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when the Alpine Zone is reached, from which region, in spite of greater depth of snow, little run
off Is contributed to valley flow. The range in elevation of the precipitation-index network used in 
seasonal forecasting for the Rio Grande Basin is from 7,000 to 10,000 feet, on the upper Colorado 
is from 5,000 to 10,200 feet, on the Green is from 5,000 to 8,800 feet—all with long periods of 
records. 

It is not in accord with known facts to discredit the "Valley Station" as a significant index to 
precipitation at higher levels. Precipitation-events (storm-periods) have within themselves a unity 
which expresses itself in a high degree of dependency of precipitation measured at points of differ
ent elevation (including those below and within significant distance of the average snow-line), even 
though the character of the precipitation (rain or snow) is different at the points compared. 

Furthermore, winter conditions in the regions of the West producing snow-melt runoff com
bine to retard runoff from snow or rain with almost equal effectiveness—snow remaining in the 
solid state until the spring release and rain becoming ground-frost, ice, and temporary ground
water storage--all to be released under spring conditions. 

The writer agrees that spring precipitation is one of the variables that must be included in any 
successful May 1 forecasting-equation. In addition to this factor in the authors' graphical correla
tion, a variable multiplier for precipitation has been used which depends on the sign of its departure 
from normal. It should be pointed out that by using this procedure the number of "degrees of 
freedom" have been reduced by two. Therefore, the brief period of record used has in effect been 
shortened still further, and the average error of 8.4 per cent obtained by the authors is a highly 
optimistic estimate of future forecast-verification. 
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FORECASTING RUNOFF FOR POWER AND IRRIGATION 
FROM R E L A T I V E L Y L O W - L E V E L AREAS 

Harry Olsen and E . B. Price 

We have been asked to give a brief discourse relative to our methods in connection with fore
casting runoff from the Klamath Basin, located in southern Oregon immediately east of the Cas
cade Range. 

The Klamath Basin, in so far as it provides for the inflow to Upper Klamath Lake, may be con
sidered as having an effective area of around 3,500 square miles. Elevations range from 4,150 to 
nearly 9,000 feet, most of the area lying between 4,200 and 4,600 feet above sea-level. The rim of 
this basin, roughly 70 miles in diameter, varies from a maximum elevation of around 9,000 feet 
at Crater Lake on the western edge, to a little under 5,000 feet on the northerly and southerly 
rims. However, most of the rim is above elevation 5,000 feet. Quite a dense forest of conifers 
covers the mountain slopes in the western portion of the basin, while the forest is thinner in the 
eastern part of the area. The mean annual precipitation at established stations varies from around 
66 inches in the mountains to 12 inches on the basin-floor. The principal streams flowing into 
Upper Klamath Lake are Williamson River with its two main tributaries, the Sprague and Sycan, 
Wood River, and Sevenmile, Cherry, Rock, Crystal, and Fourmile creeks. The region is of vol
canic formation, varying from hard lava to pumice and ash which,, together with extensive areas of 
marsh, has a marked effect upon stream-flow. Much of the water-supply is spring-fed to a large 
degree, the formation acting as an immense sponge, absorbing within itself the valuable waters 
later to be released throughout the dry portion of the year as a sustained yield. 

The Klamath Basin is the principal source of supply of water for the Klamath Irrigation Project 
of the Bureau of Reclamation and for the power-plants of The California Oregon Power Company 
located at Klamath Falls and Keno in Oregon and Copco, California. The present hydro-electric 
development supplied from this source totals 83,785 rated horsepower. A low weir-type concrete 
dam at the outlet of Upper Klamath Lake operated under Government lease by the Power Company 
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provides a usable storage of 465,400 acre-feet. 
Without this dam the approximately 100,000 acres 
under the Project would, during low-water years, 
have suffered a deficiency. However, no lack of 
water-supply has been felt by the Project, because, 
except for a small prior water-right, its require
ments receive first call. It, therefore, particularly 
behooves the Power Company to exercise every pos
sible precaution to ascertain the probable yield from 
the basin in order to properly and most efficiently 
make use of the water available for its use. Here the 
coordination between plants served from the Klamath 
Basin source and stream-flow plants on the adjoining 
Rogue River Area comes into particular play. 

