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sun-spot maximum centerin about 1860, 1870, 1883, 

ture for the central year and the single year immediately 
and following; thus the years 1859, 1860, and precedi?i 1861 wo d 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 preci itation. Casual ins ection 

1894, and 1906 and compute fi the annual rainfall depar- 

of the precipitation record P or Berlin discloses t rl e fact 

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. Dou lass’s work are 

sis,” “Cycles” with an appendis givin tables of mean 

shoul% be read by all students of weather periodicities. 

devoted to a discussion of “Methods o K Periodic Anal- 

tree rowth extending back to 1306 E . C. The book 

CLEMENTS ON DROUTH PERIODS AND CLIMATIC CYCLES.’ 
By A. J. HENRY. 

  we at he^ Bureau, Washington, D. C., April 1,1922.l 

of these inferences led t>he author to make the following 
statements: 

The moat attractive and promising feature of the siimmer’s work has 
been the checking and tracing of the courae of the preaent climat.ic 
cycle. The second recorded absoluteiminimuni of no sun spots oc- 
curred in 1913 and served aa the focus of a period of exceptional rainfall 
in the West. The drouth of the present summer (1916) in the Western 
and Mountain States suggesta the beginning of t.he dry phase of the 
cycle. Its e f k t  upon the carr ing capacity of the ranpe and upon 
the roduction of dr farms has teen cntical. Whether it be followed 
by t1e full period oTsevera1 dry eara or not, it has furnished further 
confirmat.ion of the fact that al?grazi.hg and dry farminF must he 
baaed upon the recurrence of dry periods; in both a scientific system 
of expamion and contraction must be devieed to prevent disaster 
during dry veara. If the next two or three yeara prove to be dry in 
harmony with the maximum of the aun-spot cycle, the possibility of 
anticipating dry seasons will be greatly enhanced. In the field of 
foreatation much evidence has been obtained to show that plailting is 
succemful on1 during wet haees and that natural reproduction occura 
practically only during sur\ phaaea. 

The inveutigations of climatic cycles haa heen continued from both 
the biol ’cal and aatronomical approarh. The former pine intereat, 
from t h x c t  that the years 1916. 1017, and 1918 have in general been 
yeara of drouth in the ’Areat and eapwially the Southwest. This was 
suggested 89 a probability upon the approarh of the sun-apot maximum 
in 1916. The maximuni waa p w e d  in 1917 and attention is now 
centered upon the expected increarre of rainfall generally as t.he Run- 
spot minimum is approached during the next four or five yeam. I t is 
propoeed to follow the biological effect8 aa seen in qrowth, reprodw- 
tion, and abundance 88 cloeely aa poesihle and to correlate thew with 
the climatic phases. Striking evidence of thew erfwtn have been 
obtained during the drouth of the p a t  two yarn. 1 3 j  far the most 
important problem, honmer, i s  the relation of the sun-trpot cycle to 
the climatic and growth cycles. There appears to be little question 

1 Ecobay, Vol. 11, No. 8, July, 1921. 

a C w e g e  Inst. wak. Pub. No. ara, 1916. 

Mo. WEAmEB REV. 37: 225-238 and abstract of a later work in this REWEW. 
immediately pracedln 

of the usual coincidence of these three cycles, but the existence of a 
rauaal relat.ion is still in doubt. In the endeavor to make uae of the 
sun-spot. cycle to anticipate rlimatic changes, thia matter is of para- 
mount importance.’ 

The remainder of the article is devoted to aa 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 
collatin the rainfall records was as follows: In  the 23 

than 1,300 in 1919. For the seventies the number was 
less than 100-76 in 1869, and for earlier pears 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 years 1837,1848,1860, 1871,1883, 1894, 
1907, and 191’7. Concerning these epochs of m&uimum, 
Doctor Clements further remarks: 

P i n w  Ihc heyinning of ohRervations in 1750 the yearly number of 
sun e ots at. tbe mariniiim haa varied from 46 t,o 154, though the number 
has i l len below 80 for brit 5 of the 18 maxima. For the 8 maxima 
conmidered here. the iiiimber of  pots falls helow SO only in 1907 
and 1883, when the niimhera were 68 and 64. respectively. In other 
words, 6 of the maxima lie above 77; i. e., half the number of spots 
for the high& niasimiim, 154. 

DISCUSSION. 

