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Factors Affecting 

SNOWMELT and STREAMFLOW 
By W. U. Garstka, Engineer, Bureau of Reclamation, 

L. D. Love and B. C. Goodell, Foresters, Forest Service, 

and F. A. Bertie, Engineer, Bureau of Reclamation. 

ABSTRACT 

This report summarizes the work done and the 

analyses made with data collected at the Fraser 

Experimental Forest, Fraser, Colo., during the 

snowmelt seasons of 1947 to 1953, inclusive. The 

Bureau of Reclamation and the Forest Service col¬ 

laborated in these cooperative snow investigations. 

Comparisons between the catch in Sacramento- 

type storage precipitation gages and the accumula¬ 

tion of snow on the ground indicate that the gage 

catch was generally deficient. Charts are pre¬ 

sented comparing degree-days computed from 

daily maximum and minimum temperatures with 

degree-days indicated by thermograph traces. 

Analyses of the runoff hydrographs show the ma¬ 

jor importance of long-term recession flows in the 

snowmelt hydrograph. Relations are developed 

between the daily snowmelt hydrograph and the 

melt-causing meteorological factors that lead to 

the development of techniques for forecasting the 

shape of the snowmelt hydrograph on a daily 

basis. The relation of area of snow cover to the 

resulting hydrograph is explored for one year 

when detailed mapping of the snow-covered area 

was pursued. The effect of evaporation during 

the snowmelt season is analysed by use of Light’s 

equation. Instrumentation at the Experimental 

Forest is described and samples of available data 

tabulations are shown. Although this report con¬ 

cludes the cooperative snow investigations, the 

Forest Service is continuing its research work at 

the Experimental Forest to determine the effect of 

forest management on the water yielded from this 

snow-fed drainage basin. 
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FOREWORD 

The excellent collaboration between the Bureau 
of Reclamation and the Forest Service, as is evi¬ 
denced by this report on the Cooperative Snow In¬ 

vestigations at the Fraser Experimental Forest, 

had its inception at the “First Conference of En¬ 
gineers” [75] 1 of the then newly organized Rec¬ 

lamation Service, which was held at Ogden, Utah, 

September 15 to 18,1003. 

Gifford Pinchot, Chief Forester of the Forest 
Service, spoke at this conference and his presenta¬ 
tion is quoted in part as follows:2 3 

For the present much the most important use of the 

forest reserves is to supply water to the irrigator, and 

1 Numbers in brackets refer to list of references beginning on 
page 185. 

3 Reference 75, page 120. 

their utility in this respect should be preserved in every 

possible way. This use, too, will increase with time, and 

it will become more and more evident that the foundation 

of the irrigation development of the West lies in the wise 

administration of the forest reserves. Not only can the 

present supplies of water be conserved by the right han¬ 

dling of the forest, but there is no question whatever that 

in many localities they may be largely increased. 

Although few men are alive today who com¬ 
prised the Reclamation Service and the Forest 
Service on the date when Gifford Pinchot attended 
the meeting at Ogden, the basic concepts on de¬ 
velopment of natural resources which inspired the 
workers of that day stand forth today with undi¬ 
minished brilliance as guiding lights in the en¬ 
deavor to attain more intensive and efficient utili¬ 

zation of the Nation’s water resources. 
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SECTION 1—INTRODUCTION 

Runoff from melting snow during a short 

period in the spring provides most of the water 

supply in the western United States, but is not 

timed to meet the requirements for crop produc¬ 

tion, hydroelectric power generation, municipal 

water, and other multiple-purpose objectives. 

This situation has led to the development of an 

irrigated economy based upon the reservoir con¬ 

trol and management of the water resources in 

snow-fed drainage basins. Thus, a basic under¬ 

standing of snow and of the processes by which 

the disappearing snow pack is converted to stream- 

flow is necessary for efficient management of irri¬ 

gation and multiple-purpose projects. 

The watersheds of the central Rocky Mountains 

exert a commanding influence on irrigation and 

other water uses throughout a major portion of 

the arid West. The Colorado River flows to the 

west, the Rio Grande to the south, the Arkansas 

to the east, and major tributaries of the Missouri 

River to the north and east. In the Colorado 

River Basin alone, over three-quarters of the total 

annual yield flows from the high-altitude, forested 

drainage basins of Colorado and Wyoming. 

Since the objectives of the Bureau of Reclama¬ 

tion and the Forest Service both relate to the 

most efficient utilization of the water resources, 

the collaboration of these two agencies in this snow 

investigation was a natural development. A thor¬ 

ough understanding of the processes, by which 

accumulated winter precipitation in the form of 

the snow pack is converted to spring streamflow 

in the channel, is fundamental to the research and 

operations programs of both the Bureau of Rec¬ 

lamation and Forest Service. 

Specifically, the objectives of these snow investi¬ 

gations were: 

a. Measurement of the total winter pre¬ 

cipitation. 

h. Determination of the amount of snow in 

storage on a drainage basin in terms of water 

equivalent, its distribution over the basin, and its 

disappearance as the melt season progressed. 

c. Development of methods of rapid evaluation 

of heat availability for use in predicting runoff 

from snowmelt, both in project planning and in 

actual reservoir operation. 

d. Development of a technique capable of rou¬ 

tine use; first, to account for, and second, to fore¬ 

cast losses from snow storage, which may occur 

either as snowmelt or as evaporation. 

The foregoing objectives are related directly to 

the development of new methods and improve¬ 

ment of existing methods of forecasting the run¬ 

off from snowmelt, not only seasonal water yield 

runoff but also rate of runoff. The seasonal water 

yield forecasts deal with prediction of a total 

volume of flow for a given period, e. g., April to 

July. They do not take into account the rates 

of melt or the distribution in time within the 

forecast period of the rate of inflow to reservoirs. 

On the other hand, rate of runoff forecasts from 

snowmelt deal with short-term daily forecasting 

of the water yielded by a drainage basin on which 

snowmelt is taking place. Rate of runoff fore¬ 

casts in certain areas may also be complicated by 

rainfall that occurs either before or during the 

snowmelt period. Both types of forecasts are 

used in both project planning and in the operation 

of facilities depending upon water resources. 

Forecasts are used in project planning to assist 

in deciding upon the capacity of the reservoirs 

and in allocating portions of that capacity among 

the various multiple purposes for which the proj¬ 

ect is designed. Rate of runoff from snowmelt 

forecasts are used in project planning in estimat¬ 

ing hypothetical floods, on which decisions are 

reached relating to the reservoir allocations for 

flood control, protection of the structures, and on 

the carrying capacity of outlet and spillway 

structures, especially the latter. An under¬ 

standing of the processes of snowmelt conversion 

to streamflow in the absence of rain sets the foun¬ 

dation for development of methods of estimating 

runoffs which would occur under extreme condi¬ 

tions of combined rainfall and snowmelt floods. 

Seasonal water-yield forecasts are used exten¬ 

sively in irrigation and multiple-purpose project 
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operations. If snow surveys indicate that the ex¬ 

pected water yield is considerably less than nor¬ 

mal, the usual practice is to allocate a certain 

volume of water per water-right acre. The de¬ 

cision is then left, usually, to the individual irri¬ 

gator as to the type of cropping, distribution of 

water demands, and frequency of irrigation he 

personally will follow. Seasonal water-yield and 

annual water-yield forecasts are used as the basis 

for setting up hydroelectric energy generation 

schedules. In the West, whatever utilization there 

may be of the water resource takes into account 

seasonal water-yield forecasts at some time during 

the year. 

Operational applications of rate of runoff fore¬ 

casting have been made in connection with the ut¬ 

most possible employment of water at the time 

that an irrigation reservoir is full so that the 

diurnal fluctuation which could not otherwise be 

accommodated in storage might be used by draw¬ 

ing down the reservoir on a daily schedule in an¬ 

ticipation of the forecast volume from a given 

day's snowmelt contribution to runoff. Rate of 

runoff forecasting is also used in connection with 

flood control operations and under special con¬ 

ditions of utilization of natural flows for hydro¬ 

electric. power generation. 

Since practically all of the usable volumes of 

seasonal water yield which are impounded in irri¬ 

gation and multiple-purpose reservoirs and used 

by diversion projects come from the high moun¬ 

tains. most of which are contained within national 

forests or other governmentally-owned areas, 

managing water-yielding drainage basins is of in¬ 

terest not only to the foresters but also to all users 

of the water. Practically all of the methods using 

forecasts of runoff from snowmelt are predicated 

on the continued existence of a uniform forest 

cover and on a recognizable amount of snow ac¬ 

cumulation, with the assumption inherent in this 

system that whatever changes may take place in 

the management of the vegetal cover would be 

of no significance in changing the correlations 

upon which the forecasts are based. 

These cooperative snow investigations are of 

particular interest to foresters in that through 

the various methods of harvesting timber, the 

climatic factors, such as temperature, wind, 

humidity, and incidence of solar radiation, may 

be so altered as to affect the rate of snowmelt and 

the daily discharge of mountain streams. 

When large areas of a particular watershed are 

altered by means of the harvesting of timber, the 

interaction of the various factors used in fore¬ 

casting water yields will be altered. This, in turn, 

will affect streamflow forecasts to an extent as yet 

unknown. 

Such changes take place not only as a result 

of timber harvesting but also because of fire and 

of insect depredations. Where these changes oc¬ 

cur on a mountain watershed with soils shallow 

in depth, considerable erosion and lowered quality 

of the increased streamflow might result from the 

accelerated daily melting of snows. 

It is important for foresters to recognize that 

any alteration in the vegetal cover of high moun¬ 

tain forested watersheds results in a change in 

the rate of daily snowmelt and possibly of the 

volumes of water yielded from the snow pack. The 

extent and magnitude of these changes in stream- 

flow may be harmful or beneficial in terms of sea¬ 

sonal water yield, and of rates of runoff. Since 

the harvesting of timber affects both the amount 

of snow accumulated over the winter and the dis¬ 

charge of streams, it would appear that more 

emphasis on the management of forests for water 

yield should be placed on the more stable, north- 

facing slopes in the mountains. 

This investigation also points to the fact that 

the snow remaining in the mountain watersheds 

after the peak of spring flow has been reached con¬ 

tributes decreasing amounts day by day to the 

streamflow. When contrasting the amount of 

snow stored in open stands of timber with that 

stored in dense stands, one finds that the rate of 

snowmelt is greater, and the snow cover disappears 

more quickly in the open areas, particularly after 

the peak of the streamflow is reached for a given 

melt season. Comparisons also indicate that tim¬ 

ber harvesting might be expected to make major 

changes in the volumes of water to be yielded from 

the melting of accumulated snow. 

The Forest Service, in the light of these water¬ 

shed management considerations, organized the 

Fraser Experimental Forest in 1938 and initiated 

investigations relating to the effect of timber cut¬ 

ting on water available for streamflow, yeai-s be¬ 

fore this cooperative snow investigation between 

the Bureau of Reclamation and the Forest Serv¬ 

ice began. The existence of the Fraser Experi¬ 

mental Forest, together with its backlog of ac¬ 

cumulated information on both the forest man¬ 

agement and the hydrology of the drainage basin 
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made it an ideal location for the execution of the 

cooperative snow investigations. Publications 

dealing with forest investigations conducted at the 

Fraser Experimental Forest have been issued by 

the Rocky Mountain Forest and Range Experi¬ 

ment Station, Fort Collins, Colo. 

Utilization of the Concepts Developed 

Three progress reports on these cooperative 

snow investigations have been released (see Ref¬ 

erences 84, 85, and 86). As these reports were re¬ 

leased, immediate application was made of the 

techniques and ideas emanating from this coop¬ 

erative investigation. One of the first and most 

widely used concepts is that of improving the 

accuracy of late summer, fall, and winter water- 

yield forecasts through the application of the re¬ 

cession concept following a recognition of the 

peak of the snowmelt hydrograph. This forecast 

is especially valuable in connection with hydro¬ 

electric energy generation, since it yields a very 

conservative predicted volume of inflowing resi¬ 

due of the given season’s snowmelt contributions 

to the annual water yield. 

Any precipitation which may yield runoff in 

the drainage basin will be in addition to the 

volume forecast by the recession method and, thus, 

can be readily introduced into operational con¬ 

siderations. During periods of little or no pre¬ 

cipitation, such as occurred in parts of the West 

in 1954, residua] forecasts by the recession method 

were found in numerous instances to be surpris¬ 

ingly accurate even though the volume of flow 

that they indicated appeared to be very low in 

comparison with the records of previous years 

in which there had been ameliorating contribu¬ 

tions from summer rain. 

Using the recession concept, Garstka [41] de¬ 

veloped a procedure for forecasting the inflow to 

Shasta Reservoir after the seasonal peak had 

been recognized, which was found to work well 

even though it was applied in terms of the vari¬ 

able recessions of water resulting from rainfall 

rather than from snowmelt. 

The method of analysis of a streamflow hydro¬ 

graph, described in detail in section 8 of this re¬ 

port, was applied in an investigation of the effects 

of reforestation on streamflow by Garstka [40] 

in connection with the Geological Survey’s con¬ 

tinuation of investigations into the effect of re¬ 

forestation performed in 1932 upon abandoned 

agricultural lands in central New York State. 

Inasmuch as the preliminary results of the 

Fraser Experimental Forest Snow Investigations 

substantiated the recession concept, the use of 

maximum temperature as an index of snowmelt, 

and the verification of Light’s equation, these con¬ 

cepts have been used in many design flood studies 

as described by Grout [48]. The “hydrothermo¬ 

gram” procedure described by Riesbol [79] is also 

based on the recession concept and the use of max¬ 

imum temperature. Hydrothermograms were 

used in the inflow design flood studies for such 

dam sites as Clark Canyon Dam site in the Jef¬ 

ferson River Basin and Alpine Dam site in the 

Snake River Basin. Light’s equation has been 

used in the rain-on-snow analysis prepared in the 

inflow design flood study for such dam sites as 

Stampede Dam site in the Truckee River Basin, 

Trinity Dam site in the Trinity River Basin, and 

Auburn Dam site in the American River Basin. 
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SECTION 2—REVIEW OF PREVIOUS WORK 

Hydrologists, foresters, and meteorologists have 
been interested for a long time in the influence of 
the forest on snow. The unusual character of 
winter season runoff and the nature of the flows 
resulting from melting snow were recognized in 
one of the most exhaustive drainage basin experi¬ 
ments conducted in recent times, the so-called 
“Swiss Emmenthal” investigations reported by 
Engler [36]. The Emmenthal experiment was 
conducted during the period 1903-17 by the Na¬ 
tional Research Institute of Switzerland. 

The first of the large-scale drainage basin ex¬ 
periments in the United States was begun by the 
Forest Service in 1909 with the selection of sites 
near Wagonwheel Gap in the headwaters of the 
Rio Grande in the high altitude Rocky Mountains 
of Colorado. This investigation was conducted 
through 1926 and is reported by Rates and Henry 
[11] [12]. Both the Emmenthal experiment in 
Switzerland and the Wagonwheel Gap experiment 
in the United States dealt with the effect of forest 
cover on seasonal and annual water yield rather 
than on flood-season flows or upon the processes 
of snowmelt. 

Among the intensive investigations dealing 
specifically with the processes by which an accu¬ 
mulated snow pack turns into water flowing in the 
stream channel is the one described by Garstka 
[38]. This investigation was begun in 1940 on 2 
cultivated and 1 forested drainage basin near East 
Lansing, Mich. Prior to this investigation, little 
work had been done on the relationship of various 
factors influencing the rate of snowmelt and the 
disposition of the water equivalent of the snow 
from natural drainage basins in contrast to small- 
scale, artificially bounded plot studies or labora¬ 
tory-type experiments. Detailed discussions of 
the physical characteristics of snow and ice are 
given by Dobrowolski [33], Dorsey [34], and 
Barnes [9], 

Numerous investigators have discussed the proc¬ 
esses of snowmelt, using data of a climatological 
and hydrologic nature as available in published 
records. Church [22] [23] presents a comprehen¬ 

sive discussion of the melting of snow, snow sur¬ 
veying, and the forecasting of streamflow based 
upon snow surveys. Wilson [103] discusses the 
factors relating to the melting of snow, and in 
Reference 102 he discusses the thermodynamics of 
snowmelt. 

The climatic factors of temperature, humidity, 
wind, and evaporation were measured in connec¬ 
tion with the Wagon Wheel Gap experiment [11] 
[12]. These factors, however, were not analyzed 
in relation to daily snowmelt and streamflow from 
the two experimental watersheds. The climatic 
factors were used mainly to describe the conditions 
existing on the two watersheds before and after 
treatment. 

A comprehensive discussion of the influence of 
forest cover on incident solar radiation, tempera¬ 
ture, wind, humidity, and evaporation are de¬ 
scribed by Ivittredge [60] [61] and Geiger 
[45], Both of these authors point out the dif¬ 
ferences which exist in the climatic factors when 
a forest canopy is dense, when it is thin, and when 
it is totally removed. Neither of the authors, how¬ 
ever, attempted to relate temperature, humidity, 
wind, and other factors to a daily rate of the melt¬ 
ing of snow or of spring stream discharge. 

In the broad forest management investigations 
currently being conducted at the Fraser Experi¬ 
mental Forest, it is important to recognize the con¬ 
tribution which various investigators made con¬ 
cerning the relationship between the density of 
forest cover and the accumulation of snow. 

Church [21], in reporting upon the observations 
at Mount Rose Observatory for the period 1906- 
12, was among the first to recognize the importance 
of the forest canopy upon the conservation of 
snow. His observations on this subject can best 
be expressed by a direct quotation:3 

The action of unbroken forests upon the snow is unlike 

that of timber screens, particularly on the lower slopes 

where the wind is less violent. These forests catch the 

falling snow directly in proportion to their openness, but 

conserve it, after it has fallen, directly in proportion to 

their density. This phenomenon is due to the crowns of 

3 Reference 21, page 799. 
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the trees, which catch the falling snow and expose it to 

rapid evaporation in the air, but likewise shut out the 

sun and the wind from the snow that has succeeded in 

passing through the forest crowns to the ground. 

The most efficient forest, therefore, from the point of 

view of conservation, is the one that conserves the largest 

amount of snow to the latest possible time in the spring. 

This has been found by measurement to be the forest with 

the maximum number of glades, which serve as storage 

pits into which the snow can readily fall, but the wind 

and the sun cannot easily follow. One such forest was 

found to have conserved, at the close of the season of 

melting, 3% times as much snow as a very dense forest 

adjacent to it. 

The management of the water-yielding drainage 

basins is of direct interest not only to the Forest 

Service responsible for the maintenance of the 

drainage basin, but also to the Bureau of Recla¬ 

mation and all of the numerous interests which 

utilize the water resources. Connaughton [26], 

in 1935, carried on a 3-year study of snow ac¬ 

cumulation and melt as affected by forest cover 

in ponderosa pine lands in southern Idaho. 

For the purpose of finding out how timber cut¬ 

ting might affect the water yield from the snow, 

five study plots were located on level ground 

within a radius of l/2 mile. The plots included a 

denuded area beyond the zone of influence of any 

vegetation, which served as a control, and one plot 

each in sagebrush, young timber, virgin timber 

with no reproduction beneath the trees, and virgin 

timber with a dense stand of reproduction. The 

quantity of snow accumulated during the winter 

was very nearly the same in the denuded and sage¬ 

brush plots, but was 5 percent less in the repro¬ 

duction or young timber plots, 25 percent less in 

the forest lacking reproduction, and 30 percent 

less in the forest containing reproduction. These 

differences were attributed to interception and 

evaporation of snow on the tree crowns. 

Connaughton found that snowmelt was affected 

by the cover conditions. The snow melted evenly 

both in the open and in the sagebrush plots. It 

melted in a spotty pattern under the timber. It 

was concluded that the retardation of the rate of 

snow melting by forest cover is one valuable means 

of increasing duration of runoff and distributing 

the peak flow7 of rivers over a considerably longer 

period of time. Connaughton drew this conclu¬ 

sion from the fact that a dense stand of virgin 

ponderosa pine could retain from 14 to 20 percent 

of the winter’s accumulation of water at the time 

that snow melting was complete on the adjacent 

denuded areas. 

This study was followed by another, Haupt [52] 

in the same area but on steep slopes more typical 

of the ponderosa pine lands. Haupt’s study dealt 

with slope aspects and cover conditions. Aspects 

w7ere segregated in cardinal directions, and cover 

conditions w7ere defined as mature stand, full stand, 

sapling stand, small brush openings, and large 

brush openings. The best opportunity for maxi¬ 

mum snow storage and retention existed in older- 

growth ponderosa pine on north slopes. On such 

aspects, Haupt concluded that the greatest storage 

and retention effects would be obtained by creating 

large openings in the forest stand. Haupt ob¬ 

served that large openings should be avoided on 

sunnier aspects, such as south slopes. North slopes 

were more effective for accumulating snow during 

the winter period and retaining it during the 

spring. These differences are believed to be at¬ 

tributable to slower melting in the early winter 

and spring on steep slopes where the sun’s rays 

strike more obliquely and where topographic shad¬ 

ing is more prevalent. 

The Fraser Experimental Forest is the site of 

a more complete study of the effect of timber 

harvesting on water available for streamflow. A 

progress report on this study is given by Wilm 

and Dunford [101]. This study is continuing at 

the Fraser Experimental Forest. This progress 

report dealt with a group of twenty 5-acre plots in 

a forest of mature lodgepole pine. Sixteen of the 

plots were cut over by selective cutting methods. 

When the various components of net snow7 storage 

and rainfall were combined with estimates of snow 

evaporation and the data on soil moisture deficits, 

quantitative figures on the amount of water avail¬ 

able for streamflow under each timber-cutting 

treatment were obtained. On the uncut plots, this 

amount was 10.34 inches, or about 42 percent of 

the total annual precipitation. The heavily cut¬ 

over plots yielded 13.52 inches, so that this treat¬ 

ment. actually caused an increase of 31 percent in 

the quantity of snow-water equivalent available 

for streamflow. Contrary to other studies, there 

was no measurable difference in the length of the 

snowmelt period between several treatments. Ap¬ 

parently, the greater depth of snow that accumu¬ 

lated in the cutover areas compensated for a more 

rapid melt. This study was followed by another 

dealing with the effect upon the quantity of water 

available for streamflow by thinning a young stand 

of lodgepole in the Fraser Experimental Forest. 

Goodell [471 concluded that decreasing the dens- 
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ity of a young stand of lodgepole would result 

in an increase in the water available for stream- 

flow by about 20 percent, and that all, or nearly 

all, of the increase was the result of decreased in¬ 

terception loss of snow. 

Plot studies at the Fraser Experimental Forest 

dealing with the effect of harvesting timber on 

water available for streamflow and on snow ac¬ 

cumulation have shown consistently that these 

may be increased, as reported by Love [66]. The 

results of a depredation of pine and spruce by 

bark beetles in the White River Drainage Basin 

in Colorado presented an opportunity to ascer¬ 

tain, on a large scale, what the effects of thinning 

of stands might be. This study by Love [67] 

dealt with an area of 226 square miles in the 

762-square-mile White River Drainage Basin in 

which bark beetles had killed the Engelman spruce 

and the lodgepole pine. As a result of the death 

of these trees, more snow accumulated in the 

timberlands and resulted in about a 22-percent in¬ 

crease in streamflow at the main gaging station 

near Meeker, Colo. Water drainage from the 

basin was obviously different after the death of 

the pine and spruce. The effect of the death of 

the pine and spruce was similar to that of harvest¬ 

ing or thinning mature stands, with the exception 

that the defoliated trees remained on the area. 

The rate of snowmelt was observed by Love to 

have changed, with the months of highest flow 

shifting from May to June. This indicates that 

the interaction of the various climatological 

factors of temperature, humidity, wind, and solar 

radiation had been so modified by the death of 

the trees that the snowmelt conversion to stream- 

flow was changed in its character and also in the 

volume of streamflow yield. 

In the central Sierra Nevada, Kittredge’s [61] 

studies of influence of forest on snow accumula¬ 

tion in the ponderosa-sugarpine-fir zone indicated 

that the forest canopy held from 13 to 27 percent 

of the year’s snowfall off the ground. The lowest 

interception loss was found in the least dense 

stands. Evaporation loss from the snow pack was 

quite small. Openings left in the forest by cutting 

accumulated more snow than did much larger 

openings in the meadows. The rate of snow-melt 

was not affected much by the type of cutting or 

cover. 

Observations from the experience in investiga¬ 

tions of this nature can be summarized as follows: 

Forest cover serves both to withhold snow from 

the ground and to reduce the rate at which water 

is released from the snow pack. A forest canopy 

can have both adverse and beneficial effects upon 

the volume of water yielded. Interception by the 

tree canopy reduces the winter accumulation of 

snow, whereas, on the other hand, shading of the 

snow surface and protection from the wind tend 

to reduce evaporation losses from the snow pack. 

Opening a forest canopy permits more snow to 

reach the ground, but it also speeds its disappear¬ 

ance, resulting in the prospect of increased rate 

of conversion of the snow pack to streamflow. 

This is likely to occur especially during periods 

when the peak of the snowmelt season is about to 

be attained. 

Another intensive snow investigation program 

(in which the Bureau of Reclamation participated 

to a limited extent and portions of which are con¬ 

tinuing under the guidance of the Forest Service) 

was that of the Corps of Engineers and the 

Weather Bureau. These cooperative investiga¬ 

tions were conducted principally at three field 

laboratories: the Central Sierra Snow Laboratory 

near Soda Springs, Calif.; the Upper Columbia 

Snow Laboratory near Marias Pass, Mont.; and 

/ the Willamette Basin Snow Laboratory, Blue 

River, Oreg. Analytical work was performed at 

the Processing and Analysis Unit, originally 

maintained at San Francisco and Oakland, Calif, 

and later transferred to Portland, Oreg. This ex¬ 

tensive cooperative program was initiated in 1944 

and completed in 1956. A comprehensive report 

entitled “Snow Hydrology" [88] describes these 

investigations, the objectives of which were, in 

general, parallel to those of the cooperative snow 

investigations conducted at the Fraser Experi¬ 

mental Forest which are the subject of this report. 

The above review of previous work on the litera¬ 

ture deals, in general terms, with the broad 

subject of drainage basin and watershed investi¬ 

gations in relation to snow accumulation, snow 

melting, and resulting streamflow. Additional 

references will be given in the following chapters 

dealing with specific phases of the broad snow 

investigations. 

The following references deal with certain 

specific aspects of the cooperative snow investiga¬ 

tions which are the subject of this report: Brown 

and Dunford [17]; Riesbol [79]; Peasley, 

Garstka, and Goodell [77]; Bertie, Dunford, and 
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Garstka [15]; Garstka, Bertie, and Dunford 

[43] ; Garstka [42]. Three progress reports were 

processed in a limited number, describing these 

snow investigations: Report No. 1 [84] deals with 

the 1948 snowmelt season; Report No. 2 [85] 

deals with the 1949 snowmelt season and includes 

a section on instruments; and Report No. 3 [86] 

deals with the 1950 snowmelt season. 



SECTION 3—DESCRIPTION OF THE FRASER EXPERIMENTAL FOREST 

A. General 

The general features of the Fraser Experi¬ 

mental Forest are shown in figure 1. Topographic 

features and location of the measuring stations 

are shown in figure 2. The experimental forest 

lies 65 miles west and north of Denver, Colo. 

Totaling 36 square miles, it is representative of 

the land of the Continental Divide. Occupying 

the headwaters of St. Louis Creek, a tributary of 

the Fraser River, which, in turn, is an important 

tributary of the Colorado River, it is typical of the 

high-altitude lodgepole pine and spruce-fir forests 

of the Rocky Mountains. 

B. Climate and water yield 

The climate is cool, with an average yearly tem¬ 

perature of about 35° F. The mean monthly 

temperature for January is 15° ; for July 55°. At 

the Fraser Experimental Forest Headquarters, 

the annual precipitation averages about 24 inches, 

of which two-thirds occurs as snowfall. Yearly 

precipitation has varied from 15 to 30 inches. 

Figure 3 shows the monthly distribution of pre¬ 

cipitation and temperature for three years when 

wintertime observations were made within the 

forest. 

Water yield from the forested watersheds 

amounts to 45 to 55 percent of the annual pre¬ 

cipitation or from 1 to iy2 acre-feet per acre. 

About 70 percent of this yield comes from melting 

snow during April, May, and June each year. 

Only 5 percent comes directly from summer rain 

and the remaining 25 percent from the stable per¬ 

ennial base flow. Since, however, even the base 

flow must be derived largely though indirectly 

from snow, it may be concluded that about 90 to 

95 percent of the total annual yield comes from 
snow. 

C. Topography 

The topography of the Fraser Experimental 

Forest is typical of the Southern Rocky Mountain 

province. On the west side of the forest occur 

narrow, steep-sided valleys and rugged mountains, 

while on the south and east sides are found rem¬ 

nants of an old peneplain, nearly level in extent 

but dissected along its sides by mountain glaciers 

(figures 4 and 5). The elevation ranges from 

9,000 to nearly 13,000 feet. Area-elevation rela¬ 

tionship for St. Louis Creek, which has a drainage 

area of 32.8 square miles, is shown on figure 6. 

The streams within the experimental forest have 

a coarse pattern. Generally, they are far apart 

and are not deeply entrenched. In places, the 

stream channels are poorly defined, often disap¬ 

pearing beneath the surface trash and litter. This 

condition is especially prevalent at higher alti¬ 

tudes, especially in the spruce zone. Gullies as de¬ 

termined by down-cutting beds and raw stream 

banks are rare. A few raw-sided drainageways 

are prevalent in the upper headwaters of the many 

streams. These have the general appearance of 

having originated as a result of snowslides in 

the upper spruce and alpine zones. They appear 

to be a part of the normal geologic cycle. 

Many of the side streams originate as springs 

or in areas of a series of springs high up on the 

slopes of the drainages. Often such springs orig¬ 

inate only a few hundred feet below the borders 

or ridge tops of the drainageways. The origin of 

the springs has several explanations. However, 

the most logical seems to be that relatively im¬ 

pervious bedrocks interfere with the normal down¬ 

ward movement of seepage water, forcing such 

waters to the surface. Springs tend to concentrate 

in certain localities and apparently have been ac¬ 

tive over long periods, because such localities show 

evidence of land slides with resulting depressions 

and small bogs. Springs are prevalent on both 

sides of the main St. Louis Creek. They con¬ 

tribute greatly to the sustained summer flow and 

are often found at the base of large glacial till 

deposits, and are nearly always accompanied by 

marshy, wet areas and by small peat bogs. 

D. Geology and soils 

Biotite schist, and gneiss are the dominant 

rocks on the experimental forest. They are bro- 
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Figure 1. Byers Peak, elevation 12,790 feet above sea level. This is a general view of the Fraser Experimental 

Forest. The town of Fraser is ofT the right hand edge in the meadow visible in the center. The windtower 

and other installations are in a valley beyond the second ridge along the right-hand edge as counted from 

the meadow. (Photo copyright by Sanborn Souvenir Co., Denver. Reproduced by permission.) 
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Figure 2. Map of Fraser Experimental Forest. 
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Figure 3. Mean monthly precipitation and tempera¬ 

ture within the Fraser Experimental Forest. 

ken and twisted and deeply fractured in many 

places. Occasionally, small areas of granite oc¬ 

cur, suggesting that the original bedrock was 

granite and was later metamorphosed. These 

granitic rocks often form small protruding ridges 

and weather slower than the adjacent schist. The 

bedrock has been considerably altered by glacia¬ 

tion. Talus accumulations are found along the 

slopes of the mountain peaks. Landslides have 

occurred throughout the forest and appear to have 

been developed during periods of excessive mois¬ 

ture, perhaps following fires when the landscape 

was denuded of vegetative cover. In some places, 

the natural slopes are simply too steep to prevent 

soil movement when the mass is thoroughly satu¬ 

rated, as might occur during the spring snowmelt 

period. Glaciers have been active throughout most 

of the watershed. In many places, terminal mo¬ 

raines can be found as well as large areas of glacial 

till and outwash. The glaciers altered the topog¬ 

raphy and deepened the valleys so that they 

are now V-shaped. The flood plains are composed 

of cobbles and gravelly materials which are ca¬ 

pable of carrying a great deal of underground 

seepage to the main stream channel. Above tim¬ 

berline, cirques are found at the base of the high 

mountain peaks. 

Soils from the schist and gneiss occur on the 

steep mountain slopes under a cover of trees or 

alpine turf. They are rocky, generally acid, have 

varying depths and are adapted to the rapid 

movement of water. Little erosion occurs. Fig¬ 

ure 7 shows the extent of the various soil classes 

Figure 4. Rugged mountains characterize the west side of the Fraser Experimental Forest. 
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Figure 5. Remnant of an old peneplain covered with alpine turf on the south and east sides of the Fraser 

Experimental Forest. 

which are grouped according to their geologic 

origin. 

There follows a brief description of the major 

soil groups: 

1. Schist and gneiss soils under alpine cover. 

These soils have a cover of grass and sedge typical 

of the alpine region. At their lower extreme, 

where drainage tends to concentrate, willow fields 

occur. The surface commonly contains many ex¬ 

posed rocks. The surface soil consists of a 3- to 

5-inch layer of black, gritty loam. This layer is 

high in organic matter and is densely matted with 

roots. Beneath this surface layer occurs a brown, 

gravelly layer extending to depths of 12 to 15 

inches. Below this layer, the C horizon consists 

of only loose rocks and gravel. 

2. Soils on schist and gneiss under forest cover. 

These soils are divided into two broad groups— 

those occurring under lodgepole pine and those 

occurring under spruce-fir. The soils under lodge- 

pole pine are found at lower elevations and on dry 

sites at higher elevations. They are protected by 

a layer of litter ranging in thickness from a trace 

to about 2 inches. Immediately beneath the sur¬ 

face litter is a thin, gray, acid layer. When moist, 

it is hard to differentiate, but when dry its gray¬ 

ness and powdery, dusty nature separates it dis¬ 

tinctly from both the horizons above and below. 

13 
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This gray layer is rarely more than 3 inches thick. 

Immediately below the gray A2 horizon occurs 

the brown B horizon which grades into the parent 

material. This brown layer ranges in thickness 

from 4 to 8 inches. The C horizon consists of angu¬ 

lar fragments of gravel with little fine material, 

or it may be composed of disintegrated biotite 

schist. 

The soils developed under the spruce are well 

protected by a dense litter layer consisting of moss, 

lichen, and dead twigs and needles. Immediately 

below the dense moss litter occurs a light gray, 

dusty, bleached layer 2 to 4 inches thick. This 

layer is vei'y prominent when dry. Beneath this 

horizon occurs a light, yellowish brown layer, 

ranging in thickness from 8 to 15 inches. This 

light brown layer is especially characteristic of 

the spruce soil. Both these horizons are acid. The 

C horizon is usually very coarse in texture and 

may consist of rotted schist rock or coarse, angular 

gravel. 

3. Glacial till soil. The soils developed from 

glacial till have the same characteristics as de¬ 

scribed previously for those under lodgepole pine 

and those under spruce-fir. The soils are differen¬ 

tiated because of the character in the parent mate¬ 

rial which consists of cobbles and coarse gravels 

to considerable depths. These soils are highly 

permeable and allow water to move freely through 

them. 

4. Soils on alluvium and glacial out wash. Soils 

on alluvium and glacial outwash are often covered 

by spruce. These flood plains are relatively level 

in cross section. Their grade is represented by a 

series of relatively level areas separated by steep 

steps or breaks. The parent material consists of 

cobbles and gravels to great depths. The surface 

litter is thick and very spongy. Numerous bogs 

and seeps occur along the sides of the streams. 

The soil profile is much less consistent or uniform 

than that of the upland. Soils on the glacial out¬ 

wash and alluvial areas are primarily products 

of excessive moisture and because of the vegetation 

and litter produced, serve well to retard excessive 

runoff and to hold the present stream channels in 
place. 

5. Soils derived from quartzite. Soils derived 

from quartzite are extremely limited in extent. 

I hey are mainly covered with lodgepole pine and 

have the same general characteristics as described 

for the soils derived from schist and gneiss cov¬ 

ered with lodgepole pine. These quartzite soils 

exhibit a more pronounced gray layer than was 

found in the other soils. 

E. Native vegetation 

The native vegetation occurring on the experi¬ 

mental forest is typical of the Continental Divide 

zone of the southern Rocky Mountains. Lodge¬ 

pole pine (Pinus contorta, Dough), Engelmann 

spruce (Picea engelmannii, Parry), and subalpine 

fir (Abies lasiocarpa (Hook) Nutt.) are the im¬ 

portant tree species. Virgin stands are commonly 

200 to 400 years old. Scattered patches of quaking 

aspen (Populus tremuloides, Mich.) occur in areas 

opened by fire, snowslides, and logging. The 

forest floor is covered with a thick layer of litter 

and often a dense mat of grouse whortleberry 

(Vaccinium scoparium, Leiberg). Young pine, 

spruce, and fir, along with scattered aspen and 

buffalo berries (Lepargyrea canadensis, (L) 

Nutt.), are often found beneath the forest canopy. 

Alpine areas consist of barren rock, intermixed 

with meadows containing grasses, sedges, weeds, 

and dwarf willow. Figure 8 shows the areal ex¬ 

tent of the three main classes of native vegetation. 

On the experimental forest, the lodgepole pine 

extends from the 9,000- to the 11,000-foot con¬ 

tours. It occurs just below and overlapping the 

spruce-fir type, which extends from about 10,000 

feet to timberline at 11,500 to 12,000 feet. In gen¬ 

eral, the forest cover is mature lodgepole pine, in¬ 

termixed with Engelmann spruce and alpine fir 

on the moist sites. This timber stand contains 300 

to 400 trees per acre larger than 3% inches in di¬ 

ameter. The trees range in size from about 4 

inches in diameter to a maximum of 24 inches. 

The shortest trees average 35 feet in height and the 

tallest about 80 to 85 feet. A few valley bottom 

trees reach heights of 100 feet or more. The aver¬ 

age volume is about 12,000 board feet per acre with 

a range from 8,000 to 17,000. Little herbaceous 

vegetation is to be found on the forest floor except 

along streambanks. 

F. Streamflow 

The interactions of the climatological and physi¬ 

cal characteristics of the drainage basin are inte¬ 

grated in a characteristic distribution and shape 

of the annual hydrograph. The area of the drain¬ 

age basin, confluent above the St. Louis Creek 

stream gaging station, is 32.8 square miles. The 

altitudinal range of the drainage basin is from 

about 8,980 feet to 12,790 feet above sea level. The 
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Figure 8. Native vegetation. 

St. Louis Creek stream gating station is main¬ 

tained jointly by the office of the Colorado State 

Engineer and the Geological Survey, Department 

of the Interior. Runoff records from this station 

and precipitation data from the Weather Bureau 

cooperative station, maintained in the town of 

16 



HYDROGRAPHS 

ST. LOUIS CREEK NEAR FR A SER, COLOR A DO 

AND 

PRECIPITATION AT FR A S ER, COLOR ADO 

1935 1936 

1938 

Figure 9. Streamflow and precipitation, St. Louis Creek, 1935 to 1940. 

Fraser, Colo., are presented in figures 9, 10, 11, 

and 12. 

The hydrographs for the period of intensive 

data gathering, 1948 through 1953, have been 

plotted as figure 13 to show the variation from year 

to year of the time of occurrence of the peak of 

the snowmelt hydrograph and the monthly distri¬ 

bution of the volumes of flow. 
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Figure 11. Streamflow and precipitation, St. Louis Creek, 1917 to 1952. 
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St. Louis Figure 12. Streamflow and precipitation, 

Creek,1953. 

Figure 13. Comparison of hydrographs for years 1918 

to 1953, St. Louis Creek near Fraser, Colo. 
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SECTION 4—INTERPRETING THE COMMONLY AVAILABLE MAXIMUM 
AND MINIMUM TEMPERATURES IN TERMS OF DEGREE-DAYS 

Air temperature is one of the most applicable 

indexes relating to snowmelt. Although the sun 

is the source of energy for the melting of snow, 

the exact manner in which solar radiation becomes 

available and active can be, at times, very intri¬ 

cate. Miller [71] concluded that, during the melt¬ 

ing hours, most of the heat applied to the snow 

came from solar radiation, but that as much as 300 

calories per square centimeter per day from the 

insolation went to heat the air. In view of the 

high albedo of a clean, freshly fallen snow surface, 

it. is evident that the solar energy must be made 

available for snowmelt in forms other than by di¬ 

rect solar radiation. Miller [71] concluded that 

one important source of heat for snowmelt in the 

melting of the deep snow pack in the Sierra 

Nevada in California in 1946 was the heat relayed 

to the snow from the forest canopy and other 

local environmental features. 

The amount of heat available from the air is in¬ 

dicated by the “degree-days” and the wind speed. 

Linsley, Kohler, and Paulhus [65] defined, on 

page 27, a degree-day as being a departure of 1° 

per day in the daily mean temperature from an 

adopted reference temperature. Many publica¬ 

tions, especially those dealing with air condition¬ 

ing and heating, refer to a degree-day, based upon 

departures from a temperature of 65° F. In hy¬ 

drologic work, however, the degree-day is usually 

based upon departures from a 32° F base or some 

other temperature selected in such a way as to re¬ 

flect a lapse rate correction aimed at describing the 

degree-days above 32° F operative in the zone ac¬ 

tively subjected to snow melting. 

Degree-days were used by Clyde [24] in his 

work dealing with snow-melting characteristics in 

Utah in 1931. 

The average of the daily maximum and mini¬ 

mum temperatures is commonly used as a basis 

for computing the degree-days above 32°. How¬ 

ever, in many parts of the West, the diurnal fluc¬ 

tuation of temperatures, especially the depression 

of the minimum, is so large as to yield average 

temperatures which oftentimes turn out to be be¬ 

low 32° F. indicating zero degree-days, whereas 

actually, during a part of the day, snowmelt con¬ 

ditions may have prevailed due to temperatures in 

the 50’s. 

One of the problems confronting the hydrol¬ 

ogist is that of securing the most indicative in¬ 

terpretation of what meager temperature data are 

commonly available within, or near, the drainage 

basin under consideration. Long records of 

thermograph traces and hourly values of tempera¬ 

ture are rare. In the overwhelming majority of 

cases, the practicing hydrologist is limited to daily 

maximum and minimum temperatures secured by 

a cooperative observer at a weather station, often¬ 

times some distance removed from the area under 

study. To aid the hydrologist in deriving the best 

estimate of degree-days from the daily maximum 

and minimum temperatures, the following studies 

were made. 

