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The th ree Kings River p rec ip i t a t ion-s ta t ions l i s ted in the above snow-survey r e p o r t a r e a t 

e levat ions 6,775, 1,300, and 500 feet, so t he re might be some question a s to the quantitative c o r 
rec t ion to apply to the snow-water content of Apr i l 1, on account of abnormal ly high or low p r e 
cipitat ion dur ing Apr i l a t these low-al t i tude s ta t ions , to obtain points for the adjusted graph for 
May 1. 

However, I think enough has been sa id to show that for th i s basin the snow-surveys afford a 
v e r y good c r i t e r i o n for es t imat ing the runoff dur ing Apri l to July. 

F i g u r e s 3 and 4 show a v e r y good cor re la t ion between dis tant valley t e m p e r a t u r e and the run 
off resu l t ing from an evidently near ly pa ra l l e l t e m p e r a t u r e a t the snow-fields, with a natura l lag 
of a few days between a t e m p e r a t u r e high or low and the corresponding high or low runoff- ra te . 
Th i s re la t ionship holds a s long a s t he re i s sufficient snow left to have a pronounced effect on the 
runoff, even for s e v e r a l weeks after the peak-flow has been p a s s e d In the c a s e of the year 1938. 
The lag a s seen on F igure 3 s e e m s to be l e s s a t t i m e s of high d i scharge than a t low stage probably 
because of g r e a t e r velocity of flow, requ i r ing s h o r t e r t ime for the effect to t rave l down to the 
gaging-s ta t ion. 

The c o r r e c t n e s s of the s ta tement in the th i rd pa rag raph under "Wate r - conse rva t ion cons ide r 
a t i o n s " i s not c l e a r to m e . F o r ins tance , r e f e r r ing to F igure 5, a s suming total runoff during 
Apr i l to July to be 2,000,000 a c r e - f e e t and that, c a se 1, the flow does not fall below 10,200 second-
feet unti l July 9 ( s imi la r to the yea r 1911) or , c a se 2, that with the s ame total during April to July 
of 2,000,000 a c r e - f e e t the flow d r o p s to 10,200 second-feet by June 16. In the second case the 
peak-flow would probably be p a s s e d cons iderable e a r l i e r than in the f i r s t c a s e . The danger of 
f lood- ra ins would probably be p a s s e d by the middle of May. In o rde r to be s u r e and have the 
r e s e r v o i r full a t the l a t e s t p rac t icab le date , could not the filling be s t a r t ed a t a l a t e r date in case 
1 than in c a s e 2? Something would depend on the low point in the r e s e r v o i r from which filling 
would s t a r t . But in case 1 where the flood-flow l a s t s until July 9 the re should cer ta in ly be m o r e 
remain ing a c r e - f e e t left to flow af ter June 16 than In c a s e 2. Then why should it be n e c e s s a r y to 
s t a r t filling e a r l i e r in ca se 1? 

Such g r e a t difference in t ime of falling below the f lood-stage would na tura l ly be due to effect 
of t e m p e r a t u r e . Assuming n o r m a l sp r ing precipi ta t ion in both c a s e s , the shape of the thermograph 
would de t e rmine the shape of the hydrograph a s In F igure 3. That being the ca se , if s trongly sub
no rma l t e m p e r a t u r e occur red in Apri l and May indicating delayed melt ing and runoff, would that 
justify e a r l y filling of the r e s e r v o i r if snow-surveys had given a s s u r a n c e of ul t imate total runoff? 

As a m a t t e r of fact, I bel ieve that prolonged sub -no rma l t empe ra tu r e , -5°F or m o r e , during 
May will r e s u l t in some actual l o s s of surface-runoff. 

The g raphs of F i g u r e s 7 and 8 for hypothetical operat ion of the P ine F la t Rese rvo i r for the 
yea r 1938 look reasonable , both leaving the r e s e r v o i r full a t the end of July, which should be ex 
pected in a high year a s was 1938. 

SOME ACCOMPLISHMENTS IN SNOW-SURVEYING 
W. W. McLaughlin 

Snow-surveying, a s it i s now unders tood, means a de terminat ion of the amount of water s tored 
in the mounta ins in the form of snow and ice. The depth of snow and i t s compac tness a r e incidental 
f ac to r s not e s sen t i a l in at taining the main objective. 

