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Disposition of Rainfall in Two Mountain 
• 

Areas of California1 

By P. B. ROWE and E. A. COLMAN, 

Foresters, 


Califol'llia Forest and Range 


Experiment Station,' Forest Service 


INTRODUCTI0:-r 
Knowledge c0l1cerning the disposition of rainfall is basic to any 

plan of land management which has to do with water supply, 
stream-flow regulation, and erosion control. By disposition of rain­
fall is llleant the processes undergone by rain (and snow) from the 
time it reaches the earth until it returns to the atmosphere or is 
delivered into channels, lakes, or underground storage. The pro­
cesses of rainfall disposition are well known: interception by vege-' 
tation, surfacf\ runoff, infiltration, evapo-transpil'ation, percola­
tion through the soil, spring and stream fiow, storage in reservoirs, 
lakes, and seas, and evaporation from water surfaces. But al­
though the processes are recognized, all too little information 
is available regarding the quantities and rates involved in each 
of them. 

The present study was undertaken to provide quantitative meas­
urements of rainfall disposition in parts of California where con­
trolled water /ielc1 is the most important objective of wild-land 
management. 

ThE' measurements had to do with the entry of water into, and 
losses of water from, the soil mantle of mountain watersheds. Al­
though the quantitative results of this study will be useful primar­
ily in those parts of California in which the study was made, the 
principles underlying them and the methods pres~nted have much 
wider application. 

SUMMARY 
This bulletin reports a study seeking to evaluate and explain 

some of the hydrologic processes involved in the disposition of 
rainfall in hvo mountain areas: One in the Siena Nevada of cen­

1 Submitted for publication :May 18, 1951. 
, Maintained by the Forest Service, U. S. Department of Agl'icultm'e, in 

cooperation with the University of California, Berkeley, Calif. 
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tral California, the other in the San Gabriel Mountains of southern 
California. Study of rainfall disposition is basic to an understand­
ing of the role of soil and vegetation in watershed management. 

The study had two parts: First, determination of water losses 
and water yield under natural (undisturbed) vegetation and study 
of how annual burning and denudation affect losses and yield; sec­
ond, calculation of the water losses and yield of a watershed. 

The first part was conducted on hillside plots. Interception loss 
and surface runoff were measured, and periodic measurements of 
soil moisture used to calculate evapo-transpiration losses. Percola­
tion (the water yielded by percolation through the soil mass) was 
calculated as the difference between rainfall and the sum of surface 
runoff and the evaporative water losses. Some of the plots were 
left covered with natural vegetation, some were burned annually, 
and some were trenched to exclude roots and maintained bare of 
vegetation. 

In the second part, 14 moisture-sampling plots within an 875­
acre watershed were studied under natural vegetation. The water 
yield of the watershed was calculated from the plot results and 
stream-flow measurements. 

Three groups of plots were studied in connection with the first 
part. At North Fork, in the south-central Sierra Nevada, a group 
of three was established in 18-year-old woodland chaparral. One of 
these plots was kept in naturalcover, one was burned annually, and 
one was trenched and maintained bare. Rainfall here ranged from 
25 to 60 inches per year. At Bass Lake, some 10 miles from North 
Fork, three plots were established in 70- to 80-year-old ponderosa 
pine. Here one plot was kept in natural cover, on one the ground 
cover (low vegetation and litter) beneath the tree canopy was 
burned annually, and one was trenched and maintained bare. An­
nual rainfall ral1 ged from 38 to 59 inches. 

On the San Dimas Experimental Forest in southern California 
four plots were established in 21-year-old brush cover. One of these 
plots was in mixed chaparral, one in nearly pure hoaryleaf ceano­
thus, one in nearly pure chamise, and one was trenched and main­
tained bare. Annual rainfall here ranged from 17 to 48 inches. At 
all three locations the rainy season normally extends from October 
into April; the rest of the year is dry. 

On the plots with natural vegetation the average annual loss of 
rainfall due to interception ranged from 5 percent in the woodland 
t!haparral to 12 percent in the ponderos':l pine. Interception loss va­
ried from sto}',r;l to storm, depending upon the quantity of storm 
rainfall, yet each year it amounted to almost a constant percentage 
of the rainfall. Rainfall not lost by interception reached the ground, 
and all but negligible amounts lost by surface runoff 01' m; evapora­
tion from the litter entered the soil. 

The quantity of water entering the soil varied directly with an­
nual rainfall. Nonetheless evapo-transpiration losses from each plot 
were Ringularly uniform from year to year. Average annual losses 
ranged from 14 inches in the woodland chaparral to 19 inches in 
the San Dimas chamise. 
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A large pari. of the annual evapo-transpiration loss took place 
during the spring and summer dry season. The loss during' this dry­

• 
ing period ranged from 56 percent of the total annual loss in the 
woodland chaparral to 76 percent of the annual loss in the ponde­
rosa pine. The water thus lost incltlded all water stored in the soil 
from field capacity to slightly below wilting point and in additioI1l 
all water added to the soil by the infrequent late spring and sum·· 
mer rains. Under the conditions of winter rain and summer drought 
typical of these areas the annual evapo-transpiration loss was more 
strongly influenced by the available water storage capacity of the 
soil than by any other factor. 

As would be expected the quantities of percolation varied from 
plot to plot in response to soil differences, and from year to year in 
response to differences in amounts and distribution of rainfall. 

On the natUl'al plots rainfall averaging from 10 inches in the 
woodland chaparral to 19 inches in the San Dimas chamise was re­
quired in the earljr part of each rainy season to raise soil-water 
storage to Held c.~pacit.v. A large part of this rainfall rep1aced soil 
water lost during the preceding dry season; the rest, except for 
negligible amounts of surface runoff, was lost as interception and 
as evapo-transpil'ation between storms. . 

• 

Percolation began each year when soil-water storage was re­
stored to field capacity nnd took place during all su])sequent storms 
which added water to the soil in excess of that required to com­
pensate for interstorm losses. 'L .. e bulk of percolation occurred be­
tween December and April, coinciding generally with the period of 
heaviest rainfall. 

Pel'coiation ended eaeh year when rains became too infrequent 
01' too small to replace current evapo-tl'anspiration losses. This 
marked the beginning- of the spring-summer drying period. 

Annual burning of the woodland chaparral reduced interception 
loss, thereby increasing the amount of rain reachjng the soil. It also 
reduced the inflltrntion capacity of the soil, anel thereby greatly 
increased Sllrface runoff. The net result was that more rain was 
required each year to start percolation, and the quantity of this 
flow was greatl,r reduced. Annual evapo-tl'anspiration, on the other 
hand, was not appredably changed by burning. Thus, owing to the 
reduced interr:eption loss, total water yield of the burned plot (sur­
face runofl' plus percolation) was slightly greater than that of the 
natural plot. However, this increase was achieved at the expense 
of greatl,\' increased storm flows of surface runoff, often heavily 
charged with sediment, and c01'l'espondingly reduced percolation. 

• 
Very much the same results were obtained by annual burning of 

the ground cover on the ponderosa pine plot. Surface runoff and 
rainfall requil'ed to start percolation were greatly i11creased and 
percolation was correspondingly reduced. Annual evapo-transpira­
tion was not significantly changed. As only litter and the sparse 
low vegetation were destroyed by the burning, it was concluded 
that interception loss was not appreciably reduced. Hence burning 
had no significant effect upon the quantity of water yield, but did 
divert much of this yield into surface runoff. 
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Removing the vegetation, trenching, and maintaining a bare sur­
face on plots in the woodland chaparral, ponderosa pine, and San 
pimas chaparral elimInated all intel'ception and transpiration loss. 
Surface TUnoff and soil erosion were greatly increased but evapo­
rative loss of water from the soil was reduced. As a result of the 
reduced evaporative losses there was a greater carryover of soil 
water on these plots from one year to the next than was found on 
the annually burned or natural plots. During each summer the bare 
soils lost appreciable quantities of water from all depths, but dry­
ing was much slower and Jess complete in the deeper soil layers. 
Thus the plots with deep soil entered each rainy &eason with a pro­
portionately greater carryover of water than did those with shal­
low soil. Total water yidd was greatest from the bare plots, but 
percolation yield was much lei5s than that of the natural plots. 

The Monroe Can?on watershed of the San Dimas Experimental 
Forest, in which the second part of this study was carried on, sup­
ports a vegetation composed principally of chamise, ceanothus, and 
scrub-oak chaparral. The climate, topography, geology, and type of 
vegetation of this wat~rshed are generally typical of a large part 
of the brush-covered mOl1!:tain watersheds of southern California. 
At the start of soil-moidture sampling, the vegetation had been 
unburned for 24 years. 

The Monroe Canyon soil-moisture plots showed the same charac­
teristics of rainfall dispositon as did the natural plots elsewhere. 
Of about 31 inches of average annual rainfall some 2.5 inches was 
calculated as interception loss (on the basis of measurements ~<t 
the nearby mixed chaparral plots). Combined evapo-transpiration 
and riparian water loss accounted for 10.8 inches pel' year. Evapo­
transpiration was less in this watershed than in other San Dimas 
plots because of the lower available water-storage capacity of the 
watershed soil. Surface runoff was negligible. Percolation through 
the soil was calculated as 17.8 hlChes. Of this percolation only £1 
inches, 01' less than one-fourth of the total, left the watershed as 
measured stream flow. The disposition of the remaining 13.8 
inches could not be determined in this study, out it was assumed 
that most if not all of this ,,'ater pnssec1 into the highly fractured 
underlying rock and eventual1y drained from the watershed as 
underground flow. 

In this study the various processes involved in rainfall disposi­
tion have been evaluated. The proceSf>es are shown 1:0 De identical 
in situations differing as widely ns those in the ponderosa pine of 
the Sierra Nevada and in the chaparral of southem California. 
However, the quantities involved in each process differ in response 
to local climate, vegetation, and soil. The study suggests that water 
accounting of this kind will prove useful in investigations else­
where 1n which vegetation and soi1 treatment are studied in rela­
tion to water losses and water yields. This approach should prove 
especially valuable for detel'mh1ations of water losses and water 
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yield il1'wa,tel'shec1s that produce only part of their yield as stream 
flow and the remainder .ts underground flow through previous geo­
logic formations. 
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PREVIOUS WORK 
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Within the past 20 yem's research in the hydrologic effects of 
land-use practices has received tremendous impetus, This has been 
the result of an increasing consciousness among land managers and 
research workers of the intimate relation between land use and hy­
drology, The literature has become so voluminous that no attempt 
can be made here to review it all. Instead, only certain represen­
tative studies will be mentioned, studies which provide a particu­
larly pertinent background to the concepts and conduct of the 
present study. 

Several methods have been proposed for determining watershed 
yield by keeping a running accOllnt of water added to and lost 
from a "\vatershed. Hursh, Hoover, and Fletcher (12)3 described a 
monthly accounting procedure llsed on the Coweeta Experimental 
Forest in North Cm'oUna. Measured rainfall and stream flow are 
cumulated by monthly intervals, the djfference between them rep­
resenting the water which remains in storage within the water­
sheel. By means of independent studies, then, the stored water is 
accOlliltecl fot' in terms of wate]' in the soil, \vater available for fu­
ture stream flow, and water lost by evaporative processes. Drie­
belbis and Post (;)} made use of a similar accounting procedure on 
four small watersheds near Coshocton, Ohio. Their rainfall and 
stream-flow records are supplemented by evapo-transpiration data 
obtained from periodic soil-moisture sampling, and by percolation 
data obtained from Iysimet(,l's Howe (1.9) also used an accounting 
method for determining the effects of land-use practices upon 
stream flow and flood peaks in California. Because his primary con­
cern was with the influence of land use upon surface runoff, he in­
troduced infiltration rates into the accounting scheme, and found 
it ilc1vantageous to divide the watersheds into zones having uni­
form hydrologic characteristics. Although this introduction com­
plicates the accounting proce~s, it is necessary because a single 
land-use practice has difreren1- effects upon ,vater disposition when 
applied on different kinds of soil, 01' under different environmental 
01' topographic situations. 

),{any studies have demonstrated the effectiveness of vegetation 
in protecting the soil against surface runoff (2:;). Also, several 
studies have shown evaporation losses (interception, evaporation 
from the soil, and hanspiration) to be influenced l.Jy the kind, stat­
me, and density of vegetation. Most of these have been well sum­
marized by Kittredge (14)! who drew several significant conclu­
sions from widespreacl sources of data. Thus he concluded that in 
general interception and transpiration increase, and eVa1)Oration 
from the soj! decreases, as vegetation increases in stature and den­
sity. But, as he pointed out, this is not a hard and fast rule because 
in :omial'id regions transpiration and evaporation may be limited 
by the availability of soil moisture. In his review Kittredge also 
commented upon methods used for the measurement of transpira­

• Italic numbers in parentheses refer to Literature Cited, p. 82. 
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tion. He found that methods based upon lysimeter measurements 
or determinations made upon individual leaves 01' branches re­
quired the application of such large correction factors as to make 
their usefulness questionable when application was made to whole 
watel'~;hed areas. He sJ,Iggested that accounting procedures may be 
more satisfactory as a means of calculating combined interception 
and evapo-transpiration; and that such procedures can be made 
more sensitive b}r judicious periodic soil-moisture sampling. 

Hendrickson (7) made some excellent suggestions for the con­
duct of studies designed to measure evapo-transpiration losses 
from watersheds. He stated that "study of soil-moisture conditions 
in the field seems to be a method of direct approach to the problem 
of determining losses from a watershed that will give results that 
may be used with confidence." He discussed the importance of 
rating soils for such a study on the basis of their wilting points and 
moisture equivalents 01' field capacities, and showed the necessity 
for expressing soil-water storage in inches depth rather than in 
percent moisture. 

Croft (4) included in his study of watershed yield consideration 
of the amount of water required each year to replenish soil-water 
storage, which had been depleted by evapo-transpiration during 
the year previous. By following the penetration of water into the 
soil he found that the entire soil mantle must be raised to field­
capacity storage before increases in base stream flow can take 
place. For this reason the water lost from the soil by evapo-transpi­
ration prior to the rainy season exerts a powel'ful influence upon 
current-seanon stream flow. 

Hoover (8) used another approach to the determination of tJ'an­
spiration. After determining by an accounting method the evapo­
rative water losses on a pail' of watersheds in the Coweeta Experi­
mental Forest, he cut all the vegetation on one watel'shed, leaving 
the cut material spread on the gl'ounrl to minimize runoff. Tr~111spi-
ration was thus virtually eliminated on this watershed, and annual 
water yield was increased 17 inches by the cutting. This amount, 
then, was considered to be a measure of tl'anspil'ation from the 
uncut vegetation. 

No watershed studies comparable to Hendrickson's, Croft's, or 
Hoover's have been made in California. Several studies have been 
made, however, to determine the amount of water lost from chap­
al'l'al areas and the influences upon this loss of changes made in the 
vegetation. Veihmeyer ancI Johnston (,26) studied fluctuations in 
soil-water storage under chapal'ral and woodlnnd-grass vegetation 
in the northern part of the Sacramento V~111ey. Plots were estab­
lished in pairs, OnE! plot of each pail' being bU]'J1ed in the fall. Theil' 
study showed that when the burned plot had supported primarily 
nonspl'outing vegetation, its watel' loss during the summer and fall 
after burning was less than that of its unbul'I1ed mate. On those 
pairs of plots which supported mainly sprouting types of vegeta­
tion 110 significant differences in fall storage minima were noted. 

Sampson (;2'1), working in the same area, obtained similar re­
sults anel concluded that where difFerences in water loss wel'eiOl1ncl, 
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the top foot of the burned soil dried more quickly and more thor­
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oughly during the summer, so that the extra water remaining in 
the burned soil was found only at greater depths. 

In Southern California a study of evapo-transpiration was made 
by Taylor (24). Part of his study was conducted on chapal'l'al­
covered alluvial fan areas ne!1r Upland. From periodic soil-moisture 
sampling he found that approximately 19 inches of rain must oc­
cur to satisfy the field capacity deficit caused by evapo-transpira­
tion of the previous year. The soils he studied were much deeper 
than those typical of mountain areas, and he found that plant roots 
removed water from them to a depth of 16 feet. He concluded that 
on the areas he studied no contributions would be made to the 
water table if annual rainfall was less than 19 inches. When he 
carried his studies into mountain watersheds he was concerned 
primarily 'with evapo-transpil'ution in the riparian zone (2, pp. 
88-121). From a study of stream inflow and outflow along a reach 
of channel in Coldwater Canyon, he found an evaporative water 
loss of 54 inches between May and October, the main part of the 
dry season. This depth of water applied, of course, only to the 
riparian area, which occupied but a small portion of the watershed. 

Bauer (1) followed soil·-moisture variations in the upland chap­
a1'1,'aI type of the Santa!\Ionica :'ITountains, and found, as Veih­
meyer and Sampson ha(~!ound elsewhere, that during the dry sum­
mer and fall, soil moisture was reduced b;-.r evapo-transpiration to 
01' slightly below the wnting point; that is, all water available to 
plants was l'Gmoyec1 from the soil. He also noted that in a fresh 
burn In this area somewhat more water was found in the soil at 
the end of summer than was found uncler unbul'l1ec1 chaparral. 

Shapiro and deForest (22) made use of the cobalt chloride paper 
method to determine the relative rates of transpiration of a num­
ber of comm0n chaparral plants in th0 Santa Monica ~Iountains. 
The measurements they made between September 1930 Hnc1l\Tal'c:h 
1931 showed white sage to hm'e the highest rnte, and lemonade 
berry to have tIl(' lowest. The other chaparral plants, including im­
portant species of eeanothus. oak. and cllnmise, appeared not to 
val',\' greatly in relative transpiration rates. 

Some of the research reported in this hulletin formed part of a 
study conducted by HOWl' (UI, 20) to cletel'lnine th(' influence of 
woodland chaparral upon soil and watel' in the Sierra Ne\'ada foot­
hills of central California. Howe's study, carried on ov('1' a period 
of 9 yeal'S, showecl that on l/·W-ael'e plots surfaee 1'11nolf and ero­
sion were greatly increusecl by burning of the \'egetation, and thu'c 
this increase was the result of 11 decrease in infiltration eanaeity of 
the soiL ll1 his study of the disposition of rainfall on these plots 
the same soil-moisture :'mmpIing ap]))'oae11 was used as in the pres­
ent study. The results indieated that although evapo-transpiration 
losses were not greatly affedec1 by burning the \'egetation, perco­
lation of water through the soil was materially reduced. This re­
duction was attributable c1il'e('t1~~ to the increased surface flow 
caused by the treatment. A reduction in interception loss brought 
about by bU1'Iling, on the other hanel, resulted in a slight increase 
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in total water yield. But this increase was obtained at the expense 

of flash flows of surface runoff, accelerated erosion, and decreased 
percolation flow. 

THE STUDY AREAS 
The present study had two complementary parts. The first was 

planned to investigate in detail (1) the several processes involved 
in the disposition of rainfall above, on, and within the soil mantle 
and (2) the effects exerted upon these processes by annual burning 
and denudation. This part of the study was made on hillside plots, 
on which interception loss and surface runoff could be measured 
and period.ic soil-moistmfl sampling used to calculate quantities of 
evapo-transpiration and percolation. 

Tbe second part was planned to extend the investigation so that 
the evaporative losses and water yield of an entire watershed could 
be determined. Periodic soil-moisture sampling in a watershed of 
875 acres was supplemented by stream-flow measurements to pro­
vide a more complete picture of rainfall clisposition than could be 
obtained from" the study of hillside plots alone. 

The stud.',' was carried on in locations representative of impor­
tant watershed regions of California: The upper part of the wood­
land-chaparral zone of the south-central Sierra Nevada }\fountains, 
the lower part of the commercial timber zone of the south-central 
Sierra Nevada, and the chaparral zone of the mountains oLsouth­
ern California (fig. 1). 

The woodland chaparral was represented by plot studies at North 
Fork, Madera County, 3f) miles northeast of Fresno, where Rowe's 
earlier studies (18. 20) were made. The timber zone was repre­
sented by plot studies in second-growth ponderosa pine at Bass 
Lake, Madera County, some 10 miles north of North Fork. The 
southern California chaparral was represented by plot and water­
shed studies on the San Dimas Experimental Forest (16), Los 
Angeles County, situated in the San Gabriel Mounta.ins about 30 
miles east of Los Angeles. 

The cHmate at all study locations is similar in certain respects. 
The year is divided into a rainy winter and spring, and dry summer, 
and fall; extremely hot weather is rare, the average summer max­
imum being about 92: F. at North Fork and Bass Lake anel about 
85° Ol1 the San Dimas area. "Tinter temperatures rarely drop much 
below freezing. Amounts and occurrence of annual precipitation 
vary greatly from year to year, but in each location major storms 
may be expected at any time between November and lVrarch. Pre­
cipitation is principalJ~r in the form of rain, averaging 33 inches a 
year at North Fork, 43 inches at Bass Lake, and 30 inches at San 
Dimas. Snowfall is a rare occurrence at San Dimas except along 
the highest ridges. In the Nodh Fork area infrequent snow storms 
may leave as much as a foot of snow on the ground for periods of 
a week or two. At Bass Lake temperatures are somewhat lower and 
snowfall is appreciably heavier than in the woodland chapan-al 
area at North Fork. At Bass Lake snowfall comprises about 30 per­
cent of total precipitation. The San Dimas area, being only about 
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1i:::::::m:il:i!::1 PONDEROSA. PINE 

c:::::z:J CHAPARRAL 

C==:::J WOODLANO- CHAPARRAL' GRASS 

PIGCRE 1.-Study areas and yt'getation types of California. 
(Vegetation aftet· ,Jenl'en (1.1).) 

40 miles from the ocean, is often blanketed with fog for days at ~t 
time during l\Iay and June. North Fork and Bass Lake are largely 
free of fog during this time. 

• 
NORTH FORIC WOODLAND - CHAPARRAL PLOTS 

At North Fork three soil-moisture plots in the woodland chap­
arral were studied during the period 1936-40 (table 1). The three 
plots were all located at the same elevation on a single hillside, and 
lay in a line at roughly 40-foot intervals. Originally all had the 
same vegetative covel', a mixture of woodland chaparral species, 
including California buckeye, deerbrush ceanothus, interior live 
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TABLE 1.-Characteristics of soil-moisture sam1)le plot.~ by vegetation types 

Original vegetation type. loeation, Number of plots Vegetation Elevation Aspect Siopa
nnd period of study' and t,eatment height 

Feet Feet Percent 

Woodland chaparral, North Fork,J036- t eRch nnturnl, burned, 10-20 2,750 West•••••• 
40. and denuded. 

____•••• __.do .. __ ••••___ •Second·growth pondero," pinc, Dass 40-iO 3,350 Norlh_••• 40 
Lake, 194!l-45. 

1"ii::ed cimparral, San Dimll$ EXIJcri- 1 nuturaL ..___ • ___ 10-15 2,800 Northell"t 30..... 
mental Fore,t, 1040-13. 

P,'re hOllryleaf connoth"., SlIn DimllS •.• •__•__.do.....___ , __ • 10-15 2,800 South••••• 30 
Experimental Forest, 1940-13. 

Pure chllmi.." San Dimlls Experimental Inllturaillod 1 denuded.. 5-7 2,800 _. __do••••• 30 
Foresl, 1040-13. I

Mixed chaparral, Monroe Cunyon,' 14 nnlnraL....... __ ' __ ' 5-20 1, iOO-3 ,500 All.. ____ / 40-90 
1943--45. 