Using the 1948 and 1949 Fraser Experimental 

Forest Headquarters Station data, comparisons 

were made between degree-days above 32° F, as 

computed from the hourly thermograph records, 

and the following: 

a. The daily maximum temperature. 

b. The average of the daily maximum and mini¬ 

mum temperature. 

c. The average of the maximum and effective 

minimum temperatures. The effective minimum 

temperature is defined as the actual minimum that 

is equal to or above 32°, but if the actual minimum 

is below 32°, the effective minimum is considered 

to be 32° F. 

These relations are shown on figures 14 to 19 

and summarized in table 1. A comparison of fig¬ 

ures 14 and 15 with figures 16 and 17 shows the 

superiority of maximum temperature alone as an 

index of degree-days above 32° as compared with 

the average of the daily maximum and minimum 

air temperatui’es. Figures 18 and 19 illustrate 

that the relation between degree-days and the 

average of the maximum and the effective mini- 
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Fable 1—Summary of degree-day correlations for Fraser Experimental Forest Headquarters 
Station 

Degree-days (Y) as computed from hourly values of hygrothermograph records in relation to (X) daily maximum tem¬ 
perature, average of maximum and minimum temperature, or average of maximum and effective minimum tempera¬ 
ture, Fraser Experimental Forest Headquarters Station. 

Year Month 

Comparison with maximum 
temperature 

Comparison with average of maximum and 
minimum temperatures 

Comparison with average of maximum and 
effective minimum temperature 

Equation r s Equation r s Equation r s 

1948 April_ Y = 0. 444X-15. 9 0. 981 0. 73 Y = 0. 585X-13. 4 0. 938 1. 29 Y = 0. 888 X —30. 1 0. 981 0. 73 
1949 _do_ _ _ Y = 0. 422X-15. 1 0. 966 0. 78 Y = 0. 351X — 6.0 0. 734 2. 05 Y = 0. 828X-28. 0 0. 957 1. 98 
1948 May__ . _ Y = 0. 532 X— 19. 5 0. 982 0. 94 Y = 0. 742X-18. 9 0. 962 1. 36 Y= 1. 064X-36. 5 0. 982 0. 94 
1949 _do_ Y = 0. 539 X —20. 2 0. 960 1. 11 Y = 0. 929 X-28. 7 0. 893 1. 79 Y = 0. 912 X — 30. 5 0. 901 1. 73 
1948 June.__ Y = 0. 545X-19. 2 0. 927 1. 72 Y= 1. 218X-42. 4 0. 887 2. 12 Y= 1. 188X-42. 1 0. 948 1. 46 
1949 _do_ Y = 0. 628 X-24. 1 0. 963 1. 60 Y = 1. 104X-37. 1 0. 939 2. 05 Y= 1. 214X-43. 2 0. 957 1. 72 
1948 April plus 

May plus 
J une. 

Y = 0. 569X-21. 5 0. 966 1. 52 

o
 

T 05 

o
 II 

r
*

 0. 939 2. 02 Y= 1. 134X-39. 7 0. 975 1. 30 

1949 _do. _ _ Y=0. 606X-23. 5 0. 969 1. 53 Y = 0. 663X-16. 6 0. 892 2. 81 Y = 1. 126X-39. 5 0. 962 1. 70 

RELATION BETWEEN DEGREE-DAYS AND MAXIMUM 
AIR TEMPERATURE 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

1948 

PT MONTH LINE EQUATION NO. PTS. 
N 

STD. DEV 
S 

ADJ.CORR'L.COEF 
T? 

o April Y = 0.4>*4 x- 1 5.9 17 0.73 0.981 
t May _ Y = 0. 532 X-19.5 25 0.9 4 0. 982 
O June — Y-0.545 X-19.2 30 1.7 2 0.927 

Apr, May,Jun. Y = 0.569 x-21.5 72 L 52 0. 966 

Figure 14. Relation between degree-days and maxi¬ 

mum air temperature. Headquarters Station, 1948. 

RELATION BETWEEN DEGREE-DAYS AND MAXIMUM 

AIR TEMPERATURE 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

19 49 

PT MONTH UNE EQUATION NO. PTS 
N 

STD. DEV 
5 

ADJ.CORRL.COEF 
r 

© April — Y=0.4222 X—15.118 24 0.78 5 0. 966 
X M ay — Y=0.5386 X-20 224 25 luo 0. 960 
o June — Y=0627 7 X-24 122 30 1 602 0 963 

Apr, May,Jun Y=06065 X -23485 79 1 534 0. 969 

Figure 15. Relation between degree-days and maxi¬ 

mum air temperature. Headquarters Station, 1949. 

mum air temperature does not appear to be sig¬ 

nificantly better than the relationship to maximum 

temperature alone. 

The relation of the maximum temperature and 

the average of maximum and minimum tempera¬ 

tures with the degree-days derived from a ther¬ 

mograph trace was explored at two other stations. 

The thermograph at Shadow Mountain Camp 

of the Bureau of Reclamation’s Colorado-Big 

Thompson Project near Grand Lake, Colo., was 
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RELATION BETWEEN DEGREE-DAYS AND AVERAGE 
OF MAXIMUM AND MINIMUM AIR TEMPERATURES 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

1948 

PT. MONTH UNE EQUATION 
NO. PTS. 

N 
STD. DEV. 

S 

ADJ. CORR'L. COEF 
R 

• April _ Y = 0.585 x- 13.4 1 7 129 0.938 
X May — Y = 0.7 4 2 X-l8 9 25 1 36 0. 962 
O June — Y = 1.2 1 8 X-42.4 30 2 12 0. 887 

Apr,May,Jun. Y = 0.73 9 X-l 9.0 72 2.02 0. 939 
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AVERAGE OF MAXIMUM AND MINIMUM AIR TEMPERATURES °F 

Figure 16. Relation between degree-days and average 

of maximum and minimum air temperatures. Head¬ 

quarters Station, 1948. 

located at an elevation of 8,389 feet. The thermo¬ 

graph at Redcliff, Colo., 55 miles airline distance 

SSW from the Shadow Mountain Camp, is at an 

elevation of 8,608 feet above sea level. The rela¬ 

tion between the maximum air temperature and 

the degree-days above 32 computed from thermo¬ 

graph trace for these stations is illustrated by 

figures 20 and 21. Both of these charts indicate 

a very strong relation between maximum air tem¬ 

perature and the degree-days above 32. A sum¬ 

mary of the comparisons of maximum tempera¬ 

ture and daily average temperatures with degree- 

days for Shadow Mountain Camp, Redcliff, Colo., 

and the Fraser Experimental Forest Headquar¬ 

ters Station, for certain months of 1947 and 1948 

is given in table 2. 

The effect of short distance displacement and 

difference in exposure of the thermograph loca¬ 

tions is illustrated by the comparison between 

degree-days at Fool Creek and West St. Louis 

Stations shown on figure 22. Both stations are 

at an elevation of 9,500 feet, but the Fool Creek 

Station is in a heavily wooded area whereas the 

West St. Louis Station is in an open meadow. 

Reasonably high correlation coefficients were 

obtained between degree-days, as computed from 

hourly values on the thermograph trace, and the 

maximum temperature, or the average of the 

maximum and the effective minimum tempera¬ 

tures. Possibly the latter relation would give a 

better representation of the heat factor to use in 

correlation studies with runoff. The use of the 

maximum temperature requires the least effort, 

since maximum temperatures are readily avail¬ 

able in the Weather Bureau’s climatological data 

summaries, and the use of this factor requires no 

additional computations. Other methods of in¬ 

terpreting degree-days, such as the introduction 

of the effective minimum temperature and dwell 

time of temperatures above 32° may require con¬ 

siderable work. Among the refinements used in 

this type of correlation is the one by Snyder, re- 

RELATION BETWEEN DEGREE-DAYS AND AVERAGE 
OF MAXIMUM AND MINIMUM AIR TEMPERATURES 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

1949 

PT MONTH LINE EQUATION 
NO. PTS. 

N 

STD. DEV. 

S 

ADJ. CORR'L. COEF 

r 

• April _ Y=0.35I2 X-5.981 24 2 05 0.734 
_ Y =0 9288 x-28.684 25 1.79 0.893 

o June — Y = 1.1036 X-37074 30 2.05 0.939 

Apr, May,Jun. Y=06633 X-16 617 79 2.81 O 892 

0I--1—1-1-1------ 

20 30 40 50 60 

AVERAGE OF MAXIMUM AN0 MINIMUM AIR TEMPERATURES °F. 

Figure 17. Relation between degree-days and average 

of maximum and minimum air temperatures. Head¬ 

quarters Station, 1949. 
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RELATION BETWEEN DEGREE-DAYS AND AVERAGE 
OF MAXIMUM AND EFFECTIVE MINIMUM AIR TEMPERATURES 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

1948 

PT MONTH LINE EQUATION 
NO. PTS. 

N 
STD. DEV 

S 

ADJ CORR'L.GOEF 

R 

• April _ Y-0.88 8 X-30.1 17 0.7 3 0.981 
X May — Y- i 064 X— 36 5 25 0.94 0. 982 
o June Y : 1 18 8 X -4 2.1 30 146 0.948 

Apr, May,Jun. Y- 1 1 34 x-39 7 72 1.30 0.975 

y When minimum air temperature 
is below 32° f use 32° f as effective 
minimum air temperature. 

When minimum air temperature 
is above 32°Fuse actual minimum 
as the effective minimum air temp. 
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AVERAGE OF MAXIMUM AND EFFECTIVE MINIMUM AIR TEMPERATURES 

Figure 18. Relation between degree-days and average 

of maximum and effective minimum air tempera¬ 

tures, Headquarters Station, 1918. 

RELATION BETWEEN DEGREE-DAYS AND AVERAGE 

OF MAXIMUM AND EFFECTIVE MINIMUM AIR TEMPERATURES ^ 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

1949 

PT. MONTH LINE EQUATION 
NO. PTS. 

N 
STD. DEV 

S 
ADJ CORR’l.COEF 

r 
• April — Y-0.8278X- 27 96 24 / 983 0 957 
x May — Y-0.9117 X- 30 54 2 5 1.727 0.901 
o June Y= I.2/45X-43 23 30 1. 720 0 9 57 

Apr, May,Jun. Y-1.1265 X- 39 540 79 1 704 0.962 

9}- 
° ‘ / 

o° , 7 When minimum air temperature 
is below 32° F. use 32° F as effective 
minimum air temperature. 

When minimum air temperature 
is above 32° F. use actual minimum 
as the effective minimum air temp. 
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Figure 19. Relation between degree-days and average 

of maximum and effective minimum air tempera¬ 

tures, Headquarters Station, 1919. 

Table 2—Summary of degree-day equations for Shadow Mountain, Redcliff, and Headquarters 

Station 

Degree-days (Y) as computed from hourly values of hygrothermograph records in relation to daily maximum temperature 
(X) and to the average of daily maximum plus minimum temperature (X). 

Comparison with maximum temperature Comparison with average of maximum 
plus minimum temperature 

Station Year Month Relationship Equation Relationship Equation 

Shadow Mountain_ _ 1948 April Curvilinear None - Linear. _ None. 
Do_ 1948 Mav. Linear Y = 0.70 IX-27.6 _do_ Y = 0.984X —29.9 
Do_ 1948 .June. do_ Y = 0.562X —17.9 ..do_ Y = 1.27X -45.7 

Redcliff, Colorado _ 1948 April _.do_ Y = 0.476X— 17.1 _do_ Y = 0.755X— 19.9 
Do_ _ 1948 Mav. do. . Y = 0.622X —24.0 _do_ Y=I.09X -35.0 
Do_ 1948 June . -_do_ - _ Y = 0.646X —24.6 _do_ Y=1.44X -53.8 

Fraser Experimental Forest, Hq. 
Sta. 

1948 April. ..do. Y = 0.444X— 10.9 -do.. Y = 0.585X— 13.4 

Do_ 1948 Mav. - do_ Y = 0.532X— 19.5 _do_ Y = 0.742X - 18.9 
Do_ 1948 June .do. Y = 0.545X —19.2 _do__ Y= ! 218X —42.4 
Do_ 1947 Mav do Y = 0.525X— 19.4 _.do_- Y = 1.01X -31.7 
Do_ 1947 .J une. _ _do_ Y = 0.634 X -24.7 _do_ Y = 1.13X -35.8 
Do_ 1947 July Curvilinear None. _ _do_ Y = 1.78X -72.7 
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SHADOW MOUNTAIN NEAR 

GRAND LAKE, COLORADO 

MAY 1948 

REDCL/FF, COLORADO 

MAY 1948 

y = 0.701x -27.6 

o2S Figure s indtea te 

day of month 

MAXIMUM AIR TEMPERATURE °F. 

Figure 20. Relation between degree-days and maxi¬ 

mum air temperature. Shadow Mountain near Grand 

Lake, Colo., May 1948. 

ferred to by Linsley, Kohler, and Paulhus [65].4 

Slater [81] also developed a method which recog¬ 

nizes the spread between the daily maximum and 

minimum temperatures, and which was tested on 

the Fraser Experimental Forest data as explained 

below. 

Slater drew a family of curves by eye for 10° F 

intervals of daily range in temperature on a chart 

correlating maximum air temperature and degree- 

days above 32. computed from the thermograph 

trace. His technique was applied to data for 

May and June 1949 from the Fraser Experimen¬ 

tal Forest Headquarters Station, as is shown in 

figure 23. The degree-days above 32, estimated 

by using figure 23 for May and June 1949, are 

shown in figure 24; the latter indicates how well 

the family of curves fits the data. A test of this 

1 Reference 65, page 28. 

0.622X-24.0 

o25 Figures indicate 

day of month 

MAXIMUM AIR TEMPERATURE °F 

Figure 21. Relation between degree-days and maxi¬ 

mum air temperature, Redcliff, Colo., May 1948. 

COMPARISON OF DEGREE DAYS ABOVE 32° F 

AT FOOL CREEK AND WEST ST. LOUIS CREEK 

STATIONS AS COMPUTED FROM HOURLY READINGS 

0AILY DEGREE DAYS A80VE 32° F. AT WEST ST. LOUIS STATION 

Figure 22. Comparison of degree-days at Fool Creek 

and West St. Louis Creek Stations 
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Figure 23. Slater method for relating maximum air temperatures and range in temperature to degree-days as 

applied to Headquarters Station, 1949. 

relation, not employing data used in its deriva¬ 

tion, is shown in figure 25 for June 1948. 

Many hydrologists make a reconnaissance-type 

estimate of snowmelt runoff by use of the factor 

of snowmelt runoff per degree-day. Table 3 

shows the values of this factor as observed at the 

Fraser Experimental Forest for degree-days esti¬ 

mated in different ways. The table illustrates the 

variation in this factor during the active snow¬ 

melt period. Table 4 shows the average value of 

this factor for the active snowmelt periods in 1948, 

1949, and 1950. 
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RELATION BETWEEN OBSERVED DEGREE DAYS AN? 

DEGREE DAYS ESTIMATED BY USING FIGURE 23 

FRASER EXPERIMENTAL FOREST HEAOQUARTERS STATION 

Y = 0.953 X +0.34, -=0.971, J = 1.42 

x May-1949 

o June-I 94 9 

o 

o 

o/ 

cy 
o / 
o / 

~o 

o
 

o
 

\
 2° 

o / 

y o 

o o 

x/c 

ox / x 

/ 1 
/ X O 

x 
t/O 4 

X X ' X 

X 

DEGREE-DAYS ABOVE 32°F ESTIMATED FROM 

MAXIMUM TEMPERATURE AND DAILY RANGE OF TEMPERATURE 

Figure 24. Relation between observed degree-days and 

degree-days estimated from maximum air tempera¬ 

ture and daily range of temperature. May and June 

1949. 

RELATION BETWEEN OBSERVED DECREE DAYS AND 

DEGREE DAYS ESTIMATED BY USING FIGURE 23 

FRASER EXPERIMENTAL FOREST HEADQUARTERS STATION 

JUNE, 194 8 

4 6 8 10 12 14 16 18 20 2 2 24 

OEGREE- DAYS ABOVE 32°F ESTIMATED FROM 

MAXIMUM TEMPERATURE AND DAILY RANGE OF TEMPERATURE 

Figure 25. Relation between observed degree-days and 

degree-days estimated from maximum air tempera¬ 

ture and daily range of temperature, June 1948. 
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Table 3—>alues of the ratio, snowmelt runoff per degree-day, for May and June 1950 

Thermometer at headquarters 1 Degree-days and runoff ratios 
station 

Date 
Runoff, St. 

Louis Creek 1 
(inches) Maximum 

tempera¬ 
ture (°F) 

Minimum 
tempera¬ 
ture (°F) 

Average of 
maximum 

and 
minimum 
tempera¬ 
ture (°F) 

H ygrothermograph 
Maximum temperature 

only 
Average of maximum 

and minimum tem¬ 
perature 

Degree- 
days 

Runoff per 
degree-day 

B/F 

Degree- 
days 

Runoff per 
degree-day 

B/H 

Degree- 
days 

Runoff per 
degree-day 

B/J 

A n C D E F G H I K 

1950 
Mav 13___. _ _ . 106 53 21 37. 0 7. 9 . 0134 21 . 0050 5. 0 . 0212 

14.. . 174 58 21 39. 5 11. 5 . 0151 26 . 0067 7. 5 . 0232 
15_ . 025 56 28 42. 0 8. 0 . 0031 24 . 0010 10. 0 . 0025 
16_ . 174 57 27 42. 0 10. 3 . 0169 25 . 0070 10. 0 . 0174 
17_ . 156 66 24 45. 0 13. 2 . 0118 34 . 0046 13. 0 . 0120 
18_ (-. 035) 51 27 39. 0 6. 6 (-. 0053) 19 (-. 0018) 7. 0 ( -.0050) 
19_ . 054 53 19 36. 0 8. 2 . 0066 21 . 0026 4. 0 . 0135 
20 . 103 54 27 40. 5 7. 7 . 0134 22 . 0047 8. 5 . 0121 
21.. _ . 216 63 21 42. 0 12. 5 . 0173 31 . 0070 10. 0 . 0216 
22 . 193 67 23 45. 0 16. 2 . 0119 35 . 0055 13. 0 . 0148 
23_ . 188 67 26 46. 5 15. 4 . 0122 35 . 0054 14. 5 . 0130 
24... . 012 60 30 45. 0 10. 0 . 0012 28 . 0004 13. 0 . 0009 
25_ ( -.020) 34 21 27. 5 0. 4 (-. 0500) 2 ( 0100) (-4. 5) . 0044 
26_ (-. 086) 44 21 32. 5 3. 2 ( -.0269) 12 ( 0072) 0. 5 (-. 1720) 
27.. . 010 -19 27 38. 0 7. 0 . 0014 17 . 0006 6. 0 . 0017 
28_ . 053 58 28 43. 0 8. 2 . 0065 26 . 0020 11. 0 . 0048 
29 . 050 53 27 40. 0 8. 0 . 0062 21 . 0024 8. 0 . 0062 
30_ . 280 65 26 45. 5 15. 5 . 0181 33 . 0085 14. 5 . 0207 
31 _ . . 306 61 23 42. 0 13. 2 . 0232 29 . 0106 10. 0 . 0306 

June 1_ . 364 69 21 45. 0 16. 5 . 0221 37 . 0098 13. 0 . 0280 
2 . 298 69 24 46. 5 13. 9 . 0214 37 . 0080 14. 5 . 0206 
3 (-. 209) 36 25 30. 5 1. 1 (-. 1900) 4 (-. 0522) (-1. 5) . 1393 
4_ . 101 56 19 37. 5 7. 0 . 0144 24 . 0042 5. 5 . 0184 
5 _ . 328 70 25 47. 5 15. 5 . 0212 38 . 0086 15. 5 . 0212 
6_ . 558 72 26 49. 0 22. 1 . 0252 40 . 0140 17. 0 . 0328 
7 . 235 68 27 47. 5 16. 0 . 0147 36 . 0065 15. 5 . 0152 
8__ ( 065) 51 20 35. 5 8. 2 (-. 0079) 19 ( -.0034) 3. 5 ( -.0186) 
9. . 349 63 18 40. 5 12. 9 . 0270 31 . 0112 8. 5 . 0410 
10 . 532 75 26 50. 5 20. 5 . 0260 43 . 0124 18. 5 . 0288 
11.. . 496 79 25 52. 0 22. 4 . 0221 47 . 0106 20. 0 . 0248 
12... . 310 78 25 51. 5 21. 4 . 0145 46 . 0067 19. 5 . 0159 
13_ . 399 77 27 52. 0 21. 8 . 0183 45 . 0089 20. 0 . 0200 
14_ . 348 78 26 52. 0 22. 2 . 0157 46 . 0076 20. 0 . 0174 
15*__ . 729 80 26 53. 0 24. 4 . 0299 48 . 0152 21. 0 . 0347 
16... . 620 76 35 55. 5 24. 2 . 0256 44 . 0141 23. 5 . 0264 
17.. . 124 79 33 56. 0 23. 3 . 0053 47 . 0026 24. 0 . 0052 
18_ _ _ (-• 224) 73 23 48. 0 19. 8 (-. 0113) 41 ( - .0054) 16. 0 ( -.0140) 
19. . 088 72 29 50. 5 19. 7 . 0045 40 . 0022 18. 5 . 0048 
20 . 119 69 29 49. 0 16. 4 . 0072 37 . 0032 17. 0 . 0070 
21 __ . 094 73 27 50. 0 17. 5 . 0054 41 . 0023 18. 0 . 0052 
22 . 039 66 26 46. 0 17. 6 . 0022 34 . 0011 14. 0 . 0028 
23. _ . 116 t ( 29 53. 0 23. 0 . 0050 45 . 0026 21. 0 . 0055 
24. _ . 076 79 30 54. 5 23. 2 . 0033 47 . 0016 22. 5 . 0034 
25- (-. 018) 69 31 50. 0 21. 0 ( -. 0008) 37 (-.0005) 18. 0 ( -. 0010) 
26... . 047 77 26 51. 5 22. 5 . 0021 45 . 0010 19. 5 . 0024 
27 . 083 74 30 52. 0 21. 5 . 0039 42 . 0020 20. 0 . 0042 
28_ . 144 74 27 50. 5 22. 3 . 0064 42 . 0034 18. 5 . 0078 

Mav 13-16_ . 479 37. 7 . 0127 96 . 0050 32. 5 . 0147 
Mav 17-31_ 1. 480 145. 3 . 0102 365 . 0040 127. 5 .0116 
June 115 4. 773 245. 9 . 0194 541 . 0088 210. 5 < . 0227 
June 16-28 . 1. 308 272. 0 . 0048 542 . 0024 250. 5 i . 0052 

Total, Mav 13 
to June 28. 8. 040 ... 700. 9 . 0115 1, 544 . 0052 621. 0 . 0129 

•Day having maximum runoff volume. 1 Volume including recession volume. 
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Table 4—Summary of factors, runoff per 

degree-day for 1948, 1949, and 1950 

Runoff per degree-day (inches per 
degree-day) 

Period 

Total 
runoff 

volume 
(inches)1 

Degree- 
days from 

thermo¬ 
graph 

Degree- 
days of 
daily 

maximum 
temperature 

Degree- 
days from 
average of 
daily max¬ 
imum and 
minimum 

temperature 

1948 

May 14-17 0. 753 0. 0178 . 0081 . 0221 
May 18-June 1*___ 3. 352 . 0161 . 0075 . 0175 
June 2-5 0. 969 . 0136 . 0065 . 0148 

May 14-June 5__ 5. 074 . 0158 . 0074 . 0175 

1949 

Mav 19-June 1_ 1. 298 . 0095 . 0039 . 0100 
June 2-16*_ 4. 329 . 0245 . 0115 . 0225 
June 17-20 0. 782 . 0112 . 0057 . 0109 

May 19-June 20_. 6. 409 . 0167 . 0076 . 0162 

1950 

Mav 13-16 0. 479 . 0127 . 0050 . 0147 
May 17-31 __ _ 1. 480 . 0102 . 0040 .0116 
June 1-15*_ 4. 773 . 0194 . 0088 . 0227 
June 16-28 _ 1. 308 . 0048 . 0024 . 0052 

May 13-June 28_ 8. 040 . 0115 . 0052 .0129 

•Day having maximum runoff volume. 
1 Runoff including recession volume. 





SECTION 5—SEASONAL STORAGE PRECIPITATION GAGES 

In seasonal water-yield forecasting, there is a 
definite practical application of precipitation 
storage gage records, not as substitutes for water 
equivalent data obtained by snow surveys, but as 
another and independent evaluation of one of the 
most important hydrologic factors affecting 
streamflow and water yield. 

A snow survey yields data on the residual water 
equivalent remaining in the drainage basin on the 
date of the survey. The snow survey, by itself, 
does not indicate what the net balance is between 
the snowfall, the snowmelt, the evaporation, and 
the rainfall which may have occurred during the 
interval between surveys. A May 1 snow survey 
would merely give the water equivalent remaining 
on the date of the survey. Between the April 1 
and the May 1 surveys, a certain amount of melt 
may have occurred, and a certain amount of rain 
and snow may have fallen. The snowmelt and the 
rainfall would certainly have an influence on the 
priming of the soil to replenish moisture deficits 
caused by evapotranspirational losses of the pre¬ 
ceding fall. 

Thus, a knowledge of the hydrologic events 
which may have occurred between the dates of the 
snow surveys would give a potentially very useful 
additional variable to be used in the calculation 
of seasonal water-yield forecasts. Accordingly, 
the cooperative snow investigations at the Fraser 
Experimental Forest included the installation of 
the Sacramento-type seasonal storage precipita¬ 
tion gages as described in appendix A. The acti¬ 
vation of this system is described by Johnson 
| 56], Five gages of 100-inch capacity and one 
gage of 200-inch capacity were installed at the lo¬ 
cations shown in figure 2. They were equipped 
with a modified form of the Alter shield. 

The results of the observations at the six Sacra¬ 
mento rain-gage installations, together with snow 
surveys performed at the gaging stations, are 
given in table 5, and illustrated graphically in 
figure 33. Photographs of the gages in use are 
shown in figures 26-32. 

It is evident, on inspection of the April 1 data 

and of a study of the photographs taken at the 
time the various gages were measured in 1947 
and 1948, that the gages did not indicate very 
well the precipitation accumulated during the 
winter season. The photographs show the pro- 

Figure 26. April 3, 1947. The St. Louis Pass gage at 

elevation 10,330 feet. This is a 200-inch-capacity 

Sacramento-type seasonal storage precipitation gage. 

The water equivalent gage increment after October 25, 

1946, was 21.00 inches, as compared with the snow¬ 

water equivalent on the ground determined by 10 

samples taken in the vicinity of the gage, of 23.11 

inches. Note the blanket of snow on the platform 

and the cylinder of snow extending from the shield. 

It appears that the cylinder within and below the 

shield is formed by snow packing down from above as 

restrained by the shield and not by snow building up 

from the platform. 
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Figure 27. June 14, 1947. The East St. Louis Creek 

seasonal storage precipitation gage, 100-inch-eapacity 

Sacramento-type, with Alter shield, as it appeared 

after the snowfall of June 14, 1947. The snow had a 

depth of 14 inches and a water equivalent of approxi¬ 

mately 2 inches. This was sufficient to lodge in the 

space between the shield and the gage. 

clivity of the gages to capping by snow under the 

conditions of use in this study. The comparisons 

in table 5 of the April 1 data for gage increment 

and from snow surveys made immediately around 

the gage reveal wide discrepancies. For all but 

one site the gage catch is consistently less than 

the water equivalent of the snow pack even though 

the pack is subject to reduction by sublimation 

whereas the gage catch is not. Only the April 1 

data may be used for such a comparison because 

melting of the pack usually begins before May 

1. In figure 33, the comparisons between gage 

catches and water equivalents of the snowpack 

are presented in bar-graph form. 

The gages were installed in the autumn of 1946. 

At that time, steel was not procurable for con¬ 

structing supporting towers. Therefore, the gages 

were installed upon wooden towers. Although 

the wooden towers accumulated a certain amount 

of snow, as is shown in figure 26, the depth of 

snow on the platforms supporting the gages did 

not interfere with the action of either the shield 

or of the gage. 

The behavior of the East St. Louis Creek gage 

during a sudden snowstorm on June 14, 1947, 

shows the effect of a snowfall of 14-inch depth 

having a water equivalent or approximately 2 

inches. As shown in figure 27, the gage was not 

put out of commission by snow accumulating on 

the diverging walls of the body or on the wooden 

supports, but by snow lodging in the hopper 

created between the converging slats of the Alter 

shield and the walls of the rain gage. Had this 

snowstorm occurred in the fall, subsequent snow¬ 

falls would undoubtedly have capped over the 

mouth of the shield. This may be the chief 

reason for the nature of the observations recorded 

in table 5. 

Figure 28. April 1, 1948. The East St Louis Creek 

gage, Fraser Experimental Forest, near Fraser, Colo. 

This is a 100-inch-capacity Sacramento-type seasonal 

storage precipitation gage installed at an elevation of 

9,520 feet. The water equivalent gage increment 

after September 25, 1947, the date of servicing, 

amounted to 12.50 inches, as compared with 14.35 

inches determined by a 10-sample snow survey in the 

vicinity of the gage. 
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One possible reason why the shields and the 

Sacramento-type gages have not performed ade¬ 

quately under the conditions of the Rocky Moun¬ 

tains in Colorado is that many of the snowstorms 

fall at times of very low wind velocities. Fur¬ 

thermore, the gages are sheltered in lodgepole 

pine and spruce-fir type forests. The protective 

effects of the tree growth are evidently so potent 

that there is practically no wind blowing within 

the crown canopy zone at the time of the snowfall. 

Therefore, the shield on the storage gage is not 

called upon to perform any useful service, and it 

merely acts as a ledge upon which snow can 

accumulate. 

Wilson [104] concluded that much of the varia¬ 

tion in the catchment of precipitation of rugged 

areas from 4 to 20 square miles in size can be 

ascribed to variations in the local exposure and 

in the natural sheltering of the gages. Wind speed 

appears to be a good measure of the adequacy of 

gage sheltering. Wind speeds at the gage orifice 

P igure 29. April 1, 1948. Snow survey being performed 

at the West St. Louis Creek seasonal storage precipi¬ 

tation gage, elevation 9,840 feet, in the Fraser Experi¬ 

mental Forest near Fraser, Colo. The water equiv¬ 

alent increment in the gage after September 25, 1947, 

amounted to 18.00 inches, as compared with 20.25 

inches water equivalent as determined by a 10-sample 

snow survey being performed. 

Figure 30. April 1, 1947. The Iron Creek gage at an 

elevation of 9,680 feet above sea level in the Fraser 

Experimental Forest, Colorado, is a Sacramento-type 

seasonal storage precipitation gage of 100-inch capac¬ 

ity. The water equivalent increment after November 

16, 1946, was 11.25 inches, as compared with the water 

equivalent of a snow course based upon 10 samples 

surveyed in the vicinity of the gage of 11.75 inches. 

should average less than 2 miles per hour. Open¬ 

ings in the forest having a diameter about equal 

to the height of the trees appear, according to 

Wilson, to be best for precipitation gage locations. 

This conclusion of Wilson’s is at variance with 

the usual rule applied to cooperative weather in¬ 

strument installations that the gage should be 

no nearer than two to four times the height of 

the nearest object. Undoubtedly, the wind pattern 

in the vicinity of one large object, such as a single 

building, would be completely different from that 

in an opening surrounded by tree growth. 

It appears that much of the emphasis upon 

shielding of seasonal storage precipitation gages 

and upon aerodynamic streamlining of the gages 

themselves has not taken cognizance of the fact 

that snow falling during the heavy snowfalls will 

stick to practically anything. Examination of 

the weather charts kept by Borland [16] in con¬ 

nection with his avalanche research work on 
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Figure 32. May 1, 1947. West St. Louis Creek gage one 

month later than figure 31. The gage and shield had 

been cleared of accumulated snow on April 1, but new 

snow during April produced this result. Total depth 

of snow here is 70 inches. Gage was subsequently 

moved into a more open spot and mounted on a higher 

tower. 

Figure 31. April 2, 1947. The West St. Louis Creek 

gage, an 100-inch-capacity Sacramento-type seasonal 

storage precipitation gage at 9,840 feet above sea level. 

The water equivalent gage increment after November 

17, 1946, was 4.80 inches in the gage and 10.40 inches, 

including the snow samples in the mushroomlike top, 

as compared with a water equivalent of 28.77 inches 

as measured in a 10-sample snow course located in 

the immediate vicinity of the gage. 

Berthoud Pass indicates that the winter snowfalls 

are usually small and have densities of about .05. 

The larger snowstorms usually occur in the fall 

and spring with individual storms depositing up 

to 2 inches water equivalent of new snow which 

has densities of 0.10 or more. While records of 

individual storms were not kept at the Fraser 

Experimental Forest, it has been observed that 

the snow falling during the winter is generally 

feathery and of very low density, averaging about 

0.05. The capping of the gages shown in the 

pictures apparently is the result of one or two 

heavy falls of relatively wet snow in late March 

and spring or possibly the preceding fall, followed 

by cold spells which freeze the cap in place. 

This is illustrated by the weather record for 

the June 1947 snowstorm which caused the capping 

shown in figure 27. The precipitation gage at 

Fraser shows that the following amounts of pre- 

Figure 33. Comparison of seasonal storage precipita¬ 

tion gage catch with snow on the ground at approxi¬ 

mately April 1. 
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cipitation were recorded: June 9, 0.30 inch; June 

11, 0.90 inch; June 12, 0.80 inch; and June 13, 0.05 

inch, for a total of 2.05 inches. This resulted in 

new snow in the Fraser Experimental Forest hav¬ 

in'! a depth of 14 inches and water equivalent of 

about 2 inches. The relative humidity at the 

Headquarters Station was between 80 and 100 

percent from noon on June 9 to 7:00 a. m. on 

June 10, from 4: 00 a. m. on June 11 to 9: 00 a. m. 

on June 12, and from noon on June 12 to 6:00 

a. m. on June 13. Air temperatures during this 

period varied between 23° F and 41° F until 

the early morning of June 13 when the tempera¬ 

ture dropped to 13° F. During the most intense 

period of the storm, June 11 and 12, the tempera¬ 

tures ranged from 27° F to 41° F. 

A similar phenomenon was noted in Idaho by 

Warniek [98]. 

Experiences with snowcapping of the gages in 

the Fraser Experimental Forest led to the devel¬ 

opment of a new precipitation gage in conjunction 

with the development and activation of a network 

of radio-reporting precipitation gages in the Sac¬ 

ramento River drainage basin below Shasta Dam 

as part of the Bureau of Reclamation’s hydrologic 

data-gathering facilities for the Central Valley 

project, California. This radio-reporting network 

is described in [87]. 

Allen, Glover, Garstka, and Posz [2] described 

the design and functioning of a heated precipita¬ 

tion gage intake tube in which heat is transported 

to a specially constructed intake tube through a 

vapor-phase system using an evaporable liquid 

having a boiling point of about 40° F at a pres¬ 

sure of one atmosphere. The gage is heated by 

combustion of liquefied petroleum gas in a vented 

space heater which operates intermittently under 

thermostatic control. The system provides suffi¬ 

cient heat to prevent snow and ice from adhering 

to a precipitation gage intake tube, thus inhibit¬ 

ing the usual capping over and incapacitation of 

gages operating under winter conditions at eleva¬ 

tions where the precipitation may fall as rain, 

snow, sleet, and slush, and in various successive 

combinations of these forms of precipitation dur¬ 

ing a single storm. Figure 34 is a diagrammatic 

arrangement of apparatus for the heated precipi¬ 

tation gage intake tube as used in the Central 

Valley project. 

The United States Patent Office has granted a 

public patent [ 1 ] on the heated precipitation gage 

intake tube. The precipitation gage heated intake 

tube has been incorporated in a seasonal storage 

precipitation gage placed in the drainage basin 

of Eklutna Lake at the Bureau of Reclamation’s 

Eklutna project in Alaska. The essential features 

of both the Central Valley project radio-reporting 

S3rstem heated intakes and the Eklutna intake are 

the same, with the exception that the controls for 

the Eklutna gage are primarily mechanical, and 

the heated intake has been incorporated in a mod¬ 

ification of the Weather Bureau’s so-called 

Figure 34. Diagram of apparatus for heated precipita¬ 

tion gage intake tube as used in the Central Valley 

project, California. 

“■Standpipe"’ type of gage. The Eklutna gage is 

described in Reference 31. 

The objective of the heated precipitation gage 

intake tube is to prevent the adherence of wet snow 

or sleet. The usual storm history in the moun¬ 

tainous regions of the West is for a moisture- 

bearing front to be followed by a sudden and, at 

times, deep depression of air temperatures. Such 

a freezing following a sticky snowstorm usually 

anchors the adhering snow which then stays there 

and is augmented by contributions from subse¬ 

quent snowstorms, ultimately resulting in the 

capping similar to that illustrated in figures 26 
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through 32. However, there are numerous storms 

consisting either of rainfall or of frozen snow at 

temperatures much below 32°, for which the heat¬ 

ed intake is not necessary but which do require 

adequate shielding of the intake orifice of a pre¬ 

cipitation gage. 

An appreciation of the importance of shielding 

precipitation gages is not new, as is evidenced by 

Nipher’s publication of 1878 [76]. 

The shields used with the Sacramento storage 

gages in the Fraser Experimental Forest were 

modifications of the Alter shield. Original de¬ 

velopmental work dating back to 1909 is described 

by Alter [3]. 

A comprehensive discussion of the influence of 

wind on precipitation measurements is given by 

Warnick [97]. 

One of the problems inherent in the operation 

and maintenance of seasonal storage precipitation 

gages is that of incorporating into the catchment 

the storm-by-storm increments of precipitation 

and protecting them against loss by evaporation 

from the gage. Antifreeze solutions in the gage 

and protective layers of oil have been used in the 

endeavors to attain this objective. A detailed 

discussion of the use of antifreezes and anti- 

evaporants in precipitation gages is given in 

appendix A. 
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SECTION 6—SNOW DISAPPEARANCE 

Practically all of the water yield from the St. 

Louis Creek drainage basin is the result of water 

released by the spring melting of snow. A correla¬ 

tion between disappearance of the snow cover and 

increase in streamflow is thus to be expected. Fur¬ 

thermore, in the Rocky Mountains, the timing of 

snowmelt is very largely a function of the intens¬ 

ity of incident solar radiation and altitude. The 

former is, in turn, a function of aspect and slope. 

Thus, for a given area, there tends to be a normal 

pattern of snow disappearance. The ground be¬ 

comes bare first on south slopes at lower elevations. 

West and east slopes at these same elevations, and 

south slopes at higher altitudes, become bare next 

with north slopes at high elevations holding their 

snow longest. The presence or absence of forest 

makes less definite, but does not destroy, the 

pattern associated with topography. This con¬ 

sistency in the progression of snowmelt renders 

feasible mapping or otherwise recording the dis¬ 

appearance of the snow pack. 

Such a record for the St. Louis Creek water¬ 

shed was made in the spring of 1050 along with 

snow surveys to indicate the decline of the volume 

of water equivalent in the snow pack. Supple¬ 

mental studies were also made to gain insight into 

the effects of forests and topography on snowmelt 

and into the disposition of the water released. 

These studies consisted of: (1) an intensive study 

of the snow disappearance from and about a forest 

clearing: (2) comparisons between north-facing 

and south-facing slopes with respect to snow dis¬ 

appearance and incident solar radiation; and (3) 

observations on soil moisture orimnatinc from 

snowmelt. 

A. Snow disappearance from and ahout a forest 

clearing 

A 42-acre clearing surrounded by forest was 

selected for this study. The clearing with its sur¬ 

roundings and the location of measuring instru¬ 

ments are shown in figure 35. Intensive mapping 

of the snow cover was performed on May 10, 15, 

18, 20, 22. and 31, 1950, and supplemented by 

photographs taken from the top of the anemometer 

tower in the clearing. The six maps showing 

progressive snow disappearance are shown in fig¬ 

ures 36 to 41. Figures 42 and 43 show for each 

of two dates the appearance of the snow cover as 

viewed in the four cardinal directions from the 

top of the tower in the open. The wasting of the 

snow cover from the clearing and surrounding 

forest, respectively, is presented in tabular form 

by table 6. While the snow in the clearing re¬ 

quired about 30 days to disappear from beginning 

to end, that in the adjacent forest required about 

37 days. 

Table 6—Summary of snow-cover observations 

during May 1950 at windtower area 

Date 
Figure 

No. 

Percentage of area 
covered by snow 

Water 
equiv¬ 
alent, 
snow 
course 

in open 
(inches) 

Percentage of 
area bare 

In open In forest In open In forest 

April 1_ 16. 4 
May 3 11. 51 

10_ 36 95. 6 100. 0 4. 4 0 
10_ 8. 54 
15_ 37 74. 9 100. 0 25. 1 0 
17 1. 09 
18 38 38. 2 81. 0 61. 8 19. 0 
20 __ 39 24. 9 54. 0 75. 1 46. 0 
22 40 7. 4 43. 0 92. 6 57. 0 
24 0 
31_ 41 0. 7 22. 0 99. 3 78. 0 

B. North-south slope comparisons 

It is commonly observed that, even at high ele¬ 

vations, the snow on south-facing slopes disap¬ 

pears earlier than that on north-facing slopes. 

Differences in incident solar radiation are the ob¬ 

vious reason. However, detailed measurements of 

snow pack behavior and the relationships to in¬ 

cident radiation are few. 

During the spring of 1950, such measurements 

were made on 60-percent (30 degree) north and 

south slopes facing each other across a narrow val¬ 

ley. Both slopes were forested although the forest 

density on the north-facing slope was consider¬ 

ably greater. 
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BARE - NO SNOW 

AREA COVERED BY SNOW 

IN OPEN 

Figure 39. Windtowcr area on West St. Louis Creek showing snow coverage on May 20, 1950. 

SNOW COVERAGE-MAY 20,1950 

WINDTOWER AREA ON WEST ST. LOUIS CREEK 

FRASER EXPERIMENTAL FOREST,C0L0RADO 

SHEET 4 OF 6 
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Figure 40. Windtower area on West St. Louis Creek showing snow coverage on May 22, 1950. 
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c. Looking south. d. Looking west. 

Figure 42. Snow cover on May 10, 1950, as viewed from the top of anemometer tower in clearing. 

Similar views of the snow cover on the two slopes 

on two different days are presented in figures 44 

and 45 which also show the differences in forest on 

the two slopes. Results from measurements on 

snow pack behavior are given in table 7. 