The m e a s u r e m e n t of snow for the purpose of es t imat ing the amount of wate r that would r e su l t 
f rom i t s mel t ing has been made use of a t va r ious t i m e s for a long t ime . During the pas t 30 to 40 
y e a r s occasional de te rmina t ions of wate r -con ten t of the snow have been made by means of melt ing 
s a m p l e s . The so-ca l led " s t a k e " m e t h o d of s n o w - s u r v e y i n l a n d the melt ing of snow-samples have 
been replaced by the p r e s e n t method known a s the " c o u r s e ' method. In this l a t t e r method samples 
of snow a r e taken, by m e a n s of a hollow tube, through the full depth of the snowpack at approxi
mate ly the s a m e place each year and year after yea r . The co re of snow i s of such d iameter that 
one ounce in weight of snow is equivalent to one inch in depth of wa te r . In other words , the melt ing 
of the snow-samples i s rep laced by weighing the s amp le s and the convers ion of th i s weight d i rect ly 
into wa te r -con ten t . 

P r i o r to the winter of 1935-36 snow-surveying by the c o u r s e method was in p r o g r e s s in 
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California and p a r t s of Nevada and Utah, with local m e a s u r e m e n t s in two or th ree other wes t e rn 
States. As of July 1, 1935, the Fede ra l Congress author ized the Division of I r r iga t ion of the 
United States Depar tment of Agr icul ture to coordinate and extend snow-surveying and the fo r e 
cast ing of i r r iga t ion -wa te r supplies to al l wes te rn Sta tes . F o r the pas t eight y e a r s such coord ina
tions and extensions of snow-course m e a s u r e m e n t s into the eleven wes te rn States have been 
progress ing , and cooperat ion has been effected with the wes te rn Canadian p rov inces . Exchange of 
data a s between States and with Canada has been mos t effective. A p ic ture of the genera l a c c o m 
pl i shments to date shows that in the wes te rn States the re a r e now 829 dependable s n o w - c o u r s e s . 
There have been a lmos t 1,000 cou r se s , but the el iminat ion of those which appeared to be unneces 
sa ry has reduced the p r e sen t active number to 829. The number of m e a s u r e m e n t s on each c o u r s e 
ave rages at l eas t 15, or about 12,500 m e a s u r e m e n t s in a l l . The re a r e 177 act ive coope ra to r s 
with a minimum number of five in one State and a maximum of 28 in another . The snow-courses 
a r e measu red th ree t imes each year in some States, four t i m e s in o the r s , and five t i m e s in s t i l l 
o thers , complete m e a s u r e m e n t s being made Feb rua ry 1 and Apri l 1. Re l ea se s of snow-survey 
and water-supply information a r e made f rom two to five t i m e s in each State each yea r . The re 
were 153 radio b roadcas t s this pas t yea r , giving information on wa te r - supp ly and snow-condi t ions . 
In addition, information i s furnished to the local p r e s s e s and for r e l e a s e in Washington by the 
Federa l Government. This pas t yea r t he re were 966 individuals who took p a r t In snow-surveying 
a s of February 1 and again a s of Apr i l 1. The snow-su rveyor s have a t the i r d isposa l 266 s h e l t e r -
cabins, and of these 77 a r e owned by the Government. We stock with food, bedding, s toves , cooking 
utens i ls , et ce te ra , 115 she l t e r - cab in s . Many of the snow-cou r se s a r e so located that they a r e 
readily access ib le to roads that a r e kept open during the winter , o r near habi tat ions where food 
and shel ter a r e obtainable. 

