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sun-spot maximum centering about 1860, 1870, 1883,
1894, and 1906 and computed the annual rainfall depar-
ture for the central year and the single year immediately
preceding and following; thus the years 1859, 1860, and
1861 would represent the epoch of spot maximum of 1860.
. Four out of the five epochs were, on the average, periods
of more than normal rainfall and but one, that of 1894,
was a time of deficient precipitation. Casual inspection
of the precipitation record for Berlin discloses the fact
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that in the 60 years 1848-1907 there were more wet than
dry years, a condition directly contrary to that which is
the rule in the United States, but whether this condition
is common to northern Europe is not at this time known.
The concluding chapters of Dr. Douglass’s work are
devoted to a discussion of *Methods of Periodic Anal-
sis,”” *“Cycles’” with an appendix giving tables of mean
tree growth extending back to 1306 B. C. The book
should be read by all students of weather periodicities.

CLEMENTS ON DROUTH PERIODS AND CLIMATIC CYCLES.!

By A. J. HENRY.
[Weather Bureau, Washington, D. C., April 1, 1922.]

Dr. Clements refers briefly to the work of Douglass ? in
relating the annual rings of trees to rainfall and the sun-
spot cycle as suggesting the possibility of using the latter
for forecasting the rainfall from year to year.

He also adds, seemingly in confirmation of Douglass's
work, the statément that * practically all the groups of
trees studied gave a clear record of growth cycles corre-
sgonding closely to the sun-spot cycle. They confirmed
the hypothesis that years of sun-spot maxima were gen-
erally marked by deficient rainfall, and those of sun-spot
minima by rainfall above the normal.”

A preliminary examination of the rainfall records of the
States west of the Mississippi River showed that the two
major drouth periods of 1893-1895 and 1870-1873 co-
incided with sun-spot maxima. It was also evident that
abundant precipitation had occurred frequently, if not
regularly at times of sun-spot minima and from these
facts the inference was drawn that the spot minimum of
1913 would be accompanied by an excess of rainfall and
that the spot maximum of 1917 would likewise be asso-
ciated with a deficit in the rainfall. Partial confirmation
of these inferences led the author to make the following
statements: 3

The most attractive and promising feature of the summer’s work has
been the checking and tracing of the course of the present climatic
cycle. The second recorded absolute rminimum of no sun spots oc-
curred in 1913 and served as the focus of a period of exceptional rainfall
in the West. The drouth of the present summer (1916) in the Western
and Mountain States suggests the beginning of the dry phase of the
cycle. Its effect upon the carr{ing capacity of the ranges and upon
the production of dry farms has been critical. Whether it be followed
by the full period of several dry years or not, it has furnished further
confirmation of the fact that all grazing and dry farming must he
based upon the recurrence of dry periods; in both a scientific system
of expansion and contraction must be devised to prevent disaster
during dry years. If the next two or three years prove to be dry in
harmony with the maximum of the sun-spot cycle, the possibility of
anticipating dry seasons will be greatly enhanced. In the field of
forestation much evidence has been obtained to show that plauting is
successful only duting wet iha.ses and that natural reproduction occurs

practically only during such phases.

The investigations of climatic cycles has been continued from hoth
the biological and astronomical approach. The former gains interest
from the fact that the years 1916, 1917, and 1918 have in general heen
years of drouth in the West and especially the Southwest. This was
suggested as a probability upon the approach of the sun-spot maximum
in 1916. The maximum was passed in 1917 and attention is now
centered upon the expected increase of rainfall generally as the sun-
spot minimum is approached during the next four or five years. It is
proposed to follow the biological effects as seen in growth, reproduc-
tion, and abundance as closely as possible and to correlate these with
the climatic phases. Striking evidence of these efects have heen
obtained during the drouth of the past two years. By far the most
important problem, however, is the relation of the sun-spot cycle to
the climatic and growth cycles. There appears to be little question

