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ON STORM-FREQUENCY CHANGES IN THE UNITED
STATES.

By HENRYK ARCTOWSKI.

[Dated : Hastings-on-Hudson, March 3, 1915; Received by Editor, July 15, 1915.]

While, with the assistance of Dobrowolski, Amundsen,
and Lecointe, I was making hourly meteorological
observations on hosard the Belgice, the ordinary cvcfonic
oxplanation of the subantarctic storms seemed most
unsatisfactory to me.

T often thought that the barometric depressions of the
circumpolar belt of low pressure were more or less
recular waves, extended hetwecn the South Pacific and
polar anticvelonic centers of action, and that these
waves traveled eastward around Antarctica, sweeping
on both sides the high pressure arcas, and that, from
the north as well as from the south, anticyclonic crests
were wedged between this rotating system of furrows.

Such a wave-motion hypothesis was ton old-fashioned
(1) and at the same time too radieal to be discussed
on the basis of one year's observations at an absolutely
isulated station. Convineed, however, of the fact that
our knowledge of atmospheric circulation could be
greatly advanced by a systematic study of subantarctic
weather conditions, I dared to propese at the British
Association meeting at Dover in 1899, the organization
for the years of the Discovery and Gauss expeditions,
of meteorologzical stations installed on the islands hetween
South America, Australia, and the Antarctic continent.

This project came to nothing, but sconer or later it
should be realized. The publication of daily weather
maps of the Southern Hemisphere, attempted by the
Royal Society (2), as well as the elaborate discussions
of Meinardus and Mecking (3), give still more weight to
this desideratum, and now it appears perfectly clear that
an extensive study of the metcorological conditions of the
Southern Hemisphere belt of lows would very greatly
advance our knowledgo of the mode of formation and the
orientation of displacement of storms. The interesting
and most suggestive memoit of W. J. 8. Lockyer (4) on
the Southern Hemisphere swrface-air circulation and
Merecki's extensive researches on barometric waves (8)
also point to the same conclusion.

In the Northern Hemisphere the distribution of at-
mospheric pressure is more complicated than it is about
the Antarctic continent, therefore the lows are greatly
deformed and follow diffcrent belts of prevalent storm
tracks. In Europe, the superposition of all observed
tracks of lows gives the impression of a2 most intricate
network. The maps publis{led by Gen. Rykatchew (6)
may be cited as example.

In North America conditions are simpler, The charts
of relative storm frequency published by Finley (7) in
1884 plainly show the predominance of the belt of lows
along the Great Lakes. The chart of aggregate storm
tracks traced by Dunwoody (8) from the International
Simultaneous Observations taken at Noon, Greenwich

time, during the years 1878 to 1887, shows that ‘‘the

1 Black-faced nupibers in curves refer to the list of references at end of the paper.
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region of greatest storm frequency in the Northern
Hemisphere is included in an area which extends from
eastern Lake Superior to the Middle St. Lawrence
Valley.” It may be of intevest to notice that the
monthly charts by Dunwoody show that *‘for the sprin,
months the average track of storms over the Nort
Anpierican continent is farther south than during the
winter season.

Later Bigelow (9) classified the different American
types of storm tracks and studied their seasonal varia-
tions of frequency, but it is only recently that the rela-
tions between storm movements and the pressure dis-
tributions have been extensively investigated by Bowie
(10).

Of the centers of action that affect the weather conditions of the
United States east of the wocky Mountaings, the subpermanent high
over the middle laiitudes of the North Atlantic Ocean is perhaps most
influential. When this is well developed and stable temperatures
above the seasonal average are to be expected over the great central
valleys and the Eastert and Southern States, and areas of hizh and low
pressire crossing the United States will move in hich latitudes and
pass on to the oceau by way of the St. Lawrence Valley (11).

As early as 1868 Mohn expressed the opinion that, in
general, lows have a tendency to circulate around high-
pressure areas, keeping the maximum to the right. In
1870 Prestel founc\ that the lows go clockwise around
the highs, and in 1876 (lement Ley pointed out that the
center of a barometric depression moves generally at a
right angle to the greatest barometric gradient (12).

Coming back, now, to the problem of sub-Antarctic
storms, let us extend the experience gained from the study
of the daily weather maps to average climatic conditions.
We may venture to suppose that wherever there is a
more or less permanent area of high pressure with strong
temperature and moisture gradients conditions will favor
the formation of storms and that these storms will have
a tendency to travel around this high-pressure area.

This working hypothesis may be applied to abnormal
climatic conditions, e. g., such as I have called the plei-
onian variations of climate. In the case of atmospheric
pressure, in particular, I have shown that when we chart
the departures of annual means from quasi-normal val-
ues we reveal extensive areas of hyper- and hypo-pressure
having more or less resemblance to wave crests and
troughs. In case of temﬁemt,ure the areas of positive
departures have been called thermopleions. For sake
of analogy in the nomenclature of these climatic anom-
alies we may call the areas of hyperpressure baropleions.
In the United States the same }I?mropleion may be ob-
served for several years in succession, but on different
areas and with a change of orientation of the crest of
highest positive departures (13).