P r i o r to 1935-36 the equipment used in snow-surveying in the different States was of s i ze s , 
ma te r i a l s , and workmanship that accorded with the wishes of the State or local l e a d e r s . In some 
States there were from two to four d i f ferent-s ized snow-tubes made of s tee l , a luminum, or o ther 
ma te r i a l s . The wate r -con ten t of the snow was de te rmined by mel t ing a sample and by weight and 
then converting the weight of snow into i t s equivalent in wate r . Under these conditions the data ob
tained in different States and in some c a s e s within a s ingle State were not Interchangeable . One of 
the f i rs t efforts of the Division of I r r iga t ion was to s tandard ize the snow-tubes a s to s ize and m a 
te r ia l so that equipment and data obtained from i t s u se were in terchangeable . Today all snow-tubes 
a r e made of duraluminum of the s ame d imens ions , and the sec t ions a r e in terchangeable not only 
upon the s ame snow-tube but on any other snow-tube. The re a r e two s ty les and s i ze s of sca les—the 
tubular type f i r s t developed in Utah and the dial type developed in Nevada. However, s ince the uni t s 
of weight a r e identical , the data a r e in terchangeable . Each of these types of s ca l e s has i t s ad 
vantages and i t s d isadvantages with r e s p e c t to the other , and for the mos t p a r t select ion of one 
type in preference to the other has been decided on the b a s i s of r espec t ive cos t and weight. 

High mountain r a n g e s a r e often the source of s t r e a m s that flow in opposite or near ly opposite 
d i rect ions and frequently into different Sta tes . In many ins tances , snow-survey data a r e obtained 
on both s ides of these mountain r anges by a single snow-survey par ty , that i s , within a State, and 
the r e s u l t s of these snow-surveys a r e sent to the p rope r State agency for forecas t ing the runoff. 
Frequent ly it i s much e a s i e r for a snow-survey pa r ty from one State to make the snow-surveys in 
a p a r t of another State. Fo r ins tance, c r e w s from Idaho, Montana, and Utah m e a s u r e the snow in 
pa r t s of Wyoming, but the main survey job i s accompl ished by Wyoming snow-survey p a r t i e s . 

In these days when aluminum and other c r i t i ca l m a t e r i a l s a r e difficult if not imposs ib le to ob
tain for snow-tubes, s c a l e s , and other equipment, the re has been worked out an exchange of exis t ing 
equipment which has enabled the work to be c a r r i e d on up to the p r e s e n t t ime without too s e r i o u s 
difficulties. 

The f i r s t drought-conference, cal led a s much a s two to th ree months p r i o r to the occu r r ence 
of the drought, was assembled in Utah in 1934 a s the r e s u l t of snow-surveys which indicated an 
extremely s e r i ous deficiency in the snowpack. The drought was not confined to Utah but extended 
to a lmost every wes te rn State, which s t imulated inqui r ies from them re la t ive to the prospec t ive 
wa te r - shor t age . As the r e su l t of these de l ibera t ions , F e d e r a l and State funds were made avai lable 
for the purpose of al leviating a s far a s possible the drought in Utah, Idaho, and Nevada. The e x 
tremely dry y e a r s of 1934 and 1936, coupled with the somewhat p reva len t sub-normal snowfall for 
the seven-year per iod beginning in 1934, focused public at tention upon the impor tance of knowing 
as much a s it i s possible to l ea rn of the p r o s p e c t s for the s e a s o n ' s wate r - supply in sufficient t ime 
to outline the s e a s o n ' s agr icu l tura l p r o g r a m to conform to the wate r - supp ly . I think it i s safe to 
say that a s a r e su l t of snow-surveying on the intensified p r o g r a m beginning with the winter of 
1935-36 there i s hardly a pe r son in the wes te rn United Sta tes in te res ted a t a l l in the ut i l izat ion of 
water who does not look forward to our f o r eca s t s . 
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The forecas t ing of the wate r - supply of the West i s a t remendous job and worthy of the com

bined efforts of all agenc ies that can contr ibute to the undertaking. It i s believed a lso that when a 
pe r son cont r ibu tes to a p rog ram, whether it be much or l i t t le , he takes an int imate in te res t in it; 
and this has proved to be so . The Act of Congress set t ing up the snow-survey work had in mind a 
cooperat ive effort, for it provided that the Division of I r r iga t ion should coordinate and extend ex
is t ing snow-survey work. The policy of cooperat ion has been followed with very good r e su l t s . At 
the l a s t group meet ing in Por t land for the purpose of forecas t ing wa te r - supp l i e s in the Northwest, 
the re were p r e s e n t a s act ive par t i c ipan t s from 50 to 75 pe r sons , all ex t r eme ly in teres ted in con
tributing whatever they could to make the fo recas t mos t accura te and usab le . As indicated in the 
fo repa r t of th i s paper , there a r e th is year 177 active coopera to r s contributing money, equipment, 
and t ime to the common cause . 

