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MONTHLY VARIATIONS OF THE PRECIPITATION-ALTITUDE RELATION IN THE CENTRAL SIERRA NEVADA OF 
CALIFORNIA. 

B~ R. 3r. VARNET. 

[University of C'slilnrnia, Oct. 19,1920.1 

SYNOPBIS. 

Stud of the precipitation data for a series of stations ac- the central 
Sierra Kevada of C'alifornia indicates that the rate of increase of pre- 
cipibtion with altitude throughout the year in a.welldefined 
rgrewion from amalleat rate in sumnm to eat& in wmter. +&mi- 
arly, the rates O! decrease in the zone above g e  level of niasi1iiuni r- 

cipitntion, and 1n the zone h o r n  the summit down the leeward 8 OW 
are smallest in midsummer and greatest in midwinter. 

readt of sesson~l differences in the relative humidity of the air currents 
involved and that, if this be true, well marked seaaonal vrriat.ions in 
the pmc&itstion-dtitude relation nioy be a general characteristic of 
regions having pronounced wet and dry seasons. 

Nevada of Califorilia has been discussed in various con- 

teet of added elevation up to the zone of maximum at 
some 5,000 to 6,000 feet, above which there is a decrease 
toward the crest of the mountalns and down on the lee- 
ward side. This zone of maximum becomes higher from 
north to south along the Sierra. 

1'1 the Course of preparing d8t.a for moi+y precipita- 
tioil lnaps of C)diforllia, the writer's attentlon was flrawn 

It is sugmwM that the observed seasonal mistinns are probably tile ' to  t,he fact that the precipitutioii-altitude relation IS here 
b~ 110 mems const,ant throughout the year. The mean 
u.n11~&1 rate of lllcrease [livided by 12 can 11ot. be used ill 
the drawing of monthly chart,s. 1% became necessary, 
therefore, to de;termine how- t.hc rate varies from month 

.The precipitation-altitude relation for the Sierra to month. Thls has been done for the central Sierra, 
using the often-referred-to stril? of stations along the 

nections during recent pears. Lee,' in work for t.lw line of the Sout.!iern Pacific Ral P road from Sacramento, 

FIG. l.-The monthly amounts of precipitation for 11 stntioi?s in the central Sierra Nevada of CaUfornls. Stations arranged according to their altitudes. Prcripitntmn scalp 
reads from 0"In thc lniddlp toward both rig!lt and Idt. Stations on windward slope in rapital letters, on leeward slope in small letters. 

h s  An eles aqueduct, McAdie in his paper on the Rain- 
fall of i%ifornia, Henry 3 in a recent survey of the pre- 
oi itntion-altitude relation throughout. the world, and 
ot R ers,' have contributed to our appreciation of the 
irn ortance of orographic control of precipibation. For 
€!$forilia, this cont8rol is 8 d a 1  thing in the life crf the 
State. Without it, reclamat.ion of vast areus of the Great 
Valley by irrigation would have been impossible. Hy- 
droelectric ower for lighting, puniping, railway opera- 
tion, man up acturing, is abundantly available (though 
not yet adoquately developed to meet, California's needs 
in lon periods of deficient precipitation), bemuse of the 
fact t f at precipitat.ion increases rapidly from the west 
base of the Sierra up to a zone.mnximum nmonnt. The 
annual value of t.his increa.se IS about 0.9 inch per 100 __ _.-. .- 

I Lee C. H YDmHLY WEATHER REvlEw Jnly 1911 3V 1099. 
*Mcidie, A:, The Rainfall of California (frniv.'Calif.' Pib. (;eo:., '914, vol. 1, pp. 

a Henry, -4. J., Increase of Precipitation with Altitude (MONTHLY WEATHER REVIEW, 
4 dee pap& by A.  PHenry Iloc. eit.) for numerous additional references. 

127-240). 

1919 v d  47 No. 1 p 33-41). 

Calif., to Reno, Nev. The fticts indicated by the graphs 
lwrewitli are somewhat more striking than the pre- 
liminary inspection of the dntn seemed to show. 