From the measurements and observations the 

following conclusions were drawn: 

a. At the beginning of the snowmelt season, the 

water equivalent of the snow pack on the north¬ 

facing slope was 12.1 percent greater than that on 

the south-facing slope. 

b. The south slope lost its snow about 35 days 

before the north slope: Mav 17, as compared to 

June 22. 

c. The time of most rapid melt on the south 

slope came 40 days before that on the north slope: 

April 26, as compared to June 5. 

d. Snowmelt on the north-facing slope extend¬ 

ed over 77 days; that on the south slope over but 

46 days. 

e. The steepness of the slope and the aspect 

were much more important in determining the rate 

of disappearance than was the elevation. 

The relation of slope and aspect to incident solar 

radiation and consequent snowmelt is indicated 

by table 8. Relative values of incident radiation 

are presented for the four cardinal exposures, 60- 

percent slopes, and for two spring days. The days 

chosen are April 26 and June 5, when snowmelt 

rates were observed to be near or at their peaks 

on the sites used in this study. For comparative 

purposes, east and west slopes are presented along 

with north and south. All values are expressed 

as percentages of the radiation incident on the 

south slope and represent percentages of maximum 

possible sunshine as computed from relative posi¬ 

tions of earth and sun on the sample days. The 

computational procedures are those of Byram and 

Jemison [18]. 
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a. Looking north. b. Looking east. 

c. Looking south. cL Looking west. 

Figure 43. Snow eover on May 31, 1950, as viewed from top of anemometer tower in clearing. 

Table 7—Summary of snow pack behavior on north and south slopes, 1950 

Fraser Experimental Forest, Colorado 

Date 

Precipitation 
average incre¬ 

ment 

Average water in inches Average depth Average density 

North slope South slope 
North 
slope 

South 
slope 

North 
slope 

South 
slope 

North 
slope 

South 
slope 

Snow 
pack 

Difference Melt1 Snow 
pack 

Difference Melt ! 

April 5 13. 0 1 1. 6 41. 8 37. 9 31. 1 30. 6 
12 _ 0. 26 0. 28 12. 4 -0. 60 0. 86 9. 1 - 2. 50 2. 78 38. 7 27. 9 32. 0 32. 4 
19_ 1. 14 1. 05 13. 8 + 1. 40 2-0. 26 8. 0 -1. 10 2. 15 41. 1 22. 6 33. 6 35. 4 
26_ 0. 21 0. 19 12. 5 -1. 30 1. 51 3. 8 - 4. 20 4. 39 34. 9 11. 1 35. 8 34. 2 

Mav 3. 1. 36 1. 05 12. 3 -0. 20 1. 56 2. 1 - 1. 70 2. 75 31. 7 5. 3 38. 8 39. 6 
10_ 0. 83 0. 69 12. 8 + 0. 50 0. 33 1. 2 -0. 90 1. 59 32. 2 2. 9 39. 8 41. 4 
17_ 0. 11 0. 10 10. 9 - 1. 90 2. 01 0 - 1. 20 1. 30 25. 7 0 42. 4 
24_ 0. 18 0. 24 7. 8 -3. 10 3. 28 0 18. 6 0 41. 9 _ 
31_ 1. 35 1. 43 7. 8 0 1. 35 0 18. 1 0 43. 1 

lune 7. _ _ 0. 86 0. 95 3. 1 -4. 70 5. 56 0 7. 5 0 41. 3 _ 
14_ 0. 00 0. 00 0. 8 -2. 30 2. 30 0 1. 8 0 44. 4 _ 
22 0. 08 0. 03 0 -0. 80 0. 88 0 — — 0 0 ----- 

Total 6. 57 6. 13 — 13. 00 19. 38 11. 60 14. 96 424. 2 213. 6 
Average — — — 38. 6 35. 6 

1 Melt considered to equal precipitation increment minus weekly difference in snow pack. 
! Experimental error. Theoretically should he equal to or more than 0. 
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b. South-facing slope. 

Figure 44. Snow cover on 60 percent north- and 

south-facing slopes, April 12, 1950. 

Table 8—Relative values of incident solar 

radiation on different aspects, 1950 

Exposure 
Slope 

Date (percent) 
South North East. West 

(percent) (percent) (percent) (percent) 

April 26 60 100 70 95 95 
June 5 60 100 95 104 104 

C. Soil moisture observations 

A total of 24 pits were dug during the 1950 

snowmelt season for the purpose of ascertaining 

soil moisture. About half of these pits were dug 

through a layer of snow. Six of these revealed 

a layer of soil carrying free water at an average 

depth of about 3 feet. The water-bearing layers 

were about 6 inches thick. In Pits 5 and 8, dug 

through the snow cover in late April, a layer of 

dry soil was found about 18 inches below the soil 

b. South-facing slope. 

Figure 45. Snow cover on 60 percent north- and 

south-facing slopes. May 3, 1950. 

surface. Figure 46 is a photograph of Pit 8. This 

pit was dug in a large snow patch and revealed the 

following material from top to bottom: 22 inches 

of snow, 2 inches of frozen litter, 2 inches of frozen 

soil, 24 inches of dry soil, 12 inches of damp soil, 

3 inches of water-bearing sand, and 11 inches of 

damp soil. In Pit 7, about 50 feet away, the 

water-bearing sand was only 30 inches below the 

surface. 

The layer of dry soil in Pit 8 indicated the 

depth of penetration of water from directly over- 

lying snow. The water in the wet soil below the 

dry layer was judged to have followed a porous 

stratum after deep penetration beneath snow lying 

uphill from the point of observation. Subsequent 

visits to the pits in early May indicated that the 

snow water had penetrated the dry layer. 

The results of the soil moisture observations are 

summarized in appendix B. Further evidence 
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Figure 46. Digging test pit No. 8 in the middle of a 

snow patch near the lower portion of a hill just north 

of the headquarters building. April 25, 1950. 

of subsurface flow was observed in sidehill road 

cuts, one of which is shown in figure 47. 

D. Snow disappearance and streamflow 

Studies of the relation between the snow dis¬ 

appearance and streamflow from watersheds have 

been reported by several authors. An early use of 

snow cover photographs in runoff forecasting is 

described by Potts [78]. Other investigations are 

described or discussed by Daniels [29], Miller 

[72], and (farstka [39]. Ivaitera [58] discusses 

the progress of spring snowmelt in Finland and 

presents the following material:5 

Summary of melt season progression in Finland 

Number of days from 
beginning of snowmelt 

0_ 
.5_ 

10_ 

Percent of maximum 
snow-water equivalent melted 

0 

45-50 

70 

15- _ _ 85 

30- 95 

5 Reference 58, page 38, 

Figure 47. Snowmelt water discharging from road cut 

10 feet below ground surface. June 16, 1950. 

Kaitera further states:6 

Notwithstanding that the absolute values (stated in 

mm) are varying considerably owing to the snow volume, 

the approximate yalues in different parts of the country 

under different topographical conditions will be rather 

close to the above-stated figures. The melting maximum 

will occur some days later in the woods than on the fields, 

and similar variations will also be ascertained depending 

on the fact whether a slope is facing south, north, west, 

or east. 

The present study was made during the spring 

of 1950 on the 32.8-square-mile area of St. Louis 

Creek from which the streamflow is gaged. Snow7 

observations w7ere begun in early April to note the 

appearance of bare ground. When the extent of 

such areas became appreciable in early May, the 

subsequent development was recorded by maps and 

photographs until July 12, when practically all 

snow had disappeared. 

The mapping v7as effected by observation 

through binoculars from three high-elevation 

points that, in combination, permitted a view of 

the entire basin. Observations were systematized 

by delineating tributary basins on a base map of 

scale 3.13 inches per mile prepared from aerial 

photographs. The tributary areas were further 

subdivided into indexed compartments (figure 

48) to facilitate recording observations in note 

form. The snow cover on each compartment was 

estimated and recorded to the nearest 5 percent. 

The final step v7as to enter on a map overlay the 

percentages of snow7 cover in all compartments 

and, by introducing compartment areas, arrive at 

a snow7 cover percentage for the whole watershed. 

(Brown and Dunford [17].) 

oIbid. 
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Observations were made at weekly intervals 

except when storms blanketed the area with new 

snow and necessitated brief delays to allow the 

pattern of the winter pack to reappear. A total of 

15 maps was prepared of the snow pattern and 

the maps were periodically supplemented by pan¬ 

oramic series of photographs. Two of these photo¬ 

graphic series portraying the snow pack disap¬ 

pearance are presented as figures 49 and 50. 

Before April 1, the entire watershed was snow 

covered except for areas too steep to hold snow 

or so exposed that wind kept them blown clear. 

The first areal disappearance of snow due to 

melting started in early April at the lowest ele¬ 

vations on south aspects. Snow disappearance 

N 

S - SOUTH FACING SLOPE 

N - NORTH FACING SLOPE 

L- LOWER HALF OF SLOPE 

H - UPPER HALF OF SLOPE 

V - VALLEY FLOOR 

I - LOWER THIRD OF VALLEY FLOOR 

2-MIDDLE THIRD OF WATERSHED 

3 - UPPER THIRD OF WATERSHED 

A - ALPINE 

Figure 48. Method of dividing tributary watersheds 

into topographic compartments to record snow cover. 

was limited to those sites until the middle of 

May. From then until mid-June, extensive bare 

areas appeared on north slopes at low elevations 

and on south aspects at high elevations. Snow 

on east and west aspects disappeared after that 

on the south but before that on the north aspect. 

In the latter part of June, snow disappeared 

from north aspects at high elevations and from 

those alpine areas without deep drifts. By mid- 

July, the only snow remaining was in deep alpine 

drifts such as those in the steep cirques at the 

head of each major drainage. A few drifts per¬ 

sisted throughout the summer. The following 

series of figures consists of maps showing the 

average snow cover on the designated dates: figure 

51, May 9, 1950, 92-percent snow cover; figure 52, 

June 6, 1950, 70 percent; figure 53, June 13, 1950, 

49 percent; figure 54, June 20, 1950, 36 percent; 

and figure 55, June 26, 1950, 19-percent snow 

cover. Figure 56 is a composite chart consisting 

of a hydrograph of the 1950 snowmelt season of 

St. Louis Creek into which have been inserted the 

precedingly enumerated five figures showing the 

snow coverage in relation to streamflow. 

A significant result of this snow disappearance 

study is the finding of the close relation which 

exists between streamflow and snow-cover deple¬ 

tion. This relation is shown in figures 57 and 58. 

Figure 57 covers the period April 1 through July 

31, since that is the most commonly used period 

for seasonal water-yield forecasting of volumes 

of flow, and consists of three curves: one is the 

snow-cover depletion curve, depicting the percent¬ 

age of area which is bare on given dates; another 

is a curve of streamflow accumulation as meas¬ 

ured at the St. Louis Creek gaging station; and 

the third is a volume accumulation curve includ¬ 

ing the recession contribution to the snowmelt 

hydrograph in percent of the April through July 

31 total. 

The streamflow accumulation curve is consist¬ 

ently below the snow-cover depletion curve by an 

increasing amount near the first of July, indicat¬ 

ing that the snow cover disappears before snow¬ 

melt water appears as runoff. This evidences the 

effect of the retention of water by the soil and also 

of the time lag associated with the flow of water 

through the ground to the stream. It will also 

be noted that the point of steepest slope on the 

streamflow accumulation curve, which is the day 

of peak flow, June 17, 1950, occurred when about 

45 percent of the basin was still covered with 

snow. 

The volume of runoff in the volume-accumula¬ 

tion curve was computed by a method which is 

described in detail in section 7. The volume- 

accumulation curve rises above the snow-cover de¬ 

pletion curve on May 15, indicating that early in 

the melt season the average water-equivalent 

depth of the snow cover decreases faster than the 

change in area. 

The volume-accumulation curve breaks sharply 

between July 15 and 20, simultaneous with the 

occurrence of the peak rate of discharge, after 

which the curve continues at a much flatter rate. 

This indicates that, although there was from 35 

to 45 percent snow cover during the period June 

15 to 20, the water yield from this area was no 
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June 2 

June 19 

June 26 

July 3 

Figure 49. Snow disappearance in upper Range Creek Basin, a tributary of St. Louis Creek, 1950. 
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June 2 

June 12 

June 19 

June 26 

July 12 

Figure 50. Snow disappearance in western portion of St. Louis Creek drainage. Byers Peak is prominent on far 

right. Iron Creek Valley is at left. 1950. 
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ST. LOUIS CREEK DRAINAGE BASIN 
FRASER EXPERIMENTAL FOREST- C0L0RA DO 

AVERAGE SNOW COVER 
92 PERCENT 

Fipure 51. Snow cover on May 9, 1950. 
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Figure 52. Snow cover on June 6, 1950. 
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ST. LOUIS CREEK DRAINAGE BASIN 
FRASER EXPERIMENTAL FOREST - C0L0RAD0 
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'2,000 12,000 

JUNE 13, 1950 
AVERAGE SNOW COVER 
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Figure 53. Snow cover on June 13, 1950. 
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ST. LOUIS CREEK DRAINAGE BASIN 
FRASER EXPERIMENTAL FOREST- COLORADO 

M I LES 

CONTOUR INTERVAL IOOO FT. 

ff 
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BARE 

ONE-THIRD SNOW COVER 

TWO-THIRDS SNOW COVER 

FULL SNOW COVER 

12,000 

JUNE 20, 1950 
AVERAGE SNOW COVER 

36 PERCENT 

Figure 54. Snow cover on June 20, 1950. 
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ST. LOUIS CREEK DRAINAGE BASIN 
FRASER EXPERIMENTAL FOREST- COLORADO 
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Figure 55. Snow cover on June 26, 1950. 
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Figure 57. Snow cover depletion and streamflow ac¬ 

cumulation curves for period April 1 to July 31. 1950. 

longer sufficient to offset the decreased ground 

water discharge from areas earlier freed of snow. 

Figure 58 presents data similar to those of fig¬ 

ure 57, but includes only the cumulative discharge- 

curve for the period through July 12, at which 

time the drainage basin was nearly devoid of 

snow. 

A comparison of the snow disappearance in re¬ 

lation to streamflow can be seen from the be¬ 

ginning of April through July 12, by the data 

presented in table 9, the table of areal snow cover 

and discharge during the snowmelt period. In 

early April, the snow cover was nearly complete 

and St. Louis Creek was flowing at its base level 

of about 9 c. f. s. As the first bare areas appeared 

at low elevation, the stream started a gradual 

rise. Both the bare area and streamflow increased 

slowly until about May 19, when the bare area 

totaled about 10 percent of the basin and the 

daily discharge averaged about 42 c. f. s. Then 

the snow began to disappear more rapidly, about 

30 percent of the area of the drainage basin being 

bare by early June. During this period of 

moderate melt, the rate of discharge fluctuated 

Figure 58. Snow cover depletion and streamflow ac¬ 

cumulation curves for period April 1 to July 12, 1950. 

Table 9—Area of snow cover and discharge 

during the period April 1 to July 12, 1950 

St. Louis Creek, Fraser Experimental Forest, Colorado 

Date 
Area of 

snow cover 
(percent) 

Mean 
daily 

discharge 
(c. f. s.) 

Cumula¬ 
tive 

discharge 
(acre-feet) 

Figure 
No. 

April 1 97. 7 9 17 
4 - 1 00. 0 9 70 
14 94. 9 12 286 
27 93. 5 12 642 

May 9_ 91. 7 20 1, 089 51 
12 89. 2 23 1, 212 
19 90. 0 42 1,693 

June 6 _ _ 70. 1 135 4, 437 52 
13_ 49. 2 212 6, 817 53 
20_ 36. 3 200 10, 082 54 
27_ 18. 7 145 12,480 55 

July 3 7. 2 113 13, 965 
12 2. 1 74 15,553 

widely but made an overall rise to an average of 

about 135 c. f. s. After June 6, the rate of snow 

disappearance was consistently high until July 3, 

at which time most of the snow was gone from 

the drainage basin. 

During this relatively short period, which was 

roughly one-fourth of the melt period, 63 per¬ 

cent- of the watershed lost its snow cover and 57 

percent of the cumulative discharge was recorded 

through July 12 at the stream gaging station. It 

was during this period, on June 17, that the peak 

daily rate of discharge, 293 c. f. s., was reached. 

On June 27, 81 percent of the watershed was 

bare of snow, and practically all of the snow be¬ 

low the 10,000-foot elevation had melted. After 

July 3, the snow disappearance rate dropped off 

quickly since, by that time, only the snow re¬ 

maining on the sheltered sites at high elevations 

was in evidence, and the cumulative discharge be¬ 

gan to level off at the same time for reasons previ¬ 

ously mentioned. 

Table 10 presents the information of table 9 in 

different form. Here the increase in bare area is 

compared with the percent of cumulative dis¬ 

charge of St. Louis Creek for the period April 

1 to July 12. 

E. Relation of areal and volumetric snow-eover 

disappearances 

The volume of water in the snow pack for St. 

Louis Creek Drainage Basin was estimated from 

five snow courses in the drainage basin. Ten sam¬ 

ples were taken at each course on March 30, April 

30, and June 2. The measurements were averaged 

for each date and expressed as a percentage of the 
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Table 10—Relation between bare area and ac¬ 

cumulated streamflow for the period April 1 

to July 12, 1950 

Date 
Portion of 
watershed 

bare of snow 
(percent) 

Cumulative 
discharge 
(percent^ 

April 1_ 2. 3 0. 1 
4_ 0. 0 0. 4 
14_ 5. 1 1. 8 
27__ 6. 5 4. 1 

May 9 . _ 8. 3 7. 0 
12 _ 10. 8 7. 8 
19_ 10. 0 10. 9 

June 6 __ . 29. 9 28. 5 
13_ 50. 8 43. 8 
20_ 63. 7 64. 8 
27_ 81. 3 80. 2 

July 3. - _____ _ 92. 8 89. 8 
12_ 97. 9 100. 0 

March 30 value. Figure 59 presents a comparison 

between these percentages and the percent of the 

areal snow cover for the drainage basin. Com¬ 

parisons among this figure and figures 57 and 58 

indicate that the areal extent of snow cover is 

more closely related to the melt period stream- 

flow than is the current water content of snow. 
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Figure 59. Relation between volume of snow cover and 

area of snow cover for period April 1 to July 12, 1950. 

The initial spring rise of St. Louis Creek in 1950 

was delayed several weeks from the time snowmelt 

began, but it corresponded rather closely with the 

first appearance of bare ground in the drainage 

basin. The general snow disappearance study in¬ 

dicated that there is a lag of about 20 days between 

the first snowmelt and the first general rise of the 

hydrograph for the snowmelt season. At the start 

of the snowmelt season, 98 percent of the area was 

covered with snow which contained practically 

100 percent of its maximum snow-water equiv¬ 

alent for the 1950 season, whereas, at the date of 

the peak of the snowmelt runoff, the area of snow 

cover was only 40 percent and the volume of the 

snow-water equivalent remaining in the drainage 

basin was about 10 percent of that of the maxi¬ 

mum for this snowmelt season. 

F. Summary 

Although this study was made for only one year, 

it does indicate the possibilities of establishing a 

reliable basis for making short-term streamflow 

forecasts based on the extent of snow cover as the 

prime index. Obviously, observations should be 

made for several years for any firm relation to be 

established. However, the general agreement be¬ 

tween the watershed area bare of snow and the 

percentage of total melt-period discharge indi¬ 

cates the possibility of estimating the streamflow 

during the snowmelt period on the basis of pro¬ 

portion of bare area. 

Figure 60 is a summary of the 1950 snow disap¬ 

pearance. This chart depicts maximum and mini¬ 

mum air temperatures at the headquarters sta¬ 

tion, wind travel at the headquarters station, pre¬ 

cipitation at the headquarters station, precipita¬ 

tion at West St. Louis Creek windtower site, the 

water equivalent of snow on the ground of the 

West St. Louis windtower site, the precipitation 

and the water equivalent of snows on the north 

and south facing slopes at the study area on the 

West St. Louis Creek and the hydrographs for 

St. Louis Creek, East St. Louis Creek, and Fool 

Creek. 
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Figure 60. Summary of the 1950 snow disappearance observations. 
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SECTION 7—RECESSION ANALYSES 

A. General 

An investigation of the processes of snowmelt 

runoff consists of two broad subjects: (a) A de¬ 

termination of the amount of heat available for 

the melting of snow, and (b) a determination of 

the amount of runoff yielded by the melting of 

snow under the influence of a recognized amount 

of heat. The need for a method of segregating 

a given day’s snowmelt contribution to runoff was 

recognized long ago, since without such segrega¬ 

tion correlation of snowmelt runoff with heat was 

practically unattainable. This section describes 

the analyses made of snowmelt hydrographs in 

the Fraser Experimental Forest. 

For the purposes of this study, the following 

modifications of definitions by C. R. Hursh [55] 

have been adopted: 

Surface runoff.—That portion of the snowmelt 

water which is induced by gravity to move over 

the surface of the ground and into the drainage 

channels. 

Subsurface runoff.—That, portion of the snow¬ 

melt water which infiltrates into the surface soil 

but moves away from the area and into the drain¬ 

age channels through the upper soil horizons at a 

rate much in excess of normal ground-water flow. 

Ground-wafer flow.—That portion of the snow¬ 

melt water which has been absorbed by the ground 

and has become part of the ground water, ulti¬ 

mately being discharged as spring and seepage 

water into the stream channels. 

This analysis of the snowmelt hydrograph is 

based upon field experience in observing water¬ 

shed runoff from snowmelt. In forested water¬ 

sheds there is, in effect, no watershed-wide surface 

runoff from snowmelt. Practically all of the snow¬ 

melt runoff enters stream channels as subsurface 

or ground-water flow, usually as a combination of 

both. It was reasoned, therefore, that the hydro- 

graph recession of the end of the snowmelt season 

should apply to each day’s snowmelt contribution 

to the total flow, as the runoff is a Darcy’s law sum¬ 

mation of the individual day’s contributions of 

discharge of water through a porous medium, 

rather than the summation of overland hydraulic 

flows. 

B. Selection of recession factors 

Hydrograph recession factors were derived from 

the 1947 and 1948 seasons as follows. Daily aver¬ 

age recession discharges in c. f. s. of St. Louis 

Creek near Fraser, Colo, (drainage basin area 

32.8 square miles), were plotted against the daily 

average discharges on the preceding day for the 

1947 and 1948 snowmelt seasons only for those 

days uninfluenced by rain. A recession factor was 

determined by deriving the slopes of the lines, as 

shown in figure 61A. The daily recession factors, 

as computed from this plotting, were found to be 

0.933 for flows above 30 c. f. s. and 0.981 for flows 

below 30 c. f. s. When 1949 and 1950 data were 

added, as shown on figure 61B, their recession 

points fell on the line just as well as did the 1947- 

48 points. The recession values of 0.933 and 0.981 

were also found to fit the hydrographs of St. Louis 

Creek for the period 1935 through 1953, inclusive. 

(See hydrographs on figures 9 to 12). The result¬ 

ing recession curve is shown on figure 62. 

Figure 63 is a plotting of the hydrograph for 

the 1949 snowmelt season on semilogarithmic 

paper. This type of plotting, according to Barnes 

[7], is advantageous in disclosing recession char¬ 

acteristics of hydrographs. The recession values 

of 0.933 and 0.981 have been plotted as derived 

from figure 61 on figure 62, and serve to illustrate 

the manner of interpreting a semilogarithmic 

plotting. The value of the recession coefficient, as 

derived, will be the same as derived by either 

arithmetic or semilogarithmic graphical treat¬ 

ment. 

In this series of analyses, a winter flow of 8 c. f. s. 

and below was considered as a ground-water base 

flow, above which contribution of individual day's 

snowmelt could be segregated. For flows at 8 

c. f. s. and below, it was not considered practical 

to attempt to segregate an individual day’s snow¬ 

melt contribution to the ground-water flow, as de- 
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Figure 61. Daily recession analysis, St. Louis Creek near Fraser, Colo. 



Figure 62. Snowmelt runoff recession curve for St. 

Louis Creek near Fraser, Colo. 

Figure 63. Application of recession slopes to a semi- 

logarithmic plot of the 1949 hydrograph. 

rived by this method of computation, for a drain¬ 

age basin of only 32.8 square miles. On larger 

drainage basins where base flow alone might 

amount to sizable volumes of daily flow, it may 

not only be practical, but also necessary, to segre¬ 

gate day’s contributions to ground-water flow. 

C. Segregation of base flows by recession 

analyses 

In the computation of daily contributions to 

the streamflow of St. Louis Creek, as used through¬ 

out this investigation, a constant base flow of 8 

c. f. s. was assumed, below which recessions were 

not applied, and recession coefficients of 0.933 for 

flow above 30 c. f. s. and 0.981 for flows between 

30 and 8 c. f. s. were used. The possible ground- 

water influence on the application of the recession 

concept was also investigated by use of the Barnes 

[8] concept as follows: Hydrographs for the years 

1943-44, 1944-45, 1947-48, 1948-49, 1949-50 and 

1950 to July 1951, were plotted by Bertie [14] on 

semilogarithmic paper in the manner illustrated 

by figure 63. 

The slope of the recession coefficient of 0.981 

for flows below 30 c. f. s. appeared to fit the falling 

stages through the winter when the hydrograph 

rose and fell periodically. However, it was rea¬ 

soned that these wintertime fluctuations were pos¬ 

sibly synthetic, due to the effect of ice and inaccu¬ 

racies in the measurement system at low flows; and 

that it would be more reasonable to smooth out 

these fluctuations to get an average ground-water 

recession rate. The slopes of the ground-water re¬ 

cession rate were found to be: 

December 11, 1943 to April 3, 1944: K=0.99825 

December 1, 1944 to March 19, 1945: K=0.99742 

January 10, 1948 to April 15, 1948: K=0.99827 

December 1, 1948 to April 14, 1949: K=0.99870 

December 5, 1949 to April 3, 1950: K=0.99742 

The average base flow recession rate, as computed 

from these 5 years of winter flow, was: K = 0.99801. 

The average base flow recession curve, using a 

wintertime rate for K = 0.998 was plotted for each 

winter’s flow back under the snowmelt hydrograph 

of the preceding season for the years 1944, 1948, 

1949, and 1950. These base flows were subtracted 

from the observed flows and the net hydrographs 

were plotted. As shown in figure 66, the falling 

portions of these net hydrographs showed a con¬ 

stant recession rate of 0.933. Figure 66 shows the 

distribution of points obtained when the net dis¬ 

charge of the daily average flow is plotted on the 

“y” axis against the daily average net discharge of 

the preceding day. The points on figure 66 show 

very little scatter about the line having a slope: 

K = 0.933. 

The next factor to be considered was that of 

the transition of the ground-water discharge rate 

during the spring runoff period. One assumption 

was that the ground-water discharge rate would 

increase logarithmically from the start of the 

hydrograph rise to a point just under the peak. 

The rates of these ground-water rises were found 

to be: 

April 7 to June 21, 1943 : K=1.0037 

April 3 to June 3,1948 : K=1.0096 

April 3 to June 17,1949 : K=1.0085 

April 14 to June 17,1949 : K=1.0099 

April 3 to June 17, 1950: K=1.0051 
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The average base flow increase rate, as computed 

from the above 4 years was found to be: 

K = 1.0069. 

A comparison was then made of the volume of 

flow computed through the use of recession co¬ 

efficients of 0.933 and 0.981, without base flow 

other than a constant flow of 8 c. f. s. and the 

volumes recognizing base flow. The base flow 

volumes were computed as follows : 

(a) The ground-water recession from the winter 

of 1948—49 was drawn with a slope of K = 0.998 

and extended back under the 1948 hydrograph to 

a point where it intersected the rising limb of the 

hydrograph, April 27. 

(b) The most rapid possible increase in ground- 

water flow for the 1947—48 winter recession to the 

above-mentioned extension of the 0.998 recession 

was then drawn. 

(c) A ground-water increase from the 1947-48 

recession, on April 15, to the 1948-49 recession 

just under the peak day, June 3, was drawn. 

(d) The ground-water increase using the aver¬ 

age rate of K = 1.0069, as determined above, was 

then drawn. 

This resulted in various combinations of ground- 

water curves which could be chosen for this analy¬ 

sis. For example, the curve of (a) could be used 

in conjunction with either the curve of (b), (c), 

or (d). This comparison was based on the data 

for the period May 14 through June 5, 1948, 23 

days. The results of this comparison are sum¬ 

marized in table 11. 

Two of the equations, using curves (d) and (a) 

are illustrated in figure 67. On all of the plot¬ 

tings of the five equations, the points closely ap¬ 

proximate a 45-degree line, and the correlation 

coefficient for four out of the five equations is 

about 0.91. From these correlations, it was con¬ 

cluded that there will be no significant difference 

in application of the volumes as computed by the 

two basic approaches to the use of recession co¬ 

efficients. 

On the basis of the study for the 1948 season, it 

was concluded that the recession method, using a 

Kr of 0.933 for flows above 30 c. f. s. and Kr of 

0.981 for flows between 30 and 8 c. f. s., and 

neglecting the flow below 8 c. f. s., give results 

not significantly different from those attained 

through the inclusion of base flow increases in in¬ 

dividual day’s contribution computations, either 

when the base flow is included as an increase or 

volumes are computed above the base flow. Since 

Table 11—Comparison between volumes of a 

day’s contribution to snowmelt runoff com¬ 

puted with and without base flows 

Period: May 14 through June 5, 1948 {23 days) 

Y = the volume in c. f. s. days of 1 day’s contribution to 
the snowmelt hvdrograph, using base flows as computed 
through the use of the base flow curves designated in the 
left-hand column. 

X = the volume in c. f. s. days of 1 day’s contribution to 
the snowmelt hydrograph as computed, using Kr = 0.933 for 
flows above 30 c. f. s. and Kr = 0.981 for flows between 30 
and 8 c. f. s. 

Base flow curves used Equation 

Standard 
deviation 

s 

Coefficient 
of simple 

correlation 

r 

Volume above base 
flow 

(b) + (a). Y = 0.985X — 2.67 42. 71 0. 910 
(c) + (a)_ Y = 0.984X —2.92 42. 67 0. 910 
(d) + (a)_ Y = 0.985X— 1.44 42. 87 0. 910 

Volume including the 
base flow increase 

(c) + (a)_ Y= 1.03 IX+ 54.14 50. 71 0. 888 
(d) + (a)- Y = 0.984X-t-50.41 42. 94 0. 909 

METHOD OF COMPUTATION OF SNOWMELT HYDROGRAPH 

Area I = Volume of a day's snowmelt appearing in the first 
24-hour period. (First day volume) 

Area 2= Volume of a day's snowmelt in recession flow. 

Total snowmelt for the day = Area I + Area 2. 
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Figure 64. Separation of snowmelt hydrograph showing 

contribution from one day’s melt. 



the method using coefficients of Kr = 0.938 and 

0.981 requires much less work in the computation 

of daily volumes, and since it does not require a 

forecast of the level of the ground-water reces¬ 

sion curve which is, in our present state of knowl¬ 

edge, at best an assumption, it was concluded that 

the use of the two coefficients, disregarding the 

volumes below 8 c. f. s. and without inclusion of 

base flow, was adequate for the snowmelt correla¬ 

tion analyses of the St. Louis Creek Drainage 

Basin having an area of 32.8 square miles which 

is the subject of this investigation. 

In dealing with larger drainage basins having 

characteristics differing from those of St. Louis 

Creek and especially in dealing with drainage 

basins in which rainfall at different times of the 

year might have an important influence upon the 

base flow, the technique described above of recog¬ 

nizing base flow as an important factor in the hy¬ 

drograph would most likely need to be applied. 

D. Determining volume of one day’s 

contribution 

The volumes comprising a given day’s contribu¬ 

tion to the snowmelt hydrograph are delineated 

in figure 64. In figure 64, Point T, preceding 

trough of a day’s hydrograph, is the point of in¬ 

flection at which the hydrograph begins to rise 

under the effect of the contributions of the melt 

during the day. Point B is the peak of the day’s 

snowmelt runoff. Point D is the trough of the 

day’s runoff which peaks at Point B. The line 

from T to E is the recession line, using the co¬ 

efficient (in this case, 0.933, since the runoff is 

above 30 c. f. s.) of the preceding day’s snowmelt. 

The area TBDC, identified as Area 1, is the volume 

of the day’s contribution appearing in the first 

24-hour period, hereafter referred to as the first 

day’s volume. The line DF is a recession curve 

having a coefficient of 0.933 as applied to Point 

D, which is the trough of the day’s snowmelt. The 

area CDFE, identified as Area 2, expresses the 

volume between the two recession curves which re¬ 

sulted from the day’s contribution of snowmelt 

not appearing as runoff on that day but which con¬ 

tinues to contribute to the makeup of the snowmelt 

hydrograph. The total day’s contribution to the 

snowmelt hydrograph is the sum of Areas 1 and 2. 

Area 1, the first day’s volume, has been deter¬ 

mined in this series of investigations by planim- 

eter, and its shape is a reflection of the rate of 

heat increase and decline during the day rather 

than a drainage basin characteristic, as can be 

ascertained from an inspection of hundreds of 

individual day's rises. The recession contribution, 

Area 2, was determined through the application 

of calculus as shown on figure 65 and described 

below. 

Barnes [8] expressed a single valued recession 

above a horizontal base line in an exponential 

equat ion: 

Q=Q0Kj 
in which: 

Q is the flow in c. f.s at time, t 

Q0 is the flow in c. f.s at the beginning of the 

computation period or when time, t, 

equals 0 days 

t is the time in days 

Kr is the daily runoff recession coefficient. 

The application of this equation to the two reces¬ 

sion curves discussed in figure 64 led to the de¬ 

velopment of a method, illustrated in figure 65, 

of computing the recession contribution to the 

hydrograph by a procedure of integral calculus. 
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Moody [73] lias expressed the equation for a 

recession line in another form as follows: 

Q = Qoe-kt 

Moody’s k is related to Barnes’ Kr as follows: 

k = -loge Kr 

In Moody’s restatement of the recession equation, 

k has the dimension: (time) to the minus 1 power. 

Moody’s equation might offer advantages in com¬ 

putational procedures, depending upon the type 

of data-processing machinery available for use in 

making snowmelt runoff computations. Both 

equations yield identical results. 

The results of the application of the recession 

concept to a day’s contribution to the snowmelt 

hydrograph of St. Louis Creek are to be pre¬ 

sented in a subsequent chapter of this report. In 

summary, it was found that, on the average, for 

the 1948 snowmelt season, 11.2 percent of a day's 

contribution to the runoff, Areas 1 plus 2 of figure 

64, appeared on the first day as Area 1; for the 

1949 snowmelt season, 11.7; and for the 1950 sea¬ 

son, 13.2 percent. The remaining portion of a 

day’s contribution—88.8, 88.3, and 86.8 percent, 

respectively, for the 3 years above mentioned— 

constitute the recession flows. It was found that 

the daily peak of snowmelt occurred about 8 to 

10 p. m. on the day of the snowmelt, and the 
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COMPARISON BETWEEN VOLUMES OF A DAYS CONTRIBUTIONS 

TO SNOWMELT RUNOFF WITH AND WITHOUT BASE FLOWS 

ST. LOUIS CREEK NEAR FRASER, COLORADO 

VOLUME FROM ONE DAYS MELT -ABOVE 6C.F.S. 

WITHOUT BASE FLOWS 

Figure 67. Comparison between volume of a day’s 

contributions to snowmelt runoff with and without 

base flows. 

trough of the day’s melt occurred at about noon 

of the following day. The time of occurrence 

of the peaks and troughs was contingent to a 

considerable extent upon the distribution of melt 

conditions and varied widely at the exact hour 

of occurrence. 

In order to determine the time lag, or length of 

time that elapses between the presence of melt 

conditions and the appearance of that melt as 

runoff measured in a stream, the plotting of 

hourly temperatures recorded by the hygrother- 

mograph at the Fraser Headquarters Station 

was compared with an hourly plotting of flow in 

c. f. s. at St. Louis Creek gaging station, drain¬ 

age area of 32.8 square miles. There seems to 

be approximately a 6-hour displacement between 

the peaks of the temperature curve and the peaks 

of the runoff curve. The time lag would then 

be 6 hours plus a multiple of 24 hours, but obser¬ 

vations of men working in the Forest indicated 

that the lag wTas about 6 hours. This determina¬ 

tion of the time lag was further substantiated by 

the fact that the time lag of Fool Creek, one of 

■the tributaries of St. Louis Creek, was only 

3 hours. When comparing the difference in 

drainage areas and the distance from the Fool 

Creek to the gaging station on St. Louis Creek, 

it seemed logical that the lag time for the larger 

area should be 6 hours rather than 30 hours. 

Accordingly, analyses correlating factors causing 

snowmelt with streamflow, as used throughout 

this investigation, applied the time lag of 6 hours 

to the St. Louis Creek investigation and 3 hours 

to the Fool Creek investigation. 

At times, the trough of a day’s contribution to 

snowmelt runoff fell below the recession line of 

the preceding day, resulting in negative volume 

of contribution. In a few instances, the negative 

volume was almost equal, numerically, to the first 

day’s contribution, so that the total day’s contri¬ 

bution, as secured by algebraic summation of the 

two volumes, amounted to either a very small 

number of acre-feet or actually a negative total. 

The volumes computed with a negative sign for 

a day’s contribution were used with the sign un¬ 

changed in correlation analyses. Negative vol¬ 

umes were observed not only at St. Louis Creek 

but also in drainage basins as large as the South 

Fork of the Flathead River above Hungry Horse 

Dam, having a drainage area of 1,640 square 

miles. 

A frequent recurrence of negative volume might 

be interpreted to mean that the recession coeffi¬ 

cient being used wyas not truly representative of 

purely snowmelt contributions to runoff. How¬ 

ever, field observations and the results of the 

analyses indicated that negative volumes could 

result from sudden and short-duration freezing 

of melt waters in transit in subsurface water 

courses or in small channels. Such a sudden 

freeze would, in effect, subtract from the hydro¬ 

graph certain portions of a day’s total contribu¬ 

tion to runoff and produce a retrogression of the 

hvdrograph, causing the trough to fall below the 

recession line of some preceding day’s contribu¬ 

tion. Such temporarily impounded subsurface 

flows, which were abstracted from the hydro¬ 

graph. would become available upon subsequent 

thawing and would appear and be credited to a 

subsequent day’s snowmelt. Although this tended 

to weaken the correlations secured by short- 

period studies, it supports the decision to use 

negative volumes in correlation analyses, since 

the runoff had been yielded bv the snowmelt and 
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returned to the channel following its release from an exact explanation would require further in- 

the temporary impoundment by freezing. The vestigation, justifiable only if it were pertinent 

above discussion offers possible explanations for to a specific application of snowmelt runoff 

the appearance of negative volumes. However, computations. 
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SECTION 8—ANALYSIS OF THE SNOWMELT HYDROGRAPH 

Hourly discharges in cubic feet per second for 

the St. Louis Creek drainage basin 32.8 square 

miles, and for Fool Creek, an area of 1.11 square 

miles, are given in appendix B, “Basic Data.” 

Figures 68, 69, and 70 show, respectively, for 

the 1948, 1949, and 1950 snowmelt seasons the 

snowmelt runoff hydrographs and related mete¬ 

orological factors as follows: 

a. Solar radiation upon a horizontal surface as 

measured at Shadow Mountain station near Grand 

Lake, Colo. Hourly values in gram calories per 

square centimeter for the hour ending are plotted 

on the graph, and the total gram calories per 

square centimeter incident for the day is given for 

each day. 

b. Wind at the 47.4-foot level above the ground 

from the windtower anemometer in the open at 

West St. Louis Creek. A graph is given of the 

wind in miles for the hour ending, and the total 

number of miles of wind for the day is given for 

each day. 

c. Dewpoint temperature at the headquarters 

station. Hourly values of dewpoint computed 

from hydrothermograph records are plotted in the 

graphical form. The average dewpoint tempera¬ 

ture for the day is entered for each day. 

d. Air temperature at the headquarters station 

in degrees Fahrenheit. Hourly values of air tem¬ 

perature are plotted on the graph and degree-days 

above 32° computed from the thermograph trace 

are given for each day. 

e. Runoff, as recorded, is plotted in hourly 

values on a hydrograph for the St. Louis Creek 

gaging station near Fraser, Colo. The recession 

lines, as computed by the method outlined in the 

preceding chapter, have been entered on the hy¬ 

drographs, and the total contribution to the run¬ 

off from the day’s snowmelt is given in acre-feet, 

as computed by the recession method previously 

discussed. 

The following characteristics of individual 

day’s contributions to the snowmelt hydrograph 

were measured and are given in tables 12, 13, and 

14, which are, respectively, for the 1948, 1949, and 

1950 snowmelt seasons: Height to trough, height 

to peak, first day's volume—Area 1 of figure 64; 

recession contribution of the day’s snowmelt— 

Area 2 of figure 64; and the total day’s contribu¬ 

tion to the snowmelt runoff—the sum of Areas 1 

and 2 of figure 64. 

Figure 71 is a double mass curve of the volume 

of the first day’s contribution in relation to the 

total runoff contribution from a day’s melt for 

the snowmelt seasons 1948, 1949, and 1950. A dis¬ 

tinct elbow develops in the double mass curve 

either the very day or in proximity to the day of 

the peak volume contribution to the snowmelt hy¬ 

drographs. This is the day for the snowmelt sea¬ 

son for which the sum of the first day’s and the 

recession contributions to the total hydrograph is 

the greatest and is not necessarily the day of the 

Table 12—Runoff volumes, St. Louis Creek. 

1948 

Date 
Trough 1 
(c. f. s.) 

Peak 2 
(c. f. s.) 

Net first 
day volume 

above re¬ 
cession 3 

(acre-feet) 

Volume of 
recsssion 
contri¬ 

bution f 
(acre-feet) 

Total of 
the day’s 

contri¬ 
bution 5 

(acre-feet) 

May 13 _ 15 31 29 729 758 
14_ 25 52 34 554 588 
15_ 36 66 37 288 325 
16_ 46 80 42 362 404 
17_ 58 105 60 469 529 
18_ 72 102 35 444 479 
19_ 86 126 52 435 487 
20_ 96 155 67 619 686 
21_ 113 165 64 495 559 
22_ 124 180 63 329 392 
23_ 128 168 46 238 284 
24_ 128 142 19 167 186 
25_ 126 168 42 270 312 
26_ 128 128 4 — 55 -51 
27_ 117 155 47 512 559 
28_ 128 165 44 248 292 
29_ 128 140 16 202 218 
30_ 128 172 64 563 627 
31_ 140 180 63 445 508 

June 1 148 191 65 743 808 
2_ 165 239 88 505 593 
3_ 172 242 85 397 482 
4_ 175 233 64 195 259 
5_ 170 230 64 297 361 
6 170 

1 Trough is Point T of figure 64. 
2 Peak is Point B of figure 64. 
3 Net first day volume is Area 1 of figure 64. 
1 Recession volume is Area 2 of figure 64. 