When the so-ca l led Mount Rose, l a t e r called the course -method of snow-surveying, was f i r s t 
advocated, i t s prac t icabi l i ty and i ts accuracy were questioned, but in the pas t 30 y e a r s or m o r e , 
i t has demons t ra ted i t s uti l i ty and has produced reasonably accura te r e s u l t s in a lmos t all c a s e s . 
Today it i s accepted a s the s tandard method in each of the wes te rn States, although it i s recognized 
that some of the na tura l fac tors affecting runoff from snowpack a r e not yet evaluated. Fo r in
s tance , the na ture of the m a t e r i a l that composes the ea r th -man t l e on the watershed, together with 
i t s depth and topography, affects the capacity of the wa te r shed to s to re the melting snow. The p e r 
centage of mo i s tu r e in the ea r th -man t l e i s another p r i m e factor influencing the runoff. We have 
made p r o g r e s s in our invest igat ions into evaluating these fac tors but have st i l l much to learn 
about them. 

It i s as tonishing that such a var ie ty of commerc i a l and agr icu l tu ra l i n t e r e s t s a r e concerned 
with wa te r - supp ly fo recas t s , especia l ly when a shor tage of snowfall ex i s t s . We have inquir ies 
from financial inst i tut ions, mercan t i l e companies , e a s t e r n wholesale houses, power-companies , 
mines , munic ipa l i t ies , navigational i n t e r e s t s , agr icu l tu re - - inc lud ing lumbering and stock r a i s i n g - -
and many o t h e r s . Many of the s u g a r - b e e t companies defer the i r a c r e a g e - c o n t r a c t s until the wa te r -
supply fo r ecas t s a r e made in o rde r to guard against over-plant ing in re la t ion to the water-supply 
available in the la te i r r i ga t ion - season . 

Since so many p e r s o n s a r e called upon to make snow-surveys each year entailing long and 
hard t r i p s m o s t of which may be accompl ished only with snowshoes or sk i s , the safety of these 
men while engaged in th is work i s one of our f i r s t cons idera t ions . Cer ta in ru l e s have been 
promulgated. F o r instance, the men a r e not to venture out during pe r iods of s to rm, and they a r e 
not to t r a v e r s e known or expected snow-s l ide a r e a s during the c r i t i ca l snow-sl ide period. The 
bes t of equipment i s provided in the way of snowshoes and sk is , p rope r clothing is p rescr ibed , and 
a s rapidly a s poss ib le cabins a r e being built where other s h e l t e r s a r e not available. Where these 
cabins a r e not access ib le to habitat ions, they a r e stocked with sufficient food and other supplies 
for a par ty of two p e r s o n s for at l e a s t two weeks, and in some isolated a r e a s a supply of four weeks 
for two men iS s tocked. The dis tance between she l t e r - cab ins is de termined by the t e r r a i n and the 
difficulty of t r ave l . Emergency f i r s t - a i d k i t s a r e a lso provided, and ' ins t ruct ions a r e given a s to 
the i r u s e . Genera l methods for t r ea tmen t of f ros t -b i te , the prevention of snow-blindness, et al , 
a r e a lso outlined. 

In recognit ion of the a i r - t r a v e l incident to mi l i t a ry operat ions and by commerc ia l a i r - l i n e s , 
these she l t e r - cab ins have been made available to the a r m e d a i r - f o r c e s and to the commerc ia l a i r -
companies . On the inside and outside of the door of each she l t e r -cab in is a map indicating the 
n e a r e s t habitation and highway and d i rec t ions a r e given on how it may be reached. One such map 
was the means of guiding to safety a par ty from a plane that was forced down in the wilds of Idaho. 
In another instance this pas t season, cabins were made avai lable to searching p a r t i e s in quest of 
p lanes that had been forced down. 

