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From the idealized gemeral clrculation of the atmosphere as shown
by Dr. Krick it ié seen that the high and low pressure centers have
a relatively fixed position in the maintainence of that circulation.
Land and water influences somewhat modify this ideal picture and
further complicate it, as also does the insolation variation with
the seasons. Added to this pilcture are the polar outbreaks which
transport the cold ailr masses south of the polar fronf forming the
wave cyclones, Combined too are all the effects of local variations,
making the picture so complicated that there seems, many times,
doubt as to the ability of anyone to consistently forecast with
reasonable accuracy beyond the twenty-four value of the synoptic
chart.

Dr. I.P.Krick has developed a technique of long range fore-
casting based on composite type maps and periodicity for weekly
forecasts, and on recurrent types,probabilities, and changes in
streamline patterns for prognostications of three, and even up_to
six months. Some sure method for interconnecting the types, that
1s to say, some means of forecasting future types beyond the prob-
ability stage seems at this time somewhat vague. Therefore the pur-
pose of this research was to classify, by existing types, the syn-
optic charts dwawn by Dr. Xrick during the year 1937; and to deter-
mine from those classifications whether some synoptic situation
presagés a change of type and identifles or labels the succeeding
tyre unmistakeably. Other purposes of the research being to simpli-
Ty, with accuracy, the type "A" synoptic situation and to reduce to
writing the features thereof,

For the above purposes the types as indicated by R. Elliot of the
California Institute of Technology, were used as guldes and copies

of Phase I of his Types "A","B","C", and "E" are included herewith
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CLASSIFICATICN OF 1937 CHARTS

JANUARY FEBRUARY
D
A 'PHASE | W ' REMARKS :Hm%: W ELmMMMS
Y . y
1 A II 213 A} oIII 2 t4/2
2 A I11 312 A ) II 3. 13/2
3] A 1T [473] - E | 0 312
4 A I 313 E | I oA
5 A III 213! E II -1 3
6 A I1I 312 A 11 31 3
7 A 11T 3121 A I11 - 13
8 A IT 312 A 111 31 =
9 A I 3 2 B I 2 3 7B/ ar ver/ break |
A TI 213 B I1I - 12/3 ‘"
A} III 212 E IIT  |4/3]4/2 /"
A III 213 E - -1 41 .
A I 313 B I 4/313/2
A I 313 B 1T 3.1-.2
A I -13 B 11 |4/3] 2
A 111 212 B I1I - f2/2
A I |3/2] 2 B IIT |3/4] 2
A I1I 213 B I 4/31 2
A II 212 B I 4/2| =
A I 3/21 2 B II 3 1472
A 11 313/ B II 3 |4/2
A 111 212 A II [3/4] 2
A i 212 A I 4/31 3
A 111 |3/21 2 .- A I 2 | 2
A I 2 3 NGooet 74 A II = 13/2
A II 212 ? IIT  |3/2] 3 [moybeimea s
A 1 3/1) 1 E 11T |3/2] -
A I 3/11 1 E II - | 2 |Goor'sz~
A 11 {3/213/2
A I {3/2]1 1
A I-II |3/212/1]
MARCH APRIL
E Il - 14/2 B I-II 131 -
E III -13 B II & 13
B 3 - - - B=C III 3 2
B II 313 E I l4/2) - )
B 0 2| 2 E I |3/3| &4 |Goeds
B 111 - [2=2 E II -1 3
E I 432|2=2 E IIT | = | 3
® T - 3/2 B I 3 = | Folar Out break
E II - | 2 |sHeng Blerakieat| B IT | - 2| « “
E 111 14/3) - z B 11T | 4 |2/
E I 4 | 2 2 E 1T | - | -
E I-11 | 3 | 2 o E I 3 | -
E II 212 " E II 3] -
E II1 2 2 i E I 3/31 3 Folar ot break
¢-B | III |1 2|22 E II 30 3| . .
¢-B | III = | 2 |WesasieHior E 11T | - {2/
E I-III{4/%| 3 B I |4/3] -
E I 3 3 Fo/ar Outbreak B '7:12; 4 / 3 -
E I 3153 B I1¢ | = | &
E I-1I | 3 | - % B I1I |4/3] 2
E I - |2 E |I1I-I1|3/2] 2