Coming back again to the purely imaginary concep-
tion of the sub-Antarctic storms—and remembering the
general conclusions gained by Bowie from the study of
the United States daily weather maps—we may suppose
that a baropleion will have a tendency to act upon atmos-
pheric circulation as the Antarctic Continent does. If so,
the baropleions will be surrounded by a belt of waves,
accentuated on the side of the steepest gradient of
temperature.
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Leaving completely aside for the present this question
of a possible correlation between observed changes in
the distribution of storm tracks and baropleions, I will
restrict myself in this essay to the study of the variations
that occur in the frequency and geographical distribu-
tion of lows and shall endeavor to establish the fact that
these variations are in harmony with the pleionian cycle

ANNUAL VARIATION OF THE FREQUENCY OF LOWS.

Utilizing the maps published in the MoNTLY WEATHER
REeview I counted month by month, for the years 1883-
1913, the number of tracks of lows that crossed the 100th,
the 90th, and the 80th meridians. If a given low, having
a complicated course, crossed one of these meridians
twice or three times, as it sometimes oceurs, this low was
counted for one and not for two or three.

The total numbers of lows that crossed the 100th,
90th, and 80th meridians during the 31 years considered,
are 3,044, 2,843, and 2,875, respectively. The monthly
totals, divided by 31 (number of years) and reduced to
months of 30 days duration, give the following table of
means:

TABLE 1.—Mean frequency of lows crossing meridians &0, 90, and 100
within the United States,

| | | i
Meridian.| Jan. | Fels. | Mar. | Apr. | May. | Junc. July.{.\ug.!Sept. Oct. | Nov. | Dee.

= I
100 ( 0.27 [ 9.00 | 9.08 | 8.03 | 7.74 | 6.51 | 7.05 | G54 | .61
90 | 2.51 { 9.50 | 018 7.42’5.49 5.45 | 590 | 5.6 623
80 | 9.43 | 9,40 | 0042 | 7.00 | 6.62 | 561 | 6.18 | 6.34 | .7
Mean..| 9.44 [ 9.36 [ 9.23 7.4S|6.95 5.86 | 6.41 c.3s%c.ss

It is evident that these figures express the average
annual variation more correctly than the tables of the
number of storms as given by Waldo (14) or Bowie and
Weightman (15). Table 1 shows that on the average
the lows observed in the United States are most frequent
in January and least frequent-in June, and that the
frequency in June is 38 per cent smaller than the total
for January. Of course the figures of Table 1 give :
greater frequency of lows than would result from count-
ing the waves registered by a barograph at some station,
and this for the simple reason that not all the lows cross-
ing the meridian north or south of that station influence
the area where the station is located. This fact does not
greatly affect the amplitude of the annual variation as
given above.

It is therefore of interest to compare these figures with
the results obtained by counting the barcmetric waves
recorded at given stations. In the case of the D:lyice
observations I obtained (16), counting the waves of a
minimum amplitude of 5 mm., a mean duration of S3
hours for the months May-July and of 23t hours for
November—January, or 8.9 and 3.7 waves per month,
respectively. This gave for the southern summer months
41 per cent of the number of lows for the winter months,
Tnll)le 1 gives for December-February in the United
States a mean of 9.35 lows and for June-August 6.22
per month, which makes the number for the northern
summer 88 per cent of that for the winter. The annual
variation of the frequency of lows must, therefore, be
very much more acceintuated in the Antarctic regions
than it is in the United States.

The interesting fact, however, is that the frequency
variation of baromotric waves is not everywhere charac-
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terized by a simple oscillation showing a well-pronounced
minimum during the summer months. For example, in
Warsaw the mean duration of the waves, expressed in
days and fractions of a day, is, according to Merecki (17):

Jan. | Fel. | Mar. July. | Aug. | Sept. | Oct. lNov. Dec.

|
Apr. l May. | June,
| |

7] 57| 85| 57| 58| ss| sel| 57| 55| s8] 57| 57

This table shows a maximum frequency of waves in
March and another maximum in October, a minimum
during the winter and a more pronounced minimum in
May and June.

Now, tracing from Table 1 the curve of the mean fre-
quencies of lows observed in the States (@ in fig. 1) we
notice that the figure 9.23 for March, which svems too
high, as well as the figure 5.86 for June, which seem
too low, may have been influenced by the superposition
of a double oscillation, similar to that observed 1n War-
saw, upon the simple normal oscillation.

3-11 jL—;J‘\
10 N 3
20 N A
. AN /
1- 3 ﬁ¥—-J -
6 >
4 J F_ M A M J J A 5 4] N D
F16. 1.—Curve of mean frequencies of lows in the United States. (Curve ¢ and right-

hand seale.)

Curve of mean meridional temperature gradient (°F) in the United States, based on
Bartholomew's Atlas of Meteorology. (Curve b and left-hand scale.)

