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single mesurements can be made within two or three 
minutes; summation for longer periods, such as, morning, 
afternoon and night, is obtninable by a single reading of 
the clock and a simple multiplication. 

B. The skin thermometer 

This never gives such precise values as those obtained 
by the thermo-electric method, and in a powerful wind it 
is unreliable. A thernio-element has been employed at  
Davos consisting of copper and constantan of which one 
soldered joint is immersed in a thermos bottle filled with 
oil (air is also sufficient: but not water) and is in direct 
connection with the mercury bulb of a sensitive ther- 
mometer, which projects from the mouth of the bottle and 
may be read off there, while the other soldered joint is 
movable and can be transferred to the surface of the body 
to be measured. A simple but important provision is 
that this second narrow and thin soldered joint is es- 
tended over a tiny, narrow piece of cork, which hinders 
radiation and owing to its low conductivity does not 
remove any heat. Mounted on the same hoard and in 
connection with the thermos bottle is a galvanometer 

with a resistance of 1 Ohm only and a sensitiveness of 
lo5, rendering the whole very transportable. With this 
outfit i t  is possible to measure on an average to a tenth of 
a degree cent,igrade with precision. 
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S I X T E E N  YEARS OF SNOW-SURVEYING IN T H E  CENTRAL SIERRA A N D  ITS RESULTS 

gs/. 5 - 7 8 - Y d  (57) By J. E. CHURCH, JR. 
[In charge Nevada Cooperative Snow Surveys, Reno, Nev.1. 

Snow-surveyin under the ercentage svstem as con- 
ducted by the hfount, Rose 8bservatory is based upon 
two fundamental facts : (1) The approsiniate uniformity 
of the snow cover over wide areas and (2) the intimate 
relationship in the western mountains between winter 
snow fall and the spring-summer flow. 

During the 16 years of field work, only two disturbing 
factors of ninjor im ortance have been found, viz, ( 1 )  

(2) deficiency in normal precipitation during A ril-Julp. 

of low level snow courses a t  the time of the annual snow 
survey April 1. The probability of the latter and its 
results can usunlly be determined by May 1 or a t  the 
latest by Mny 15. 

The maximum shrinkage in stream flow clue to lack of 
April-July precipitation is 35 per cent of normal for 
rivers and 50 er cent for Lake Tahoe. However, the 

cent for streams and 20 er cent for Tahoe. A few revi- 
How- 

ever, these were based upon principles noticed then for 

premature melting o F the snow cover a t  lower levels nncl 

The former can be determined and measured -6 y means 

usual revision F or precipitation has not exceeded 10 per 

sions have been made a P ter the season was over. 

the first time but applicable a t  the beginning of the 
season. These revisions are distinguished from those 
for April-July precipitation by being placed in paren- 
theses. 

Six bnsins lire included in the series and are situated 
on both sides of the range. One of these, the Tahoe, 
consisting mainly of R lake, is greatly affected by precipi- 
tation upon its surface. Another, the Carson, has large 
diversions above its point of gaging. A third, the Moke- 
lumne, possesses only crest snow survey stations and 
depends for its outpost estimates upon measurements in 
the South l’uba Basin, which is separated from it  by the 
wide Smericnn Basin. P e t  out of 54 forecasts for the 
entire sis hnsins, 29 forecasts were within 10 per cent of 
the actual run-off while 14 were within 20 per cent. In 
the remaining 11, the maximum divergence between 
snow cover and run-off was only 30.4 per cent. 

The following table on comparison of snow cover and 
run-off will give details and serve as a record of seasonal 
net snow cover and run-off in the Central Sierra since the 
snow surveys were established in 1909-10: 



44 MONTHLP WEATHER REVIEW FEBRUARY, 1926 

E.eason 

Comparison of snow cover April  1 or revised forecast M a y  1-15 and run-off April-July (per cent of normal) 

N. B. Until 1918-19 unrevised snow cover April 1 is used as a forecast. Those ri \ i w l  May 1-15 marked t8.v an R placed before number. Those revised on basis of new data 
after season was over are followed by Rev., and new estimate in parentheses. 

Carson (but subject to 
heavy d i v e r s i o n  s j ,  
251,476 A. F. 

Truckee (exclusive of 
Tahoe), 351,200 A. F. 