Total runoff volume is Area 1 plus Area 2. 
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maximum rate of discharge of the runoff. The 

days of peak contribution to the hydrograph were: 

June 1, 1948, June 16, 1949, and June 15, 1950. 

The appearance of the elbow in the double mass 

curve of figure 71 is not surprising in the light 

of the relationship disclosed between the volume 

of water equivalent remaining in the drainage 

Table 13—Runoff volumes, St. Louis Creek, 

1949 

Date 
Trough ' 
(c. f. s.) 

Peak 2 
(c. f. s.) 

Net first 
day volume 

above re¬ 
cession 3 

(acre-feet) 

Volume of 
recsssion 
contri¬ 

bution 3 
(acre-feet) 

Total of 
the day's 

contri¬ 
bution 5 

(acre-feet) 

May 19_ 45 51 10 94 104 
20_ 46 46 0 2 2 
21_ 43 45 2 -2 0 
22_ 40 44 5 39 44 
23_ 39 45 10 105 115 
24_ 41 52 17 180 197 
25_ 46 70 31 316 347 
26_ 56 87 40 418 458 
27_ 69 84 22 269 291 
28_ 75 94 27 361 388 
29_ 84 102 22 151 173 
30_ 84 107 32 229 261 
31_ 87 87 -1 -42 -43 

June 1 _ 80 80 0 -67 -67 
2_ 72 74 3 -4 - 1 
3_ 67 75 14 188 202 
4_ 70 94 30 297 327 
5_ 77 113 47 548 595 
6_ 93 109 16 162 178 
7_ 93 102 11 110 121 
8_ 91 118 36 628 664 
9_ 109 138 42 315 357 
10_ 113 140 39 379 418 
11 120 184 80 820 900 
12__ 142 223 109 1, 060 1, 169 
13_ 172 214 61 326 387 
14_ 172 214 49 138 187 
15_ 166 226 77 712 789 
16_ 181 265 126 1, 155 1, 281 
17_ 211 265 83 554 637 
18_ 217 244 30 -260 - 230 
19_ 193 256 87 520 607 
20_ 199 253 72 284 356 
21_ 196 262 84 443 527 
22_ 199 250 68 366 434 
23_ 199 250 52 -45 7 
24_ 184 196 14 91 105 
25_ 175 208 36 320 356 
26_ 175 

1 Trough is Point T of figure 64. 
2 Peak is Point B of figure 64. 
3 Net first day volume is Area 1 of figure 64. 
3 Recession volume is Area 2 of figure 64. 
3 Total runoff volume is Area 1 plus Area 2. 

basin, the area covered by the snow pack, and the 

time for occurrence of the peak runoff as dis¬ 

cussed in section 6, “Snow Disappearance.” The 

significance of this change in the relationship be¬ 

tween the first day’s volume and the total day’s 

contribution to the snowmelt runoff will be con¬ 

sidered in greater detail in section 11, on syn¬ 

thesizing the snowmelt hydrograph. 

The dissimilarity in the relationships of the 

various components of the day's contribution to 

the total runoff is further illustrated in figures 

72 and 73. The relation between the first day’s 

volume (Area 1 of figure 64) and total runoff 

(Areas 1 + 2 of figure 64) for the 1948—49 snow¬ 

melt seasons for St. Louis Creek is shown in fig¬ 

ure 72 computed for a total of 62 days, including 

those before and after the peak, and separately 

for 49 days through the day of peak volume con- 

Table 14—Runoff volumes, St. Louis Creek, 

1950 

Date 
Trough 1 
(c. f. s.) 

Peak 2 
(c. f. s.) 

Net first 
day volume 

above re¬ 
cession 3 

(acre-feet) 

Volume of 
recession 

contri¬ 
bution 3 

(acre-feet) 

Total of 
the day’s 

contri¬ 
bution 3 

(acre-feet) 

May 13_ 22 30 9 177 186 
14_ 24 35 12 293 305 
15_ 28 35. 7 37 44 
16_ .28 42 18 287 305 
17_ 34 59 34 239 273 
18_ 42 44 -2 -60 -62 
19_ 37 51 15 80 95 
20_ 38 58 23 156 179 
21_ 42 74 42 335 377 
22_ 54 87 42 295 337 
23_ 62 92 37 292 329 
24_ 70 86 18 4 22 
25_ 65 68 1 -35 -35 
26_ 59 55 -8 -142 - 150 
27_ 49 55 5 13 18 
28_ 47 61 16 / i 93 
29_ 47 54 10 77 87 
30_ 47 79 44 446 490 
31_ 62 102 50 485 535 

June 1 77 126 62 575 637 
2_ 94 135 56 465 521 
3_ 105 96 -15 -351 -366 
4_ 86 96 16 160 176 
5_ 86 126 54 560 574 
6_ - 100 172 93 883 976 
7_ 126 191 67 344 411 
8_ 131 138 5 - 119 -114 
9_ 117 162 48 563 611 
10_ 131 218’ 104 827 931 
11_ 152 239 114 753 867 
12 170 251 96 447 543 
13_ 175 260 105 593 698 
14_ 185 266 106 503 609 
15_ 191 263 113 1, 163 1, 276 
16_ 221 284 97 988 L 085 
17_ 242 296 64 153 217 
18_ 230 269 27 -418 -391 
19- 200 239 34 121 155 
20_ 191 215 22 186 208 
21 185 209 30 134 164 
22_ 178 191 16 52 68 
23_ 168 191 35 169 204 
24_ 162 191 41 92 133 
25_ 155 182 26 -57 -31 
26_ 142 168 27 55 82 
27- 135 150 20 125 145 
28_ 131 142 18 235 253 
29 131 

1 

1 Trough is Point T of figure 64. 
- Peak is Point B of figure 64. 
3 Net first day volume is Area 1 of figure 64. 
1 Recession volume is Area 2 of figure 64. 
5 Total runoff volume is Area 1 plus Area 2. 
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Figure 71 

1,000 ACRE- FEET 
TOTAL RUNOFF FROM ONE DAY'S MELT-ACCUMULATED 

Double mass curves for 1948, 1949, and 1950 of accumulated first-day volumes vs. accumulated total 

runoffs in St. Louis Creek. 
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LEGEND 
© 1948 BEFORE PEAK DAT 

0 194g after peak DAT note Numbers near each point designate the date, 

x 1949 BEFORE PEAK day Example 60 4 is June 4, 514 is May 14 . 
* 1949 AFTER PEAK DAY 

- REGRESSION LINE USING ALL POINTS (N ’ 62) 

r • 0.080!X + 13.12 
7*0.80 5 - 17.2 ACRE-FEET 

TOTAL RUNOFF FROM ONE DAY'S MELT AS MEASURED FROM HYDROGRAPH USING RECESSION RATES 0.933 

WHEN DISCHARGE IS GREATER THAN 30 CFS ANO Kr* 0.981 WHEN DISCHARGE S BETWEEN 30 CFS AND 0 CFS 

Figure 72. Relation between first day’s volume and total runoff from one day’s melt 

- an CSS 104 L/Ht US MS ALL 40 MTS IK • Ul 

Figure 73. Relation between height to peak and total 

runoff from one day’s melt. 

Figure 74. Relation between height to peak and first 

day’s volume for 1948 and 1949. 
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Figure 75. Relation between height to peak and first 

day's volume for 1950. 

tribution, and for the 13 days after the peak day 

of volume contribution. 

The relationship between the height to the peak 

above the recession line of the preceding day (line 

BA of figure 64) versus the total contribution of 

Correlation of 
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Figure 77. Relation between height to trough and 

total runoff from one day’s melt for 1950. 

a day’s snowmelt is shown in figure 73. Again, 

there is a big difference in the positioning of the 

regression line for the 49 points, including the 

days of peak contribution, for the 62 points, con¬ 

sidering all days, and for 13 points, including 

only those days after the day of peak contribution. 

The relationship between the height to peak 

above the recession line of the preceding day and 

the volume of the first day’s contribution is shown 

in figure 74 for 1948 and 1949. The coefficient of 

simple correlation, r, for the points for 1948 and 

1949 combined, a total of 62 points, is r = 0.98. 

The relationship of this line to the values for 

1950 is shown in figure 75. It is obvious that 

the 1950 data are in accord with the relationship 

computed for 1948 and 1949. 

Figure 76 shows the relationship between the 

height of the trough above the recession line of 

the preceding day’s contribution versus the total 

runoff from a day’s contribution to the snowmelt 

hydrograph. Figure 77 shows the regression line 
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Figure 78. Relation between first day’s volume and total runoff from one day’s melt using only days before and 

including day of greatest volume. 

LEG CUD 
• /»<« BEFORE PEAK DAY 
« 1949 BEFORE PEAK DAY 

Figure 79. Relation between height to peak and total 

runoff from one day’s melt using only days before 

and including day of greatest volume. 

of figure 76, around which has been added the 

points for the 1950 snowmelt season. Again, the 

relation between these two characteristics of a 

day’s contribution to the snowmelt hydrograph 

is very strong. 

The relation between the first day’s volume and 

the total runoff from a day’s contribution to the 

snowmelt hydrograph for a total of 83 days from 

the 1948, 1949, and 1950 snowmelt seasons for 

the rising portion of the hydrograph, including 

the day of greatest volume contribution, was 

found to be r = 0.90, as shown in figure 78. The 

relation between the height to peak and the total 

runoff from a day’s contribution for the same 

83 days, also using only those points on the rising 

hydrograph, including the day of the greatest 

volume, was found to have a correlation coefficient 

r = 0.86 as is shown in figure 79. 
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SECTION 9—RELATING SNOWMELT RUNOFF TO ITS CAUSES 

The factors affecting snowmelt and runoff from 
snowmelt can be analyzed through several ap¬ 
proaches. Statistical correlation analyses can be 
computed relating snowmelt runoff to its causes. 
Also, the relationships can be expressed in equa¬ 
tions derived from non-statistical considerations 
of the observed physical phenomena of nature. 

A. The statistical approach 

1. Effect of recognizing the recession flows. 
A study was made of the 1948 data to determine 
which hydrograph area of the three listed below 
would be correlated best with one of the major 
causative variables, degree-days above 32° F (X2). 
The three hydrograph areas considered were: 

X0 equals total volume of runoff for 1 day 
as represented by the area under the hydrograph 
for 1 day and above a baseline of 0 flow bounded 
by vertical time lines at midn ight, 

Xi equals total volume of runoff from 1 day’s 
contribution as represented by the area under the 
hydrograph for 1 day, including the residual flow 
generated on th^t day but excluding the residual 
flow from snow previously melted. (Shown as 
Area 1 plus Area 2 in figure 64.) 

X1A equals the net volume of runoff for 1 day 
as represented by the area under the hydrograph 
for 1 day and above the recession of the preceding 
day (Area 1 of figure 64). 

For the 1948 season, the adjusted correlation co¬ 
efficient for the three simple correlation analyses 
were: 

f=0.45, for the equation X0=4.227X2—3.85 
r = 0.50, for the equation XI = 3.927X2—1.66 

and 
r=0.65, for the equation XIA = 5.436X2 —3.19. 

The above results show7 that the use of volumes 
computed by the recession principle offer a definite 
improvement over the use simply of the flow as 
measured for the day, as was expected, based upon 
the considerations discussed in detail in section 7. 
In view of the above results, it was not considered 

necessary to repeat similar correlation studies 
using data for the years subsequent to 1948. 

2. Correlation computations. Both simple and 
multiple statistical correlation analyses were com¬ 
puted relating runoff to the various factors caus¬ 
ing snovunelt. Correlation analyses were per¬ 
formed using the method outlined by Ford [37]. 
The factors used in this series of analyses are de¬ 
scribed in table 15. The independent variables 

Table 15—List of variables used in statistical 

correlations 

Identi¬ 
fication Description of variable Units 

X, Total runoff from 1 day’s con¬ 
tribution to the hydrograph. 

100 acre-feet. 

X1A First day runoff volume above 
recession. 

10 acre-feet. 

X2 Degree-days above 32° F at 
Headquarters. 

10° days. 

X3 Degree-days above 50° F at 
Headquarters. 

° days. 

x4 Daily total solar radiation at 
Shadow Mountain. 

100 Ly. 

X5 Dew point temperature at Head¬ 
quarters. 

10° F. 

Xe Relative humidity at Head¬ 
quarters. 

10 percent. 

x7 Daily wind travel at 47.4 feet in 
open. 

10 mile. 

X8 Daily wind travel at 1.4 feet in 
forest. 

10 mile. 

x9 Daily wind travel at 24.9 feet in 
forest. 

10 mile. 

X,o 1000 to 1400 hour solar radia¬ 
tion at Shadow Mountain. 

10 Ly. 

X„ Maximum temperature at Head¬ 
quarters. 

10° F. 

Xj2 Degree-days above 40° F at 
Headquarters. 

° days. 

X,3 Duration of temperature above 
40° F at Headquarters. 

10 hours. 

X,4 Accumulated runoff April 1 to 
start of day plus recession in 
percentage of total runoff from 
April 1 to July 31. 

10 percent. 

X,5 Daily wind travel at 23.1 feet in 
open. 

10 mile. 

X,6 Daily wind travel at 1.4 feet in 
open. 

10 mile. 

X,7 Degree-days above 32° F at 
windtower. 

10° days. 

X18 Degree-days above 40° F at 
windtower. 

10° days. 

X19 Relative humidity at windtower 10 percent. 
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considered were: Air temperature (daily maxi¬ 

mum temperature or degree-days), duration of 

melting temperatures, relative humidity, dew 

point temperature, wind, solar radiation, and an 

index of the areal extent of the snow cover (ac¬ 

cumulated runoff in percent of seasonal volume). 

These variables were combined in equations hav¬ 

ing one, two, three, four, and live independent 

variables as follows: 

a. Temperature alone—Equations 32 and 33. 

b. Temperature and wind—Equations 2 and 3. 

c. Temperature and relative humidity—Equa¬ 

tion 1. 

d. Temperature, wind, and duration of tempera¬ 

ture—Equations 12 and 13. 

e. Temperature, wind, and dew point—Equa¬ 

tion 5. 

f. Temperature, wind, and relative humidity— 

Equations 6, 7, 8, 14, 15, 16, and 17. 

g. Temperature, wind, and radiation—Equa¬ 

tion 4. 

h. Wind, relative humidity, and radiation— 

Equations 9, 10, and 11. 

i. Temperature, wind, relative humidity, and 

duration of temperature—Equations 25 and 26. 

j. Temperature, wind, relative humidity, and ac¬ 

cumulated runoff—Equations 22 and 27. 

k. Temperature, wind, relative humidity, and 

radiation—Equations 19, 20, 21, and 24. 

l. Temperature, wind, dew point, and radia¬ 

tion—Equations 18 and 23. 

m. Temperature, wind, relative humidity, dura¬ 

tion of temperature, and accumulated runoff— 

Equations 28, 29, and 30. 

Although several sources of data for tempera¬ 

ture, wind, and relative humidity were available 

Table 16—Summary of multiple 

Equa¬ 
tion 
No. 

Dependent variable 
Independent variables 

X2 X3 X, Xs x6 x7 x8 x9 X10 

1 XI.26 _ 4. 527 0. 387 
' 

1A XI A.26 _ __ 6. 525 . 680 
2 XI.27_ . . ... 3. 452 0 129 
2 A XI A. 27_ 5. 965 172 
3 XI.28 3. 753 0 329 
3 A XI A.28_ . ._ 5. 508 -. 295 
4 XI.247 ___ . 4. 569 - 0. 628 292 
4A XI A.247 5. 600 . 206 - 226 
5 XI.257 ________ 2. 235 1. 731 426 
5 A XI A.257 5. 483 841 — 050 
6 XI.267 _._ 4. 056 . 788 342 
6 A XI A.267 _ _ _ . 6. 498 . 704 020 
7 Xl.268_ _ 5. 847 1 608 1. 822 
7A X1.A268_ 7. 171 1. 277 . 892 
8 XI.269_ 4. 926 1 408 1. 528 
8A X1A.269_ 6. 677 1. 069 . 582 
9 XI.467 _._ . -. 429 - 109 510 
9A Xl A.467_ . 710 . 902 279 _ 

10 XI.6710 ___ 242 511 - 0. 023 
10A XI A.6710 1 016 255 . 158 
11 XI.710 19 _ 546 -. 023 
11A XI A.710 19 287 . 140 
12 XI.711 13 238 
12 A XI A.711 13 - 237 
13 XI.712 13 316 
13A XI A.712 13 - 229 
14 XI.71719 333 
14 A XI A.71719 003 
15 XI.15 17 19 
15 A XI A. 15 17 19 
16 XI.15 18 19 
16 A XI A.15 18 19_ _ 
17 XI.16 17 19 
17A XI A.16 17 19 
18 XI.2457 4 093 - 539 516 352 
18A XI A.2457 3 258 645 2. 296 038 
19 XI.2467 4 622 - 591 153 325 
19A XI A.2467 6 020 497 1 239 . 037 
20 XI.2468 6 468 — 632 990 1 879 
20A XI A.2468_ 6. 696 . 484 1. 750 . 848 
21 XI.267 10__ 4. 279 _,_ . 470 . 343 - 0. 052 
21A XI A.267 10.._ 5. 992 1. 422 . 020 . 117 
22 XI.267 14 7. 192 _ _ 1. 008 . 055 -|-| 
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from the instruments in operation in the Fraser 

Experimental Forest, in all of the correlation anal¬ 

yses, the data used were from only one station 

in any one series of analyses. The problem of at¬ 

tempting to combine data from more than one 

source was not approached in this series of investi¬ 

gations since, under practical operating condi¬ 

tions, the hydrologist feels fortunate if he finds 

even one source of data from within a drainage 

basin in which he is working. The integration of 

data from several sources, although it offers prom¬ 

ise of improving correlations, would need to be 

thoroughly investigated as a separate study, since 

it would be complicated by exposure, aspect, and 

lapse rate considerations as well as the improb¬ 

ability that the data from all existing sources 

could be made available without delay to the prac¬ 

ticing hydrologist when it is needed. Examples 

of the exposure and aspect effects on the meteoro¬ 

logical factors are shown by the comparisons be¬ 

tween the temperature and relative humidity re¬ 

cordings at Fool Creek and West St, Louis Creek 

stations. Figure 22 in section 4 illustrates the dif¬ 

ference in air temperature at the two stations as 

indicated by the degree-days computed from the 

thermograph records. Figure 80 illustrates the 

difference in relative humidity at the two stations. 

Table 16 presents the results of 64 equations for 

the 1948 snowmelt season; table 17 presents the 

results of 64 similar equations for the 1949 snow¬ 

melt season; and table 18 gives the statistical equa¬ 

tions using the combined data for both the 1948 

and 1949 snowmelt seasons. In this series of statis¬ 

tical analyses, the Xj and X1A have the same mean¬ 

ing as described earlier. 

correlations using 1948 data 

Independent variables—Continued 

X,1 Xj2 X,3 Xh x,5 X16 X,7 Xis Xl9 

_ 
_ __ _ 

— 

0. 315 
. 964 , 

-0. 158 
3. 414 

8. 785 
2. 447 
9. 943 

. 292 
-0. 158 

. 634 
2. 735 
4. 921 
2. 837 
4. 887 

. 530 

. 475 

. 468 

. 520 

. 549 

. 693 

. 854 

. 616 

0. 289 
. 042 
. 295 

010 
3. 309 
6. 528 

. 660 

. 132 
3. 456 
4. 997 

490 _ _ 

7 

a R 
Equa¬ 
tion 
No. 

-4. 84 0. 48 1 
-8. 84 . 66 1A 
-2. 40 . 47 2 
-6. 01 . 68 2A 
-2. 01 . 47 3 
-3. 87 . 62 3 A 
-1. 74 . 63 4 
-2. 22 . 61 4 A 
-8. 85 . 56 5 
-5. 10 . 63 5 A 

-10. 34 . 50 6 
-9. 16 . 63 6A 

-17. 42 . 60 7 
-14. 99 . 66 7A 
-16. 13 . 61 8 
-13. 13 . 65 8 A 

2. 22 . 25 9 
-7. 87 . 20 9 A 
-2. 03 . 0 10 
-8. 82 . 25 10A 
-2. 87 . 0 11 
— 7. 75 . 25 11A 
-9. 83 . 67 12 

-17. 86 . 62 12A 
-11. 82 . 69 13 

1. 11 . 53 13A 
-6. 49 . 48 14 
-4. 86 . 72 14A 
-5. 48 . 46 15 
— 5. 47 . 72 15 A 
-4. 71 . 37 16 
-4. 41 . 72 16 A 
-9. 83 . 53 17 
-6. 59 . 72 17 A 
-3. 77 . 61 18 

-11. 18 . 69 18A 
-3. 35 . 60 19 

—15. 10 . 68 19A 
-10. 64 . 70 20 
-20. 16 . 70 20 A 
-7. 27 . 47 21 

-16. 13 . 68 21A 
-10. 67 . 64 22 

83 472295 0-58- 



Table 16—Summary of multiple 

Equa¬ 
tion Dependent variable 

Independent variables 

No. 
X2 X., x< x5 x6 x7 x8 X. Xio 

22A X1A.267 14 _ 5. 369 . 628 . 125 
23 XI.3457_ . 398 -. 493 1. 259 . 478 
23A XI A.3457 _ _ . 418 . 573 2. 666 . 102 
24 X1.3467_ . 604 -. 818 -. 049 . 309 
24A XI A.3467 _ . 867 . 149 . 981 -. 012 
25 XI. 67 11 13 . 762 . 477 
25A XI A.67 11 13_ . 377 -. 118 
26 XI.67 12 13 . 710 . 489 
26A XIA.67 12 13 _ . 917 -. 005 
27 XI. 14 15 18 19_-_ 
27A XI A. 14 15 18 19_ 
28 XI.67 11 13 14 _ . 782 . 246 
28A XI A.67 11 13 14.. _ . 363 . 049 
29 XI.67 12 13 14 _ . 942 . 247 
29A XI A.67 12 13 14 _ . 782 . 136 
30 XI.11 13 14 15 19_ 
30 A X1A.11 13 14 15 19_ 
32 XI.11 
32 A X1A.11 _ 
33 XI.2 _ _ _ 3. 927 
33 A XI A.2 5. 430 

List of variables used in multiple correlation analysis of daily snowmelt 

Identi¬ 
fication 

Description of variable Units Identi¬ 
fication 

Description of variable Units 

X, Total runoff from 1 day’s con- 100 acre-feet. X„ Maximum temperature at head- o
 o 

tribution to the hydrograph. quarters. 
XIA First day runoff volume above 10 acre-feet. X12 Degree-days above 40° F at head- ° days. 

recession. quarters. 
X, Degree-days above 32° F at 10° days. X,3 Duration of temperature above 10 hours. 

headquarters. 40° F at headquarters. 
X3 Degree-days above 50° F at ° days. X,4 Accumulated runoff April 1 to 10 percent. 

headquarters. start of day plus recession in 
x4 Daily total solar radiation at 100 Ly. percentage of total runoff from 

Shadow Mountain. April 1 to July 31. 
X.5 Dew point temperature at head- 

O O
 X15 Daily wind travel at 23.1 feet in 10 mile. 

quarters. open. 
X, Relative humidity at headquar- 10 percent. Xl6 Daily wind travel at 1.4 feet in 10 mile. 

ters. open. 
x7 Daily wind travel at 47.4 feet in 10 mile. X17 Degree-days above 32° F at wind- 10° days. 

open. tower. 
X8 Daily wind travel at 1.4 feet in 10 mile. X,g Degree-days above 40° F at wind- 10° days. 

forest. tower. 
x9 Daily wind travel at 24.9 feet in 10 mile. X19 Relative humidity at windtower_ 10 percent. 

forest. 
X,0 1000 to 1400 hour solar radiation 10 Lv. 

at Shadow Mountain. 
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correlations using 1948 data—Continued 

Independent variables—Continued 

Xn Xi2 X13 Xu X.s Xl6 Xn Xis Xi9 

. 176 

—. 099 9. 295 
3. 444 2. 700 

—. 066 9. 709 
. 752 009 

—. 414 -. 050 5. 720 . 570 
. 143 . 109 5. 694 . 686 

. 806 10. 487 -. 333 
2. 787 1. 836 . 241 

. 217 9. 724 363 

. 588 018 . 212 
. 241 11. 383 -. 286 . 627 1. 077 

2. 528 2. 341 . 263 . 297 . 688 
1. 559 
3. 261 

a R 
Equa¬ 
tion 
No. 

-9. 08 . 62 22A 
-3. 16 . 52 23 
-9. 35 . 67 23A 
+ 3. 93 . 47 24 
-5. 36 . 59 24 A 

-18. 11 . 70 25 
-21. 96 . 60 25A 
-18. 52 . 71 26 
-7. 54 . 56 26A 
-1. 22 . 48 27 
-5. 62 . 70 27A 

-21. 47 . 76 28 
-19. 52 . 60 28A 
-18. 05 . 76 29 
-7. 81 . 54 29A 
- 24. 67 . 81 30 
-23. 05 . 63 30A 
-5. 71 . 28 32 

-16. 05 . 64 32 A 
-1. 66 . 50 33 
-3. 19 . 65 33A 
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Table 17—Summary of multiple 

Equa¬ 
tion 
No. Dependent variable 

Independent variables 

X2 x3 X4 x3 x6 X, X, Xg Xio 

1 XI.26 _ 3. 005 - 0. 240 
1 A XI A.26_ 5. 694 . 475 
2 XI.27 _ 2. 938 0. 155 
2 A XI A.27_ _ 4. 464 . 074 
3 XI.28 __ 3. 340 0. 306 
3 A XI A.28 4. 685 . 087 
4 XI.247 _ 2. 886 0. 049 . 137 
4 A XI A.247 4. 869 -. 388 . 217 
5 XI.257 _ 2. 997 -0. 116 . 136 
5 A XI A.257 3. 717 1. 440 . 282 
6 XI.267 _ 2. 851 -. 083 . 132 
6 A XI A.267 5. 336 . 841 . 308 
7 XI.268 3. 054 -. 184 . 128 
7 A XI A.268 6. 057 . 885 . 940 
8 XI.269 _ 3. 004 -. 243 -. 004 
8 A XI A.269 5. 879 1. 050 . 752 
9 XI.467 _ -. 124 -. 887 . 294 
9 A XI A.467 -. 319 -. 763 . 614 

10 XI.67 10 _ . 013 . 320 0. 121 
10 A XI A.67 10 _ -. 205 . 621 . 028 
11 XI.7 10 19 . 290 . 112 
11A XIA.7 10 19 . 650 041 
12 XI.7 11 13 . 417 
] 2 A XIA.7 11 13 _ . 213 
13 XI.7 12 13 . 216 
13 A X1 A. 7 12 13 _ . 127 
14 XI.7 17 19 . 042 
14 A X1A.7 17 19 . 226 
15 XI.15 17 19 

XI A.15 17 19 
16 XI.15 18 19 
16 A X1A.15 18 19 
17 XI.16 17 19 
17 A XIA 16 17 19 
18 XI.2457 2. 864 . 057 . 027 . 136 
18 A XI A.2457 4. 104 -. 166 1. 020 . 283 
19 XI.2467 2. 841 . 014 -. 079 . 128 
19A XI A.2467 5. 298 -. 060 . 743 . 303 
20 XI.2468 3. 054 . 040 -. 136 . 136 
20 A XIA 2468 6. 082 . 100 1. 023 . 976 
21 XI 267 10 2. 720 . 512 . 156 . 103 
21A XIA 267 10 5. 324 . 773 . 300 -. 008 
22 XI 267 14 6. 673 . 495 -. 026 
22A X1A.267 14 5. 240 . 826 . 312 
23 XI 3457 . 172 . 407 1. 680 . 339 
23 A XIA 3457 . 358 . 187 3. 057 . 521 
24 XI 3467 . 284 -. 240 -. 578 . 210 
24 A XI A.3467_ . 625 -. 572 -. 084 . 428 
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correlations using 1949 data 

Independent variables—Continued 
a R 

Equa¬ 
tion 
No. 

X„ X12 X,3 x,« Xl5 X,6 Xl7 Xu x,9 

+ 0. 97 0. 57 1 
— 6. 91 . 81 1A 
— 2. 16 . 57 2 
-2. 74 . 63 2 A 
— 1. 46 . 56 3 
-2. 38 . 80 3 A 
— 2. 13 . 54 4 
— 2. 55 . 80 4 A 
— 1. 67 . 54 5 
-8. 56 . 81 5A 
— 1. 24 . 54 6 

-12. 06 . 81 6A 
+ . 38 . 54 7 

— 11. 24 . 81 7A 
-2. 30 . 54 8 

— 13. 39 . 82 8 A 
7. 18 . 45 9 
4. 89 . 59 9 A 

-2. 92 . 48 10 
— 1. 50 . 58 10A 

-0. 101 — 1. 62 . 48 11 
060 -3. 11 . 58 11A 

-0. 606 3. 965 -2. 71 . 54 12 
. 496 4. 632 -7. 58 . 79 12A 

0. 097 2. 741 -3. 38 . 54 13 
. 182 4. 059 -4. 31 . 80 13A 

2. 769 253 + 1. 12 . 53 14 
5. 525 . 744 -10. 37 . 85 14A 

0. 050 2. 780 -. 246 1. 03 . 55 15 
. 195 5. 630 . 699 -9. 60 . 85 15A 
. 071 3. 644 + . 055 . 64 . 54 16 
. 210 7. 880 1. 188 -11. 28 . 84 16A 

. 095 2. 833 221 . 87 . 55 17 

. 511 5. 867 . 922 — 11. 73 . 86 17A 
-2. 27 . 51 18 
-6. 78 . 80 18A 
-1. 26 . 50 19 

-10. 95 . 80 19A 
-. 18 . 50 20 

-12. 82 . 80 20 A 
-7. 93 . 43 21 

-11. 29 . 80 21A 
—. 631 -4. 93 . 64 22 

. 016 — 11. 96 . 80 22A 
-8. 40 . 46 23 

-13. 45 . 76 23A 
-4. 92 . 45 24 
— 4. 51 . 70 24A 

87 



Table 17—Summary of multiple 

Equa¬ 
tion Dependent variable 

Independent variables 

No. 
X2 X3 Xf Xs X, X: x8 x9 Xio 

25 X1.67ITT3 . _ -. 764 . 238 
25 A X1A.67 11 13_ . 237 . 269 
26 XI.67 12 13 _ _ -. 497 . 125 
26 A XIA.67 12 13 _ . 660 . 248 
27 XI.14 15 18 19_ 
27A XI A.14 15 18 19_ 
28 XI.67 11 13 14 _ -. 503 . 077 
28A XI A.67 11 13 14. . 048 . 385 
29 XI. 67 12 13 14 _ . 410 -. 102 

29A XI A.67 12 13 14 _ . 528 . 281 
30 XI.11 13 14 15 19 _ 
30A X1A.11 13 14 15 19 
32 XI.11 
32A XI A.11 
33 XI.2 _ 3. 486 
33A XI A.2 _ 4. 719 

List of variables used in multiple correlation analysis of daily snowmelt 

Identi¬ 
fication 

Description of variable Units Identi¬ 
fication 

Description of variable Units 

X, Total runoff from 1 day’s contri- 100 acre-feet. x„ Maximum temperature at head- 

O O
 

bution to the hydrograph. quarters. 
X,A First day runoff volume above 10 acre-feet. X12 Degree-days above 40° F at 0 days. 

recession. headquarters. 
x2 Degree-days above 32° F at 10° days. X13 Duration of temperature above 10 hours. 

headquarters. 40° F at headquarters. 
x3 Degree-days above 50° F at 0 days. X14 Accumulated runoff April 1 to 10 percent. 

headquarters. start of day plus recession in 
x4 Dailv total solar radiation at 100 Ly. percentage of total runoff 

Shadow Mountain. from April 1 to Julv 31. 
X5 Dew point temperature at head- 

O
 O

 X15 Daily wind travel at 23.1 feet in 10 mile. 
quarters. open. 

x6 Relative humidity at headquar- 10 percent. x„ Daily wind travel at 1.4 feet in 10 mile. 
ters. open. 

x7 Daily wind travel at 47.4 feet in 10 mile. X17 Degree-days above 32° F at 10° days. 
open. windtower. 

Xs Daily wind travel at 1.4 feet in 10 mile. Xjg Degree-days above 40° F at 10° days. 
forest. windtower. 

X9 Daily wind travel at 24.9 feet in 10 mile. x„ Relative humidity at windtower. 10 percent. 
forest. 

X,o 1000 to 1400 hour solar radia- 10 Lv. 
tion at Shadow Mountain. 
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correlations using 1949 data—Continued 

Independent variables—Continued 
■  a R 

Equa¬ 
tion 
No. 

X,1 Xl2 Xl4 Xh Xl5 Xu Xi; Xis x„ 

— 1. 307 4. 322 8. 08 54 25 
. 714 4. 521 — 10. 92 . 78 25 A 

013 3. 158 1. 22 . 52 26 
. 328 3. 505 — 10. 42 . 80 26A 

723 258 9. 856 . 815 — 2. 08 . 65 27 
— .152 . 141 9. 183 1. 370 — 11. 85 . 84 27 A 

050 4. 637 . 323 -2. 13 . 63 28 
—. 195 4. 293 . 234 

_ 
— 6. 42 . 78 28A 

. 518 3. 186 —. 596 -3. 22 . 59 29 

. 251 3. 501 . 086 — 9. 78 . 79 29 A 
-. 101 4. 657 312 . 036 —. 574 2. 96 . 55 30 

189 4. 388 . 240 . 427 . 059 — 6. 70 . 78 30A 
1. 864 — 7. 85 . 48 32 
2. 707 — 12. 29 . 73 32A 

— 1. 32 . 59 33 
-2. 33 . 81 33 A 
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Table 18—Summary of multiple correlations 

Equa¬ 
tion 
No. 

Dependent variable 
Independent variables 

X2 X3 X4 X5 x6 x7 X, x9 Xio 

1 XI.26 _ ^ _ 3. 368 -0. 116 
] A XI A.26 5. 684 . 389 
2 XI.27 3. 037 0. 156 
2A XI 4.27 4. 855 -. 0003 
3 XI.28 3. 377 0. 360 
3 A XI A.28 4. 833 . 031 
4 XI.247 . 3. 289 - 0. 208 . 232 
4A XI 4.247 4. 950 -. 078 . 028 
5 XI.257 2. 813 _ 0. 432 . 229 
5A XIA 257 4. 396 . 876 . 149 
6 XI 267 3. 129 . 094 . 185 
6 A XI A.267 5. 447 . 598 . 184 
7 XI.268 3. 707 . 219 . 568 
7 A XI 4.268 6. 227 . 924 . 906 
8 XI.269 3. 376 . 004 0. 206 
8 A X1A.269 5. 698 . 582 . 331 
9 XI.467 -. 302 -. 822 . 380 
9 A XI A.467 . 267 -. 051 . 525 

10 XI.67 10 _ -.189 . 384 0. 045 
10A XI A.67 10 . 118 . 532 . 080 
11 XI 7 10 19 . 362 . 044 
11 A XIA 7 10 19 . 560 . 084 
12 XI 7 11 13 . 344 
12A X1A. 7 11 13 _ . 013 
13 XI 7 12 13 . 234 
13A XIA 7 12 13 . 012 
14 XI.7 17 19 . 125 
14A XIA 7 17 19 . 119 
15 XI.15 17 19 
15A X1A.15 17 19_ 
16 XI 15 18 19 
16 A X1A.15 18 19 
17 XI.16 17 19 
17A X1A.16 17 19 
18 XI 2457 3. 375 -. 229 -. 078 . 224 
18A XI 4 2457 3. 882 . 210 1. 343 . 154 
19 XI.2467 3. 165 -. 312 -. 299 . 165 
19A XIA 2467 5. 486 . 250 . 847 . 146 
20 XI 2468 3. 651 —. 275 -. 166 . 471 
20 A XI A.2468 6. 263 . 326 1. 361 1. 003 
21 XI 267 10 3. 082 . 254 . 189 . 028 
21A XI A.267 10 5. 367 . 889 . 192 . 051 
22 XI.267 14 6. 730 . 623 024 
22A X1A.267 14 5. 159 . 555 . 201 
23 XI 3457 . 289 -. 015 1. 108 . 425 
23 A X1A.3457 . 424 . 349 2. 476 . 332 
24 XI. 3467 . 379 -. 506 -. 594 . 227 
24 A XI A.3467 . 732 -. 127 . 380 . 224 
25 XI.67 11 13 -. 348 . 249 
25A 1 XI A.67 11 13 . 351 . 108 
26 XI 67 12 13 174 . 197 
26A XIA 67 12 13 . 682 . 158 
27 XI.14 15 18 19 
27A XIA 14 15 18 19 
28 i XI.67 11 13 Ti -. 088 . 078 
28A XIA 67 11 13 14 . 244 . 179 
29 XI.67 12 13 14 . 582 -. 043 
29A XI A.67 12 13 14 . 591 . 186 
30 XI 11 13 14 15 19 
30 A XIA 11 13 14 15 19 
32 XI 11 
32 A X1A 11 
33 XI 2 3 625 
33 A XI A 2 4. 868 
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using combined 1948 and 1949 data 

Independent variables—Continued 
a R 

Equa¬ 
tion 
No. 

Xu Xl2 x,3 x1( X,5 X,6 Xl7 X,8 Xi9 

— 0. 26 0. 59 1 
— 6. 11 . 79 1A 
— 2. 20 . 60 2 

. 59 . 79 2 A 
— 1. 53 60 3 
— 2. 43 . 78 3 A 
— 2. 09 . 57 4 
-3. 35 . 81 4 A 
-4. 00 . 59 5 
— 6. 08 . 80 5 A 
-3. 25 . 58 6 
— 9. 08 . 79 6 A 
-3. 71 . 58 7 

— 11. 61 . 81 7A 
— 1. 67 . 58 8 
— 8. 38 . 79 8A 

6. 91 . 48 9 
-2. 96 . 55 9A 

—. 26 . 48 10 
— 3. 91 . 56 10A 

-0. 229 . 26 . 48 11 
. 190 — 4. 86 . 56 11A 

-0. 119 3. 759 — 4. 40 . 59 12 
1. 714 3. 300 —10. 94 . 77 12A 

0. 093 3. 070 — 3. 81 . 59 13 
. 331 2. 988 — 2. 66 77 13A 

2. 875 062 — 1. 05 . 59 14 
5. 327 . 483 -7. 09 . 84 14A 

0. 123 2. 921 067 94 . 59 15 
. 130 5. 361 . 492 — 7. 19 . 84 15A 
. 109 3. 736 . 056 —. 45 . 57 16 
. 072 7. 302 . 785 — 6. 73 . 83 16A 

. 248 3. 151 . 098 — 2. 34 . 60 17 

. 311 5. 631 . 727 —. 18 . 85 17A 
-2. 83 . 58 18 
— 8. 12 . 79 18A 

1. 33 . 58 19 
—11. 84 . 79 19 A 

. 63 . 58 20 
— 16. 62 . 80 20 A 
-5. 02 . 57 21 

—12. 30 . 79 21A 
—. 572 _ -6. 31 . 66 22 

. 046 -8. 83 . 79 22A 
-5. 12 . 53 23 

-10. 42 . 52 23 A 
. 98 . 50 24 

-2. 27 . 70 24 A 
402 3. 892 _ . 43 . 58 25 

1. 999 3. 166 -15. 81 . 76 25A 
. 055 3. 228 -2. 19 I . 58 26 
. 480 2. 368 — 9. 01 . 78 26A 

—. 566 252 8. 084 . 520 . 01 . 67 27 
043 . 045 7. 634 . 820 — 6. 69 . 82 27A 

. 644 4. 734 —. 350 — 5. 14 . 62 28 
1. 567 2. 818 . 144 — 13. 51 . 76 28A 

. 497 3. 588 —. 540 — 5. 74 . 66 29 

. 427 2. 325 . 065 — 8. 59 . 77 29A 
. 617 4. 768 —. 346 . 079 —. 107 — 4. 85 . 62 30 

1. 553 . 907 . 147 . 268 . 346 —14. 88 . i ( 30 A 
1. 858 — 7. 76 i . 50 32 
2. 743 -12. 57 1 . 73 32A 

-1. 38 . 60 33 
— 2. 44 . 79 33A 

| 
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List of variables used in multiple correlation analysis of daily snowmelt 

Identi¬ 
fication 

Description of variable Units Identi¬ 
fication 

Description of variable Units 

X, Total runoff from 1 day’s contri- 100 acre-feet. Xu Maximum temperature at head- o
 o 

bution to the hydrograph. quarters. 
Xia First day runoff volume above 10 acre-feet. x!2 Degree-days above 40° F at head- ° days. 

recession. quarters. 
x2 Degree-days above 32° F at head- 10° days. X]3 Duration of temperature above 10 hours. 

quarters. 40° F at headquarters. 
x3 Degree-days above 50° F at head- ° days. X[4 Accumulated runoff April 1 to 10 percent. 

quarters. start of day plus recession in 
x4 Dailv total solar radiation at 100 Lv. percentage of total runoff from 

Shadow Mountain. April 1 to July 31. 
X5 Dew point temperature at head- 

£h' 
o O

 X,5 Daily wind travel at 23.1 feet in 10 mile. 
quarters. open. 

x6 Relative humidity at head- 10 percent. x16 Daily wind travel at 1.4 feet in 10 mile. 
quarters. open. 

x7 Daily wind travel at 47.4 feet in 10 mile. x17 Degree-days above 32° F at wind- 10° days. 
open. tower. 

x8 Dailv wind travel at 1.4 feet in 10 mile. x18 Degree-days above 40° F at wind- 10° days. 
forest. tower. 

x9 Dailv wind travel at 24.9 feet in 10 mile. x„ Relative humidity at windtower_ 10 percent. 
forest. 

X,o 1000 to 1400 hour solar radia- 10 Ly. 
tion at Shadow Mountain. 

COMPARISON OF MEAN DAILY RELATIVE 

HUMIDITY AT FOOL CREEK AND WEST ST LOUIS 

STATIONS AS COMPUTED FROM HOURLY READINGS 

OF HYGROGRAPH FOR THE PERIOD 

PERCENT 
MEAN DAILY RELATIVE HUMIDITY AT WEST ST. LOUIS STATION 

Figure 80. Comparison of relative humidity at Fool 

Creek and West St. Louis Creek Stations. 

The correlation coefficients for the X1A, first 

day’s volume, are greater than for the total days’ 

contribution to the snowmelt hydrograph, in the 

overwhelming number of cases. 

