FORMATICY QOF YEW H(VING CENTERS SOUTE OF DEEP LOWS

(Preliminary Report)

Robert C. Gentry

In en effort to develop principles that wovld aid in long range fore~
casting and in drawing synoptic weather meps over areas with relatively
few reports, a study of northern hemisphere weather maps has been under-
token with rospect to the develoument of new moving .centers south of
deep, quasi-stacuant lows.

1t is believed that weves whose origin is primarily influenced by a

deep low somewhere to the north can be clessified into four grovos.
These are illustrated in Fig. 1. “1" is the type in which the wave is
quite stable, is far removed from the old center, and only becomes un-
stahle and develops after the trough of the succeeding svstem picks it
up, "2" is the type most commonly found; it starts as a wave on the
front extending sovthward from the old system. "3" is the case in which
the peak of the werm sector breaks off from the old system end travels
on as a new svstem. "4" is the rarest of the four cases; here cyclo-
genesis takes place somewhere along the werm front in sdvence of the old
Svstem; this prohbably happens most often in the cuse . of a warm front

ocelusion.

Thus far the meps for thirteen fall, winter, and spring months have been
examined. The procedure has been to catalogue the caeses of develqpment
of new centers where the dominating influence has been & deep low some-
where to the north. BEach case was classified according to one of the
four types, and the following data were recorded: the location of the
wWave when first noticed on the synoptic mep, the importance of the new
center at the maximum of its development, the location of the old low
center, and a brief description of the attending synoptic situation. 1In
addition, for one month, the synoptic situstions on the three kilometer

meps were desoribed and recorded.

Sirnce most of the centers of this type develop over the oceans, the most
intensive work wes done in the Atlantic end Pacific areas. Only those
developing over land quite near the coast line, or in the region of the
Gulf of Mexico are listed. Thus it is quite probahle thet there were
some centers which developed south of deep lows that are not listed here.

The months so far exgmined are November 1938, and 1937; December 1936;
January 1935, 1936, 1937, and 1938; February 1937; Maroh 1634, 1935,
end 1837, April 1937; and May 1937. Since the only»two fall months ex-
amined were those for November, they are grouped with the winter months
in the summary.
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In the study en effort has been made to determine the following thingsj
favorite regions of formetion for each type and for each season, the
synoptic situations favoreble for the formetion of éach type, and the

synoptic situations which are not favorarhle for the formaetion of new
centers.

For summerization the deta wers put into two groups: one for the wintel
months including Iovember, December, January, end February; and one for
the spring months including 'erch, Aprll, and May.

Pig. 2 FlVGS the locatlon of each of the waves of the winter months.
The numbers refer to the type of the wave, ¢nd are placed at the spot
where the wave was first orserved on the synoptic map. The sipgn after
the number refers to the importence of the center after it was fully
developed. Since the Northern Hemisphere maps examined are drawn only
for every twenty-four hovr period, the waves ere partially developeds
as & rule, before they are picked up by the analyst. Thus the locatlon
of the beglnnlngs of the weves should probably be slightly SW of those
locations given on the maps in Fig. 2 end Fip. 3. Fig. 3 gives the 107
cations for the spring months.

Tre storms were classified as strong (+), moderate (v), &nd weal (-)

on & comparative basis. It is reslized that the olessificetion would
IMave more significance if the classes where hased on definite criterisi
however, no satisfactoryv oriteric heve been formulsted. The process hé
been to examine & month of maps, &¢nd efter compsring the .storms with OM
another, to arbitrerily clessify them as strong, moderste, .or weak,

In Fig. 2 trere are sixty-two weves loceted in the Pacific snd forty-
one waves in the Atlentic. There were three more that developed into
good centers, but they developed fro- a front where there were & seriof,
of waves and it wes difficult %o locate the wave that sctually developé
It should he noticed that Fig. 2 and Fig. 3 do not include all of the f
wsves thut occurred during the morths, but only those waves that, actuaf%
developed into Beparate, moving centers and, as ohserved above, three ¥
these are not included.

ot
!

Of the sixty-two new centevs forming south of deep lows during the Wll’l}“a§
months in the Facific, fifty-two were type "2", six were type "3", and
three were type "1". 1In classifying the weves as to type tho analysis
as given was sccepted unless there wes &n obvious error. Since the m&ﬁ
are twenty-four hours apart, there is often much difficulty in deter=- .
mining by what process a ccnter was actually formed. Types "1" end nel
are the easiest to recognize. It is quite possible that there were nwf
of type "3". DNonme of type "4" were loceted, but since it is one that *
very difficult to vick up even on maps a shorter periocd of time aparts
it is not particulaerly surprising that none were fourd on these maps.”