MARCH (contdd APRIL (contd)
(431 b i B[ = A I -
23| A 111 - | - A I1 | 3
241 A I S72F 3 E I 3 | 2
25| A IT [=7|3/2 E |I-II | 3| 2
26] A III - [2-2 E TII:] w2
27| A |II-III| - |2-2 A IT | -.| 3
28| A II o || o B I3 | =] '3
29 B F 2 e NSimitar temc B II 3 o
30 B |III-I:} 2} - E I 3|
31 B I 4 12/1 gyﬂ/lg/g/:iﬂ;ﬁg)f
MAY JUNE
31| -B I 4731 - 75 B-C II [4/3] 3
2| B I 3/4| - B-C | III [#/3| 2
3| B I 3/1} 1 E 1: 13/3] 3
4 B II 311 E Il 13/2] 13
%l B 11 3 | - E I 34| b
6| E 111 - |3/2 . E I 3| 4
71 E 111 4 | 2 \Goowszr” E IT | - &
8 £ |II1F-I!| = |2 E IT | 4| 2
91 B i - | 4 E I-II| 3| -
10| B III -. |3 E IT |4/3|4/3
11| B i 4 | - i3 IIT.| 2:] 2
12| B II 4 | - B I 4 | -
13| B It 313 B I-II|4/3| -
14| B TIT - 3/2- B IT | 34| 3
15| B LII |4/4,2/2 B 11T | - |2/2
16 E T 3441 - E | I 3.1 2
17| E T -3 E I-II| 3 | -
18| E II 3|3 B I --113
19| E I1I -'1.2 73 B ITl-12
20 E IX: 3 2 “t B I1T 4 - No Bosirm +494
21| B I-IT |4/3| - v B II |4/3|4/3 |Besim Aok
22| E 11 [334| - | ~ E IIT | - | 2
23] E II - 13 E i i
241 E X - | &4 B i 4 | e
25| B T 3/4 = | 73 B I-II|4/3]| -
26| B I 3/4| - B, IT | 3| 4
27| B II 313 -¢ | IIT |433} 3
28] E I w 22 B=¢c | IIZ | 2
29 E i Lhaoh ] < B=C Tk - Gooa /F-C I
30| E i Z=0] &4 B=C IIT -
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1/ B IIT | - [3/2 B | I - | =
2! B I I3/4) - B T 3 13/2
3| B ? % | - B III | = | =
4 B IT | 3| = B II | - | =
5/ B ? 3| - B I - | -
6| B I - | 2|z Il B I-II | 4 | =
71 B IT | -] = |4 't B IT | -~ T4/
8 B III | = | = E II (4/3]2-2
9| B=C I 30 - |7 B=C I1 | 3| = ?
10| B ? - | - B-C IT | - | -
11| B I1 [3-3]| - B-C II1| -3 F
12| B II| - | 2 |7 E I -] 3
13| B II | 4| 2 E 11 |2-2|2-2|Rres €L
14| B I 3 | 4 B-C I - | -
15 B I 4 | - B I - - |79
16 ? - L | B | @it Aigh compliiey E II 4 ~ |Rawid changeto &. |
17 ? - 3 3 Witing GuefHloska E I 3 3 |Good 67
18| E I 3| - E 11 | 4 |2-2
19| E I 3| 2 E II | 4| 3
20| B- I |4/3] 2 E I |3/4] -
21| B- L - | 2 E I-II | 3 | 3
22 I - | - E III | 3 | 2
23 I1 |3/4| - E III | 3 | 2
24 II | - | & E III | - |2-2
25 IIT | 3 | &4 B T 4| 2
26 III | - | & peshnkyinow B I - |&4/2|7g Font
27 11T | - | &4 » B I = | 2 "
28 | 1 4 | &4 ot B III | - | = 2
IT | 2| 4 o B ITIT | =] = "
II | 2| - “M@@M%' B-C I 4 (1/2
IT | = | = Yo mo B-C 11 |4/2] -
STOTEMBER STOBER
B I [3/2] - 7 A I 141471 = | Gow 7z
E 1T |4/3]| - A IIT |2 | -
7 II L3 | = | Frer oaréreat A III 3 2
E I 3 | - B I 3 |2
E IT |3/1] 2 2 B I |4/3| 2
B I [3/2| = |7 #et E II | 4 | -
B I |3/2] - " E IT | - |4/3
B I |3-2] - « E III | - |3/2
B IT  |4/4) 2 E I 3 | -
B II (433 - |7 E | II |- |2
B I1I 3 | 2 E I1I | - | 2
B 111 - | 2 E II | - | 4
B ITT 4 |2=2 ¢ I 3 3 Goow L.
B |III-I | &4 |3/2 ¢ IT | = | = |
B I 4/3 - E IIT1 | = | =
B II  |3-3|3-2 || E II1 | = | = |
B III 4 - 7/9 | | E I 43 - E(wodfr'a/y /;am//g :
E i 4 | - || E I-II |432]| - .
E 11 - |22 B IIT |4/3)| - i
E II1 - |2#2 B CII |4 | -] B