The demonstration of a negative sign of the X4 

variable, daily total solar radiation, was an un¬ 

looked-for result, since it is known that the sun 

is the ultimate source of all energy used in snow 

melting. The physical explanation is that the ef¬ 

fect of solar radiation is expressed to a rather 

full degree in the air temperature variable X2 or 

X3. Thus, in those equations where X4 is used 

with X2 or X3, the solar radiation is effectively 

introduced twice. Ford 7 points out that, “A high 

correlation between independent variables may 

lead to illogical results, possibly to the extent of 

indicating relationships not in agreement with 

known physical behavior.” 

Because of time limitations, the analyses of the 

1950 snowmelt season were limited to multiple 

correlation Equations 6 and 6-A and simple cor¬ 

relation Equations 32, 32-A, 33, and 33-A. Addi¬ 

tional computations were made of Equations 32, 

32-A, and 33, 33-A, for the day before and includ¬ 

ing the peak volume day. Results of the 1950 

statistical computations are given in table 19. A 

solution of these ten equations, using the com¬ 

bined 1948, 1949, and 1950 data, is presented in 

table 20. Correlation coefficients for the equations 

prior to and including the peak volume day were 

found to be very much higher than for all of the 

days for the snowmelt season. Some difficulty 

was encountered with the hygrothermograph in¬ 

struments during the 1950 snowmelt season, so 

the records, particularly those involving relative 

7 Reference 37, page 23. 
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Table 19—Comparison of correlations using all 

days with correlations using only days before 

and including day of greatest volume from 

1950 data (all days) 

Equation 
No. 

Depend¬ 
ent 

variable 

Ind 

x2 

epender 

x6 

it variat 

X7 

les 

x„ 

a R N 

6_ X 1.267 2. 202 0. 881 0. 717 -13. 40 0. 49 43 
6A_ Xia.267 2. 705 . 397 . 703 -10. 34 . 72 43 

32 X! „ 1. 734 -8. 24 . 55 47 
32 A __ X1A n 2. 214 — 10. 40 . 72 47 
33 X, 2 2. 435 - . 62 . 43 43 
33A_ X.A.2 3. 470 -1. 31 . 66 43 

(Days Before and Including Peak Volume Only) 

32 X, ii 2. 712 -13. 19 0. 87 34 
32A_ 3. 043 -14. 58 . 91 34 
33 x12 5. 001 -2. 77 . 88 30 
33A_ X1Ai2 5. 822 -3. 31 . 95 30 

List of Variables Used in Correlation Analysis of 
Daily Snowmelt 

Identi¬ 
fication 

Description of variable Units 

X,.... Total runoff from 1 day’s con¬ 
tribution to the hvdrograph. 

100 acre-feet. 

Xj A- First day runoff volume above 
recession. 

10 acre-feet. 

x2„__ Degree-days above 32° F. at 
headquarters. 

10° days. 

x6- Relative humidity at head¬ 
quarters. 

10 percent. 

X7.„. Daily wind travel at 47.4 feet in 
open. 

10 mile. 

X„--_ Maximum temperature at head¬ 
quarters. 

o
 o
 

humidity and dewpoint temperatures, were not of 

the quality attained for the 1948-49 season, and 

the results of analyses involving these variables 

combining all the years of record may, therefore, 

he somewhat less reliable. 

The indicated result of the statistical analysis 

of the factors causing snowmelt runolf lead to the 

conclusion that, for the data used in these coop¬ 

erative snow investigations, the temperature fac¬ 

tor is at least as good as, and in many cases better 

than a combination of other factors used in cor¬ 

relation analyses. Therefore, in the development 

or practical application of methods of forecasting 

runoff from snowmelt, particular attention was 

paid to the temperature variable, as will be dis¬ 

cussed subsequently in this report. 

A series of analyses for the runoff from Fool 

Creek, drainage area of 1.11 square miles, closely 

paralleling the above discussed analyses of the St. 

Table 20—Comparison of correlations using all 

days with correlations using only days before 

and including day of greatest volume from 

1948, 1949, and 1950 (all days) 

Equation 
No. 

Depend¬ 
ent 

variable 

Independent variables 
a R N 

X2 X8 x7 X,i 

6_ X, .267 2. 515 0. 675 0. 533 -10. 20 0. 53 88 
6A_ Xia.267 3. 567 . 626 . 526 -10. 58 . 73 88 

32 X1 „ L 704 -7. 44 . 52 92 
32A 2. 303 -10. 40 . 71 92 
33 xlt11 2. 782 -. 63 . 49 88 
33A_ X, A .2 3. 893 -1. 47 . 70 88 

(Days Before and Including Peak Volume Only) 

32 
-y- ^ 

2. 595 -12. 07 0. 78 66 
32A 2. 920 -13. 78 . 85 66 
33 xlv1 5. 014 -2. 65 . 85 62 
33A_ Xia.2 5. 513 -3. 11 . 90 62 

List of Variables Used in Correlation Analysis of 
Daily Snowmelt 

Identi¬ 
fication 

Description of variable Units 

X,- Total runoff from 1 day’s con¬ 
tribution to the hydrograph. 

100 acre-feet. 

Xj a- First day runoff volume above 
recession. 

10 acre-feet. 

X2-— Degree days above 32° F. at 
headquarters. 

10° days. 

x6___. Relative humidity at head¬ 
quarters. 

10 percent. 

x7____ Daily wind travel at 47.4 feet in 
open. 

10 mile. 

Xu-- Maximum temperature at head¬ 
quarters. 

10° F. 

Louis Creek drainage basin runoff, were performed 

and will be presented in detail in section 12. 

The finding that temperature alone is a very 

important and perhaps the most important factor 

in snowmelt is true for the high-altitude Rocky 

Mountain terrain such as that within which the 

Fraser Experimental Forest is found. It is known 

that high humidities, such as those which prevail 

in the coastal region of the Pacific Northwest, 

California Sierras, and in the northeastern United 

States, can have a very important influence upon 

the rate of snow melting, since for each gram of 

water condensed about 7 grams of ice can be melted 

due to the tremendous difference between the 

latent heat of vaporization of water and the latent 

heat of fusion of ice, as has been pointed out by 

Wilson [102]. The significance of the vapor con¬ 

tent of the air as a factor affecting runoff from 

snowmelt and the disappearance of snow will be 
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considered in detail in section 10, dealing with 

Light’s equation [84], 

B. The physical approach to snowmelt 

1. General. Practically all of the heat utilized 

in the melting of snow can be ascribed ultimately 

to solar radiation. Solar radiation may supply 

heat for snowmelt in several ways, among the 

principal ones being the following: (a) by direct 

incidence upon the snow; (b) by reflected radia¬ 

tion resulting from incidence of solar radiation 

upon objects with or without conversion from 

short-wave infrared to long-wave heat; and (c) 

indirectly as warm air, the temperature of which 

has been raised either by direct solar radiation or 

by contact with objects heated by the incidence of 

solar radiation or by the conversion of short-wave 

infrared solar radiation to long-wave heat. 

Another principal source of heat available for 

snowmelt, which is especially important in the 

coastal regions of the Pacific Northwest and of 

the Northeast, is the latent heat of vaporization 

which is released upon condensation of water 

vapor on snow. This can be considered as another 

source of solar energy for snow melting, since the 

initial transport of heat to the snow field by this 

mechanism was as a result of the solar energy used 

in evaporating the water, wherever that conver¬ 

sion to water vapor may have taken place. 

The amount of heat released to the annual snow¬ 

melt by the cooling of the earth is negligible com¬ 

pared to that received by the earth as solar radia¬ 

tion. Temperatures of the soil below the snow 

during the snowmelt season are usually very close 

to the freezing point of water, indicating that 

practically no heat is supplied for snowmelt by 

the soil during the spring season. 

In the physical approach to the analysis of 

snowmelt, use was made of the equation which 

expresses the physical relationship of wind, air 

temperature, and water vapor pressure as they in¬ 

teract to make heat available for the melting and 

evaporation of snow. The formula developed by 

Light [64] from Sverdrup’s [83] eddy-conduc¬ 

tivity equation involving a theory of atmospheric 

turbulence was chosen for use in this approach. 

Light’s equation, both in general form and as re¬ 

duced for application to the Fraser Experimental 

Forest data, is shown in figure 81. 

In the application of Light's equation to the 

snowmelt and evaporation analysis, the data from 

only one installation were used, that of the wind- 

tower in the open. The wind records used in 

PHILLIP LIGHT'S EQUATION 

Genera! statement: 

80 ln(o/zo)ln(b/20) 
U [cpT + (i-e./l) 423/p] 

in cgs units 

D - effective snowmelt 
p = density of air 
k0= von Karman's coefficient = 0 38 
In = no turol logarithm 
a - devotion of anemometer in mb at hygrothermogroph level 
20 - roughness porometer - 0.25 
b - elevation of hygrothermogroph 
U - wind velocity of anemometer level 
cp= specific heat of air at constant pressure - 0.24 
T = oir temperature at hygrothermogroph level 
e - vapor pressure of air 
p - atmospheric pressure in mb 

B. As reduced and applied to Frosor Experimental Forest data: 

D -- KU„ \O.OOI75(Tf -32)lO-°0000'sch + 0 00550(8-6.ll[\ 

D - effective snowmelt in inches per six hours 
K - bos/n constant 
UM - overoge wind velocity in miles per hour at fifty foot level 
Tf - overoge oir temperature in degrees F. at 7.5 foot level 
h - station elevation in feet obove sea level 
e - overoge vapor pressure in mb at 7 5 foot level 

6.11 - vapor pressure in mb at 32° F. dew point 

D = KU„[0.0012 (TF-32) + O.OOS5(e- 6.11)] 

* See reference 64 

Figure 81. Light’s equation. 

Light’s equation were from the high-level ane¬ 

mometer at the top of the tower. Air tempera¬ 

tures and the vapor pressure data were from the 

hygrothermograph exposed at 7% feet above the 

ground surface. The observations were corrected 

for height of instruments above the snow surface 

in accordance with the curves given by Light [64], 

No attempt was made to use average temperatures 

or average humidities from other installations, 

since any endeavor to do so would introduce un¬ 

known complications in addition to making the 

system of doubtful utility to a practical hydrol¬ 

ogist. 

2. Distribution of wind with height. A neces¬ 

sary condition for the application of Light's 

edcly-conductivity equation, as shown in figure 81, 

in which wind velocity at only one level is intro¬ 

duced in the reduced form of the equation, is that 

there exists a logarithmic distribution of wind 

velocity with height. The wind records from 

anemometers at three levels at the windtower in 

the open were analyzed for the 1948 snowmelt run¬ 

off period, and the results of a plotting of the 

miles of wind total for 6-hour periods, May 19 to 

May 22, 1948, are shown in figure 82. This chart 

shows a definite logarithmic relationship of wind 

velocity distribution and height. 
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WIND IN RELATION TO HEIGHT 
AS OBSERVED AT WIND TOWER IN OPEN 

WEST ST. LOUIS CREEK 
FRASER EXPERIMENTAL FOREST 

COLORADO 
1948 

Figure 82. Six-hour wind in relation to height at wind- 

tower in open, 1948. 

Miles-of-wind totals for 24-hour periods be¬ 

ginning at 6 a. m. on the date indicated were 

plotted for 1948, 1949, and 1950 snowmelt seasons, 

as shown, respectively, in figures 83, 84, and 85. 

The equations of the mean lines for the 1948, 

1949, and 1950 seasons analyses of 24-hour wind 

velocity distribution in relation to height are sum¬ 

marized in the following three equations in which 

it wfill be noted that the equations for 1948 and 

1950 are practically identical, while the equation 

for 1949 does not deviate very far from the slope 

of the other two equations : 

For 1948, W = 33.21 log10H +57.55 

For 1949, W = 41.19 log10H +33.98 

For 1950, W = 33.34 log10H +60.13 

In the above equations, W equals the daily wind 

travel in miles and H is height in feet at the 

anemometers as follows: The high anemometer 

was 47.4 feet above the ground surface; the 

middle anemometer was 23.1 feet above the ground 

surface; and the low anemometer was 1.4 feet 

above the snow surface on the date of observation. 

The miles of wind are the totals for a 24-hour 

period beginning at 6 a. m. on the date indicated. 

Not only the mean lines, but the individual lines, 

on the charts, figures 82, 83, 84, and 85, disclose 

Figure 83. Daily wind in relation to height at wind- 

tower in open, 1948. 

WIND IN RELATION TO HEIGHT 
AS OBSERVEO AT WINO TOWER IN OPEN 

WEST ST LOUIS CREEK 
FRASER EXPERIMENTAL FOREST 

COLORAOO 
1949 

POSITION OF ANEMOMETERS 

PERIOD 
Moy 23 to 27, 
Jons I to 10, 
Jone IS to 20,1949, inclusive 

EQUATION OF MEAN LINE 
w:4i 19 iog,0 H+33 98 

H sneigut in feet 
W'Doily wind trowel in miles 

523 = Moy 23, 628= Jone 28 

MILES OF WINO-TOTAL FOR 24-HOUR PERIOO BEGINNING AT 0600 
ON DATE INOICATEO 

Figure 84. Daily wind in relation to height at wind- 

tower in open, 1949. 
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WEST ST LOUIS CREEK 
FRASER EXPERIMENTAL FOREST 

COLORAOO 

POSITION OF ANEMOMETERS 

June 15 to 22, 
June 261o 28,1950 inclusive 

EQUATION OF MEAN LINE 
W= 33 34 loq0H + 60V3 

518 = Moy 18, 604= June 

Figure 85. Daily wind in relation to height at wind- 

tower in open.1950. 

the requisite logarithmic distribution of wind 

velocity above the surface, thus meeting the re¬ 

quirement of Light’s equation insofar as the wind 

factor is concerned. 

3. Application of Light's equation. Air tem¬ 

perature data from the hygrothermograph at 

the windtower in the open were used in Light’s 

equation directly without adjustment for lapse 

rate within the Fraser Experimental Forest. No 

lapse rate adjustment was made, since observa¬ 

tions in the field, even prior to those substantiated 

by the 1950 snow disappearance study discussed 

previously, had disclosed that, although snow 

accumulation ordinarily takes place by elevation 

zones, snow disappearance in a mountainous re¬ 

gion takes place chiefly by aspects. Any endeavor 

to apply lapse rate correction by aspects would 

so complicate the computation of the temperature 

factor in Light’s equation as to throw serious 

doubt on its acceptability in applied hydrology. 

Vapor pressure required for Light’s equation 

was computed from the hygrothermograph trace 

in a manner discussed in detail in a subsequent 

section on instruments. The computational pro¬ 

cedure for deriving a day’s snowmelt by Light’s 

equation for St. Louis Creek is illustrated in table 

21, in which Light’s equation is finally reduced to 

the following simple form : 

D = UM[0.0012 (Tf-32) + 0.00550 (e- 6.11) ] 

It will be noted that 6-hour periods, for which 

negative melts are computed, are not included in 

the daily total. 

The results of the application of Light’s 

equation to snowmelt runoff for the 1948, 1949, 

Table 21—Example of computation of snowmelt by Light’s equation 

D = Um [0.00175* (Tf —32)10 — ■0000156h + 0.00550*(e—6.11)] 
Where: D = effective snowmelt in inches per six hours 

Um = average wind velocity in miles per hour —50' level 
Tk = air temperature in degrees Fahrenheit 
e = vapor pressure in millibars 
h =station elevation above sea level in feet (10,500') 

Substituting value of h and reducing: 
D =UM [0.00175(TF —32)0.0858+ 0.00550(e —6.11)] 

= UM [0.0012(TF —32) +0.00550(e —6.11)] 

Date 1948 6-hour period ending at 
Total for 
24-hour 
period 

Effective 
date with 

time lag for 
St. Louis 

Creek 

Mav 14_ 6 a. m_ Example of substitution of values: 
0 = 4.67 [0.0012(37.12 —37) +0.00550(3.15 —6.11)] 
D = 4.67(0.0062-0.0163) = -0.047. 

12 noon D = 7.00(0.0274-0.0170) =0.073. 
6 p. m _ _ _ D = 5.83(0.0266-0.0144) =0.071. 
12 midnight D —5.33(0.0 —0.0043) = —0.023. 

Mav 15_ 6 a. m D = 3.50( —0.0038 —0.0144) = —0.064_ ...__ . ] 
12 noon _ D = 5.17(0.0236 — 0.0178) =0.030 _ _ i 0. 144 May 14 
6 p. m D =4.83(0.0248-0.0163) =0.041 
12 midnight D = 6.67( — 0.0020 - 0.0083) = - 0.060_ 

•Constants have been corrected because the temperature and relative humidity are measured at about the 7.5' instead of 10' level. 
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and 1950 snowmelt seasons are given, respectively, 

in tables 22, 23, and 24, in which the melt com¬ 

puted by Light’s equation is compared with the 

runoff volume as measured from the hydrograph, 

including the recession contribution as described 

previously. 

Because of the marked change in the charac¬ 

teristics of the runoff from snowmelt following 

the day of peak volume of contribution, including 

the recession, the basin constants in this series of 

three tables were computed only for the days 

through the day of largest volume contribution 

for use in comparison of the observed snowmelt 

runoff with that computed by Light’s equation. 

The results of the basin constant computation 

are: For 1948, 0.901; for 1949, 0.993; for 1950, 

0.954. The basin constant is simply a ratio con¬ 

sisting of the snowmelt volume as measured from 

the hydrograph divided by the melt computed 

from Light’s equation. Table 25 presents a com¬ 

parison of the basin constants for Light’s equation 

for the three years. Three sets of coefficients are 

Table 22—Comparison of snowmelt computed 

from Light’s equation with recorded runoff 

volumes, 1948 

Date 

Melt. 
computed 
by Light’s 
equation 

Runoff 
volume as 
measured 

from hydro¬ 
graph 1 2 

Departure of computed 
from measured volume 

Inch Inch Inch Percent 
Mav 14 . _ 0. 144 0. 336 -0. 192 -57 

15_ . 071 . 186 -. 115 -62 
16_ . 134 . 231 -. 097 -42 
17_ 2. 294 . 303 -. 009 -3 
18_ . 376 . 274 . 102 37 
19_ . 487 . 278 . 209 75 
20_ . 369 . 392 -. 023 -6 
21_ . 422 . 320 . 102 32 
22_ . 258 . 224 . 034 15 
23_ . 167 . 162 . 005 3 
24_ . 220 . 106 . 114 108 
25_ . 216 . 178 . 038 21 
26_ . 157 -. 029 . 186 641 
27_ . 208 . 319 -.111 -35 
28_ . 168 . 167 . 001 1 
29_ . 119 . 125 -. 006 -5 
30_ _ . 455 . 358 . 097 27 
31_ . 439 . 290 . 149 51 

June 1 . 491 . 462 . 029 6 
2_ . 524 . 339 . 185 55 
3_ . 262 . 276 -. 014 -5 
4_ . 207 . 148 . 059 40 
5_ . 379 . 207 . 172 83 

Total_ _ _ 
Total through June 

6. 567 5. 652 0. 915 16. 2 

1_ 5. 195 4. 682 0. 513 11. 0 

Basin constant (through June 1) = K = 4.682/5.195 = 
0.901. 

1 Includes recession flow. 
2 Air temperature and relative humidity estimated for two hours. 

Table 23—Comparison of snowmelt computed 

from Light’s equation with recorded runoff 

volumes, 1949 

Date 

Melt 
computed 
by Light’s 
equation 

Runoff 
volume as 
measured 

from hydro¬ 
graph > 

Departure of computed 
from measured volume 

Inch Inch Inch Percent 
Mav 19 0. 035 0. 060 -0. 025 -42 

20_ . 004 . 001 . 003 300 
21_ . 046 0 . 046 
22_ . 042 . 025 . 017 68 
23_ . 076 . 066 . 010 15 
24_ . 173 . 113 . 060 53 
25_ . 150 . 198 -. 048 -24 
26_ . 293 . 262 . 031 12 
27_ . 292 . 167 . 125 75 
28_ 2. 174 . 222 -. 048 -22 
29_ 2. 219 . 099 . 120 121 
30_ 2. 144 . 149 -. 005 -3 
31_ 2. 053 -. 025 . 078 312 

June 1 _ _ _ . 012 -. 039 . 051 131 
2_ . 033 -. 001 . 034 3, 400 
3_ . 112 . 116 -. 004 -3 
4_ . 167 . 187 -. 020 -11 
5_ . 326 . 340 -. 014 -4 
6_ . 137 . 102 . 035 34 
7 . 187 . 069 . 118 171 
8_ . 195 . 380 -. 185 -49 
9_ . 221 . 204 . 017 8 
10_ . 246 . 239 . 007 3 
11_ 2. 377 . 515 -. 138 -27 
12_ 2. 341 . 668 -. 327 -49 
13_ 2. 358 . 221 . 137 62 
14_ 2. 141 . 107 . 034 32 
15_ . 340 . 451 -. Ill -25 
16_ . 774 . 732 . 042 6 
17_ . 704 . 364 . 340 93 
18_ . 361 -. 132 . 493 373 
19_ . 499 . 347 . 152 44 
20_ . 492 . 203 . 289 142 

Total 
Total through June 

7. 724 6. 410 1. 314 20. 5 

16_ 5. 668 5. 628 0. 040 0. 7 

Basin constant (through June 16) = K = 5.628/5.668 = 
0.993. 

1 Includes recession flow. 
2 Daily and 6-hourly distribution of wind travel was estimated. Total wind 

travel for these periods was determined from totalizing anemometer. 

given: one for the period prior to and including 

the day of the largest volume; another for the 

period after the day of the largest volume; and 

a third, the total for the days used in the analysis. 

The values of these basin constants, based upon 

the three years of data, turned out to be strikingly 

different for the three periods, although there is 

a close agreement between years. The 3-year 

averages for the period through the day of the 

largest volume was found to be 0.951 and for the 

period after the day of the largest volume, 0.323; 

and the average for all days was found to be 

0.734 for the constant of Light’s equation. 

Jh Comparison of basin constant K. Light’s 

equation basin “constant,” K, as used in a study 
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Table 24—Comparison of snowmelt computed 

from Light's equation with recorded runoff 

volumes, 1950 

Date 

Melt com 
puted by 
Light’s 

equation 

Runoff vol¬ 
ume as 

measured 
from hy¬ 

drograph 1 

Departure of computed 
from measured volume 

May 13_ 
Inch 

0. 025 
Inch 

0. 106 
Inch 

-0. 081 
Percent 
-76 

14_ . 090 . 174 -. 084 -48 
15_ . 129 . 025 . 104 416 
16_ 2. 093 . 174 -. 081 -47 
17_ 2. 262 . 156 . 106 68 
18_ . 088 -. 035 . 123 351 
19._ ... . 007 . 054 047 -87 
20. . 009 . 103 -. 094 -91 
21 _ . 095 . 216 -. 121 -56 
22_ . 217 . 193 . 024 12 
23_ . 309 . 188 . 121 64 
24. _ _ . 284 . 012 . 272 2, 267 
25_ o -. 020 . 020 100 
26_ 0 -. 086 . 086 100 
27_ . 035 . 010 . 025 250 
28_ . 146 . 053 . 093 175 
29_ . 072 . 050 . 022 44 
30. . _. _ . 458 . 280 . 178 64 
31_ . 212 . 306 - . 094 -31 

June 1_ . . 129 . 364 -. 235 -65 
2_ . 266 . 298 . 032 - 11 
3_ 0 -. 209 . 209 100 
4_ . 018 . 101 . 083 -82 
5_ . 298 . 328 -. 030 -9 
6_ . 363 . 558 195 -35 
7_ . 265 . 235 . 030 13 
8_ . 021 -. 065 . 086 132 
9 . 127 . 349 -. 222 -64 
10_ . 396 . 532 -. 136 -26 
11__ . 409 . 496 -. 087 -18 
12_ . 415 . 310 . 105 34 
13_ . 468 . 399 . 069 17 
14_ . 496 . 348 . 148 43 
15 _ . 854 . 729 . 125 17 
16_ . 902 . 620 . 282 45 
17_ . 428 . 124 . 304 245 
18_ __ . 310 -. 224 . 534 , 238 
19... . 355 . 088 . 267 303 
20_ . 263 . 119 . 144 121 
21 _ _ . 452 . 094 . 358 381 
22_ . 426 . 039 . 387 992 
23_ . 463 . 116 . 347 299 
24_ . 578 . 076 . 502 661 
25_ . 344 -. 018 . 362 2, 011 
26_ . 470 . 047 . 423 900 
27_ . 510 . 083 . 427 514 
28_ . 553 . 144 | . 409 284 

Total_ 13. 110 8. 040 I 5. 067 1 63. 0 
Total through 

June 15_ 7. 056 1 6. 732 j 0. 322 4. 8 

Basin constant (through June 15) = K = 6.732/7.056 = 
0.954 

1 Includes recession flow. 
2 Wind travel for these days estimated. 

of the maximum possible precipitation in the 

Sacramento River Basin, California [89], was 

considered as reflecting the surface characteris¬ 

tics of a basin or region and was assumed to 

remain constant for all ranges of wind velocity, 

temperature, humidity, and elevation. The 

Table 25—Summary of basin constants in 

Light’s equation as computed from runoff 
volumes including recession 

Runoff 
Melt com- volume Basin 

Num- puted by 
Light’s 

measured con- 
Year Period her of frt m stant 

days equation hydro- K 
(inches) graph 

(inches) 

1948 Before and including 
day of largest 
volume_ 19 5. 195 4. 682 0. 901 

After day of largest 
volume . 4 1. 372 . 970 707 

Total for season_ 23 6. 567 5. 652 . 861 
1949 Before and including 

day of largest vol- 
ume 29 5. 668 5. 628 . 993 

After day of largest 
volume 4 2. 056 . 782 . 380 

Total for season 33 7. 724 6. 410 . 830 
1950 Before and including 

day of largest vol- 
ume 34 7. 056 6. 732 . 954 

After dav of largest 
volume 13 6. 054 1. 308 . 216 

Total for season „ . 47 13. 110 8. 040 . 613 

o Unweighted 
average of 
K’s. 

(Before . 949 
1 After . 434 

Tf T otal. . 768 
oo 
02 

Weighted bv 
number of 

Before . 956 
After. . . 341 

days. 
Using total 

volumes 
for 3 

Total.. . 738 
m 
<L Before _ 

i After _ _ 
— 17. 919 

9. 482 
17. 042 
3. 060 

0. 951 
. 323 

0) Total _. 27. 401 20. 102 . 734 
< 

years. 

Table 26—Computation of basin constant in 

Light’s equation as computed from daily 

discharges for 1948 

St. Louis Creek, near Fraser, Colo. 

Date 
Average 
(c. f. s.) 

Stream flow 
(inches depth 

per day) 

Light’s 
equation 
(inches) 

May 14 _ _ 35 0.040 0.144 
15_ 49 . 056 .071 
16__ 59 .067 . 134 
19_ 100 .113 .487 
20_ 113 . 127 .369 
21 _ 135 . 153 .422 
22 _ 150 . 170 .258 
23_ 148 . 169 . 167 
24_ 140 159 .227 
27_ 131 . 148 .208 
28__ _ ... 142 . 161 . 168 
29 _ 138 . 156 .119 
30_ 145 164 .455 
31 160 . 181 .439 

June 1 _ _ __ _ _ 170 . 193 .491 

Totals_ — 2.057 4 159 
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Light’s equation constant K, as used in the 

Fraser Forest investigation, is not considered to 

be a correction factor for watershed characteris¬ 

tics, since those are integrated in the recession 

analysis concept as explained in section 7 of this 

report. 

In order to compare the two concepts with re¬ 

gard to the meaning of the Iv in Light’s equation, 

a computation was performed for the 1948, 1949, 

and 1950 snowmelt seasons of a basin constant 

for Light’s equation using actual daily discharges 

as recorded at the St. Louis Creek gaging station 

rather than the day’s contribution to the snow¬ 

melt hydrograph, including the recession flows. 

Table 26 is the computation for 1948, based upon 

runoffs from Reference 91. Table 27 shows the 

computations for 1949, using runoffs from Refer¬ 

ence 92, and table 28 is the table for 1950, using 

runoffs from Reference 93. 

The value of the Light’s equation Iv as com¬ 

puted in this manner was found to be 0.495 for 

the 1948 season, 0.470 for the 1949 season, and 

0.511 for the 1950 snowmelt season. 

The runoff volumes used in Reference 89 were 

computed by including a correction for base flow 

and time distribution of melt obtained by correct¬ 

ing the increments of runoff for channel storage by 

Table 27—Computation of basin constant in 

Light’s equation as computed from daily 

discharges for 1949 

St. Louis Creek, near Fraser, Colo. 

Date 
Average 
(c. f. s.) 

Stream flow 
(inches depth 

per day) 

Light's 
equation 
(inches) 

May 23_ 40 0.045 0.076 
24_ 43 .049 . 173 
25_ 51 .058 . 150 
26_ 64 . 073 .293 
27_ 75 085 .292 

June 1 _ 80 .091 .012 
2_ 73 .083 . 033 
3_ 69 .078 . 112 
4_ 78 .088 . 167 
5_ 90 102 .326 
6_ _ 96 109 . 137 
7_ 90 . 102 . 187 
s _ _ _ _ 90 . 102 195 
9_ 110 125 .221 
10_ 110 125 .246 
15_ 187 .212 .340 
16_ 220 .227 . 774 

Totals 1.754 3.734 

Table 28—Computation of basin constant in 

Light’s equation as computed from daily 
discharges for 1950 

St. Louis Creek, near Fraser, Colo. 

Date 
Average 
(c.f.s.) 

Stream flow 
(inches depth 

per day) 

Light’s 
equation 
(inches) 

May 13 24 0. 027 0. 025 
14_ 27 . 031 . 090 
15_ 30 . 034 . 129 
18_ 45 . 051 . 088 
19_ 42 . 048 . 007 
20_ 45 . 051 . 009 
21_ 55 . 062 . 095 
22_ 65 . 074 . 131 
23_ 74 . 084 . 309 
24_ 77 . 087 . 284 
27_ 51 . 058 . 035 
28_ 52 . 059 . 146 
29_ 52 . 059 . 072 
30_ 59 . 067 . 458 
31_ 79 . 030 . 212 

June 1 96 . 109 . 129 
4_ _ 92 . 104 . 018 
5 102 . 116 . 298 
6_ 135 . 155 . 363 
7_ 158 . 179 . 265 
8_ 140 . 159 . 021 
9_ 135 . 153 . 127 
10_ __ _ 160 . 181 . 396 
11_ 188 . 213 . 409 
12_ 209 . 237 . 415 
13_ 212 . 240 . 468 
15_ 230 . 261 . 854 

Totals_ 2. 989 5. 853 

the method of Langbein involving the use of stor¬ 

age discharge curves for the basin [62]. 

The values of the basin constant, as computed 

in Reference 89 are given in the following table:8 

Area 
(square Basin 

Basin miles) constant 

Middle Fork of Yuba at Milton_ 41 0. 75 

North Fork of Yuba at Sierra City_ 91 .51 

Middle Fork of Yuba near N. San Juan. _ 207 . 67 

Average 

0. 6 

Reference 89 ascribes the differences in the 

values of the basin constant to errors involved in 

runoff analysis and in the estimates of the snow- 

covered area from the meager number of snow 

depth measurements. Another possibility consid¬ 

ered was that the differences were real and rep¬ 

resent variations in basin characteristics. In the 

absence of detailed analyses on topography, forest 

cover, etc., for the three basins, Reference 89 

s Reference 89, page 170. 

472295 0—58-8 
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decided to adopt an average value for the Light’s 

equation basin constant and to consider this as ap¬ 

plicable throughout the Sacramento River drain¬ 

age basin. 

A comparison of the values of the basin constant 

from the Yuba River and the Light’s equation con¬ 

stant as derived for St. Louis Creek when com¬ 

pared on this basis, shows relatively small differ¬ 

ences between the two values. This comparison 

indicates that the manner of computation of a 

day’s contribution to the snowmelt hydrograph 

and the analysis of the hydrograph is critical in 

deciding the numerical value of Light’s equation 

constant. As derived by Light [64], the constant 

should be unity when applied to a smooth snow 

field. However, the results of the Fraser Experi¬ 

ment Forest study show the constant to be prac¬ 

tically unity even on the well-forested watershed 

of St. Louis Creek when the melt from Light’s 

equation is related to total volume of runoff from 

each day’s melt during the period when there is 

snow available. It is to be noticed that Light’s 

equation does not include a factor for direct solar 

radiation. 

100 



SECTION 10—EVAPORATION DURING THE SNOWMELT SEASON 

A. Review of previous works 

The phenomenon of evaporation of snow has 

been the subject of numerous investigations, either 

directly aimed at an evaluation of the magnitude 

of such loss or as a corollary to investigations pri¬ 

marily conducted for other purposes. Thus, 

evaporation from snow is touched upon in Refer¬ 

ences 11,12, and 36. The complexities of the prob¬ 

lem are such that there has not as yet been attained 

a wholly satisfactory evaluation of evaporation 

losses directly from snow, since the technique used 

in the investigation tends to influence the magni¬ 

tude of the answer. In the following discussion 

of previous work on this subject, it should be kept 

in mind that the references deal with evaporation 

from a snow surface as distinct from evapotran- 

spirational loss from a drainage basin on which 

snow is actively melting. 

Church [21], in reporting on progress of the 

Mount Rose Observatory, Nevada, 1906-12, dis¬ 

cussed the importance of evaporation loss to the 

conservation of snow. He reported that timber 

screens, by checking the wind, would tend to re¬ 

duce the evaporation of snow which, under the 

influence of the wind movement of 33 miles per 

hour, and despite the fact that the snow was 

frozen, reached in a single night a total of 0.10 

inch of moisture content. 

A study of evaporation from snow was per¬ 

formed by the Forest Service during the 1940, 

1941, and 1942 snowmelt periods at the Fraser Ex¬ 

perimental Forest. The special installation and 

a discussion of results were reported by Wilm and 

Dunford [101] and by Wilm and Connaughton 

[100]. 

Baker [6] performed a series of experiments on 

evaporation from snow surfaces in Utah in the 

winter and spring of 1915-16 over a period of 

about 180 days. The snow-water equivalent for 

the same locality for the winter of 1915-16 was 

21.91 inches, from which, according to Baker’s 

measurements, ±3 inches of evaporation occurred 

as measured by two different methods. Thus, 

Baker’s measurements of evaporation indicated 

that about 14 percent of the total snowfall was 

evaporated into the air. It is noted that Baker 

made no measurement during periods of storms, 

high winds, or during the spring thaw period. 

The evaporation losses from the snow, as reported 

by Baker, were based upon measurements during 

calm, clear days during the winter only. 

Baker refers to the work of Rolf [80] who de¬ 

scribed his investigations in Lapland and de¬ 

veloped a formula which, according to Baker, 

gave results of between one-third and one-half of 

those actually measured by Baker at the Utah 

Experiment Station. 

Kaitera [57] reported upon a field investiga¬ 

tion conducted in Finland during the spring of 

1937 and 1938, using pans having an area of 500 

square centimeters. Kaitera observed that when 

the temperature of the air rises, evaporation seems 

to decrease. This observation of Kaitera is sub¬ 

stantiated by additional references to be included 

below and by the computations performed on the 

Fraser Experimental Forest data. 

Croft [28] described a study of evaporation 

which was conducted for a 10-day record, 6 of 

which were complete, from snow under 3 site con¬ 

ditions, including full insolation and free air 

movement; shade with free air movement; and 

full shade with no air movement on a drainage 

basin in the Wasatch Plateau in central Utah. 

Cones of snow 6 inches in diameter and 6 inches 

deep were used. Records of temperature of the 

snow surface, wet- and dry-bulb temperatures at 

y2 foot, 41/2 feet, and 12 feet above the snow sur¬ 

face and wind speeds at foot and 4y2 feet above 

the snow surface were observed. Vapor pressures 

were calculated. Neither shade nor mean daily air 

temperatures were found to be related to evapora¬ 

tion, but air movement and evaporation were very 

closely related. Differences in vapor pressure of 

snow and air were found to be very significant in 

relation to snow evaporation losses. Converting 

Croft’s data to monthly losses, the results indicate 

that the average for his study would amount to 
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about 1.2 inches per month. The loss for the 

highest days of evaporation would be the equiv¬ 

alent of about 1.6 inches per month. Where air 

movement was prevented, the equivalent loss would 

amount to about 0.7 inch per month. 

De Quervain [30], as translated by McClain, 

reported upon evaporation from the snow pack 

investigation conducted in the vicinity of Davos, 

Switzerland, as part of the investigations of the 

Swiss Institute for Snow and Avalanche Research. 

Some of the results of De Quervain’s study con¬ 

verted into the English system are given in the 

subparagraphs below: 

March 9,1950, from 9 a. m. to 5 p. m. 

Weinsfluh Research field at Town square at 
summit, feet tVeissftuhjoch, feet Davos, feet 

9,350 8,333 5,085 

Average evaporation in grams per square 

centimeter per hour 

82. 1 60. 5 27. 0 

Converting the above rates of evaporation to 

inches’ depth of evaporation for the day 

0. 0259 0. 0191 0. 0085 

June 9, 1950, between 8 : 23 a. m. and 3 : 35 p. m., 

a condensation of 0.0212 inch was observed. 

Diamond [32] computed, using Sverdrup’s 

equation [83], the snowmelt and snow evapora¬ 

tion potentialities for a series of assumed condi¬ 

tions of air temperature, relative humidity, vapor 

pressure, wind velocity, and snow surface tem¬ 

perature. His computations show that significant 

amounts of evaporation from snow occur at low 

temperatures, not far above freezing, when the 

vapor pressure gradient is from snow to the air. 

At higher temperatures and relative humidities, 

snowmelt tends to exceed by far the loss by 

evaporation. The results of the computation of 

evaporation by Light’s equation, to be subse¬ 

quently presented in this section, support Dia¬ 

mond's conclusions, as likewise do the observa¬ 

tions of Ivaitera [57]. The Fraser Forest 

investigation results, to be presented subse¬ 

quently, show greater proportionate evaporation 

in May than in June in relation to melt for each 

of the 3 years for which data were available for 

such detailed analyses. 

Ivittredge presents a very comprehensive analy¬ 

sis of evaporation in the ponderosa-sugar pine- 

fir zone of the central Sierra Nevada in California. 

Ivittredge [61] is quoted as follows: 

The outstanding characteristic of the evaporation 

studies in the present work on the west slope of the 

Sierra Xevada is the small magnitude of the measured 

losses. The explanation is probably to be found in the 

geographic and physiographic location on the west-fac¬ 

ing slopes of the mountains which are exposed to the 

moisture-bearing winds of the Pacific Ocean. Thus, the 

humidity of the atmosphere is high, and the vapor pres¬ 

sure difference between snow surface and air above 

tends to be low or negative; consequently, the evapora¬ 

tion is also low. 

The question has been raised as to whether it is pos¬ 

sible to obtain a reliable measure of evaporation from 

snow by the use of any container in view of the fact 

that solar radiation penetrates 5 inches or more through 

the snow and thus tends to heat the walls of the con¬ 

tainer. This heat would be transmitted to the snow in 

the container and would obviously accelerate melting. 

Ivittredge summarizes a computation of evapo¬ 

ration (for the season of 1935 in an opening in 

mature ponderosa pine made by using Horton’s 

formula for a free-water surface in the Weather 

Bureau pan in which values were used of air 

temperature at 4 feet, relative humidity, wind 

velocity, and snow temperature at the 3-inch 

depth, and vapor pressure difference between the 

air and at the snow surface) as follows for each 

of the months: January, 0:51 inch; February, 

0.54; March, 0.63; April, 0.33; and May, minus 

0.03. The negative sign means that for May 

1935, condensation exceeded evaporation by 0.03 

of an inch. Air temperatures and relative hu¬ 

midities prevailing for the period reported are 

as follows: January 1935, air temperature 29°, 

relative humidity 82 percent ; February, 33° and 

76 percent; March, 31° and 77 percent; April, 

40° and 76 percent; and May, 43° and 75 percent. 

Kirschmer and Rimkus [59] constructed weigh¬ 

ing lysimeters with an exposed area of 6)4 square 

meters for the direct measurement of snow disap¬ 

pearance by weight. The snowmelt was caught in 

receptacles in a pit under the lysimeter pan. Tak¬ 

ing into consideration the experiences of numerous 

other investigators, it is easy to understand why 

Kirschmer and Rimkus came to the surprising re¬ 

sult that snow evaporation is essentially zero. 

They concluded that the gradual reduction of the 

snow cover during the winter is not due to evapora¬ 

tion but to continual melting of the bottom layers, 

since even at air temperatures of 30° below zero 

C, the earth under the snow cover shows a tempera¬ 

ture slightly above 0° C. They concluded also that 

the. volume of mountain stream floods is not pro¬ 

portional to the total amount of winter snow¬ 

fall. This is indeed a surprising series of conclu¬ 

sions, which were directed to a great extent by 

the equipment and the techniques used. The con¬ 

clusions of the two investigators have not been sub- 
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stantiated elsewhere, especially their conclusion 

that the melting of snow occurs from the bottom 

of the pack rather than from the top. This ref¬ 

erence was included to indicate the complexity of 

this facet of cryologic hydrolog}’. 

The melting of snow from the top has been 

proven by numerous investigators through the use 

of dyes, such as fuehsin, which remains a black 

powder in the presence of dry ice crystals but 

changes to an intense purple solution in the 

presence of water. Its use permits the tracing of 

melt waters both vertically and horizontally 

through the snow packs and the technique has 

been used extensively to follow the progress of the 

ripening of the snow pack and the release of water 

from the melted snow. 

B. Calculation of evaporation losses through 

Light’s equation 

Light's equation permits differentiation between 

snow melting and snow evaporation. If the value 

of e, the average vapor pressure in millibars, in the 

expression: (e —6.11) is less than 6.11, the expres¬ 

sion becomes negative, indicating evaporation. If 

the air temperature is less than 32° F, the expres¬ 

sion: (Tt —32) becomes negative. When this oc¬ 

curs, the 6.11 may need to be changed to the value 

corresponding to the actual temperature of the 

snow surface. The interrelationships of tempera¬ 

ture and vapor pressure of ice at temperatures be¬ 

low the freezing point with relative humidity of 

fhe air are very intricate, and theoretical consider¬ 

ations and field observations indicated that at tem¬ 

peratures below 32° F, very little evaporation of 

snow can occur. When the mean air temperature 

is less than the snow surface temperature, there 

is no heat transfer from the air to the snow, and 

the only major source of heat for both evapora¬ 

tion and melting is solar radiation. Since snow 

has a very high reflectivity for short-wave radia¬ 

tion without its being converted to long-wave sen¬ 

sible heat, appreciable evaporation will occur only 

when there is turbulent transfer of heat from air 

to the snow. Diamond [32] presents a number of 

charts illustrating this interrelationship. 