Lake Tahoe, rise 1.66 
feet, 204,180 A. F. I I (N. B.-Courses few) 

I East slope of Sierra 

West Walker, 199,366 
-4. F. 

(N. B.-Snow coursrs 
mostly in East Walker) 

I West slope of Sierra 

South Yub?, 205.442.4. F. 
(Heads against Truckee) 

Mokelumne, 461,486 A. F. 
(Beads against Carson) 

1909-10.--- 
1910-11 .... 
1911-13..-. 
1912-13----( 
1913-14.--. 
1914-15L.. 

I Forecast IRun-offl Forecast IRun-ofil Forecast IRuu-of 

No forecast until 65.9 
1921-22 except 190.9 
that for adjoin- 52.2 
Ing basin of 1 56.2 
Lake Tahoe. 144.3 ________________-___ 93 . i  

I 1-1 I-/ I- 
61.5 

172.3 
64.5 
69.3 

150.6 
89.6 

No forecast until G4. 1 
1 9 1 7 - 1 Y ,  b u t  176.7 1 compare adjoin- } 43.4 

ing Tahoe for 57.2 
similarity. 1BZ'. 9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  $13.3 

82. 7 
170.4 
49.7 

153.8 
88.2 

58. 2 

68.4 
119.3 
68.3 
70.1 
99.5 

109. S 

._ -_._-______._-____ } 122.2 168.4. .-.-...... 
119.9 { (14Y,4 Rev.) _ - _ _ _  
106.9 I 1 3 . 7  ___..__..._ 106.0 

} "'O 
W.6 

i O . O ! R  67.5 ...__..__.. S i . l  
!1?.4 ' R loY.O .........__ 101.9 

121.2 ' R 141. Y ..___..____ 121.3 
SS.3 R 98.6 ..___....._ 199.3 

R 3 2 . 6  ___._.._._. 23.9 R 3 5 . 1 _ _ _ . _ . . _ _ . .  28.5 
niitely. 

Onlysurveycourse 68.1 
at Blue Lakes at 120.6 
Crest and inter- 60.2 
polation from 5. 65.2 
Y u h a .  N o t e  129.3 
close correspond- , 122.8 
encc b e t a e e n  123.9 
run-otI S. Yuba 115.1 
and Mokelumne 
though the Amer- 
can intervenes. 
100.2 estimated-. ' 76.2 

R 83.9 ______._____ 81.6 
R 68.0 ________..__ 72.4 
R 103.6 _ _ _ _ _ _ _ _ _ _ _ _  98.4 
R 130.0 ________.___ 126.9 
R 81.0 approxi- 174.7 

R 3 2 . 5  ____..____.. 24.1 

{ (80.2 Rev.) _.___ 

mate1 y. 

%,; ~{ (G!: !Rv.j:::::} lw,o I{ 62.9. .._________ (d3.0 Rev.) ___.._ 
S5.1 __......... 95.7 

___.______._________ 130.Y { ( : ~ ~ : ~ R e v 3  69.4 _________.__..__..__ 

____________.______ 1 101.5 1 117.4 1 125.9 ~ ..__.._.____..._.... 

135. i  
139.7 

1917-18 .-.. 
1918-19 .___ 
1919-30 _ _ _ _  
1920-21 _ _ _ _  
1921-22 _ _ _ _  
1922-23 __.. 

Forecmt I Run-ofl Forecast I Run-off/ Forecast I Run-ofl 

. .....____--_.__-._. 5 i .6  { } 53.6 { '(g:-&;j:::::} 55.R 
_.____.._.__________ 77.1 R 80.8 72.9 R 8 3 . 9  __.____..._ 66.6 
..._....._______.___ 21.2 R 51.3 56.0 R 70.0 ..__.______ 39.1; 
R 96.0 _________._ 83.7 R 80.0 90.4 R103 .0  ...-.....-. 78.6 
R 135.0.- _ _ _ _ _ _ _ _ _  117.6 R 121.3 124.1 R 124.6 __...__..__ 121.2 
R 99.4 __.___._.__ 82.0 R 95.1 Y4.0 R 8 5 . 9  _.._......_ S0.2 

....___......_... 

