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t rue runoff may be expected to l ie between 71.63 and 80.07 BCF. 

The correla t ion-coeff ic ient for the new equation i s 0.805 with a cor responding coefficient of 
determination of 0.649, which indicates that 64.9 p e r cent of the var ia t ion in actual runoff i s a s s o 
ciated with the var ia t ion in snow-survey and p r e c i p i t a t i o n - r e c o r d s upon which the f o r e c a s t of r u n 
off i s based. The 35.1 p e r cent of the var ia t ion in actual runoff unaccounted for may be assoc ia ted 
with such fac tors a s var ia t ion in ground-water l eve l s from yea r to yea r , unpredic table spr ing 
rainfall, and insufficient snow-samples which inadequately r e p r e s e n t condit ions throughout the 
watershed. 

In conclusion, i t should be pointed out that the above r e g r e s s i o n would not be applicable to r e 
vise the forecast-runoff if the method of predict ion, based on snow-survey and prec ip i ta t ion-
records , should be changed rad ica l ly in the future. 
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DISCUSSION 
FRED PAGET (Department of Public Works , Sacramento , California)—It a p p e a r s to me that, 

although Mr . NIEDERHOF'S suggest ions a r e an improvement over M r . HINTON'S 1935 methods , 
they may pe rhaps lag somewhat behind the p r e s e n t s t a tus of genera l ly accepted snow-survey fo r e 
casting p rocedure . The l a t t e r ' s f o r ecas t s a r e based upon runoff of 100 p e r cent f rom the winter 
snow-pack plus runoff of 100 p e r cent f rom the prec ip i ta t ion that occu r s dur ing the mel t ing per iod 
and in nine c a s e s out of ten, a s M r . Niederhof points out, the fo recas t s have been too low. (The 
excess may be accounted for by a contribution to runoff from the precipi ta t ion dur ing June to Sep
tember g rea t e r than Mr . Hinton a s sumes . ) M r . Niederhof sugges ts that M r . Hinton's fo recas t s be 
cor rec ted by a cer ta in amount based upon pas t p e r f o r m a n c e s - - t h e amount to v a r y with the mag
nitude of the yea r . 

My thought i s that instead of going through these two s t eps of f i r s t forecas t ing on a p r e m i s e , 
which apparently i s not c o r r e c t , and then co r rec t ing this inadequate fo recas t by a varying amount 
to bring it m o r e in l ine with what might actual ly occur, why not do the whole thing in one o p e r a 
tion, that i s , plot the sum of the snow-pack wate r -con ten t and the effective precipi ta t ion d i rec t ly 
against the ensuing runoff accord ing to pas t pe r fo rmances , and then use th i s cu rve d i rec t ly for 
forecast ing? This suggestion i s in accordance with the forecas t ing methods used by the snow-
survey depar tment of the California State Division of Water R e s o u r c e s and has been desc r ibed in 
previous Transac t ions ; f i r s t in my paper at the Davis meet ing in January, 1938, and d i scussed 
further in CARL ELGES' paper at the Los Angeles meet ing in December , 1938. 

SOIL-MOISTURE UNDER A CONIFEROUS FOREST 
H. G. Wilm 

On the F r a s e r Exper imenta l F o r e s t , Colorado, a detai led exper imen t i s being conducted to 
find out the effects of cutting ma tu re lodgepole-pine on v a r i o u s fac tors affecting wate r -y ie ld [see 
2 and 4 of " R e f e r e n c e s " at end of pape r ] . Of these f ac to r s , s o i l - m o i s t u r e def iciencies a r e pa r t i cu 
lar ly graphic in showing the re la t ive consumption of wate r by uncut and cu t -ove r s tands . One 
yea r ' s data have been collected on so i l -mo i s tu r e def ic iencies ; although the study will r e q u i r e 
severa l more y e a r s for completion, the methods and r e s u l t s a r e of sufficient uti l i ty to be worth 
cur ren t discussion. 

Experimental des ign- -Twenty 5 -ac re plots in m a t u r e lodgepole-pine a r e being used for this 
and related expe r imen t s . The plots a r e a r r anged in four randomized blocks; in each block four 
plots were cu t -over in 1940, leaving one plot uncut and one each with a c o m m e r c i a l r e s e r v e stand 
of 0, 2,000, 4,000, or 6,000 board- fee t p e r a c r e . 
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The object of this pa r t i cu l a r expe r imen t i s to de t e rmine the influence of the cutting t r e a t 

men t s on l o s s e s of mo i s tu r e f rom the soil , including both t r ansp i ra t ion and evaporat ion. The total 
l o s s pe r season on any plot may be exp re s sed by the equation 

L = (Mi - M2) + ( P N - P p ) 
in which L i s the l o s s , in inches of water , M j i s the s o i l - m o i s t u r e at f ield-capaci ty or , a s m e a 
su red in th i s study, the moi s tu re in the soil jus t after d i sappearance of snow in the spring, M 2 i s 
the moi s tu re -con ten t of the soil at the end of the growing season, P J J i s the total net rainfall 
reaching the ground during the subsequent growing season, and P p i s the amount of precipi ta t ion 
which pe rco la t e s into the soil beyond the g r e a t e s t sampled depth, at any t ime between the spr ing 
and fall sampl ings . 