In Light’s equation, computation of evapora¬ 

tion using the Fraser Experimental Forest data 

were therefore made, both including periods when 

average temperature was below 32° F and exclud¬ 

ing periods having average temperature below 32° 

F. As is to be expected, the evaporation indicated 

for the periods including those temperatures below 

Table 29—Evaporation from snow computed 

by Light’s equation, 1948 

St. Louis Creek, near Fraser, Colo. 

Total inches for 24-hour period beginning at 0600 on date shown 1 (using 
basin constant K=l) 

Date 

Exclusive 
of periods 

having aver¬ 
age tempera¬ 
ture below 

32° F 

Including 
periods of 
average 

temperature 
below 32° F 2 

Mav 14 3_ 0. 226 0. 276 
15 3_ . 171 . 276 
16_ . 164 . 164 
17 4_ . 084 . 084 
18_ . Oil . Oil 
19_ None None 
20_ . 071 . 071 
21_ . 095 . 095 
22 3_ . 163 . 182 
23_ . 039 . 039 
24_ . 018 . 018 
25 3_ . 011 . 038 
26 3 _ _ ___ . 020 . 031 
27_ . 061 . 061 
28_ . 027 . 027 
29 3 . 148 . 170 
30_ . 062 . 062 
31_ . 038 . 038 

June 1 . 013 . 013 
2_ None None 
3_ . 122 . 122 
4_ . 186 . 186 
5_ . 130 . 130 

Total_ _ 1. 860 2. 094 
Total through June 1 __ 1. 422 1. 656 

1 Sura ol evaporation for four fi-hour periods. 
2 Not corrected for change in vapor pressure of snow surface due to possible 

lowering of snow surface temperature when fi-hour average air temperature is 
below 32° F. 

3 Days in which there is at least one 6-hour period having average tempera¬ 
ture beiow 32° F. 

* Air temperature and relative humidity estimated for two hours. 

32° F was a little greater than that excluding such 

periods. A summary of the evaporation losses for 

each of the 3 years subjected to intensive analysis 

is presented in tables 29, 30, and 31 for the 1948, 

1949, and 1950 snowmelt seasons, respectively. 

Since the basin constant was computed only to 

express the relationship between actual runoff and 

runoff computed by Light’s equation, no basin con¬ 

stant was applied to the theoretically computed 

evaporation losses, as there exists no reference 

standard which could be used to derive a constant 

with regard to evaporation from the snow. Paral¬ 

leling the relationships computed for snowmelt by 

Light’s equation, tables 29, 30, and 31 present 

totals not only for the whole period of analysis 

but also through the day of largest volume con¬ 

tribution to the snowmelt runoff. 

A summary of evaporation, as computed by 

Light’s equation, exclusive of periods having aver¬ 

age temperatures below 32° F, is presented in table 

32. The average evaporation, as computed by 
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Table 30—Evaporation from snow computed 

by Light’s equation, 1949 

St. Louis Creek, near Fraser, Colo. 

Total inches for 24-hout period beginning at 0600 on date shown 1 (using 
basin constant K = l) 

Date 

Exclusive 
of periods 

having aver¬ 
age tempera¬ 
ture below 

32° F 

Including 
periods of 
average 

temperature 
below 32° F 2 

May 19 3 0. 151 0. 237 
20 _ . 174 . 174 
21 3 _ . 022 . 026 
22 _ _ . 044 . 044 

23 3 - - _ . 161 . 167 
24 3 _ _ _ . 143 . 159 

25 3 - - - _ - . 166 . 167 
26 3 - _ _ . 108 . 114 
27 . _ . 036 . 036 

28 4 - - _ None None 
29 3 4 _ _ . 042 . 052 
30 3 4 _ _ . 182 . 187 
31 3 4 . _ . 168 . 187 

June 1 3 . 038 . 060 
2 3 _ . 094 . 102 

3 ^ _ _ . 059 . 059 
4 _ _ _ None None 
5 . _ ... _ . 085 . 085 
6 _ _ _ None None 
7 _ _ None None 
8 _ _ _ None None 
9 _ _ _ _ None None 
10 _ _ . _ . 006 . 006 
11 4 _ _ None None 
12 4 _ _ _ None None 
13 4 _ _ None None 
14 4 _ _ _ . 098 . 098 
15 _ _ . _ . 112 . 112 
16 . . _ . 011 . 011 
17 . . _ None None 
18 . - _ None None 
19 _ 
20 _ 

. 031 

. 126 
. 031 
. 126 

Total . 
Total through June 16. _ _ 

2. 057 
1. 900 

2. 240 
2. 083 

1 Sum of evaporation for four 6-hour periods. 
2 Not corrected for change in vapor pressure of snow surface due to possible 

lowering of snow surface temperature when 6-hour average air temperature is 
below 32° F. 

3 Days in which there is at least one 6-hour period having average tempera-, 
ture below 32° F. 

4 Daily and 6-hourly distribution of wind travel was estimated. Total 
wind travel for these periods was determined from totalizing anemometer. 

Light’s equation, for 50 days in May 1948, 1949, 

and 1950 is 0.096 inch per day. The average for 

32 days of June 1948, 1949, and 1950 is 0.069 inch 

per day. The average evaporation per day, as 

computed by Light’s equation, for a a grand total 

of 82 days for the 3 seasons, is 0.086 inch per day 

for the days including the day of largest volume 

contribution to the snowmelt runoff. 

Table 31—Evaporation from snow computed 

by Light’s equation, 1950 

St. Louis Creek, near Fraser, Colo. 

Total inches for 24-hour period beginning at 0600 on date shown 1 (using 
basin constant K=l) 

Date 

Exclusive 
of periods 

having aver¬ 
age tempera¬ 
ture below 

32° F 

Including 
periods of 
average 

temperature 
below 32° F 2 

May 13 3 .. .. - _ 0. 109 0. 166 
14 3_ . 096 . 117 
15_ . 020 . 020 
1 6 3 4_ . 100 . 109 
17 4_ . 054 . 054 
18 3_ . 045 . 066 
19_ . 320 . 320 
20 3_ . 268 . 355 
21 3_ . 109 . 142 
22_ . 138 . 138 
23_ . 084 . 084 
24_ None None 
25 3 _ _ None . 064 
26 3_ _ . 090 . 126 
27_ . 170 . 170 
28 3_ . 060 . 078 
29_ . 197 . 197 
30_ . 035 . 035 
31_ . 118 . 203 

June 1 3 _ _ . 211 . 261 
2 3_ . 072 . 073 
3 3__ . 017 . 056 
4 3_ . 034 . 097 
5_ . 047 . 047 
6_ . 186 . 186 
7 3_ . 252 . 276 
8 3_ . 256 . 332 
9__ . 192 . 192 
10 _ . 066 . 066 
11_ . 107 . 107 
12_ . 124 . 124 
13_ . 050 . 050 
14_ . 063 . 063 
15_ . 008 . 008 
16_ None None 
17 _ . 138 . 138 
18_ . 108 . 108 
19_ . 069 . 069 
20_ . 024 . 024 
21_ . 012 . 012 
22. _ . 018 . 018 
23_ . 021 . 021 
24_ . 010 . 010 
25_ . 162 . 162 
26_ . 006 . 006 
27_ None None 
28 _ . 001 . 001 

Total _ _ _ 4. 267 4. 951 
Total through June 15 . _ . 3. 698 4. 382 

1 Sum of evaporation for four 6-hour periods. 
2 Not corrected for change in vapor pressure of snow surface due to possible 

lowering of snow surface temperature when 6-hour average air temperature is 
below 32° F. 

3 Days in which there is at least one 6-hour period having average tempera¬ 
ture below 32° F. 

4 Wind travel for these days estimated. 

Figures 86, 87, and 88 present curves of accumu¬ 

lated snowmelt, accumulated evaporation, and ac¬ 

cumulated runoff from the recorded hydrograph, 

including the recession contribution for the snow¬ 

melt seasons of 1948, 1949, and 1950, respectively. 

The computed evaporation loss appears to account 

for sizable fractions of the volumes of the snow¬ 

water equivalent involved in snowmelt and evapo¬ 

ration. The shape of the curves of the computed 

accumulated snowmelt approximate very closely 

the shape of the accumulated volumes from the 

recorded hydrograph. The critical change in the 
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Table 32—Summary of evaporation 1 from snow 

computed by Light’s equation, 1948, 1949, 

and 1950 
St. Louis Creek, near Fraser, Colo. 

Year Inclusive dates 2 Number 
of days 

Computed 
evaporation 

(inches) 

Average 
evaporation 

per day 
(inches) 

1948 May 14-31.. 18 1.409 0.078 
June 1_ .. _ 1 .013 .013 
May 14-June 1 .. 19 1.422 .075 

1949 May 19-31_ 13 1.397 . 107 
June 1—16_ 16 .503 031 
May 19-June 16 . 29 1.900 .065 

1950 May 13-31_ 19 2.013 . 106 
June 1-15. _ -_ 15 1.685 .112 
May 13-June 15 34 3.698 . 109 

Total for Mays 50 4.819 • 0.096 
Total for Junes 32 2.201 .069 

Grand totaL. _ - 82 7.020 .086 

1 Exclusive of periods having average temperature below 32° F. 
2 Including day of largest volume contribution. 

character of the hydrograph, following the day 
of largest volume contribution, is again clearly 
visible in the departure of Light’s equation fore¬ 
cast volumes from the recorded hydrograph 
volumes. 

It is interesting to note that in 1949 and 1950, 
during a portion of the snowmelt season, the loss 
of snow-water equivalent by evaporation was in¬ 
dicated as exceeding the contribution of snowmelt 
to runoff. There is no way of ascertaining wheth¬ 
er or not this is true, since it should be kept in 
mind that the melt and evaporation losses to the 
snow pack are computed by Light’s equation from 
data at only one instrument exposure—that is, at 
the windtower in the open, whereas the recorded 
runoff is from the St. Louis Creek gaging station, 
drainage basin area 32.8 square miles. 

Figure 87, for the 1949 snowmelt season, shows 
the point which would have been attained on June 
16 by Light’s equation results had they been cor¬ 
rected by the basin constant of K = 0.901 based 
upon 1948 data. Figure 88, for the 1950 snow¬ 
melt season, shows the point which would have 
been attained had Light’s equation volumes been 
corrected through the use of the basin constant of 
K = 0.947 which is the average of the basin con¬ 
stant of 0.901 for 1948, and 0.993 for the 1949 
seasons. In both cases, the basin constants used 
were those based upon the period up to and in¬ 
cluding the day of largest volume. 
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A comparison of the melt, as computed by 

Light's equation without applying a basin con¬ 

stant and of the evaporation as computed by 

Light’s equation, is given for the period through 

the day of largest volume contribution in sum¬ 

mary form in table 33. Although the total melts 

for 50 days of the combined months of May and 

for 32 days of the combined months of June is 

approximately equal, the computed evaporation 

for the combined months of May is about twice 

that for the combined months of June. The grand 

total for 82 days for the 3 melt seasons which 

were analyzed by Light’s equation is 17.919 inches 

of melt as compared with 7.020 inches of evapora¬ 

tion. Ratios of melt in relation to evaporation 

and the reciprocal of evaporation in relation to 

melt have been computed and are shown in table 

33. The result of this computation of ratios is 

that, for the grand total of 82 days, for each 2.55 

inches of melt computed by Light’s equation, 1 

inch of computed evaporation occurred, or, to 

express the results conversely, for each inch of 

computed melt there was 0.39 inch computed 

evaporation. 

A review of figures 86, 87, and 88 indicates that 

Light’s equation should be applied with caution 

to that period of the hydrograph following the 

day of largest volume contribution. Obviously, 

the reason for this is that although one can con¬ 

tinue to substitute values of temperature, vapor 

pressure, and wind in Light’s equation, there must 

be sufficient snow in storage on the drainage basin 

to absorb the heat and to produce melt. Thus, 

an intelligent application of Light’s equation pre¬ 

supposes a knowledge of snow disappearance on 

the drainage basin if fantastic answers are to be 

obviated. 

The surprisingly large indicated evaporation 

loss from the snow pack shown on figures 86, 87, 

88, and table 34 centers attention on the impor¬ 

tance of a critical study of evaporation losses not 

only from the snow pack but from the drainage 

basin upon which snowmelt yielding runoff is 

actively underway. The practical hydrologist, 

endeavoring to manage the water resources of a 

drainage basin with the utmost possible precision, 

is mainly interested in the total losses to the water 

yield of the drainage basin from combined evapo- 
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Figure 88. Accumulated snowmelt and evaporation, 1950. 

ration and evapotranspiration. He does not need 

to know whether the loss occurs as evaporation 

from a snow crystal, whether it is evaporated 

from water which has been yielded by the melting 

of snow, or whether the loss is in the form of 

transpirational loss by vegetation. Although only 

a few of the numerous references available on a 

study of evaporation loss from snow as such have 

been reviewed in this paper, much remains to be 

done in introducing into seasonal water-yield 

forecast computations evapotranspirational loss 

of snowmelt to the water yield of the drainage 

basin as distinct from the loss of water directly 

from the snow crystals to the air. 

As was brought out in the chapter on snow 

disappearance, a sizable fraction of the drainage 

basin may be bare of snow at the time of the peak 

rate of contribution to the snowmelt hydrograph, 

both including the recession flows and as expressed 

only in terms of daily peak rates of runoff above 

zero baseline of the hydrograph. There is a criti¬ 

cal period in the annual spring flood snowmelt 

season when it is not possible to ascertain, either 

from snow surveys or from the current rate of 
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Table 33—Comparison of melt 1 and evaporation 2 as computed by Light’s equation 

St. Louis Creek, near Fraser, Colo. 

Snowmelt season 
Computed melt 

(inches) 

Computed 
evaporation 

(inches) 

Ratio: 
Melt 

Ratio: 
Evaporation 

Year Inclusive dates 3 Evaporation Melt 

1948 May 14-31 4. 704 1. 409 3. 34 0. 30 
June 1_ - _ . - _ _ - - _ . — . 491 . 013 37. 77 . 03 
May 14-June 1 _ _ - - _ _ _ 5. 195 1. 422 3. 65 . 27 

1949 May 19-31 _ - - _ 1. 701 1. 397 1. 22 . 82 
June 1 — 16^ - - - - _ _ - - - 3. 967 . 503 7. 89 . 13 
May 19-June 16 _ _ 5. 668 1. 900 2. 98 . 34 

1950 May 13-31 _ _ 2. 531 2. 013 1. 26 . 79 
June 1-15 _ _ - - - - 4. 525 1. 685 2. 68 . 37 
May 13-June 15 . _ _ . 7. 056 3. 698 1. 91 . 52 

Total for Mays (50 days) _ 8. 936 4. 819 1. 85 . 54 
Total for Junes (32 days) _ .. _ __ _ 8. 983 2. 201 4. 08 . 24 
Grand total (82 days) . -- - 17. 919 7. 020 2. 55 . 39 

1 As computed by Light’s equation without, applying basin constant. 3 Including day of largest volume contribution. 
2 Exclusive of periods having average temperature below 32° F. 

discharge, exactly what is happening to the snow 

pack—whether it is going to appear in the form 

of water yield in a stream channel or whether 

significant fractions of the winter snow in storage 

are to be lost by evaporation and transpiration. 

Since Light’s equation offers distinct promise 

of making it possible to interpret the relative 

disposition of the snow pack between useful 

water yield and evapotranspirational loss, the 

Bureau of Reclamation in 1947 initiated the in¬ 

strumentation of a series of hygrothermograph 

stations in the headwaters of the Colorado River 

drainage basin in Colorado for the purpose of 

differentiating, possibly in 5-day or weekly in¬ 

tervals, water-yielding conditions versus high 

evapotranspiration loss meteorological conditions 

as snowmelt progresses, so that an accounting 

could be kept of the direction in which the dis¬ 

appearing snow pack would be going—whether 

it would produce useful water yield or be lost to 

the atmosphere. 

Although the results of Light’s evaporation 

analysis in the Fraser Experimental Forest seem 

to be large as compared to the melt and when 

compared to the few figures available in the 

literature on snow evaporation, it should be kept 

in mind that Light’s equation is an eddy-conduc¬ 

tivity equation and that it would therefore tend 

to include a certain component of transpirational 

loss and evaporation loss from the free-water 

surfaces in addition to expressing the influence 

of vapor pressure differences between the air at 

the prevailing relative humidity and the vapor 

pressure of ice at the freezing point. This un¬ 

looked-for responsiveness of Light’s equation is 

borne out by the observation that after several 

weeks’ time at the windtower area in the open, 

the ground surface in the vicinity of the tower 

was bare of snow, although it remained satu¬ 

rated by the feeding of water from the melting 

snow pack further up slope, and that, in spite of 

the fact that there was no snow surface at the 

instrumental exposures, the result of the applica¬ 

tion of Light’s equation to the data, nevertheless, 

is in close accord with the actual water yield as 

measured at the St. Louis Creek gaging station, 

as shown in the double-mass curves of figures 86, 

87, and 88. 

It is reasonable to expect, in the light of these 

results and of the snow disappearance study, that 

the above-discussed procedure for accounting for 

the disposal of the disappearing snow pack offers 

excellent promise of contributing significantly to 

the improvement of seasonal water-yield forecast¬ 

ing in drainage basins where vapor pressures are 

likely to be low during the snowmelt season. 

This is illustrated by the experience in the 

headwaters of the Colorado-Big Thompson proj¬ 

ect drainage basin in Colorado when comparing 

the 1953 and 1954 snowmelt seasons. Although 

the average water equivalent of the snow pack, 

as measured by snow courses of the Federal Inter¬ 

state Cooperative Snow Survey System, was about 

the same on April 1 of 1953 and 1954, the seasonal 

water yield in 1954 was considerably less due to 

the observed prevalence of temperatures about 20 

degrees above normal and relative humidities far 

below normal during the course of the 1954 snow¬ 

melt season. 
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SECTION 11—SYNTHESIS OF THE SNOWMELT HYDROGRAPH 

Both in project planning studies and in the op¬ 

eration of water resources utilization projects, 

there has been a need for the refinement*of the 

techniques of computing seasonal water-yield fore¬ 

casts, the estimates of momentary seasonal peak 

discharge, and the daily streamflows. 

This part of the investigation was intended to 

develop and test a method of forecasting rates of 

runoff from snowmelt—in effect, a synthesis of the 

shape of the snowmelt hydrograph, based upon ob¬ 

served meteorological data as expressions of heat 

availability for the melting of snow. This ap¬ 

proach, it will be noted, is different than the meth¬ 

od of forecasting a seasonal peak rate of runoff 

based upon statistical relationships between the 

seasonal peak and the seasonal volumes of water 

yields. Techniques concerning that type of fore¬ 

cast are not the subject of this investigation. 

Rate of runoff forecasts from snowmelt can be 

divided into two broad classes: the flood hydrology 

or design type of forecast, and the operational 

forecast. In both applications of snowmelt run¬ 

off forecasting, it is not necessary to resort to a 

graphical delineation of a complete standard re¬ 

cession curve for each day of snowmelt. Instead 

of using the curve, point values on the recession 

line below the daily peaks and troughs can be com¬ 

puted by the recession equation. It is not neces¬ 

sary to compute the day’s contribution, including 

the recession flows, to the snowmelt hydrograph, 

since the prime interest in rate of runoff forecast¬ 

ing is the peaks and troughs of the forthcoming 

flows, and it is obvious that if these can be ac¬ 

curately forecast, the volume flows in the reces¬ 

sions, which are dependent on the daily peaks and 

troughs, will automatically be attained for what¬ 

ever period is to be included in the rate of runoff 

forecast. 

The relationships between the first day’s volume, 

the height to peak, height to trough, and their in¬ 

terrelationships with the recession of the preced¬ 

ing day’s contribution to the snowmelt hydro¬ 

graph, as discussed in detail in section 8, and the 

correlations between the factors causing snowmelt 

and the water yields as discussed in section 9, sug¬ 

gested the technique for forecasting the shape of 

the snowmelt hydrograph. 

The total volume of a day’s contribution to the 

snowmelt hydrograph, the first day's volume, peak 

flow, and trough flow are presented in table 34 

from the actual 1950 hydrograph and as synthe¬ 

sized by three methods: Method B, using Light’s 

equation ; Method C, using Equations 18 and 18-A 

from table 18; and Method D, using Equations 33 

and 33-A from table 18. 

A. Flood hydrology or design type of forecast 

The data presented in table 34 are shown in 

graphic form in figure 89. In this type of fore¬ 

cast, meteorological data, adjusted by hydrome¬ 

teorological techniques, are used as the basis for 

the synthesis of a flood or hydrograph of inflow 

in connection with considerations relative to the 

capacity or size of water control or conveyance 

structures. Once a point of takeoff on the hydro- 

graph has been chosen, use is made of established 

relationships, such as simple correlation, multiple 

correlation equations, or Light's equation, to syn¬ 

thesize a hydrograph, with the results shown in 

table 34 and figure 89. No attempt is made in the 

flood hydrology type of forecast to correct the 

synthesized hydrograph to any observed hydro¬ 

graph during the entire period under study. 

In this type of forecast computation in which 

recession lines are not drawn and recession vol¬ 

umes are not computed, the hydrograph plotting 

point for the forecasting of peaks and troughs is 

found from the application of the appropriate re¬ 

cession coefficient to the previously derived point 

on the hydrograph. Thus, for flows above 30 

c. f. s. in St. Louis Creek, when the daily reces¬ 

sion coefficient K = 0.933 is applicable, the reces¬ 

sion coefficient for a 10-hour period becomes 0.972. 

For flows between 8 c. f. s. and 30 c. f. s., when the 

daily recession coefficient K = 0.981, the recession 

coefficient for a 10-hour period becomes 0.992. For 

St. Louis Creek drainage basin, 32.8 square miles, 

the peak flows occurred at approximately 10 p. m., 
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Figure 89. Comparison of recorded and seasonally forecasted hydrograph for St. Louis Creek near Fraser, 1950. 

and the trough flow occurred at approximately 

noon of the following day. 

In figure 89, the solid-line hydrograph is the 

observed flow at the St. Louis Creek gaging sta¬ 

tion near Fraser, Colo. The dashed line is the 

design type of forecasted hydrograph, as syn¬ 

thesized by using Light’s equation with a 

K = 0.947, as determined for days before and 

through the peaks for 1948 and 1949. 

The open-circle hydrograph was synthesized by 

using Equations 18 and 18-A, based upon com¬ 

bined 1948-49 correlation analyses. The barbwire- 

symbol hydrograph was synthesized by using 

Equations 33 and 33-A, simple correlations, with 

degree-days above 32° F at the headquarters, based 

upon combined data for 1948-49. A perusal of 

figure 89 discloses that the best fit of forecast and 

actual design-type hydrographs was attained 

about the peak of the seasonal flow by Light’s 

equation and Equations 33 and 33-A, with not 

much difference evident between them. 

The multiple-correlation Equations 18 and 18-A 

did not yield nearly as good a synthesized hydro¬ 

graph as did the other two. The three synthesized 

hydrographs were continued past the date of peak 

snowmelt contribution, June 17 through June 25, 

to illustrate the danger of synthesizing snowmelt 

runoff based upon heat units alone without a 

knowledge of whether or not there is sufficient 

snow remaining on a drainage basin to be available 

for snowmelt. All three hydrographs mount far 

above the recorded hydrograph simply because the 

equations continue to yield results indicating a 

melting of snow which are not realistic, since the 

snow pack has by that time been reduced to a con¬ 

tinuously shrinking area, having progressively 

less and less significance in terms of streamflow. 
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B. Operational type of forecast 

An operational type of day-by-day forecast of 

peak and trough flows, rather than of a continu¬ 

ous hydrograph, was computed for 1950, using 

relationships derived from the data for the com¬ 

bined 1948-49 snowmelt seasons. The heights to 

peaks and to troughs for each day were derived as 

described for the data in table 34. However, in 

this day-by-day forecast, the start of the forecasted 

hydrograph for a day was taken to be the observed 

trough of the preceding day, on the assumption 

that the preceding day’s trough discharge would 

be known at the time the forecast was being made. 

In this operational type of forecast, the more com¬ 

monly available single indexes, such as degree-days 

and maximum temperatures, were used. 

This operational-type forecast is shown in figure 

90. Line A is the actual hydrograph of the 1950 

snowmelt season. Line E designates the daily 

peaks and troughs forecast by using degree-days 

above 32° F as computed from hourly tempera¬ 

tures from a thermograph trace. Line F shows 

the daily peaks and troughs forecast by using the 

Figure 90. Comparison of recorded and day-by-day forecasted hydrograph for St. Louis Creek near Fraser, 1950. 
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daily maximum temperature as read from the 

thermograph chart. The use of the daily maxi¬ 

mum temperature makes it possible to forecast the 

peak rate of runoff which occurs at St. Louis Creek 

about 10 p. m. on the day of the observation, and 

the trough rate of runoff which occurs about noon 

on the following day. Acquaintanceship with the 

geometric shape of the daily rise and fall of the 

snowmelt hydrograph makes it possible for the 

practicing hydrologist to sketch an assumed shape 

of the day’s fluctuation of streamflow from the 

known trough to the forecasted peak and to the 

forecasted trough, thus permitting a computation 

of not only the rates of discharge but also of the 

total volume of flow to be expected to go past the 

gaging station during the next 24-hour period 

under forecast. 

In addition to the actual and forecasted daily 

peaks and troughs, figure 90 contains maximum 

temperatures from the thermograph trace as tak¬ 

en at the headquarters station, and degree-days 

above 32° F computed from the thermograph 

trace, together with a charting of the hourly 

values of temperature as recorded at the head¬ 

quarters station in the Fraser Experimental For¬ 

est. The significance of the recession concept as 

applied to the analysis and synthesis of the snow¬ 

melt hydrograph is illustrated by comparing, on 

figure 90, the degree-days above 32° F from the 

thermograph trace and the recorded discharges 

for June 6, on which there were 22.1 degree-days, 

and the peak rate of discharge was-172 c. f. s., with 

those of June 17, on which there were 23.3 degree- 

days, whereas the peak rate of discharge was 296 

c. f. s. 

In a parallel study for the 1949 snowmelt sea¬ 

son, based upon data derived from the 1948 season 

only, which is reported in Reference 85, it was 

observed that tlie greatest discrepancy between 

the actual and forecasted operational volume oc¬ 

curred on days when air temperatures remained 

throughout above 32° F at the headquarters sta¬ 

tion, when single index factors, such as daily max¬ 

imum temperature or degree-days above 32 alone, 

were used. I nder such conditions, multiple-cor¬ 

relation equations and Light’s equation gave bet¬ 

ter results. In an actual operational type of fore¬ 

cast, some cognizance might be given to the in¬ 

fluence of melting conditions throughout the 

night. Such conditions are not common in the 

Rocky Mountains in Colorado as temperatures 

are usually below freezing practically every night 

during the course of the snowmelt season, and this 

problem in interpretation of heat units in rela¬ 

tion to snowmelt was not an important one at the 

Fraser Experimental Forest. 

Evaluation of the accuracy of rate of runoff 

forecasting depends, to some extent, upon the pur¬ 

pose for which the forecast is performed and the 

prevailing operation at the time the forecast is 

made. Although considerable differences in the 

numerical value of the discharge, as expressed in 

cubic feet per second, might exist, in case of diver¬ 

sions or flood control operations, the critical figure 

is that of the gage height of the stream rather 

than the rate of discharge, since the channel con¬ 

figuration at the point of measurement becomes 

important in determining the depth of flow or 

gage height, as expressed in rating tables. Thus, 

265 c. f. s. corresponds to a gage height of 2.30 

feet at the St. Louis Creek gaging station; and 

274 c. f. s. corresponds to a gage height of 2.33 

feet at the gaging station. The difference, 0.03 

of a foot, amounts to about 0.3 of an inch. Simi¬ 

larly, 216 c. f. s. corresponds to a gage height of 

2.14 feet, while 204 c. f. s. corresponds to a gage 

height of 2.10 feet, and the difference, 0.04 foot, 

amounts to about half an inch. 

C. Forecasting day-by-day snowmelt runoff, Blue 

River above Green Mountain Reservoir, 

Colorado 

Green Mountain Reservoir, a unit of the Bureau 

of Reclamation’s Colorado-Big Thompson pro¬ 

ject, is located on the Blue River 14 miles south¬ 

east of Kremmling, Colo. The reservoir has a 

total capacity of 154,600 acre-feet and an active 

capacity of 146,900 acre-feet, whereas the average 

inflow of the Blue River to Green Mountain Reser¬ 

voir for the four months, April through July, 

amounts to 306,200 acre-feet as based upon the 

period 1900-54. The drainage basin contributing 

to Green Mountain Reservoir has an area of 514 

square miles, or almost 16 times the size of the 

St. Louis Creek drainage basin. 

Taking into account the average April-through - 

July inflow and the active capacity of the reservoir, 

it is evident that even during flood seasons of rela¬ 

tively low water yield, Green Mountain Reservoir 

would fill and spill. A day-by-day forecast of 

snowmelt runoff was estimated to be of value in 

assisting on decisions on drawdown for power gen¬ 

eration, so that inflows beyond storage capacity 

might be utilized for hydroelectric energy genera- 
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tion without spill and with assurance of maintain¬ 

ing the reservoir storage at capacity as long as 

desired. The peak of the power demand is at 

about 6 p.m., and during years of below-normal 

outlook for inflow, the powerplant has been op¬ 

erated to meet peak demand only, in which case 

rate of runoff forecasting would be of value. Dur¬ 

ing years of abundant water supply, such as 1951 

and 1952, the Green Mountain Powerplant was op¬ 

erated steadily at hydroelectric plant capacity for 

the period April to June, and rate of runoff fore¬ 

casting would have been of minor assistance prior 

to the first of July during those years. 

Snowmelt runoff in the Blue River drainage 

basin exhibits wide variation between the peaks 

and the troughs of the days’ contribution to run¬ 

off. An instance of the magnitude of the differ¬ 

ence between peak and trough, amounting to 1,584 

c.f.s., occurred between the peak of 5,002 c.f.s. and 

the trough of 3,418 c.f.s. on the melt runoff which 

occurred from heat of June 10, 1952. This trough 

was followed by a peak of 4,440 c.f.s. from the 

melt of June 11, 1952. Because of variations of 

such magnitude, a method of day-by-day fore¬ 

casting of snowmelt runoff offered promise of con¬ 

siderable value as an aid in reservoir operations 

during the relatively frequent times during the 

snowmelt season when Green Mountain Reservoir 

is approaching complete filling, expecially in the 

vicinity of the peak of the seasonal snowmelt 

runoff. 

In view of the success attained in forecasting 

rates of runoff for St. Louis Creek, as indicated 

in figures 89 and 90, a method of forecasting, based 

upon the concept demonstrated for St. Louis 

Creek, was developed for Green Mountain Reser¬ 

voir [44]. 

As there was no thermograph record of air tem¬ 

peratures available within the Blue River drain¬ 

age basin, the daily maximum and minimum ob¬ 

servations from the cooperative weather station at 

Green Mountain Village, located immediately 

downstream of the dam, were used. Since peak 

rates of discharge occured in 1951-52 of a magni¬ 

tude considerably greater than any previously 

recorded, these two years were used in the deriva¬ 

tion of a standard recession curve and of the reces¬ 

sion coefficient in order to have available for use in 

1953 and subsequent years a curve based upon 

data encompassing the higher rates of discharge. 

In developing this forecast, no attempt was 

made to segregate major components of runoff 

from snowmelt into surface, subsurface, or ground- 

water flows. The aim was to derive a recession 

curve which would be useful in making an opera¬ 

tional forecast. The Blue River above Green 

Mountain Reservoir was found to possess a vari¬ 

able rate of recession above 1,400 c.f.s., and for op¬ 

erational purposes, reasons why the recession 

should vary were not pertinent to the operators as 

long as the recession curve was a true expression 

of the characteristics of the drainage basin as they 

influenced the release of streamflow from snow¬ 

melt. Both the constant and the variable reces¬ 

sion rates for the Blue River above Green Moun¬ 

tain Reservoir are shown in the form of a curve, 

figure 91. 

To facilitate the preparation of a forecast, the 

recession curve (figure 91) was prepared in the 

form of a transparent plastic template with a 

cutaway edge for flows between 900 and 5,200 

c. f. s., and a row of holes drilled in the template 

for flows between 935 and 550 c. f. s. The re¬ 

cession in this drainage basin for flows between 

1,400 and 100 c. f. s. was found to possess the re¬ 

cession coefficient Kr = 0.958 for daily discharges. 

The computation of contributions to runoff, when 

a discharge drops below 100 c. f. s., was not recom¬ 

mended for two reasons: Records of discharge at 

such low levels in the wintertime are relatively 

inaccurate due to ice effect at the gaging station, 

and the residuals of the individual day's snow¬ 

melt contributions become very small in a drain¬ 

age basin of this size, 514 square miles in area. 

For this operational forecast, a rising hydro¬ 

graph was considered one in which the flow at the 

trough of the next day was to be greater than 

that of the current day, the relative size of the 

days’ peaks notwithstanding. A falling or reced¬ 

ing hydrograph is one in which the flow at the 

trough of the next day was lower than that of 

the current day, the relative size of the days’ 

peaks notwithstanding. This classification was 

based upon the observation that the position of 

a trough is a much more conservative charac¬ 

teristic of the snowmelt hydrograph than is the 

peak rate of discharge of a day’s contribution to 

runoff. The daily peak may be affected greatly 

by the pattern of distribution of available heat 

and by the hydraulics of the tributary channels, 

among other factors, whereas the trough reflects 

in a more integrated manner the degree of satu¬ 

ration of the drainage basin from a given day’s 

snowmelt contribution to runoff. 
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Figure 91. Snowmelt recession curve for Blue River above Green Mountain Reservoir. 

It was noted that the shape of the first day’s 

runoff, the hydrograph between successive 

troughs, is roughly a parabola on the rising hy¬ 

drograph, whereas it approximates the shape of 

a cone on the receding hydrograph. The tem¬ 

perature function used in this operational fore¬ 

cast made use of both maximum and minimum 

temperatures, since the only source of tempera¬ 

ture data was below the contributing drainage 

basin in elevation. The temperature function 

used consisted of the sum of the current day’s 

maximum and of one-half of the value of the 

preceding day’s maximum plus the current morn¬ 

ing’s minimum temperatures. A temperature 

function which included the minimum was selected 

after a comparative study, since it appeared to 

reflect more accurately the length of time when 

melting of snow might have taken place at the 

higher elevations under such a regimen of diurnal 

temperature progression than did the daily maxi¬ 

mum temperature alone, as observed at Green 

Mountain Village in a very narrow valley below 

the dam. 

A cumulative temperature index, which is de¬ 

scribed by Hildebrand and Bottorf [53], offered 

promise in connection with the operational fore¬ 

casting problem and was used. 

The cumulative temperature is looked upon as 

an integrating index of a process which has been 

observed in the field. As the so-called “snow-line” 

recedes so that the snow-covered area is being pro¬ 

gressively reduced, the contribution of runoff 

waters released from snowmelt must travel pro¬ 

gressively increasing distances to major stream 

channels. In the meanwhile, the advance of 

spring brings increasing temperatures at the lower 

elevations. These increasing temperatures step 

up the evapotranspirational loss, not only from the 

retained soil moisture but also from the subsurface 

waters in transit from the actively melting snow. 
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Table 35—Summary of correlations for Blue River above Green Mountain Reservoir, 1951 and 1952 

Equation No. Dependent 
variable 

x2 x3 X, Xs a R s 

Days through the peak, 
N = 83: 

1 _ X1.34 

Xi.23 
Xi.25 
X.,45 

0. 2888 
. 3188 

33. 9475 -3798. 00 
-3215. 90 
-3218. 70 
-3801. 40 

0. 848 
. 830 
. 830 
. 847 

333. 96 
350. 30 
350. 60 
334. 20 

3_ 49. 9317 
50. 0360 5_ 0. 1808 

. 1637 7_ 34. 0089 

Days past the peak, N = 31: 
2 _ _ X, ,34 

X] .23 
Xj .25 
X3 .45 

-1. 0586 
-1. 0386 

27. 2913 1095. 00 
1686. 00 

1701. 00 
1124. 00 

. 835 

. 831 

. 826 

. 830 

373. 70 
377. 96 
383. 24 
379. 22 

4 _ 39. 2579 
38. §787 6 _ _ _ -.5878 

-.5990 8 _ _ 26. 7936 

List of variables used in correlation analysis of daily snowmelt 

Identification Description of variable Units 

X, _ First day’s volume -- -- _ _ __ -- _ _ , _ Acre-feet. 
°F. 
°F. 
°F. 
°F. 

x2 Current day’s maximum temperature _ „_ _ „__ 
X3_ 
X4_ 
x6_ 

Cumulative from May 1st current day’s maximum temperature - 
Temperature function* , ,, ,, _ _ ,_ 
Cumulative from Mav 1st temperature function, . 

•Temperature function = [,/4 (preceding day’s maximum plus current morning’s minimum)] plus [current day’s maximum]. 

Thus, whereas a day’s contribution to snowmelt 

runoff depends upon the heat available at the snow 

field on that day, the rising toll of evapotranspira- 

tional loss is related to accumulative heat, operat¬ 

ing not only over the snow field hut also over the 

drainage basin as a whole. 

As was the case at St. Louis Creek, a critical 

point in a snowmelt hydrograph for the Blue 

River above Green Mountain Reservoir was the 

peak of the snowmelt contribution to runoff. 

Therefore, multiple-correlation analyses were per¬ 

formed separately for the periods through the 

peak day and for the recession of the seasonal 

snowmelt hydrograph. For 1951, the rise 

through the peak day was from May 6 through 

June 20, and the recession was from June 21 

through June 29. For 1952, the rise through 

the peak day was May 1 through June 7, and 

the recession June 8 through June 29. In the 

multiple-correlation analyses, the variables were 

defined as follows: 

Xi was the first day’s volume (acre-feet). 

X2 is the day’s maximum temperature (degrees 

Fahrenheit). 

X3 was the current maximum temperature in degrees 

Fahrenheit cumulative from May 1. 

X, was the temperature function (degrees Fahren¬ 

heit). 

X5 is cumulative from May 1 temperature function 
in degrees Fahrenheit. 

The results of this series of correlation analyses 

are given in table 35. 

In order to ascertain whether or not the factors 

as used in this series of forecast equations were 

significant, the standard error of the “b” coeffi¬ 

cients was computed in the manner outlined by 

Ford [37], in which the recommendation is made 

that, for a factor to be significant, the standard 

error of the “b” coefficient should be less than 

half of the “b.” This analysis yielded the ratios 

shown in table 36. 

In the table, it is to be noted that the ratio of 

standard error of the ub’’ coefficient to the “b” is, 

in every instance, less than half the “b”, indicat¬ 

ing that the factors used in this series of multiple- 

Table 36—Summary of standard error of “b” 

coefficients in multiple-correlation equations 

for Blue River above Green Mountain Reser¬ 

voir 

Equation No. Variable and 
coefficient 

Standard 
error of 

“b” coeffi¬ 
cient 

Ratio 

1_ 0. 29 X3 0. 05 0. 163 
33. 95 X, 3. 28 . 097 

2_ - 1. 06 X3 . 17 . 156 
2_ 27. 29X, 11. 14 . 408 
3_ 49. 93X2 5. 24 . 105 
3_ . 32X3 . 05 . 152 
4_ 39. 26 X2 17. 15 . 437 
4_ _ -1. 04X3 . 17 . 166 
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correlation equations are significant. Equations 1 

and 3 for the days through the peak are based upon 

83 days. Equations 2 and 4, for the days past the 

peak are based on 31 days. A total of 114 days of 

snowmelt contribution to runoff was used in this 

computation of the forecast. It is interesting to 

note that the cumulative temperature index, X3, in 

the equations for the days past the peak exhibits 

a negative sign, thus exerting a depleting influence 

upon water yield of Equations 2 and 4 which are 

for the days past the peak. This result substan¬ 

tiates the line of reasoning in support of the use 

of a cumulative temperature expression to repre¬ 

sent, in the forecast procedures, the depletion of 

the snow cover concurrent with the increase in 

temperature which has been shown to change the 

characteristics of the hydrograph of the snowmelt 

runoff at the time of the seasonal peak of volume 

contribution. 

Relationship between the height to peak above 

the preceding day's recession and the first day’s 

volume for the Blue River above Green Mountain 

Reservoir is given in figure 92. The height to 

trough, in relation to the first day's volume, is 

given in figure 93. The relationship shown of 

figures 92 and 93 are based upon 114 points each. 

Correlation coefficients of an exceptionally high 

order, 0.991 to 0.978, respectively, were attained 

for this 514-square-mile drainage basin. 

The results of the application of the forecast 

procedures to 1953 are given in table 37, in which 

it is noted that the average percent departure of 

the forecast from actual total daily inflow for 

the period June 1 through June 29, 1953, was 

within 12 percent. This forecast is illustrated 

graphically in figure 94. 

D. St. Louis Creek snowmelt runoff forecasted 

from Fraser, Colo., maximum temperatures 

In view of the success attained in forecasting 

the Blue River above Green Mountain Reservoir 

through the introduction of a cumulative tem- 

Table 37—Comparison between actual and estimated inflow volumes for Blue River above Green 

Mountain Reservoir, 1953 

1 2 3 4 5 6 7 8 9 10 11 12 

Actual Estimated Estimated Departure Estimated Estimated Departure 
Residual Actual net total net total of (6) Percent net total of (10) Percent 

Melt of June 1953 flow first day inflow first day inflow from (4) departure first day inflow from (4) departure 
volume for day volume for day (X2X3 EQ.) (X2X3EQ.) volume for day (XsX,EQ.) (X.,X,EQ.) 

(X2X3EQ.) (X2X3EQ.) (XjX(EQ.) (XjXnEQ.) 