1 Ecology, Vol. 11, No. 3, July, 1921.

3 Mo, WEATHER REY. 37: 225-236 and abstract of a later work in this REviEw,
immediately preeedlug;

3 Carnegie Inst. Wash. Pub. No. 242, 1916,

of the usual coincidence of these three cycles, but the existence of &
causal relation is still in doubt. In the endeavor to make use of the
sun-spot cycle to anticipate climatic changes, this matter is of para-
mount importance.*

The remainder of the article is devoted to an examina-
tion of the rainfall records of 23 States west of the Missis-
sippi in an effort to establish a basic relation between
rainfall and the spottedness of the sun. The method of
collating the rainfall records was as follows: In the 23
States there were 323 rainfall records in 1881 and more
than 1,300 in 1919. For the seventies the number was
less than 100—76 in 1869, and for earlier vears still less.
The yearly departures of the annual totals from the
normal were tabulated and classed as positive or negative
by years, or rather by groups of five years, the central
year of each group being the year in which the epoch of
maximum sun spots occurred. The groups, therefore,
center about the vears 1837, 1848, 1860, 1871, 1883, 1894,
1907, and 1917. Concerning these epochs of maximum,
Doctor Clements further remarks:

Since the beginning of obgervations in 1750 the yearly number of
sun spots at. the maximum has varied from 46 to 154, though the number
has fallen below 20 for but 5 of the 16 maxima. For the & maxima
considered here, the number of spots falls helow 20 only in 1907 8
and 1883, when the numbers were 62 and 64, respectively. In other

words, 6 of the maxima lie above 77; i. e., half the number of spots
for the highest maximum, 154.

DISCUSSION.

The chief interest in Doctor Clements’s paper is, of
course, the coupling of the period of solar activity mani-
fested in the spottedness of the sun with terrestrial rain-
fall and the endeavor to anticipate the character of the
seasonal rainfall some years in advance. I shall therefore
first consider the connection between the occurrence of
sun spots and rainfall.

SUN-SPOT RAINFALL RELATIONS.

Since Meldrum, in 1872, called attention to the possible
connection between the phenomena above mentioned,
much discussion has arisen or, rather, many persuasive
reasons have bheen adduced in support of the idea that
there must be a basic connection between the two events.
It is scarcely necessary to analyze the large literature on
the subject already available, but it will be desirable to
touch upon the several stages of the arguments which have
been advanced in support of the hypothesis.

The effort to relate sun spots with terrestrial weather
dates back many years, but the specific attempt to show
a relation between sun spots and rainfall is of compara-
tively recent origin. The discovery of what is popularly

4 Loc. cit., pub. 304, 1917,

5 According to Wolfer, the epoch of maximum at this time occurred in 1906.4, and the
maximum number of spots was 64.2 (smoothed) in February. The epoch of 1883, ac-
cording to the same authority, occurred 18%3.9, and the maximum number of spots
was 74.6 In November of that year. .
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known as ‘“Briickner’s ® long period climatic oscillations
of 35 years” in 1890 led to renewed efforts to connect
these oscillations with solar activity.

Briickner himself investigated the subject, and although
he was not successful in establishing a relation, yet he
felt that such a relation must really exist, even if it does
not appear in sun-spot data.

The following is a résumé of the literature on the
precipitation sun-spot relations to the end of 1917.7

VARIATIONS IN PRECIPITATION AND SUN SPOTS.

The relation between the variations in the precipitation and the
sun spots has led to many investigations since Meldrum in the year
1872 showed for several tropical stations that the rainfall varies directly
as the sun spots, so that a maximum of rainfall occurs at the maximum
of sun spots, and vice versa. Sir Norman Lockyer showed this also for
several stations in Ceylon and in India. Investigations of Symons and
Jelinek indicated the same conclusion, that more rain falls at sun-spot
maximum than at sun- Fot minimum, but it appeared that the period-
icity is most marked and regular in the tropical regions. Hahn pointed
out that in the period from 1820 to 1870 dry summers were most pre-
valent during the time of increasing sun-spot numbers. On the
whole, the investigations on the relation between precipitation and
sun spots are very conflicting and have led to more or less doubtful
results. Meteorologists have here, as in most similar investigations,
made the error of assuming that the same cause should everywhere
produce the same effect, without taking sufficiently into consideration
that the same cause at different places may act oppositely. Archibald