I 

I Dales bused on hydrologicsc"r., starting 'Jet. 1 and ending Sept. 30, 
, [n Sun Dimu, Experimentul F<I,est. 

oak, buckbrush ceanothus, birchleaf mountain-mahogany, Pacific 
poison-oak, and :Mariposa manzanita, This brush cover was spotted 
with occasional large trees of Digger pine and California black oak, 
and interspel'sed with openings covered with such herbaceous 
plants as mules-ears, Menzies sanicle, two species of tarweed, and 
gl'asses such as the annual bromes and fescues. The vegetation had 
been burned in 1918 but grew undisturbed until the start of the 
experiment. 

One plot, 20 feet square, was established within this vegetation 
and designated the "natural" plot (fig. 2, .<1). A second plot of equal 
size was established in an area that had been burned each fall after 
1931. This was the "burned" plot. The burned plot was isolated 
fror.n the surrounding unburned area by a similarly burned border 
strip 15 feet wide. In 1H35 a trench was dug to bedrock along the 
outer edge of this border ship to cut intruding- roots. The trench 
was l'eopened twice thereafter. As a result of the repeated burning 
before 1936, the buckbrush, manzanita, and part of the deel'bl'ush 
had been killed. However, annual grasses and herbs germinated 
after each burn, and these plants together with the l'egrowth of 
sprouting shrubs provided some cover in late spring and summer 
(fig, 2, B) , In 1936 the burned plot SUPPol'ted a very scattered cover 
of sprouting brush and a sparse stand of gl'asses and herbs includ­
ing annual bromes and fescues, mules-ears, and tarweed (20,1).18). 
This plot was last burned in the fall of 1937, 

Records of rainfall disposition obtained on the burned plot pro­
vided measures of the effect of several years of repeated burning 
followed by 2 years of recovery of the vegetation. By the end of 
the third growing season after the last burn, the vegetation den­
sity was about two-fifths the density before burning. 

The third plot, designated as "bare," was located within a 20­
foot square that was kept completely clear of all vegetation and 
litter between the summer of 1936 and the fall of 1940. In 1935 a 
trench was dug to bedr\ck (3 to 4 feet deep) around this plot, so 

• 


• 

as to cut all intruding roots. The tJ'ench was refilled but was re­
opened periodically to prevent ;roots from growing across it. 

http:20,1).18


1l:OISPOSI'I'ION OF HA1NFALL 

The ::-;oil of the )Jol'th ForI;; Hl'en was <1e\'('lope<1 in plat'(' b,v thC' 
weathering' of p;l'Hl1mliol'it(' roel" It i8 H ~al1(lr clay loam jwlol1ging 
to tll(' 1lollan<1 8Pl'i('8 and 8ho\r8 liUh· ]ll'ofih> <jp\'l'loj)nwnt otlWl' 

• than an im'l'l'u:-;l' in UPPal'Plli tll'l1:-;ity and It (It'('1'l'H8(' in o]'p;anic 

• 


• , 4. ~t 1" 1"..: 1 ' 

I'II;tru.::l, ;\'''rt h FOl'h 1'1,,(,., ill \\lIod},1I,,1 ,'},:W:lI nd: .L 1hi' Hal ural plnl: 
It, Ow Inl!ll1'd pIll! iii tIll' lutl' "r,rilll!: "I' 1!J::'j'. Till ali).!!" at \\hkh tlw 
phlll"l1:l'ul'h of t II!' naIl\! al !.!.. t W;\' Ial,l'" ,·"\at~;.:I" :L1I'''' 1111' ,h'II:->lty ,,( till' 
vl'g:(·tatioll. 
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matter with increasing depth. It averages 40 inches deep to the 
partly decomposed rock which underlies it. Beneath this layer of 
compact and relatively impervious weathered material the parent 
bedrock is massive. The rock mass is intruded occasionally by • 
tightly sealed dikes of pegmatite and aplite. Roots of the shrubs 
and herbaceous vegetation are concentrated in the upper 30-inch 
soil depth,. but have been observed to penetrate to the weathered 
bedrock. Under the natural brush the litter covel' is fairly com­
plete and averages about 1/2-inch thick. 


For this study the most important soil characteristics are those 

related to water storage. These are closely similar for the three 

plots (table 2). Apparent densities were determined as dry weight 

TABLE 2.-Basic soils in/ormation f01' 1VoocUancl-ch(£pa1'1'al, ponde1'osa pine, 


and Ch(£7)(U'1'al plots 


WOODLAND·CHAPARRAI. PLOTS (NOR1'H IIORK) 

Plol trcnlmcnl and Apparcnl I Willing Field Availablo ______,_lePlh o_fs_oi_IIt_,yc_r(~::~__'_____I_d_(O_nS_lIY_I_p_o_in_rt_I____1
c"pacity' waler I 

Un!.Nultlral vegelation: Icc. Inche. Inche. Inch •• 

O-L................................. '" ......... . 
 1.31 0.8 2.01-2.............................................. . 1.44 .0 .. .. ~- ....... -- .... 


~ ~2·3................................. __ ......... .. 2.0 ...... ............. ­1.52 1.1 3.1 .. ........... " ... -...... 

====1,=== 


Burned annually: 01 
0.1 


0-1.......................................... "..... 1.a4 .S 2.7 ............ 


'foln!......... '" ......... ,. ...................... :="="",,'=:":,"0;':"1===2:.=8 8.9 


1-2........................................ "...... 1.4S .0 ~:~ 

2-3........... '"' ..... ....... • ..... .............. __._1.5_3 .____1._0 ___.1.'_"_"_'_"_"_" 


Mnil1tniltcd bare: 

0-1 ............................................ . 
 1.32
1-2............................................ . 


1.,';0 1.3 

1·Qlnl................ '., .................. "1';'_;"-;"':;''';';'';';;'';''·'1.===2';,7'1====~1==~5.0
S.U 

•.. .... .. a _____ ...8 2.8 
2-3••_... .......... .. .. ............ . 

1.45 1.0 2.8 .- .... 
~ 

_---_ ...... 

3.0 ~"" ....... ,. .... -­

'I'otul. ......... .. 
" 


3.1 8.6 5.5 

I'O:-lDEROBA PINE PLOTS (BARS I,AKI» 

Null1rllll'~gcllltiOI1: 
0-1. ........ _............ . ............ .. 
 1.06 1.1 2.9 ........... .
1-2.......... ...... __ ...................... 
 1.29 1.52·3 •••• _.. .. 3.2

1.54 2.3 4.13-1 ...... . I.UO 2.7 4.54-5 ............ .. 
 1.04 2.0 4.45·(1.... .. I.tiU 2 .. 5 4.3 _.. _..... , .......... 

'folnL.... ----- --_.'.""'--- ­

12.7 

nllrrlr~11 ~~~~I.'~I~.: .• _..... _............... 1.10 1.3 

1-2.................. _... ........................ 1.30 1 .. 5 

2-3 .......... _... , ..... ................. ..... 1.49 2.8 

3-4. ................................. '" ..... ...... 1.61 2.9 


5-0........................................... 1___1_.5_0 I___l_.-~I 1____1.___ 

4-5......... .. .............. .... ................ l.il~ 2.2 


Maill~iil1cd bare: 
0-1 .............................................. . 1.17 1.21-2............................................... . 
 1.38 1.02-3.............................................. .. 
 1.49 2.53-4............................................. 
 1. III a.o4-.1................................................ . 
 1.68 :1.15-0............................................... 
 1.68 2.0 

1----1----T()~'L.__......................................... . 
 14.0 

Foolnolca at cnd or lable. 
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TABLE 2.-Basic soils in/ormation for 'Woodland-chaparral, l)onderosa pine, 
and chaparral l,lots-Continued 

OHAPARRAL PLOTS (SAN DIMAS) 

Plo~ treatmen~ and Apparent Wiltin~ Field Available 
depth or soill.yer (rce~) donsity point"! capacity 2 water' 

um Icc Inchea Inche. Inchea 
Mixed chaparral:

0-1................................................ 1.24 0.0 2.7 ..._.................-... 

1-2................................................ 1.46 1.1 2.8 ......-............... 

2-3 ................................................ 1.59 1.1 2.U ... ... "' ................... 

3-4 ••• __••• __..........____....................... 1.60 1.2 3.0 
 ~ -'"'- .. ow ............. 


4-h•••• __ •••• ...................................... 1.72 1.2 3.1 .. ... -- .._..........,. 


1--------1-------1·-------._--­
14.5 0.0Total............................ •••.. •• .. ········I=·"'··=··~·~··=-··=·=·I ===5=.5=1=====1==== 


Chami~e: 
0-1 ................................................ 1.53 1.2 3.3 .......-.. __ ....... 

1-2............"................................... 1.68 1.2 3.0 ..............-........ 

2-3........___..................................... 1.75 1.2 3,0 ........ ,. ................ 

3-4................................................ 1.80 1.3 3.5 ........................ 

4-5................................................ 1.80 1,4 3.4 ....................... 


1--------1-------1--------1-----­
17.4'fataL......... , ............................... "1"';;"=",,,';;''=''='='1===0=.3=1==== 11.1==1==== 

CeanothuB: 
0-1 ......................................, ••••••••• 1.311 .0 3.1 ...... ,.. ......... "' ..-­
1-2................................................ 1.65 1.0 3.2 .. ........................ 

2-3 ................................................ 1.75 1.2 3.0 ....-..----_...... 

3-4 ................................................ L80 1.1 3.Q ......-................... 


woO ....................
4-5................................................ 1.80 1.1 2 0 

1--------1-------1·-------1-----­

15.2Tot.!......................................................... ===5=.~3:1=== 0.0=1==== 

Maintained bare: 
0-1 .............................................. .. 1.53 1.0 3.0 ..-............... --­
1-2............................................... . 1.08 1.3 3.4 ........-.........-- .. 

2-3............................................... . 1.75 1.2 3.6 ......................... 

3-4 ............................................... 

• 
. 1.80 1.2 3.5 ". ........ ............... 


4-5................................................ 1.80 1.2 3.5 ......-............. -­
1----1·-

Total........................................................ 5.0 17.0 11.1 


1 Calculated rrom 15'atmospherc moisture percentage delermincU ror rCl1resentative Boil a.mples.
• Aver.ges, calculated from Jh'ntmosphcre moisture \lerccntnges or representative sumples, or rrom moisture per·

rontageB or samples rrom rreshly drained SOilB. 
• Field c.pacity less wilting poin~. 

per unit volume of soil cut from the wall of a pit with a constant­
volume sampler. Wilting points were assumed equal to the 15-at­
mosphere moisture percentage of these soils. determined acc'ording 
to the method described by Richards and Weaver (17).4 Field 
capacities were determined from the Va-atmosphere moisture per­
centage, following the procedure described by Colman (3). Con­
version from percent moisture to inches depth was effected by 
the use of the equation: 
Inches depth of water percent moisture 

X apparent density X 12.
pel' foot of soil 100 

BASS LAKE PONDEROSA PINE PLOTS 

• 
Three study plots were established in 1940 at Bass Lake (table 

1). The plots lie within the commercial timber zone, in a fully 
stocked second-growth ponderosa pine forest, 70 to 80 years old. 
The principal species are ponderosa pine and incense-cedar; trees 
on the plots mnged up to 20 inches in diameter and 110 feet tall. 

'Previous studies conducted on th~ San Dimas Expe)'imental Forest had 
showed that the 15-atmosphere moisture content was very close to the wilting 
point llS determined by the classical sunflower method. 
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Scattered throughout the forest are sugar pine and California 
black oak. Beneath the forest canopy is a very sparse ground cover 
consisting of clumps of bear-clover and scattered individuals of 
small suppresRed Mariposa manzanita and Nevada peavine. The 
forest Utter, which provides a virtually complete ground cover, 
averages 2112 inches thick. 

Here, as at North Fork, the three plots (fig. 3) lay at the same 
elevation on a hillside. They were spaced along a line at intervals 
of about 50 feet. The natural plot was located within the second­
growth timber and received no treatment during the course of the 
study. The burned plot was in a similar patch of timber through 
which a ground fire was run in the fan of each year starting in 
1938. Thus, each :Eall the soil was burned clean of the year's accum­
ulated litter, and the ground vegetation was consumed. Between 
burnings there was a very scattered regrowth of herbaceous plants 
and an annual fall of pine needles sufficient to cover about 25 per­
cent of the soil Rurface. No trees larger than 2 inches in diameter 
were killed by the fires. The bare plot was located in a small open­
ing in the forest, midway between the other two. Here a plot 25 by 
40 feet was trenched to bedrock in 1940. A galvanized sheet-iron 
wall was erected within the trench, reacl-ling from bedrock to 
within 6 inches of the soil surface, its individual sections locked 
together so as to present a barrier to root penetration. After the 
wall was built the trench was refilled with soil. For the whole pe­
riod of the study this plot was kept bare of vegetation and litter. 
During early morning and late afternoon the plot was shaded by
nearby trees. 

The soil of the Bass Lake plots belongs to the Sierra series and 
is a mixture of residual and colluvial material. It appears to have 
been developed from the weathering of mixed granodiorite and 
quartzite rock. The sl1l'face foot or so of soil is a fine sandy loam. 
This overlies a clay loam that grades into fairly tight bedrock at a 
depth of about 6 feet. The natl1l'al plot has a lower field-capacity 
storage than the others (table 2). Wilting-point storage of the bare 
plot soil is higher than that of the other two. These differences 
arise from differences between the three plots in the depth at which 
the clay loam layer is encountered. In trenching the bare plot few 
roots were found below the LI-foot soil depth, and none below the 
6-foot depth. Apparent densities of the Bass Lake soil were deter­
mh1ed as dry weight pel' unit volume of soil taken from the walls 
of a sampling pit extending to bedrock. 

SAN DIMAS CHAPARRAL PLOTS 

One group of 4 plots on the San Dimas Experimental Forest was 
established in 19LI0 neal' the Tanbark Flat headquarters of the 
Forest. The other group of 14 plots was established in 1943 in Mon­
roe Canyon, an 875-acre watershed about 4 miles southwest of 
Tanbark Flat 

One plot near TanbHrk Flat was located within a dense stand of 
mixed chaparral in which hoaryleaf ceanothus, hairy ceanothus, 
Calffornia scrub oak, and birchleaf mountain-mahogany shared 

• 


• 


• 
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F~.3ae330t 4342"4 

FI(WRE ::. ",,[,lIP Ba:-;:< 1.nl\1' nattlralplol (A) and bm'J1('(l plot (B) ill 
til<' fall oj' 1!J·I:.l. 

• 	 dominal1(,t'. This plot, alwut. 1/100 ael'e in area, is c1e::;ig'naLecl as the 
"l11ix(~d ('hapal'l'al" ]JloL (fip:. ,1). 1'11(> "eeanot.hus," "('hnmise," and 
"bal'e" plots. ea('h about 1 ,tOO m'J't' in urea, wcre loeated within a 
20-foot radius, about ',I. mile south of LIlt' mixed chaparral plot. 
This area ,\vas selceie<1 bt'cCluse of' Ul(' existence there of natural 
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• 


• 


• 

F,...:3Q0461, 456607, 456608 


Jj'raURE '1.-Vegetatioll of the San .Ilimas soil-moisture plots: rt, Mixed 
chapal'l'al; B, cettnothus; G, chamise. 
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stands of two distinct types of chaparral vegetation. The ceanothus 

• 


• 


• 


plot lay within a dense stand of hoaryleaf ceanothus which con­
tained only a few scattered chamise individuals. The chamise plot 
was within a dense stand of chamise which was interspersed with 
a few individuals of black sage and hoaryleaf ceanothus. The bare 
plot occupied the center of an adjacent clearing and was main­
tained clear of vegetation and litter. The periphery of this 20- by 
20-foot square plot 'was trenched to bedrock, al1roots cut, and the 
trench refilled at the start of the study. The trench was reopened 
once during the course of the study to insure against re-entry of 
roots. 

The area in which these plots were established was last bUl'11ed 
over in 1919. Yet the present vegetation has developed into a taller 
and more luxuriant stand than is usual for chaparral in this lo­
cality. This growth may possibly be due to the location of the 
area, for the topography here is gentler than usual, and the soil is 
of finer texture and deeper than is typical of most areas in these 
mountains. 

The soil in the Tanbark Flat area is residual, weatherecl from 
diorite 'which is deeply fractured. Shrub roots were concentrated 
largely hl the upper ~1 feet of soil but were observed to reach the 
greatest depths of sampling, and occasi011ally to penetrate cracks 
in the bedrock. In the plots the soil mantle averages 5 feet deep; 
the only evidence of profile clevelol)ment is an increase in apparent 
density anel a c1ecrea:5e in organic matter wHh depth. The soil is 
probably closely related to the Holland and Sierra so:i1 seri<!s, and 
has been classified texturally as a sandy day loam . 

The mixed chaparral and ceanothus plots are nearly alike in 
wilting-point and field-capacity storage, and they are exceeded in 
both storage values b~' the chamise and bare plots (table 2'). Ap­
parent densities of the San Dimas soils were determined by the 
constant-volume sample method described in connection with the 
N ortll Fork plots. 

MONROE CHAPARRAL WATERSHED 

The watershed study which forms vart of the present investiga­
tion was carried on in l\Ionroe Canyon, onc of the subwatel'shecls of 
the San Dimas Experimental Forest. This canyon is particularly 
\yen suited for an initial study of this kind. It is small enough (875 
acres) and has a sufficiently small elevationalrange (1,700 to 3,500 
feet) so that it can he studied as a unit; yet it js large enough to 
have a tn)c of stream flow more characteristic of a large watershed 
than of a headwater drainage. 

The vegetation of 1\10nroo Canyon is representative of that found 
over much of southern California's mountain lands within the same 
elevational1'a11ge (fig. 5). Southerl.\' hillsides are clothed with open 
to dense stands of the more xerophytic. chaparral ancl sage species, 
including chamise, hoaryleaf ceanothus, white sage, and black sage. 
Northerly hillsides are more tJ'pically covered with members of the 
oak-chaparral Or oak-woodland associations, which inc.luc1e Cali­
fornia scrub oak, hairy ceanothus, and birchleaf mountain-mahog­
any. Riparian ,regetation, including white alder, California syca­
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more, bigleaf maple, and several species of willows, grows in a nar­
row strip aiong the main stream course, but occupies less than 1 
percent of the watershed arNt. • 

• 


• 

F .456011), 456609 

FlGun~J 5.-V cg!)tation of l\[onl'O(' Canyon: •t, Typkal ('ast sidC' s\opes; 
B, tYIJica! west "ide s\op<'s. Tlw ~h'ns('I' oak-rhaparral assoriatiollS of th<, 
northerly exposures stand out in contrast t(J the Je,.s 1\<'115<' ('hull1ise und 
sage associations of the soutlwrly exposures. 
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Geologically this watershed is typical of a large portion of the 
Sierra Madre Rang'e. Gneisses, schists, and intruded igneous bodies 
of the San Gabriel formation predominate, these being crisscrossed 
by numerous large and small faults. The geologic processes under 
which these mountains were formed have shattered the rocks to 
great depths and left them very permeable to water, but of very 
low water-retentive capacity.

The soils of idonroe Canyon (fig. 6) are of two kinds. A narrow 
band of alluvium flanks the main stream channel, while the water­
shed slopes are occupied by a residual soil that is relatively homo­
genous in physical characteristics. The rock-fined sandy loams that 
predominate on the slopes show no profile development beyond in­
creases h1 apparellt density and decreases in organic matter with 
depth. Depths to the shattered bedrock range from 0 to more than 
6 feet. Shallower soils and numerous rock outcrops are typical of 
slopes exceeding about 70-pel'cent gradient. Such slopes show evi­
dence of active downhill creep and cl1:r-s1icling. The deeper soils 
usually occup~' slopes of lower gradient, whieh t~·pically lwve fewer 
rock outcrops and exhibit less creep. 

The soil-water stuc1;\' was started in the fall of 1943 with the es­
tablishmcmt of 14 moisture-sampling plots (fig. 6) ; they are c1i­
yic1ec1 into 2 groups-those on southerly hillsides and those on 
1101't111.lrlr hillsides-heeause of recognized differences in vegeta­
tiem. The plots were situated along ~ contour trails which pass 
through the watpl'sh('d, one at 2,100 f('et elevation, and the other 
nt :3,100 feet. Over the 2-~-enr pel'io(l of the study, soil samples 
were obtained within n raelius of ;) fect of: the center of each plot. 
Plots were not established in other pads of the watershed hecanse 
of laek of trail~ and difficult\' of aecess. 

Bothfielcl.capueity an<1 wi"Iting-point storage tend to increase as 
soil depth 1m'reases (tahle :)) ; however, neither is })l'oportional to 
soil depth, nor is this l"elalion::;hip at all well (lefinecl. The lack of 
definitioJl is the r('s1.l1t of variations in the solicl-roek content of the 
BoilR in this arca, \Vhiell is independent of soil depth. As rock con­
tent incl"l'ast's, tlw space> availahle for watel" storage, both at field 
eapacity anel willing point, deereases. Tn dew of these factsfielct­
capneit~. and wilting-point storage are eon~iclel"ec1 to he more valid 
criteria of soil eharacteristies important in this sludy' than are soil 
depth or texture. 

It is pel'tinC'nt to inquire whether the 1·\ moisture-sampling }:llots 
represent a \'nlic1 sampling of soil eonc1itions over the watershed as 
a whole. The sampling can he appraised by comparing; soil informa­
tion from the l)lots (table :1) with that oblained from a soil survey 
of thig water::-:hec1 made in 19-11. 

The 10.11 surv('~' prodded a detailed desC'l"iption of site anc1 soil 
for lID lJlots lo('att'cl at regular interntls along the two contour 
trails, tIl(' 2,()()()-fool ('on lour le\'el, and two cleared section lines 
that ('ross the watpl'she<l in an em;t-wE'st direction. Pits were dug 
to hec1rork in all lmL the deevest soils, anel measurements of the 
im110rtant PI"Of\1(l eilnraetcristics were made. Samples taken from 
the nits were subjected to laboratory analyses for the determina­
tion of texture, apparent density, field-capacity and wilting-point 
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storage, imd water permeability. Statistical analyses of the survey 
data failed to indicate any significant relation between these soil 
chal'acteristics and the measurements used to define the charac­

• 

320() " 
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FIGURE G.-Soils and sQil-moisture plots of 1\'ronro~ Canyon, 
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TABLE 3,-Soil and elwironmental cli.a.l'(l.cteristics of 11!0isture 
plol!; in IIIom'oe Gct1tllun 

NOltTllElU,Y 1Il1;1.il! [)I,::; 

, , 
, Wnter storagol.!crlmniral anaiysis 

Plo l Roil EI~· I Rock t 

No depth ,,"lioll Rlopll leonte"t I! 
 Sa 

____1._

I 

I f'ttt Ptrt Ptrrwl Pcrcfllt: Perr 

9. __••. 3 3,100 \10 
~.3 2,100 0017•••.•······1 3 ! 

IR... .. ...... )1 3 2,100 01) '3 
10.... . 4 3,100 70 0 , 

jII .... . .,." 5 :1,100 ,0 21 , - 1 , i15••• 3,100 00 

:WCTHERIS ]1lT,[,~lDE~ 

2.i~..........T--31 ;.~o-~l -~l~1 19 ~7 2 5 'l\ 3 I 
., ..... I 3.100 I 1\;; :W '\7 IIII I .j oj ~ \s 3.0 
20 •••.... ,.. 