During the fall of 1926, in an effort to predict 
the summer and fall inflow to the lake, the Power 
Company in cooperation with the Klamath Irrigation 
Project engineers established snow-stations at 
strategic locations, in so far as observers were 
available. We were not in a position to employ the 
highly developed snow-sampler, now so extensively 
used, so made use of the single sampling-method 
whereby a sample is taken in a 3 9/16-inch diam
eter No. 28 gage galvanized sheet-metal tube, and 
melted into a 2 17/32-inch diameter receptacle 
which accentuates the water-depth by two. Com
parison with the Mt. Rose long course-sampler shows 
a good to fair relationship. Naturally, we would have 
preferred to have had stations at certain more inac
cessible locations, but since we were forced to rely 
on existent observer help, we have utilized such local 
help consistently, and in most instances have been 
using the same observers year after year. At the 
stations where the single-sample method is used, 
observations are taken and the results sent in on 
self-addressed cards on the fifteenth and last day of 
the month. Up to and including 1941, reports were 
made for the six months, November through April. 
Since that time we have eliminated the reports for 
November and April as being of no particular value 
and not justifying the added expense. 

t 

Since 1936, our single-sample stations have 
been augmented by several long-course stations, 
three of which duplicate readings at the old single-
sample stations. The long-course measurements 
are made once a month by the Division of Irrigation, 
Soil Conservation Service, United States Department 
of Agriculture, with whom we cooperate along with 
other agencies. 

Fig. 1—Upper 

The accompanying map (Fig. 1) shows the Klamath Basin divided into six drainage-areas. In 
arriving at the estimated amount of water in the snow over the entire basin, each sub-basin is 
figured separately. The reported amount of water in the snow for the several stations within a 
given area are weighted together on the basis as they individually may be considered representa
tive of a certain proportion of the area in question. 

At present the reports from 14 basic stations are used. These comprise mostly the originally 
established stations, many of them now having 17 years of record. The reports from eight addi
tional stations, more recently established, are not directly used at present, but will be later. 

Table 1 gives the basic data used in computing the water in the form of snow over the basin 
available for conversion into "net inflow" or usable runoff. Paralleling the term runoff we use 
the expression "net inflow", which is that amount of water available at the outlet of Upper Klamath 
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Lake for for irrigation- and power-use. It is the net amount left after the several variables such 
as evaporation and unknown irrigation use up country have had their effect. It is the amount of 
this net inflow which we endeavor to forecast. 

As an example, the method of computing the estimated net inflow for 1942-43, based upon 
snow-measurements as of March 31, 1943, is shown in Table 1. It might be in order to explain 
the "multiplier constant" in column (5). This is merely the constant by which the recorded depth 
of water is multiplied in order to convert it to its proper weighted value as representing this par
ticular station's effect upon the area under consideration. For instance, under m , Williamson 
River, the mean of the first three stations is assumed to represent average conditions over one-
third of the area. Thus each one has a value of 1/3 x 1/3 = 1/9 or 0.111. The mean of the last 
two of the five stations is assumed to represent average conditions over two-thirds of the area. 
Here each one has a value of 1/2 x 2/3 = 1/3 or 0.333. 



58 TRANSACTIONS, AMERICAN GEOPHYSICAL UNION 

Table 1--Estimated net inflow of Upper Klamath Lake for 1942-43 
based upon snow-measurements March 31, 1943 

No. Sub-basin Area Measuring 
station 

E l e 
va

tion 
Water Multiplier 

constant 

Weighted 
water-
inches 

[(4) x (5)] 

Water-
cover 

[(1) x (6)]/12 

(1) (2) (3) (4) (5) (6) (7) 

I Upper Klamath 
acres 

273,000a Pelican 
feet 

4,200 
inch 
0.0 0.167 0.000 

acre-feet 

Lake Rocky Point 
Crystal 
Gov't Camp 
Lk-O-the Woods 

4,150 
4,200 
6,516 
4,960 

0.0 
4.0 

66.6 
12.0 

0.167 
0.167 
0.250 
0.250 

0.000 
0.668 

16.650 
3.000 

IV 

VI 

Total I 273,000 20.318 462,200 
H Wood River 85,000 Gov't Camp 

Fort Klamath 
6,516 
4,150 

66.6 
0 

0.333 
0.667 

22.178 
0.00 

Total H 85,000 22.178 157,100 
Williamson 812,000 Kirk 4,533 0 0.111 0.000 

River Chemult 4,760 15.2 0.111 1.687 
Sun Mountain 5,350 37.6 0.111 4.174 
Chiloquin 4,187 0 0.333 0.000 
Yam say 4,600 0 0.333 0.000 