and Hill have independently shown that the winter rain in India has

the opposite course to that which Meldrum found. They obtained, in
fact, a minimum at the maximum of sun spots and a maximum of
winter rain about at the time of the minimum of sun spots. On the
other hand, Hill seeks to show that the Indian summer monsoon rain
has a great tendency to vary in coincidence with the sun spots in this
manner that an excess of precipitation occurs in the first half of the
cycle after the sun-spot maximum, and vice versa, but on the whole

e curves show little agreement. Blanford came meanwhile to the
conclusion (1889) that the precipitation in India on the whole gave no
sure indication of a 10 or 11 year period for the last 22 years.

For Europe, the connection between precipitation and sun spots
has also been investigated. (See Schreiber (1896, 1903), A. Buchan
(1903), and others.) P. Schreiber (1896, 1903) found a probable 11-year
period in the precipitation at different stations in Europe, but with two
maxima, one, two years after sun-spot maximum, the other at the time
of sun-spot minimum, and with two minima, one coincident with sun-
spot maximum and the other three years after the sun-spot minimum.

A. Buchan (1903) found a double period in the precipitation in
Great Britain, so that a minimum occurs shortly after sun-spot minimum
and another shortly after sun-spot maximum. The first and weaker
maximum is much less marked in Scotland and west Europe than in
southeast England where the principal maximum occurs nearer the
sun-spot maximum.

G. Hellmann (1909) has investigated the relation of variation of
precipitation in_different parts of Europe to the sun-spot period and
finds that there is no universally followed rule about it. In most cases

¢ E. Briickner, Klimaschwankungen seit, 1700, Vienna, 1890,
7 Temperature variations in the North Atlantic Ocean and in the atmosphere, Bjérn
Helland-Hansen and Fridijof Nansen, Smithsonian Mis. Coll., vol. 70, No. 4, 1920,
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of the stations examined by him there occur within a sun-spot period
two maxima of rainfall which occur about six or five years from one
another. At the time of sun-spot minimum there occurs at most stations
a maximum of rainfall, but in consequence of the progress of wet and
dry years from south toward north, in western Europe the maxima and
mn;ma ¢l)f precipitation tend to be progressively displaced in the sun-
spot cycle. = | . .

The subdivision of the 11-year period of rainfall Hellmann explains
by an assumed double influence of the variation in the solar radiation
during the sun-spot period. First is a direct influence arising from the
equatorial region and acting indirectly as an influence upon the place
itself. Hellmann proceeds irom the assumption, now proved erroneous,
that at the time of sun-spot minimum there is a greater radiation of the
sun that at the time of_sun-s;l)ot maximum. This increased radiation,
he thinks, would act principally in the equatorial regions of the earth to
produce an increase of temperature, evaporation,and precipitation,and
thereby would increase the energy of the total circulation of the at-
mosphere. This equatorial influence would be delayed in reaching the
higher latitudes. 1But, on the other hand. the direct influence on the
greclpltga.tlon in these latitudes themselves due to the sun spots would

e considerably weaker than in the equatorial regions. The impulses
derived, respectively, in the equatorial regions and in places of higher
latitude would exercise together either a cumulative or an interfer-
ingaction. It would be therefore conceivable, he thinks, that in one
place the minimum of rainfall would be asdociated with maximum
of sun spots, while in another place the opposite association would
prevail.

E. H. Chapman® has collected correlation coefficients
between sun spots and rainfall for 147 places scattered
over the globe. The value of the coefficient of correla-
tion r, ranges from zero to +0.50 and there are but
two cases where r equals or exceeds 0.50, viz, for Ed-
monton, Canada,—0.50, and Bathurst, Gambia, +0.51.
In both cases the records of rainfall were relatively
short. In the great majority of cases the magnitude of
r was not great enough to be of significance.