States t a ere were 323 rainfall records in 1881 and more 

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 iii advance. I shall therefore 
first consider the connection between the occurrence of 
sun spots and rainfall. 

SUN-SPOT RAINFALL RELATIONS. 

Since Meldrum, in 1873, called attention to the possible 
connection between the phenomena shove mentioned, 
much discussion has arisen or, rather, nianj- persuasive 
rensons have been adduced in suppnrt of the idea that 
there must be a basic? connection bet,ween t.he two events. 
It is scarcely necessary to analyze t,he large literature on 
t.he subject already available, hut, it will be desirable to 
touch upon the several stages of the arguments which have 
been advanced in support nf the hy othesis. 

The effort to relate sun spots wit K terrestrial weather 
dates hack many years, but the specific attem t to show 

tively recent origin. The discovery of what is popularly 
a relation bet,ween sun spots and rainfall is o P compara- 

5 According to Wolfer, thc epwh of madmum at. this time occurred in 1W.4, and the 
madmum number of spots was 64.2 (smoothed) in February. The epoch of la, ac- 
cordina to the same authority. occurred 1853.9. and the insximum n u m k  of SW 
was 74:s In November of that yiar. 
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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 altho h 

felt that such a relation must really exist, even if it does 
not appear in sun-spot data. 

The following is a r6sum6 of the literature on the 
precipitation sun-spot relations to the end of 1917.’ 

he was not sbccessful in e s t a b l i s h  a relation, yet Yi e 

VARIATIONS IN PRECIF’ITATION AND SUN SPOTS. 

The relation between the variations in the preci itation and the 
sun s ota haa led to many inveatiptions since Meldkm in the year 
1879 gowed for several tropical stations that the rainfall varies duectly 
as the sun spots, 80 that a maximum of rainfall occurs at the maximum 
of sun spota. and vice versa. Sir Norman Iockyer showed this also for 
several stations in Ceylon and in  India. Investigations of Symons and 
Jelinek indicated the eame conclusion, that more rain falls a t  sungpot 
maximum than at  sun-s ot minimum. but it appeared that the period- 
icity is most marked anfregulrur in the tropical re,’ mions. Hahn pointed 
out that in the period from 1830 to 1870 dry summers were most pre- 
valmt during the time .of increasing sun-spot numbers. On the 
whole, the investigations on the relation between preci itation and 
sun spota are very conflicting and have led to more or p e s  doubtful 
results. Meteorologists have here. aa in most similar investigations, 
made the error of assuming that the eame cause should everywhere 
produce the same effect, without taking sufficiently into consider@ion 
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 
fa&, a minimum at  the maximum of sun spota and a maximum of 
winter rain about a t  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 s ts in thim 
manner that an excess of precipitation occurs in  the first ralf of the 
c cle after the sum8 ot maximum, and vice versa, but on the whole de curves show littfe 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 23 years. 

For Europe,. the connehon between precipitation and sun s 
has also been mvestqated. (See Schreiber (1896, 1903). A. I3ucE: 
(1903), and others.) P. Schreiber (1896,1903) found a probable 11-year 
period in  the precipitation a t  different stations in Europe. but with two 
maxima, one, two years after sungpot maximum, the other at the time 
of sun-spot minimum. and with two minima. one coincident with sun- 
spot maximum and the other three ears after the sun-spot minimum. 

A. Buchan (1903) found a doubfe period in  the precipitation in 
Great Britain. 80 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 maximurn. 

G. Hellmann (1909) has investi ted the relation of variation of 
precipitation in different park of %ope to the sun-spot period and 
finds that there is no univemally followed rule about it. In most cmes 
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of the stations examined by him there occur within a eun+pot period 
two maxima of rainfall which occur about six or five years from one 
another. A t  the time of eun-spot minimum there occurs a t  moat stations 
a maximum of rainfall, but in consequence of the p r o m  of wet and 
dry years from muth toward north, in western Europe the maxima and 
mmma of precipitation tend to be progreeeively displaced in  the sun- 
spot cycle. 