: SEPTEMRER  (contd) : CCTEBER (cdnta)

21l E 1Y 111 1. = | = B ok LT -

22| E III | &4 | - B III % | &

23| B I (3| - B III - |3/2

24| B T 4 | - |73 B I 4 |-

25! B I-II |[334]| - | ~ B I 4| -

26| B II - | B E I -1 3

27| B III | - | - E. 11 - |3/2

28| B EIT | 3. {.2 E 111 4 |72

29| A IT - [1-2 E III 4 |3/2

30| A IIT | - | 1 E i 4 1 3
1 E o = -

NOVEMBER DECEMBER

1 E ! I 4 - 4 - - -  \Tronsiténal o 1B
2| E II 4 | - & IT - | 1

3] B ITT | =1 3 B I e

41 B I 4 | - B I 4 | o |Rrar cutbreat
2] B Il 3 | - B 1k | 2] = | = e
€| B II-III| - | 4 B IIT | - |3=3]| « z
71 E 3 3| - B I-II | &4 |3/2] « «
8| E I-II | 4 | - B II 4 | 4 |« .
9| E IT |411) &4 B IITI | 4 |2/1] - "
10| E II-ITII| B )<= E IIT | = | 1

11| E TI=IIT| B w E IIT | = | =

12| E I1T=I| 22 ? - - | -

13| E I 4 |3/2 B IIX | 3 | =

14| E i 3 |3/ 2 |folar outbreak B III |234] =

15| E I 3.0 2 |« E I ] e

16| E II - E II 313

17| E III | Iage@™y o E II |4/3|4/3

18| E I Foom | @ E III |2/3|3/2

19| E II -1 5~ N B I 3| -

20| - E II = jp-s | B II b | =

21 E IT-1I1I1I| - - B I1T 4 - | Hhnost 29
22| E T - | - A I |4/1) -

23| E 2 = fua A I#*II | 2 | 3

24| E IIT | = | = A II 4 | 2

25 B I - - - L - - |Merry xmas
26| B I - - ¢ ITI 3 o

27| B I |4/3]| - E I 3] &

28| B III | 4 | = E II 2 |4/2

29 B III 4 3 E I - - | Folar Out bk
30 B I1 4 - E I - -

%1 B-C FELN 77 E




SPECIFIC CONCLUSIONS

1. Total number of days

Type
Type
Type
Type
Type
Uncla

occurrences

"A" 57 15.6%
g 132 36.1%
HCH 5 1.4%
HE" 135 37.0%
"B"'C" 29 8.0%
ssified T (or missing) 1.9%
365 100.0 %

2. Total number of periods: ( a period arbitrarily being consider-
ed persistence of the type for more than one day.)

Type
Type
Type
Type
Type

3¢ Total number of days

Type
Tyvpe
Type
Type
Type

4, Average persistence

Type
Type
Type
Type
Type

1At

"g“ 22
"G" 1
"E" 28
"B"'C" 6

in periods:

HAH 56
IR =31}

"ng 139
HE fn 132
"B"G" 25

of each type

"A" 6
1" n
'1?" E
MW
l!g‘C 4] 2

(occugred 1 time fgr

1 1] n
4] 1]

1" 114

1"
1]

NN N
RS AC )b

:(based on periods, see #

days
n

5. Type "A" was the dutstanding type in persistence, ruhning

from January 1 to February 2, or about 53 cycles if a cycle were

1 day)

n
" 4] )
it 1

1" H)

2)

taken as the average number of days persistence of that type from

parazraph 4 above,

6. Type "E" was the second outstanding type in single persistence

running from November 7 = 24, or about 3 3/5 cycles.

7. Type "B=C" occurred for twelve days or for three complete

cycles for the third longest example of persistence on July 20 = 31.

8. Type "A" occurred last in the spring April 22 - 23, and first

the following fall September 29 - 30, indicating that it 1s a type

to be found only in the colder half of the year in its pure form.



9. Occurrence of types by months: (in total number of days)

—

’ A | B C 1 EB-CJ1¢?
Jan |31 - - - - -
Feb 9 . = - T - 1l
Mar | 6  § 1l 15 2 -

April | 3 11 - 15 3 -
May -1 | -]12 - -
June - il - 13 6 -
July | - | 14 | - 2 13 | 2
Aug - |13 | -« | 12 6 -
Sept 2 19 - S - -
Oct 3 ) 2 17 & -
Nov - 9 - 21 - -

' Dec 3 21 2 138 h |

10. Occurrence curves of the three most common types: ( Ordinate
1s divided into twelve parts representing months while against

this is plotted the total days occurrence in the month.)

20 A
Days “e //, ot L eme
SN A —

/]

-~ ! - o R
B i [
- % Y \ -
4 ” A4 =
/ \
107 \

Y \

Month

11. The mixed type ( or combination of types B and C ) "B=C"
occurred most frequently in June, July, and August =-- August
belng the month of peak occurrence when the type occurred twice
a8 many days as 1n elther June or July. This would seem to indicate
that type "B-C" is a summer type in the same sense that Type "A"
1s a winter type.

12, The month of maximum Type "B" occurrence was September, while
the maximum of Type "E" occurred two months later. |

13, It must be remembered that the foregoing conclusions were

based on, and apply to, only one year of gynoptic situations.



The greatedt value which may be assigned to the conclusions
drawn from events of 1937 is to be found in the indications which
may be made the basis for further study. If results from investig-
ations of a number of years warrant,then speciflic general conclus-
lons may be drawn. The danger, and the fallacy behind, any attempt
to make practical application of results, unsubstantiated, from

a study of meteorological events for only one year is obvious.



GENERAL CONCLUSIONS

1. The entire month of January 193( was classified as Type "A".
etailed information on this type included later.

2. On the example of Type "B", the notation " Tg seldom drawn
nto the system" proved misleading since Tg was more often drawn
nto the system than not.

3. Each type persisted for a period during which the conditions
n the general cirgulation permitted that characteristic type to
alntain itself. That 1s to say, that change from any type to another
ype is due to a shift in the general circulation.

4, When the volar fronf for any reason shifted north, the sub-
olar front was drawn into the circulation on the chart and affected
he weather accordinsly.

These ghifte were especlially noticable when in Tyve "B" there
as a northward movement of the system, a type closely resembling
ype "C" would appear in the southwest or even out over the Pacific
s far as Hawail.

5. An "E" Tppe, which closely resembles 2 "B" Twpe that has moved
n at lower latitudes, was never accompanied by an extreme southerly
ystem on the synoptic chart. This would seem to indicate that the
ub-polar front in these instances moved eilther southward off the
hart or into a region of such small contrast of property that its
oticable characteristics vanished. Thus it would appear that the
ub-polar front moves north and south with the polar front and at
ery nearly a constant distance, which could be called a wave length
n a north-south direction. Ww.C.Willlet of M.I.T. seems to ignore
his fact in criticizing the method of long-range forecasting of

he Scripps Institute by oceam temperatures.