Total HI 812,000 
Lower Sprague 315,000 

River 

5.861 396,600 
Chiloquin 
Beatty 
Klum Ranch 

4,187 
4,300 
4,800 

0.250 
0.250 
0.500 

0.00 
0.00 
0.00 

Total IV 
V Upper Sprague 

River 

315,000 0.00 
325,000 Klum Ranch 4,800 0 0.333 0.000 

Beatty 4,300 0 0.333 0.000 
Quartz Mountain 5,500 5.5 0.333 1.832 

Total V 
Sycan River 

Total VI 

325,000 1.832 49,600 
395,000 Klum Ranch 4,800 0 1.000 0.000 
395,000 0.000 

Grand total area [column (1)], acres 
Grand total gross water-cover on hand [column (7)], acre-feet 
Grand total gross water-cover to come, based on normal precipitation^ April 1 to 

August 31 = (3.36 in/12) (2,205,000), acre-feet 
Grand total estimated water-cover, acre-feet , 
Assume 40 per cent runoff-factor (see Table 2) for estimated net inflow April 1 to 

September 30, 1943, namely, gross water-cover times runoff-factor, aqre-
feet 

Net inflow October 1, 1942, to March 31, 1943, as recorded, acre-feet 
Total estimated net inflow, acre-feet 

or say . . . . 

2.205,000 
1,065,500 

617.400 
1,682,900 

673,200 
900,400 

1/673,600 
1,575,000 

a A r e a of surface of Lake not included. ^Precipitation at Chiloquin, Oregon. 

Then the Gross Water Cover as of March 31 is obtained. To this is added the water available 
from precipitation still to come. This is taken as a constant amount of 617,400 acre-feet, arbi
trarily assuming that the normal precipitation at Chiloquin for the five months, April through 
August, of 3.36 inches, represents the average rainfall over the entire Klamath Basin. We then 
obtain the "Total estimated gross water-cover", which must be corrected by the several unknown 
variables among which are up-basin irrigation, evaporation, effect of previous years, soil-moisture 
content, etc. Previous years' inflow, particularly the sustained effect of a series of above-normal, 
normal, or below-normal years, has a marked effect upon the net results of the year in question. 
This correction is made by applying the proper runoff-factor, which is the final step in arriving at 
the estimated net inflow. 

As can readily be seen, choosing the proper runoff-factor is really what decides whether a 
reasonable estimate is to be made. However, if a good basis is established for choosing the proper 
factor, then other assumptions such as area involved and the effect of a certain station on a repre-
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Table 2--Estimated net inflow, Upper Klamath Lake, data used for choosing runoff-factor 

I O W I wa

ter in Precipitation at 
Runoff-factor, 

per cent 
Net inflow, Upper Klamath Lake, 

a p r p . f p n t 
snow on Chiloquin, per Computed Used 

in 
esti
mate 

Year water
shed 

cent of normal on basis 
of actual 

Used 
in 

esti
mate 

Actual 
Oct.-

March 

Actual 
April-

Sep. 

E s t i 
mated Actual E s t i 

mated 
total March 31, 

acre-feet 
Year Sep.-

March 
April-
August 

inflow and 
precip. 

Used 
in 

esti
mate 

Actual 
Oct.-

March 

Actual 
April-

Sep. April-
Sep. 