The eubdivision’of the 11-year period of rainfall Hellmann explains 
by an aasumed double influence of the variation in the solar radmtion 
during the sun-spot period. Firat is a direct influence arising from the 
e q u a t m l  region and a c t i y  indirectly aa an influence upon the place 
itself. Hellmann proceeds rom the assumption. now proved mneous ,  
that a t  the time of sun-spot minimum there is a greater radiation of the 
sun that at the time of sung t maximum. T h i n  increased radiation, 
he thinks, would act principary in the equatorial re ‘ons of the earth to 
produce an increase of temperature, evaporation anfprecipitation,and 
thereby would increme the energy of the totai circulation of the at- 
mosphere. This equatorial influence would be delayed in reaching the 
higher latitudes. But, on the other hand. the direct influence on the 

recipitation in these latitudes themselves due to the sun spots would 
ge considerably weaker than in the equatorial regions. The im ulses 
derived, respectively, in the equatorial regions and in places of &her 
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 mould be adocia@ with maximum 
of sun apots. while in another place the oppmite amciation would 
prevd 1. 

E. H. Chapman8 has collected correlation coefficients 
between sun spots and rainfall for 147 places scattered 
over the globe. The value of the coefficient of correla- 
tion T ,  ranges from zero to kU.50 and there are but 
two cases where r equals or esceeds 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 
T was not great enou h to be of significance. 

relation between sun spots and rainfall, the opinion is 
held by some that a real relation subsists; for example, 
Prof. W. H. Pickering,g in discussing droughts of Jammca; 
concludes : 

The 13 droughts have occurred on the average at  intervals of 4.17 
years. If their relation t n  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 G reaches this figure. From this we con- 
clude, considering the inevitable errors occurring in fixing the exact 
dates of sun-spot maxima and minima, that a red relahon subsists 
between these date3 and thme of Jamaica droughts. 

Notwithstanding t a e failure to establish any definite 
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RAINFALL DATA OF TABLE 1.  
I now pass to a consideration of the rainfall data aa 

presented in Dr. Clements’s Table 1. 
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0 Pickering W. H Therela& Of prolonged tropical drouths in Jamalcs to sun spots. 
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251 249 
35 17 
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172 153 
+43 +63 
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+119 -!3l 
1 , m  608 

397 592 
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TABLE 1.-Number of rainfall stations in the gmu.ps and yeare n a n d  that had positiiw and negaliiie ntinual rainfall Iparlures, rcspctively. 
[The flgurea in the top line of each group are. positive, those in the second line negative, and thoee in the third linc are the algebraic sum of the two precedlng.1 
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1910.. .......................... 
1917.. .......................... 
1687. ........................... 
1686 ............................ 
1904 ............................ 

It is always a difficult matter to 
ical data for large areas and to 
results and this is particularly 
itation. 
of all in point of horizontal distribution. 

Precipitation, in common with some other meteor- 
ological elements is characterized by an unsymmetrical 

This element is probably the 

about the mean, there being a 
than wet years gener- 

the annual de artures of the 
while 

not without its limitations, can be pro erly used when 

of rainfall stations in an district is small, as in the case 

inaccurate. 
The results shown in Table 1 are significant, whatever 

may be one's o inion as to the connection between sun- 

with previous investigations on this su ject, i t  will rob- 
ably seem that there is little, if any, doubt but t at 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 t.he 
records a t  their true value. There is, of course, con- 
siderable contempor evidence as to the existence 

has skfifully used biological evidence to carry the rain- 
fall record back into the 

rainfall from the average used by Dr. Cements, r 
qualitative results only are essential. PB hen the number 

of the years prior to t E e eighties, the results may be 

spots and rain P all. To those who ma not be familiar 

% g 

of drou h t  when rainf 7 1 records are wanting. Douglas 

ears 1909-1921. This term of ears contains the results 

immediate1 receding. It will be found that important 
results w i l r ~ o w  from the study of years of sun-spot 
minima as well as maisima. 

TABLE 2.-Annual precipitation departures, by districts, 1909-1921. 

for the five years 1915-1919 of + able 1 and the six years 

Inches. I Inched. 
-6.6 I 1918 ............................ -8.4 
-6.1 ' 1&K3 ............................ -3.4 
-4.1 1894 ............................ -3.3 
-4.0 1888 ............................ -3.2 
-4.0 11590 ............................ -3.1 

1 m . .  ... _ I  +Q. s +ia 2 +I. a 
1910.... .. -7.6 -57.6 -5.76 
1911...... +5.5 -6.9-0.69 
19 u... ... -3.4-14.4-1.44 
lQB.... .. -1.4 -19.8 -1. @3 
1914... ... + a 5  -ao-aaO 
1915 ...... +3. 2 + l a 6  +I. se 