3 
3 , 2,100 I~~ 5, foJ 21 .\ illl 2 il ~ 3 

16...... I 4 I .u I 21 ! ,2 l,i i 3 S.~ 2.2 3.6
2,100 I

22... .., -I \ 2,100 nil 1 111 ;, ,0 15 ! Ii 114 i 2.U 4.4 
5,04........ ' 5 I 3,100 i 40 ~ 2' ,2 12 ! il 0.2 3,0 
5.8
R........ I 5 l :I,lIlO , fi,); s M I" - 4 Ill.; ; 4.U 


21 •••• .. "'" 5' 2.100 . 75 0 -.,.. 23 I 5 : 10 -I f 5.4 5.0 

1 P"rrent of yohll~" Iltrupied hy solid r,·.k. 11111'0 than 1 inch in dinmcwr. 

: D,'U'rtltined by ficld·lcui.turc 53Ulplillg ,>[ frr,hly draillcd ••,it ·1IIc.lU rur 2 ycars). 

3. Bus(,,1 on l~ ..atmo~lllll.'~rt" ulJhtnre- ~rretlta.g(\ 
• Fidd ~lla~l!l' 1C3" wilting point. 

leristics of geology, Yegetation, and topog'l'aphy. It was decided 
that if the narl'OW band of alluvium were excluded, vadations in 
soil chm:acteristics 'were essen tial1" random. Hence it was con­
cluded that the entire watershed was occupied by a single kind of 
soil, and that the characteristics of this soil could be determined 
from the analrses of the no pit soils of the Sl1l'vey. 

In the following tabulation the soil chal'acteristies pertinent to 
the soil-water study are compared. using ~wel'age values obtained 
from the 110 survey pits and the average of the 14 moisture­
sampling plots. 

At'Crllgt' lot A j'Crllgc lor 14 
SOlI ,~llruy sOil-mOISture plou 

SaneL.. ]ll'l'cent. 81 81 
Silt. . ..... . .....do Hi 15 
Cla)' .,..... ... .... do... 3 4 
Field·capacity stOl'ag(' inehos 7,5 8.2 
Wilting-point storng('... do 3.'1 :J.2 
Soil depth.. feet 3 4 

This tabulation shows that the averages are nearly the same. From 
these results it is judged that the soil-moisture plots give a fair 
representation of ('onc1ilions on the whole watershed. 

i\IETHOD OF STUDY 

SOIL-MOISTURE DETERMINATION 

To provide the soil-watel,' data required for thi0 study, each plot 
was sampled for moisture at frequent intervals, using either a 

http:1Il1;1.il


22 TECHNICAL BULLETIN 1048, U. S. DEPT. OF AGRICULTURE 

Pozo-type soil tube or a 2-inch post-hole auger. Moisture content 
was determined by the stmldard oven-drying and weighing method. 
The sampling schedule required obtaining soil samples within 72 
hours after storm periods, at weekly intervals during the rainy 
season and early summ.er, and at 2-wcek intervals during the late 
summer and fall when soil-moisture changes had become small. A 
single hole was dug for each sampling, moisture samples being ob­
tained from it b~r 6-.1nch depth increments between the soil surface 
and bedrock. Tlll'ou~h the whole course of the study, sampling was 
confined to a small portion of the area of each sampling plot, so as 
to minimi;;.e variations in soil texture, density, and organic content, 
and in exposure of the surface. 

The oven-drying method of moisture determination provides a 
relative rather than an absolute measure of soil-water storage. In 
this study the absoillte measure (inches of water in each foot depth 
of soil) was required, so that jt was necessary to convert moisture 
percent to inches depth by use of the equation given on page 13. 

For the North Fork, Bass Lake, and foul' San Dimas plots ap­
parent densities were taken from table 2. It was possible to make 
use of this simple conversion because nearly all of the solid rocks 
found in these soils (that is, rocks with negligible water content) 
were small enough to be included both in the moisture and the 
apparent density !>amples. 

For the lVIonroe Canyon study a slightly different procedure was 
used. In several places the soil contained solid rock fragments more 
than 1 inch thick, too large to be picked up in the sampling auger. 
n was necessary to correct the water storage calculated from mois­
tUl'e sampHng in these places for the amount of space occupied by 
rocks. This was done b}T first mapping the edges of the rocks where 
they intersected the vertical face of a pit dug at the sampling plot, 
and then calculating the area they occupied on the pit face. The 
area of rock face expressed as a percent of the total area of the pit 
face (in each layer measurecl) was assumed equal to the percent of 
the volume within each soil layel' occupied by solid rock not picked 
up by the auger. In this case: 

I.~ch?e~ stJ0l'taJ&':k _ pel'cent moistul'e ',J percent soil content. a])parent 
l)eI ~~ill)~~:el~IC -- 100· A--I00-~-- X density x 12. 

Percent soil content is calculated as 100 miInls the rock content. 
OTHER MEASURE1\IEN'l'S 

Measurements of soil-water storage cannot alone provide a com­
plete accounting of the disposiUon of rainfall. The investigator 
must also know how much watel' js supplied to the soil, and when 
and in what amounts these additions al'e made. This requires meas­
urement of precipitation, intel'ception loss from the vegetation, 
water held on the soil surface as snow, and surface runofr. 

Pr('ripilution.-Precipitation was measured in standard 8-i11ch 
gages within a few yards of the North Fork, Bass Lake, and San 
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Dimas mixed chaparral plots. The ceanothus, chamise, and bare 
plots in the San Dimas area were situated so close to 'l'anbark Flat 
that rainfallme~lsured at the mixed chaparral plot was considered 
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to apply there also. 1\fonroe Canyon presents a different picture, 
because the plots there were scattered over a relatively large area. 
Since 1936 the rainfall in this watershed has been measured by a 
group of 12 standard gages located along its two contour trails. A 
study of the rain records showecl that the mean catch of these 
gages provided a close measure of the rainfall at each of the mois­
ture-sampling plots. Annual rainfall from one part of the water­
shed to another did not vary more than 3 percent about this mean. 
This represents an accuracy well within the limit of that set by the 
sampling errors inherent in the determination of soil-water stor­
age. For the Munroe Canyon study, therefore, rainfall was taken 
as the average of the 12 contour-trail gages. 

Intel'ccption loss.-ll1stallations were designed specifically for 
the measurement of interception and stem liow under the vegeta­
tion conditions on the North Fork natural plot, the San Dimas 
mixed chaparral plot, and the Bass Lake natural and bUl'I1ed plots. 
Descriptions of the Korth Fork and San Dimas installations, and 
the results obtained from them, have appeared elsewhere (0). At 
Bass Lake an installation of similar design was acll:tp:ed to meas­
Ul'ements "within the forest stand. and provided stol'J11-by-stol'm in­
terception measuremeJ.ts throughout the study. 

At North Fork interception was measured from 1937 to 1940, 
and at San Dimas in the years 1£).12 and H)c13. For other years of 
the study interception loss wm; calcuhttecl from the ~werage rela­
tion between storm rainfall amI interception established by the 
measurements (fig. 7). Because the vegetation of the North Fork 
plots was pal'tl~' deciduous, two intel'eeption-Ioss relations were 
used, one for fall-winter storms when the c1ecichtous species were 
leafless and one for spring-summer storms when the vegetation 
was in full foliage. 

No direct measurements of interception loss were available for 
the ceanothus and chamise plots and the plots in l'ITOlll'Oe Canyon. 
But because the vegetation in these places is generall)T similar to 
that at the mixed chapa1'l'al plot. it was concluded that no signifi­
cant error woulcl be introduced jf the relation between rainfall and 
interception loss c1etel'mined for mixed chaparral were used. Con­
sequently, stol'm-by-storm interception losses in l\Iol1l'oe Canyon
were calculated from mean watershed rainfall, using the relation 
for the mixed chaparral plot (fig. ri). 

No record of interception is H\'ailable fOI' the hUI'ned plot at 
North Fork. All vegetation on this plot was burned to the ground 
in the fall of 1936 Hnc11937. The sparse herbaceous and grass cover 
which developed after the fire each year did not reach a height of 
more than a few inches 01' a density of more than If) percent until 
near the end of the rainy season. During the fall and winter, inter­
ception by this vegetation was probabl)' negligible. This plot was 
llJt burned in 1938 or 1939 so there was some vegetation on the 
ground through these two rainy seasons. However. as both height 
and density of this vegetation were low during these rainy seasons, 
interception losses were probably relatively small. They have beel) 
disregarded in the analysis made of this plot. 

950527"''~1!1-4 
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MIXED CHAPARRAL 

2 3 4 5 6 7 8 9 10 
STORM PRECIPITATION (INCHES) 

FIGURE 7.-Rclation of intcrception loss to storm precipitation for the woody

vegetation of thr North Fork and mixed chaparral natural plots, from 

Hamilton amI Rowe (6). Equations al'e: 

Mixed chapal'taL........ ..,.......,...", ........................,................ IL = .062P + .083 • 
North Fork, spring and summer ......................... IL = .070P + .050 
North Fork, fall and winter......................... , ............ IL =.027P + .031 
(IL = interception loss in inches; P = precipitation in inches.) 

S7wj(We nmoff.-Surface runoff was measured on specially de­

signed plots, adjacent to and treated in the same way as the soil­

moisture plots, as follows: 

Plot: Ycar.~ measlLred 

North Fork: 


Natural ....................'..................~...........~•._..__...__...._.__........................_.... 1936-39 

Burned ...............,.......'.................~.."........_..........................__........................_........._.. 1936-39 


Bass Lake: 

Natural ..................................................................._....................................................... 1940-44 

Burned _.-................ ,........................................................ "............_......................_.......... 1940-44 

Bare ..............................._...........__...~..~.__.~_..._._."._............_ ........_........_..... 1943-45 


San. Dimas, mixed chaparral, natura1.....__........."..."................._...."..... 1940~2 


The natural and burned runoff plots at North Fork were 10 feet 
wide and 110 feet long; they have been described by Rowe (18, 20). • 
Identical installations were used for the San Dimas mixed chap­
arral plot and the natural and burned plots in ponderosa pine at 
Bass Lake. Runoff from bare soil at Bass Lake was measured by 
a plot 2 feet wide and 5 feet long; situated in the middle of the bare 
moisture plot. 
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In 1936 and 1937 runoff from the bare plot at North Fork was 
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considered equal to that of the adjacel1t burned plot. This was 
based upon the fact that the burned plot remained virtually bare 
of vegetation throughout the greater part of the rainy season. But 
runoff of the two plots could not be considered equal in 1938 and 
1939 because in these years the vegetation on the burned plot was 
allowed to regrow without disturbance. To determine runoff on the 
bare plot during these 2 years a curve was developed, as reported 
by Rowe (20,1). 36), showing the average infiltration capacities of 
the burned plot for the last 3 years during which it had been 
burned. During 1938 and 1939 runoff from the bare plot was cal­
culated using this average infiltration-capacity curve and the l'ain­
fall rates measured during each storm in a nearby recording rain 
gage. 

In the San Dimas area density of vegetation and soil conditions 
were closely similar on the mixed chaparral, ceanothus, and cha­
mise plots. No measurable amounts of runoff were obtained from 
the mixed chaparral plot throughout the period of this study, and 
observations made during the heavy storms indicated that this was 
very probably true of the other soil-moisture plots as well. 

No measurements of surface runoff were made on the bare San 
Dimas plot during the course of the study, nor on the bare Bass 
Lake plot until after the first 3 years of sampling. However, obser­
vations made dming storms, development of rills and erosion pave­
ment on both plots, and measurements of surface runoff made dur­
ing the last 2 years of sampling on the Bass Lake plot, all indicated 
the occurence of surface runoff in appreciable amounts, Because of 
the lack of runoff records, analysis of these two plots, except for 
the years when runoff was measllred at Bass Lake, is necessarily 
somewhat less complete than that of the others. 

Surface runoff from the i\Ionroe Canyon plots was not measured, 
but was concluded to have been negligible in amount. There were 
no runoff plots with which this conclusion could have been tested 
but certain indirect evidence supports it. First, the soil in lVlonroe 
Canyon is coarser in texture than lhat near Tanbark Flat, where 
runoff plots under natural vegetation yielded no sllrface flow. Be­
cause both vegetation and storm characteristics arc much the same 
in both places it can be concluded that the plots in "Monroe Canyon 
likewise yielded no surface flow. Second, a study of the storm hy­
drographs of stream flow in IVlonroe Canyon revealed evidence that 
during the years of study the volumes of all storm discharges 
could be accounted for by the amounts of rain intercepted by the 
stream channel and adjacent bare rock surfaces. However, if sur­
face runoff did occur from any of the plots, it would normally oc­
cur during periods of percolation, and would be included in the 
total water yields as such . 

SnoIu water sto/'age.-Only at Bass Lake was there a sufficiently 
prolonged period of snow pack to require an accounting of water 
added to the soil from snow melt. From frequent measurements of 
precipitation anel water stored in the snow pack, the times and 
amounts of water delivered to the soil wel'e calculated. 
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St?'eam fiow.-Stream-flow measurements were made only in 
Monroe Canyon, so only there can results of this study be inter­
preted directly in terms of stream-flow yields. Float-operated re~ 
corders provided a continuous record of wat€}: leaving the water~ 
shed as channel flow. The stream-gaging station included a V-notch 
weir for low flows and two flumes for high flows. Diversion of all 
channel flow into the gaging station was insured by a cut-off wall 
anchored in the bedrock beneath the channel gravels. 

ANALYSIS PROCEDURE 

The data used in the analysis of rainfall disposition were made 
up of the following elements: 

1. A running record of water stored in the soil, expressed both 
in inches depth for each foot-thick layer, and in inches depth for 
the whole depth of soil ; 

2. StorTI'". ·by-storm recorlls of precipitation, interception loss, 
snow-pack water (at Bass Lake only), surface runoff, and water 
entering the soil surface. 

These elements must be related in time and quantity for a satis­
factory and useful analysis. This was acomplished as follows: 

1. Each year was separated into periods representing the ob­
served soil-water storage cycle: One period of wetting, one of sus­
tained high storage, and one of drying'. This was done so that at ­
tention could be concentrated on the soil-water conditions of 
greatest hydrologic significance in each period. Dming the wetting 
period, which stnrts with the beginning of the rainy season, the 
most important hydrologic featul'es exhibited by the soil are its 
progressive downward wetting (increasing stol'age) resultlng 
from successive storms, the evaporative ·watet losses between 
storms, and the time ·when the soil mantl(' is wet to field-capacity 
storage to its base. During the high storage period (hereafter 
called the pel'colation period), percolation, evaporative losses, and 
the replacement of these losses by rainfall, are the more signifi­
cant featul'es. During the drying period, the rates anel amounts of 
evaporative water loss are of primary concel'11, all cUlTent rainfall 
entering the soil being evaporated. 

2. Prior to each storm in all periods the trend of ,vater storage 
shown by sampling since the previous storm was carried forward 
to the start of the clU'rent storm i increases in storage were thus 
associated with the storm which produced them. These increases 
usually agreed satisfactorily with the rainfall measured as having 
entered the soil. However, when the discrepancy was great and 
couldl1ot be explained a correction was made in the water-storage 
figure so as to bring w~ltel' entry and storage increase into agree­
ment. Small stOl'ms that occurred during the drying period or dul'­
ing pl'olong('cl inten1als of drought in other periods caused no 
measurable increases in soil-water storage. These storms wet the 
soil only a few inches deep, and as a consequence of water losses 
taking place f1.·om greater depths, produced no apparent increase 
in water storage for the soil as a whole. Water added to the soil by 
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these small storms was quickly returned to the atmosphere. 
Therefore, such water was included in the quantity assigned to 
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evapo-transpiration. 
S. Soil water was considered to be available for evapo-trans­

j)lration during all intervals between storms but no allowance was 
made for evapo-transpiration during periods of rainfall. It has al­
ready been stated that the water-storage trend measured after a 
storm was extended forward to the start of the next storm. When 
necessary, the trend was carried back to the end of the previous 
storm. This extension generally covered only a day 01' byo so that 
the errors in estimating eva po-transpiration by this simple extrap­
olation were very small. Annual evapo-hanspiration was calcu­
lated as the cumulated losses of soil water shown by sampling be­
tween storms plus the losses measured during the drying periods. 

4. Percolation was calculated each year as the difference be­
tween the rainfall and the sum of surface runoff plus evaporative 
water losses plus any decrease, 01' minus any increase, in soil­
water storage at the end of the year. The calculation of annual 
percolation is illustrated by the equation: 

Percolation = Rainfall-Cintel'ception +l'lllloff+evapo-tl'anspira­
tion)-(mininnllll storage at end of year-mini­
111ml1 storage at stat!; of year), 

For plots from which surface-runoff records were unavailable, 
there was no way of separating water that entered the soil during' 
the percolation period from that which ran off the surface, There­
fore, percolation anclrunoff were combined fol.' these plots, 

It is apparent that evapo-transpiration is unc1ermeasurec1 and 
percolation is correspondingly too great by an amount equal to 
the quantity of water drawn upon by evapo-l'ansptil'ation from 
the rock beneath the soil. Soil-moisture sampling was carried to 
bedrock, but in deep pits dug at some of the sampling locations 
occasional roots were observed to penetrate into crevices in the 
hard rock below the sampling depths. 

Determinations made in the course of the Monroe Canyon study 
showed that the fractured rock immediately underlying the soil 
could hold no more than 0.05 inch of water available to plants pel' 
foot of rock depth, This water was helc1 in rock crevices filled with 
weathered material and in the crushed-zones of faults, The amount 
of water was small because of the small proportion of the total 
space occupied by these openings in the rock and the coarse tex­
ture of the included weatheL'ed material. The rock underlying' the 
soil at North FOl'k and Bass Lake was much less heavily fractured 
than that in the San Dimas area; hence even less watel' was 
available to plant roots that may have penetrated below the soil 
at these two locations . 

No information is available regarding the maximum depth of 
penetration of chaparral roots. But even if those in Monroe Can­
yon penetrated, and absorbed moisture through 20 feet of rock 
depth, they would not have more than 1 inch of water available to 
them fr0111 this source. 
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RESULTS OF THE STUDY 
The results of this study of rainfall disposition are taken up in 

two parts. In the first part the plot studies at North Fork, Bass 
Lake, and San Dimas will be discussed. The second part will be 
devoted to analysis of the 14 plots in Monroe Ganyon and to the 
interpretation of results obtained from them in terms of rainfall 
disposition over this watershed as a whole. 

RAINFALL DISPOSITION ON PLOTS 

The objective of the plot studies was twofold: 'To follow the dis­
position of rain from the time it reaches the ground until it leayes 
the soil as percolation or evapo-transpiration; and to learn what 
changes in this disposition result from differences in location of 
the plots, in natural vegetation, and in treatment of vegetation. 
Thus water itself beconles the material of primary interest; and 
it is in terms of water that the results of the study will be dis­
cussed. In these terms the behavior of all the plots was strikingly 
similar in a number of ways. Hence detailed study of the soil-water 
storage cycle of but one of the plots through a single year gives 
an understanding of rainfall disposition that applies in a general 
way to all the other plots and years considered in this investiga­
tion. 

NORTH FORK WOODLAND CHAPARRAL 

The North Fork natural plot and the year 1939-40 have been 
selected for detailed discussion. For this analysis the hydrologic 
year was considered flexible in length, starting with the first fall 
rain of one year and ending with that of the next. In this way all 
rainfall can be properly assigned to the year in which it reaches 
and is lost from the soil. 

The soil-wate?' cycle.-Prior to the first rain of the year water 
storage was at a minimum at all depths in the soil (figs. 8 and 9). 
The first rain and those following during the next few weeks were 
sufficient to cause important increases in storage within the upper 
2 feet of soil, but the third foot received only enough water to wet 
it part way through. Before the next rain fell, in early December, 
a considerable loss of stored water had taken place by evapo-trans­
pi ration. No percolation through the soil m.antle could have taken 
place between September and December because the third foot 
layer had not yet been brought to field-capacity storage. This situ­
ation prevailed until the storm of January 1 to 4, which brought 
,iust enough rain to the soil (3.9 inches less 0.2 inch of intercep­
tion loss) to raise all layers to field-.::apacity storage. The time 
covered from the start of the rainy season up to and including this 
storm is considered the wetting period of the water-storage cycle. 

Duril'g' the 3-month period which followed (January 4 to April 
4), storms 'were sufficiently frequent and brought enough rain to 
maintain soil-water storage close to field capacity and to replace 
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water lost by evapo-transpiration between storms. Percolation 
during this period was the amount of precipitation entering the 
soil that was not offset by evapo-transpiration. Only during the 
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FIGURE S.-Seasonal variations in storage of water in the soil of 
the North Fork natural plot, 1939-40. 

percolation period and the last storm of the wetting period can 
percolation take place. During the remainder of the year some 
part of the soil mantle is always below field-capacity storage, so 
that rains occurring then do not produce percolation. Evapo-trans­
piration took place from all depths of the soil (fig. 9). This indi­
cates that plants were drawing upon water stored throughout the 
soil ;mantle. 

The end of the percolation period was indicated, not by the 
real end of rainfall for the year, but by the time when rains be­
came so infrequent and storms so small that they failed to replace 
losses caused by eva po-transpiration. The drying period, which 
started with the end of the last percolation-producing rain, was 
characterized by progressive drying of the soil at all depths and 
loss by evapo-transpiration of such late spring, summer, and fall 
rains as occurred. During the early part of the drying period 
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}'IGURE 9.-Seasonal variations in storage of water in foot-by-foot soil depths 
of the North Fork natm'al plot, 1939-40. (Variations in soil-water con­ • 
stants-wilting point and field capacity-throughout the year are due 
principally to variations in the physical characteristics of the soil from 
sampling spot to sampling spot.) 

evapo-transpiration losses were rapid; rates tended to be some. 
what greater in the upper than in the lower part of the soil. These 
rate differences with respect to depth were more marked in the 
1939-40 year than in some other years because rain, in late April 
1940, increased storage in the upper 2 feet of the soil. In years 
when rains of this kind did not occur there were smaller differ­
ences in loss rates between the several soil layers. 

Water-loss rates decreased markedly at about the time when 
each soil layer reached ·wilting-point storage. This was true of all 
the vegetated plots studied. It seems probable, from this informa­
tion, that the woody vegetation on these plots can draw little if any 
mO.Le water from tht soil than can herbaceous plants, which are 
known to suffer from lack of water when soil moisture has been 
depleted to the '.vilting point. Yet the woody plants involved in this 
study do not die, even when exposed to soil having less than wiIt­
mg-point storage for months at a time (nearly 3 y:! months for • 
1940). During such periods the plants cannot obtain any signifi­
cant quantity of water from the &:lil, nor is any appreciable 
amount available to them from the underlying rock. Therefore it 
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must be assumed for the present that these plants survive the 
summer drought by entering some type of dormant state. This as­
sumption is supported by the observation that chaparral shrubs 
grown in soil confined in lysimeters at San Dumas have survived 
even though the moisture content of the confined soil remained be­
low the wilting point for as long as 5 months at a time. 

By the end of the drying period soil-water storage once more 
reached the minimum of the previous year, about 0.8 inch less 
than the wilting-point storage of the soil. This wilting-point defi­
cit was about equally distributed through the soil: 0.3 inch in the 
top foot, 0.2 inch in the second foot, and 0.3 inch in the third. 

Despite a wide range in annual rainfall, thB soil-water storage 
characteristics in other years were very nearly the same as in 
1939-40 (table ~,~ 4). Minimum storage was close to 2.0 inches, 0.8 
inch below wilting-point storage. Field capacity ranged from 8.5 
inches to 9.3 inches, and the mean difference between minimum 
andfielc1-capacity storage indicates that more than 6.8 inches of 
rain would have to enter the soil in a single storm in order to pro­
duce percolation through the soil at the start of the rainy season. 
Actually, 7.5 inches to 11.7 inches of rain were required to bring 
the soil to field-capacity. This difference is due, of course, to the 
fact that several storms occUlTed in each wetting period and that 
between these storms storage was reduced by evapo-transpiration. 