She l t e r -cab ins a r e jus t what the name impl ies , that i s , p l aces where the snow-surveyors will 
find she l t e r and food. Summer homes a r e util ized when they a r e advantageously located, of course 
with the consent of the owner. Frequent ly mine buildings, lumber camps and sawmil ls , F o r e s t 
Service and P a r k Service buildings, and such other s t r u c t u r e s a s may be available a r e used. When 
no suitable building can be secured a cabin i s built by the Division of I rr igat ion, e i ther alone or in 
cooperat ion with the F o r e s t Service . The ma te r i a l for construct ion i s , for the mos t par t , logs and 
other m a t e r i a l s found locally, and only such m a t e r i a l a s can not be found in the hil ls is imported. 
One of the f i r s t exper iences which has a marked influence on the design of cabins where the snow
fall i s deep was the difficulty of two of our snow-surveyors to find a cabin which they had helped 
cons t ruc t . Some 18 or 20 feet of snow had completely covered the building, and only after what 
seemed to be hours of probing with the snow-tubes did they finally locate it. You can imagine the 
difficulty the men had in digging down and obtaining en t rance through the door to the cabin. We now 
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provide what is known a s the Santa Claus chimney, which i s in fact a shaft extending high enough 
above the cabin so a s to be above the snow a t a l l t imes , with doors that p e r m i t the men to en te r 
the chimney and l adde r s that let them descend into the cabin. Another exper ience that a lmos t r e 
sulted in the snow-surveyors having no food in the cabin was caused by porcupines eating thei r way 
through the wooden Santa Claus chimney and helping themse lves to a s much of the food a s they 
could tear into. Suitable safeguards a r e now made to p revent r e c u r r e n c e s of th is kind. The cabins 
a r e stocked with food and other supplies in the s u m m e r and fall and a r e inspected each season . 
Food is left in she l t e r - cab ins not longer than two y e a r s , and i t i s e i the r rep laced or used. Canned 
goods a r e pro tec ted by coating them with she l lac . The re has been l i t t le moles t ing of s h e l t e r -
cabins a s people r ea l i ze the importance of these havens of refuge in the protect ion of human life. 

One of the r e a l difficulties that i s much accentuated at the p r e s e n t t ime by the shor tage of 
man-power i s means of t ravel to out-of- the-way p l aces . Snowshoeing i s difficult and t ime-con 
suming. Therefore , some means of power- locomot ion over mountains and canyons i s m o s t d e s i r 
able. Two genera l types of power -dr iven t ranspor ta t ion faci l i t ies a r e avai lable; one type i s the 
t rac to r , and the other the toboggan. Varying conditions of snow-cover make it difficult and in 
many c a s e s all but impossible for locomotion by e i ther of these m e a n s of t r ave l . F re sh - fa l l en 
snow in very cold weather i s fluffy and has l i t t le support ing power, and ski and p rope l l e r types of 
t ranspor ta t ion bog down. In ve ry cold weather the r u n n e r s of the p rope l l e r -d r i ven toboggan f reeze 
to the snow and a r e very difficult to s t a r t . On c rus t ed snow and s teep side s lopes , r u n n e r s do not 
cut into the snow and the direct ion of t r ave l may be s idewise down the slope r a t h e r than a c r o s s i t . 
Likewise when the snow i s melt ing in the middle of the day a toboggan may set t le so far into the 
snow that i t i s unable to push ahead through the snow. 

To overcome mos t of these difficulties the Utah Agr icu l tura l Exper iment Station and the Div i 
sion of I r r igat ion adopted the t r a c t o r - t y p e of snow-mobi le . One of the f i r s t difficulties encountered 
was packing of snow on the inside of the t rack , s o m e t i m e s breaking it. Likewise t he re i s difficulty 
in guiding, for when one t rack s tops and the other moves forward the l a t t e r tends to dig down into 
the snow. In the shops of the Utah Agr icu l tu ra l College a snow-mobile was cons t ruc ted from s c r a p s 
obtained in u s e d - c a r lo t s . The r e s u l t s so far have been quite sa t i s fac tory . In a r ecen t l e t t e r , Dean 
Clyde of the Utah Agr icul tura l College wr i t e s : " I am convinced that th i s type of snow- t ranspor ta t ion 
will successfully mee t mos t of the conditions encountered in our snow-su rveys , espec ia l ly where 
the route follows a road or where the country is open so that close, t imber d o e s not prevent p a s s a g e . 
I believe that with the r e tu rn of peace , when s t ra teg ic m a t e r i a l s again become available for r e s e a r c h , 
th is machine can be developed into an inexpensive, light but successful means of t r anspor ta t ion on 
snow-cove r . " 