- a 3  -53.8 -5.38 

+0.2 -1.3 a i 3  

Comparing the figures of the two tables for the five- 
vear Deriod 1915-1919. i t  is seen that in the main thev 

1916 ...... +4. 8 -18 6 -1. Ro 
1917 ...... 
1918.. ... +3.0-15.8-1.58 
1919. ..... -4.9 -31.8 -3.18 
loao.... .. -2 8 -14.5 -1.45 
lOrn...... I- 

are in agreement. The ear 1917-a year of maximum 
sunspots-was a ear of d eficient precipitation p rac t idy  
throughout the 6 nited States, but not especially in Ari- 
zona; 1916, however, which from Table 1 rpight be con- 
sidered a year of nearly normal precipitation, is clearly a 

ear of deficient rain by Table 3. When the entire United 
ha t e s  is considered as in the matter of Table 2, some 
interesting results are disclosed. The year 1909, which 
in Table 3 is a year of above normal rain, comes out 
with a deficiency of 0.4 inch for the entire United States. 
Actual and smoothed recipitation departures for the 
United States as a sing P e geographic unit from 1893 to 
1920 appear in Table 3. 

From Table 3 (see below) I have selected the years 
when recipitation on the average for the entire area 

but 8 of the 40 years considered meet those require- 
ments. The years and the average departures follow: 

was a f ove, or very close to, normal. It is found that 

Years. Years. 
Average I 
InrAu. 

18% ........................... ......................... -0.1 
1882 ............................ ............................ -0.1 
1881 ............................ +0.4 1912 ............................ -0.2 
I W ) ~  ............................ 1 +o.3 )I 1- ............................I -0.4 

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

Years. ' I/ I tures. 
Years. 

The outstandin 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 de artures below the mean are 

explanation of the large number of years with negative 
de artures in Table 3. 

ft is probably not generally reco nized that there has 
been no period of rainfall so genera abundant as that 

began. If that maximum be taken as the starting point, 
the next m a s h u m  occurred about 22 years later, and 
the second maiuimum, 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 ears, 1893-1895; in the above count I have con- 
siderei 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 
precipitutwn.-In order to study the rainfall distribu- 
tion for sDecific areas I have tabulated the rainfall 

greater than departures a ?I ove and this, I take it, is the 

of the early eighties since the Weat h er Bureau records 
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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 geo aphic distribution is not 

than to use them aa 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: 

as good as might be desired t f ere is no alternative other 

d C t U S l .  

- 
I Wan. 1889 1870 18711 IS72 1873 Mean 1881 189 1 W  1881 1% Mean. I I I I I I *I I 1 1 1 - 1  

1911.. ....................................... 
1912.. ....................................... 
1913.. ....................................... 
1914.. ....................................... 
1915.. ....................................... 
1916.. ....................................... 
1017 ......................................... 
1918. ........................................ 
lea0 ......................................... 
1921 ......................................... 
1919. ........................................ 

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 oup of ears there was 

of wet years. 
Elsewhere in this a er it is remarked that the early 

e' hties were years o I;% a undant rainfall generally in the 
Z i t e d  States; Arizona seem 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, ai- 
matolopcal Data (Arizona), contains yearly values of 
the aver e precipitation computed from the whole 

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 
the annual de arture of 

are presented in Table 3, 
the sake of com arison, the actual and smoothed de- 
partures for t h e h i t e d  States for the 41 years 1881- 
1921. 

The smoothing has been accomplished by the formula 
b = +  ( a + 2 b + 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. 

a single year o deficient rainfa f- interca P ated in a series 

number o P records in the State. The published record 

year mean. 4 he actual 

-1.8 
-0.2 
-2 3 
-2.6 
-0.1 

-3.3 
- R l  
-3.4 

-a9 
-0.2 

-a 9 

1881 ......................................... i + a 4  
1883 .................................... ....., +LO 
1883 ......................................... I -1.6 
1884 .........................................I + 2 0  
1885 ......................................... - a 3  i 
1886 ......................................... -3.2 
1881 ......................................... -4.1 

1888 .......................................... 1 7 
1880 ......................................... I s i 1  

1881 ......................................... -1.9 
lSea ......................................... - 2 4  
1a.3 -3.4 

1885 ......................................... -4.0 

lM ......................................... -1.6 
1697 .................................... 1 .... -1.3 

1899 ......................................... -2.6 
1800 ......................................... -1.3 

1888 ......................................... i -1.4 

......................................... isw ......................................... -3.3 

lees ......................................... -2.2 

TABLE 3.-Rainfall departurea United States (as a ?&nit) and Arizona- 
kontinued. 