A further study of these slight anomalies, examined
year by year, would certainly be of some interest. The
second curve (b in fig. 1) proves it very well. This curve
represents the monthly values of the mean temperature

radient (°F.) in the United States. The figures have
heen obtained from the monthly charts published in
Bartholomew's Metcorological Atlas. The distribution of
the isotherms crossing the 100th, 90th, and SOth meridian
is very regular, so that it is sufficient to take the differ-
ences of the means for the 50th and the 30th arallel,
and in the case of the 80th meridian, the differences
between the crossing of Montreal River and the latitude
of Cape Sable. The totals of these differences divided
by 61 give the following figures for the mean meridional
gradient per degree of Tatitude:

Jan. | Feb. | Mar. | Apr. [ May. | June, July.iAug. Sept.| Oct. { Nov. | Dec.

°F, 2.9 3.0 2.4} L8| L4 L1 1.0| Loy 1.3] 17( 2.0 24

The great similarity between the curve (b in fig. 1)
expressing these figures graphically and the frequency
curve of lows (¢ in ﬁ:g. 1) shows that a correlation between
the gradient of temperature and the occurrence of
storms may be admitted. It seems to be a question of
g]radient. It can not be that the storms are less frequent
during the summer simply because temperature is higher.
Merecki’s figures for the annual variation of the barometric
waves observed in Warsaw show indeed that there the
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lows must he less frequent * during the winter as well
as during the summer. It must be the same ? through all
Russia and Siberia (17b). The table of *‘relative fre-

uency of storms in various seas for different months of
the year’ compiled by W. Doberck (18) shows also great
regional differences. It would therefore be of some
interest to study the problem more in detail.

TABLE 2.— Mecan temperature observed on board the Belzica and mean
duration of the barometric oscillations.

- Duration
Period. M‘;‘:;‘t;”:' ol
M T€. | ogcillation,
Hunrs,
February-April .. ..o - 138
May-July......ceaeet - 53
August-Octoher.. ... .- - 109
NOVeMDEr-JANUATY o ceenmceemaaacnrancanrmarcarancmrennen - 201

In the case of the Belgica observations Table 2 shows
that the agreement between temperature and the mean
duration of barometric waves is perfect. This may be
due to the fact that on the open sea north of the Antarctic
circle the temperature is increasing very rapidly at the
time when it is cold on the ice, whereas during the summer
the temperature gradient is small.

LATITUDE DISTRIBUTION OF LOWS.

There is a great advantage in employing the numbers
of barometric waves observed at individual stations,
instead of the frequency of lows of the weather maps,
both because of greater precision and also of the regional
differences in the distribution of lows. We will sce now
what these differences are.

According to the latitude considered the annual
variation in the frequency of lows may be very different
from that of the mean values of a given meridian.

The maps accompanying the recently published report
of Bowie £ Weightman (11) demonstrate this fact very
clearly. The statistics of Bowie & Weightman's memoir
favor an investigation of the annual displacements of the
zone of greatest frequency of lows, but as that report was
published after my computations were finished I regret
that I can not here discuss that problem more fully.

The figures for the 100th and 80th meridians, which I
collected from the MONTHLY WEATHER REVIEW maps,
may serve as an illustration of a method of research
which seems especially suited to pedagogical purposes.

Taking the monthly totals of the numbers of lows that
crossed the 100th meridian during the years 1853-1913
between the 55-50th, 50—45th, . . . 30-25th parallels,
respectively, I plotted these figures in columns and drew
into this table lines of equaf frequency; the resulting
diagram is shown in figure 2. A more accurate illustra-
tion of the annual variation could be obtained by ecual-
izing the monthly values and expressing the numbers in
per cent of the total number of lows; but for my gresent
purpose this is not necessary. The inspection of figure 2
shows at once that along the 100th meridian three types
of distribution of frequency of lows are distinguishable,
viz, the July-September type, the November-January
type, and the March-May type. The months of June,
October, and February are transitional.

2The forecasters of the Weather Bureau feel some doubt of the correctness of this
inference.—c. A. jr.
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In August there is a progressive decrease in the num-
bers of ebserved lows from the north toward the south.
December shows s maximum in the north, another
maximum on the 35th parallel, and a secondary minimum
between the two maxima.  In April the maximum is well
pronounce-! and oceurs north of the 35th parallel.

Alomg the S0th meridian the conditions, as figure 3
shows, are entirely different.  Thisis partly because of the
deflecting action of the Appalachian Mountains. October
shows a slightly accentuated secondary maximum between
30°-35" latitude, but with this exception the greatest
frequencics are observed north of the 45th parallel all
the year through. The ascent is steepest in July, when
immediately helow the figure 125 we notice only 45 lows
observed hetween 45°-41° latitude. During the winter
and the spring, particularlv in February and in March,
the lows have a tendency to travel farther south than
during the summer months.

The high figures for latitudes 20°-25° in August, Sep-
tember, and October confirm Poéy's statistics of cyclones
observed at Havana (19). A. Poiy found that 67 per
cent of the observed cyclones occurred during these
months.

