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from the preceding forecast and the corrections by Rules 
13 and 19 to 22, mclusive, is carried forward each day. 
The mean rainfall, Dardanelle plus Little Rock divided 
by 2, is 3.38 inches. As the und was relatively dry 
and the rainfall at Fort Smipwas  only 0.91 inch, the 
lowest rate or 0.5 foot rise for each inch of rain is as- 
signed (Rule 14), which gives 1.7 feet (see Table 3, col- 
umn 9). Ad- the cumulative correction, +0.5 foot, 
gives 0.5 + 1.7 = 2.2 feet, the total correction to be applied 
to the stage indicated by the diagram figure 6, and 12.3 + 
2.2= 14.5 feet is the forecast sta e for the 14th. The 

st e. 
%uy 14, 1905.-The cumulative correction, as before, 

is obtained by combinin the corrections for the 13th in 

the correction in column 9, being for rainfal , is omitted. 
Thus, - 0.7 + 0.5 = - 0.2 is the cumulative correction to 
be carried forward. As the river rose rapidly (4.1 feet) 
at  Dardanelle, one-tenth of this amount IS entered as a 
minus correction in column 9 (Rule 19). A rainfall cor- 
rection of +O.2 is also entered in column 9 (Rule 15). 
We have then -0.2, -0.4, and +0.2, or a total correc- 
tion of - 0.4 foot. 

The stage indicated by figure 6, was 16.7 feet; subtract- 
ing the correction of -0.5 leaves 16.3 feet, the forecast 
atage for the 15th. The actual stage was 16.5 feet, or 
0.2 foot higher. 

M g y  15, 1005.-To get the cumulative correction for 
this date we take, as before, all of the corrections for the 
13th exce t the rainfall correction. Thus (adding) - 0.2, 

The stage indicated by figure 6 is 18 feet. ks there are 
no other corrections to be a plied, we have 18.0 - 0.4 = 17.6 
feet, the forecast stage for t ?l e 16th. The actual stage was 

actual stage was 13.8 feet or 0.7 B oot below the forecast 

columns 7 and 13 (Tab f e 3). As previous1 explained, 9 

- 0.4, an l + 0.2 = - 0.4. 

- - 
0.2 foot higher. 

Muy l6,1005.-Proceeding as before, we have (adding) + 0.2, - 0.4 = - 0.2 as the cumulative correction. That 

- 0.1 = -0.4. Subtracting this amount from the indi- 
cated stage, 15.7 feet, gives 15.3 feet as the forecast stage 
for tlie 19th. The actual stage was 15.4 feet, or 0.1 foot 
higher. 

6. January 27 to 90,1016. 

The following examples show the lessening effect of 
rainfall on high stages of the river: 

Januay 27,1016.-A cumulative correction of - 2 feet 
is brought forward from the 26th. As the river was hi h 
but 0.8 foot rise was allowed for each inch of rainfad 
(Rule 15). Adding -2.0+0.8= - 1.2 feet, the correction 
to the indicated stage. The stage indicated by diagram 
(fig. 6) was 23.7 feet. Hence 23.7-1.2=22.5 feet, the 
forecast stage for the 28th. The actual stage was 0.1 
foot higher. 

J a n w y  28, 1016.-Combin~ as before, we have a 
cumulative correction of -1.9 feet. As the river was 
h' h but 0.5 foot was allowed for each inch of rainfall, WE& gives -1.4 as the total correction. This, sub- 
trected from the indioated stage (25.8 feet), gives 24.4 
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feet as the forecast stage. The actual stage was 0.4 foot 
lower. 

Jan.uary 20, lOlB.-Combining as before, we obtain B 
cumulative correction of - 2.3 feet. As the river was very 
hi h but 0.3 foot rise was allowed for each inch of rain. 
Afdhg : -2.3 and +0.3= -2.0 as the total correction, 
which, applied to the indicated stage, 27.4 feet, gives 
25.4 feet as the forecast stage. The actual stage was 0.1 
foot lower. 