Notwithstanding the failure to establish any definite
relation between sun spots and rainfall, the opinion is
held by some that a real relation subsists; for example,
Prof. W. H. Pickering,® in discussing droughts of Jamaica;
concludes:

The 13 droughts have occurred on the average at intervals of 4.17
years. If their relation to the sun spots was due merely to chance the
average deviation should be one-fourth of this, or 1.04 year. Not one
of the deviations in Table 6 reaches this figure. From this we con-
clude, considering the inevitahle errors occurring in fixing the exact

dates of sun-spot maxima and minima, that a real relation subsists
between these dates and those of Jamaica droughts.

RAINFALL DATA OF TABLE 1.

I now pass to a consideration of the rainfall data as
presented in Dr. Clements’s Table 1.

8 Chapman, E. H., The Computers Handbook M. O. Section V, Computati:
to the t! eory’of probabilities, l)p. 108-111. ! putations related
¢ Pickering W. H., Therelation of prolonged tropical drouths in Jamalea to sun spots.
Mo. WEATHER REV. 48:589,

TABLE 1.—Number of rainfall stations in the groups and year> named that had positive and negative annual rainfall departures, respectively.
[The figures in the top line of each group are positive, those in the second line negative, and those in the third line are the algebraic sum of the two preceding.]

Sun spots..... 54 -58 66 63 51 70 84 79 61 43 59 60 56 51 41 46 58 96 83 Nbeu:-n- Years.
Years......... 1881 | 1382 | 1883 | 1884 | 1835 | 1802
Group 1...... 37 25 7 87 19
65 80 97 95 97
-2 —55| —90| 467} -76 -
Group 2...... 19 15 37 15 29
22 16 21 26 49
-3 +7 —6| +33| —11{ —20
Group3....... 11 8 5 15 11 35
) 17 11 5 14
+5 —9 —6 | +10 —3| -27
Group 4 76 80 75 60 153
20 27 23 34 56 5
+62 | +49| +571 +41 44 | 41
Group §...... 34 33 34
31 25 16 21 22 82
-1 —3{ +18 +12 +12 | +13 —371
Total ......... 179 161] 41| 247] 139| 411 183
144 165 168 84 213 341 1,166
+35 —4| 2714163} 74| +70 —

Group 1. Washington, Oregon, California.
Group 2. Idaho, Utah, Nevada, Arizona.
Group 3. Montana, W’yoming, bolorado, New Mexico.

Group 4. Minnesots, Iowa, Missouri, Wisconsin, Indiana, Illincis.
Group 3. North Dakota, South Dakota, Nebmsf:a, Kansas, Oklahoma, Texas.
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It is always a difficult matter to combine climatolog-
ical data for large areas and to properly interpret the
results and this is particularly true in the case of precip-
itation. This element is probably the most variable
of all in point of horizontal distribution.

Precipitation, in common with some other meteor-
ological elements is characterized by an unsymmetrical
frequency distribution about the mean, there being a
much larger number of dry years than wet years gener-
ally in arts of the world.

'Y‘he metﬁod of assembling the annual departures of the
rainfall from the average used by Dr. Clements, while
not without its limitations, can be properly used when
qualitative results only are essential. hen the number
of rainfall stations in any district is small, as in the case
of the years prior to tKe eighties, the results may be
inaccurate.

The results shown in Table 1 are significant, whatever
may be one’s ofpinion as to the connection between sun-
spots and rainfall. To those who may not be familiar
with previous investigations on _this subject, it will prob-
ably seem that there is little, if any, doubt but that a
direct connection exists; to others, the results will not
be conclusive. I have sought, therefore, to obtain
and present additional information bearing upon the
question in order that we may the better appraise the
records at their true value. There is, of course, con-
siderable contempor evidence as to the existence
of drought when rainfall records are wanting. Douglass
has skiﬁfully used biological evidence to carry the rain-
fall record back into the preobservational period.

The net result of Table 1 is that epochs of sun-spot
maxima are as likely to be associated with wet as dry
gears, taking the 23 States as a single geographic unit.

ome groups, however, differ from the whole area and
from each other; for example, the Pacific Coast States
show a tendency to be dry rather than wet and the
Missouri Valley States show a rather decided tendency
to the contrary. In this connection it is interesting to
consider quantitative results for practically the same
geographic area as are included in Table 1. In Table 2
are given the monthly and annual precipitation depar-
tures for the climatic districts as published in Table 1
of the MonTHLY WEATHER REVIEW for each of the
ears 1909-1921. This term of years contains the results
or the five years 19151919 of Table 1 and the six years
immediately preceding. It will be found that important
results wilf, Eow from the study of years of sun-spot
minima as well as maxima.