total 

E s t i 
mated 
total 

- L i J 1 9 f i 7 I C O . 1 1 1 1 7 1A9 n 
LOG .O 

one onn ( G O , oUU 
KAR nnn 040, yuu 
7 Q 7 snn 10 (,DUU 

514,500 
o i n A n n Z4U,0UU 
A n n onn 
ouy,8uu 

l,Z4U,oUU 
rro'7 A n n I o /,4UU 

1 9 0 7 o n n 
1 , 0y ;,ouu 

i y & o 9f i RA 1 R1 1 7f i n 1 0 . 0 

one onn ( G O , oUU 
KAR nnn 040, yuu 
7 Q 7 snn 10 (,DUU 

514,500 
o i n A n n Z4U,0UU 
A n n onn 
ouy,8uu 

l,Z4U,oUU 
rro'7 A n n I o /,4UU 

1 9 0 7 o n n 
1 , 0y ;,ouu 

97 71 a ^nn 
1 1 O, J uu 

1 no s 11 fi n 1 1 0 . 0 A 1 9 A Q A 
4y .0 

40 .U 

one onn ( G O , oUU 
KAR nnn 040, yuu 
7 Q 7 snn 10 (,DUU 

514,500 
o i n A n n Z4U,0UU 
A n n onn 
ouy,8uu 

A n n A n n OUU, OUU 

l,Z4U,oUU 
rro'7 A n n I o /,4UU 

1 9 0 7 o n n 
1 , 0y ;,ouu 

1 9 O Q nnn 1, o o y , U U U 
1 1 o n nnn 1, loU, UUU 1927 -28 J O U f d U U An 9 7A A 1 0 . 0 AS 1 O O . 1 A O n i n n 4U.U 7 0 1 snn (Zi,DUU I A I onn 404,oUU 1 A 0 A n n 408,OUU 1 1 H P . o n n 1,1 /D,oUU 

1 9 O Q nnn 1, o o y , U U U 
1 1 o n nnn 1, loU, UUU 

1928 -29 4 1 4 son S 4 A in 9 7 1 1 ( 1 . 1 0 0 . u Q n n oU.U R A O i n n 048,4UU o n e nnn oUD, (UU ono A n n JUOjOUU 0 c A 1nn 004,JLUU O K n nnn oO 1 ,UUU 

1929 -30 9^9 snn 
u d « ] d U U 

75.3 83.7 42.2 A S O 4 0 . 0 on n oU.U s o i onn 084,ZUU 0 9 1 7 n n O A n onn ZbUjOUU 0 1 0 onn olo,UUU C M K nnn o40,UUU 

1930 -31 fiOd)dUU 57.8 58.7 53.5 0 0 0 on n ZU.U 1 S 7 nnn 40 (,OUU 1 7 7 onn 1 ((,ZUU 1 on 1 nn 18U,4UU C Q A o n n bo4, oUU c o o nnn OOO, UUU 

1931 -32 U O J , J U U 102.3 86.4 164.0 1 0 1 
18.1 

on n ZU.U 1 nn 1 nn 
49s), 1UU 

293,200 O A n nnn 
zou,yuu 

(700 onn 
/yZ,oUU 

T e n nnn /DU, UUU 

1932 -33 X , 1 0 4 , uuu 72.6 72.5 72.9 19.2 18.0 456,400 313,700 323,600 770,100 780,000 
1933 -34 1 J J,uuu 71.7 68.2 85.1 29.1 25.0 478,'800 198^200 193^200 677,000 672,000 
1934 -35 880,000 94.0 90.4 108.3 24.5 25.0 489,200 385,300 373,800 874,500 863,000 
1935 -36 1,134,500 100.0 96.5 114.4 23.4 25.0 577,500 430,300 437,600 1,007,800 1,015,000 
1936 -37 947,700 102.8 64.7 252.0 14.4 25.0 492,100 359,700 390,900 851,800 883,000 
1937- -38 1,528,400 125.8 145.2 48.2 41.1 35.0 719,000 752,800 751,000 1,471,800 1,470,000 
1938- -39 581,300 72.2 77.6 50.6 34.6 25.0 564,200 309,400 298,800 873,600 863,000 
1939- 40 617,000 134.2 151.5 61.0 43.4 35.0 678,400 431,100 431,500 1,109,500 1,110,000 
1940-41 569,000 115.3 101.8 167.6 24.9 33.0 577,800 372,800 391,200 950,600 969,000 
1941- 42 607,500 112.5 106.6 134.6 31.5 35.0 640,900 452,700 428,200 1,093,600 1,069,000 
1942- 43 1,067,000 152.0 40.0 900,400 

452,700 
674,600 1,575,000 

sentative area is not so important just as long as one consistently makes the same assumptions. 

Table 2 gives the essential data used in choosing the runoff-factor. The longer the record, 
the better one should be able to pick out the proper factor. The Table shows by years the kind of 
seasons formerly attained. The season to come is very greatly affected by what has gone before. 
This may not be so true where the snow-cover is on a relatively impervious area, in which case 
the runoff can generally be estimated as a direct relation to the snow-cover. However, a formation 
such as makes up the Klamath Basin in effect really provides a large underground storage-
reservoir, which is very much affected by performances of previous seasons and years. 