' . '  . * *  5, 0 ,  : * #. .' 
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THE DISAPPEABANCE OF SNOW IN THE HIGH SIEBBA 
NEVADA OF CAIJFORNIA. 

By ALFRED J. HENRY, Professor of Meteorology. 

[Datad: Weather Bureau, Washington, Apr. 15,1916.~ 

Much effort has been >ut forth in niaiiy parts of the 
world, to doterniine the d epth and distribution of precipi- 
tation in the form of snow, yet but little attention seenis 
to have been given to the coiiditions attending the dis- 
appearance of snow. The ordinary conccption that the 
snows of winter are melted by the increased insolation 
of late spring and early summer seem to be sufficiently 
close to the truth to satisfy tho average inquirer. 

The object of this paper is to determine whether the 
available records of snowfall made by cooperative ob- 
servers, afford any insight into the weather condit,ions 
which may modify or control the disa pearaiice of snow. 

ublic mind with flood causation. Time was when the s une floods in the Missouri River were considered as 
being due to the melting of winter snowfall at the head- 
water streams, but that impression is fast disa pearing 

flow for the headwaters of that stresni. Floods in the 
rivers of New England and the tier of northern states 
extendin thence westward to the Dakotas, are intensi- 

toward the end of spring. The release of tlig snow water, 
however, is not ertsily accomplished escept the nightl 
temperatures be continuously abow freezing for several 
consecutive days--a rather unusual coudition in spring. 
Hence snow floods are rare even in the more northern 
rivers of the United States. In Washin ton and Oregon, 

warni winter rains sometimes fall u>on a deep snow 
cover and floods result,, but Oven in t \ lose stat.es snow- 
melting weather during tho winter and late spring is of 
infrequent occ.urreiice. The most pronounced snow 
flood of the United States is that which annually passes 
down the Columbia River, due alniost wholl to tile 

drainage basin. The depth of the snow cover is usuallv 
fairly well hiown from observations nindo by snowfall 
observers of the Weather Bureau, suppbniented by re- 
ports from cooperative observers, but the manner in 
which the snow cover will disappear, whether by slow 
melting and rapid eva oration or by ra id melting and 

k r  in advance. 
In  a study of this subject one naturally turns to the 

hi h Sierra of California, where a great amount of snow 

can be carefully observed. &ports of snosa l f  are 
available for a nuniber of stations in that region, but 
we have confined our attention to three stations whose 

The subject is, moreover, rather close P 7 associated in the 

in the light of modern records of precipitation an R stream- 

fied by t 5-l e snow cover which may be on the ground 

due to the proximity of those states to t, 7 ie Pacific Ocean, 

melting of tlic snow cover at  tlie higher nlt.itu B es of its 

uick runoff, can not E e determined wit E any certainty 

fa fis during winter and its disa pearance durin s riug 

altitudes and geographical coordinates are shown below 
in Table 1. 
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Doteof 
flml dls- 

" E n r  

June 22 
July 1 
May 53 
July 12 
June 21 
June 11 
June 20 
June 26 

June I 

TABLE I.-Loaatwn of mountain armfall stutiorrs. 

Average 
daily dis- 

ai:&:- 
-- 

lnchcs. 
1.8 
1.8 
1.6 
3.1 
1. I 
1.4 
1.7 
2.5 

1.9 

-- ............... 
I 

___ 
I I 

July 14 
June 11 
June 21 
June 6 
June 13 
June 13 
M3y 31 
June 9 
June 6 

Juue 11 

Fordye D m , C  al...... 6 500 39 a3 la0 29 WastslopeSierraNevada. 
Summit,Cal ............ 7'017 39 19 la0 a0 SummitofDivlde. 
Tamarack,Cal. ......... 8:oOO 38 30 119 50 WestslopeSlerraNevads. I ----. I I I 

3.9 
2.5 
2. 0 
1. s 
2.5 
1. 2 
1.5 
2.0 
2.4 

2 0  

The two stations first named are representative of the 
snow conditions along and near the line of transcontinental 
railway where it crosses the Sierra Nevada in California. 