THE ANNUAL MAXIMUM AND MINIMUM OF FREQUENCY OF
LOWS IN DIFFERENT LATITUDES.

There is a radieal difference hetween the annual
changes in the distribution of lows along the 100th and
the S0th meridians, which fails to appear on the preced-
ing diagrams. This difference concerns the latitude
shift of the time of occurrence of the annual minimum
and maximum of frequency of lows. In other words,
the minimum and the maximum of the annual variation
do not ocecur in the same months in different latitudes;
they occur earlier or later in the year, according to lati-
tude, and the character of this displacement along the
R0th meridian is entirely different from what it is along
the 100th.

In order to demonstrate this fact more plainly than
would be possible with words I reproduce in figures 4
and 5 the monthly departures from the averages, as
given in the first column of figures.

We see in figure 4 that along the 100th meridian the
annual maximum of frequency of lows occurs in February
near the 30th degree of north latitude, in March between
30° and 35°, in April between 35° and 40°, in July near
the 45th parallel, in August between the 45th and 50th,
finally, in October or December, between 55° and 50° or
north of the 55th parallel. The minimum occurs in
June between 25° and 30°, in July between 35° and 30°,
mn August between 40° and 35°, in December north of
the 40th, in Fehruary between the 50th and 45th, and
in April north of the 55th parallel. The maximum as
well as the minimum are therefore displaced northward
as the year advances. Along the S0th meridian (fig. 5)
we notice also a well pronounced displacement, but it is
directed southward. Here the phenomenen is, however,
more complicated, since in latitudes 20°-30° the annual
variation has two maxima and two minima.

Comparing these two diagrams with the charts giving
the monthly distribution of atmospheric pressure (20),
or, better, with the monthly departures from the annual
means (21), one is tempted to admit that, in their annual
variation, the storm tracks display a tendency to move
clockwise around the shifting high pressure area.
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F16. 4.—Isopleths of monthly departures from the average number of lows crossing the 100th meridian (1883-1913) at different latitudes in the United States.

The average number of lows for each latitude zone is stated by the figure in oval at theleft; shaded areas indicate seasons of positive departures,
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F106. 5.~TIsopleths of monthly departures from the average number of lows crossing the $0th meaidian (1883-1913) at different latitudes in the United States.

The sverage number of lows for each latitude zone i3 stated by the figure in oval at the left; shaded areas indicate seasons of positive departures,
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YEARLY FREQUENCY OF LOWS.

In Table 3 I tabulate my counts of the number of lows
that crossed the 80th and the 100th meridians during
the years 1883-1913.

It is important to remember that the figures given in
Table 3 do not represent the yearly or the average
frequency of lows that crossed the North American Con-
tinent, but simply the tracks that were indicated on the
maps publishecl gy the United States Weather Bureau.
The Canadian lows, of course, are not all taken into con-
sideration. The maps of the tracks of Canadian low
areas for January, 1908, published in the MoNTHLY
WeatHErR REview for January, 1909, may be taken as
an example serving to show how mwuch information is
lacking. ~ The figures for the 55th to 50th parallels in the
case of lows crossing the 100th meridian, and for the
50th to 45th pamllefs in the case of those crossing the
80th meridian must therefore bhe considered as slight
underestimates, while those for higher latitudes, being
completely wrong, are omitted.
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has not influenced, one way or the other, the compilations
made.?

Utilizing the data collected by Charles J. Kullmer,
Ellsworth Huntington (22) discussed at length the dis-
tribution in latitude of the frequency of lows that passed
across the zones of 5 to 5 degrees in longitude. Hun-
tington compared the curves for the yoarss of sun-spot
maxima and sun-spot ninima with those representing the
average conditions and arrived at most interesting and
far-reaching conclusions (23).

Since 5°-zones of latitude widen from north to south,
the ficures may be affected in favor of southern lows.
This cause of error would perhaps have some influence
on the discussion of the se.a.sona% variation. But Hun-
tington studied only annual data, and in this case a re-
duction to equal areas does not seem to be necessary. It
is obvious, however, that there is an advantage in count-
ing the lows that crossed a certain meridian instead of
counting those that have been observed in a zone between
two nieridians,

TABLE 3.—Number of lows that annually crossed the 100th and the S0th meridians between 1833 and 1913.
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Therefore we do not know whether the total number
of lows crossing the 100th meridian is highest hetwcen
latitudes 55° N. and 50° N. The same is true of the lows
crossing the 80th meridian between 50° N. and 45° N. It
may be that in both cases the zon2 of maximum frequency
lies farther north, and even if this is not so on the average
there can be no doubt that it is actually true for particu-
lar years or groups of years. In any case the correct posi-
tion of the northern belt of lows can not be ascertained
from this table, although the discussions of maps for the
Northern Hemisphere published by the Signal Service
justify an assumption of the existence of such & belt.