This does hot necsssarily indicste that there were none of this type o
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it only means that there were none of this type so outstending thet the
analyst was able to piok them up. The waves not listed on the mep be-
ceuse of inebility to give the exact locetion of the formetion were all
of ’cype» Wott .

In the Paocific during the winter months most of tie new centers formed
in one of three regions. These repions are blocked in on the map and
are labeled "p", "B", and "G"., "™ and "B" are so close togethsr that
rossibly more data would have indictted thet they were hoth only one
group. All of the waves of type "3" formed in one of these two hlocks.
In each case there wes an old low "winding-up" over Xamchatka and the
peak of the warm Sector broke off from somewhere to the south.

The three waves of type "1" all formed west of the 160th meridian East.
Two of them were just off the east coast of Japan and the third was in
blook "BN

Type "2" is found all over the Pacific, hut the favorite regions of
formation are areas "A", "B", and "g".

Pettersson! says that frontogenesis may comwence in zones of maximum
temperature pradient, but the resulting fronts will be found nesr the
trough lines in the wind distribution. Area "C" is neer the region of
maximum temperature gredient, so & concentration of new centers would

be expected there. Area "B" is one of the areas that Petterssen® and
later Fuang® caloulated to be an intense area of frontogenesis. Area

- "A" is somewhat too far removed from the coast of Asia to be in what

has generelly been considered to be the most favoresble frontogenstical
zons. Howaver, an examination of the resultant winds and alr temperature
charts of the Pacific, as given in the Atles of Climatic Charts of the
Oceand, reveals that in this area (A) there is a very large temperature
gradient although not quite ss much ss neerer the ocoast, and that there
is more oyclonic curveture to the isobars in this region during the
Winter months than in any of the neighhoring repions; thus this region
should be a region of frontopenesis. The fact that there is a quasi-
permenent trough in this region in the winter time as indicated by the
ourvature of the stream flow, would explann the concentration of new
centers given in the area "A"
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All .of the interse systems that started dvring the winter months are

found in one of the three areas, In sress "A" end"B", thirty-three of
the sixty two centers started. Five more sterted in "C". If only tho®
'centers that developel to as much as moderste intensity are considereds
over two-thirds started in the three areas. Twenty-six started in npt

and "B" and four started in "C". Only seventeen started throughout th
rest of the Pacifiec. '

In the Atlantic for the winter months most of the important new centeﬁ?
origineted in the area "D" (Fig.2). This zone is the same as the one,
Petterssen had indicated to be the zone for meximum frontogenesis. OF
the forty-two storms origineting in the Atlantic only about two-fifths!
‘or sixteen, originated in erea "D"; however, of the storms theat were 8#

much as moderate in intensity, over helf (fifteen out of twenty?eight)
started in area "D“.. = » . :

There were thirty-six storms of tyre "2", four of type. "1"; one of tyr’
"3", and one of undetermined type. It is somewhat surprising that the?;

were not more of type "3" nesr the tip of Greenland. It is possible £
the analyst overlonked weak examples of this type.

In the Pacific, half of the new centers in spring started in area "E"»
There were one of type "1", three of type "3", and twenty-eight of tyP’
"2".. The type "1" center started at the sovthern tip of Japen. The
type "3" centers egein broke off from the old low that wes £illing-up
near Kemchatkea; however, this tire they were farther esst before they
sctually broke off. Agein the type "2" centers formed in all parts of
the Pacific, but their most favored spot of formation was in area "B"s
This area agrees:well with Petterssen's work on the theory of fronto-
genesi#. In these months there was one storm, which later became one .
of thé most importent, that appurently started in the middle of Asia ?i,
indicated in Fig. 3. The data were not too plentiful on this partioul?