The drainage of Fordyce Dam is westward into the 
Yuba River, a tributary of the Sacramento; the drainage 
of the Summit station, on the contrary, is eastward 
into the Truckee River. The third station is in Alpine 
County, in the slight depression in which the Blue Lakes 
are situated and a quarter of a mile south of lower .Blue 
Lake. The drainage is to the northwestward into the 
Mokelumne, a tributary of the San Joaquin River. This 
station is also uite near the Carson watershed and is 

kguntain masses 500 to 1,000 feet higher abound on the 
west and also to the northeast of the station. 

We have sunimarized from the snowfall reports pub- 
lished in ' 'Climatological Data-California Section," and 
from the manuscript data kind1 sup lied by Section 

below. 

TABLE 2.-Dieappearanee of snow in the Sierra Nevada of Central 
California, Februasy-ApFil. 

Fordyce Darn. Cat. 

t ical of the hig 7 1 Sierra to the southwest of Lake Tahoe. 

Director George H. Willson, the 9 f l  acts s own in Table 2, 

1907 ............................. 
1 m  ............................. 
leal... .......................... 
1910 ............................. 
1911 ............................. 
ioia ............................. 
1913 ............................. 
1914 ............................. 
1915 ............................. 

Mean 1.. .................. 

YW. 

354 
225 
180 
1 .% 
Ma 
108 
135 
197 ais 

51 I 651 64 I 1W 

March. April. Total. 

my. I l l  

86 
58 
I1 
47 
56 
21 
53 
75 
61 

-. 

............................ 
1909 ............................ ............................ 37 139 

.......................... 76 279 
65 132 

1934 

1914 ............................ 
1915 ............................ 

1911.. 
I912 
1913 

1910 

............................ ............................ 

Mean.. ................... 

91 167 
116 51 
68 71 
46 63 
76 90 
31 56 
37 45 
04 59 
81 76 

Surnrnlt. Cal. 

167 
38 
55 
45 

213 
72 
50 
32 
54 

70 

343 
192 
150 
138 
391 
132 
115 
113 
167 

175 

July 8 
June 24 
June la 
June a0 
June 26 

June 20 

Tamnrack, Cal. 

4.4 
1.5 
1.3 
1.3 
1.9 

2.0 

........................... ........................... i 1907.. 
19lx.. 
lBM)... 
1910 ............................. 
1911 ............................. 
1912 ............................. 
1913 ............................. 
1914 ............................. 
1915 ............................. 

Mean 1.. .................. 

.......................... 
113 a 
51 
51 
12 
19 

42 
51 

33 

- 
63 
95 
44 
42 

168 
41 
33 
39 
63 

1 For the period 1-1916. 

"he de th of snow which disap eared during the 

by considerin the depth of snow on the ground at the 
beginnin of b e  month as the initial point, adding thereto 

obtained with the depth on the ground at the end of the 
month. The depths in Table 2 were thus obtained and 
these fi res represent the amount of snow that dis- 
appearerfrom whatever cause during the month. As 
might be expected, the daily rate of disappearance vanes 
according to the weather conditions, ran mg from a little 

a greater amount for short periods. The total amount of 
snow that clisappears during the months February to 
April, inclusive, on the average, of all conditions, a t  the 
three stations, is shown in the small table below. 

months o P February, March, and A p r ~  ? is easily obtained 

the fall  % uring the month and comparing the sum thus 

more than an inch to as much as four inc % es per day, and 

TABLE 3.-Disappearunee of snow by ,months. 

Month. 

station. 
April. Total. 