On the other hand, one may properly doubt the validity
of the assumption that the maps of tracks of lows pub-
lished in the MoNTHLY WEATHER REVIEW represent a
perfectly homogeneous series of observations. It is cer-
tainly the best material at our disposal, but the personal
factor of the meteorologist who compiles the daily
weather maps in order to draw the tracks of lows has an

unquestionable importance, and it is difficult to admit that

this personsal factor has not undergone some changes and

Now the advantage of taking into consideration the
seasonal variation of the occurrence of lows is to change
somewhat the discussion of the differences that may be
observed betwcen the data of individual years, such, for
example, as the years of maximum and the years of
minimum of sun spots.

Figure 6 gives the curves of mean distribution of fre-
quency along the one hundredth meridian for the months
of July, December, and April, which may be considered
as representing the typical seasonal changes. The curve

3 The Weather Bureau meteorolozists are of the opinion that the personal equation of
the meteorologist who draws the daily weather map does not constitute a very important
factor influensing the face of the map. 1t Is recognized, however, that personal factor is
quite important when it roimes to selecting highs and lows for tracing their paths during
each month and also in the actual tracking of each.

As all studentsof our maps are more or less directly interested in this matter, the follow-
ing list gives the approximate terins of service of diilerent otticials (designated by letters)
in connection with the plotting of highs and lows on Charts 1I and 111, reapectively:

A, 1SE5-1901.

B, June. 14901-January, 14,
C. February and March, 1904,
D, April. 1904-January,
E, February-December, 15
F, 19u6-1¢10; March, 1914—late.
, 1910-February, 1914,

—
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Y, obtained from annual data, expresses the superposi-
tion of these three types of curves. 'The first maximum,
a, affects the months June to February; the sccond
maximum, b, the months of February or even January to
May. If, therefore, during a given year the spring was
particularly stormy, in all probability the frequency dis-
tribution of lows for the year will belong to the April
type (IV). If, on the contrary, lows occurred pre-
d%minantly during the summer and the autumn, the
northern maximum will be more accentuated and the
second maximum will be missing; the curve will belong
to the July type (VII).
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Fia. 6. —Curves expressing the mean distribution of freyuency of lows along the 100th
meridian In July (v, December (Xu), April (Iv), and the Year (V).

Let us see now if really important differences of the
curves of yearly data are principally due to the season
during which most of the lows occurred. Figure 7
Eresents the curves of storm distribution for those years

aving sunspot maxima and minima. We notice at
once a radical difference, at least-hetween the curves of
1893 and 1906 and those of 1901 and 1913. The two
last-named curves are very peculiar, indeed; the curve
for 1913 in particular, indicates apparently an unmis-
takable shifting of the northern storm-belt toward the
south.

Tracing the curves for each year we notice that it is
not accidental that the curves of the years of sunspot
minima differ from the curves of the years of sunspot
maxima; the curves for years before and after those of
sunspot maxima or minima display a striking tendency
to similarity. Table 3 cnables one to thus trace the
curves for the individual years and we need not enter
into the details. Now, since the curves of the years
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18831885, 1892-1894, 1905-1907, may be considered
as being similar and as representing the conditions at the
sunspot maxima * for three consecutive cycles, while the
curves of the sunspot minima years 1858-1890, 1900-.
1902, 19111913, are also mutually similar but different
from the other curves, the differences that exist between
the averages of these two groups of years may serve to
test the conclusion advanced by Kullmer and presented
in form of a theory by Huntington.
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Fi6. 7.—Curves of mean distribution of frequency of lows along the 100th meridian dur-
ing years of sunspot maxima (1583, 1893, 1906) aud sunspot minima (1889, 1901, 1913).

The monthly totals of observed lows are given in
Table 4.

TABLE 4.—Frequency of lows on the 100th meridian during the years of
sunspot maximae and sunspot minima,

YEARS OF SUNSPOT MAXIMA.

I
Years, Jan, [Feb, [Mar. [Apr. |May.| June;July. Aug.|Sept.| Oct.:Nov.| Dec. lﬁl‘;i
|
) 5] 6| 7| 7| 5| 9| 3| 8
10 8 7 ] 8 2, 5 7 11
7 5 7 [} ] 17 4 )
10 3 2 6| 11 7. 12 7 10
14 g 12 g9 1| 11 8 8 g9
11§ 11| 13| 10 4 9 6 10| 13
7 10 9] 15 10 7 8 7 S
11 10| 10 71 14 4 4 7 6
9 6 14| 11 9 H] 9 § 7
89| 72| 87 77| 79| 57| 68| 59| 76

YEARS OF SUNSPOT MINIMA.