map and there is considerable doubt as to just where the center did bﬂ%

In the Atlantic there were three centers of tyre "1", 12 of type "2",
‘and one of type "4".' Eight of the sixteen were in area "F" (Fig. 3).
The one of type "4" occurred south of Newfoundlend. Its origin was ' ..
rather obscure and there is no certeinty thet it wes reslly of type "4
Of theé centers that started in sres "FP" ull became at least moderete
systems, while of those dutside this ares only five developed to model?
ate intensitv. . This does not mean that all of the waves found in .
area "F" developed into moderste svstems, bocsuse meny of the weves a3
not develop into centers &t all; brt of those thet did develop, all
echieved et lerst moderete intensity.
It was thought that there might be some ortimum @istance from the old
center et which the new center wovld form. To see if there was, the ~
distences hetween the new end the old centers werc plotted on graphs
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éFlg- 4 for winter, and Fig § for the spring). The difference in lati-
‘ude betwaen the two systems is. plotted on tie y-axis and the difference
in longitude is plotted on the x-axis, with a negative value indicating
that the new center was west of the old low, and a pusitive value indie

cating that the new center wegs east of the old low,

Cf course the waves of tyre "1" were south end west of the old center,
Ehsse of ty.e "3" were either south or southeast, and the ons of type

4% was soutreast. Utherwise the only limitetion as to the distance of
the‘new system from the old system seemed to be that of analysis and
definition. It could not be less than approximatel- 5° gistant, or the
new center would have heen considered rert of the ¢lf svstem and not
éven enalyzed separetely. If it were more thaen approxinately 50" dis.
tant, it was generally considered to be vnder the influence of the sva-
ceeding systems rather than the deep low center, and wes not catalogusd.

Observations Based on Examinetion of the lars

New ocenters rerely form in strong W-E flow at suriece.
There sre often slow movinr~ highs on-each side of the
incipient wave to give I flow on one side and S flow on

the other. '

The front must bhe moving slowly for the wave to develop.
Most favorable location is south of a deep low with well
developed highs to east end west of the weve (Fig. 6).

This is particularly true if the high to the west has its
mejor axis orientsd ¥-8 so thet a plentiful supply-of cold
air ocan be delivered to the cyclogenetic region. In all ceses
& wave developed under these ciroumstances unless the front
was moving quite renidly.

Phe waves do not develo when the front moves through the
middls of a high (Fig.7). This also includes the case where
there is a high on esch side of the front, but one of the
centers is very wealk., +‘he determining factor seems to he
whether the two centers are esch strong enough to give a
convergent wind field at the front, or if one of the high
cells is so wesk that it is not able to countersct the sub-
sidence thet is vsvally present in a larpe high cressure

30

{[0

8red .
If the Azores hirh is quite strong, there is likelihrod of

wave development on a front moving across the Atlantic.
fnother fevorarle situstion for a wave development is in a
long, deep, quasi-stationary trough extending S or SW of the
mein low center (Fig.85).

& strong high stagnated on the eestern corst of & continent
or an enlonpated .-B axis of » deep low with e long high
oriented W-Y to the south, vsially gives a series of wavgs



running elone the front (Fig. @). Tnder either of these
situations stable waves form and run into the old low for
two or three days before any of them hegin to occlude. It

is orly as the arrsngement hegins to hreak down that one of
the steble waves develops into a »ood center. Lowsver, it

is possible that it is the develoiment of the center thet
breaks down the arrangement of the lows and highs that caused
the series of waves.

The 10,000 foot maps for one montn were examined. -The following were
found to be true

1. 1In every case where e wave developed into a center, thers
was cyclonic curvature at 10,000 feet, and usuelly there
wes at least a weav trovgh.

2. 1n most cases the wind was WS¥. However, there was one casé
in which the wind was coming from slightly north of west.

3., In most cases the winds &t 10,000 feset wers compsretively
light immedistely above the incipient wave.

These conclusions regarding the 1u,000 foot maps &re incouclusive for
two ressons: Only one month hes been exeminéd with any great details
Secondly, the unier meps were constrreted from dete extrepolated from
the surface date, so trhe analyst probebly favored preconceived idees

when drewing the meps, so long &s he could do so without disregerding
the date too much.

After exemining many meps of the summer season, the conclusion was
reeched that a detailed studv such 28 wes mede for the winter end spr'UIg
months wes not worthwhile, hecsuse thers were not many systems develo?’
ing which could be pluceﬂ in one of the four clissifications; and ovel
those that did develop when thore wes a dsep low pressure somewhere to
the North scemed to he iniluenced more by otheur factors. In meny cased
the develdpment of the steble weve into en osceluded system appeared to
be entirely independeont of the degwv low to the North.
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Fig. 6 North Atlantic Area . ™ | :
Fig. 7 North Pacific Area . e -
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