TABLE 4.-Soil-u·nter chamcleristics and rnin/all disposition for 
the Sortl! Fork 1/(Ltzl1"ltl li/ol,' /[I;J[J-.!,O 

SOIL-WATER CHARACTEm:;TICS 

Item 1936-37 1937-3~ I\(1:15-30 1939-10 Average 

.--~-.~-

Minimum .torage (ptnrl or yearl•••. ,inrhes .... " 2.0 2.0 2.1 2.2 '2.1,
Willing point I ... minimum storage I ._ •. .•.do ••••.•.••• .8 .8 .7 .6 .7 
Field.."pncil), storage' do ••. 8.5 8.S 9.0 9.3 8.9 
Field ropnriLy 11.'s." minimum 5tOfil~W •.do... 6.5 6.8 0.9 7.1 6.8 
Rllin tn .~"t percolation ••..•. ••do•• _ 8.0 7.5 tI.7 1l.4 9.9 
Me:m cvapu.tr.lu,SpinltiolJ rate~ 

Wettin~ peri..1 • iurh ... rer day •• .OO~ .004 .027 .040 .020 
Percolatioll ('K'riud ~ .duo .100 .008 .070 .058 .014 

Entire51lil below wilting·po;',tstorage '.. !lays.••. 146 SO 75 105 104 

R..-\I~J.·ALL DI:;PO~I'rrn~ '[NCIlE:>] 

Rainrall ••• __ .. .... .... 40.7 60.1 24.0 40.S 41.5 
IlItcrceptiolllo.s.~._ .... 2.2 3.1 1.5 2.1 2.2 

,,-~-- ~.~ ~"" 

•• ~ ~" ..... _ •• N ~ .. ~,. ...... 

0 0 0 
It~illrllll entering .~('l. ... 3S.5 57.0 23.1 3S.7 39.3 

_ .. ~ ..... w ... .. " ..... " ~ _ ~ • _Surface nlunlT. '_.' .... 0 o 
~ .. " ~ - .... "~ • ¥ .... - ~ • ~ ~ .. ~ • - ~ ­

E\,ilpn..tr.:U15()ir.ltion~, ._ .. , ~ ~ .. --. -... 11.7 14.4 14.7 15.7 14.1 
Percolatiuu. '",. 26.'l 42.5 8.3 23.2 25.2 

t Calculations ha,w on 3-fnol soil depth.
'Avcr,'go jndudes minimum sl"r,lge mea,urell]en! "r 2.0 inrlles,,! <tart. or 1940--11 hydrologic ycar at which time 

s::lInpling was discontinued. 
J Wr1till~.. p(Jint $torJge = 2:~ inches-. . . •.•. • . 
• rarioatlOlls bctWI.'e1l years III fieM·("~lp:1C';'lty 'iLOrtiRf.' llre due 10 part to \'anattons 1U phYSlcal characterIstIC!! of sUe­

ces.~i\·e soil samples and ju part to experimental error~ 
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Evapo-transpiration rates can be grouped conveniently accord­
ing to whether the water losses take place during the wetting or 
percolation periods. A considerable range of rates was found be­
tween different storm-to-storm intervals. However, no consistent 
or pronounced trend in these rates was detected, so that the aver­
age rate of each period was considered the most applicable one. 
This rate was calculated as total evapo-transpiration divided by 
total days between storms during the period. LO'wer rates for the 
wetting periods in 1936-37 and 1937-38 ,,\'ere undoubtedly due to 
more concentrated rainfall and the shorter duration of the wetting 
period in these years. For the 11 years studied the average evapo­
transpiration rate during the wetting period was 0.02 inch per 
day, and during the percolation period 0.074 inch per day. 

It was mentioned earlier that the soil mantle of this plot was 
entirely without water available to plants (that is, below wilting­
point storage) for nearly 3~~ months in the summer and fall of 
1940. In other years the soil mass was entirely below the wilting 
point for from 2~~ to noorly 5 months (table 4). The similarity 
of the summer drying portion of each year's water-storage cycle 
is immediately apparent when the drying curves are moved in 
point of time so that in all years the drying period is entered on 
the same day (fig. 10). Closer coincidence is prevented chiefly by 
wetting due to occasional summer rains. In all years loss rates de­
crease gracluallJf as wilting-point storage is approached and then 
decline sharply, becoming virtually zero soon after storage drops 
to the wilting point. In general wilting-point storage is attained 
within 2 or 3 months after the 3tart of the drying period, and 
nearly constant minimum storage is reached within 2 months 
thereafter. 

Rain/all disposilion.-Now, with reference to table 4, it is pos­
sible to study the disposition of precipitation for this plot. Rough­
ly 5 percent of each year's precipitation was returned to the at­
mosphere as evaporation of rain intercepted by the vegetation 
canopy. Surface runoff was neyer more than a trace. Thel'efore, 
the precipitation measured as entering the soil was approximately 
95 percent of the total precipitation, nU'ying from 28 to 57 inches 
for the years studied. Despite this great range in water entry, the 
measun~d evapo-transpiration losses were singularly uniform and, 
furthermore, appeared to bear no relation to quantity of annual 
TainfalI. This is the direct result of the seasonal nature of the 
rainfall. There is a relatively small range in the quantity of rain 
l'equired to raise soil-water storage to field capacity (table .:1). This 
Tange is primarily a function of the quantity of rainfall per storm 
and the time elapsing between storms. Summer ancl fall storms do 
not account for more than 2 inches of the year's precipitation, yet 
during this dry season a large part of the year's evapo-transpira­
tion takes place. The bull, of the rain usually falls during the per­
colation period when much of .it flows through the soil. This is why 
evapo-transpiration varied little while percolation varied greatly 
in response to differences ill annual rainfall. 

• 


• 


• 
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DISPOSITION OF RAINFALL 

Effect of Burning 
The burned plot at North Fork, it will be recalled, was burned 

in the falls of 1936 and 1937. In the years 1938-39 and 1939-40 
vegetation on this plot was allowed to grow without disturbance. 
Hence, the burned plot must be considered in two stages: The 2 
years during which it was burned in the fall, and the 2 years 
during which it recovered. 

The minimum water storage of soil on the burned plot was 
only slightlr higher, during the two burning rears, than that of 
the natural plot. It dropped each year 0.5 inch below wilting-point 
storage, as compared ·with 0.8 inch on the natural plot (tables 4 
and 5). This difference was due almost entirely to a slightly 
smaller decrease below wilting point in the third foot of the 
burned plot than in the corresponding layer of the natural plot 
soil. vVith the l'etul'l1 of vegetation during the next 2 years, how­
ever, minimum storage c1!'opped even farther below the 'wilting 
point on this plot than it did on the natural plot. This was the 
result of greater losses from the top foot of this plot (because of 
more complete drying of this sparsely covered soil) combined with 

/-MAR 30 - OCT 7,1937 
" 

g 
I/) 

~& 
l ­

t:l 
.... 5 

"l 

~ 
<::>4 
I<J 
<I: 
~ 
II) 3 

~ -------'0 •....------ W'LT"IG POINT -------1 

~2 

°O~~~2~~L-4~Q~~6~~~~a~o~~'r.~o-L-,~<O~~'4~Q~~IG~o~~,a~o-L~~~~ 
TIME AFTER START OF DRYING PERIOD (DAYS) 

FIGCRE lO.-Watl'l' stOl'ug"(' in the soU of the NOI-th Fork natural 
plot during the drying pCI'iod::, 1936-40, 



TECHNICAL BULLETIN 1048, U. S. DEPT. OF AGRICULTURE 

TABLE 5.-Soil-water characteristics and rainfall disposition for 
the North Fork burned plot,' 1936-40 

SOIL-WATER CIiARACTIlIUSTICS 

Burned lUnbllrned since 1037 A"emgeItem 
-'----~--~-----------I.---------- • 

1936-37 1937-33 1938-30 1039-10 1036-3S 193HO 

Minimum ,Iomge (stnrt of yearl ••••••.inches_..... 2.2 2.2 2.22.2 1.8 ' r.9Wilting point less minimum stordge' .••••do••••• , ••• .5 .5 .5 .9 .5 .8Field-capacity stornge •••••••••••••••••••do•••••... , 8.6 8 .. 5 8.0 8.0 8.6 8.6Field capacity 10.<.$ minimum storage ......do..... ,', •. 6.4 0.3 6.4 0.8 0.4 6.0Rain to start percoilltion ................do..... " 
 O.S 13.2 12.0 11.4 '11.5 , 11.7 Mean e"8po-trnnspir;,tion rate: 
Wetting period••••••••••••••.inchcs per day ••. .014 ~J3 .000.004 .037 .035Percolation period, .................do..... . ~O72 
 .0Ui .oos .033 .0iO .0iOEntire soil below wilting·point stornge .. dll),s.,., , I 110 , 34 j 04\.1 I 95 'UO 

I 
,.:---~-

RainfalL............ ' ....... I

40.i 24.6 40.S 50.4 32.7Interception loss••••_ ... . ... .. ,G) 60(G~ , ('j t', (.) (')Surface runoff.... • .. ~ " 

~ ~ 

6.S- '. 1.0 .0 15.3 1.1Rainfall entering 
E"apo-trnnspirlltion 

soil 
••• 
... ... '" .. 

~ ~ " .... ~ . ~ 33.!J 2a.0 40.2 35.1 31.6~~:~13.2 I'. 11.2 Ii~2 15.; 12.2 10.4Percolation 1, .' ..--.1 - 0.2 22.9.. 23.1 24. i 1~.4 

-. ­
1 Calculations based on 3·foot soil depth. 

'Average includes minimum s(omge measurement of 1.6 inches at stnrt of 1940-41 hydrolugic yellr at which time 


aamplin~ was discontinued. 
• Wtlting point storage = 2. i inches. 
• Differences between two periods Dot sigllific:.lnt owing to variations in rain occurrence. 
• Third foot abo,'. wilting poiut. 
• Not mensurl'd. 

T Includes any iuterc.ptiOIlI(lss of the percolation period. 


equal losses from the two plots at greater depths. At the end of • 
the second year of recovery, the soil of the burned plot held only 
1.6 inches of water, a deficit of 1.1 inches below the wilting point. 

Field-capacity stOl'age was about the same on this plot as on the 
natural plot. The small differences in minimum storage between 
the two made for only minor differences in field-capacity deficit 
(field capacity less minimum storage) at the start of each year. 
However, more rain was required in every year but the last to 
raise the soil of the burned plot to field capacity. This was because 
surface runoff, during the wetting period on the burned plot, 
amounted to 2.5 inches in 1936-37, 6.4 inches in 1937-38, and 1.0 
inch in 1938-39. These quantities are more than enough to offset 
the rainfall losses caused by interception on the natural plot, 
which yielded no surface flow. 1n 1939-40 the 0.3 inch of runoff 
occurring during the wetting of the burned plot corresponded to a 
loss from the natural plot of 0.3 inch by interception. 

Evapo-transpiration rates were not significantly different be­
tween the two plots, when compared year by year (tables 4 and 
5). Wetting period rates appear to have been lower during the • 
first 2 years on the burned plot than during the other two, yet a 
similar sequence is shown by the natural plot. Therefore the 
change cannot be considered a result of annual burning or subse­
quent recovery. During the percolation periods there were again 

I.... 
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···········.········7················ 
APR. :3 - OCT 24, 1940~ 

• FIGURE 11.-Water storage in the soil of the North Fork burned plot 
during the drying periods, 1936-40. 

only small differences in this rate. In view l)f the limits of error to 
which this study is subject, these differen.ces in evapo-transpira­
tion rates cannot be considered significant, 

The somewhat slower drying of the 10w<3;1." half of the burned 
plot, compared with the natural plot, is reflected in the shorter 
time each year during which this plot was entirely below wilting­
point storage. III 1939-40 the difference in time had become very 
small, a dennite response to regrowth of the vegetation. 

The summer drying curves of the burned plot (fig. 11) are 
strikingly similar to those of the natural plot. In fact, this simi­
larity is so close that if the two sets of curves are superimposed 
they are almost indistinguishable. The principal difference seems 
to be that in the burned plot wilting-point storage fot the soil as 
a whole is Teached within about 3 months after the end of the 
percolation period, while in the natural plot it is reached in about 
2% months. 

• 	 The hydrologic effects of burning become apparent when the 
disposition of rainfall is studied (table 5). Interception loss, as 
has already been mentioned, was not measured, but it is assumed 
to have been.small. If this loss is disregarded, about 5 percent 
more rainfall may be considered to reach the soil of the burned 
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than the natural plot each year. (During the two years of burning 
annual interception losses of the natural plot totaled 2.2 and 3.1 
inches.) Burning, on the other hanel, greatly increased surface 
runoff. Thus while the natural plot showed no surface flow 
throughout the study the burned plot lost 6.8 inches in this way 
in 1936-37 and 23.8 inches in 1937-38. Evapo-transpiration was 
affected little by annual burning, averaging 13.0 inches per year 
on the natural plot and 12.2 inches on the burned. Percolation, cal­
culated as the residuum, therefore varied roughly in inverse rela­
tion to surface runoff, being about 4 inches lower on the burned 
than the natural plot in 1936-37 and nearly 20 inches lower the 
next year. 

Total water yield (combined surface runoff and percolation) 
Was increased by burning. In 1936-37, this increase amounted to 
2.7 inches and the next year, ·JA inches. This does not mean, how­
ever, that the yield of usable water was greater from the burned 
than from the natural plot. Percolation constituted the entire yield 
of the natural plot. This type of yield provides water for pro­
longed ground-water flow which in turn contributes to more uni­
form and sustained strcam flow. Tn contrast, surface l,'unofl' on 
the burned plot was onc-fourth of its total yield the first yellr, and 
half its yicld the next. This surface runoff caused soil erosion. As 
previously reported (20, 11. 27) the burned plot lost more than 5 
tons of soil pel' acrC' in 19:~6-37 and more than 85 tons l)er acre 
hI 1937-38. Furthermore sllch surface flow is delivered quickly 
into stream channels w11('1'o it contributes to increased peaks of 
flood flows, wasted water, and siltation of reservoirs. When the 1n­
creased surface runoff and its attendant damag('s are considered 
the conclusion is reaclwd that no improvemcnt in "\\'ater yield 
resulted from bUl'1ling of Uw nattY(' brllsh on the North Fork plots. 

Two years' 1'oco\'e1'.\· of the hUl'Iwd plot resulted in large de­
creases in surface l'lmofL Thus in the second year of recovel'Y .10.8 
inches of rain ~'ielded lUi inch of surface runofF while :3 years ear­
lier ncarly tll(' same quantity of rain yielded G.8 inches of runoff. 
Recoyel'Y had Httl(l dl'('(·t upon Ow quantity of ('vapo-transpira­
tion. Incl'easpcl enrpo-transpiration was showl1 by this plot during 
the years 19;~S-:W alHI 19:19 ··10, hut sin('(' flU inereasc was also 
shown by the l1nllll'al plot it ('annot be ascribed to the c('ssation of 
annual burning. Intel'cl'}ltiol1 losses in the reeo\'('ring vegetntion 
were (lisl'l'g'arded; thus water lost in this way was included In 
quantities assi):.,r1)ed to ('v(tj)o-transpiration and P<'l·colation. It can 
be assumed thatintel'ceptioll losses were small, because of the low 
stature and sparSe dpyC'loPl11l'nt of the vegptation during these 2 
years. Hence total water yipld (slIrl'ae(! runofF and l)('l.'colation) of 
the recovering and llatm'al plots can be compal'ee!. During the first 
recovery year the hm'lIed plot ,Vielclt'<1 0.;'5 inch less water than did 
the natural plot. The next ),('1\1' the lotal .vield of tIl(' bm'l1ed plot 
exceeded that of the nalural plot h.v 2.1 inch('s, un amount equal 
to the measured intel'c(lption loss on the natural plot. 
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Effect of Denudation 
Although the bare plot at Nork Fork was first trenched in 1935 

it was not maintained completely clear of vegetation and surface 
debris until the summer of 1936, a short time before the start of 
moisture sampling. Thus the quantity of ·water stored in the soil 
at the start of the study was affected by transpiration use of the 
vegetation prior to denudation. From this time on the soil surface 
was kept clean by frequent weeding and picking-off. of leaves and 
other litter falling on the plot. 

During the first 2 years (1936-37 and 1937-38) the soil-water 
storage characteristics of this plot (table 6) were closely similar 
to those of the burned plot. Each year this plot was wet through 
during the same storm as the burned plot, indicating that the rain 
required to wet the soil of both plots was not greatly different. In 
the same way, eva110-transpiration rates were not significantly dif­
ferent between the two plots during the wetting and pel'colatic,n 
periods. 

• 

However, there were diffel'ences, some of which appeal' only in 
the last 2 years of the study. The summer drying curves for the 4 
years of study (fig. 12) differed in important respects from those 
of the other 2 plots. First, they were gentler in slope, indicating 
lower average rates of water loss. Second, only in the drying per­
ioel of one year (1936-37) did the storage of the entire soil drop 
below the wilting point, and then for only a short period compared 
with the other plots. In the other years (table 6) minimum stor­
age remained at 01' above the wilting point. It was ~1.1 inches, or an 
inch in excess of wilting-point storage at the end of the fourth 
year, 1939--"Hl. The reason for the gradual rise in minimum stor­
age through the years is not known, so the significance of this rise 
cannot be judged. 

Study of the soil-water storage in the bare plot during the dry­
ing periods showed that cYapol'atioll nltes decreased with depth 
as well as with tinH'. This W~lS also true on the natural and burned 
plots. But evaporation continued in the bare plot after the natural 
and burned plots had ceased to dry. Therefore, by the end of the 
drying period each year, water storage in the soil of the bare plot 
was reduced to amounts not greatly in excess of the minimum stor­
age of the other two. 

• 

The disposition of })l'ecipitation on the hare plot follows, with 
minor variations, the patt<.'l'Il set by the burned plot during its 2 
years of annual denuclation. Interception loss was eliminated by 
complete removal of the vegetation cover. Surface runoff was 
considered to have been equal to that of the burnecl plot. Evidence 
or surface rU1l0ffWHS found in tho erosion it caused; small gullies 
and erosion pavement developed on the plot. Evaporation from 
the bare soil ~l\'eraged n.6 inches pel' year, not much less than the 
average evapo-transpiration of 12.2 inches shown by the annually 
bUl'Ilecl plot, or 13.0 inches shown by the natural plot, during these 
2 years. Percolation for these 2 years averag2d n.5 inches less 
than that of the natural plot, and about 0.2 inch more than that of 
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FIGUR~; 12.-Water storage in the soil Of the North Fork bare plot
during the drying periods, 1!)3(J.40. 

the burned plot. Disposition of precipitation on the bare plot dur­
ing the last 2 years followed the same general pattern except for 
variations caused by di.fferences in annual rainfall. 

In the foregoing analysis the quantities of evapo-transpiration 
and percolation are different from those which appear in Rowe's 
earlier study of these plots (18,20). These differences do not rep­
resent a contradiction, for qualitatively the results of the two an­
alyses are identical. The differences result from an attempt to 
keep this analysis consistent and within the limits of the data 
available for all plots included in the study. The present analysis 
of the NOl'th Fork plots includes the years 1938-39 and 1939-40, 
which were not included in the earlier one, but does not include 
the pl'eviously reported years, 19311-35 and 1935-36. 'When these 
years were excluded it was found that in those remaining the 
depth of moisture sampling (soil depth to bedrock) was generally 
less than [1 feet. In the earlier analysis water-storage calculations 
had been based upon the 4-foot soil depth; but in the present analy­
sis it was based upon the 3-foot depth reached in nearly all sam­
plings. This change resulted, of course, in a reduction inevapo­
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,TABLE 6.-Soil-water characte1'istics and rainfall disposition for 
the North F01'k bare plot,' 1986-40 

SOIfA','ATER ClIAll.ACTlmISTICS 

In3G-37 1037-3S 1935-30 1030-40 AverageItem 
_______________11 __-------- ­

, 3.1 Minimum storage (SiMI of year) •••.••••_....inches...... ' .. 2.4 2.5 3.1 3.5 
, .0Wilting point less minimum .Ion.go I •••_ ...... do.......... . .7 .0 o -.4 


<0FieJd..,apacity storJge __............. .......do........ .. 8.5 S.i 8.5 8.5 8.6 

'·ield capacity los.' minimulD slon.ge...........do. ___ ••" .•.. 6.1 0.2 5.4 5.0 5.7 


9.8 13.1 11.7 1l.4 11.5Rain to atnrt pereolalioll......................do.• __• __ ••.. 
M.an .v~poralion rale: 

WeUing period........................ .inches per dn)·.• .009 .004 .038 .033 .021 
.082 .060 .OS1 .068 .076Percolalion period........................do............. 
 (.)'Enlira soil below wilting·point slorage. ...days.... ... . '55 (.) t")

00, 

RAINFAI,L D1SPOSI1'\l)X (INCHES) 

Itninfall...____....................... __ •.............. . 40.1 00.1 24.6 40.8 41.5

o ' 0 o o oInlercepUon loss .......................••• ..... •.. ···•·• • 
 11.4Surrl~ee runoff IS~_ .. " ... _..._.. ___ .. .,. ............. ___ ....__ ...... ~ ....... _._.~. ~ O.S 23.8 3.2 11.0 


20.2 30.2Itninfall entering .0iL.................................... . 33.9 30.3 21.4 

Evu.por"J.tion.._......... ~ ....... ~. ~ ........ ~ ... - ...... ~~ ," .... ~.~ ~"'~~. ~".- ILl 12.1 
 14.5 12.0 12.0 
I'ercolation.............. -..... , .•. , 22.7 23.6 0.5 15.7 l17.1 

I Calculations b,u;ed on 3·foot .oil uCllth.
'Average includes minimum storuga me",~urcment of 4.1 inches ilL stllrL of 194o-lillydiologio year at which time 

SlUDpling was di;contiIllJed' 
I Wilting'point storuge = 3.1 inches. 
• SOllie trJnspiration ure bcforo COI1>ploto denudation was effected in Sinnuler Of 1030. 
• Not below wilting point.
• A>llnlmed ..me as burned ploL in 10:10·37 "nd lOai-3~. Thereufter calculated for each stonn on basis of infil· 

tration rate (0.12 ioch per hour) of burned Illot prior to 1938. 
, In addition, au al'eruge increment of 0.4 inch of rdinfall per year was added 10 minimum slorage. 

• transpiration and a corresponding increase in percolation. On the 
natural and burned plots the average difference in annual evapo­
transpira~jon losses from the 3- and <i-foot deep soils was about 
2.4 inches. On the bare plot the difference was only about half as 
great, owing to the lower loss from the 4-foot depth of this soil. 

• 

The second circumstance responsible for differences between 
the two analyses springs from the inclusion in the earlier analysis 
of quantities of water lost by evapo-transpiration during and be­
tween storms, when moisture sampling could not be used to detect 
such losses directly. The method used involved (1) determination 
of the relation between the evapo-transpil'ation rates during those 
interstorm periods when sampling could be relied upon and the 
corresponding rates of evaporation from a standard evaporation 
pan and (2) application of this relation to those periods during 
which sampling could provide no measuremeHt. Lack of adequate 
storm and evaporation pan data made it impossible to calculate 
these quantities for some of the plots. In the interests of consis­
tency, therefore, these quantities were not calculated for any of 
the plots in the present analysis. As a result the average annual 
evapo-transpiration quantities determined in the present analysis 
are from 0.5 inch lower (for the natural plot) to 0.9 to 1.5 inches 
lower (for the bare and annually burned plots) than those re­
ported earlier. Calculated percolation, of course, is cOl'l'espond­
jngly higher. 