R 83.0 ..____._..__ 
R i4.Y .__..._..._ 
Ii 102.0 ... ........ 
R 149.3 ... ._._.... 
R 92.0 moroxi- 

1923-24 _ _ _ _  
1924-25 _ _ _ _  

R 15.4 _ _ _ _ _ _ _ _ _ _ _  15.0 R-1 .9  -3.0 
1 1 0 1 . 2  04.2 _ _ _ _ _ _ _ _ _ _ _  ~ 55.41 80.2 

1 Data for July lncking, msliing thus only a 3-month run-off. The inclusion of July would decrease the divergence in the c s e  of the hIokelumne. 

AN EXAMINATION BY MEANS O F  SCHUSTER'S PERIODOGRAM O F  RAINFALL DATA FROM LONG RECORDS IN 
TYPICAL SECTIONS O F  T H E  WORLD 

[This paper supplements that by the same author in Monthly Weather Review. Oct. 19241 

By DINSMORE ALTER 
[University of Kansas, Lawrence, Kans., Drc. 18,1535 11 

55/.5-78./ : 

R 2 6 . 0  _.._....___ 

77.9 _._....__.. 

8YNOPSIB 

This is the ninth of a series of papers on the rainfall of the world, 
and the second on the application of Schuster's Periodogram. In  
the last application of this method, Published in the Monthly 
Weather Review of October, 1924, periods longer than nine years 
were investigated. I n  this one, periods are examined between 
nine and two and one-sixth years. In  the nest paper, which is 
already mostly computed, still shorter periods will he considere~l. 
The aim of these investigations is to examine typical sections 
systematically, so that all facts concerning rainfall periodicities, 
which are inherently possible in data at the present time, may be 
established. It is believed by the author that this question requires 
such a method as the periodogram, through which periodicities 
and probabilities are shown, entirely free from the personal bins 
which must affect the judgment when almost any other method is 
used. A t  present, i t  is his belief, the great need is for such a careful 
examination of data, rather than for theorizing regarding causeh. 
It is only through thus establishing accurate quantitative relntion- 
ships that the theories regarding causes can be given the sound 
footing which they require. Naturally a knowledge of causes is 
the final goal of all research, but any short cut to theories regardiilg 
them is too dangerous to use. 

The following summarizes the principal results obtained so far. 
(a )  Rainfall periods certainly do exist. 
(b )  There is, in all sections of the world examined, a very marked 

bias toward harmonics of the sun-spot period, too much so to be 
merely accidental. 

(c) It is impossible to say a t  present whether these periods are 
constant or varying in length, however, the bulk of the evidence 
favors the former. 

( d )  It would be too unsafe to  make agricultural predictions on the 
basis of results so far obtained. However, some sections of the 
world indicate quite strongly that this may be possible in the future. 

(e) The more nearly a climate approaches a pure marine the 
more nearly does its periodogram give us definite results. 

8.5 
75.2 

I Since sending the manuscript for publication an excellent article by Sir Gilbert T. 
Walker on the periodogram has appeared in No. 2i6 of the Quarterly Journal of the Royal 
Meteorological Bociety. Our conclusions regarding the strength and limitations of the 
method parallel each other very closely although in general his treatment IS the more 
elegant.-D. A. 

SCHUSTER'S PERIODOGRAM METHOD OF FINDINQ HIDDEN 

Schuster's met,hod is t,he most careful analytical net 
whic.11 has been devised to investigate the existence of 
perioclicitie,s, hidden from casual inspection by means of 
accidentnl errors or by the presence of multiple periodici- 
t,ies. Various attempts have been made to use shorter 
methods of analysis but all these seem unsafe to the 
writ,er, some because real periods ma be overlooked, 

ap ear real. 
eitt.le summary of the method is necessary here, merely 

a statement of the equations bein sufEcient. Given 
dat,a pl. - - - - - pn, assume any period Bj times the datum 
interval. Let pi be the phase angle for the datum q d ,  

2a so that piCl - pi = p - (pl =0> 
Define : 

PERIODICITIES 

others because they permit acc.identa 9 periodicities to 

n n 
Aj~Zqd COS pi; Bjsqag sin 

1 

where @j is the hase of the best sine curve of period P 

to the square of the amplitude of this curve. Periods 
P,  are chosen of lengths such that there is little phase 
divergence between adjoining ones during the stretch of 
data, and 1. is computed for each. A curve is then 
drawn with $'s as abscissse and 1's as ordinates. 

at the instant o P observation of pl, and I j  is proportionai 