TapLe 2.—Annual precipitation departures, by districts, 1909-1921.
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1

1009...... +5.5| +0.5( +1.7| —7.8/ +0.1| +2.0[ +0.6( —O. 8 +6.6( +9.8(+18.2|+1.82
1910...... —5.0 —3.0{ —7.7|—12.2| —2.9] —3.5{ —1.8 —2.9/—10,9| —7.6{—57.6/—5,76
1911... —3.6] —0.5 —2.9] —4.5 +2.7| +0.5 —2.8 +0.9| —2.2( +5.5 —6.9—0.69
12 0.1 +0.4| ~0.8] —0.3{ +2.3] —2.1| —6.3| —3.4|—14.4|—1.44
0. 4 +0.5{ —1.2| —0.3| —0.9} —~8.3| —5.6] —1.4/—-19.8(—1.98
2.3 +6.8| +1.1) —0.9| 2.0 —2.5| —1.9] +3.5] —3.0/—0.30
+0.6| 4+0.9] —1.5| —0.2| —4.1| +2.4 +3.2(+18.6(+1.86
—4.7 +1.0{ +0.6( +0.7 —9.7[ —1.8| +4.8/—18.6/—1.86
—8.9) —8.3| —-3.5| —1.5 —6.1{ ~9.8 —~86. 3|—53.8/—5. 38
—4,8 +0.4( —0.9{ —3.0| —7.0( —5.3| +3.0/—15.8/—1.58
+0.1] +1.2| —2.2| —2.3| —9.6| —6.3| —4.9{—31.8—3.18
40,11 —1.0| —0.8} —0.3| —3.4| ~5.2( —2.8{—14.5—1.45
—0 3| £0.0 —0.1} —0.1 40,2} —0.6( 40.2 —1.3I—0.l3

Comparing the figures of the two tables for the five-
year period 1915-1919, it is seen that in the main they

MONTHLY WEATHER REVIEW.

129

are in agreement. The year 1917—a year of maximum
sunspots—was a year of deficient precipitation practicall
throughout the United States, but not especially in Ari-
zona; 1916, however, which from Table 1 zpight be con-
sidered a year of nearly normal precipitation, is clearly a
gear of deficient rain by Table 2. 'When the entire United
States is considered as in the matter of Table 2, some
interesting results are disclosed. The year 1909, which
in Table 2 is a year of above normal rain, comes out
with a deficiency of 0.4 inch for the entire United States.
Actual and smoothed precipitation departures for the
United States as a single geographic unit from 1893 to
1920 appear in Table 3.

From Table 3 (see below) I have selected the years
when precipitation on the average for the entire area
was above, or very close to, normal. It is found that
but 8 of the 40 years considered meet those require-
ments. The years and the average departures follow:

Average
depar-
tures.

Years. depar- Years.

Inches.
-0.1
-~0.1
—0.2
—0.4

On the other hand, the years of marked drouth in some
part or parts of the United States were as follows:

Average
depar-
tures.

Years. Years.

Inches.
—8.6
—6.1
—4.1
—4.0
—4.0 [ 1890 .cieiiii s

-31

The outstanding feature of the above exhibit is the
skewness of the gistribution about the mean and the
magnitude of the negative departures as compared with
the positive. It.seems to be a rule of precipitation
the world over that departures below the mean are
greater than departures above and this, I take it, is the
explanation of the large number of years with negative
departures in Table 3.

t is probably not generally recognized that there has

been no period of rainfall so genera%l abundant as that
of the early eighties since the Weather Bureau records
began. If that maximum be taken as the starting point,
the next maximum occurred about 22 years later, and
the second maximum, that of 1915—if a departure of
0.1 inch below the normal can be called a maximum—
about 33 years later, both numbers being multiples of
the ordinary 11-year sun-spot cycle.
_ The intervals between severe drouth years, consider-
ing the drouth of 1886-87 as the point of origin, are 3,
6, 17, 23, and 30 years, respectively. One of these
drouths, 1886-87, lasted two years, and another one
three years, 1893-1895; in the above count I have con-
sidered the years from the end of the 1886—87 drouth until
the beginning of the succeeding drouth as comprising the
interval between.