So we utilize the records of precipitation at Chiloquin, which has an annual mean of 16.60 
inches, and note particularly the present performance-period September through March with 
respect to that of the previous period April through August. 

"In the example worked out in Table 1, estimating the net inflow for 1943 based upon measure
ments of March 31, 1943, we have chosen a 40 per cent runoff-factor, noting from Table 2 that the 
precipitation (September to March) is 152 per cent of normal and that it follows a last summer's 
(April to August) precipitation of 135 per cent of normal. This is after the pattern of 1937-38 
when a 35 per cent factor was used. However, for the last few years the net inflow has been in
creasing due to the continued replenishment of the underground storage, last year being con
sidered good. So we feel justified in raising the 1938 and last year's runoff-factor figure to 40 
per cent and predicting a total 1942-43 net inflow of 1,575,000 acre-feet. The six-month forecast 
is then broken down into monthly forecasts on the basis of existing snow-conditions and trends in 
previous years. Of course, all forecasts are predicated upon normal conditions of weather during 
the period of runoff. 

We have found no consistent yearly relation between water in the form of snow on the ground 
and runoff due, we believe, to the character of formation under the cover. We have tried combin
ing the results of present and previous years' precipitation and inflow-figures, with the hope of 
finding that elusive constant which may be applied directly to the "Estimated gross water-cover" 
to date and thus give us the answer of what is to come, and we are still at it. For the present we 
rely upon a method which might be considered more practical than theoretical in that the matter 
of personal judgment enters somewhat largely into the picture. We do feel that we get rather fair 
results, and that the benefits derived from the forecasts fully justify the efforts expended. 
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Addendum relative to runoff-factor 

In connection with the foregoing paper it might be advisable to further discuss the "Runoff-
factor" shown in Table 2. 

The one used in actually estimating the net inflow is greatly dependent upon the judgment of 
the forecaster. The chosen factor is applied to the summation of the acre-feet of water in the 
form of snow on the ground as of March 31 and a constant 617,400 acre-feet, the latter figure be
ing the normal precipitation at Chiloquin, Oregon, from April 1 to August 1, applied to the total 
area. 

The computed runoff-factor shown in Table 2 is obtained after the season's operation by work
ing backwards from actual precipitation and net-inflow figures, and is mainly of interest as a mat
ter of comparison and trend. 

Since determination of a runoff-constant is one of the principal factors involved in accurate 
forecasting of the probable inflow to the Upper Klamath Lake, the question arises as to the prin
cipal causes of this variation and whether or not ways may be found of reducing the unknown factors. 

We know by observation that dry, wet, or frozen ground at the,time of the first winter snow-
cover has an important effect upon the total runoff, as well as the rate thereof, but to what extent 
is not known. 

A start has been made in this particular basin by taking measurements of soil-moisture con
tent at Annie Spring, Chemult, and Quartz Mountain, and if these records are continued and other 
stations established so as to obtain a good representative coverage of the area, they may, in time, 
prove of some value. 

Another possibility would be the establishment of ground-water-level records, taken from 
wells or springs unaffected by surface-water. 

Such records might or might not be of benefit to the forecaster, but the importance of accurate 
forecasting of runoff and resultant inflow to the storage-reservoir for irrigation and power-genera
tion as well as river-control are of unquestioned benefit. 

The California Oregon Power Company, 
Klamath Falls , Oregon 

DISCUSSION 

J. E . CHURCH (University of Nevada Experiment Station, Reno, Nevada)--We have had a sim
ilar experience with the Humboldt River, Nevada, that is apparently one of the most erratic 
streams in its relation to snow-cover that has so far come to our notice. We have just found that 
the water-table has a basic and close relationship to the present excess runoff that is occurring 
from that stream. We have found that by using the snow-cover as base-datum and modifying this 
by the influence of the water-table we come close to the total of runoff. This has now occurred 
for two years while the water-table has been steadily approaching its maximum height. 

Therefore, if the Klamath River is considered as a combination of accumulating ground-water 
with additional seasonal snow and rain, the joint influence should closely express the final dis
charge. Fortunately the lava-fields steady the flow of both the Pitt and the Klamath as well as 
produce a carry-over from one season to the next. 