955527~-51-6 
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BASS LAKE PONDEROSA PINE 

The soil of the Bass Lake plots averages 6 feet deep, about dou­
ble that of the plots at North Fork; and it contains considerably 
more clay, which increases its wilting-point and field-capacity stor- • 
age out of proportion to its increased depth. Increased soil-water 
storage, increased elevation, and a change from brush to conifer­
ous cover all contribute to differences in the cycle of soil-water 
storage, in rainfall disposition, and in the effects upon rainfall 
disposition of burning and denudation. 

The soil-water storage cycle of the natural plot at Bass Lake for 
a typical year (figs. 13 and 14) corresponds to that at North Fork 
(figs. 8 and 9). Such differences as appeal' are the result pri­
marily of the larger quantities of water storage involved in the 

22 

• 
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TOTAL PRECIPITATiON - 50 6 INCHES 

• 
FIGURE I3.-Seasonal variations in storage of water in the soil of 

the Bass Lake natural plot, 1941-42. 
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Bass Lake cycles. Minimum storage (table 7) averaged 12.2 inches 
through the 5 years of record, and showed some increase during 
this time. The cause of this increase is not known, although it may 
possibly be associated with small changes in soil conditions en­
countered as different parts of the plot were sampled. The wilting­
point storage of 12.7 inches is considered to represent the average 
wilting point of the whole plot. Therefore 0.5 inch represents the 
average amount by which this soil was depleted below the wilting 
point each year. Thus, although the Bass Lake soil generally dried 
below the wilting point, it did not dryas completely as the North 
Fork soil. The lower evaporation loss is probably contributed to by 
three conditions: The finer texture of the Bass Lake soil, which 
suggests lower permeability to water vapor; its greater depth, 
which requires a longer average 1)ath of travel before water vapor 
can leave the soil surface; and it deeper litter cover, which in­
creases insulation . 

• 
!) 4 3 2 ( 

4 3 2 1101­

:>? ,IJ 

:Y 
----- W tTlfjo., P()ll;T OR SLLOW 
.......... fino CAPACITY OR ABOvE 
- W'LlING POINT fO tltLO CAPACIT"" 

oL-____~~==~~~~~~~~~~~~~~~--~~L--1---~ 
<'2 AUG SEPT OCT NOV 1941 1942 FE6 MAR APR MAY JUNE JULY AUG SEPT OCT 
~12r--.--.--'r--r~~~--.--,--'---r--r--.--'---r--~ 

TOTAL PRECIPITATION· 50 6 INCHES 

• 
FIGURE 14.-Seasonal variations in the storage of watel' in foot-by-foot

soil depths of the Bass Lake natural plot, 1941-42. 
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TABLE 7.-Soil-water chamcteristics cmd rainfall disposition forthe Bass Lalce natural plot,' 1940-45 

!.lOlL-WATER CHARACTERISTICS 

Item 194()-41 1941-42 1942-43 1943-44 1944-45 Averago 

Minimum storage (start of year) ______ .inehes_______Wilting point less minimum storage'_. ___do.________ 
11.5 12.2 11.9 1~.3 13.0 '12.21.2Field·capacity storage__________________.do.___ . ____ .5 .8 -.6 -.3 , .523.0 23.0 23.0 24.0 23.8 23.4Field eapacity Icsa minimum storuge ______do.________Rain to start percolation ________________do.________ 11.5 10.8 11.1 10.7 10.8 11.017.5 16.8 12.2Mean evapa-transpiration rat.: • 14.8 • 18.4 15.9

Wetting period________• ____ • .inches ~r day._.Percolation period._____ ._. __ •____ ._ 0.__ • _____ 
.066 _013 .094 .035 (') .042(.) .005 (') (.)Entire soil below wilting-point storage__ days_. ____ ._ .033 .008

33 46 (oJ (G) (G) 16 

RAINFAI,L DISPOSITION (INCHES) 

RainfaIL _____ •____ •______ •_____________ • __ ._._ __ 58.6Interception loss _____ •______________________ .____ 7.2 50.6 50.9 38.5 49.6 49.0
Surface runoff__ ._______ __________________ ________ 0 0.4 5.6
o 

4,8 5.3 5.9

Rainfall entering soiL_________ .__________________ 51.4 .1 .4 .3 .2

Evapo-transpiration ______________________ .____ ___ 14.8 44.1 45.3 33.3 44.0 43.6
Percolation _________•___________________ .________ 35.9 14.8 17.8 19.6 17.5 16.0

20.6 26.1 14.0 28.0 26.7 

I Calculations based on O-foot soil depth.
2 Average includes minimum storago measurement of 11.5 inches at start of 1945-46 hydrologic year.'Wiltin~-poillt storage = 12.7 inches.
• PrecipItation required to start percolation in 1041-42 and 1043-44 included about 0.6 inch held as unmelted snow.i Losses may ha"e occurred but were too small to be detected by sampling method used.G Sixth foot .bo\,o wilting point. 

The mean field-capacity storage of 23.4 inches shows that at
least 10.7 inches of water must be added to this soil before perco­
lation can start. Actually, between 12.2 inches and 18.4 inches ofrain were required to wet this soil to field capacity, the quantitiesdepending upon the size and distribution of rains and the amountof evapo-transpiration between storms of the wetting period.
Evapo-transpiration rates were greater during the wettingperiod than during the subsequent percolation period. In fact,evapo-transpiration shown by moisture sampling during the per­colation period was negligible on all the Bass Lake plots during theyears studied. This is quite different from the situation at NorthFork, for there evapo-tl'anspiration rates were invariably greaterduring the percolation than during the wetting period. This dif­ference was probably largely an effect of deeper litter, lower tem­peratures, and the greater' amount of precipitation occurring assnow at Bass Lake.
Finally, another difference "vas in the drying of the naturalplot (fig. 15). In two of the years studied, wilting-point storagewas reached about 3% months after the start of the drying per­iod, a month longer than at North Fork. In the other years wilt­ing-})oint storage was not reached before the next rainy season •started. It is apparent (table 7) that soil-water storage at BassLake did not remain below the wilting point for lengths of timenearly as great as under natural vegetation at North Fork.
Rainfall disposition varied only in degree from that of the nat­ural plot at North Fork Interception loss accounted for roughly 
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TIME AFTER START OF DRYING PERIOD (DAYS) 

FIGURE lS.-Water storage in the soil of the Bass Lake llatural plot during 
the drying periods of 1941 through 1945. Record of soil drying during the 
latter part of 1944-45 season is incomplete. Soil-water storage in the 0-6 
foot depth at end of the season was approximately 1.2 inches below wilting
point. 

12 percent of the annual precipitation as compared with 5 percent 
at North Fork. A very small, yet measurable, part of the rain was 
sometimes lost as surface runoff, even under the undisturbed for­
est cover. Yearly evapo-transpiration varied from 14.8 inches to 
19.6 inches, most of it taking place during the summer drying 
period. At North Fork yearly evapo-transpiration was between 
11.7 and 15.7 inches from soil half as deep a~ that at Bass Lake, 
and a much greater portion of this annual loss took place during 
each year's wetting and percolation periods. Percolation at Bass 
Lake ranged from 14.0 inches with annual rainfall of 38.5 inches 
to 35.9 inches with rainfall of 58.6 inches. At North Fork, by 
comparison, 40.7 inches of rain produced 26.8 inches of percola­
tion, while 60.1 inches produced 42.5 inches of percolation. The 
difference between the natural plots in the two localities is largely 
the result of greater interception loss on the Bass Lake plot, and 
the higher available water-storage capacity of the soil, which re­
sulted in the grp.ater evapo-transpiration loss each year. 
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Effect of Burning 
The soil-water cycle of the burned plot differed from that of the 

natural plot principally in relation to soil differences. Minimum 
storage (table 8) averaged 11.5 inches, 0.9 inch less than wilting­ .~ 
point storage. Thus, the wilting-point deficit of this plot was some­
what greater, on the average, than that of the natural plot. The 
field-capacity deficit was greater and, as was anticipated, so was 
the rain required each year to initiate percolation (21 to 32 inches). 

Evapo-transpiration rates were not significantly different be­
tween the two plots during the rainy season, and in the burned 
plot as in the natural plot the amount of evapo-transpiration 
measured during the percolation period was small. 

Summer drying on the burned plot (fig. 16) was more rapid 
than on the natural plot. Thus, the burned plot lost nearly 4 inches 
more water than the natural plot in drying from field capacity to 
wilting point, and it reached '\vilting-poiJ1t storage at an earlier 
date. A combination of 3 circumstances was responsible for this. 
First, the burned plot held a greater quantity of water available 
for transpiration than did the natural plot. Second, burning con­
sumed the litter but not the tree covel' so that transpiration was 
unaffected. Third, loss of the insulating litter cover provided op­
portunity for greater evaporation from the soil. That such an in­
crease in evaporation did result is suggested by differences in 
evapo-transpiration losses during early summer at two depths in 
the burned and natural plots. Within the top foot of soil on the 

'I'ABLE 8.-Soil-water chn1'(Lcteristics and ndnfall disposition for 

the Bass Lnke llU1'necl Iilot,' 1.91,0-1,5 


SOIL·WATER CIlARACTElUSTfCS 

Item 1040-41 1041-42 1042-43 1043-44 1044-45 Average 

-------------1-----,,"-,------ ­
1~!n!mum .storage (~b\rt of year) ...... ,inches.... " 12.4 11.0 12.3 11.3 11.0 '11.5 
\llltJIIg pOlOt less nllnllnUID storage ' ....do....". , 0 .5 .1 1.1 1.4 '.9 
Field·eapacity storage ......... __ .". ...do..... " 20.7 27.0 26.5 27.0 20.0 26.0 
Field capacity less minimum storuge~ .. ~ ~~_do.__ .. __ 14.3 15 1 14.2 15.7 15.0 14.9 
Uuin to start percolation........_.......do....... , 22.1 '21.3 29.2 '31.7 ' 30.7 27.0 
1fcan CYlLllo-tratlspiratioJl rnte: 

Wetting period........... _..,inches pcr day... .034 .03D .025 .040 .039 .035 

'Percolation period_ .................do...... , (5) (5) {s}
(5) {5} (') 

Entire soil below wilting.point storage._.days ..... , (0) 74 03 45 28 42 

RAI~FAI,L DISPOSITJO~ llNCIlES) 

nainflll!.. ....... _.,. 58.0 50.0 50.0 38.5 49.6 40.U 
Inlerception loss...... "' ., 7.2 6.4 5.6 4.8 5.3 5.9 
Surface runoff•••••. _'''' " 6.4 5.3 13.3 0.1 15.5 9.:l 
Rllinfall entcring soiL••. , 45.0 38.9 32.0 27.0 28.S 34.5 
Evapo-tmnspiratiQII __ .... 17.6 18.5 18.8 23.9 22.4 20.2 
Percolation ......... 27.9 20.0 14.2 4.0 7.5 14 .7 

I Calculations based On O·foot soil deplh.
'Average includes millimum storage measureulenl of 9.0 inches at stllrt of 1945-46 hydrologic year. 
I Willin~·point storage = 12.4 inches. 
, l'reci[nllltion re'JI,ircd to start percolation in 1941-42 includcd nbout 1.4 illches of unmelted snow. in 1943-44 

about 4 ,6 illcheB, nnd III 1044-45 IIhoul 0.1 inch. . 
• Losses may hll"e occurred but were too 51111111 to be detected by slIlnphng methOd uscd. 
• Sixth foot above wilting point. 
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TIME AFTER START OF DRYING PERIOD (DAYS) 

FIGURE 16.-\Vater storage in the soil of the Bass Lake burned plot 
dUl'ing' the drying periods of 1941 through 1945. 

burned plot, evapo-transpiration losses at this time were between 
1% and 2 times as great as those in the natural plot. Within the 
sixth foot, where evaporation would be little affected by the litter 
covel', there was no significant difference in loss rates between 
the plots. 

Rainfall disposition followl:.(' in general the pattern set by the 
burned plot at North Fork. Such differences as occurred were due 
to differences in burning method and in soil characteristics at the 
two locations. 

Evapo-transpiration on the burned plot in ponderosa pine 
ranged from 17.6 inches to 23.9 inches per year. The average 
yearly loss was 3.3 inches more than that of the ponderosa pine 
natural plot, but the difference in available water storage could 
account for this. 

Because only very small trees and material on the ground' were 
consumed in the fires, interception was considered not to have been 
changed by burning. Surface runoff, however, was increased by 
burning. Thus, for years during which runoff on the natural plot 
did not exceed 0.4 inch, runoff on the burned plot ranged between 
5.3 and 15.5 inches. Surface runoff on the natural plot caused no 
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measurable amounts'of soil erosion, but that on the burned plot 
washed away the topsoil at an average rate of more than 4 tons 
per acre per year. Water entry into the soil was reduced by the 
amount of runoff and so, correspondingly, was percolation through • 
the soil. Annual percolation ranged from 14.0 to 35.9 inches on the 
natural plot, and from 4.0 to 27.9 inches on the burned plot. 

Part of the difference in percolation between plots can be at­
tributed to the greater field-capacity deficit which must be satis­
fied each year on the burned plot before percolation can take place. 
But the difference is greater than can be accounted for in this way. 
Percolation is, without question, more strongly influenced by in­
creased surface runoff than by any other hydrologic change re­
sulting from annual burnings of the litter cover. 

Effect of Denudation 
The soil-water-storage characteristics of the bare plot at Bass 

Lake are midway between those of the burned and natural plots. 
Field-capacity storage is close to that of the burned plot, while 
wilting-point storage is greater than in either of the other two 
(table 9). As a result the available water storage of this plot 
(field capacity less wilting point) lies between that of the other 
two. Although this plot was kept completely free of surface vege-

TABLE 9.-Soil-wate1· characte?'istics and rainfall disposition for 

the Bass Lake bare plot,' 1940-45 


SOIL-WATER CHARACTEIU::;TlCS' 

Item 104()"'H 1041-42 lU42-43 1943-44' 1944-45' Average • 
-------------1-------------
Minimum storage (stnrt of year) ~ .••• inrhes_______ 13.2 18.4 18.4 17.0 15.0 • 17.g
Wilting point Ic:;s minimum storage '._ •••do...______ .8 -4.4 - 4.4 - 3.0 - 1.0 • -3.9
Field·capacity storage_ ••••••• " ........do..... ____ 27.0 20.6 26.5 26.3 24.6 
 • 26.5Field capacity les.'! minimum storage .....do.._______ 13.8 8.2 8.1 9.3 9.0 • 8.5IUlin to start percolation __.... _._ ......_do.._______ '18.0 ','14.7 123.7 '16.3 • 28.3 • 18.2 
Mean evapa-transpiration rate: 

Wettiug pcriod ...._._ •••••• _.inrhes per day __ • .044 (') .013 .022 .026 .019" 
Percolation period __ •••••• _......._.do....._•• (') .022 (') (0) (0) I•.007 


RAINFALL DISPOSITION (l:-lCIlES) 

RainfalL_____._._.__._•• __..____•• _____• __ • ____ • 58.6 50.0 50.9 38.5 49.6 1153.4 
Interception loss ____...______••••• __.........__ •• 0 0 0 0 0 0

Surface rllnofT_____ •_____..______...__ •.•• ____•••• (1) (1) (1) 13.2 24.9 

1l:iinfalJ entering soiL..........................__ .......................... "" 25.3 24. i 

EVllporntion 11.............. ___ •• __ •••••••••••••• 12.0 11.2 11.0 10.3 17.0 '--iiii:i 

Percolation + runofT ............................. 41..1 39.4 41.3 24.2 34.7 "40.7 

Percolation••__ •••••• _............ ............... ......... • .... _.. • .••.•.• 11.0 9.S 


I Calculations based on 6·fool soil depth. 
, In 194a-l4 the first fOOL, and ill IOH-4ii the first 5 fcet of soil dropped below wilting point. 
S Roots active. 
• ~linillluni stordge for 1940-41 measure..! nt lime or trollchillg. Millillllllll stor:lge ntstart of year 1945-46 ,,&I 

12.9 inches. 
• Average based only on those seasons 1041-42, 1U42-13, and 1043-14, in which water relations were unafTecled 

by "egelation nctivity WIthin the plot. 
'Wiltillg-pOlllt storage = 14.0 illehes. 
1 RUllofT lIOt measured. 
'l'rccipitatioll required to s~"t percolation in 1941-12 included about 0.7 ineh unmclted sno"l io 1943-44 about 

0.2 inch, and in 1944-15 nbout 0.1 inch. 
, Losses may have occurred but were too slllall to bc dutcctt..! by .,,,npling method IIsed. 


II Average based only on ScaSOIlS 1940-11, 1941-12,lInd 1942-13. 

II The 1043-14 alld 1944-15 seasons include trll',"plruti<)n Use by invading roots. 
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tation, its soil-water relations, and more particularly its evapo­
ration rates, are probably affected by the shading of trees which 

• surround the plot area. 
The plot was trenched and 'walled up in the fall of 1940, at 

which time its minimum water storage was 18.2 inches, O.S inch 
less than wilting-point storage (table 9). The soil mass hacl sup­
ported plant gowth until the date of trenching. Because of this 
the minimum storage in the fall of 1940 was in close agreement 
with that of the other plots, when wilting-point differences are 
considered. For the next 3 years minimum storage remained rea­
sonably constant at values between 3.0 and 4.4 inches in excess of 
the wilting point. The trend of the summer drying curves for 
these years (fig. 17) shows that evaporation rates were much 
lower on this 1)10t than were the combined evapo-transpiratio7: 
rates on the others. Study of water storage in individual soil 
layers showed that during the summer the upper :3 feet of the soil 
dried more rapidly and more completely than did the soil beneath. 

During the last 2 years of the study there 'were significant drops 
in minimum storage, increases in rates of summer water loss, and 
accompanying increases in annual evaporative water losses. In 

• 


• 
12 

FlGrRI~ 17.-Walel' storage in the soil of the J3ass Lake bare plot 
during the (h'ying periods of 1!J41 through 1945. 
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1945 the soil dried to a minimum storage of 12.9 inches, about the 
same as in 19l1O before trenching. This was 5.5 inches lower than 
the minimum reached in 1941 al1d 1942. 

The decrease in minimum storage suggested that sometime after • 
the fall of 1943 plant roots had invaded the bare plot. Before then 
aUl'oots entering the !)lot had been cut back frequently. An exam­
ination in 19L18 proved that roots had entered the plot; a trench 
dug to the top of the sheet-metal \valJ around half the plot un­
earthed 16 1,'00ts, which Yal'ied in diameter from %. inch to 11/2 
inches at the point where they crossed the ,vall (fig. 18). Some oE 
these roots c,lme from trees 10 01' more feet away. All of them 
grew upward along the wall and then over its top to invade the 
soil inside. 

• 


F~AS66Q5 

FIGt!RE 18.-Some of the roots entering the bare plot at Bass Lake. The 
sheet-metal wall bounding the })Iot Tuns diag'onully across the photograph. 
The large invading root grew dirpctly to the l'ide of tl1(' wall, turned up, 
grew along the top of the wa1l fot' a short distance, and then entered the 
Dlot. (Photogmphed in April 1 D.18.) 

Because of the root innlsion, the bare plot could not be con­
sidered vegetation-free dm'ing the last 2 years of the study. For 
this reason average values of water storage and quantities of 
evaporation can only be calculated for the first 3 years (table 9). 
Minimum storage has already been discussed from this point of 
view. Field-capacity storage cannot be considered to have been in- • 
fluenced by root invasion. Annual evaporation averaged 11.1 
inches on the bm'c plot, which is 6.9 inches less than the 3-year 
mean evapo-transpiration of the burned plot and L1A inches less 
than that of the natural plot. 
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Rainfall disposition was rather strikingly affected by denuda­


• 


• 


• 


tion. If all rainfall reaching the soil were to enter the' bare plot 
each year, then the lower field-capacity deficit of this plot (due to 
lesser evaporation loss) would result in earlier percolation, and 
more percolation, than would be found on either the burned 01' 
natural plot. Furthermore, because interception loss was elimin­
ated, some 12 percent more rain would be delivered to this soil 
each year. Actually when tables 7, 8, and 9 are studied for 1943-44 
and 1944--45, during which time runoff was measured on the bare 
plot, it is found that the plot yielded more percolation than the 
burned plot, but much less than the natural plot. During these 
years surface runoff accounted for 13.2 and 2L1.9 inches of the an­
nual rainfall on the bare plot, 6.1 and 15.5 inches on the burned 
plot, and 0.'1 and 0.3 inch on the natural plot. Measurements of 
soil erosion made 011 a small segment of the bare plot clUl'ing these 
2 years indicated that erosion rates were also much greater than 
on the burned plot. If the stol'm-by-storl11 runoff relations between 
the bare plot and the other t\\'O were the same during the first 3 
years as during the last two, then the quantity of percolation 
would still fall between the quantities shown by the other plots. 

SAN DIMAS CHAPARRAL 

The soil of the San Dimas plots is 5 feet deep, thus placing it 
between the soils at XOl'th Fork anel Bass Lake. In field-capacity 
and Wilting-point storage it likewise fell between the other two, 
'when consic1el'Pc1 either foot-hy-foot or by total soil depth (table 
2). Some c1ifl'el'enees in rainfall disposition would be anticipated 
bebn'en the San Dimas plots and thc others b('cause of differences 
in soil, \'egetation, and location. 

'fhe foul' San Dimas plots elifl'er among: themselves primarily in 
the available \\'att'l' storage of their sons. 'fhe mixed chaparral 
and ceanothus plots haye afic>ld-capacit~y storage about 2 inches less 
than thc chamise and bare plots, while tll(' wilting-point storage of 
all foUl' shows\'cry littlc> YClriation. It is thereforc possible to dis­
cuss in sonw detail thp soil-water cycle anel rainfall disposition of 
but onc of thcs(' plots in ol'clc>r that comparisons call be made 
between the natural plots hert', at Bass Lakc>, and at North Fork. 
Likewise, discllssion of one plot can sen'(' as a basis of comparison 
for the other San Dimas Dlots. The mixed chaparral plot has been 
selech'cl for this purpose. 

~Iixec1 Chaparral 

Thc soil-water cyclp of this plot (figs. 19 and 20) followcd, with 
minor variations, the trends shown by the natural plots elscwherc. 
l\finimum storage ranp;ec1 from :3.(; inches to .1.7 inches, Hveraging 
1.3 inches below wilting-point storage (tahle 10). The rain re­
quired to wet the soil to field-capacity storage was considerably 
greater than the difference between minimum anel ficld-capacity 
storage and varied 1'1'0111 year to ,Ypal'. This variation was due to 
differences in frequency and siz(\ of storms. Evapo-transpiration 
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FIGURE 20.-Seasonal variations in the storage of water in foot-by-foot 
soil depths of the San Dimas mixed chaparral plot, 1942-48. 