We have had considerable exper ience with the moto r -p rope l l ed toboggan. In wri t ing of the e x 
per ience the r epo r t r e a d s : "The f i r s t t ime the machine was used was F e b r u a r y 1. A heavy snow
s to rm had occur red a few days before the t r ip and was s t i l l in p r o g r e s s during the t r i p . After we 
had covered about two- thi rds of the dis tance the loose, powdery snow reached a depth of about two 
feet. We had to lower the t rack about th is dis tance below the toboggan and the effect was that we 
were unable to guide the machine . Whenever the road sloped s ideways to any degree we could not 
keep the toboggan in the road. The work of gett ing off into the snow and pulling the machine into 
the p rope r posit ion became so arduous that we finally abandoned it and made the r e s t of the t r ip on 
skis . The next t r ip was made on March 1, and a t that t ime the snow was f i rm and we had abso lu te 
ly no trouble making the ent i re t r ip on the toboggan." 

Two y e a r s ago a p rope l le r - type toboggan was used in the Jackson Hole country ve ry s u c c e s s 
fully with the r e su l t that within two days a su rvey -pa r ty had accompl ished work that had p r e v i o u s 
ly requi red eleven days . 

Consideration has been given to the use of the a i rp lane in making t r i p s to out-of- the-way 
snow-courses . So far , however, we have been unable to locate suitable landing-fields c lose enough 
to the snow-cour ses . We a r e hopeful that some day we may be able to use the hel icopter . 

As a p a r t of our r e s e a r c h in snow-surveying we have given attention to v a r i o u s methods sug-
tested for forecas t ing the ensuing s e a s o n ' s wa te r - supp ly . Some of these methods work s u c c e s s 
fully where the snowfall i s about the s ame each year , but a r e not re l iab le at a l l where the re may 
be a sub-normal precipi ta t ion one yea r and an above-normal high snowfall the next yea r . One of 
the methods to which we have given considerable attention and a r e s t i l l studying involves u s e of 
the s tream-runoff for ce r t a in of the preceding months of the fall, with incorpora t ion of ce r t a in 
snow-survey data . About 75 pe r cent of the t ime we have been able, with reasonab le accuracy , to 
forecast the coming s e a s o n ' s water -supply , but when the m a r k i s m i s s e d the re Is no question about 
i ts being muffed. In some ins tances the re may be a var ia t ion of near ly 100 p e r cent , but m o s t 
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frequently it will be 30 to 60 p e r cent, which, of cour se , i s not much be t te r than a guess . Attention 
has a l so been given to a compar i son to ground-water e levat ions and the flow of na tura l spr ings a s 
indices of what may be expected the ensuing year . P robab ly the g r e a t e s t value of compar ison of the 
flow of sp r ings is to indicate the probable mois ture-condi t ion of the so i l -mant le on the watershed. 
Other methods have been t r ied , and we a r e s t i l l tes t ing suggest ions a s they a r e p resen ted . 

The forecas t ing of wate r - supply based on s n o w - m e a s u r e m e n t s has rece ived much attention, 
and in the Nor thwest and in Idaho, a s well a s to some extent in Colorado, Wyoming, and New Mex
ico, we have commi t tees of people fami l iar with local conditions who a s s i s t in making the final 
f o r eca s t s . 

I n t e r e s t in this forecas t ing Is ex t r emely keen by those taking pa r t . When a s izable e r r o r oc 
c u r s , a s it s o m e t i m e s does in a forecas t , it i s the effort of everyone of the commit tee to find the 
explanation. This has resu l ted in i roning out many t roublesome fac to r s . Finally, each year we 
a t tempt to hold a conference of our s u r v e y - l e a d e r s from each State to d i s cus s p rob lems that a r i s e 
through exper ience and for the genera l exchange of ideas among those actually guiding the snow-
survey work. 