Inched. Imhc8. I&. Inthu. 
F a d m  Dam.. ..................................... b2 180 
Summit.. ........................................... 
Tamarack.. ......................................... 175 

The very close agreement in the average values for so 
short a period is evidence that they represent a real phe- 
nomenon. The variations from the mean values may 
be seen from the detailed amounts for each season, as 
given in Table 2. Thus in 1907, notably in the month 
of April, the weather was particularly effective in causing 
a rapid disap earance of snow, but the greatest amount 
of snow to &appear during any one year within the 

eriod of observations was in 1911, in the months of 
!€arch and April . The weather conditions during Feb- 
ruary, March, and April, 1907, may be summarized as 
follows: February, a warm month with not much pre- 
cipitation; March, 8 wet month with heavy precipitation, 
mostly in the form of snow at the higher levels, with 
temperatures mostly below freezin at Summit and 
Tamarack; April a warm 
plent of sunshine in the 
weat z er of 1911 may dso be summarized as follows: 
February, a cold month with much cloudy weather and 
frequent precipitation; March, a little warmer than the 
average, a large amount of precipitation, and a period of 
about 20 consecutive dwys of dry, warm weather, during 
which snow disa peared ver rapidly as will be later 
pointed out; Apriy, cold and cfoudy in the be 'nning but 

weather, during which the snow me f ted a t  the uniform 
rate of about 4 inches daily. 

A si 'ficant circumstance in connection with the very 

Truckee giver which drains the region about Summit 
reached and maintained higher stages than the average 
from March to November of that year, thus indicating 
the absorption by the ground of a large amount of snow 
water which later found its way into the river. The 
effect on the rivers of the second season of high melting 
1911, was not ap arent beyond July of that ear. 

1912, 1913, and, for Tamarack, 1914, in addition to the 
3 years first named. The weather conditions during 1910 
were aa follows: February, cold and dry without warm 

after the first decade there was a eriod o Fl clear, dry 

large 8p.' isa pearance of snow in 1907 is the fact that the 

The seasons o P small melting were as fo iI ows: 1910, 
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Precipitstion. 

Depth of 
Snow- snowon 

ground 
‘mount. ‘2 attimeof 

inches. ob- 
tion. ---- 

I M b .  I m b .  ................. 59.0 ................. 59.0 ................. 68.0 ................. 57.0 ................. 66.0 ................. 65.0 
0.04 ........ 64.0 ................. 63.0SW. 
0.10 ........ 52.0 ................. 51.0 ................. 51.0 ................. 50.0 

0.35 3.0 52.0 ................. 520 ................. 51.0 
0.95 ........ 50.0 
0.35 ........ 49.0 ................. 49.0 ................. 48.0 ................. 48.0 
T. ........ 47.0 
T. ........ 47.0 ................. 46.0 ................. 46.0 ................. 46.0 ................. 45.0 ................. 45.0 ................. 44.0 

1.79 3.0 .......... 

T. ........ 5 0 . 0 ~ ~ .  

rains; March warm and with Bteady decrease in 

light snowfall and much sunshme, snow melting rapidly. 
1912. February, a very dr month with warn sun- 

cool and rain A ril, very cold with somewhat more 

at  high altitudes, owing to the deficiency fluring Janu- 
ary and February. 

Februar , cold .and dry with light snowfall iii 
the mount<is; d r c h ,  cool and dr , no warm spells and 
a shortage in snow; April, cool anc?dry, light snowfall in 
the mountains. 

In  setting forth the weather conditions associated with 
snow melting we are impressed with the fact that years 
with little snow melting are riiiiarily years of greatly 

years of great melting are years with heavy precipitation 
and relatively high tem eratures. It would also seeni 
that the opportunities &r melting are as great if not 