• 
rates averaged close to 0.06 inch per day during the wetting per­
iod and nearly 0.03 inch per day through the percolation period, 
indicating fair agreement with rat~s found at Bass Lake and 
North Fork. Summer drying (fig. 21) followed the same trend as 
it did on the North Fork and Bass Lake natural plots, i.e., a grad­
ual decrease in rate until wilting-point storage was reached (in 
about 4 months), and a much smaller and slower loss thereafter. 
Here, as at North Fork, the soil may be below wilting~point stor­
age at all depths for long periods during the summer and fall. 
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TABLE lO.-Soil,wate1· characteristics and rainfall disposition for 
the Scm Dimas ?nixed Chapa1'1'ul l>Zot/ 1940-43 

SOIL-WATER CIIARACTI>RISTICS 

Item 1940-41 1941-42 1942-43 Averago • 
Minimum sto ....ge (slat! of ye.r}...........inchos•••••••••• 3.6 L7 3.9 '4.2 
Wilting point loss minimum stornge ' •••••••••do............ 1.0 .8 1.6 , 1.3 
Fiold-cnpn.ity storage .......................do•••••••• " .,. 14.5 14.5 • 14.5 
Field c::Ipncily loss minimum .tornge ••••••••••do•••••• " •••• 10.0 10.6 • 10.8
Rain to slart percolation ....................do••••••.•.••• 22.0 14.7 • 18.8 
Mean evnpo-lranspirntion rate: 

Wetting period••••••••••••••••.••••••inche5 per day••• .081 .012 .059.019lPcteolation period ••••••. , •.• ,.........do••••••••••.. (') CI) .05B • .029 

Entire soil below wilting'point stor.ge .......days......... . 10 liS 47 58 


RAI~FALL DISI'OSlTIO~ (I~CH£Sl 

Rainfall._._ ••••"""" _............................... 47.S 16.8 45.1 • 46.4 
Interception loss......_•.••••••••••••••••••••.••• ' ••••••• 3.9 2.4 3.3 • 3.6 
Surfaco runoff..............._.............._.' .••••••• o o o o 
RainCall entering sOIL •••••• "" __ .. "..•.• _h_ ••• ", _ •• _ ••• 43.9 14.4 41.8 042,8 

111.0 15.2 17.\ 418.0~~::rala~~~~~~:i~~::::::::~:::: :::::::::::.::::::::::::: 23.8 o 24.0 • 23.9 

I Calculations bn:;ed On 5·(00\ soil dop!h. 
• Average includes minimum sloruge lIleasurement of 4,6 inches at start of 1043-44 hydrologic year.
, Wilting.point storage = 5.5 inches, 
• Insufficient rain \0 rai,. soil 10 field capacity.
• Losses may have occurred but were 100 sUlall 10 be detectod by sampling melhod u,ed. 
• Two-year ..'emge; 1941-42 not included because nlin was not sufficient 10 wet through soil. 

The disposition of rainfall is particularly interesting in the 
years during which this plot was studied. In the first and third 
year, precipitation 'was very nearly the same: 47.8 inches and 45.1 
inches, respectively (table 10). In 19'10-41, the first year, rains of • 
the wetting period occurred in such a way that the soil was alter­
nately wetted and dried several times before percolation was pro­
duced. In 1942-43 the few small storms at the start of the rainy 
season caused little net increase ill soil-water storage, but on Jan­
uary 21-23, 1943, a single storm brought more than 20 inches of 
rain, wet the entire soil, and produced percolation. Because of this 
quick recharge of field-capacity storage, a smaller amount of rain 
was required to start percolation in the third year. In the second 
year, 19L11-42, rain was not sufficient at any time to produce perco­
lation or to increase water storage appreciably below the 2-foot 
soil depth. As would be expected, .all rain falling on the plot that 
year was lost to the atmosphere as interception and eva po-trans· 
piration. 

Interception averaged about 9 percent of the annual precipi­
tation. Interception losses thus faU between those at North Fork 
and Bass Lake. Runoff was negligible, a finding in agreement with 
results of both the other natural plots. Annual evapo-transpira­
tion averaged 18 inches in the years dUl'ing which rainfall was 
sufficient to wet the entire soil mantle. This loss is somewhat 
greater than that shown generally by the North Fork and Bass • 
Lake natural plots. The difference can probably be attributed to 
the shallower soil at North Fork (that is, there was less stored 
water to be lost), and to the generally lower eva po-transpiration 
rates at Bass Lake. 
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FIGURE 21.-Watel' storage in the soil of the San Dimas mixed 
chaparral plot during the drying l)eriods of 1941 and 1943. 

Percolation, being a function primarily of the amount of an­
nual rainfall, and secondarily of the spacing of storms and quan­
tity of rainfall pel' storm, was about the same in 1940-41 and 
1942-43. For similar amounts of precipitation, however, percola­
tion was less in the mixed chaparral than in either the North Fork 
or Bass Lake natural plots. 

Pure Stands of Chaparral 

• 

The ceanothus and chamise plots, situated near Tanbark Flat in 
nearly pure stands of 2 of the species found on the mixed chapar­
ral plot, exhibit closely similar characteristics of soil-water stor­
age (tables 11 and 12). Furthermore, these characteristics are 
virtually identical to those of the mixed chaparral plot. Thus in 
the ceanothus plot minimum storage averaged 1.'1 inches less than 
wilting-point storage (table 11), in the chamise. plot 1.3 inches 
less (table 12), and in the mixed chaparral plot 1.3 inches less . 
Evapo-transpiration rates are virtually the same in the ceanothus 
and chamise plots; these rates are not significantly dIfferent from 
those of the mixed chaparral. Some minor differences between 
plots are found in the amount of rain required to start percolation, 
and the time during which storage was below the wilting point. 
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TABLE 11.-Soil-wate?· cha?'acte?-istics and 'fainfall disposition for 
the San Dimas ceanothus plot/ 1940-49 

SOIL-WATER QHARACTERISTICS 

Hom 1940-41 1941-42 1942-43 Averago • 
• 

Minimum .torage (stnrl ot yenr) ...........inohes.......... 3.9 4.0 3.7 ' 3.0 

Wilting point less minimum storago·.........do•••••••••••• 1.4 1.3 1.0 ' 1.4 

Fiold.capaeity storago.......................do............ 15.5 15.0 515.2 

Ficld capacity less minimum .torugc..........do............ 11.0 i:l 11.3 511.4 

Rain to start percolalion....................do............ 20.1 (I 15.0 '17.8 

Mcan evapo.lnmspiration rale: 

Wetting period.......................inchcs pcr day... .077 .000 034 .059 

Percolation period......................do............ (I) .079 5.040
<I) 144 • 1Entire soil below v,Uting·point storage......dl'ys........... 52 64 87 


RAINFALL DISPOSITION (INCHES) 

Rainfall................................................ 47.8 10.8 45.1 , 46.4 

Interception loss I....................................... 3.0 2.4 3.3 53.0 

Surface runorf T.......................................... 0 0 0 0 

lWinfall entering soiL.................................... 43.0 14.4 41.8 ' 42.8 

Bvapo-Iranspiration............................"" ...... 17. (I 14.7 10.3 518.4 

Percolation............... .............................. 20.2 0 22.3 524.2 


1 Calculations based on 5·Coot soil depth. 
, Avcrage includes minimum storage mcasurement of 3.0 inchcs at start oC 1043..44 hydrologic year. 
! Wilting·point Btorage = 5.3 inches. 
I Insufficient rain to raiso soil to field capacity.
• Losses may have occurred but were too small to be delected by s~mpling method used. 
5 Two-year average; 1041..42 not, included liecallso rain waS not sufficient to wet Ihrough soil. 
T Not measured. Assumed equal to that aI' the mixed ehaparml plot. 

TABLE 12.-Soil·wate?· chamcte?-istics and minfall disposition fo?' 

the S(m Dimas chmnise l>Zot,' 1940·49 


SOIL-WATER OHARAOTERISTICS •
Item 1940-11 1941-12 1942-43 Averago' 

Minimum storage (start of year) ••• " ......inches......... . 4,n 5,3 4.8 0.0 

Wilting point less minimum stornge ..........do........... . 1.4 1.0 1.5 1.3 

Fjeld·capucity storage .......................do.......... .. 17.5 17.3 17.4 

Field capacity less minimum storage ..........00........... . 12.6 12.5 12.6 

Rain to start percolation....................do............ ~2.0 10.0 10.0 

Mcan evapo·lranspiratiol' rnle: 

Wetting Ileriod.....................1neh<!S Iler day.__ .087 .035 .061 

Percolation period. .............. .... do............ (e) .060 .030 


Entire soil below wilting·poin\storage.......days......... . 70 17 44 


ItAIN}'Al~r, DfSPOSITION (J NCIlES) 

RainfaIl................................................ 4;.8 I 45.1 46.4
............

Interception loss , ..................................... .. 3,0 ........... . 3.3 3.6 

Surface rnnoff ........................................... o o
43.9,.......... ........... . .. o 

U:linfaIl entering soiL................................. .. 41.8 42.S 

Bvnpo-trnuspirutir.m_......... ~ .. _".... ~ .. ~ ..... ~~ ... _.......... ~ .. _.. ~ "....... _.. .. 10.7 ............ 18.3 19.0 

Percolation........................................... 23.8 ............ 23.3 23.6 


1 Calculations ba~<1 on a·fool soil depth.
• 'I'wo-ycar average except for first two itelIls which include a minimum storage measurement of 5.0 inches nlstart 

oC 1943-14 hydrologic yeur. 
• Wilting·point slorug~ = 0.:1 inches, • 
• I,osses may h",'c occurred ~ut were too smun 10 be delected h1' smnpling Incthod used. 
• Not measured. As:;umed equlli to lhllt of the mileu chalmrra plot. 

They can be ascribed to small differences in soil characteristics be­
tween the plots. Summer drying in both pure stands (figs. 22 and 
23) is like the drying trend of the mixed chaparral plot. 



18 

55 DISPOSITION OF RAINFALL 

\ 
\ 
\ 
\ 
\ ....-... - '\; 

\ 
\ 
\ 

APR. 9- OOT. 6, 1943" '. 
1-----w�LT�NG POINT·-----=~.....:::.t~-----------___1 

--. 

• °O~~~-L~~~60~~e~O~~IO~O-L.lb20~~14~O-L~1~60~~le~o-L~2~OO~~22~O~ 
TIME AFTER START OF DRYING PERIOD (DAYS) 

FIGURE 22.-Watel' storage in the soil of the San Dimas ceanothus 
plot during the summer drying periods of 1941 and 1943. 

Because the water storage characteristics of these plots were so 
much the same, and because interception losses and runoff are 
considered to be identical, the characteristics of rainfall disposi­
tion (tables 11 and 12) were very similar in the ceanothus and 
chaniise plots, and closely resembled those of the mixed chaparral 
plot. The only point which requires mention in this connection is 
the eva po-transpiration loss in the 2 years when sufficient rain fell 
to raise all the plots to field capacity: The mixed chaparral plot 
lost an average of 18.0 inches of water, the ceanothus plot 18.4 
inches, and the chamise plot, holding somewhat more water avail­
able to evapo-transpiration than either of the other two, lost 19.0 
inches. Thus all these plots are found to be very similar hydro­
logically, despite their differences in plant cover. 

Effect of Denudation 
• 	 No record of surface runoff is available for the San Dimas bare 

plot. Hence runoff and percolation are combined in the present. 
analysis. In terms of soil characteristics, this plot closely resem­
bles the adjacent chamise plot, and it can best be considel'ed in re­
lation to that plot. 
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FIGURE 23.-Water storage in the soil of the San Dimas chamise •plot during tl1e summer drying periods of 1941 and 1943. 

In the fall of 1940 when the bare plot was first trenched, soil­
water storage had been depleted 1.9 inches below the wilting point 
(table 13). This agrees well with the l.4-inch wilting-point deficit 
of the chamise plot, as well as the others of the San Dimas group. 
The bare plot also dropped below wilting-point storage in the low 
rainfall year 1941-42. But in the other years (1940-41 and 1942­
43) its minimum storage was higher than the wilting point by 
from 0.3 inch to 1.2 inches. Summer evaporation losses (fig. 24) 
occurred at a relatively uniform rate until near the end of the dry­
ing period when soil-water storage approached the wilting point. 
The soil dried slightly more rapidly and more completely in the 
upper than in the lower layers. During the wetting period rates of 
soil-water loss were somewhat lower on the bare plot than on the 
chamise plot, bu~ during the percolation period, there was no sig­
nificant difference. 

Rainfall disposition (table 13) was definitely affected by denud­
ation. Interception loss disappeared and the combined runoff and • 
percolation exceeded percolation from the adjacent chamise plot 
by 5.6 inches in 1940-41 and 3.0 inches in 1942-43. Although ob­
servations of surface washing and soil erosion on the bare plot 
showed that some water left it as surface runoff, no estimate of 
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TABLE 13.-Soil-water characte1"istics and rainfall disposition for 
the San Dimas bare plot,' 1940-43 

SOIL-WATER CHARACTERISTICS 

Item 1940-41 1941-42 1942-43 Averag~ 

Minimum storage (stnrt of year) __________Jnches_________ _ '4.0 0.2 5.0 • 0.1Wilting point less minimum storage , _________do.__________ _ 1.9 - .3 .9 .- .2Field·capacity storage_______ •___ • ___ •_._____do.__________ _ 17.0 (') 17.0 817.0 
Field capacity less minimum storagu___ •_____do.... _______ _ 13.0 (') 12.0Rain to start percolation ___________________ .do.__________ • -'---;2ii:825.8 (.) 15.9 
Mean evaporation rate: Wettmg period______ •_______________ Jnches per day ___ .025 .037 .019 .027

Percolation period __.._•• ____ •________ ••do.__•• ___ •__ _ (0) (5) .000 8 .030 
Entire soil below wilting·point storage ..___ .dnys _____•____ _ (') 88 (') (') 

RAINFALL DISPOSITION (INCHES) 

RainfaIL _______ •• ______ •_______ •. ____ .. __ .._____ ....... 47.81 16.S 45.1 '40.4 

Intcrception loss..... __......._......._.............._... 0 0 0 0 

Surfaco runoff ' ....- ..--..-.....--- ..----- ­.....-.--- ..--......-- ----J----------.- ------------ ------------Rainfall reaching soiL______ ..___ ._.__ ._..____ •__ .. __ .___ 47.8 16.8 45.1 846.4 
Evaporation _______ ..____ .._...____ ......________..__.._ 10.2 8.7 16.7 • 10.4 
Percolation and runoff....._._______ .......__......_...... 29.4 10 9.3 20.3 • 27.8 

1 Calculations ba,ed on 5·foot soil depth. 
• Measured at time of trenching.
• Excluding 1940-41; includes minimnm storage measurement of 7.1 inches at start of 1943-44 hydrologic ycar.
• Wilting·pointstoruge = 5.9 inches. 
• Insufficient ruin to raise soil to field capacity. 
, Losses may huvc occurred but were too smull to be detected by sampling method used. 

'In 1940-41 first foot reached wilting point; in 1942-43 sccond foot rcachcd wilting point. Mean not significan t. 

8 Two·year average; 1941-42 not included because rain was not sufficient to wet through soil. 

, Not measured. 

I' Soil not wet through; hence this is runoff only. 


• the amounts of erosion or runoff can be made for these.2 years. 
In 1941-42, however, the residuum of 9.3 inches represents sur~ 
face runoff because at no time during that year was the soil wet 
deep enough to start percolation. It can be concluded, therefore, 
that runoff represents a relatively large part of the percolation­
plus-runoff quantity in the other 2 years as well. Evaporation from 
the bare plot was 16.2 inches in 1940-41 and 16.7 inches in 1942­
43, 3.5 inches and 1.6 inches less than evapo-transpiration from 
the chamise plot in these 2 years. When the saving in interception 
loss is included the total reduction in evaporative losses caused by 
denudation in these years stands at 7.4 inches and 4.9 inches re~ 
spectively. This suggests, as did the Bass Lake results, that for 
deep soils substantial jncreases in total water yeld can be obtained 
by complete denudation, but that a considerable part of the yield 
under these conditions comes in the form of flash storm flows of 
surface runoff, which may be heavily laden with sediment. 

• 
RAINFALL DISPOSITION ON THE MONROE CHAPARRAL WATERSHED 

The foregoing plot studies. have shown the disposition of preci­
pitation that falls upon land surfaces in several parts of Califor­
nia. They have shown that differences in climate, environment, 
soil, and vegetation are reflected in differences in interception loss, 
surface runoff, eva po-transpiration, and percolation. Also they 
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FIGURE 24.-Water storage in the soil of the San Dimas bare plot 
~ during the summer drying l)el'iods of 1941 and 1943. 

have indicated that changes can be excepted in the course of water 
disposition as the result of partial or complete removal of the 
vegetation covel'. 

There is a further opportunity in studies of this kind: that of in­
terpreting plot results in terms of 'water yield from entire water­
sheds. The North Fork, Bass Lake, and San Dimas plots have not 
provided the information needed to do this because they sampled 
only single spots on hillside slopes of the watersheds in which they 
were located. From their records could be obtained neither the as­
surance that they represented average watershed conditions, nor 
any certainty that they sampled the range in conditions found on 
the watershed. 

The Monroe Canyon study ,vas planned specifically to deter­
mine the water yield of a watershed. Analysis of the soil-moisture 
data and their interpretation in terms of the disposition of precipi­
tation upon this watershed fall into three stages: 

1. Determination of characteristics of the soil-water cycle and 
the disposition of rainfall which are representative of all 14 mois­
ture-sampling plots, supplemented by study of how the cydes and 
dispositions vary in relation to the soil and environmental condi­
tions of the individual plots. 

• 


• 


• 



• 


• 


• 


DISPOSITION OF RAINFALL 59 

2. Conversion from plot-determined values of rainfa11 dispo­
sition to values applicable to the watershed as a whole. 

3. Interpretation of watershed-wide rainfall disposition in 
terms of losses and yield of water from the watershed. 

RESULTS FROM PLOTS ON THE WATERSHED 

There was little difference in total annual rainfall between the 
2 years of study ; 31.4 inches feU in 1943-44 and 30.7 inches ill 
1944-45, both close to the 10-year watershed average of 32.0 
inches. However, there were differences in storm size and occur­
rence. Also, each of the 14 plots differed somewhat in soil and 
environmental characteristics (table 3). As a result soil-water 
storage at any particular time varied from plot to plot (table 14). 
It was apparent, though, that seasonal variations in soil water 
were closely similar for all plots. Therefore it was possible to de­
fine for each year an annual cycle { £ soil water that applied quali­
tatively to all the plots (fig. 25). 

In terms of ndnfall disposition, the plots showed differences 
that could be attributed principally to differences in soil charac­
teristics. Between October 18 and December 5, 19~13, the 1.6 inches 
of rain received by all plots was lost by interception (table 15) and 
eva po-transpiration (table 1.1). The next two storms (that of De­
cember 5 and that of December 9 to 12) brought a total of <1.1 
inches of rain, of which !l.B inch \yas estimated to ha\'e been lost 
by interception. The remaining ;3.8 inches, which entered the soil, 
was sufficient to bring 7 of the 1,1 plots to field-capacity storage 
and to start percolation fr0111 two of them (plots 7 and 17). Tht! 
plots wet through in these storms were those with available water 
storage less thanlA inches and included most plots with soils 3 
and LJ feet deep. Five of the remaining- plots reached field-capacity 
storage during' the 3.G-inch storm of December 17 to 22. During 
this storm JO plots yielded percolation. ,Vith 1.:3 inches of rain 
between December 28 to ;31, the remaining two plots (11 and 21) 
reached field capacity. Judging from this wetting sequence, it can 
be said that differences in wetting time were attributable pri­
marily to cliffel'onces in quantities of water requirecl to bring the 
several plots to field-capacity storage. 

In this regard it is important to remember that only a very gen­
eral relation exists between the quantity of available water rtol'age 
and soil depth. This is so because the proportion of solid rock con­
tained in this soj] is unrelated to soil depth (see page 19). The vol­
ume occupied by this rock was deducted from the volume of soil 
in each plot in order to arrive at the yo1ume of soil material that 
could hold appreciable quantities of water. It is this volume of soil 
material rather than gross soil volume that determines available 
water storage. 

The quantities of water lost by evapo-transpiration c1~lril1g the 
percolation period of HM:3-44 (table 14) were measured during 
the three major interstorm intel'\'a1s: January 6 to 23, January 
27 to February 3, ~llld February 8 to 19. As Was mentioned earlier, 
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TABLE l4.-Soil-water stomge and rainfall disposition in the Monroe Canyon soil-moisture 0) 

plots, 1948-44 and 1944-45 Q 
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Plots on northerly hillsides: ~ 9 _______________________________________ _ 
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A"crage____________________________ .. ------------------------------ ------------ S 
5.0 2.8 1.4 7.4 " .. - ... - .. 3.0 .050 16.2 -- ... --~- .. - 8.2 --------- 2.7 .4 12.6~ ~ 

= ---------------= ---------------------=- rn 
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TABLE 14.-Soil-water storage and rain/all disposition in the Monroe Canyon 

soil-moisture 1Jiots, 1948-44 and 1944-45-Continued 
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10................................_••••.• 4 9.7 4.4 o 10.1 ...do.••• 5,4 .050 11.9 ...do.••• 11.9 Sept. 4 3.7 .2 17.3 o 

11....................................... 5 9.3 3.'0 o 9.11 ...do•••• 5.7 .052 to.8 ..•do.... 1l.2 Sept. 20 3.S o 16.9 
 Z
15...................................... . 5 4.8 2.3 o 6.2 .•do•••. 4.1 .038 Ii .2 • ••do.••• 6.4 Sept. 10 3.1 .5 10.5 


o 
A,·eruge.". ........ _,.. _• .,_ .... ~ __ .. .,_ ................. ~ 6.2 2.i o 6.9 5.0 •046 14.4 • _ •. _•. " 8.1 I ........ . 3.0 .3 13.8 ~ 


---·-·-·-I~I=I=I=I=I=I=I=I=I=I=I=I=I-

Plots on southerly hillsides: ~ 
2••••••••••_............................ . 3 2.1 1.3 o 4.6 No\'. 14 3.S .035 19.1 ~Iar. 26 4.7 June 13 2.2 1.5 8.5 
7....................................... . 3 2.9 1.3 o 6.0 •••do.... 5.3 .049 18.2 •••do_•• 4.9 June 22 1.4 .5 10.2 ~ 
20.........._••••••••• _••••••••••••••••_. 3 4,3 2.0 o 4.6 •••do... . 3.3 .030 18.2 .••do•••• i.1 July 7 1.9 .7 10.4 Z 

16. _••••••_•••••••_••__ ._••••••• ___""" 4 3.8 1.7 o 4.7 ".do.••• 4.6 .042 17.4 •••do.••• 6.5 June 6 I.i .5 11.1 
22..............._._._ •••••••• __ .._....._ 4 5.0 1.7 o 6.3 ~ ••do.••• 3.8 .035 17.9 •••do.... 6.9 July 7 1.6 .3 10.7 ~ 
4__._._. ___ ••__••••• _._ •• "_'" ••_••••••• 5 6.9 3.4 o 7.4 .••do... . 3.3 .030 14.5 •••do.••• 10.7 Aug. 20 3.4 .2 14.0 t"' 
8__........_••••••••••, ••••••••••"""_' 5 5.0 4.6 o 5.9 .••do.... 3.0 .028 18.1 •••do.•• _ 8.2 July 1l 3.S 1.0 11.2 t"' 

21 ..........................._........... 5 4,6 4.0 o 6.6 ..•do•••• 5.5 .050 15.5 •••do._._ 7.3 June 22 4.2 1.3 12.8 


Averaie............................._. 4.3 2.5 o 5.. 8 19"' __ < ___ _ 4.1 .037 li.4 •.•.•••••• 7.0 •••_•••••• 2.5 .8 11.1 

___·_,_~__,_-····_·__·_,_··_·_·___, ___' ___I=I=I=I=-==I=I=1=1=1= 

Grand 8nrait............._••••. """'" •••• 5.1 2.6 o 6.3 ,....... . 4.4 .041 16.2 I ••••••••• 7.5 2.7 .6 12.2 


1 Average preciPitation = 31..4 inches; average interception loss = 2... 7 inches. 

2 Surface runoff not measured, hut considered to be insignificant. 

J A\'cra~e precipitation = 30.7 inches: avcrage interccption loss = 2.2 inches. 

