 +8 +16 +24

-6 0 +8 +16 +24 +32




Table 2. Analysis of rapidly intensifying ard weakening katallobaric
systems on sea-level ocharts. All pressure changes in mb
per 12 hre The "12-hr change" gives the inorease or de-
orease in the central value of the katallobaric system.

Type Intensifying Weakening
Noe of cases 29 21
Initial wvalue =9,0 =15.7
12=-hr change -8.9 4+ 7.6
1000 -500 oontribution =248 + 3.7
500-0 oontribution -4,3 + 3.8

Table 3. Analysis of the behavior of lc<-hr katallobaric centers at

sea level. The A, B and C refer to the letteres on ~ ¢ ~o
location Betwean A snd B Between B and C
Type Intensifying Weakening Intensifying Weakening
No. of cases 14 21 51 35
Initiel wvalue -11.1 =14.7 =10.3 =156
12‘hr change A 3.0 + 5,0 L 5.2 + 4,8
1000=-500 contri- = 2,8 + 3.4 - 2.0 + 2,8
bution
500-0 contri- =~ Ce8 + 1.6 - 3.2 + 2,0
bution

Table 4. Subdivision of 12=-hr katallobaric centers at sea level, located
between B and C, into low- and high-level contributions.

Type Intensifying Weakening

No. of cases 23 28 18 19
Initial P, =97 =10.6 . -14.6 -16.3
Initial 1000=500 =1.8 - 9.8 - 2.0 =1860
Ini=ial 500-0 =79 - 0.8 -12.86 - 1.3
i2=-hr change =bo 4 - Sl + Gol + bad
1000=500 contribution =be7 + 1.0 - 0.2 + 5.4
500-0 contribution +0.3 - 6.1 + 4,3 - 0.l



e e ————— e

S e

Fig. 1. An idealized contour pattern (solid lines) at 500 mb.
The dashed lines are 12-hr height changas.
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Fig. 2. An idealized trough-ridge pattern at 500 mb.
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Fig.

Synoptic situation of Feb, 26, 1953, The dashed lines
on the surface map are mean isotherms between 1000 mb
and 500 mb. The x's are successive 12-hr positions of
cyclone centers. The dashed lines on the 500 mb chart

are 12-hr Beight changss.
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Fig. 4.

Synoptic situation of March 3, 1953, The dashed lines
on the surface map are mean isothermns, between 1000 mb
and 500 mb. The x's are successive 12-hr positions of
the cyclone center. The dashed !ines on the 500 mb
chorr are 12-hr height changes.
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08308 Merer 26, 1983

Fig. 5. Synoptic situation of March 26, 1953. The dashed lines
on the surface map are mean isotherms between 1000 mb
and 500 mb., The x denotes the 24-hr position of the
cyclone center 24 hours later. The dashed lines on the
500 mb chart are 12-hr height changes.
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