Of 
greater during years of little snow as durin 
much snow. The air temperatures and 
wind seeni to he the prime factors in the isappearance 
of snow, although doubtless there are other important 
causes. February, 1912, was R nionth during which but 
a small amount of snow disappeared; the weather was 
very dry in the sense that precipitation wits light and 
infrequent and the total snowfall at  the inountain stations 
was much less than the quantity which disappeared. The 
temperature was slightly above the average and the sun- 
shine was fairly abundant, conditions whch would seem 
to be favorable to rapid evaporation and melting, yet the 
amount which disappeared at the three stations con- 
sidered, was far below the average. The depth on ground 
on January 31, 1912, and the aniount that disappeared 
at  the three stations considered was: 

snow cover during first ,20 dr;9 a F ;  April, warm and dry 

shiny days. No snow during 9 ast half of month; March 

precipitation t % ; %  an t e average. Very little acked snow 

1913. 

diminished fall, coupled with P ow temperature, and that 

CY the 

PreVsi 
ing 

wind 
dime 
tion. 

sw. 
sw. 
sw. 
sw. 
sw. 
sw. 
sw. 
sw. 
sw. 
M. 
sw. 

sw. 
sw. 
sw. 
sw. 
m. 
ne. 
ne. 
ne. 
sw. 
ne. 
ne. 
nw. 
nw. 
8. 
mv. 
sw. 

8w. 

Station. 

1 ................ 
2 ................ 
3 ................ 
4 ................ 
5 ................. 
6 ................ 
7 ................ 
8 ................ 
9 ................ 
10 ................ 
ll...:.. .......... 
12 ................ 
13.... ............ 
14 ................ 
15 ................ 
16.... ............ 
17 ................ 
18 ................ 
19 ................ 
a0 ................ 
Zl...... .......... 
22 ................ 
23 ................ 
24 ................ 
25 ................ 
26 ................ 
27 ................ 
28 ................ 
28 ................ 

Mean ....... 

I ground. I 

OF. 
35 
51 
45 
53 
45 
49 
43 
49 
46 
41 
43 
50 
45 
46 
49 
60 
43 
47 
39 
47 
32 
46 
31 as 
41 
49 
48 
57 
50 

45.6 

Fordyce Dam. ................................................... 18 
Bnmmit .......................................................... 
.srack ........................................................ 

The individual records of the three stations durin 

the result that it a pears that the weather in the hi h 

dominated by high atmospheric pressure with little or no 
wind; the temperature rises above freezing in daytime 
and sinks below a t  night. 

There is no apparent relation between small changes in 
tem erature, either positive (upward) or negative (down- 
war ) and the ra id or slow melting of snow, nor does the 
disappearance o snow seeni to be conditioned upon the 
day temperatures bein above 32’F. The daily mean 

a range of 1 to 10 degrees; these short-period changes 80 
not appear to noticeably influence the melting of the 
snow cover even when the daily mean temperature 
passes above 32’F. and remains above for three or four 
consocutive days. After the first of February the mn- 
jority of the short-period changes are positive, hut their 
duration is short until the warm season is well advanced. 

The weather conditions during a typical snowless eriod 
a t  Fordyce Dam, Cal., are given in the Table 4, {elow, 
for the month of February, 1912. 

snowless periods of varying length were esamined, wit % 
Sierra Nevada of Carifornia during a dry period is most !i y 

P 1 
temperature is constant 4 y oscillating up and down throu h 

TABLE 4.-iUetcdrologieal remd or February, 1912, at Fordycc Dam, 

[By E. E. Roenig, cooperative observer.] 

Placer E ounty, Cal. 

1 Temperature. 
- 

Date. 
Mari 
mum 

- 

Kini 
1 m  

- 
OF. 
22 
19 
l3 
19 
27 
22 
23 
35 
a5 
33 
26 
24 
32 
38 
26 
34 
38 
39 
32 
2.5 
27 
26 
37 w 
26 
a0 
23 
30 as 
n. 7 
- 

- 

&an 

- 
OF. 
2s 
35 
29 
36 
36 
25 
33 
42 
40 
37 
34 
37 
38 
42 
37 
42 
40 
43 
35 
36 
30 
36 
29 
a6 
34 
34 
35 
40 
39 