5 5 7 9 8 S 3 5 4

6 8 8 8 7 71 15 5 ]

S) 12 9 8] 13 6 7 9 6

117 12| 11 7 8 S| 11 7 7

171 10 9 6 5 7 4 3 5

7 1 8 L 4 7 6 7 9

] S| 1 [i] 7 7 5| 10 3

10 7 9 7 7 7 9 8 4

13 8] 10 8 7 8 9 7 5

Total.....; 85| 74| 79| 67| 64| 65| 69| 61| b8
Diifarence...... —4|+2| -8 |-10|—-15| +8 | +1 | +2 |-

4 For years of sunspot maxima and minima, according to Wolf-Woifer relative numbers,
see this Review, July, 1915, p. 313.
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We may first consider the difference between the annual
totals. This difference is 54, or 6 storms less per year
during the years of sunspot minima than during the years
of sunspot maxima. This is in complete accord with
one of Kullmer’s conclusions, viz, that years of greatest
frequency of sunspots are more stormy than those cor-
responding to minima of the solar cycle. The same fact
was stated long ago by Poéy (24), Meldrum (25), and
Piddington (26) concerning the cvelones of the West
Indies, the Indian Ocean, and the China Sea; in a more
general way it was also stated by Joseph Baxendell,
who, already in 1871, reached the conclusion that the
forces which produce the movements of the atmosphera
are more energetic in years of maximum than in years
of minimum sunspot activity (27).

An increased agitation of the terrestrial atmosphere
corresponding to increased disturbances of the solar at-
mosphere may therefore be considered as a fact just as
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LATITUDE DISTRIBUTION OF LOWS FOR THE DIFFERENT
MONTHS DURING YEARS OF SUNSPOT MAXIMA AND SUN-
SPOT MINIMA.

Tables of the monthly numbers of lows observed in
different latitudes during the 9 sunspot-maxima years-
and during the 9 sunspot-minima years, when subtracted
from one another give the diagram shown in figure 8.
This diagram shows that, along the 100th meridian, the
annual variation of the distribution of lows in latitude
is very different during the years of sunspot maxima from
that of the years of sunspot minima. As far as annual
data are concerned, it confirms Kullmer's conclusion:
“When sunspots are numerous the main storm belt shifts
northward” (28). Huntington adds that * at such times
the main storm belt tends to split. The major portion
moves northward, while a smaher portion shifts south-

ward and oceanward’ (29). It may be, however, that
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F1a. 8.—Contrast in latitude distribution of the frequency of lows erossing the 100th meridian during sunspot maxima and minima.

Shaded areas indicate seasons and regions

when the frequencies under sunspot maxima czeced those under sunspot minjma.

well established as the atmospheric temperature correla-
tion. In the case of temperature, however, the increase
during the years of a sunspot minimum is very small and
the correlation that exists is a most complicated phenome-
non. The same may be said about storminess. First,
the average of the 18 years gives only 6 lows more per
year, and, since the yearly mean of the number of storms
that crossed the 100th meridian is 98, it means only an
increase of 6.1 per cent.

Again, if we look over the differences for the individual
months we notice at once that, together with the decrease
or increase of storminess, a radical difference of the annual
" variation appears to be a very much more important
characteristic than the variation of storminess.

The decrease of frequency of lows specially affects the
months March to May, September and November,
whereas from June to August we notice an increase, as
well as in February and October.

this displacement is only an apparent one. Bowie and
Weightman show indeed very clearly that diffcrent types
of lows are distinguishable and that there is a pronounced
annual variation in the geographical distribution of the.
occurrence of these types. Concerning the 100th meri-
dian, the numbers indicate that years of sunspot minima
are characterized by a more uniform latitude distribu-
tion throughout the year. During years of sunspot
maxima, on the contrary, the latitude distribution is
more unequal; and in these years both belts of lows are
more accentuated, the northern belt during February,
September, October, and particularly in November, and
the southern belt during tllx)e months of February to May.
The shifting of the storm belts in accordance with the
changes shown by Wolfer’s suns{)ot numbers is therefore
questionable. The action of the increase of sunspots
upon the storms secems to be primarily an action of
coordination. Not only the annual frequency of storms
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is slightly increased, but also the paths that the storms
follow are more definite and closely confined to the storm
belts, in the southern belt from Marel to June, in the
northern during the rest of the year.

The conclusion to he drawn from this coincidence is that
the annual variation in the geographical distribution
of atmospheric pressure must be essentially different in
the years of sunspot maxima from that during years of
sunspot minima. It seems probable that the gradients
must be more pronounced or less pronounced in harmony
with the coordination or lack of coordination of the tracks
of barometric lows.

THE PLEIONIAN VARIATION OF THE FREQUENCY OF LOWS,

On the following diagram (fig. 9) the curves 4, B, and
C express graphicaily the overlapning totals of yearly
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may be occasionally. I shall insist upon this fact later,
Comparing the curves 4, B, and € with §, we notice at
once that the variations in frequency of storms corre-
spond but vaguely with the sun-spot variation. Some
degree of correlation is undeniable, but this correlation
is cortainly not the main factor aifecting the variation of
frequency of lows., Wo must admit that the maxima
of frequency of sun spots show corresponding maxima of
frequency of lows: but at sun-spot minima we ohserve
also maxima of lows. Thercfore the period of the vari-
ation of atmospherie storms-—as far as the United States
are concerned—must be at least one-half of the 11-year
cycle,

In order to harmenize this fact with solar variations
we might imagine that the double period of terrestrial
storminess corresponds to the known variations in the
Iatitude distribution of the solar prominences, which are
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F16. 9.—Yearly frequencies of lows c.mpared with the curve of relalive sunspot numbers (S).