A similar study has now been well started in the Charleston Mountain in southern Nevada to 
seek a method of forecasting the fluctuation of the artesian wells in the valleys at its base. It may. 
take several seasons before the relationship between snow and fluctuation in artesian flow becomes 
apparent. 

BERTRAM S. BARNES (Regional Engineer, United States Weather Bureau, San Francisco, 
California)—I have been wondering how the water equivalent would compare with the soil-moisture 
capacity. We are dealing with a case where the major loss, in the long run, must be evaporation, 
because it seems to me that the water that goes into ground-water storage would practically all 
drain out in six months. 
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If you had a 66-inch water-equivalent over the snow-covered area, it is unlikely that the soil 
would take and hold a very heavy percentage of it. 

H the difference between the highest runoff-factor and lowest--which are 49 and 18--were 31 
per cent, and the factors were based on the soil-moisture deficiency, that would mean an exceed
ingly great water-capacity for the soil. 

How long do you think there would be an appreciate carry-over of ground-water storage? 

R. A. WORK (Irrigation Engineer, Soil Conservation Service, Medford, Oregon)--Referring 
to Mr. PEDERSON'S question as to how the runoff-factor could be off and still give the correct 
result, there must be a compensating factor. The fact that the basin is divided into six subsidiary 
drainages, in each of which acre-feet have been computed, might account for a part of it. There 
has to be a compensation. In some years, deviations of precipitation from normal after date of 
forecast accounted for the compensation. Anyway, the proof of the pudding seems to be in the eat
ing. The estimates are phenomenal. 

As regards the query by Mr. BARNES on magnitudes of water-equivalent, they are given just 
for one year--the current year, April 1, 1943--as 0, 0, 4.0, 66.6, 12.0, 15.2, 37.6, 5.5, and all the 
rest 0. It so happens that one or two of these stations, in a year like this when there was no low 
snow, carried much of the load of this entire computation. 

Regarding Mr. Barnes' comment that the great difference between runoff-factor would indicate 
an exceedingly great water-capacity for that soil, it may be noted that the area is a great one of 
underground grottos, fissures, etc., which may take several years to fill . The lava-formation is 
like a great sponge. It would take several years during a period of deficient precipitation to draw 
off the reserve supply. In other words, there is a great equalizing basin under there. 

Answering Mr. Barnes as to how long there would be a carry-over, I would say, as a quick 
estimate, approximately three years. 

HARRY OLSEN (communicated July 16, 1943)--As indicated by Dr. CHURCH, the runoff of the 
previous season or series of seasons does have a considerable weight in choosing the runoff-factor 
used. His tabulation of "Monthly percentages of normal runoff in varying types of watersheds", 
very nicely illustrates the hold-over characteristics of the lava or volcanic formation such as is 
present in the Klamath Basin. 

Table 1—Monthly percentage of normal runoff in varying types of watersheds 

L a v a s o i l 
Alluvial soil, Granite soil, Klamath, Upper Kla  North Fork, 

Month Humboldt, Pal  Upper Kern, math Lake, Route River, 
isade (Nevada) Kernville Spencer 

Bridge 
Klamath Station 722, 

Falls Prospect 
Oct. 1.7 3.3 5.0 6.3 4.8 
Nov. 2.2 2.8 6.0 8.0 6.6 
Dec. 1.9 2.8 7.8 10.0 8.0 
Jan. 2.6 3.9 9.1 10.1 8.2 
Feb. 3.8 3.6 9.4 9.9 9.1 
Mar. 12.0 6.1 11.9 13.2 10.3 
Apr. 19.0 10.1 13.3 13.1 13.0 
May 20.0 17.3 12.4 10.6 14.2 
June 23.5 22.4 9.5 ' 6.0 10.8 
July 8.7 11.6 6.8 3.8 5.9 
Aug. 1.5 5.3 4.6 4.0 4.6 
Sep. 0.8 3.1 4.1 5.0 4.5 