F o r the pu rposes of th i s study the total loss , exp re s sed by the above equation, i s of l e s s i m 
por tance than the " n e t " l o s s in the autumn—the actual deficiency in so i l -mois tu re below field-
capaci ty, which m u s t be replenished by mel t ing snow before s t ream-f low can be produced. 

Sampling p r o c e d u r e s - - T h e following f ac to r s m u s t be m e a s u r e d for the soil on each of the 20 
plots , within reasonab le l i m i t s of accu racy : (1) So i l -mois tu re in spr ing and autumn; (2) vo lume-
weight; (3) wilting-coefficient; (4) net prec ip i ta t ion reaching the soil during each growing season. 
Because of the rocky na ture of the soi l , mo i s tu re -con ten t s and volume-weights cannot prac t ica l ly 
be sampled in a single operat ion; espec ia l ly s ince the volume-weights need be obtained only once 
and approximately for each plot, while so i l -mo i s tu r e m u s t be sampled with g rea t e r p rec i s ion and 
twice a year for s e v e r a l y e a r s . Thus volume-weights and wilt ing-coefficients have not yet been 
obtained, while s o i l - m o i s t u r e data by weight a r e a l r eady avai lable for one complete season (1941). 
P r e c i s e data have a l so been obtained on net precipi ta t ion (2). 

In sampl ing for so i l -mo i s tu r e , c o r e s were taken to an 18-inch depth with a two-inch post-hole 
auger , a t ten randomized locations on each of the 20 p lo ts . In these shallow, rocky soi ls , 18 inches 
r e p r e s e n t s the ave rage depth to pa ren t m a t e r i a l , and the lower l imi t of the bulk of lodgepole-pine 
roo t s . One se t of 200 s amp le s was taken in late September , 1941, and another at the same loca
t ions about June 1, 1942. A new set of s amples has been taken a t newly randomized locations in 
September , 1942, and will be followed by i t s own se t of spr ing data and by at l eas t one additional 
y e a r ' s obse rva t ions . All s a m p l e s were boxed and weighed in the field. In the laboratory , they 
were oven-dr ied a t 110°C and reweighed. Then each sample was s ieved into por t ions containing 
m a t e r i a l below and above two m m in s ize , and each port ion weighed. In addition, the m o i s t u r e -
equivalent of the fine port ion of each sample was obtained by the s tandard centrifuge-method and, 
by allowing for the amount of c o a r s e m a t e r i a l , was finally expres sed on a whole-sample bas i s . 

Analys i s—The f i r s t y e a r ' s data for this exper iment were analyzed for seve ra l purposes : (1) 
To a sce r t a in p r e l i m i n a r y t r ends in s o i l - m o i s t u r e and m o i s t u r e - l o s s e s a s affected by t imber -
cutting; (2) to de te rmine the effect iveness of adjusting the mois tu re -con ten t of each sample, ex 
p r e s s e d on a whole -sample b a s i s , to the value which would be expected if all samples contained 
the s ame amount of fine m a t e r i a l ; and (3) to calculate the re la t ion between spr ing mo i s tu r e - con 
tent, a s an e s t i m a t e of f ie ld-capaci ty, and the mois tu re -equ iva len t of each sample . The data on 
autumn moi s tu re - con ten t s and deficiencies , expressed in g r a m s pe r 100 g r a m s of oven-dry soil , 
were analyzed by the covar iance method (3), using the " f ines ' " contents of the s amp le s a s a con
comitant in l inear r e g r e s s i o n . F o r the re la t ion of f ie ld-capaci ty to mois ture-equivalent , a 
s t ra igh t l ine was fitted to the f ie ld-data by l eas t s q u a r e s . 

R e s u l t s - - S o i l - m o i s t u r e def iciencies in the season of 1941 were s t rongly affected by the cutting 
t r e a t m e n t s , with the g rea t e s t def ic iencies on the uncut p lots and the sma l l e s t on the c l e a r - c u t 
a r e a s . Autumn s o i l - m o i s t u r e contents na tura l ly showed a cor responding trend; th is effect, how
ever , became significantly g r e a t e r than exper imenta l e r r o r only after adjustment of all data to the 
average content of fine m a t e r i a l . This adjustment considerably increased the prec is ion of the 
s o i l - m o i s t u r e compar i sons ; without g rea t ly a l ter ing the t r ea tmen t -va r i ance , it reduced expe r i 
menta l e r r o r to one- th i rd of i t s unadjusted magnitude. The average r e s u l t s by t r ea tmen t s a r e 
shown in Table 1, with all data expres sed in inches of water in an 18-inch soi l -column, on the p r e 
l iminary assumpt ion of a uniform volume-weight of 1.50 for all p lots . 