+ a 4  .................... 
+0.2 .................... 
f O . 0  .................... 
+0.4 .................... 
-0.4 .................... 
- 2 7  .................... 
-3.2 .................... 
-2.1 .................... 
-2.0 .................... 
- 2 4  .................... 
-1.3 .................... 
- 2 5  .................... 
-3.1 -2.2 - 2 2  

-3.2 -2.1 -1.6 

-21 +0.1 -0.6 
-1.6 -0.5 -0.4 

-2.2 -4.9 -3.9 
-2.0 -5.0 - 4 4  

- a 5  -2.2 -2.2 

-21 -a7 -1.7 

Imooth- 
ed. 

-2. 1 
-2. 0 
-2.5 
-2.6 
-1.0 

-0.4 
-1.6 
-1.8 
-2 4 
-3.8 

-2. 6 
-1.1 
-1.8 
-1.9 
-1.5 

-3.2 
-4.7 
-3.4 
-1.5 
-a 9 

......... 

- 
Actual. 
- 

-2 7 
-3.0 
-3.5 
-3.5 

+13.3 

+2.6 
+1.3 
+2.2 
-0. 7 
-4.3 

+a. 0 

-1.3 
+3.5 
+2.2 

+9.7 
-a 6 
+l. 4 
+5.8 
-0.1 

-a 7 

........ 

3mooth- 
ed. 

-3.4 
-3.4 
-3.0 
+o. 7 +e.. 4 

+4.9 
+1.8 
+1.2 
-0.9 
-1.9 

-0.2 
-0.2 
*0. 0 
+1.9 
+2.9 

+2 3 
+1.2 
+2.o 
+3.2 
+l. 8 

......... 
I 

both cases have served to 
curves of Figure 1 and the 

ublished in this REVIEW 
(30: 176 and 48: 460) serve to orm the curve of sun-spot 
numbers which also a 

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 pa e, but 

henomena stand in the relation of cause and effect. 
bhile Dr, Clements has not made that claim, many other 

P 
ears on Figure 1. 

The Arizona rainfa SP departure curve does not show 

not such specific agreement as might be expected 8 id the 

Arizona. On the other hand, 
there are the followin inconsistencies between the facts 
and the hypothesis (17 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 bein a time of 
maximum sun spots as required by the hypot f esis. 

SUMMARY. 

The dacul ty  of combining rainfall statistics for large 
areas is discussed; it is also pointed out that investigations 
of the su gested relation between the occurrence of sun 
spots an d terrestrial rainfall have been made in various 
parts of the world, and further that the net result of those 
mvestigations 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 resented in shghtly condensed form 

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 inter reted as showing in some cases a 

from that adopted f y Dr. Clements and it is pointed out 

relation such as is , P  c aimed; in other cases, however, there 

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-s ot curve has been tried: the degree or success may 

this method are more or less unsatisfactory. For the 
practical work of forec.asting, this method can not be 
recommended. 

be le P t to the reader. Generally the results reached by 

ma. I.-Rainfall abnomlitles, Arirona and United States, sad varhtion In sun-spot numbers, 1883-1020. 

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

By CHARLES 8. HASTINGS. 

Pale University, New Haven, Cmn., Feb. 26, 1922.1 

on the north was a well-defined portion of the parhelic 
circle, which estended through an azimuth angle of 20" 
to 30" beyond the parhelion to a portion of the s k y  free 
from haze. In the contrary direction it extended until 
lost in the light of the sun, being uite as bright where 
it crossed the 22" circle as at an ot B er oint. 

Ten or fifteen minutes later t l e  Barheyion had become 
quite inconspicuous, with an adde purity of the sky in 
its region, but of exceptionally pure s ectral colors. At 

west a peared a well-marked portion of the parhelic cir- 
cle an a a paranthelion more distinct than any heretofore 
under my observation. The paranthelion was perfectly 
white, with no extension in my direction, and of a diame- 

the same time upon a limited area of R aze in the south- 