Fi ure 1 is a plat of the mean monthly recipitation 

altitudes in the vertical scale. f ie  recipitation scale 
runs from 0 inch in the middle of t g e diagram to 15 
inches toward both right and left. T lk  arrangement 
allows the months to appear in order across the figure 
and so far as possible avoids the confusion that would 
result from the use of a one-wa scale. All stations from 
base to summit on the win, B ward side of the Sierra 
are in capital letters, stations on the leeward side in 
small letters. The period on whic.h the means are 
based is 20 y-ears endi 1919. Several stations, hitherto 

altitude relation, have been omitted in the present study. 
Of these, Iowa Hill a t  2,S25 feet elevation on the wind- 
ward side of the mountains wtw discontinued in 1910. 

for t a e 11 stations used, arranged accor d? mg to their 

used in discussions o T the mean annual precipitation- 
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Cisco (5,939 feet, windward), Boca (5,531 feet, leeward), 
and Fernley (4,150 feet, leeward) were closed at  various 
times during 1916 on account of faulty record. The 
precipitation at  two stations with short periods, but 
very necessary in a series where the number of stations 
is small a t  best, was reduced to the 20-year 
the usual method: Rocklin, -17 years, reduced ~~~c~~ 
mento, and Emigrant Gap, 14 years, reduced y Blue 
Canyon. 

TABLE 1a.--.llvemge inonthly rate8 of increase of preciphtwn with 
altitudc,from uindward base etation to level of &mum precipitatim. 

-- 
0.232 
0.201 
0.161 
0.074 

0.014 
0.004 
0.010 
0.005 
0.058 
O.la0 
0.134 

0 . m  

_ _  - _. _ _  - - - 1 Altitude difference. I Rate. 

708 
708 
708 
708 
708 
546 
0 

545 
708 
708 
M8 m 

Month. 

0.168 
0.158 
0.018 
0.076 
0.078 
0.W 

0 
0.018 
0.008 
0.0% 
0.104 
0.122 

1 Feet. 

0 ober ...................................... 
November... ................................ 
December. .................................. 

I- 

2 322 
2’322 
ai322 

January.. ................................... I 
February .................................... j 
Ye.. ..... .=.. ............................. 
A 1  

June.. ....................................... 
........................................ ........................................ i &. 

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

November.. ................................. 
Deca3nbez- .................................. 

-- 
Metem. 

4024 
4’624 

5’ 159 
5’159 

4’624 

4’ w 
1’624 

6’946 
5’ 168 

4’624 
4: 624 
4, 024 

Inchew 
per100 

feet. 

Inches 

January ..................................... 
Febmary .................................... 
ldarch ....................................... ........................................ ........................................ 
SUM. ........................................ 
July ......................................... 
octoben ...................................... 
~ ~ e m k .  .................................. 
D e c e m k  ................................... 

...................................... ts%er ................................... 

2 486 7K7 
2’186 1 767 
2’485 757 
4’485 757 
2’485 I 767 
ai485 757 2% 1 767 757 
4485 I 757 
2,485 j 757 
9,485 757 
2,485 I 757 

. 

........ 

WUI- 
meters 
per 100 
meters. 

19.3 
16.7 
13.4 
6.1 
4.0 
1.2 
0.3 
0. 8 
0.4 
4.8 
10.0 
11.4 

TABLE lb.-Aveqe monthly sah of derrease of precipitation, from kid  
of mazlmum precipitation to Summit, widnard. 

____-___ .................... 1 Altitude differenrc.) Rate. 
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TABLE lc.-Avemge monthly .rate of decrease of precipitation, f h m  
Summit to baae station, k s d .  