Totals 97.7a 92.3a 99.9a 100.0 100.0 
Mar.- July 83.2 67.5 53.9 46.7 54.2 
Apr.-July 71.2 61.4 42.0 33.5 43.9 

aNote by Dr. Church: The failure of the monthly percentages in my tabulations 
to add to the exact total of 100 per cent is probably due to occasional gaps in the 
data; in any case the percentages are sufficiently close to present the picture. 
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Dr. Church used the record of the Klamath Basin at Spencer Bridge in his tabulation. Due to 
the fact that the Klamath Project diverts through their " A " canal, around 200,000 acre-feet during 
the period April to September above the Spencer Bridge Station and since there may be either in
flow into or diversion from Klamath River through the Lost River Diversion (also in connection 
with the Project) which is also above the Spencer Bridge Station, a truer picture would be obtained 
by using the "net inflow" into Upper Klamath Lake. This "net inflow" is the amount of water 
available at the outlet of the lake after the variables such as evaporation and unknown irrigation-
use from streams and springs flowing into the lake have had their effect. 

To Dr. Church's table has been added the percentage-figures based upon the net-inflow records 
of Upper Klamath Lake, using the 38-year mean (1904-42). It will be noted that his findings and 
conclusions relative to soil-effect are still further verified by using the above, there being a still 
greater spread during March to July and April to July. The fact that July shows the minimum flow 
instead of September is probably due to irrigation up-country above the Lake outlet. 

To Table 1 also has been added the figures based upon the record of Station 722, North Fork 
of Rogue River, the source of which adjoins the Klamath Basin on the west in the Crater Lake Re
gion and which is also in a volcanic formation watershed. By coincidence the results rather close
ly follow Dr. Church's percentages using the Klamath River, Spencer Bridge Station. 

A SIMPLE PROCEDURE FOR THE DAY-TO-DAY FORECASTING 
OF RUNOFF FROM SNOW-MELT 
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Synopsis—During recent years numerous methods for the prediction of rate of snow-melt and 
resultant runoff have been presented [see 1, 2, 3, 4 of "References" at end of paper]. Some solu
tions were based on thermodynamic principles. Others made use of simple empiricisms. As yet, 
however, no procedure has completely supplanted the use of the degree-day factor [4, 5]. The out
standing virtue of the degree-day method is its extreme simplicity. Only records of dry-bulb 
temperature are necessary to compute degree-days and a simple multiplication by a degree-day 
"factor" completes the computation of the volume of snow-melt. The great disadvantage of the 
procedure is that it neglects humidity, radiation, and other factors known to influence the melting-
rates of snow. It is the purpose of this paper to outline the methods developed by the office of the 
Weather Bureau at Sacramento, California, for applying the degree-day procedure to river-
forecasting in the Sacramento and San Joaquin river-basins. 

Introduction—In the development of river-forecasting schemes for the Sacramento River Dis
trict it was necessary to include a procedure which would enable the forecaster to anticipate the 
probable contribution of melting snow to stream-flow, especially during flood-periods. Since 
melting snow is not ordinarily a large contributor to floods in this region [6] and since the fore
cast for the entire district, comprising some 45,000 square miles, must be completed in a very 
short time, the procedure for predicting snow-melt runoff had to be as simple and as mechanical 
as was consistent with the necessary accuracy. Few records of meteorological elements other than 
temperature and precipitation are available from the remote areas of the Sierra Nevada where the 
heavy snowpack accumulates. These facts all indicated that the degree-day procedure would 
probably be the only satisfactory approach. 

There are two difficulties which must be overcome before such a procedure can be considered 
adequate for purposes of forecasting. The first of these arises from the extreme range in eleva
tion between the lower limit of the snow and the upper elevation of the basins. Because of this 
difference in elevation melting may often take place over only the lower portion of the snow-field. 
The second difficulty develops because the degree-day number is only an approximate index of 
many melting-factors. It therefore is quite likely to be a variable, and the laws governing this 
variation must be understood before the procedure can be applied. 

The solution finally adopted is based on the use of two curves. The first has been named the 
"unit-melt diagram" (Fig. 1) while the second is the degree-day-number curve (Fig. 2). 

The unit-melt diagram—Depending upon antecedent conditions, the lower limit of the snowpack 
in the Sierra Nevada may range from about the 3,000-foot level upwards. Melting of snow can take 
place only in the zone from the snow-line up to approximately the elevation of the 32° isotherm. 
Runoff from the melting snow will probably only occur in the lower portion of this melting-zone, 
since in the upper reaches most of the available heat will serve only to ripen the snow to the point 
where subsequent melting can result in runoff. 