A, B, C, curves of overlapping totals of yearly frequencies of lows crossing

100° W., 90° WV, and $0° W, respectively.

E, the yearly frequency of lows crossing 80° W, between 45° N, and 40° N.

frequencics of lows crossing the 100th, the 90th, and the

80th meridians, curve § gives the annual values of the
relative numbers of sun spots and curve & represents the
variation in frequency of lows observed on the SGth
meridian between 45° and 40° of latitude. This last
curve will simply serve for the purpose of demonstrating
8 striking disagreement with the sun-spot eurve as woll
as some very pronounced disagreemenis with the curve

iving the total number of lows for all parallels along

e S0th meridian.

The disagrecements botween curves ¢ and E show most

plainly how important the shift of the main storm belt

concentrated in two zones at both the times of maxima
and of minima of sun spots, but lie in four zones during
the intervening vears (30).  Again, one might imagine that
this terrestrial double period is related to the sccondary
maximum of sun-spot frequeney recognized by De la Rue
atcl others (31). The curves of overlapping totals of
lews display, however, secondary maxima between the
so-far admitted maxima. If therefore we accept as real
tha correspondence between the solar curve and the fre-
quency curves of storms, we must admit that upon the
11-year period is superposed a shorter period of about
21 years' duration and that this period is predominant
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in its effects upon atmospheric phenomena. A solar
eriod of 1,004 days (or 2.75 ycars) has already been
ound by Bigelow (32), and the above inference from
the inspection of curves 4, B, and (' of figure 9 harmonizes
very well with Bigelow's short period (33).
owever, it may be that the mean duration of this
most characteristic variation ia shorter than 2.7 years.
In studying the conseccutive means of atmospheric pres-
sure, temperature, and sunshine for New York City I
have found a mean of 25 months (34). A similar result
was also obtained long ago by H. H. Clayton (35).
Moreover, it i1s only as a first approximation that we may
admit a correspondence of the maxima of curves 4, B,
and C with the principal maxima and minima of the sun-
spot variation. In reality the phenomenon is more com-
plicated. We notice indeed that the maximum of 1900
on curve 4 is retarded on curve B and very much more
retarded on curve C. In the case of the maximum of
1905 the same phenomenon is again clearly demon-
strated, but now curve ('is in advance over B and .

Together with the general appearance of the curves,
this phenomenon of a progressive westward or eastward
displacement of a maximum is precisely what character-
izes the pleionian variations. But it is not a simple ques-
tion of analogy. On the contrary, there is a strong argu-
ment in favor of the hypothesis that the crests of the
storm-frequency curves are pleionian crests; in other
words, that the changes of the amount of observed lows
are determined by the same causes as those affecting
temperature.

I have shown that the temperature variation at Are-
quipa, Peru, is typical and that the curve of overlapping
yearly means observed at that station may be used as a
standard for comparisons (36). The thermopleionian
variations of many other stations correspond with the
Arequipa variation. So do the crests of the frequency
variations of lows in the United States. The crests of
1900, 1905, 1907, and 1912 correspond in a very satis-
factory way with the thermopleionian crests of Arequipa.
The crest of 1909, however, is missing on the Arequipa
curve and a well-marked crest observed at Arequipa be-
tween 1902 and 1903 is missing on curves B and €. But
the presence of a small crest on curve 4 and the two
small crests on curve B show that we have to deal with
an anomaly. The dotted lines at 1902.5 on (' and B
indicate the portion of the curves which may have been
depressed.

Of course only a detailed study of all the meteorologi-
cal phenomena could serve as a hasis for a further discus-
sion. Previous to 1900, we observe in tropical regions
(37) thermopleionian crests in 1883-S4, 1886, and 1889
corresponding perfectly with the crests of the frequency-
curves of lows. For the years 1891 to 1599 I do not
possess at present the necessary curves to make positive
statements; besides, the curves .1, B, and (' disagree.
The number of very satisfactory correspondences that
have been noticed is sufficient, however, to draw the
conclusion that the frequency-variation of barometric
lows in the United States is related to the pleionian
variation.

If this conclusion is correct—and remembering the
important yearly variation of the distribution in latitude
of the lows which must be due to the seasonal differences
in the distribution of atmospheric pressure—we must
admit that in & similar way the presence of a baropleion
on one part of the continent will influence the average
movement of the lows. It may be that the lows have a
tendency to swing around the area of abnormally high

MONTHLY WEATHER REVIEW.

AveusTt, 1915

pressure; if so, the shifting of the storm belt from year
to year must be due to passing or pendulating baro-
Pleions.