It is not my purpose he re to give many of the r e s u l t s of our forecast ing, and we mus t keep in 
mind the fact that these fo recas t s p red ic t only the amount of water which will be der ived from the 
snowpack, assuming the re is a normal precipi ta t ion during the spr ing months, that i s , from Apri l 1 
to July 1. I can, however, give you an example or two. A yea r ago we were asked by the State of
f ic ia ls of New Mexico to fo recas t the total runoff of the Upper Rio Grande into the Elephant Butte 
R e s e r v o i r . The re was cons iderable r ive r - rec t i f i ca t ion work in p r o g r e s s between the r e s e r v o i r 
and El P a s o ; and if t he re was to be much of a spil l from the r e s e r v o i r , pro tec t ive m e a s u r e s would 
of necess i ty have to be under taken. Also, it was des i r ed to have the r e s e r v o i r full at the end of the 
spr ing runoff and meanwhile to r e l e a s e a s l i t t le water a s poss ib le . To accompl ish this end it was 
n e c e s s a r y to prevent an excess ive amount of wate r from going over the spillway. Our fo recas t of 
the filling was 1,941,000 ac re - f ee t . This fo recas t was made June 16, and la te in August the Bureau 
of Reclamation office a t Denver informed u s that the actual peak-fi l l occur red July 4, at 1,938,000 
ac re - fee t , a difference of only 3,000 ac re - f ee t . Between June 16 and July 4 there was prac t ica l ly 
no rainfal l , which accounts in p a r t for our ability to fo recas t so accura te ly . 

We made fo recas t s on the Columbia River a t the t ime the Army Engineers were engaged in 
construct ion work in the vicinity of The Dal les , and we were able to p red ic t the flow closely enough 
so that unneces sa ry pro tec t ive work was avoided, a s was a lso danger of exces s wate r . In 1942 
from Apri l 1 to September 30, we predic ted 70,000,000 ac re - f ee t and the actual flow was 84,800,000 
ac re - f ee t . You will r e ca l l that the spr ing of 1942 was the occasion of much ra in along the lower 
Columbia. Our fo r ecas t s of the flow of the r i v e r at Birchbank, Br i t i sh Columbia, for the per iod 
Apri l 1 to September 30, and the actual flow in ac re - fee t , in round numbers , have been a s follows: 

Year Forecas t , a c r e - f ee t 
1940 39,000,000 
1941 35,000,000 
1942 35,000,000 
1943 41,000,000 

Actual, a c r e - f ee t 
37,160,000 
32,264,000 
Actual figure not yet avai lable 
? 

Finally, and in o rde r to make the forecast ing of the s e a s o n ' s wate r - supply a s complete as 
poss ible , the re has been injected Into the information given in our fo recas t s for April 1 the amount 
of water c a r r i e d over in s torage in the m o r e impor tant and in many of the s m a l l e r r e s e r v o i r s in 
each State. Also inaugurated this year has been an effort to indicate the available water in under 
ground r e s e r v o i r s . This will give a complete p ic tu re of the total wate r - supply . 
U. S. Depar tment of Agr icu l ture , 

Division of I r r igat ion, 
Berkeley, California 

DISCUSSION 
GEORGE H. CANFIELD (Dis t r ic t Engineer , United States Geological Survey, Port land, O r e 

gon)—The p r e s e n t p rocedure of making snow-observat ions and fo recas t s in th is a r e a i s based on 
observat ions of snow-water s torage made a t c o u r s e s at the beginning of each month from January 
to Apri l . The Water Resou rces Review issued by the Geological Survey at Washington, D. C , for 
the s ix -mon ths ' per iod October 1, 1942, to March 31, 1943, contained a s u m m a r y of water -conten ts 
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of snow and fo recas t s of runoff. This r e p o r t indicated that in the nor theas t e rn p a r t of the country 
some fo recas t s were based on wate r -con ten t of snow at t ime of max imum accumulat ion. It has o c 
cu r r ed to me that it may be des i rab le in th is wes te rn a r e a to a t tempt to de t e rmine the t ime of m a x 
imum water -content of snow at a few selected c o u r s e s . This maximum accumulat ion might occur 
within a winter or spr ing month and not be d isc losed by the monthly observa t ions . Fo r lower a l t i 
tudes in Oregon and in the Columbia River Basin, th is t ime of maximum accumulat ion might occur 
in February or March and, at higher a l t i tudes , s o m e t i m e s a s late a s the middle of Apr i l . 

I believe observa t ions near the middle of March would be pa r t i cu la r ly des i r ab le at a few 
representa t ive s ta t ions , pa r t i cu la r ly at those below an alti tude of 4,000 feet. I apprec ia te that, b e 
cause of p r e s e n t shor tages of labor , this additional work cannot be now under taken. But in the 
future it might well be an objective to obtain two or t h ree observa t ions each month from Feb rua ry 
to April at a few key s ta t ions at va r ious a l t i tudes in o r d e r to more cer ta in ly de te rmine the t ime 
and amount of maximum water -content in the snow-cover . Has anything been done along this l ine 
in this a r e a by the Soil Conservat ion Serv ice? 