1_ 3, 380 904 4, 284 1, 247 4, 627 343 8. 0 1, 582 4, 962 678 15. 8 
2_ _ _ 3, 636 1, 079 4, 715 1, 623 5, 259 544 11. 5 1, 657 5, 293 578 12. 3 
3_ 3, 735 785 4, 520 846 4, 581 61 1. 3 1,032 4, 767 247 5. 5 
4.. 3, 576 381 3, 957 1, 420 4, 996 1, 039 26. 3 1, 157 4, 733 776 19. 6 
5_ _ 3, 150 341 3, 491 692 3, 842 351 10. 1 955 4, 105 614 17. 6 
6_ _ 2, 926 214 3, 140 813 3, 739 599 19. 1 770 3, 696 556 17. 7 
7 2, 781 41 2, 822 1, 236 4, 017 1, 195 42. 3 1, 114 3, 895 1, 073 38. 0 
8_ 2, 503 754 3, 257 1, 510 4, 013 756 23. 2 1, 425 3, 928 671 20. 6 
9_ 2, 872 1, 365 4, 237 1, 737 4, 609 372 8. 8 1, 636 4, 508 271 6. 4 
10 _ 3, 491 1, 515 5, 006 1, 763 5, 254 248 5. 0 1, 813 5, 304 298 6. 0 
11 . . 4, 052 1, 674 5, 726 1, 739 5, 791 65 1. 1 1, 853 5, 905 179 3. 1 
12_ . 4, 661 2, 102 6, 763 1, 816 6, 477 -286 -4. 2 1, 928 6, 589 -174 -2. 6 

13_ 5, 054 2, 388 7, 442 1, 892 6, 946 -496 -6. 7 2, 105 7, 159 -283 -3. 8 
14_ _ 5, 098 809 5, 907 1, 869 6, 967 1, 060 17. 9 2, 095 7, 193 1, 286 21. 8 

15_ 4, 350 912 5, 262 1, 680 6, 030 768 14. 6 1, 736 6, 086 824 15. 7 
16_ 4, 040 1, 301 5, 341 1, 788 5, 828 487 9. 1 1, 782 5, 822 481 9. 0 
17_ 4, 241 1,071 5, 312 1, 508 5, 749 437 8. 2 1, 670 5, 911 599 11. 3 
18_ __ 4, 284 897 5, 181 1, 502 5, 786 605 11. 7 1, 597 5, 881 700 13. 5 
19_ 4, 959 1, 166 6, 125 958 5, 917 -208 -3. 4 1, 154 6, 113 -12 -. 2 

20_. _ . _ 4, 122 452 4, 574 1, 000 5, 122 548 12. 0 941 5, 063 489 10. 7 
21 3, 596 436 4, 032 1, 039 4, 635 603 15. 0 928 4, 524 492 12. 2 
22 3, 412 468 3, 880 1, 113 4, 525 645 16. 6 980 4, 392 512 13. 2 
23_ 3, 253 532 3, 785 1, 106 4, 359 574 15. 2 1, 043 4, 296 511 13. 5 
24 3, 128 381 3, 509 1, 021 4, 149 640 18. 2 998 4, 126 617 17. 6 
25_ 2, 936 190 3, 126 553 3, 489 363 11. 6 567 3, 503 377 12. 1 
26^ _ _ 2, 743 182 2, 925 708 3, 451 526 18. 0 580 3, 323 398 13. 6 
27 ... 2, 628 151 2, 779 627 3, 255 476 17. 1 633 3, 261 482 17. 3 
28_ 2, 525 254 2, 779 737 3, 262 483 17. 4 668 3, 193 414 14. 9 
29 _. 2, 505 151 2, 656 574 3, 079 423 15. 9 610 3, 115 459 17. 3 

Totals 126, 533 139,754 *15, 201 140, 646 *15, 051 
Averages 12. 0 11. 9 

•Added without regard to sign. 
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Figure 92. Relation between height to peak and first day volume, Blue River above Green Mountain Reservoir, 1951 

and 1952. 

perature index, a study was performed to see 

what degree of accuracy of forecasting of St. 

Louis Creek could be attained, using only the data 

from the Weather Bureau cooperative climatolog¬ 

ical data station at Fraser, Colo., located about 

4Y2 miles downstream from the St. Louis Creek 

stream gaging station. This weather station is 

at an open valley at an elevation of 8,560 feet 

above sea level, and is an example of the type of 

data usually available to the practicing hydrolo¬ 

gist in most drainage basins having an operational 

significance. 

An initial study using daily maximum temper¬ 
ature in a single correlation with snowmelt runoff 
did not yield operationally useful results. There¬ 
fore, the concept worked out in the snowmelt 
runoff forecast for the Blue River above Green 
Mountain Reservoir was applied to St. Louis 
Creek. Data for a total of 185 days, 143 of 

which were through the peak and 42 of which 

were after the peak of seasonal snowmelt runoff, 

were combined for the 1948. 1949, 1950, 1951, and 

1952 snowmelt seasons for a test of the method 

as applied to the 1953 melt season. 

Since all of the work done on analysis of snow¬ 
melt hydrographs to date had indicated the criti¬ 
cal nature of the runoff before and after the peak 
day, the 6 years of data used in this study were 
classified in two groups, as tabulated below: 

Year Through the peak Past the . 

1948_ Mav 13—June 3_ June 4-5 

1949_ May 15-June 18_ June 19-25 

1950_ May 13-June 17__ June 18-28 

1951_ May 15-June 20 . June 21-28 

1952_ May 25-June 10_ June 11-23 

1953_ Mav 21-June 14 June 15-27 

As was done for the Blue River, maximum daily 
temperature at Fraser, Colo., was used. 
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JUNE 1953 

COMPARISON OF ACTUAL AND DAY-BY-DAY FORECASTED HYDROGRAPHS 
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Observed hydrogroph from USGS. qoqlnq stotion, Blue River First doy volume computed by using Xj ond x« First doy volume computed by using X; ond Xj 
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Figure 94. Comparison of recorded and day-by-day forecasted hydrograph for Blue River above Green Mountain 

Reservoir, 1953. 
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The following equations were derived : 

Through the peak: 

X1 = 3.036X2 + 0. 019X3-189.76 

1=0.803 S = 2.258 N=143 

Past the peak: 

X1 = 3.89lX2-0.043Xa-97.68 

R = 0.823 S = 2.745 N=42 

in the above equations: 

Xi equals first day’s volume in acre-feet 

X2 equals maximum temperature at Fraser, 

Colo., in degrees Fahrenheit 

X3 equals accumulated maximum tempera¬ 

ture from May 1 at Fraser, Colo., in 

degrees Fahrenheit 

It is interesting to note that X3, the accumulated 

maximum temperature, possessed a negative sign 

in the equation for days past the peak as it had 

done in the Green Mountain Reservoir study. 

Thus, the accumulated temperature index again 

represents a relationship to snowmelt runoff 

which differs from the relationship of the daily 

maximum and which changes its hydrologic ef¬ 

fect upon snowmelt runoff at the time of the peak 

of the seasonal volume contribution. 

As the area covered by snow recedes and the 

waters released by the melting of snow must travel 

progressively increasing distances through the 

subsurface channels to the stream channels, the 

advance of warm weather with increased tempera¬ 

tures at lower altitudes due to the normal lapse 

rate operation increases the losses by evapotrans- 

piration. With rising temperatures at the lower 

elevations coupled with depletion of the snow 

remaining to be melted at the higher altitudes 

further up the slopes, the snowmelt waters con¬ 

tinue to be absorbed as replenishment for evapo- 

transpirational losses in greater proportion. 

Whereas a day’s snowmelt depends upon the heat 

available at the snowfield, the day’s contribu¬ 

tion of snowmelt to runoff is influenced also by 

the evapotranspirational losses as the melt season 

Table 38—Summary of net first day’s volumes 

in St. Louis Creek near Fraser for 1948 to 

1952, inclusive 

Date 
First day volume in acre-feet 

1948 1949 1950 1951 1952 

May 13 28. 772 8. 936 
14_ 34. 308 12. 415 
15. . 36. 789 6. 698 19. 912 
16- - 41. 728 17. 835 23. 484 
17_ _ 60. 042 33. 590 12. 706 
18_ 35. 431 -1. 640 12. 389 
19- 52. 114 10. 092 15. 132 25. 359 
20. 67. 361 —. 006 22. 750 23. 611 
21.-- 64. 207 2. 436 41. 675 23. 409 
22_ 62. 549 5. 457 42. 073 30. 512 
23_ 45. 538 9. 731 36. 803 27. 784 
24.- 19. 069 16. 600 17. 919 13. 492 
25_ 41. 671 31. 317 1. 345 22. 134 18. 375 
26_ 3. 886 40. 377 -8. 227 25. 505 16. 707 
27_ 47. 014 21. 747 4. 951 70. 397 15. 239 
28_ 43. 714 27. 233 15. 886 87. 626 20. 041 
29_ 16. 441 22. 219 9. 596 25. 821 39. 550 
30_ 64. 342 32. 342 44. 045 84. 173 26. 263 
31_ 62. 688 -. 591 50. 406 74. 473 32. 991 

June 1 . 65. 103 -. 077 62. 150 -21. 570 36. 617 
2_ 87. 675 3. 146 55. 722 -. 859 33. 759 
3_ 84. 821 13. 555 -14. 719 -5. 068 106. 364 
4_ 63. 747 29. 871 16. 187 13. 523 60. 397 
5_ 63. 812 47. 328 53. 696 12. 125 149. 651 
6- _ 15. 675 93. 412 15. 874 104. 293 
7_ 11. 129 66. 573 17. 956 109. 751 
8_ _ 36. 452 5. 034 17. 845 119. 167 
9_ 42. 476 48. 071 9. 354 113. 863 
10_ 38. 555 104. 307 14. 081 161. 530 
11_ _ 80. 027 114. 161 5. 288 67. 442 
12_ _ 109. 263 95. 808 14. 934 127. 416 
13 - 60. 843 105. 481 34. 383 84. 214 
14_ 

-_- . . 
49. 061 105. 905 38. 323 125. 284 

15 - 76. 986 112. 959 61. 585 158. 818 
16_ 125. 972 97. 045 81. 642 - 10. 322 
17_ 83. 113 63. 767 188. 001 40. 374 
18_ 29. 714 27. 352 34. 145 31. 232 
19 86. 862 34. 391 33. 602 92. 977 
20 72. 264 22. 011 115. 043 82. 316 
21_ 84. 456 30. 468 22. 141 33. 836 
22_ 68. 168 16. 187 9. 364 18. 581 
23_ 51. 929 34. 522 13. 023 15. 562 
24 13. 979 41. Ill 64. 437 
25 36. 307 26. 219 92. 920 
26 26. 834 52. 415 
27 20. 124 48. 256 
28 18. 109 27. 404 
29 26. 471 

line of the preceding day's trough. Two series 

of equations were derived, one of which made use 

of all 185 days available for correlation analyses: 

progresses. 

Table 38 presents the net first-day volumes in 

acre-feet for the years 1948 through 1952 used in 

deriving the forecast computations. 

In order to forecast the shape of the daily snow¬ 

melt hydrograph, the estimated first-day volumes 

were used in a manner described previously to de¬ 

rive height to peak and height to trough dimen¬ 

sions as measured in c. f. s. from the recession 

For the peak: 

Y = 0.808X+2.35 (all days) 

r = 0.964 s = 8.319 N = 185 

For the trough: 

Y = 0.358X—2.61 (all days) 

f=0.793 s= 10.3*04 N=185 

Another series of four equations were grouped 

in pairs, with separate equations for forecasting 
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the peak, using the days through the peak amount¬ 

ing to 143 days; and another equation for days 

past the peak amounting to 42 days. A similar 

pair of equations was computed for deriving the 

height to trough. 

For the peak: 

Y = 0.795X+1.52 (through the peak) 

7=0.972 s = 7.264 N = 143 

Y = 0.836X-f- 5.70 (past the peak) 

r=0.951 s = 9.909 N = 42 

For the trough: 

Y = 0.387X— 1.64 (through the peak) 

7=0.844 5=9.301 N=143 

Y = 0.28lX —6.45 (past the peak) 

7 = 0.728 5=9.554 N = 42 

In the above six equations, Y equals the height 

to peak or to the trough and X equals estimated 

first day’s volume, as computed by the multiple- 

correlation equations using the cumulative tem¬ 

perature index, as described previously. 

For the 1953 forecasted season, May 21 through 

June 14 were considered to be days through the 

peak, and June 15 through June 27 were days past 

the peak. The results of the application of the 

equations to the 1953 forecast are given in table 39. 

A graphic presentation of this forecast is presented 

in figure 95. 

It will be noted on figure 95 that marked depar¬ 

tures between the forecast and the observed hy¬ 

drographs can be seen to have occurred at the time 

when rainfall of measurable quantities was re- 

Table 39—Comparison between actual and estimated volumes for St. Louis Creek near Fraser, 

1953 

1 2 3 4 5 6 7 8 

Actual net Actual total Estimated Estimated . Departure Percent 
Melt of 1953 Residual flow first day flow for net first day total flow for of (6) from (4) departure 

volume day volume 1 day 

Mav 21 __ _ 27 24 51 39 66 15 29. 4 
22_ 50 25 75 34 84 9 12. 0 
23_ 61 26 87 51 112 25 28. 7 
24_ 73 48 121 34 107 -14 -11. 6 
25_ 91 42 133 54 145 12 9. 0 
26_ 106 43 149 61 167 18 12. 1 
27_ 189 74 213 41 180 -88 -15. 5 
28_ 183 79 262 48 231 -31 -11. 8 
29_ 190 -13 177 7 197 20 11. 3 
30_ 163 31 194 42 205 11 5. 7 
31_ 169 60 229 58 227 -2 -0. 9 

June 1 187 54 241 60 247 6 2. 5 
2_ 224 52 276 40 264 -12 -4. 3 
3_ 236 32 268 50 286 18 6. 7 
4__ _ _ 232 17 249 48 280 31 12. 4 
5_ 211 16 227 34 245 18 7. 9 
6__ 195 30 225 38 233 8 3. 6 
7 193 -1 192 24 217 25 13. 0 
8_ 170 78 248 68 238 -10 -4. 0 
9_ 220 106 326 94 314 -12 -3. 7 
10_ 257 126 383 101 358 -25 — 6. 5 

11_ 312 110 422 97 409 -13 -3. 1 
12_ 389 118 507 98 487 -20 -3. 9 
13_ 429 148 577 103 532 -45 -7. 8 
14_ 469 67 536 89 558 22 4. 1 
15 417 54 471 84 501 30 6. 4 
16_ 395 59 454 88 483 29 6. 4 
17_ 389 80 469 85 474 5 1. 1 

18_ 402 186 588 78 480 -108 -18. 4 
19_ 524 23 547 -26 498 -49 -9. 0 
20_ 441 -3 438 30 471 33 7. 5 
21_ 382 13 395 50 432 37 9. 4 
22_ 355 26 381 58 413 32 8. 4 

23_ 337 32 369 63 400 31 8. 4 
24_ 312 16 328 44 356 28 8. 5 

25_ 274 10 284 18 292 8 2. 8 

Total*. _ _ 8, 206 1, 541 9, 747 1, 890 10, 096 655 + 
6. 7 

’Does not include amounts for May 27 and 28 and June 18 and 19 which 1 Using XjX3 equations; Xj=maximum temperature at Fraser, Colo., 
were influenced. Xa=accumulated maximum temperature. 

-(-Total of data without regard to sign. 
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COMPARISON OF ACTUAL AND DAY-BY-DAY FORECASTED HYDROGRAPHS 
1953 SNOWMELT SEASON 

St. Louis Creek near Fraser, Colorado 
Area- 32.8 Square Miles 

- Observed hydrogroph from 
U SG S gogmg stotion St. Louis Creek. 

o o o o o o o o ooo Computed peaks and troughs 

using 1948 thru 1952 data to derive'thru 
the peak'ond'past the peak' equations. 

-Computed peaks and troughs 

using 1948 thru 1952 dato to derive equation 
for 'all days ' 

In the six equations: 

Y= Height to Peok or to Trough. 

X= Estimated First Doy volume. 

Some estimate of first day 

volume wos used for both 

forecasted hydrogrophs. 

For 1953: 

Moy 21 thru June 14 were 

'thru the peak',- June 15 thru 

June 27 were 'post the peok' 

For Peok 

Y= 0.79 46X 11.52 (Thru Peok) 

7=0.972 7 = 7.264 N=I43 

Y= 0.8359X t 5.70 (Post Peok) 

7 = 0.951 7=9.909 N=42 

For Trough 

Y= 0. 3866X - 1.64 (Thru Peok) 

7=0.844 T = 9.301 N = I43 

Y= 0.28I2X -6.45 (Post Peak) 

7 = 0.728 7 = 9.554 N = 42 

For Peak: 

Y= 0.8076X + 2.35 (All Days) 

7 = 0.964 7 = 8.319 N=I85 

For Trough; 

Y= 0.3 575 X -2.61 (All Days) 

7 = 0.793 7=10.304 N = 185 

o 
z 
o 
o 

UJ 

^ cr 
tr u 
< 
x t- 

CD 3 

Peok plotted at 10:00 PM. Synthesis begon doily ot the 

Trough plotted ot Noon. observed trough flow 

Figure 95. Comparison of recorded and day-by-day forecasted hydrograph for St. Louis Creek near Fraser, 1953. 
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ported by the Weather Bureau’s cooperative sta¬ 

tion at the town of Fraser, Colo. Because of the 

spotty character of rainstorms in proximity to the 

major orographic features to be found in the 

Fraser Experimental Forest, it is quite likely that 

the record from Fraser is only a general index of 

the times of occurrence of, areal distribution of, 

and total amount of precipitation as it might occur 

in the St. Louis Creek drainage basin above the 

stream gaging station. Nevertheless, daily totals 

of rainfall, as reported from Fraser, Colo., do serve 

to explain major departures of forecast from 

observed hydrographs. 

In table 39, the days for which there was evi¬ 

dence of contribution to runoff from rainfall were 

not used in computing the averages of departures 

from the actual hydrograph. When so computed, 

the average departure of the forecast from the 

actual hydrograph for St. Louis Creek, as fore¬ 

casted from the use of maximum temperatures 

from the town of Fraser, Colo., alone, was found 

to be 6.7 percent. 

Figure 95 demonstrates that, through the use 

of the maximum temperature alone at a point con¬ 

siderably removed both in horizontal distance and 

in elevation from the areas where the snowmelt is 

taking place, and through the application of the 

recession concept of snowmelt contribution to run¬ 

off, it is possible to forecast the snowmelt hydro¬ 

graph with practically as much accuracy as was 

previously demonstrated in forecasting the runoff 

resulting from snowmelt through the use of mul¬ 

tiple factorial considerations either through cor¬ 

relation analyses or physical equations, such as 

Light’s equation. This method of forecasting the 

day-by-day snowmelt and peaks and troughs of 

the snowmelt hydrograph has yielded practically 

as good a forecast on the recession limb, or falling 

stages, of the snowmelt hydrograph as did more 

intricate methods on the rising stages of the hydro- 

graph. As is to be noted on figure 95, the accuracy 

of the forecast for St. Louis Creek for the 1953 

snowmelt season, with the exception of those days 

on which rain fell, is practically uniform for the 

period before and after the peak of the snowmelt 

contribution to the seasonal hydrograph. 
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SECTION 12—SNOWMELT RUNOFF FROM FOOL CREEK 

One of the tributaries of St. Louis Creek is Fool 

Creek, as shown on the map of the Fraser Ej^eri- 

mental Forest, figure 2. The drainage area of 

Fool Creek above the gaging station used in these 

analyses is 714 acres, or 1.11 square miles. The 

area-elevation relation is shown in figure 96. An 

analysis of the hydrograph paralleling the one 

described in section 8 for St. Louis Creek was per¬ 

formed for Fool Creek. 

The derived recession curve for Fool Creek is 

given in figure 97. It wTas discovered that Fool 

Creek possessed a variable recession relationship, 

yielding a Kr for a 24-hour period of 0.871 for 

Figure 96. Area-elevation relationship for Fool Creek 

drainage area. 

a flow of about 18 c. f. s. This factor increased 

gradually to a value of Kr = 0.952 at 1.00 c. f. s. 

The recession curve, based upon the 1947 snow¬ 

melt season analysis, fitted all years of record ex¬ 

cept for 1944, when the volume of flow was the 

lowest of record. 

The fact of a variable Kr is not unusual to wa¬ 

tershed-discharge relationships [65], However, 

the range of variation from a snow-fed stream 

such as Fool and St. Louis Creeks may be greater 

than is common to streams supplied solely by rain¬ 

fall. For the latter streams, the water yielded 

during the recession flow is entirely ground wa- 
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ter or subsurface in origin. In streams fed main¬ 

ly by melting of the winter snow pack, this is 

probably not the case. Instead, the recession curve 

throughout its higher portion and by the nature 

of its derivation, should include the etfect of the 

inflow of water draining from the residual snow 

pack. Part of this drainage may be direct into 

stream channels and part by way of the soil and 

rock mantle or entirely by the latter course. In 

either case, it constitutes an inflow which, declin¬ 

ing as the snow pack disappears, results in steep¬ 

ening the slope of the recession curve. 

From a different viewpoint, a snow mantle on a 

watershed may, during its melting, be considered 

as causing a surcharge of the storage capacity of 

the watershed. Since melt water drains rapidly 

from the snow pack, the effect is to steepen the 

slope of the recession curve to a degree not char¬ 

acteristic when all of the snow has melted and 

the depletion of the ground water is alone re¬ 

sponsible for the recession curve slope. The fact 

that the Kr associated with Fool Creek appears 

to vary continuously without breaks between dis¬ 

crete values may be explained by the nondiscrete 

nature of the disappearance of the snow pack. 

In analyzing the hydrograph for Fool Creek, a 

time lag, as determined from 1948 data, of ap¬ 

proximately 3 hours was used. This was found to 

fit practically all of the records available. Since 

the recession was variable, the individual day’s 

contributions to the snowmelt hydrograph were 

determined by drawing the recession line from 

each day’s troughs, and the amount of both the 

first day’s contribution and the recession contribu¬ 

tion was determined from the hydrographs by 

planimetering the areas. Figures 98, 99, and 100 

present, respectively, for the 1949, 1950, and 1951 

snowmelt periods the hydrographs with the vari¬ 

able recession lines sketched in, together with dew¬ 

point temperatures, relative humidities, and air 

temperature at the Fool Creek hygrothermograph 

station. 

The relation between the first day’s volume and 

the total day’s contribution to snowmelt runoff 

from Fool Creek for 1948 and 1949 is shown in 

figure 101, in which separate correlation analyses 

were made using all points, totaling 39, and also 

for 23 days, including the rising hydrograph and 

the peak day, and for the 16 days following the 

day of peak volume contribution. As was true for 

St. Louis Creek, it was discovered that the relation 

of the total days’ contribution and the volume of 

the first day’s section, when plotted as a double¬ 

mass curve, exhibits a change in the slope which 

occurs at the peak day, as is shown in figure 102. 

Correlations between the height to peak above the 

preceding day’s recession and total runoff from a 

day’s contribution to snowmelt for Fool Creek are 

shown in figure 103. The height to trough cor¬ 

relation with the total runoff from a day’s con¬ 

tribution for Fool Creek for 1948 and 1949 is 

shown in figure 104. 

It is interesting to note that the general type of 

relationship between the components of the day’s 

contribution to the snowmelt hydrograph, such as 

the height to peak, height to trough, and the 

change in the ratios of these relationships before 

and after the seasonal peak, is parallel for both 

basins, although the St. Louis Creek drainage 

basin is 30 times greater in area than the Fool 

Creek drainage basin. 

Table 40 presents, in tabular form, the trough 

and the peak flow in c. f. s., the net first day’s 

volume above the preceding day’s recession, the 

recession contribution, and the total runoff of a 

day’s contribution to the snowmelt hydrograph for 

Fool Creek for 1948 and 1949. In this drainage 

basin, the first day’s volume for both years 

amounts to 12.4 percent of the total day’s contribu¬ 

tion to snowmelt runoff. 

A summary of the day’s contributions to snow¬ 

melt, expressed as the volume including recession 

flows in acre-feet for the snowmelt seasons of 1948, 

1949,1950, and 1951. is given in table 41. 

In order to find out how well Light’s equation 

could be transposed to different areas varying not 

only in size but also in type of cover and exposure 

in addition to the differences in elevation, a com¬ 

parison was made between the results of snow¬ 

melt contributions to runoff as computed by 

Light's equation using the data from the wind- 

tower in the open on West St. Louis Creek. A 

comparison of the actual runoffs and Light's equa¬ 

tion volumes is given in table 42. Basin constant, 

K. was found to be 1.157 for 1948, 0.889 for 1949, 

and 1.037 for the combined 1948-49 data. 

The above is in the nature of a preliminary 

analysis of the snowmelt runoff characteristics of 

Fool Creek. It was introduced into this report 

on the cooperative snow investigations for pur¬ 

poses of comparison with the concept as applied 

to drainage basins varying greatly in size from 
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Figure 101. Relation between first day’s volume and 

total runoff from one day’s melt. Fool Creek, 1948 

and 1949. 

Figure 102. Double mass curve for 1948 and 1949 of 

accumulated first day volumes vs. accumulated total 

runoffs in Fool Creek. 

Table 40—Summary of discharges and volumes, 
Fool Creek, 1948 and 1949 

Area: 1.11 square miles 

1948 

Date 
Trough 
(c. f. s.) 

Peak 
(c. f. s.) 

Net first 
day vol¬ 

ume above 
recession 
(acre-feet) 

Volume 
of recession 
contribu¬ 
tion (acre- 

feet) 

Total run¬ 
off day’s 
contribu¬ 
tion (acre- 

feet) 

May 16_ 0. 8 1. 5 0. 8 5. 6 6. 4 
17_ 1. 2 2. 2 1. 2 9. 2 10. 4 
18_ 1. 6 2. 5 1. 2 13. 8 15. 0 
19_ 2. 0 3. 2 1. 4 18. 7 20. 1 
20_ 2. 5 4. 0 1. 8 20. 5 22. 3 
21_ 3. 0 4. 6 2. 3 29. 0 31. 3 
22_ 3. 8 5. 4 1. 8 17. 9 19. 7 
23_ 4. 0 5. 1 1. 5 20. 3 21. 8 
28_ 5. 8 7. 1 2. 0 13. 8 15. 8 
29_ 6. 0 7. 1 1. 8 18. 6 20. 4 
30_ 6. 1 9. 1 4. 6 39. 7 44. 3 
31_ 7. 8 10. 1 3. 9 18. 5 22. 4 

June 1_ 8. 1 10. 3 3. 6 26. 0 29. 6 
2_ 8. 8 12. 5 5. 5 25. 4 30. 9 
3_ 9. 6 13. 2 5. 0 21. 4 26. 4 
4_ 9. 8 12. 1 3. 4 16. 0 19. 4 
5_ 9. 3 11. 4 3. 0 11. 2 14. 2 
6_ 9. 0 11. 2 2. 9 17. 8 20. 7 
7_ 9. 0 10. 2 1. 7 7. 3 9. 0 
8_ 8. 4 9. 2 1. 6 10. 3 11. 9 
9_ 8. 0 8. 9 1. 2 7. 9 9. 1 

1949 

May 25 . 1. 3 2. 1 0. 9 9. 2 10. 1 
26_ 1. 6 2. 6 1.3 10. 3 11. 6 
27_ 2. 0 2. 5 . 8 9. 0 9. 8 
28_ 2. 2 2. 8 1. 0 11. 9 12. 9 
29_ 2. 5 3. 2 . 8 10. 3 11. 1 

June 4_ 2. 4 4. 0 1. 8 19. 3 21. 1 
5_ 2. 8 3. 9 1. 5 21. 0 22. 5 
10_ 5. 0 5. 6 1. 2 17. 9 19. 1 
11_ 5. 4 6. 5 2. 2 31. 8 34. 0 
13_ 7. 6 8. 9 2. 8 24. 0 26. 8 
14_ 8. 2 9. 4 2. 2 13. 1 15. 3 
15 8. 1 10. 6 4. 3 35. 7 40. 0 
16_ 9. 5 13. 7 6. 4 33. 2 39. 6 
17_ 10. 9 14. 1 4. 8 20. 3 25. 1 
19_ 9. 4 12. 1 3. 4 10. 9 14. 3 
20_ 8. 9 11. 7 3. 2 8. 9 12. 1 
21_ 8. 4 10. 7 2. 9 9. 1 12. 0 
22_ 8. 0 9. 2 1. 7 8. 2 9. 9 

130 



Figure 103. Relation between height to peak and total 

runoff from one day’s melt, Fool Creek, 1948 and 

1949. 

Figure 104. Relation between height to trough and 

total runoff from one day’s melt, Fool Creek, 1948 and 

1949. 

Table 41—Summary of each day’s total runoff volume including recession, Fool Creek, 1948 to 

1951, inclusive 

Area: 1.11 square miles 

1948 1949 1950 1951 

Date Runoff Date Runoff Date Runoff Date Runoff 
(acre-feet) (acre-feet) (acre-feet) (acre-feet) 

May 16 6. 4 May 25 10. 1 May 30 15. 1 June 11 5. 3 
17_ 10. 4 “26 _ 1 1. 6 31 14. 9 12 . 15. 1 
18_ 15. 0 27 _ 9. 8 June 1. 16. 7 13 _ 21. 9 
19_ 20. 1 28 _ 12. 9 4_ 6. 9 14 _ ___ 16. 4 
20_ 22. 3 29. 11. 1 5. 26. 3 15 31. 8 
21_ 31. 3 June 4 21. 1 6 39. 2 16 39. 9 
22_ 19. 7 5 22. 5 10 45. 6 17 85. 8 
23_ 21. 8 10 19. 1 11 31. 4 18 35. 3 
28_ 15. 8 11 ... 34. 0 12 29. 0 19 43. 5 
29_ 20. 4 13 26. 8 13 30. 6 20 73. 9 
30_ 44. 3 14 15. 3 14 28. 4 21 4. 1 
31_ 22. 4 15 40. 0 15 _ 45. 6 22 11. 8 

June 1 29. 6 16 ___ 39. 6 16 25. 2 23 10. 3 
2_ 30. 9 17 25. 1 17 _ 13. 3 24 22. 5 
3_ 26. 4 19 14. 3 18 10. 8 25 20. 7 
4_ 19. 4 20 12. 1 19 8. 4 26 14. 1 
5_ 14. 2 21 12. 0 20 8. 4 27 14. 6 
6_ 20. 7 22 _ 9. 9 21 6. 8 28 13. 1 
7_ 9. 0 29 10. 7 
8_ 11. 9 30 9. 1 
9_ 9. 1 July 1- 11. 8 
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Table 42—Comparison of runoff volume with snowmelt computed by Light’s equation, Fool 

Creek, 1948 and 1949 

Area=l.ll square miles 

1948 
Melt com¬ 
puted by 
Light's 

equation 

Runoff 
volume 

measured 

Departure of com¬ 
puted from measured 

volume 
1949 

Melt com¬ 
puted by 

Light’s 
equation 

Runoff 
volume 

measured 

Departure of com¬ 
puted from measured 

volume 

Inch Inch Inch Percent Inch Inch Inch Percent 

May 16 0. 134 0. 108 + 0. 026 + 24. 1 May 25 0. 150 0. 170 -0. 020 -11. 8 
18_ . 376 . 253 4-. 123 + 48. 6 26_ . 293 . 197 + . 096 + 48. 7 
19 . 487 . 340 + . 147 + 43. 2 27 _ . 292 . 166 + . 126 + 75. 9 
20 _ _ . 369 . 377 -. 008 -2. 1 June 4 ... . 167 . 357 —. 190 — 53. 2 
21_ . 422 . 528 -. 106 -20. 1 5_ . 326 . 380 -. 054 -14. 2 
22 _ . 258 . 333 -. 075 -22. 5 10_ . 246 . 323 -. 077 — 23. 8 
23_ . 167 . 369 -. 202 -54. 7 15_ . 340 . 676 -. 336 -49. 7 
28 _ . 168 . 267 -. 099 -37. 1 16 _ . 774 . 669 + . 105 +15. 7 
29_ . 119 . 345 -. 226 -65. 5 17_ . 704 . 424 + . 280 + 66. 0 
30 _ . 455 . 748 -. 293 -39. 2 19_ . 499 . 242 + . 257 + 106. 2 
31 _ . 439 . 378 + . 061 + 16. 1 20 _ . 492 . 205 + . 287 +140. 0 

June 1 _ _ _ _ . 491 . 500 -. 009 -1. 8 
2_ . 524 . 523 + . 001 + . 2 Totals 4. 283 3. 809 + . 474 + 12. 4 
3_ . 262 . 445 -. 183 -41. 1 
4_ . 207 . 329 -. 122 -37. 1 
5 _ _ . 379 . 240 + . 139 + 57. 9 

Totals _ - 5. 257 6. 083 -. 826 -13. 6 

Basin constant, K = 
6.083 

5.257 
= 1.157 based on 1948 data. Basin constant, K = 

3.809 

4.283 
= 0.889 based on 1949 data. 

Basin constant, K = 
9.892 

9.540 
= 1.037 for combined 1948 and 1949. 

that of Fool Creek. There is a continuing investi¬ 
gation being conducted at Fool Creek by the 
Forest Service on the influence of silvicultural 
practices and timber harvesting upon the water 
yield from the drainage basin. Subsequent to 
the termination of intensive analyses as part of 
the cooperative snow investigations program, the 

Forest Service has installed additional gaging 
stations, further subdividing the 1.11-square-mile 
drainage basin of Fool Creek. Further reports 
upon Fool Creek, its forest management and hy¬ 
drology, will be forthcoming as part of the Forest 
Service’s continuing research in watershed man¬ 
agement. 
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SECTION 13—EFFECT OF INSTRUMENT ERRORS 

The influences which errors in recorded or tabu¬ 

lated data have upon the usefulness of results of 

computations based on those data would reason¬ 

ably be expected to vary with the type of analysis 

being performed. In order to ascertain the effect 

of various errors, computations were performed 

using both the physical approach and the statisti¬ 

cal approach to snowmelt-streamflow computa¬ 

tions under assumed conditions of hygrothermo- 

graph instrument error. The results of these an¬ 

alyses are summarized in table 43. In this table, 

errors of measurement of various magnitudes on 

the hygrothermograph chart were assumed due to 

the instrument not being in proper adjustment 

with respect to the printed chart scales for what¬ 

ever reason, and assuming that the chart had not 

been properly seated on the hygrothermograph 

drum. 

It will be noted that various errors of both tem¬ 

perature and of relative humidity exert influences 

of dissimilar magnitude upon the computed day’s 

contribution to snowmelt runoff depending upon 

the mathematical expression in which such data 

are used. Thus, a + 10-percent error in relative 

humidity caused Light’s results to be 40 percent 

high whereas in multiple correlation Equation 6, 

the computed snowmelt runoff was about 15 per¬ 

cent high; while in Equation 19 (in which relative 

humidity lias a small influence) the error would 

be only about 2y2 percent. 

The error due to improper placement of a chart 

was especially interesting. Thus, when a minus 

1° F error in temperature was coupled with a 

minus 2-percent error in relative humidity due to 

the chart riding too high on the drum, the combi¬ 

nation would yield an error of minus 9 percent in 

Equation 6. An error of minus 3° F and minus 

6-percent relative humidity would result in a 

minus 26-percent error to the computed snowmelt 

in Equation 6. 

The conversion of relative humidity and tem¬ 

perature data to dewpoint presupposes exact time 

phase adjustment of the two records on the hygro¬ 

thermograph chart. If the trace of the hygro¬ 

thermograph pen is recorded ahead or behind the 

relative humidity trace, the wet and dry “bulb” 

temperatures used in interpolations in psychro- 

metric tables will be out of phase, and the result¬ 

ing dewpoints can, at times, be highly fictitious. 

The effect of averaging in the derivation of de¬ 

rived values is illustrated by the evaporation-con¬ 

densation portion of Light’s equation. This por- 

Table 43—Effect of errors in instrument adjustment 

St. Louis Creek, near Fraser, Colo.—May 20, 1948 

Error in measurement Percent error in computed day’s contribution 
to snowmelt runoff 

Source of error 
Temperature oF Relative 

humidity 
(percent) 

Light’s 
equation Equation 6 Equation 19 

+ 10 + 40. 0 + 14. 9 + 2. 4 
0 + 6 

+ 3 
+ 25. 0 
+ 14.0 

+ 8. 9 
+ 4. 4 

+ 1. 4 
+ . 7 

+ 3 + 40. 7 + 20. 7 
+ 6. 9 

+15. 5 
Instrument not being in proper adjustment with respect to 

printed chart scales 
+ I +13. 6 + 6. 5 

0 0 0 0 0 
— 1 -13. 7 — 6. 1 — 5. 8 
-3 -31. 1 — 17. 6 —16. 6 

— 3 — 9. 0 -4. 5 —. 7 
0 -6 

—10 
-21. 0 
-38. 0 

-8. 9 
— 14. 9 

-1.4 
-2. 4 

Chart not correctly placed in recorder drum __ J -1 -2 — 9. 1 
— 3 — 0 -26. 5 
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Table 41—Comparison between 6-hour average vapor pressure differential obtained by averaging 

dewpoints and obtained directly from hourly values of vapor pressure 

West St. Louis Creek—May 15, 1950 

Time 

Direct conversion Averaging of data 

Percent 
error 6-hour average 

vapor pressure 
in inches 

6-hour average 
vapor pressure 

in MB (e) 
6.11-e 

6-hour average 
dewpoint 

temperature 

Average vapor 
pressure in 

inches 

Vapor pressure 
in MB (e) 6.11-e 

6 a.m. .. . . 0. 158 5. 35 0. 76 29. 17 0. 157 5. 32 0. 79 + 4 
12 noon _ . _ . 157 5. 32 . 79 29. 00 . 157 5. 32 . 79 0 
6 p. m _ . 178 6. 03 . 08 31. 67 . 180 6. 10 . 01 -88 
12 p. m . 178 6. 03 . 08 31. 83 . 180 6. 10 . 01 -88 

Total . 1. 71 1. 60 — 6 

tion of Light’s equation uses 6-hour-average vapor 

pressure in millibars associated with the dewpoint 

temperature which is computed from relative 

humidity and temperature through the use of 

psychrometric tables. The 6-hour-average vapor 

pressure can be determined from the average of 

the six hourly values of dewpoints, or directly by 

converting each hourly dewpoint to vapor pres¬ 

sure and averaging the six hourly values of vapor 

pressure. A comparison of the values attained 

by the two approaches as they affect the evapora¬ 

tion-condensation variable for May 15, 1950, is 

shown in table 44. In this example, the use of 

the average of the six hourly values of dewpoint 

results in a small error of only minus 6 percent 

in the daily total evaporation. 

It is evident that Light’s equation is very sen¬ 

sitive to errors both in temperature and relative 

humidity. The percent error in observations of 

wind travel will produce the same percent error 

in the melt values computed from Light’s equa¬ 

tion. However, such errors were not considered 

since no facilities were available in the course of 

these snow investigations to supply a reference 

standard for the accuracy of wind data as long as 

the anemometers and recorder circuits appeared 

to be functioning. Wind recorder charts were 

corrected when necessary by comparison with to¬ 

talizer dials built into the anemometer housing. 

In view of the potential importance of Light’s 

equation to flood hydrology applications, the fol¬ 

lowing special study was made to test the accu¬ 

racy of hygrothermograph chart transcriptions of 

relative humidity by comparison with psychrom- 

eter readings. 

A study of the available charts indicated that 

for the period January 2, 1950, through July 30, 

1950, the same hygrothermograph Serial No. 4548 

had been in use at Shadow Mountain Government 

Camp, and an almost continuous record of psy¬ 

chrometric readings and recorded relative humid¬ 

ities was available. Before being put into service, 

the clock movement had been conditioned for cold 

weather by the Geological Survey’s Rocky Moun¬ 

tain Instrument Shop, a new hair element had 

been installed, and the instrument had been cali¬ 

brated in the controlled humidity rooms of the 

Bureau of Reclamation’s Division of Engineer¬ 

ing Laboratories during the period November 14, 

1949. The calibration data are given in table 45. 

In August 1950, after it was taken out of serv¬ 

ice at Shadow Mountain Camp, it was recali¬ 

brated with the results shown in table 46. From 

the calibrations, reasonable accuracy would be 

expected from the hygrograph record during the 

period under review. 

An examination of the charts for the period 

January 2 through July 30, 1950, showed that the 

trace in general was good, although occasionally 

readings of over 100 percent were recorded. No 

reason for this could be found. However, these 

discrepancies were not regarded as being signifi¬ 

cant because the hair element is recognized as 

being accurate only between the range of 20- to 

95-percent relative humidity. 

The relative humidity at 4:30 p. m. each day 

was read from the chart trace, care being taken 

to adjust for any errors in the time setting. 

The psychrometer wet- and dry-bulb readings, 

made at 4:30 p. m. each day, were also tabulated 

and the relative humidity was calculated by use 

of a psychrometric calculator for a barometric 

pressure of 23 inches or 7,098 feet. When this 

computation was made in 1954, neither tables nor 

special calculators were available for barometric 

pressures less than 23 inches of mercury which 

could be applied to the actual elevation of the 

point of record, 8,392 feet. 
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Table 45—Pre-service calibration of hygrothermograph serial No. 4548 

Date Time 
Number of 

room 
Temperature 

of room 
R. H. of 

instrument 
R. H. from 

psychrometer 
R. H. of con¬ 

trol room 
setting 

November 15, 1949 

November 16, 1949 

1:15 p. m 

8:00 a. m __ 

16 

12 

° F 

70 

69 

Percent 

40 

87 

Percent 

f 51 
\ 52 

100 

Percent 

50 
100 

November 16, 1949 12:40 p. m Rocker arms and pen adjusted to 50 percent controlled 
Room 16 

November 17, 1949 
November 17, 1949 

8:45 a. m_. 
10:20 a. m 

November 17, 1949 3:42 p. m 

November 18, 1949 10:30 a. m 

16 70 49. 5 
12 69 99 

1 39/4 67 
/ 1 64 
\ i 67 

1 3914 63 
/ 65 
\ 63 

1 Three readings. 

Table 46—Post-service calibration of hygro¬ 

thermograph serial No. 4548 

Date Time 
R. H. 
from 

instru¬ 
ment 

R. H. of 
control 
room 

setting 

Num¬ 
ber of 
room 

Aug. 10, 1950_ 
Aug. 11, 1950_ 

8:15 a. m 
Percent 

48 
Percent 

50 16 
10:30 a. m_ 100 100 12 

Aug. 15, 1950_.. 10:15 a. m_ 104 100 12 
Aug. 16, 1950_. 8:25 a. m 49 51 16 

The 182 pairs of relative humidity values are 

plotted on figure 105 and show a very good corre¬ 

lation, r = 0.961, when the values below 20-percent 

and above 95-percent psychrometric relative hu¬ 

midity were neglected. 

The points shown on figure 105 are identifiable 

as to the month. Significant bunching of data is 

not noted for any one of the months, although 

most of the points below 20-percent relative hu¬ 

midity on the Y axis are for the dry months of 

June and July. 

Points which are outstandingly poor in corre¬ 

lation were then examined in an effort to select 

a parameter which would explain their -de¬ 

partures. In some cases, a rapid temperature 

change about 4:30 p. m. appeared relevant, but 

no general parameter based on this could be estab¬ 

lished. The difference in maximum and minimum 

temperatures during the day was also tried but 

appeared valueless as a parameter. As pointed 

out in appendix A, the scatter of the points illus¬ 

trates that hygrograph instrument adjustments 

should not be made in the field solely on the basis 

of a few psychrometer readings. 