Evidently a great amount of research work remains to
be done in order to verify this hypothesis. First of all,
the normal conditions of the circulation of lows are far
from heing well known.  Four most important ** centers
of action” influence directly the atmospherie disturb-
ances observed in North America. During the summer
the North Pacific and the Icelandic conters of action prac-
tically join into one low pressure belt; the high-pressure
areas of the Atlantic and Pacific Oceans are generally more
or less connected from October to March, at least so far
as average conditions are concerned. It seems to me
that in the present state of our knowledge it would be
difficult to decide whether it is variations at these centers
of action that determine the observed pleionian varia-
tions in frequency of lows or, on the contrary, the lows
that influence the changes in position and extent of the
centers of action. Reasoning does not help. It is a dis-
cussion of the actual facts which is needed.

The same remark applies to the supposed influence of
baropleions on the temporary anomalies in the distribu-
tion of lows. How important these anomalies may be
is illustrated by a st.rilking fact. Expressing the lows
observed between latitudes 55° and 45° N. as percent-
ages of the total number of lows observed crossing the
100th meridian, we have 63.1 per cent in 1896 and 34.5
per cent in 1902, a difference of 28.6 per cent. The per
cent of lows crossing the S0th meridian hetween 50° and
45° N. was 58.7 in 189S and 33.3 in 1901, a difference
of 23.4 per cent. The distribution of the tracks of lows.
for these particular years must have been radically dif-
ferent; a strong concentration in one case, a lack of con~
centration in the other. Now, the degree of concentra-
tion considered in the same way, from year to year,
displays a long-range variation of much longer periodic-
ity than the sun-spot cycle. Since long-range variations
in the distribution of atmospheric pressure must also be
admitted, a possible correlation may he expected.
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A UNIFORM THERMOMETER EXPOSURE AT METEORO-
LOGICAL STATIONS FOR DETERMINING AIR TEMPER-
ATURE AND ATMOSPHERIC HUMIDITY.

By Viapimir KOPPEN,

[Sections translated from Met. Ztschr., 1913, 80: 485-188, 513-523.]

* * % Allin all, we are at last in a position to state
definitely the errors due to the customary thermometer
exposures, to attack the problem of eliminating these
errors, and to begin to work toward a uniform manner
of exposing thermometers throughout the world.
Although it is much to be regretted that we still have no
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such series of comparisons in tropical and subtropical
regions as are available for central and northern Europe,
nevertheless the already observed differences due to’
sun's altitude, cloudiness, and wind velocity enable us
tcl) draw quite approximate conclusions for the Tropics
also.

The daily means of temperature, so far almost the sole
element employed for making climatological compari-
sons, do not vary greatly even for quite divergent
methods of exposure because their daytime and night-
time errors balance each other to a certain extent. The
latter is least true for great massive shelters such as
those of Wild and Neumayer, because in these the daily
heating in the sunshine and the nocturnal damping due
to the mass of wood upset the balance so that their rec-
ords yield too high daily means. On the other side
stands the English shelter, which, according to the Pots-
dam comparisons,’ gives a prevailing too low daily mean.
For the 24-hour means in the English shelter during the
long-night months of November to February were 0.2°
to 0.3°C. lower than those in the [metallic window] shel-
ter, while from March to October both exposures gave
means agreeing within +0.1°C. Again the mean tem-
perature from thrice daily observations within the Eng-
lish shelter departs from that of the surrounding air deter-
mined in the same manner by more than 0.1°C. (at
Pavlovsk this holds for June and July only; at Potsdam
for these same months and also in January only).

We must demand, however, that not only the daily
means but also the individual term-observations shall be
comparable, and this also both for our prevailingly
cloudy climate and for climates of clear skies and strong
radiation. In other words, the monthly means of the
term-observations in such climates shall not show sys-
tematic errors, i. e., influences due to thermometer expo-
sure, greater than 0.1° or 0.2° C. We must demand that
the important climatic element of daily temperature
range shall be susceptible of comi)ara.tive study. At
present, even under selected favorable exposures in Pots-
dam, this element is 20 per cent greater in June when
measured in the English shelter than if determined in the
Prussian window shelter and still greater if the French
exposure is used.

Hellmann is right in the closing sentence of his report 2
when he says, *“It is quite inappropriate to employ two
fundamentally different metho&s of thermometer expo-
sure, such as the window shelter and the ground shelter, in
one and the same meteorological réseau, for we thereby
greatly reduce the comparabhility of the observations and
particularly of the individual term observations.”

This statement, however, is to be extended to the whole
globe. We must endeavor to establish a network of
comparable observations embracing the whole globe,
and must not be content with a Prussian, a French, a
German-Colonial, and various other concepts of air tem-
peratures. Naturally, it will require many years to
actually attain this 1deal; therefore the sooner we begin
to strive toward it the better for all.

It will be impossible to adopt a window exposure, or
any other such E)ocation in the shadow of a building, for
our universal uniform exposure. To be sure, such an
exposure most readily avoids disturbances due to radia-
tion, and in our climate it yields quite good comparable
means. But there are to be considered—

- (1) The air in such a shadow is an exception, while the
air over an open surface is the rule; hence the former may

1 Hellmann in Bericht, Preuss. Meteorol. Instit., 1911, pp. 6488,
2 Hellmann in Bericht, Preuss. meteorol. Instit., 1911, p. 83.