The local as compared with the general distribution of
precipitation.—In order to study the rainfall distribu-
tion for specific areas I have tabulated the rainfall
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statistics of the State of Arizona beginning with the early
seventies. At that time five rainfall stations were in
operation, and while the geographic distribution is not
as good as might be desired there is no alternative other
than to use them as they stand. The average departure
of the annual rainfall for the two groups of years 1869—
1873 and 1881-1885 is shown in the statement below:

|
Mean. 1869 | 1870 1871]]1872 1873 Mean.l lSSlll&‘«‘l 1853 | 1884 | 1885 |Mean.

|
Departures(inches) |—0.7|—3.3 -3.3!+1. 91—2.5I ~1. sl-a,-x. 0/4-0.3|~1.0/+5.9|—4.2| 0.4

From the above it is clear that for Arizona rainfall was
deficient for the spot maxima of 1870, but with a year of
more than the average, 1872 intercalated in a series of
dry years. For the spot maxima of 1883.9 rainfall on
the average of the five years was greater than the mean
contrary to hypothesis; in this ﬁroup of years there was
a single year of deficient rainfall intercalated in a series
of wet years.

Elsewhere in this paper it is remarked that the early
eighties were years o}f) a?bundant rainfall generally in the

nited States; Arizona seems to have been no exception
to the rule.

I now pass to a consideration of the period when rain-
fall statistics for Arizona are more numerous than for the
earlier years. The Weather Bureau publication, Cli-
matological Data (Arizona), contains yearly values of
the average precipitation computed from the whole
number of records in the State. The published record
begins with the year 1897 and is continuous to date. I
have computed the State averages for 1893-1896,
‘thus making available a continuous record for the 29
years 1893-1921. From these data I have computed
the annual departure of the State average from the 29-
year mean. The actual and the smooéled departures
are presented in Table 3, to which have been added, for
the sake of comparison, the actual and smoothed de-
partures for the United States for the 41 years 1881-
1921.

The smoothing has been accomplished by the formula
b=% (a+2b+c), where b is the middle year in any
consecutive series of three years.

TaBLE 3.—Rainfall departures, United States (as a unit) and Arizona.

Departures— Departures—
. United States. jzona,
Years.
Smooth- Smooth-
Actual ed. Actual, od.
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Tasvue 3.—Rainfall departures, United States (as a unit) and Arizona—
éontmued.
Departures— Departures—
Un States. rizona.
Year,
Smooth- Smooth-
Actusl, s Actusl, ed,
~2.8 —2.1 —-2.7 —3.4
~1.4 —2.0 -3.0 ~3.4
~2.4 —2.5 -3.5 -3.0
~4.0 ~2.6 -3.5 +0.7
~0.1 —-L0| +13.3 +6.4
+0.3 ~0.4 +2.6 +4.9
~2.2 ~1.6 +1.3 +1.8
~2.3 ~1.8 +2.2 +1.2
~0.4 ~2.4 ~0,7 —~0.9
~8.8 -3.8 —4.3 —1.9
~L8 —2.6 +2.0 ~0.2
~0.2 -1.1 —0.7 —0.2
-2.3 -1.8 -1.3 +0.0
~2.8 -9 +3.5 +1.9
—0.1 —1.5 +2.2 +2.9
-3.3 -3.2 +3.7 +2.3
—8.1 —4,7 —0. +1,2
—3.4 -3.4 +1.4 +2.0
~0.9 -1.5 +5.8 +3.2
-0.9 —0.9 -0.1 +1.8
—0.2 oo e

The smoothed departures in both cases have served to
form the two rainfall departure curves of Figure 1 and the
smoothed sun-spot numbers as fpublished in this REview
(30: 176 and 48: 460) serve to form the curve of sun-spot
numbers which also appears on Figure 1.