1 Altitude dieerenee. I Rate. 

Month. j,, 
0.363 
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A study of the fi ea and the table emphasizes several 

zones of precipitation indicated: First, the zone from the 
base station up to the approximate average level of 
maximum precipitation on the windward slope, Blue 

fach, whch may r e stated with reference to the three 

Canyon, a t  4,620 feet, being the station nearest to the 
actual level of the maximum for most months; second, 
the zone between the level of the 
est station of the series (Summit, at the crest 
line of the railroad) ; third, the zone from 
the leeward slope of the Sierra to Reno. 

not even 

For the h t  zone it is evident that a mean of all the 

’ For the second zone, the windward zone of decreasing 
precipitation, the same sort of relation holds. The rate 
of decrease, at its maximum in January, declines slowly 

FIG. %-The monthly variatioua d the precipitation-altltudo relation, oentral Sierra 
EevadadCalifornia,lu hundredthsdan Inchchwge per l00feet diflereucedeleoatiar. 
Datafrom table 1. 

Solid line=avera rate d lncceasc between base stations and zone of madmum p m  
cipltation, win%ard slope. 

BroGen line-average rate of decrease lmtweeu mne d maximum preclpltatlon and 
summit nlndward slope. 

Dotted Iln)e-avcrrge rate d decrease, summit to basestation, leeward slope. 

t h o u  h February and March, and then very rapidly. 

months is succeeded hy the regressively more rapid 

For the third zone, that of decreasing recipitation on 

The af most negligible rate of decrease of the midsummer 

decrease of the autumn and ear P y winter. 

the leeward side of the Sierra, the gener 3 fact is evident 

rate B or most months is much greater than rn the zone 

that in addition to the similarity as to rates of cha 
throu h the year as compared to the other, zones, 

of decrease on the windward side. 
3, in which are shown the average Reference to 

monthly rates o change for the b e  zones, in hun- 
dredths of an inch of precipitation per 100 feet of change 
in elovation, as set out in the table, will make the above 
facts clearer. Only April to June, inclusive, and Septem- 
ber-October, show essentially the same rate of change for 
all three zones. The zone of increase (solid line) shows a 
rate of change that is, broad speaking, midway between 
the rates in the windward an B leeward zones of decrease. 

v 
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Further details of the relations between the rates in the 
difFerent zona are obvious from the figure. 

may be mentioned. T i  e break in the dotted line or the 
leeward decrease zone is made necessary by the fact that 
for July and August the decrease with lessening altitude is 
re laced by an increase, when the whole zone from Sununit, 
to p1 en0 is considered. Decrease holds at  least as far down 
the leeward slope asTruckee( 1,179 feet below tfhe summit), 
but at Truckee or beyond, an iricrease begins, in spite of 
the fact that Reno has, like all the other stations ui this 
series, a pronounced midwinter maximum of precipitation. 
Reno has also, however, a sli lit midsummer secondary 

is not as scanty as the summer rains of higher altitudes. 
A second point of interest concerns the high altitude 

rains just mentioned. n e y  are thunderstorm rains, and 
they cause a slight increase in the rates of change of pre- 
cipitation with altitude in August, in t-lie midst of a 
season otherwise characterized by rates of change so small 
as to, practically negligible. Cyclonic control of preci i- 

sniall amount of water vapor condensed in t.he convec- 
tional updrafts over the mountains (small by reason of 
the very low initial relative humidity of these ascending 
currents) is sufficient to cause the observed effect. The 
rate of increase is not adequate to cause a secondary 
summer maximum of precipitation in the mount!ins, nor 
would i t  occur a t  all were not the Great Valley and foot- 
hills almost absolutely rainless. This very slight inc.rease 
is a ood indes to the character of the ‘rclrgJ’ Sierra 

compensate for by the destructiveness of their lightning, 
whereof the most important consec uence is the starting 
of many forest fires, which woulc t never achieve their 
devastating power were the thunderstorm rainfall coin- 
mensurate with the convectional activity displayed. 