Tha t ' s all I intended, an a t tempt to suggest at th is t ime that at some future date, a t a few 
selected cou r ses , more frequent observa t ions be made dur ing those c r i t i ca l months of M a r c h and 
Apri l . 

In answer to Mr . McLaughl in ' s question why 4,000-foot elevation was chosen, I am thinking 
that at the lower a l t i tudes in the Cascade and Coast r a n g e s the re might be an addition to the snow-
cover during the f i r s t half of the month of F e b r u a r y or March, with no snow on the ground at end 
of month. Also c o u r s e s below 4,000 feet would be m o r e readi ly access ib le for additional v i s i t s 
and snow-measu remen t s . It would be des i rab le to extend these m o r e frequent snow-observa t ions 
at a few key s ta t ions at all a l t i tudes . 

In the Blue Mountains, a s was suggested by M r . Work and M r . M a r r , some of the runoff from 
snow-mel t may occur during the middle of Feb rua ry from the Sllvies River and other s t r e a m s in 
that a r e a . The maximum d i scha rges on mos t s t r e a m s draining the Blue Mountains this yea r 
reached thei r peaks about the middle of Apri l ; that on the Crooked River n e a r Cove occu r r ed a t 
the beginning of Apr i l . Because of the cool spr ing the runoff has been l a t e r than usua l this yea r . 

R. A. WORK (Irr igat ion Engineer , United States Division of I r r iga t ion and Oregon Exper iment 
Station, Medford, Oregon)- - I think M r . Canfield 's suggestion i s well based for th i s r eason : We 
tentatively have found that on many s t r e a m s in Oregon the bes t e s t ima te of snow-mel t runoff i s 
often developed by use of the max imum snow-accumulat ion figure for the winter r e g a r d l e s s of 
whether that accumulat ion occur red during the middle of F e b r u a r y or at the f i r s t of May. To that 
extent Mr . Canfield has substant ial a rgument to back his p roposa l , but on the o t h e r hand we a r e 
dist inctly l imited in the making of such frequent observa t ions by some of the fac tors that Mr . 
McLaughlin has spoken of, such a s shor tage of funds and personne l , difficulties of t ranspor ta t ion , 
inaccessibi l i ty of these p laces , and so forth. I will go on r e c o r d a s concur r ing m o s t hear t i ly with 
Mr . Canfield 's suggestion concerning need of m o r e frequent observa t ions . 

BERTRAM S. BARNES (Regional Engineer , United States Weather Bureau, San F ranc i sco , 
Cal i fornia) - -Mr. Codd has a s sumed that a l l of us know that a snowflake is composed of l i t t le 
hollow tubes. You can have two snow-c rys t a l s that look v e r y much alike when seen side by s ide, 
yet actually they may be widely different. One may be p rac t i ca l ly filled with water and the other 
might be filled with a i r . In other words , you would have one d ry and one wet flake and find that 
externally they would appear to be the s ame . The difference i s in the " q u a l i t y " of the snow. 
There is , therefore , a var ia t ion in the number of Br i t i sh the rma l uni ts r equ i red to mel t a given 
weight of snow. 

PRECIPITATION-RUNOFF RELATIONSHIPS AS A BASIS 
FOR WATER-SUPPLY FORECASTING 

George D. Clyde and R. A. Work 
Ear ly h is tory of s n o w - s u r v e y s - - M e a s u r e m e n t s of snow-water content have been made by 

scient is ts and o the r s for more than 40 y e a r s . The e a r l i e s t r epor ted m e a s u r e m e n t s were made 
by CHARLES A. MIXER at Rumford Fa l l s , Maine, in 1901. Mixer used a tube to cut out a sample 
of snow which he weighed to de te rmine i ts water -content . La te r , in 1903-1904, ROBERT E. 
HORTON at Utica, New York, developed a tube for cutting snow-samples and these samples w e r e 
weighed to de te rmine the water -content . Hor ton 's tube was 5.94 inches in d i ame te r and five feet 