..... 
I 

ClllUlX% 
ter of 

;o sunset. 
s w k  

Clear. 
Clear. 
Clear. 
P’tcl’dy. 
Clear. 
P’td’dy. 
P’tCi’dJ, 
P’t d’ay. 
P’tcl’dJ. 
P’tdUy. 
Clear. 
P’t cl’dy. 
cloudy. 
Cloud 

P’t cluy. 
P’t cl’dy. 
P’t cl’dy. 
Clear. 
P’tcl’dy. 
Clear. 
P’t cl’dy. 
P’t cl’dy. 
P’t cl’dy. 
Clear. 
P’t cl’dy. 
Clear. 
Clear. 
Clear. 

P W & .  

Rapid disa.ppearan.ee of ~n.ow.-In stud ‘ng the records 

have$een expected, that freshly fallen snow disa peared 
of ra id disappearance of snow, it was T ound, as might 

a cover of old snow t K a t  had 

period of 25 consecutive days without precipitation and 
with day temperatures above freezing and night tem- 
peratures slightly below. The depth of the snow cover 
at  the beginning was 215 inches. At the end of the 
snowfall period it was 307 inches. Immediately the 
snow ceased fallin it began to disappear very ra idly. 
there waa a perio% of 9 consecutive days from &arc& 
16 to 24, when the average daily rate of decrease was 
a t  a masimuni, viz, 11.4 inches. For the entire period 
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of 25 da the averagt? ra.te of diminution waa 7.4 inches 
daily. $ring the time of maximum decrease the mean 
temperature was 36O, the mean maximum was 43O, mean 
minimum 29.7'. The weather was mostly clear with 
southwest and south winds. 

The ractical application of the foregoin seems to be 

midwinter a considerable portion of i t  will disappear 
through natural causes aside from the occurrence of 
warm weather attended by rain. The depth that dis- 
appears, on the avera e, expressed in ercentages of the 

follows: 

that w 1 atever the amount of snow on t % e ground in 

amount on the groun % on the first o P the month, is as 

TABLE 5.-Percmtage o j  d~sappewaiicc of snow. 

Station. Ilebrwrg.l March. I April. 
~~ 

Fordvce Dam .......................................... 51 
suminit.. .............................................. 
Tamarack.. ............................................ 42 

These figures show that altitude is a function in the 
disappearance of snow, the greater the altitude t.he 
slower the melting, as is gerfectlp obvious. The sta- 
tions at  Fordyce Dam and mumit show a greater melt- 
ing in March than in April, oontrary to the showing for 
Tamarack, and the natural expectation that the rate of 
meltin would increase with the advance of the season. 

for the conservation of a snow cover are low temperature 
and little wind movement. The average loss by evapo- 
ration under these conditions appears to be about three- 
quarters of an inch per day. 

Unfavorable weather conditions are relatively high 
tern erature, brisk wind movement, and plenty of strong 

Conc 5 usions.-The most favorable weather conditions 

suns R ine. Under the most unfavorable conditions for 

the conservation of snow the loss of freshly fallen snow 
may average 10 inches per day and of old snow from 3 to 
4 inches. 
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COEBIGENDA. 

January REVIEW, 1916: 
Page 35,Table 16. The daily amounts of rainfall a t  San 

Diego, Cal., January, 1916, should read: 
Amount. 

Jan. 11; .......................................... 0.95 
17 .......................................... 1.55 
18 .......................................... 0.31 
I n  .......................................... 0.80 
30 .......................................... 0.00 

Total ...................................... 3.61 

Jan. 24 .......................................... T. 
2r, .......................................... 0.21 
2s .......................................... 0.22 
27 .......................................... 2.19 
28 .......................................... 0.06 
29 .......................................... 0.17 

Total ...................................... 3.85 

Page 35, Table 14. Daily precipitation a t  Mill Creek, 
fw the leaders under January 16, 17, 18, and 27, 28, reud 
an asterisk (*). 