An in te res t ing point i s that, while the average " f i n e s " content p e r plot was highly cor re la ted 
with autumn s o i l - m o i s t u r e (r = +0.847), it was not significantly re la ted to mois ture-def ic ienc ies 
(r = +0.241). F o r these so i l s apparent ly the autumn deficiency i s affected largely by evapo-
t ransp i ra t iona l draft and i s re la t ively independent of va r ia t ions in so i l - t ex tu re . 
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Table 1--Effect of t imber -cu t t ing on so i l -mo i s tu r e 
Rese rve stand, board- fee t p e r a c r e 

Fac to r (Uncut) 
11,890 6,000 4,000 2,000 0 

inch inch inch inch inch 
Autumn s o i l - m o i s t u r e a 2.67 3.07 3.29 3.12 4.21 
Deficiency 1.76 1.53 1.39 1.20 0.32 
Net precipi ta t ion s u m m e r 1941 3.92 4.87 5.19 5.01 5.47 
Total l o s s 5.68 6.40 6.58 6.21 5.79 

aAdjusted to the average content of fine m a t e r i a l . 
A high cor re la t ion (r = +0.839) was found between spr ing mo i s tu re - con ten t s and m o i s t u r e -

equivalents, both expressed on a whole-sample b a s i s . The re la t ion was exp re s sed by the equation 
FC = 1.9733(ME) + 0.4408 

According to this equation, the f ie ld-capaci t ies of these so i l s a r e approximate ly two t i m e s the 
mois ture-equiva len ts . This r e su l t conf i rms BROWNING'S data for so i l s with low m o i s t u r e -
equivalents [1]. Thus the common assumption of equali ty for f ie ld-capaci ty and m o i s t u r e - e q u i v a 
lent is apparently false in these so i l s , and it i s bel ieved to be unsound for o ther c o a r s e - t e x t u r e d 
soi ls . At l eas t the assumption should be tes ted quantitat ively in any new study. 

On the l as t line of Table 1 a r e shown the total m o i s t u r e - l o s s e s under the five t r ea tmen t s , c a l 
culated on an approximate bas i s by adding the total net ra infal l for the s u m m e r of 1941 to the ob
served deficiencies. While the re s e e m s to be a weak trend among the t r e a t m e n t s , i t was not s ig 
nificantly g rea t e r than chance va r i a t ions . It may be that mos t of the autumn deficiency under any 
one t r ea tmen t i s assoc ia ted with ra infa l l - in tercept ion r a t h e r than with va r ia t ions in the sum of 
evaporation and t ranspi ra t ion; high t ransp i ra t ion on uncut p lots may be compensated by high 
evaporation on the cu t -over a r e a s . 

It should be commented that o rd inar i ly the autumn deficiency r a t h e r than total l o s s m u s t d e 
te rmine the net effect of each t r ea tmen t on wa te r -y ie lds from snow-mel t in the following spr ing . 
Since s u m m e r rainfall contr ibutes negligible amounts to s t ream-f low in this zone, i t s only effect 
may be to a l te r the re la t ive autumn deficiency under each t r ea tmen t . In a v e r y dry or wet season, 
mois ture in the soil under all t r e a tmen t s might be uniformly dry or wet, approaching e i ther the 
wilting-coefficient or f ie ld-capaci ty . 
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STREAM-FLOW FORECASTING BY PATTERN-BEHAVIOR 
Rolla H. Wahle 

Purpose and scope—The pr inciple of pa t t e rn - repe t i t ion a s a m e a n s for forecas t ing the annual 
runoff- and flood-peaks of major r i v e r s was f i r s t p resen ted in a brief paper by the author under 
date of Apri l 9, 1942. There in was submit ted a p r e l im ina ry application of the pa t t e rn -p r inc ip l e to 
the problem of forecast ing the s u m m e r peak and total annual runoff of the Columbia River at C a s 
cade Locks, Oregon, for the year 1941-42. P a t t e r n - a n a l y s i s a s p resen ted in our paper of Apri l 
1942 introduced an ent i re ly new depa r tu re so far a s we know in forecas t ing r iver - f low. The p r e s 
ent paper has been p repa red in an effort to amplify the initial p r e l im ina ry p rocedure and to extend 