'Sampling errors do not permit calculation. 

0) .... 



62 TECHNICAL BULLETIN 1048, U. S. DEPT. OF AGRICULTURE 

1943-44 
 • 

pc:~n-----":""';::-------l 

TOTAL PRECipiTATION - 31.4 INCHES 

JUNe JULY AUG 5(1)T 

I! i 

I ~ ~ 

r 1 1 

1-"'----,..0----,-----1,:--- FIE~Qc CAPAC:n 
! I 

I I 
 •1 
1 

!
I 

1944-45 

1 I 

I 1 

I I 

I I 

1 I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

t I 

I I 


i l 
1 I f 


I---.Jzd ! wn.Ti~"G POINT---"';".,. 

:1 1 

('''I t 

e~l: ~t"'l I:. I 

ft.,{:.i~i~--PtRr,OLi.t.el'( PUIOD t------CFI1:N3 PUHOO--------I 

...,. 
~.~ 

TOTAL PRECIPITATION - 30.7 INCHES 
....:: 6 

~ 
~ -e 
f.~ 

~4 

•~ 2 


'" ~O~~O-Cl-~--~~-'~-4~4~'J-4-5~~-F~.La~--U.,-LA-'-.~-M-'Y-~'-O"-,-~,-uC-Y-~··-AU-G-~S-EP~·:~-
FIGURE 25.-Seasonal variations in water stored in the soil of the Monroe 

Canyon soil-moisture plots, 1943-44 and 1944-45. (Taken fl'om table 14; 
the slopes in the water-storage graphs have no quantitative significance; 
they serve only to separate each cycle into periods of increasing, decreas­
ing, or constant storage.) 
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TABLE 15.-Inches depth of rainfall, interception loss, and wate1' 
ente1ing soil in Monroe Canyon, by storm<1, 191,9-1,4 and 1944-1,5 

1943-44 
~. 

Storm dale M .. ,n Interception Wa tor enter· 
rainfall' loss' ingsoil 

1943: 
Oct. 18••••••••_••••••••••••••••••••••••••••••••••••••_••• 1.3 0.1 1.2 
Nov. 10................................................... .3 .1 .2 
Dec. 5.................................................. . .3 .1 .2 
Deo. 9-12............................................... . 3.8 .2 3.0 
Dec. 17-22............................................... . 3.0 .2 3.4 
Dec. 28-31............................................... . 1.3 .1 1.2 

1944: 
Jan. 2-0............................................... . .5 . t .4 
Jan. 23-24 ............................................... . .9 .1 .8 
Jan. 26-27............................................... . .1 .1 0 
Jan. 3()..3L............................................... .3 .1 .2 
Feb. 3-1................................................ . 1.1 .1 1.0 

.9 ,I .8~:g: 1bs:::::::::::::::::::":::::::::::::::::::::::::: .4 .1 .3 

Feb. 17.................................................. . .2 .1 .1 

Feb. 19-29 ................................................ 9.9 .5 9.4 

Mar. 2-8....................................... __ ....... . 3.4 .2 3.2 

Mar. 13...__.................., .......................... . 1.0 .1 •. 9 

Apr. S.................................................... . .2 .1 .1 

Apr. 26·28 ............................................... . 1.6 .1 1.5 

May 3 I-June 3........................................... . .3 .1 .2 


Total anbual. ......................................... . 2.7 28.7
31.4 1 

1944-45 

• 
1944: 

No\·. 4-7~ ~_ ... _.. _~ ............ '" .......... ~ ...... ~_ ... ~ ......... _.......... _~_ ......... ~. 1.3 .1 1.2 
No". 9-14 .............................................. . 10.3 .5 9.8 
Dec. 2................................................ .. .4 .1 .3 
Dco. 27-29.............................................. .. 1.3 .1 1.2 

1945: 
Jan. 19.................................................. . .2 .1 .1 

Jan. 31-Feb.a ............................................ 6.2 .3 5.9 

}·eb. 17-20 ............................................... . .8 .1 .7 

Feb. 27-Mar, 5........................................... . 2.8 .2 2.6 

Mar. 12-17 ............................................... . 3.3 .2 3.1 

Mar. 21-24 .............................._................. 1.5 .1 1.4 

lIIar.25·20.............................................. .. .S .1 .7 

Apr. 8.................................................. . .0 .1 .5 

Aug. 1-10............................................... . .8 .1 .7 

Sept. 2...................................................1-----1-----1
.4 .1 .3 

Tofal annuaL......................................... 30.7 2.2 2S.5 


, Mean of 12 ga~C8 which samplo the en tiro watersbed. 
'Intereeption.nllnfan relation assumed to be.thesamo as that found at tho San Dimas miled chaparral plot. 

determinations could not be made during the l'emainder of the per­
colation period because of the very short intervals between storms. 
For this season evapo-transpiration quantities may be slightly 
low. The quantities range from 1.6 inches to 5.1 inches. In their 
range they show no positive relation to aspect, soil depth, or avail­
able water. The mean of 2.8 inches may therefore be taken as 
representative of the 14 plots as a group. 

• 
Mean evapo-transpiration rates (table lt1). calculated for the 

total number of rain-free days during the percolation period, 
ranged from 0.027 inch per day to 0.085 inc1l per day. Like total 
evapo-transpiration during this period, they bear 110 significant 
relation to aspect or soil. The average value for all plots 0.047 inch 
per day, may therefore be taken as the rate best representing the 
plots as a whole. 
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The bulk of the percolation yielded by the plots came from the 
storms of December 17 to 22, December 28 to 31, January 2 to 6, 
and the three which occUl'red between Febl'uat'y 19 and March 13. 
A few plots yielded percolation from the 1.1-inch storm of Febru­
ary 3 to 4, and the O.9-inch one on February 8. But these plots 
yielded little percolation because a considerable part of each 
storm's contribution was utilized in replacing evapo-transpil'ation 
losses suffered previously. Total percolation for this year averaged 
17.0 inches; surface runoff was considered negligible. Percolation 
from individual plots rangeel from 13.7 inches to 19.6 inches. 

Summer evapo-tl'anspiration accounted for the greatest portion 
of the year's evaporative losses of soil water. DUl'ing the drying 
period, from :March 1:1 to Xovember ·1, all available \\'ater in all 
plots was lost to the atmosphcl'e; and in addition the soil dried 0.5 
inch below wilting point to reach minimum storage. Besides these 
losses 2.1 inches of summer rain wcre returned to the atmosphere 
by interception and evapo-tl'anspiration. 

As the summer drying period advanced and wilting-point stor­
age was approached, e\'apo-transpiration rates c1eC'reased: a pro­
gression that \ras also noted in the other plots of the present 
study. There was little evidence, ho\\'e\'er, that summer drying 
rates were closely related to the total quantity of water lost cluring 
this period. All but two plots reached wilting-point storage be­
tween late May and mid-August. These two plots held the largest 
quantities of available water, and they diel not reach wilting-point 
storage until after mid-September. This suggested a relation be­
tween drying time and available water storage, but such a relation 
is by no means clearly defined when the other plots are considered. 

The same interplot relations \\'ere shown in 19·1.1-~15. Although 
total rainfall ,n\s much the same this year as the previous, its dis­
tribution through the miny season was different. All plots \\'ere 
wetted to field capacity and yielded percolation in the second storm 
of the year, which, together with the one shortly before it, brought 
11.6 inches of rain to the watershed. Evapo-transpiration during 
the ensuing interval of ~I :! months ranged from :3.0 to 5.7 inches. 
This dry interval was terminated by a storm (January :31 to Feb­
ruary :3) which brought 6.~ inches of rain, enough to replace all 
previolls evapo-transpiration losses and to yield percolation from 
all plots. From February :1 to March ~G storms \\,el'e so frequent 
that no significant evapo-transpiration losses were detected on any 
of the plots, and all rain reaching the ground was considered to 
contribute to percolation. 

Mean evapo-transpil'ation rates during this year's percolation 
period ranged from ().()~R inch per clay to 0.052 inch pel' clay anel, 
as in the year before, bore no relation to soil or aspect character­
istics. The average rate, O.()·11 inch pel' clay, is only slightly less 
than that calculated for 19,J;3-,I.1. Total percolation, with a mean 
of 16.2 inches, ranged from 10.R to 19.1 inches and again showed 
evidence of being associated with quantity of available water. 

Drying period water losses this year accounted for all avail­
able water in all plots and an additional 0.6 inch, on the average 

• 


• 


• 
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from below the wilting point. Besides this, 1.8 inches of summer 


• 
rain was lost by combined interception and evapo-transpiration. 
This year the drying period was entered 2 weeks later than the 
year before. There was no noticeable change in evapo-transpira­
tion rates as a result of this shift, so that about the same time was 
required this year as the previous to bring the plots to wilting­
point storage. One plot (number 17) reached wilting-point stor­
age in late May, but most plots did not reach this level until some­
time between mid-June and early September. Again there was 
some suggestion that wilting-point storage was reached later by
plots ·with greater available water storage. 

WATER LOSSES AND YIELD C'ALC'ULATED FOR THE WATERSHED 

Determination of rainfall disposition in MOlU'oe Canyon re­
quires the conversion of annual eva po-transpiration and percola­
tion from a plot to a \\'atershed-\\'icle basis. If this conversion can 
be effected with some assurance of reliability, it is possible to cal­
culate rainfall losses and water yield of the watershed. 

• 

Analysis of the 14 moisture-sampling plots showed that evapo­
transpiration is not clearly related to aspect or soil depth, but that 
it does bear some relation to the amount of available water storage 
in the soil. Hence each year's data WCJ'e plottl'd, and a regression 
line was fitted by the method of least squares (fig. 26). These 
relations for the 2 years are presented in the following equations 
and apply to the range of available water storage between 2 and 
10 inches: 


1943-'14 E =7.1 + A 

1944-,15 E = 6.2 + lolA 

In these equations A represents a\'ailable soil-water storage 
(inches depth of water in the soil between wilting-point and field­
capacity storage), and E represents annual evapo-transpil'ation 
loss, also measured in inches depth. From the nature of the pro­
cesses involved, it seems probable that the equations '"ould remain 
lineal' in type year after year, but that the numerical constants 
would vary, depending upon the amount of anllualrainfall and its 
distribution throughout the year. 

• 

The byo equations provide part of the information needed to 
convert plot data so that they apply to the entire watershed. The 
remaining information is provided by data obtained in the soil 
survey of Monroe Canyon (p. 19). As a l)art of this survey 110 
pits were dug throughout the watershed, and the available water 
storage of the soil from each pit was calculated from laboratory 
measurements of wilting-point and field-capacity moisture. Meas­
urements of soil depth, apparent soil density, anel rock content 
provided means for expressing these moisture contents in inches 
depth. One hundred and ten pits. distributed as wWely as these, 
may be considered to represent a fair sampling of this 875-acl'e 
watershed (p. 21). It is possib1e, then to group the pits into avail­
ab1e water classes, assign to the mean of each class the eva po­
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FIGURE 26.-Relation between annual evapo-transpiration and available soil-watel' storage in the Monroe Canyon 
moisture-sampling plots, 1943-44 and 1944-45. (Differences ill available water storage between the 2 years are 
due to shifting of the sampling within each plot.) 
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transpiration quantities calculated fI'om the equations, and calcu­
lar.e mean watershed evapo-transpiration weighted in accordance 
with the number of pits in each class. 

The distribution of pits by available water-storage classes was: 
Mean storage Pits 

(incites) (number) 
Class (inches): 


0-1.9 ................................................."........................... 0.8 50 

2-3.9 ............................................................................. 2.8 1!J 

4-5.9 ............................................................................ 4.9 16 

6-7.9 .........._.......................................... ...................... 6.(j 12 

8-9.9 ...................._..................._................................ 8.8 8 


10-11.9.............................................................................. 10.4 2 

12-13.9.............................................................................. 13.6 2 

14-15.9.........................".. ""........."............. ......." ....: 1'1.1 1 


The 14 moisture-sampling plots do not covel.' the range shown by 
the pits. They covel' only the range of c1asses from 2 to 9.9 inches, 
which include 55 of the 110 pits; and it is within this range that 
the two equations define the relations of evapo-transpiration to 
available water. Extrapolation is therefore required in order to 
determine evapo-transpiration in both lower and higher classes. 

• 

The linear relation shown by the two regression equations is as­
sumed to hold in the extrapolation. Although specific data to sup­
port this assumption are lacking, certain considerations lend jus­
tification to it. In the first place, extrap01ation on the low water­
storage side is small while on the high side only 5 pits go beyond 
the range of the sampled plots. Errors due to extrapolation are 
therefore minimized. 

In the second place, overestimation of evapo-transpil'ation in 
the class of smallest available '\vater storage may not be as great 
as it appears to be at first glance. The equation for 19t13-4'1 shows 
that 8.1 inches of water are lost from soil having an available 
water storage of 1 inch. This simply means that the available 
water in the shallow soils which make up this class is lost and 
replenished a number of times each year. Such intermittent re­
plenishment has been noted within the top foot of all plots in this 
study, and is due to the rapid drying of the surface soil layer be­
tween periods of rain. It is likely that evapo-transpiration losses 
from soils with no available water storage (represented by 9 pit 
locations occupied by rock outcrop) is overestimated. The 1943-44 
equation shows a loss of 7.1 inches of water from these bare rock 
surfaces. But water can be stored in surface depressions and 
cracks in the rock, which means, as explained above, that these lo­
cations, too, can lose considerable water. 

• 
In the third place, the evapo-transpiraLion calculated from the 

equation probably underestimates the losses from some of the 
deeper soils. At 12 locations the soil contained so much rock that 
pits could not be dug deeper than 6 feet, yet it was evident that 
soil and roots were present beyond this depth. At these locations 
available water storage was calculated for 6 feet of soil. Because 
the true water storage was greater than calculated, it is likely 
that evapo-transpiration. losses, too, were greater. 
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There is no assurance that possible underestimations of evapo­
transpiration from the deeper soils counteract possible overesti­
mations from the most shallow ones. But the foregoing considera­
tions suggest that lineal' extrapolation of the evapo-tl'anspiration 
equation offers the best method available in this study for minimiz­
ing bias in the calculation of watershed eva po-transpiration. 

When calculations were made, using the equations and the re­
quired extrapolations, mean evapo-tl'anspiration losses for the 
watershed were found to total 10.6 inches in 1943-,14 and 10.0 
inches in 19t14-L15. The corresponding average quantities deter­
mined for the Itl-moisture-sampling plots were 12.0 and 12.2 
inches. 

Up to this point no separate consideration has been given to 
evapo-tl'anspil'ation losses from the riparian zone which occupies 
7 of the 875 acres of Monroe Canyon. These losses have been as­
sumed tacitly to be thE' same as those elsewhere in the watershed. 
This is quite possibly true during that part of each year when 
water is equally available for evapo-transpil'ation in the upland 
areas and within and adjacent to stream channels. But during the 
late summer and fall the upland soils lose all their available water 
and evapo-transpiratioll rates become extremely small. At this 
same time, however, water may still be flowing in or on the sands 
of the stream channels, and l'iparian losses may be appreciable. 

No measurements of riparian water losses were made in Mon­
roe Canyon, but an estimate can be made from the \rater losses of 
this kind determined in nearby Coldwater Canyon (;2, pp. 88-121). 
Coldwater Canyon is similar to Monroe Canyon in vegetation, top­
ography, and climate, and lies about 30 miles to the east in the 
same mountain range. These similarities suggest the validity of 
transferring data from one watershed to the other. Furthermore, 
preliminary hydrograph analysis in Monroe Canyon indicates that 
the losses from equal areas of riparian vegetation here and in 
Coldwater Canyon are very nearly the same. 

The riparian zone of Coldwater Canyon lost 54 inches of watel' 
in the 6-month period from May 1 to October 31. This quantity 
represents the loss for only part of the summel' drying period, 
and therefore does not account for the entire summer riparian 
loss in Monroe Canyon. In 19~13-4~1 the drying period in Monroe 
Canyon lasted from March 13 to November 4, in 194.;1-.15 from 
March 26 to Novembel' 1. Assuming that the mean rate of 9 
inches a month applies to March as well as later, the total summer 
l'iparian loss in Monroe Canyon becomes 69.6 inches in 1943-44 
and 6L1.5 inches the next year. Part of the riparian loss has al­
ready been accounted for, by considering it equal to losses else­
where in the watershed c1ming the drying period. In 19·13-44 the 
ripal'ianloss accounted for in this way amounted to G.I inches; in 
19,1,1-L15 it amounted to 5.8 inches. The remaining riparian loss 
amounted to 68.5 inches in 19'1:3-,JA and 58.7 inches in 1944-45. 

Tl1(;;se losses correspond to 0.51 inch and 0..17 inch, respectively, 
when calculated in inches depth OVCL' the enth'e watershed, as 

• 


• 


• 


http:194.;1-.15
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shown in the following sample calculation: 

• 
63.5 acre-inches pel' acre = 444 acre-inches over the 7 acrcs of the riparian 

zone; 
444 	 acre-inches = 0.51 inch depth ov~r the 875 acres of the entire 

watershed. 

Hence it can be concluded that 0.5 inch must be added to the 
average evapo-tl'anspiration loss of the watershed each year, as 
representing dry-season riparian losses in excess of those previ­
ously calculated for the watershed as a whole. 

Iu summary, an accounting of rainfall disposition can be pre­
sented which considers the following factors: (1) Rainfall calcu­

.lated as a watershed mean from the records of 12 rain gages; (2) 
interception loss calculated from measurements made in the mixed 
chapal'l'al plot; (3) evapo-transpil'ation calculated from records 
of soil-water storage; «1) adc1itionalriparian evapo-transpil'atioll 
losses, taken as equivalent to those in Coldwater Canyon; and (5) 
percolation through the soil, 'which is the quantity of rainfall not 
accounted for by losses (2), (;3), and (4): The final disposition is 
shown in the following tabulation: 

1943-44 1944-45 
(inches) (inches) 

RainfalL............ 31.'1 30.7 
Interception Joss......... . ... . 2.7 2.2 
Evapo-tl'anspiratiol1 loss ... 11.1 10.5 
Percolation through soil 17.6 18.0 

• The quantities of percolation shown in the tabulation represent 
what may be called the water yield of thE! watershed, that is, per­
colation through the soil plus any surface runoff that may have 
.occurred. The tabulation provides no clue as to how this water Is 
yielded from the watershed. All it slw\\'s is that in these years 
evaporative water lossei' accounted for a good deal less than half 
the rainfall. The remainder, it was concluded, left the watershed 
as stream flow and as underground flow through fractures and 
other water passageways in the underlying rock. 

RELA'l'ION OF S'l'REAM FLO\V TO W A'l'ER YIELD 

• 

Stream-flow rates (figs. 27 and 28), recorded continuously at 
the mouth of Monroe Canyon, provided data with which to com­
pare chanl1elflow with underground flow. This comparison is of 
particular interest because it offers an opportunity to appraise 
sheam flow as a measure of watershed yield. Hydrologists luwe 
frequently suggested that in many watersheds some water each 
year is yielded to downstream ~U'eas as flow which does not ap­
peal' in streams within the watershed. In the 'Monroe Canyon 
study only that portion of the 'water yield appearing as stream 

~ No attcmpt has beell made to C01')'{'ct ovapo-transpiration or percolation 
for thc quantity of rainfall int{'l'ccpted by the stl'cam channel and adjaccnt
impervious al'caJ un<1 divCL·trd dircctly into ClHllll1el flow. This cOlltriblltiOll to 
watc\' yield l'Clll'CScnts 100 pel'ccnt l'llnofl' {1'0111 a varying' area averaging Jess 
than 1 percent of thc total watcrshed arca. Thc quantities involved arc esti­
mated at lcss than 0.25 inch for cuch of the 2 ycars of thc study. • 
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flow at the gaging station could be measured. Estimates of under­
ground flow quantities could be made, however. Calculations made 
in the study provided a measure of all water available for flow 
from the watershed. Hence the difference between stream flow • 
and total water available for flow was considered to have left the " 
watershed as underground flo·w. 
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Flm:JRr~ 27.-Hydrograph of daily stream flow in Monroe Canyon, 1943-44. 

In order to establish the validity of underground-flow estimates 
it is necessary to study briefly some stream-flow characteristics 
and relate them to indications of water yield shown by the sam­
pling plots. Answers to the following questions will reveal the 
stream-flow characteristics of this 'watershed and the nature of its 
water yield: 

1. How is the initial recharge of stream flow related to the first 
occurrence of percolation through the watershed soil? 

2. How are surges in stream flow related to times of percola­
tion? 

3. How much of the precipitation reaching the watershed each 
year does not appeal' as stream flow until the year following? • 

4. If there is no carryover of water from year to year, how 
much of the calculated percolation leaves the watershed as stream 
flow each year? How much percolation is not accounted for and 
what is the fate of this excess water?.. 



71 DISPOSITION OF RAINFALL 

• FIGURE 28.-Hydl'ugl'aph of daily stream flow in Monroe Cany.oll, 1944-45 . 

In answer to question 1, it will be noted that in each year a sig­
nificant increase in stream flow did not take place until the date 
of the storm that was shown in the soil-water storage analysis to 
have produced percolation through the soil (figs. 29 and 30). Thus 
in 1943-44 the first OCCllrrence of percolation in the sampling 
plots as 'well as the initial Tise in stream flow came dUTing the 
storm of December 9 to 12. In this storm a small quantity of per­
colation was yielded by two of the plots. In 1944-45 the corre­
sponding storm was that of November 9 to 14, 'which yielded more 
than 5 inches of percolation from 10.3 inches of rain. Rains pre~ 
vious to these served only to raise the soil water toward field­
capacity storage. In this watershed, therefore, it appears that the 
initial rise in stream flow corresponds closely in time with the gen­
eral replenishment of field-capacity storage in the soil of the sam­
pling plots. 

• 
The answer to question 2 is found in further study of the Mon­

roe Canyon hydrograph. Surges in stream flow occurred on the 
dates of most storms during both years (figs. 27 and 28). How­
ever, these sUl'ges were not all of the same relative magnitude. In 
fact they can be separated into two distinct types. One ~ype, 
which might be called minor surges, raised stream flow above the 
general level of the hydrograph for only a few days. These surges 
always coincided with the occurTence of rains that were insuffi­
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cient to replenish field-capacity storage. Fron1 both hydl'ograph 
and soil-water storage evidence the minor surges appeal' to repre­
sent largely the flow of rain ,,'atel' intercepted by the stream 
channel rather than the flow stimulated by increases in ground- • 
water storage. ' 

The other type, major surges in stream flow, brought about sus­
tained rises in the hydrograph. These surges invariably coinddec1 
with storms that yielded percolation through the soil. They 'were 
therefore associated with significant increases in ground-water 
flow. Although the peak flows of the major surges included rain 
caught as channel interception, the long-sustained increased flow 
which followed must have been made up of water supplied to the 
stream by water percolating through the soil. 

These two types of stream-flo\\' surge can be clearly distin­
guished in figures 29 and 30. The minor smges (primarily channel 
interception) make no perceptible impression upon the cumula­
tive hydrograph. The major surges, occUl'ring during periods of 
percol~tion through the soil, are shown as abrupt increases in the 
slope of the stream-flow curve. 

Question 3 concerns the calTyovel' of stream flow from one year 
to the next. In October 19·18 the stream-flo\\' rate was negligible, 
and it did not increase perceptibly until December 9, when perco­
iation was initiated (figs. 27 anel 28). In 19·1·1 negligible rates 
were reached by the end of A ugust, and again no appreciable rise 
was noted until percolation started during the storm of November 
9 to 1,01. In 19:15 negligible rates were reached once more in early 
August. 