The Arizona minfa?lp departure curve does not show
agreement with the sun-spot curve in the manner set
forth in the hypothesis put forward in Dr. Clements’
article. There is, of course, some agreement of a general
character, as has been pointed out on a former page, but
not such specific agreement as might be expected did the

henomena stand in the relation of cause and effect.

hile Dr. Clements has not made that claim, many other
writers have sought to explain variations in precipitation
as being due to a chain of events beginning with variations
in terrestrial temperature which might properly react
upon evaporation and that in turn upon cloudiness and
the precipitation of rain.

The Foints in favor of the hypothesis which can be
drawn from Figure 1 are a minimum of rainfall at the

~epoch of maximum sun spots of 1894.1 and also, thm}ih
e

in a less degree, in 1917.6.

It also appears that
maximum o

sun spots in 1870 was associated with a
minimum of rainfall in Arizona. On the other hand,
there are the following inconsistencies between the facts
and the hypothesis (1) the chief maximum precipitation
of the 29 years occurred in 1905, about one year before
spot maximum of 1906.4; the chief minimum of precipi-
tation occurred In 1899-1900 and a prominent secondary
minimum occurred in 1910, neither period beinﬁ & time of
maximum sun spots as required by the hypothesis.

SUMMARY.

The difficulty of combining rainfall statistics for large
areas is discussed; it is also pointed out that investigations
of the suggested relation between the occurrence of sun
spots and terrestrial rainfall have been made in various
parts of the world, and further that the net result of those
investigations is inconclusive and in some cases con-
flicting. -
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The rainfall statistics for 23 States west of the Mis-
sissippi have been presented in slightly condensed form
from that adopted by Dr. Clements and it is pointed out
that for the 20 years considered a wet year is as likely as
a dry one at times of spot maxima.

Rainfall statistics for Arizona and also for the United
States as a single geographic unit are considered. These
data may be interpreted as showing in some cases a
relation such as is claimed; in other cases, however, there
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are large outstanding differences which have not been
accounted for.

The diagrammatic method of presenting the data of
Arizona and the Uhited States for comparison with the
sun-spot curve has been tried; the degree or success may
be left to the reader. Generally the results reached by
this method are more or less unsatisfactory. For the
practical work of forecasting, this method can not be
recommended.
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F16. 1.—~Rainfall abnormalities, Arizona and United States, and varlation in sun-spot numbers, 1893-1920.

AN UNUSUAL HALO OBSERVED AT NEW HAVEN, CONN., FEBRUARY 25, 1922.

By CrarLES 8. HasTINGS.
[Yale University, New Haven, Conn., Feb. 26, 1922.]

The halo was first seen by the writer at 10:10 a. m.
At no time, either then or subsequently, was there a com-
plete development. The feature which rendered it note-
worthy was the effective presence of a sinﬁle type of ice
crystni The common 22° circle was very faint, showing
the approximate absence of fortuitously directed crys-
tals, wﬁile the extreme faintness of the circumscribing
oval, hardly more than suspected, demonstrated the
almost total lack of elongated hexagonal crystals. On
the other hand, the parhelion north of the sun was of a
dazzling brightness, surpassing any which have pre-
viously been seen by me. The sky to the south of the
sun was of a fine clearness, and therefore lacking in all
indications of halo phenomena. Through the parhelion

on the north was a well-defined portion of the parhelic
circle, which extended through an azimuth angle of 20°
to 30° beyond the parhelion to a portion of the sky free
from haze. In the contrary direction it extended until
lost in the light of the sun, being quite as bright where
it crossed the 22° circle as at any other point.

Ten or fifteen minutes later the parhelion had become
quite inconspicuous, with an added purity of the sky in
its region, but of exceptionally pure spectral colors. At
the same time upon a limited area of haze in the south-
west a(fpea.red a well-marked portion of the parhelic cir-
cle and a paranthelion more distinct than any heretofore
under my observation. The paranthelion was perfectly
white, with no extension in any direction, and of a diame-