A third item of interest is the rapid rat.e of increase of 
precipitation between the base station and the first sta- 
tion in the Sierra foothills, only 178 feet higher than the 
base station This increase is more rapid than in any 
other part of the cross sedion, for every month., and it 
takes place in the flatt.est part of the section--in other 
words, in that part where local topography would be 
expected to have the least influence. This suggests that 
it is probab!y due to the growth westward, of the thick- 
ened cvclonm cloud mass over the mountains and foot,- 
hills, thus extending the influence of the Sierra a.3 a rain 
maker some little distance out over the Great Valley. 
This thickenin and westward growth is probably due to 

the following conditions: I t  is conceivable that even in 
the very obtuse angle formed by the almost dead-level 
surface of the valley and the sloping surface of the Sierra 
a retarding and banking up of air may occur (similar to 
that observable in an air current on t,he windward side of 
a high fence), probably aided by friction over the increas- 
ingly rough country of the foothills. Or, a similar bank- 
ing up may be induced by the obstruction offered to the 
general flow of air bv increased convection resulting from 
the more rapid condensation at  higher altitudes over the 
mountains. In either case the upward slope of the over- 

P2 A number of other oints in connection with 

maximum, the rainfall of whic % , though small in amount, 

tation is at  a minimum in this season, 80 that even t Y ie 

thun (5 erstorms. What these storms lack in moisture they 

the action of t E e air currents under either one or both of 

assing air currents would not begiu over the foothills 
[ut to the west of them, with consequent increased 
precipitatiou in the -valley as observed. 

The cause of the great seasonal fluctuation in the rates 
of change is an important item. It can not lie in monthly 
variations in the numbers of cyclones crossing the area, 
because in tl, given month that is the same for both moun- 
tains and valley. It probably lies in the himher initial 
relative humidity of the moisture-bearing cycyonic winds 
tS.. SE.. SW.) from the Great Valley in the winter as 
compared to the summer. This seasonal difference in 
relat.ive huinidity is very great. Sacramento at  5 p. m. 
(local time) in January has a iiiean relat.ive humidity of 
75 per cent, in July of 36 per cent. For Fresno, further 
south, and not under the influence of the damp winds 
flowing through the break in the.coast ranges at  San 
Francisco Ba.V, the percentages are 70 and 14, Tespectiv+y. 
Another factor that may have some influence in producing 
more condensation in winter is the snow cover in the 
mountains. It might seem that this should be a very 
important factor, but temperature differences- between 
the vallejr and the zone of masiniuni in January and ,July 
suggest tkat it is not. The difference between the mean 
temperatures at  Sacramento and Blue Canyon in Janu- 
ary IS 8 degrees F., ancl in July is 8.4 degrees F. 

The tuestion arises as to whether the strong seasonal 

may not be a ciaracteristic of nianv regions having 
marked seasonal types of rainfall. If relative humidity is 
the controlling €actor, i t  woulcl seem that this characteJ 
should hold for any region where, in addition to the sys- 
tematic advance a.ud retreat of a belt of rains, the inter- 
vening dry seasons bring on sharp contrasts in the rela- 
tive moisture content of the air. 

Finally, the changes in the elevation at  which tlic 
niasimum precipitation occuw is of interest. The gen- 
erally accepted view that this level is higher in summer 
and lower in winter, with gradations between, seems, 
for the central Sierra at  least, to be true only in . 
Blue Canyon at  4,695 feet is the station nearest the part evel 
of maximum from September to April with the exception 
of Februarj-. Pronounced upward tendency be ns in 
May, when Emigrant Gap at  5,230 feet and Blue E- anyon 

height (Summit, 7,017 feet) in July, after whic featat it de- 
have the same rainfall. The level rises to its 

clines again to Blue Canyon by September; For the 
major part of the precipitation season, there is, so fa r  
as our s arse data show, no change except a contrary 
one in Pebruary, up instead of down. Nevertheless, 
judging from the trend of relative humidity values in the 
valley ( ronounced midwinter masimum, summer mini- 
mum) t i e  level should decline consistently toward the 
middle of the season and rise thereafter. It could 
descend some 540 feet below Blue Canyon before a pear- 
ing as a maximum in the data for the next station E elow, 
at  3,612 feet. At the best, then, any lowering of the 
level there may be during the months whose precipitation 
counts most, is small compared to the rise in the summer 
months. The scarcity of stations makes it impossible to 
determine with any approach to accuracy what the real 
behavior of the level is during the greater part of the .  
rainfall season. 

7 swing o 1 the preci itation-altitude relation here described 