These periods of negligible stream flow are shown better if • 
stream flo\\' is cumulated through each year (figs. 29 and 30). No 
perceptible quantity of water was yielded by the channel between 
October 1 and Decembel'17, 19.1;~, August 1. and November 9,1944, 
and after August 1, 19-15. It appears, therefore, that during these 
2 years substantially all rain water cwailable for stream flo\\' was 
yielded from the watershed eachyeal' as channel Jlow lJefore tho 
advent of the next rainy season. Certainly this would not be the 
case every year; perennial stream fiow has been observed in this 
watershed during several years of high rainfall. But it can be 
assumed that in 19·1;J--J~1 anel 194-1--15 all stream flow each year 
was the result of that year's rainfall. 

Knowing' that each year's stl'eam flow was the result of that 
ye~lr's rain and, further, that there was no appreciable carryover 
of stream flow from one year to the next, it is possible to answer 
question <1 by comparing the percolation calculated each year for 
the soil of the entire watershed with the stream flow resulting 
from it. The "mount of Hnl1uc\1 rainfall accounted for as percola­
tion and stream flow was: 

1943-44 1944-45 • 
(inches) (inches) ; 

Percolation throug:h the soil .................................................. . 
Stream flow....................................... . 

17.6 
4.6 

18.0 
3.3 

Percolation less stream flow...........,......,........... .................................................. 13.0 14.7 
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These percolation quantities are corrected for riparian water 


• 
losses; because they are calculated for the watershed as a whole, 
the quantities vary somewhat from the 14-plot average shown in 
figures 29 and 30. 

lt is immediately apparent that during these 2 years stream 
flow accounts for only about one-quarter of the water which per­
colated through the soil mantl~ into the rock mass beneath. Be­
cause evaporative water losses have been accounted fol', percola­
tion not leaving the watershed as stream flow cannot be considered 
lost as evaporation or transpiration. Instead it must be considered 
to have left the watershed as flow through the underlying rock 
mass. Just where, at what elevations, and when this water left 
the watershed cannot be ascertained at present. All that can be 
established no\y is the time of delivery of this water into the un­
derlying rocks as percolation, a calculation of the amount so de­
livered, and the assurance that this water left the watershed as 
underground flow rather than stream flow. 

In view of the extensively faulted rock underlying the M01l1"Oe 

• 

Canyon watershed, it is not surprising that all percolating water 
does not reappear as stream flow 'within the watershed. Howeyer, 
the magnitude of the underground yield of water becomes appa­
rent only when all other losses-interception, evapo-transpiration, 
and stream flow-have been accounted for, as has been possible 
in this study. When this is done it becomes evident that stream 
flow provides an inadequate measure of water yield under geologic 
conditions such as prevail i11 this watershed. 

DISCUSSION AND CONCLVSIONS 

Quantitative application of research findings such as these must 
be limited to the region 'within ,rhich the study was made. The 
results are so strongly influenced by local conditions of climate, 
soils, and vegetation that they cannot safely be extended very far 
from the study arcas. The processes involved in rainfall disposi­
tion, however, are the same in all semiariclregions, and therefore 
the procedures used in this study have wide usefulness. The fol­
lowing discussion shows ways in which the finclings of the present 
study can aiel in the solution of important watershed problems in 
many places. 

DETERl\UNING QUANTI'l'Y OF WATER YIELDED BY A WfWERSHED 

• 
Total annual rainfall provides an extremely rough index of 

watershed yield of semiarid regions. This is so because no simple 
relation exists between annual l'ainfall and the el'aporative water 
losses which constitute the difFerence beb\·een rainfall and yield. 
There are several kinds of evaporative water losses, and each kind 
is related to rainfall in a different way. When each loss is evalu­
ated separately it is possible to calculate water yield with consid­
erably greater accuracy than is possible when annual rainfall 
alone :3 used as the index. 
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!, The first evaporative loss which must be calculated is that of 
precipitation intercepted by vegetation. It has been shown that in 
forest and brush areas studied' in the mountains of California in­
terception loss is directly related to storm rainfall. It is possible, • 
therefore, to calculate the Hmount of water thus 'withheld from a 
watershed if the relation between interception loss and rainfall is 
known, and if adequate stOl'm-by-storm records of rainfall are 
available. For the larger storms interception loss is a lineal' func­
tion of storm rainfall but not a constant percentage of the quan­
tity of rain. \Vithin relatively narrow limits, however, the annual 
interception loss rloes represent a constant percentage of annual 
precipitation. UncleI' natural vegetation conditions at North Fork, 
Bass Lake, and San Dimas, the annual interception losses were 
about 5 percent, 12 percent, and 8 percent, respectively, of the 
annual rainfall (table 16). It is probable that the nearly constant 
annual percentage loss by interception is due to the occurrence, 
year after year, of much the same pattern of storms. 

TABLE 16.-11:[('((1/ u'atcl' losses of the stuely plots. 

i £\"''1lO' I Evapo·lranspirn· t i 

I tran;.;piraliol1 j tion rate ; rllter" I' 
Location ::oil , t CClltion Years 

and depth ( , i I ! los. in f included 
treatment 	 I 1 Dr.\iug IWelting' l'crcolation rellttioll to in menns 

I Annual j perird 1 period' " period' annual 

-----------,---'-!~-,--, !.~---
Ii! I i II Fert i Inches Inches: III /dau I In {day ,PeTe,nt 

North Fork. woodland chap:trral: !, I' 
Nn(ural. •• _••••. " .............. j 3 14.1 7.9 0.020! 0.0741 5 ; 4 
Burned•••••••••.•.•••.•.•.•.•.••. , 3, 12.2 7.3 .oou •.0:/'2! ": 0 2 
Bare........................... __ : 3, 12.6 6.4 .021 , 0 v 4 
 •1 

Bn."'lJ:~~raf.~~~~~~~!:~'~:..... ...... ~ I: 16.9 .042 1 .008 512.0 I' 12 
Burned......... "" '" ......... ' " 20.2 1••6 .035 (II 12 5 
Daro.............................; Ii; 11.4 lO.O I .019 I ".OOi U 3 

San Dimas. clmparral: t! 	 ! 
28:~*S~~1~~rr.:~L 	 ~ I; l~:~ :n I :8~~ I :3~g 2 

Chi1lllise._ ...... ". ....... ........ ~', lIU6',~ tl~_ •. ~ II •. Oog~ I, .030 2 

Barc ••• _••• _.. . ••.. ........ " " . __ ,030 ;, 2 


, i 1 

Monroe CunyOll..................... i 3; 11.1 ~.,! 1 .02R I 2.044 I".047 2
O! 12.9 j d.ll [ .024 .041) ! 2,i ~ j 12.5 /' I .0271 

'Drying period Ilsually c..tcnds from March to uctober. 
, C.Jculared On ba:;is of numhcr of days between ~torn",. 
• Not mellllured. 
• Losses ton small to be delecled by !!:ltnpling method \I£ed. 
• Assumed ~lime:lS for mixed chaparml. 

The rain remaining after subtracting interception loss is that 
which reaches the soil. Of this a part, not determined in the pres~ 
ellt study, can be retained by and evaporated from the litter cov­
ering the soil surface. Kittredge (15) has estimated that field- • 
capacity storage of the average mass of forest litter.is between 
0.1 and 0.2 inch of water. During the rainy season, therefore, it 
is unlikely that forest litter, being moist at that time, can ,retain 
as much as 0.1 inch of rain from each storm. Rain retained by 
Utter may constitute a measurable source of water loss in dense 

http:litter.is
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forest stands, but it can be considered negligible in chaparral 01' 


• 


• 


• 


other plant associations which produce only thin litter layers with 
extremely low field-capacity storage. In the North Fork natural 
plot, which has as deep a litter cover as any of the brush plots 
studied, the field capacity of the litter cover is 0.02 inch (20, p. 
13). Thus, even if it were possible for the litter to dry completely 
after each storm, the yearly interception loss would be less than 
0.5 inch. 

The next loss to be determined is evapo-transpiration from the 
soil during the rlliny season. In order to simplify this discussion 
it is assumed that surface runoff is negligible in amount,G and that 
aU water reaching the soil goes into storage within it. In the re­
gion to which this discussion has immediate application the first 
rain of the rainy season enters soil which contains no water avail­
able to plants. During the early part of the rainy season evapo­
transpiration between storms removes water from the soil at a 
fairly constant rate. If this rate is known it is possible to calculate 
soil-water storage at any time during the wetting period, and to 
determine the evapo-transpiration losses up to the time when the 
soil has been raised to field-capacity storage. 

Evapo-transpiration rates during this period range, in the pres­
ent study, from 0.02 to 0.06 inch per day under natural plant 
covel', and vary with soil depth and field-capacity storage (table 
16). Somewhat different evapo-transpiration rates prevail during 
the percolation period, 'when the entire soil mass remains more 01' 
less at field-capacity storage. During the percolation period the. 
natural plots showed loss rates between 0.01 and 0.07 inch per 
day. Generally in each plot the relation between the periods was 
such that a low loss rate during the wetting period was followed 
by a high loss rate during the percolation period, and conversely. 
As a first approximation the assumption of the same rate during 
both periods will lead to no great errol'. It is suggested that 0.04 
inch per day for the Bass Lake area and 0.06 inch pel' clay for the 
other areas represent useful approximations of evapo-transpira­
tion rates between storms durh1g the rainy season. 

During the wetting and percolation periods, then, 'water can be 
considered lost from the soil between storms at a relatively con­
stant rate. But this rate applies only as long as ,vater from any 
storm remains in the soil. During the early part of the rainy sea­
son the water contribution of an entire storm may be lost before 
the next one occurs. At San Dimas as much as i1 inches of rain pel' 
year was lost in this way from early-season storms. The applica­
tion of the evapo-transpiration rates in table 16 permits calcula­
tion of the amount of rain 'which, because of these early season 
losses, makes no contribution to water yield, as well as losses of 
stored soil water during the main part of the rainy season . 

• If runoff is a11pl'eciable some means must be employed for its determina­
tion, storm by storm. A method of utilizing plot infiltration measurements 
has been outlined by Rowe (19), and several other investigators have 
described methods of direct evaluation that make use of hydrograph analysis 
(9, 10, 11)~ Much more study will be needed, however, before entirely satis­
factol·Y techniques are available for this, important determination. 
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The third type of water loss is a constant amount representing 
the summer drying of the soil mass. The present study has ShO'''11 
that during the summer and fall dry season all water between 
wilting-point and field-capacity storage is lost from the soil. The 
quantity of water lost in this way varies with soil texture, dens­
ity, and depth. In the present study it ranged from 3.8 to 11.1 
inches uncleI' natural vegetation. But the summer water loss does 
not stop here; additional water is lost primarily by evaporation 
from the upper soil layers. This evaporation reduced total soil­
water storage to a faIl minimum 0.2 inch to 1..1 hlChes below 
,dlting-point storage. Besides this, all rain entering the soil dur­
ing the drying period is lost by eyapo-transpiratioll. Summer 
water loss therefore comprises approximately half an inch in 
addition to storage between wilting point and field capacity, plus 
any rain which falls and enters the :soil during this period. Total 
"'ater losses from the natural plots dl1l'ing the drying period 
rangeel from 6.6 to 13.8 inches out of annual evapo-transpiration 
losses "'hieh ranged from 11.1 to 19.0 inches. 

With these losses evaluated it becomes possible to calculate an­
nual watel' yield. First, a constant percentage of the year's rain­
fall is deducted as interception loss. Set:onc1, the soil-water loss for 
intervals })eb"een storms is calculated, based upon the average 
eva po-transpiration rate and the amount of "'ater stored 1n the 
soil at the end of each storm. From this the total amount of evapo­
transpiration during the rainy season is determined. Third, during 

. the dry season it can be assumed that all soil ,yater available to 
plants will be lost, plus an additional half inch to bring the soil to 
minimum storage, plus all rain which enters the soil during this 
season. The difference between the sum of these losses and annual 
rainfall represents watershed yield, or in watel'shecls having ap­
preciable areas of riparian vegetation, watershed yield plus ripa­
rian water losses. ThE: (,etermination of riparian water losses re­
quires a special type of s.tream-flo,,- analysis which, so far, has 
recein'd insufficient research attention. 

This method bf water-yield determination ,yill be found most 
useful fo]' watersheds that yield p~n't of their water as under­
ground flow. rnclergl'ound flow moves in subsu l'face channels, 
which in the southern C'(llifornia mountains are ])1'o\'id('cl by deeply 
weathered or highly fractured fault zones, and deep alluvium 
(2J). In watersheds so constituted effluent stn\am lio\" often -falls 
far short of Cal'l'yillg the enth'e \yater yield of the watershed, so 
that stream flow alone cannot be relied upon to provide a measure 
of total yield. 

DETERMINING THE TB1E OF PERCOLATION THROUGH THE SOIL 
}[ANTLE 

It has been shown that in the areas covel'ecllJy the present study 
rainfall contributes percolation water only during that portion of 
eaeh year when the soil is held at or neal' field-capacity storage. 
Furthermore, percolation through the soil mantJ.2 is not continu­
ous during this period. It takes place only during times of rain 01' 

• 


• 


• 
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snow melt and very shortly thereafter. Within no more than 2 or 
3 days after a storm or after snow has disappeared from the 

• 


• 


• 


ground surface, the soil mantle has drained to field-capacity stor­
age and evapo-transpiration has started further depletion of stored 
soil water. The next storm must replenish field-capacity storage 
before percolation can once more begin. 

The present study has demonstrated how the timing of perco­
lation through the soil mantle can be determined by accounting 
for soil-water additions and losses. When the method is applied 
to an entire watershed it may be found that some parts of the 
watershed soil yield percolation earlier than other parts. Such 
differences in timing are most pronounced in watersheds contain­
ing bodies of different kinds of soil, vegetation, or land use. In 
order to detect differences of these kinds and to give them propeL" 
consideration, it is necessarr to provide adequate sampling of all 
,,"atershec1 conditions and situations. 

By means of the analyses discussed in this paper, percolating 
water was followed only into the rock which lies beneath the 
watershed soil. Its subse"quent flow through the rock and time of 
emergence from the watershed could not be traced because only 
a ~mall part of th<= percolating water reappeal'ed as stream flow. 
n is appcll"ent that the underground path follo,,"ed by remaining 
water, anel the time of its outflow from the watershed, would de­
pend upon topography, geologic structUl"e, and watershed size and 
shape. Ho,,"ever, consideration of the timing of watershed yield 
is beyond the scope of this paper. 

DETERMINING THE EFFECTt'\ OF VEGETA'l'IO~ TREA'I'i\rENT "CPON 
HAINFALL DI~POSl'j'ION 

Wlwl"e water Yield can be measured directly it ",ill be (Iesit·­
able to make the" final test of vegetation tl'eatm'ent by ti'eating an 
entire ,,·atershed. Watersheds that can be successfully studied in 
this way are those \\"hose entire yield can be measured as stream 
f10\" and water accumulated in underground basins downstream. 
Hp.re plot studies can perform an important function. A. wiele 
variety of promising treatments can be studied on plots, without 
requiring the large outlays of money, material, and manpower 
needed for treating entire waterslw(\s. Plot results will thus point 
out not only thos(l treatments that merit further study on whole 
watersheds, but also the t~"P(lS of effects that may be expected. 

In watersheacls '''hose .delcl is made up of stream flo\\" combined 
with a considerable amount or underground flow that cannot be 
measured (which may he the situation in much of southern Cali­
fornia), it is not possihle to measure directly the effect of treat­
ment upon yield. Although treatment may change total yield, it 
will be possible to measure only changes in stream flow, and stream 
flow may not be related directly to total yield. Here plot studies 
perform an even more important function. Besides making it pos­
sible to test a variety of treatments Oil a small scale, they provide 
the only means of determining the total water yield of a water­
she(l. Under these circumstances the study plots must be distrib­
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uted throughout the watershed, and in such a way as to provide 
a l'eliable sample of the conditions found within it. 

The two kinds of treatment used in the present study were an­
nual burning and complete denudation. A summary discussion of 
the effects of these treatments upon rainfall disposition will ex­
emplify the type of analysis possible for other kinds of treatment. 

The elements of rainfall disposition influenccrl by treatment of 
vegetation in the present study were interception, surface runoff, 
evapo-transpiration, minimum storage during the dry season, and 
percolation. All these could be studied effectively on the plots. 
Quantitative determinations of soil-water storage, percolation, 
and evaporative losses were made, and they are applicable directly 
to much larger areas of the same soil and vegetation. Quantitative 
measures of surface runoff were obtained on smalI plots, but it 
may not be safe to appl.y surface-runoff volumes determined for 
plots to much larger areas because of the cumulative effects of 
length of slope upon runoff volume. For the present, at least, sur­
face-runoff measurements must be considered more in a qualita­
tive than a quantitative sense. 

Annual burning removed all vegetation each year from the 
North Fork plot, but cliclnot affect the tree cover of the Bass Lake 
plot. As a result there was a significant difference in the effect of 
burning upon interception loss In these two areas, At North Fork 
it was assumed that interception loss was rnacle negligible, because 
during nearly the entire rainY season of each year the invading 
grasses and herbs were too sman to withhold appreciable amounts 
of rain from the soiL At Bass Lake, on the other hanel, intercep­
tion by the trees was unimpaired by burning and, because under­
growth was extremely sparse, it was concluded that total inter­
ception loss also had been virtually unimpaired. 

Neither evapo-transpiration nor minimum storage was sig·nift­
cantly affected by burning (table 16). This is readily apparent in 
data obtained from the North Fork plots, but at Bass Lake the 
differences in field-capacity storage beb\'een natural and burned 
plots must be taken into account. 

As burning had no significant effect upon evapo-transpiration, 
it must be concluded that such treatn10nt 'would increase water 
yield, including- here both surface runoff and percolation, only to 
the degTee that it would decrease interception loss. Thus under 
the conditions of burning practiced at Bass Lake no change in 
water yield would be expected; at North Fork a net increase of as 
much as 5 percent of the year's rainfall might be. anticipated. In 
tel·ms of total water yield this may he true, but in terms 0"£ usable 
water it is not l1ecessaril~' true. AmlUal burning at both North 
Fork and Bass Lake greatly increased surface runoff (as a result 
of decreased il1fl1tration rates) and correspondingly reduced the 
amount of percolation delivered to ground-water flow. Surface 
runoff carries with it the threat of flood and erosion. It is difficult 
and costly to control, and in all ways is a much less desirable type 

• 


• 


• 

of flow than a yield that has jts inception as percolation through 
the soil. In terms of water quality and yield of usable water, there­
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fore, annual burning cannot be recommended as a practice of 
watershed management in the areas covered in the present study. 
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Whether it is to be recommended elsewhere would have to be de­
termined by similar kinds of analyses made under conditions typi­
cal of each of the other areas. 

A denuded soil surface was maintained on one each of the North 
Fork, Bass Lake, and San Dimas plots, and living roots were ex­
cluded from the plot. This plot treatment therefore provided a 
soil from which water was lost only by surface runoff, percolation, 
or evaporation. The three plots responded to denudation in differ­
ent ways because of differences in soil and exposure. 

At North Fork the bare soil was shallow, relatively coarse­
textured, and completely exposed to the atmosphere. Here evapo­
ration rates were not significantly different from those on the 
natural and burned plots, and evaporation loss, likewise, was much 
the same. At San Dimas, with a deeper soil of finer texture, but 
still with complete expOSUl'e, evaporation rates during the wetting 
period were decreased by denudation. Annual evaporation losses 
here were some 2.5 inches less than evapo-transpiration losses 
from very similar soil occupied by chamise nearby. The greatest 
differences in eV~1})ol'ation loss were found between the bare plot 
at Bass Lake and the burned plot, which it resembled most closely. 
The soil here ,'"as deeper and of finer texture than that at either 
North Fork 01' San Dimas. Furthermore it was situated in a small 
forest opening where it was shaded and protected from wind by 
sUl'l'ounding trees. In combination these circumstances reduced 
evaporation losses of soil water significantly. Owing to differences 
in available water storage in the three Bass Lake plots, direct 
comparison of evaporative losses cannot be made, but comparison 
of minimum and wilting-point storage indicates the effect of de­
lludation. The minimum storage of both burned and natural plots 
was somewhat below the wilting point, yet the bare plot soil held 
at minimum storage nearly "1 inches of water in excess of the 
wilting point. Thus it appears that denudation is more effective 
in reducing evaporation losses from deep than from shallow soils, 
and from sons protected from full insolation than from those 
exposed to sun and winel. 

The differences in exaporative losses of soil water are reflected 
in water yield. The combined surface runoff and percolation of 
the bare plot at North Fork was nearly equal to that of the burned 
plot. At Bass Lake, on the other hanel, the elimination of inter­
ception loss combined with the reduced evapol'ation of soil water 
caused the pel'colation yield from the bare plot to exceed signifi­
cantly that of the companion burned plot. These results lead to 
the conclusion that increases in usable water yield can possibly 
be achieved in this al'ea if soils are deep, by reducing interception 
and evapo-transpil'ation losses, bllt only if surface runoff and soil 
erosion can be controlled. 

The foregoing analyses demonstrate the kinds of interpretations 
that can be made of vegetation treatments studied in connection 
with watershed-management research. They show the qualitative 
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Th~y ,can go far toward solving many watershed-management
problems. 
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COMMON AND BOTANICAL NAMES OF SPECIES 
MENTIONED 

Alder, white ..............................................................., . ...................................Alnu8 ?'hombi/olia 

Bearmat (Bear-clover) ....,....,.............................................................Ghamacbntia /oliolosa 

Bromes.................... .......................................................................... ..........B?·Ol1HW spp. 
 •Buckeye, California.............................................................................. AescnZ1/,s cali/ornica 
Ceanothus, deerbl'ush ........................................ ...................................Ceanothus intege1'?'imus 

Ceanothus, buck brush...................................................................... ... C. cuneatus 

Ceanothus, hairy.............................................................. .........................C. oligantbus 

Ceanothus, hoaryleaf.............................................................................C. c?'(Lssi/olius 

Chamise...............................................,............................................................... A. clenostomn / asciculatu1n 

Fescues..................................................................................................................F'estuca spp.

Incense-cedar.......................................................................... .....................Libocedrus de currens 

Manzanita, Mal·iposa ...........................................................................A?·ctostaphylos mariposa 

Maple, bigleaf ...............................................................................................Ace?· mac?'ophyUwtn 

Mountain-mahogany, birchlea"f...................................................Ce?·cocarlntS bet'uloideil 

Mules-ears, Mariposa..................................................:........................... W1/ethin elatn 

Oak, California black. ...... .................................................................. Que?·cus kelloggii 

Oak, .CaIi~orni!l scl'tlb....................................................................... Q. d?~mqsa . 

Oak, Intenor .1Ive......................................................................................Q. wtsltzent 

P~avine\ Nevada.................................................................... ....................LC!-thy?'1ts ?1.~vftdllnsis 

PIne, DIgger .................................................................................................,..Ptnus Snbtn1ann 

Pine, ponderosa ......................................................................................... P. ponde1'osn 

Pine, sugar................................................................. ..................................... P. lambertiana. 

Poison oak, Pacific.........Toxicodendron dive?'silobu1n~Rhus diversiloba) 

Sage, black. .................................................... .........................,........................Snl'Vin melli/ern 

Sag~, white.....:................................................................................................8. apinna' ". 

Sa;mcle, MenzIes ........................................................................................ Snnwula menZlestt 

~mac, lemonade (Lemonade-berry) ................................... Rhus integ1'i/olia

Sycamore, California............................................................................Platu1ms ?'ucemos·a 

Tarweed, showy ........................................................................................... fl.ladia elegftns 
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