6. In addition to a north-south wave length there seems to be
indicated an east-west wave length of approximately the width of
the United States. It was consistently noticed that when a system
left the east coast of the U.S. a newAsystem appeared on the west
coast. And 1t was never observed that a system of major importance
exlsted between the two, let us say, major systems =- one entering
the“U.S. on the west coast and one 1éaving on the east coast. If
there was a major system within the continental limits of the U.S.
there was no new major system until it had feached the lmmediate
vicinity of the east coast. |

T. It appeared at‘times that the dividing line between Type"B"
and Type "E" used as the basis for thls classification 1s thinly
drawn and some definiﬁe feature is needed to separate the two types
more clearly in practice. | |

8. It was found in numerous instances that the continuity c?
Elliot's types was not clear enough to exactly classify each map.

It 1s believed that more continuity would be galned by making the
"Phase" a definite time interval -- say 24 hours, in order that

the forecaster may anticipate the complete picture on each succeed-
ing map.

9. Special effort in this research was'given to the revision of
the Type "A" composite map set since this type sitﬁation was so much
more prominent in this year than in any other of the five year perlod
1936 - 1940 inclusive. This type is discussed in éonéiderable detail
in a later section. |

10. D®. Xrick states that Type "A" seldom appears after March.
This was borne out in the investigation. However due to the seasonal
shift of the circulation a type so closely ﬁesemﬁling an "A" Type
is formed that it appeared reasonable to suggest this situation as

a spring "A" Type. The normal seasonal shift of the Pacific Anti-



It is believed that Type "A" represents a north and west shift
of these centers and thus Type "A" in a seasonally modified form
can appear in the spring. Thls 1ls belleved to be true also of the
other types , but may be quite hidden due to the fact that seasonal
and other modifications tend to obscure the shifts.

Thus we may expect Type "A" situations similar to those in Jan-
uary 1937 when the outbreaks of polar alr again reach their extreme
westward positions, and when the Pacific anticyclone reaches its
most northerly position concurrently. Activity eastward from the
Pacific coast will then depend on the westward and northward shift
of the Bermuda highe This line of reasoning is logical and applic-
able to all the different tyoes. Each type merely representing
cyclonic and frontal positions resulting from shifts of anticyclonic
centers, and trajectories thus necessitated to conform with the
general circulation of the atmosphere.

No type will fit all situations, nor will any group of types,
because of ever changing vositlons of pressure centers -- that 1is,
centers of action and tranmport of different masses of varylng
properties due to the shifted trajectories and periods of stagnation
in source reglons. However, types may be found, in fact some have
been found, which fit fairly well situations which recur more or
less frequently. The Type "A" maps included hereafter are examples
of a representative set of types for one fairly frequently recurring
situation. Types "B" and "E" together predominate the synoptic

sltuations the greater portion of the year.
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TYPE "A"

The Type "A" as has been previously stated represents a situation
where the Pacific high is north and west of its normal position and
greatly intensified, possibly due to its northward movement. Accomp-
anying this translation of the Pacific high is also a translation
westward of the Bermuda high and an intensificatlion of this cell,

See diagram number 1, Between these two and to the north is the
migratory Canadian high moved westward. Its intensity is quite var-
lable and it is subject to large southward movements. Its main feature
in this case is its westward displacement.

In tracing this type the principal translatory feature is the
movement of a high pressure area which forms west of the Alaskan pen-
insula. When it moves north of the periphery of the Pacific high it
ls subject to intensification by the extremely cold alr from the
Arctic regions. The first phase or day of the.type being taken as
the day this anticyclone comes onto the Alaskan Peninsula and inten-
sifies. The second day the high moves east and south into British
Columbia, the air in the mass at this point is the coldest of its
entire cycle.

The third day the anticyclone moves extremely rapidly southward
and eastward pushing a lobe of high pressure as far eastward as the
Great Plalns area. This day the anticyclone splits into two lobes.

The fourth day the western lobe of the anticyclone practically
stagnates for one day before following the advance lobe in the
Roeky - Sierra Nevada Regilon, while the eastern lobe pushes on
east and sdéuth beyondthe Mississippi into the southeasgtern United
States.

On the fifth and sixth days days it moves north and eastward along

the Appalachians and coastal strip recurving east and south after



passing off the coast in ﬁhe New England area. On the seventh day
this amalgamated with the Bermuda high lncreasing its intensity and
westward movement.

On the sixth day the new e¢ycle starts again off the Alaskan
coast. The movement of the anticyclone as described above 1s almost
invariable. Its intensity shortly after lnception appears to be a
measure of the intensity of the storm cycle and southward swing of
its path. The more intense it is the farther south it moves, especial-
ly after nassing the Rockies. The intensification of the Bermuda high
on the seventh day of the old cycle ( first day of the new cycle if
Type "A" persists) avpears to be a result of this feature.

The cycle is from five and one half to six and one half days in
length. The suggested Type "A" maps which accompany this section of
the thesis are based on a six day cycle with twenty-four hours between
guccessive phases, |

So fer in the discussion of the new Type "A" only the anticyclone
has been traoéd but the cpclones and fronts formed seem to be dynam-
ical results of this movemeﬁt. They will be traced now,

The Pacific anticyclone forces fronts and cyclones to pass far
north of thelr usual path in other types, and then to recurve south-
ward along the Pacific coast so as always to be between the vastly
contrasting Pc alr of the migratory anticyclone and the Pp alr of the
stationary Paciflc anticyclone.

The cold alr being on the left of an observer facing southward
gives the convective component in the same direction as the dynam-
ic component and the wave remains stable as 1t move rapidly south-
ward as far as the Los Angeles area. Here it slows up and occludes as
it moves eastward,wlith additional waves forming along its trajectory.
When the translatory anticyclone splits a tongue of the occlusion is

drawn northward into the space between the east and west lobes.



The lower part 1s often inﬁensified~by the introduction of Tg into
the wave and the cyclone follows the advance lobe ®f the high north-
werd glving heavy rains northward along the Appalachlans and @reat
Lakes and finally passes offthe coast after giving considerable
precipitation in the New England area.

There 1s an almecst stationary front extending from Britlsh Columbia
south and around the southern part of the United States along the
Gulf and-Atlantic areas. It 1g along this fromt that the waves form
With-one ma jor wave forming in each six day cycle and a minor wave
each half cycle. The front along the Atlantic coast moves east and
west under the opposling influences of the Bermuda high and the Pc
outbreaks. It is along this same front that almost constant aétivity
takes place. This 1s the feature which gave the floods in January
1937. The Bermuda high throws Ta and Tg air into the Unlted States

(along the Appalachians and Chioand Mississippi River Valleys)which
overruns the cold Pec to the west. Since thils positicn of the Bermuda
high is typiecal of Type "A" any versistence of the type for several
cycleswill again these flood conditions bring.

The weather anomalies connected with this type may be briefly stated
gince the type is so invariable. The extreme west coast will be much
colder and wetter than normal with extremely dry cold weather char-
acterizing the Columbla Plateau, Great Basin area, and Northern Great
plains area. The southwestern Desert area will be colder and much
wetter than normal. In the Mississippi Valley and eastward to the
Atlantic coastal area there will be heavy rasins and a narrow belt of
almost constant rain along the Appalachians and Jjust to the weste.

The temperatures will be asbove normal due to the Tg and Ta influx
between Pc outbreaks. The Great Lakes area will be subjected to

héavy rains particularly in the eastern parts. Temperatures here will

average above normal. The New England area will also have heavy pre-



cipitation and above normal temperatures for falirly long intervals,
The East coast south of New York will be drier than normal but will
hhave considerably higher temperatures due to the position of the
Bermuda high and froatal zone just to the west . These features are
shown on diagram number two accompanyinge.

North of the United States and sometimes extendlng along its
northern border a dry cyclone accompanies each cycle; but its activity
1s not of great importance to us except for the cloudiness along the

United States - Canadian border.