In general, it was concluded from this study 

that confidence could be placed in hygrothermo¬ 

graph records of relative humidity between the 

psychrometric values of 20- and 95-percent rela¬ 

tive humidity, provided the instrument was care¬ 

fully adjusted before use, calibrated before and 

after use, and operated correctly in the field with¬ 

out its setting being interfered with by the 

observer. 

135 



COMPARISOr OF REU 
GR ANC 

HADOW MO 

UTIVE HU 
LAKE, CO 

JNTAIN 60V 

NUDITY DE 
LO. 4S.SW 
IRNMENT C 

TERMINA TIONS 

o A 

r * 

y O v 

O A / 

% 3 . 

• .* , 

'f v 

. \ 1/ 
.i%y" 

V. 

EQUATION OF LEAST SQUARES LINE 

6 

*J?/o 
*£>7/ Qo° 
>7v 

A° 
o 

r = 0.961 S : 5.06 N : 102 

Y 1 RELATIVE HUMIDITY AS DETERMINED FROM 
PSYCHROMETER READINGS,FOR VALUES 
BETWEEN 20% AND 95% RH 

X- RELATIVE HUMIDITY AS READ FROM 
WEEKLY HY6R0THERM0GRAPH CHARTS 

PERIOD OF RECORD 
JAN 2 THROUGH JULY 30,1950 

ALL PSYCHROMETER READINGS TAKEN AT 4.30 PM Least sc uores 0 * //v « 

K 

V 

>v 

> 
■d 

A 
LEGEND 

o JAN. 

+ FEB. 

x APR. 

« may 
A JUNE 

y JULY 
/ s / A ^ Z 

/ 

A 
/ 

Z 

---Line ol perfect cor relation. 

o Percent 10 
RELATIVE HUMIDITY FROM H Y G RO T H E R M OG R A P H 

Figure 105. Comparison between hygrograph and psychrometer relative humidity readings. 

136 



SECTION 14—SUMMARY 

In the Western States the melting of snow and 

the production of runoff from snowmelt during a 

short period in the spring not timed to yield water 

that is needed for crop production, hydroelectric 

power generation, municipal water and other 

multiple purpose objectives, has forced the devel¬ 

opment of an irrigation economy and reservoir 

control management of the water resources in those 

drainage basins in which there is a marked sea¬ 

sonal variation in the distribution of the precipi¬ 

tation. 

As the objectives of the Bureau of Reclamation 

and of the Forest Service both relate to the efficient 

utilization of water resources, these two agencies 

collaborated during the snowmelt season 1947 

through 1953, on a cooperative snow investigation 

at the Fraser Experimental Forest near Fraser, 

Colo. This Forest lies 65 miles west and north of 

Denver, Colo. The objectives of these snow inves¬ 

tigations were: 

(a) Measurement of the total winter precipi¬ 

tation. 

(b) Determination of the water equivalent of 

snow in storage in a drainage basin, its distribu¬ 

tion over the area, and its disappearance as the 

melt season progresses. 

(c) Development of methods of rapid evalua¬ 

tion of heat availability for use in both project 

planning and operational consideration of runoff 

from snowmelt. 

(d) Development of a technique capable of rou¬ 

tine use, (1) to account for, and, (2) to forecast 

losses from snow storage which may occur either 

as snowmelt or as evaporation. 

The foregoing objectives are related to the devel¬ 

opment of new methods and improvement of ex¬ 

isting methods of forecasting runoff from snow¬ 

melt as applied to both forecasts of seasonal water 

yield volumes and also to forecasting rates of run¬ 

off from snowmelt. 

The report reviews the literature as it pertains 

to the behavior of natural drainage basins and de¬ 

scribes the climate, topography, geology, soils, na¬ 

tive vegetation, and stream flow of the Fraser Ex¬ 

perimental Forest. The analyses deal for the most 

part with that portion of the drainage of St. Louis 

Creek, 32.8 square miles in area, which lies with¬ 

in the Fraser Experimental Forest, and with Fool 

Creek, a tributary of St. Louis Creek, with a 

drainage area of 1.11 square miles. 

A comparison of the results of various meth¬ 

ods of computing degree days as an expression of 

heat available, based upon air temperature alone, 

showed that in the central Rocky Mountain area 

the degree days based upon the daily maximum 

temperature alone gave the best correlation with 

the actual thermograph trace. 

Experience with a network of Sacramento-type 

seasonal storage precipitation gages indicated that 

such gages in their present state of development 

did not indicate very well the precipitation of the 

winter season as judged by the comparisons be¬ 

tween the water equivalents of storage increments 

and of snow sampling. 

The report describes in detail the disappearance 

of snow as the 1950 melt season progressed. The 

results of this snow disappearance study indicate 

that for specific drainage basins, improved water 

management operations could result from a knowl¬ 

edge of the rate of disappearance of snow cover 

in relation to rates and volumes of snowmelt 

streamflow. 

A recession analysis of snowmelt runoff was 

developed based on the field observation that 

there is no watershed-wide surface runoff from 

snowmelt. It was reasoned, therefore, that the 

hydrograph recession at the end of the snowmelt 

season should apply to the contribution of each 

day’s snowmelt to the total flow, since subsurface 

flow follows Darcy’s law rather than the laws of 

hydraulics of overland flow. Since there is prac¬ 

tically no surface runoff from snowmelt, the in¬ 

dividual day’s contribution to the total discharge 

is a summation of flows of water through a por¬ 

ous medium. Based upon this concept, the daily 

snowmelt hydrograph was divided into two prin¬ 

cipal components, the first day’s contribution and 

the recession volume contribution. This recession 
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analysis concept is illustrated with detailed analy¬ 

ses of both St. Louis Creek and Fool Creek snow¬ 

melt hydrograph. 

Both physical and statistical approaches were 

used in analyses of the snowmelt hydrograph and 

forms a basis for forecasting rates of runoff from 

snowmelt. Light’s equation involving an eddy 

conductivity concept based upon the theory of 

atmospheric turbulence was used for the physical 

approach. This equation accounts for heat from 

the air as supplied to the snow surface by wind 

movement and to the heat supplied or abstracted 

by the condensation of water vapor or by evapo¬ 

ration of snow. Logarithmic distribution of wind 

velocities in relation to height above ground was 

verified and possible evaporation losses from the 

snow in storage were computed through Light’s 

equation. 

A procedure based upon a combination of the 

recession concept, synthesis of the snowmelt hy¬ 

drograph, and of heat availability derived from 

Light’s equation, permitted forecasting rates of 

runoff from snowmelt, even for the complex con¬ 

ditions such as would occur on a drainage basin 

on which runoff from snowmelt was being released 

concurrently with runoff resulting from rainfall. 

The significance of errors, either in individual 

items of data or in errors in more than one item 

pertaining to either physical or Statistical analy¬ 

ses and forecasts, were analyzed, and their impor¬ 

tance to the accuracy of the end results was 

described. 

The first part of the Appendix is a detailed 

discussion of instrument operation and tech¬ 

niques, not available elsewhere in any known 

publication pertaining to hydrology under winter 

conditions. The second part of the Appendix 

presents examples of basic data gathered both at 

the Fraser Experimental Forest and elsewhere 

in the course of these investigations. 

The concepts verified and techniques developed 

in the course of this cooperative snow investiga¬ 

tion have been used widely in conjunction with 

the computation of design floods in connection 

with the spillway capacities of a large number 

of dams. The rate-of-runoff forecasting technique 

has been applied in the development of methods 

of reservoir operation and river control for an 

increasing number of projects. The introduction, 

as yet in the exploratory stages, of the recognition 

of snow evaporating versus snow melting condi¬ 

tions as the melt season progresses, offers promise 

of significantly improving the accuracy of season¬ 

al water-yield forecasts. The recognition of the 

complex interaction of solar radiation and wind 

movement has led to a redesign of experiments 

dealing with the influence of forest management 

on the water yield of natural drainage basins. 

The Forest Service is continuing watershed man¬ 

agement research at the Fraser Experimental For¬ 

est with the objective of developing more efficient 

techniques of forest management insofar as their 

effect on the water resources is concerned. 
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APPENDIX A—INSTRUMENTATION 

Setting up instruments in the Fraser Experi¬ 

mental Forest for these cooperative investigations 

was limited to the number, type, and installation 

that would be practical to use in an operating 

basin. Figure 2 shows the areal distribution of 

the stations, while elements observed at each sta¬ 

tion, type of instruments used, and years of rec¬ 

ord are summarized in table 47. 

Because of lack of power supply at the Forest 

Headquarters, the solar radiation recorder was 

operated first at the Bureau of Reclamation’s 

Shadow Mountain Government Camp approxi¬ 

mately 21 miles due north of the Forest and later 

was moved to the Granby Pumping Plant about 

19 miles north of the forest. 

The greatest concentration of instruments was 

at the West St. Louis Station, as shown on figures 

35 and 106. The two 45-foot windtowers, one in 

a large open meadow and the other in the forest, 

had anemometers mounted at the top, middle, and 

near the base of each. Wind velocities from the 

six anemometers and wind direction at the top of 

the tower in the open were recorded by an elec¬ 

trical operations recorder. A weather shelter near 

the tower in the open contained a hygrothermo- 

graph, crank-type psychrometer, and maximum 

and minimum thermometers. Three shielded 8- 

inch precipitation gages were installed in the open 

area where weekly snow samples were also taken. 

At the Headquarters Station (figure 107), an 

Figure 106. Windtower installation in the open at West St. Louis Creek Station. April 1950. 
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Table 47 —Instrumentation of the Bureau of Reclamation-Forest Service cooperative snow 

investigation 1 

Location 

Element Instrument 
Head¬ 

quarters 
West 

St. Louis 
Upper 
West 

St. Louis 

East 
St. Louis 

Fool 
Creek 

St. Louis 
Pass 

Lower 
St. Louis 

Iron 
Creek 

Range 
Creek 

Grand 
Lake2 

Air tempera¬ 
ture. 

Maximum- 1946-53 1948-50 1947 1949-53 
minimum 
thermom¬ 
eters. 

Thermograph 3_ 
Psychrometer 

(crank type). 
Hygrograph 3 __ 
Anemometer 

1946-53 1948-50 1947 1949-53 
Relative 1949-53 1948-50 

humidity. 
1947-53 1948-50 1949-53 

Wind travel. _ 1948-506 

Wind direction 

with opera¬ 
tions 
recorder. 

Wind vane 1949-50 
Precipitation 

(seasonal).4 
Precipitation 

(weekly). 
Precipitation 

intensity. 
Stream flow 

Sacramento 1947-50 1947-50 1947-50 1947-50 1947-50 
storage gage. 

W. B. type 
8-inch can. 

Recording 
gage. 

W ater stage 
recorder. 

Snow tube 

1949-50 1943-53 1946-53 

1946-53 1946-53 1946-53 

1946-53 1946-53 1946-53 5 

Snow water 1946-53 1946-53 1947-50 1946-53 1947-50 1947-50 
Solar radiation Pvrheliometer 1948-53 

Soil moisture_ 

with record¬ 
ing potenti¬ 
ometer. 

Shovel, scales 
and oven. 

1947-50 

3 Thermograph and hygrograph combined in hygrotherinograph. 
< Also monthly, during spring. 
5 Recorded all year. 
6 Included measurements at each of three heights in open and in forest. 

gage were recorded. Hygrothermograph, psy- 

chrometer, and maximum and minimum thermom¬ 

eters were also installed near the Fool Creek 

stream gage. 

Sacramento-type seasonal storage precipitation 

gages were established at five locations within the 

basin as shown in figure 2. Snow measurements 

were made in the vicinity of each gage at the 

April 1, May 1, and June 1 visits of each year. 

A detailed presentation of the results of the obser¬ 

vations with seasonal storage precipitation gages 

is given in section 5 of this report. 

In the fall of 1939, a snow course approximately 

314 miles long was established in the Fool Creek 

watershed as is shown in figure 108. One hundred 

snow-sampling points were located at regular in¬ 

tervals along this course. Snow measurements 

were made at these points on April 1 and weekly 

or biweekly until the disappearance of snow. 

Early in 1940, clearings ranging from 50 to 100 

feet in diameter were made at every other snow¬ 

sampling point, so that 50 snow samples were from 

1 In all years, observations were from about, April 1 to October 1, except 
for year-long records from storage precipitation gages and solar radiation 
station. 

2 All stations but this one were within Fraser Experimental Forest. 

Figure 107. Headquarters station. August 1, 1950. 

anemometer, hygrothermograph, psychrometer, 

and maximum and minimum thermometers were 

operated for comparison and to provide continuity 

of record when any of the instruments at the West 

St. Louis Station were out of operation. In ad¬ 

dition, daily readings of an 8-inch precipitation 
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ROUTE OF 100-SAMPLE SNOW COURSE 
FOOL CREEK DRAINAGE AREA 

FRASER EXPERIMENTAL FOREST\ COLORADO 

Figure 108. Route of 100-sample snow course in the Fool Creek drainage basin. 
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cleared areas and 50 from undisturbed forest 

areas. 

During the summer of 1940, 15 standard 8-inch 

nonrecording rain gages were placed at equal in¬ 

tervals along the Fool Creek snow course. Read¬ 

ings were made semiweekly during the summers 

of 1940 and 1941. In early spring 1942, clearings 

ranging from 50 to 100 feet in diameter were 

made surrounding each gage. Subsequently, the 

gages were read weekly during the snowmelt sea¬ 

sons as well as during the summers. One record¬ 

ing precipitation gage was installed near the Fool 

Creek stream gage and was in operation during 

he summers from 1941 to 1953, inclusive. 

In the East St. Louis Creek basin, the Forest 

Service established a 63-point snow course with 

the points in natural openings at about 200-foot 

intervals. The course was measured at the start 

of the snowmelt season each year from 1943 to 

1953, inclusive. An 8-inch nonrecording rain gage 

near the East St. Louis Creek stream gage Avas 

read weekly during the snowmelt season during 

these same years. One recording gage at the same 

location was also operated during the summers 

from 1943 to 1953. inclusive. 

Streamflow from the entire St. Louis Creek 

drainage basin was measured at the station oper¬ 

ated jointly by the Geological Survey and the 

Colorado State Engineer. In addition, the Forest 

Service operated stream gages on Fool Creek and 

East St. Louis Creek. 

A detailed description of each type of installa¬ 

tion, together with a discussion of instrument 

characteristics and operation problems and im¬ 

provements, folloAvs: 

A. Solar radiation measurements 

The solar radiation station at Shadow Mountain 

Camp near Grand Lake, Colo., consisted of an 

Eppley ten-junction pyrheliometer, mounted 

about 25 feet above ground on top of a quonset- 

type building, and a recording potentiometer 

within the building. A record of solar and sky 

radiation incident upon a horizontal surface was 

obtained. 

1. Pyrheliometer. The pyrheliometer was an 

Eppley ten-junction instrument of the Weather 

Bureau type. This instrument, which works on 

the thermocouple principle, is described in detail 

by Hand [51]. The responsive components of the 

pyrheliometer were mounted horizontally in the 

center of a thin spherical glass bulb, sealed to pro¬ 

tect them. Specifications [51] require the instru¬ 

ment to have an output of between 1.5 and 2.0 

millivolts per langley 9 per minute; a responsive¬ 

ness of 55 seconds or less to develop maximum out¬ 

put due to a change of radiation from zero to one 

langley per minute; and a resistance of between 

35 to 45 ohms. It should be sensitive to radiation 

of wave lengths between 0.295 and 2.5 microns 

(/a).10 The lower limit is the limit of solar spec¬ 

trum in the ultra-violet due to atmospheric absorp¬ 

tion and the upper limit is the cutoff by the glass 

cover, which is practically opaque for wave lengths 

greater than 2.5/a. 

The bulk of the radiation originating at the sun 

is between wave lengths 0.15 and 4/a, and the prin¬ 

cipal components of the radiation reaching the 

earth are [51] : 

Ultraviolet, 0.29 to 0.4/a, 4 percent of total. 

Visible, 0.4 to 0.7/a, 43 percent of total. 

Infrared, longer than 0.7/a, 53 percent of total. 

The percentages are approximate, since the posi¬ 

tion of the maximum of the solar energy curve 

varies with increasing air mass (length of the path 

through a homogeneous atmosphere over which 

the same attenuation would be produced as takes 

place in the actual path of the solar beam). 

2. Recording 'potentiometer. The electromo¬ 

tive force (e. m. f.) produced by the impact of 

radiation upon the pyrheliometer was recorded on 

a strip chart recording potentiometer [63], The 

recorder Avas operated at a chart speed of 13%4 

inches per hour. Auxiliary equipment included a 

heater, time switch, panel light, and standard cell 

protector. The recording potentiometer Avas 

powered by a dry cell Avhose voltage was balanced 

against the constant e. m. f. of a standard cell every 

48 minutes. 

To reduce the costs and the bulk of charts, the 

recording potentiometer was shut off overnight. 

There was, therefore, always a possibility that the 

standard cell would be in the circuit when the time 

switch shut off the recorder, thereby endangering 

the standard cell by allowing it to be in a circuit 

opposing the operating dry cell. Figure 109 shows 

the details of a standard cell protector and figure 

110 is a wiring diagram showing how a mercury 

switch Avas incorporated in the circuit to protect 

the standard cell. 

3. Recorder chart and tabulation, (a) Typical 

chart.—A typical record of one day’s solar radia- 

9 1 langley equals 1 gram calorie per square centimeter. 1 
small or gram calorie equals 0.0039685 B. t. u. 

10 1 micron equals 1/1,000,000 meter. 
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tion is shown in figure 111. The vertical scale on 

the recorder chart shows intensity of radiation 

with the smallest division representing 0.02 lang- 

ley per minute. The spacing between vertical lines 

is 20 minutes of time. The time scale added at the 

bottom is Apparent Solar Time. Table 48 gives 

the corrections to be applied to Mountain Stand¬ 

ard Time as of June 1950 to obtain Apparent Solar 

Time at Shadow Mountain Camp. 

(b) Obstructions.-—The sharp rise on the chart 

for October 14,1950, in figure 111 at approximate- 

Table 48—Corrections to apply to Mountain 

Standard Time to obtain Solar Time at the 

Shadow Mountain Solar Radiation station 

Shadow Mountain Solar Radiation Station near Grand 
Lake, Colo., longitude 105°51' W, latitude 40°13' N, 
elevation 8,417 feet. 

Date Correc¬ 
tions 

Date Correc¬ 
tions 

Januarv 1-3 -7 August 15-19_ -7 
4-5_ -8 20-23.-_ -6 
6-7_ -9 24-27.._ -5 
8-9_ -10 28-30.-. -4 
10-12_ -11 31-_ -3 
13-15_ -12 September -2 -3 
16-18_ -13 3-5_ -2 
19-21_ -14 6-8_ -1 
22-25_ -15 9-11_ 0 
26-30-_. -16 12-14-.- + 1 
31-_ -17 15-17--. + 2 

February -23 - -17 18-20-.- + 3 
24-28_ __ -16 21-22.__ + 4 

March 1-5 -15 23-25.__ + 5 
6-9_ -14 26-28.-_ + 6 
10-13-.- -13 29-_ + 7 
14-17- -12 October -1 + 7 
18-20-_- -11 2-5_ + 8 
12-23-_ -10 6-8_ + 9 
24-27-,- -9 9-12_ + 10 
28-30-_ _ -8 13-16-.- + 11 
31-_ -7 17-22--_ + 12 

April -2.- -7 23- +13 
3-6_ -6 November-14 + 13 
7-9_ -5 15-19_ + 12 
10-13- -4 20-23.-. + 11 
14-17_ -3 24-26.-- + 10 
18-22_-- -2 27-29-_- + 9 
23-27--- -1 30-_ + 8 
28-_ 0 December -2 + 8 

May -6- 0 3-4 + 7 
7-21_ + 1 5-7_ + 6 
22-31-.. 0 8-9_ + 5 

June 1-6- -- -1 10-11--. + 4 
7-11_ -2 12-13--_ + 3 
12-16-.- -3 14-15 . __ + 2 
17-20__- -4 16-17-.- + 1 
21-25-_- -5 18-19--. 0 
26-30..- -6 20-21.-- -1 

July 1-5 -7 22-23._- -2 
6-12_ -8 24-25._- -3 
13-_ -9 26-27.-- -4 

August -8 -9 28-30--- -5 
9-14_ -8 31-_ -6 

Calculated by Solar Radiation Supervisory Station, 
United States Weather Bureau, Boston, Mass., and trans¬ 
mitted as enclosure to letter dated June 8, 1950, to R. K. 
Borene, Shadow Mountain Camp, Grand Lake, Colo. 

Figure 109. Standard-cell protector for recording 

potentiometer. 

ly 7: 00 a. m. Apparent Solar Time occurred when 

the sun rose over the mountains in the east. Fig¬ 

ure 112 shows graphically the position of the sun 

and all the permanent obstructions for this loca¬ 

tion. The mountains to the east, the telephone 

wires to the southwest, and the mountains and 

trees to the west all cut off some of the radiation. 

At the Fraser Experimental Forest, the position 

of the sun is practically identical as at Shadow 

Mountain Camp. The effect of mountains and 

trees on the horizon is, of course, different for 

each specific location. Clotids cut off much of the 

radiation and on heavily overcast days, the in¬ 

tensity of radiation received by the pyrheliometer 

is very low. When broken clouds pass over, the 

record shows a series of sharp vertical dips as in 

the afternoon of October 14, 1950. Often, between 

the dips caused by the obstruction of clouds, the 

record trace will be abnormally high due to the 

added radiation reflected from the nearby clouds. 

Notes were placed on the tabulation when this was 

obvious, but no attempt has been made to correct 

the charts for such conditions. 

Corrections were made, however, for the effect 

of morning frost on the pyrheliometer bulb which 

served to refract and reflect radiation to the sens¬ 

ing element, causing markedly higher readings. 
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Internal wire connection diagrams 
of component assemblies are not shown. 

Figure 110. Wire-connection diagram for solar radiation station. 

Whenever noticed, the frost was wiped off by the 

observer. The chart was corrected by comparison 

with an unaffected trace for the same time of year. 

Hourly totals of radiation, daily totals, and 

weekly means were tabulated. Two auxiliary 

templates, a time scale and a "rid overlay, used by 

the tabulator, were developed by the Processing 

and Analysis Unit of the Corj^s of Engineers- 

Weather Bureau Cooperative Snow Investiga¬ 

tions, Oakland, Calif. [90], 

The station pyrheliometer was calibrated 

periodically with a reference pyrheliometer which 

the Weather Bureau had standardized accurately 

on the Smithsonian Scale of Pyrheliometry. Mac¬ 

Donald and Foster [ 68] discussed the calibration 

of Eppley pyr heliometers, the fundamental 

standard pyrheliometer in the United States, the 

water flow pyrheliometer of the Smithsonian In¬ 

stitution, and the Angstrom pyrheliometer, the 

European standard. MacDonald and Foster state 

that the two standards can be reconciled within 

0.1 percent. The recording potentiometer was 

checked periodically for accuracy by an electronics 

engineer from the Weather Bureau. 

Since pyrheliometric data are relatively rare, 

Hamon, Weiss, and Wilson [50] made an investi¬ 

gation of insolation as a function of daily sun¬ 

shine duration. They developed empirical re¬ 

lationships between incident solar radiation re¬ 

ceived on the earth’s surface and (1) percent of 

possible sunshine, (2) latitude, and (3) time of 

the year. These relationships were combined into 

a graphical method for converting percentage of 

possible sunshine into daily values of incident 

solar radiation for stations between latitudes 25° 

N. and 50° X. They tested the method on in¬ 

dependent data from widely separated locations 

and obtained a correlation coefficient of 0.97 be¬ 

tween estimated and observed values. 

B. Wind measurements 

1. The installation*. Wind velocities were re¬ 

corded at two windtowers in the drainage basin 

of West St. Louis Creek. The windtower in the 
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OBSTRUCTIONS TO PYRHELIOMETER 

AT SHADOW MOUNTAIN CAMP 

STATION Near Grand Loke, Colo. LATITUDE 40° 13' NORTH 

DATE Moy. 26. 1950 LONGITUDE 105° 5i' WEST 

ELEVATION OF INSTRUMENT 6417 FEET 

NORTH 
0° - ZENITH (DIRECTLY OVERHEAD) 

SOUTH 

TIMES ARE LOCAL APPARENT SOLAR TIME 
( HOURS BEFORE ANO AFTER SUN IS CROSSING THE MERIDIAN) 

SUMMER SOLSTICE WINTER SOLSTICE 
Hr 

Z 
Alti- 

West 
0 27 180 i 60 

l 25 165 195 
2 2 1 1 5 1 209 
3 1 4 138 222 
4 5 127 233 

SS 0 1 2 1 239 

Figure 112. Obstructions to pyrheliometer at Shadow 

Mountain Camp. 

open is shown in figure 106. Anemometers at this 

tower were operated at the following elevations 

of the cups: 

Low—1.4 feet above snow or ground surface. 

Medium—23.1 feet above ground surface. 

High—47.4 feet above ground surface. 

The low anemometer (figure 113), mounted on 

an adjustable bracket, was placed apart from the 

windtower and other structures, in order to ex¬ 

pose it to wind not modified by impact upon 

nearby obstructions. In the forest, during the 

1948 snowmelt season, two anemometers were in¬ 

stalled on brackets affixed to living trees; cups 

were at the following elevations: 

Low—1.4 feet above snow or forest floor. 

Medium—22.5 feet above forest floor. 

A steel lookout tower was erected in the forest 

in preparation for the 1949 snowmelt season (fig¬ 

ure 114). This permitted the use in 1949 of three 

anemometers, which were installed at the fol¬ 

lowing elevations: 

Figure 113. Low-Icvel anemometer at windtower in 

the open. October 24, 1947. 

Figure 114. Looking up at middle and top anemom 

eters on windtower in forest. 

Low—1.4 feet above snow or forest floor. 

Medium—24.9 feet above forest floor. 

Hi<rh—52.8 feet above forest floor. 

2. Anemometer. Wind velocity and total wind 

increment measurements were made with cup 

anemometers which are described in the manu- 
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facturer’s bulletin [13]. Cup arms and spindles 

are of stainless steel. The conical cups are of 

copper. Tests on stock models at the Bureau of 

Standards wind tunnel showed that this type of 

anemometer’s registration was within 1 mile per 

hour of the true velocity throughout the range up 

to 100 miles per hour. No corrections were ap¬ 

plied, therefore, to the anemometer records. 

The anemometers used in this investigation were 

equipped with the standard 1-mile and 1/60-mile 

electrical contacts. In addition, total miles of 

wind passage were registered by each anemometer 

on an odometer. The mileages of total wind pas¬ 

sage for specified periods of time, served as a 

check upon the performance of the remote regis¬ 

tering wind recorder. The anemometers were 

cleaned and oiled at frequent intervals. 

The effectiveness of the closure of the contacts 

was determined, for all positions of the contact 

wheel pins and cams, by determining contact cir¬ 

cuit resistances with an indicating ohmmeter. 

The position of the movable contact arm was ad¬ 

justed to just secure positive closure of the circuit 

on the shortest contact wheel pin or cam. There¬ 

after, periodic measurements of the resistance of 

open and closed circuit anemometer wiring in¬ 

stallations in the field were made throughout the 

periods of record. Any departures from the nor¬ 

mal values established for each circuit were in¬ 

vestigated and suitable adjustments were made. 

3. Recording of wind velocity and direction. 

All six anemometers at the two windtowers and 

one wind direction transmitting vane at the wind- 

tower in the open were recorded on one 20-pen, 

108-ohm resistance, 12-volt-d. c. electromagneti- 

cally actuated, separate-circuit, operations re¬ 

corder with hand-wound, spring-driven, chart 

drive. A chart speed of 3 inches per hour was 

found to provide adequate records of the wind 

velocities prevailing at the windtower site. 

Recording 16 separate circuits placed a suffi¬ 

ciently heavy load on two automotive vehicle-type 

lead-acid storage batteries to discharge them in 

about one week’s time. Battery power demands 

in such service are usually large, because anemom¬ 

eters tend to stop on contact when lulls in the 

wind occur, thus subjecting the batteries to con¬ 

tinuing discharge for long periods. In order to 

protect against loss of records due to discharged 

batteries, and also to reduce the frequent replace¬ 

ment of discharged batteries with a set fully 

charged at Fraser, Colo., about 7 miles away, the 

472295 O—58-11 

simple d. c. recorder circuits were modified through 

the addition of capacitor and resistor components. 

The introduction of capacitors and resistors 

modified the length of the effective electrical im¬ 

pulse reaching the 108-ohm resistance pen-actuat¬ 

ing electromagnets. Steady rate discharge of bat¬ 

teries in anemometer circuits, such as would oc¬ 

cur should the spindle stop on closed contacts, 

would then take place through a 4,700-ohm resis¬ 

tance, rather than through the 108-ohm electro¬ 

magnets; but, for each cycle of opening and clos¬ 

ing of contacts, the discharge from the 2,000- 

microfarad (/if.) capacitor would produce a surge 

of electrical energy sufficient to actuate the pen and 

produce a clear record. 

A different modification was necessary to reduce 

battery power requirements of the wind direction 

recording circuits. A 135° included-angle cam on 

the wind vane shaft can close either one or two 

contacts at one time, thus making it possible to 

record wind direction from eight 45° sectors. 

With simple wiring, one or two circuits are closed 

at all times, thus causing continuing discharge 

through one or two recorder electromagnets. The 

wind vane circuit was modified through the in¬ 

troduction of a gas voltage regulator tube (No. 

991), a capacitor, and a high resistance. 

The 90-volt battery was active only in charging 

the capacitor. When a charge built up in the ca¬ 

pacitor exceeding the breakdown potential of the 

gas voltage regulator tube, ionization of the gas 

momentarily converted the voltage regulator tube 

into a conductor, and permitted the capacitor to 

discharge. In doing so, the sensitive relay closed, 

momentarily energizing the 12-volt pen-electro¬ 

magnet circuits. The closing of wind direction 

circuits by the cam on the wind vane merely served 

to distribute the impulse to the proper recording 

elements. The cycle was repeated about once every 

108 seconds. 

A characteristic of the regulator tube used is 

that, with age, it may respond to a lower voltage 

when exposed to light than when not so exposed. 

This trait was discovered and confirmed by elec¬ 

tronic specialists when, after about three years 

of service, the recording system failed to work 

during night hours. When an annual replacement 

of the tube and 90-volt battery was initiated, no 

further failure of this sort was suffered. 

The wind direction and velocity circuit modi¬ 

fications, made by C. R. Daum (see figures 115 

and 116), were based upon circuits by Dr. L. J. 
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/ Mile 
Contact 

SCHEMATIC CIRCUIT DIAGRAM OF ANEMOMETER CIRCUIT 

Recorder Pen 

NOTES 

Pane! circuit modified by C. R. Doom, US.B.R. Electronics 

Laboratory from circuit described in Figure 16, US Navy 

Electronics Laboratory Report 159, u A Review of Evapo¬ 

ration Theory and Development of Instrumentation," Feb¬ 

ruary /, 1950, Anderson, Anderson, and Morciono. 

In the wind vane circuit, the 135° contoct sector of the rotor 

arm allows one or two of the pen circuits to operate at 

one time. This gives a recording of eight 45° sectors of 

wind direction through the use of only four pen circuits. 

SCHEMATIC CIRCUIT DIAGRAM OF WIND VANE CIRCUIT 

DIAGRAMS OF ELECTRIC CIRCUITS FOR ANEMOMETER AND WIND VANE INSTALLATIONS ON 

WIND TOWER AT WEST ST. LOUIS STATION, FRASER EXPERIMENTAL FOREST, FRASER, COLO¬ 

RADO, BUREAU OF RECLAMATION AND FOREST SERVICE COOPERATIVE SNOW INVESTIGATIONS 

Figure 115. Schematic diagram of modified anemometer and wind vane circuits. 
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NOTES 

The abbreviation "Bat" refers to the common "battery" or 

"ground" lead from each anemometer or wind vane. 

Vertical lettering indicates designations printed on face of 

panel board 

Circuit modified by C R Doum, U S B R. Electronics Lab¬ 

oratory from circuit described in Figure 16, U. S. 

Novy Electronics Laboratory Report 159, "A Review 

of Evaporation Theory and Development of Instrument¬ 

ation," February I, 1950, Anderson, Anderson, and 

Marciano. 

WIRING DIAGRAM OF PANEL BOARD 

WIRING DIAGRAM OF PANEL BOARD FOR RECORDING WIND TRAVEL AND DIRECTION AS USED 

AT THE WIND TOWER, WEST ST. LOUIS STATION, FRASER EXPERIMENTAL FOREST, FRASER, COLO¬ 

RADO, BUREAU OF RECLAMATION AND FOREST SERVICE COOPERATIVE SNOW INVESTIGATIONS 

Figure 116. Wiring diagram of panel board. 
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Anderson of the U. S. Navy Electronics Labora¬ 

tory [5]. 

The record produced by the modified circuits 

does not reproduce the long “pip,” due to the in¬ 

herent characteristics of the capacitor-discharge 

circuit. It was necessary, therefore, to make fre¬ 

quent checks of the completeness of the record. 

This was attained chiefly through comparison of 

the chart-recorded totals with the odometer incre¬ 

ments, and, at times, by comparing the 1-mile and 

y60 -mile records from the same anemometer. 

The operations recorder has a spring-driven, 

escapement-controlled chart feed. As it is very 

difficult, under field conditions, to adjust a clock 

to feed the chart exactly at the required number 

of inches per hour, it is usually necessary to make 

a time correction before records are transcribed 

from the chart. Correct time entries, inserted at 

frequent intervals on the margin of the chart, 

served as reference points for time corrections. 

C. Temperature and humidity measurements 

1. The'weather instrument shelter. The instru¬ 

ment shelter used for the exposure of temperature 

and relative humidity measuring instruments was 

the standard large Weather Bureau shed-roof 

type, shown in figure 117. This shelter is suffi¬ 

ciently large to house a hygrothermograph, maxi¬ 

mum and minimum thermometers, and a crank- 

type psychrometer. The shelter protects instru¬ 

ments against incident solar and sky radiation 

from above by a freely ventilated double roof. 

The shelters were installed upon solidly anchored 

timber or log supports with the door facing the 

north, to prevent direct impact of solar radiation 

upon the instruments when the door is opened for 

reading or servicing the instruments. 

2. Thermometers. Standard Weather Bureau 

maximum and minimum thermometers were 

mounted on Townsend-type supports shown in fig¬ 

ure 117. The minimum thermometer rests at the 

proper angle to assist in the depression of the 

“rider” in the capillary tube upon falling tem¬ 

peratures, but to resist upward movement of the 

“rider” upon rising temperatures. Provision is 

made for rotation of the thermometer to bring 

the “rider” to the temperature current at the time 

of servicing. The maximum thermometer clamp 

is free to rotate upon release of a positioning 

latch. Spinning the maximum thermometer at 

the time of servicing exerts a centrifugal force 

which returns the mercury from the capillary 

* 

Figure 117. Interior of weather shelter at Shadow' 

Mountain Camp. June 8, 1948. 

tube into the bulb until the current temperature 

is reached. 

3. Crank-type psychrometer. A crank-type 

psychrometer was used for concurrent wet and 

dry bulb readings. The instrument shown in fig¬ 

ure 117 was built in the shops of the Division of 

Engineering Laboratories, Bureau of Reclama¬ 

tion, Denver, Colo., and patterned after the Stan¬ 

dard Weather Bureau design. This manner of 

rotating wet- and dry-bulb thermometers offers 

several advantages when used on snowmelt inves¬ 

tigations : 

(a) It permits spinning the thermometers in 

the shade of the instrument shelter without ex¬ 

posure to direct sunlight. 

(b) The gear drive produces high velocities of 

motion through the air without the need of elec¬ 

trical power supply such as is needed for motor- 

driven air aspirators. 

(c) This psychrometer makes it easy to spin 

the thermometers for the long periods of time re¬ 

quired to attain the true depression of the wet 

bulb at air temperatures below 32° F. 
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The thermometers used in the crank-type psy- 

chrometers were matched sets which conformed 

to Weather Bureau standards for psychrometric 

pairs. The wet-bulb cloth socks were replaced 

with new ones as soon as they became visibly 

stained. Distilled water was used to wet the socks 

at the time of a psychrometric reading. 

4. Hygrothermograph. Continuous records of 

air temperature and of relative humidity were ob¬ 

tained by hygrothermographs. 

(a) Temperature recording system.—The tem¬ 

perature element is a liquid-filled Bourdon tube, 

one end of which is attached to a hinged arm 

which permits adjustment of pen position and 

changes of the temperature indicating range. 

The movement of the pen spans a range greater 

than 100° F. The temperature recording system 

is accurate within 1° F. within the entire range 

of 100° F. The hinged support permits selection 

of temperature indication designations on the 

chart to include seasonal ranges. The lever sys¬ 

tem contains provision for adjustment of lever- 

arm motions to translate the movement of the 

Bourdon tube into movement of the pen to con¬ 

form to the printed chart scale. As the tempera¬ 

ture recording system is mechanically actuated, 

before a record of a change in temperature is 

produced, a sufficiently large change in the vol¬ 

ume of the liquid in the Bourdon tube must take 

place to exert forces large enough to overcome 

the resistance to change of shape of the Bourdon 

element, pivot friction in the lever system, and 

pen drag on the chart. It is evident, therefore, 

that the temperature recorder is relatively insen¬ 

sitive to small and rapid fluctuation of air tem¬ 

perature and that exact agreement is seldom at¬ 

tained between the chart-recorded and thermom¬ 

eter-indicated maxima and minima. 

Calibration adjustments to the lever-arm ratio, 

if necessary, can be made only with the aid of 

accurately controlled temperature chambers. 

Figure 118 shows a modification to the lever arm 

of the mechanism transmitting movements of the 

Bourdon tube to the recording pen. The origi¬ 

nally cylindrical rod attached to the shaft which 

also carries the pen arm and to which the drag- 

link from the Bourdon was connected, was modi¬ 

fied by threading it. The two nuts make pos¬ 

sible micrometric positioning of the arm for 

accurate calibration adjustment of the tempera¬ 

ture recording system. 

Orientation of the pen position on the chart is 

Figure 118. Modification of the lever arm mechanism 

of the temperature recording system. The Bourdon 

tube is connected to the far end of the pinned drag 

link beyond the hole in the case, and the pen arm 

projects into the foreground. The threaded rod 

which translates movement of the Bourdon tube to 

the pen arm permits micrometric adjustments to the 

lever-arm ratio. 

made by repositioning the hinged arm holding the 
Bourdon tube, through moving of the milled nut 
on the hinge anchor bolt. 

(b) Humidity recording system.—Measurement 
and recording of the water vapor of air over a 
snowfield is extremely difficult. The water vapor 
content of the air is usually derived indirectly 
from measurements of dewpoint or of relative 
humidity. Probably the most satisfactory method 
now available is the dewpoint recorder method, 
recent improvements of which are described by 
Barrett and Herndon [10]. However, this 
method was not considered applicable to the 
field installations of the cooperative snow investi¬ 
gations because of the delicacy of its component 
parts, its demands for electrical energy and re¬ 
frigerants, and because of its high cost. Instead, 
the human-hair type of hygrograph was chosen 

for this program because of its relative simplicity 
and lower cost. The relative humidity recording 
system of the hygrothermograph consists of a 
hair sensing element, a lever system (including 
rocker arms), and the pen. 

The hair element consists of twelve clusters of 
about four human hairs each, affixed in banjo¬ 
string fashion to brass clamping plates. The use 
of human hair is based upon its characteristic of 
changing length in response to changes of relative 
humidity of the air over a considerable range of 
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air temperatures and water vapor pressures. Only 

hairs in a natural condition possess this character¬ 

istic since hair that has been modified by the ap¬ 

plication of heat or subjected to chemical changes 

loses sensitivity and responsiveness to change in 

relative humidity of the air. Hair suitable for 

use in hygrographs is treated with ethyl ether for 

one hour to extract fats as the presence of fats or 

oils on hair elements is very undesirable. The 

changes in length of human hair in response to 

relative humidity changes are practically loga¬ 

rithmic between relative humidities of 20 to 100 

percent. The rocker arms in the lever system serve 

to convert this exponential response to linear 

movement of the pen. Detailed discussions of the 

human-hair hygrometers are given by Middleton 

[TO] and Mueller [74]. 

It has been observed that different hair elements 

change their lengths different amounts in response 

to identical relative humidity changes. This ne¬ 

cessitates adjustment of the lever arm ratios to 

change the degree of magnification of the lever 

Figure 119. Modification to humidity-recording sys¬ 

tem. Lever connecting hair element in foreground 

to drag link to rocker arms has been threaded and 

nuts added to permit micrometric calibration ad¬ 

justments in the lever-arm ratio. 

system to retain a standardized pen travel on 

printed recorder charts. It was found that the 

recorder lever system is very sensitive to changes 

in the main lever arm ratios. Great difficulty was 

experienced in clamping the lever arm as the cup- 

shaped end of the set screws tended to deform the 

surface of the main lever arm to a crater into 

which the set screw would clamp. Accordingly, 

the main lever arm was improved by incorporat¬ 

ing a micrometric adjustment, as shown on figure 

119. 

A change in the position of the fulcrum of the 

main lever arm of y20 inch changed, for a differ¬ 

ence of 45-percent relative humidity, the chart 

span of the pen from 45 to 39 percent. This means 

that a change in the position of the fulcrum of V20 
inch changes the total span (0 to 100 percent) of 

the pen travel on the chart by 2-percent indicated 

relative humidity. The use of the micrometric 

lever arm adjustment made it possible to return 

exactly to a previously tested position of the 

fulcrum. 

It was observed in a number of instruments 

that excessive time lags were evident in the charts. 

In certain instances, this was found to be caused 

by too close a mounting of the rocker arm contact- 

retaining spring, so that, at certain positions of 

the rocker arms, the spring would rub against the 

arm and impede movements of the pen arm. This 

difficulty was removed by cutting new spring re¬ 

tainer grooves in the pins on the rocker arms, as 

shown in figure 120. 

Another source of trouble may be due to in¬ 

accurate positioning of the rocker arms with ref- 

1 

Figure 120. Lower rocker arm and pen shaft of hygro- 

graph showing repositioned tension spring attach¬ 

ment. 
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erence to each other, as a result either of inac¬ 

curate attachment to the shafts or to misalignment 

of the shafts. The rocker arms should be posi¬ 

tioned so that their contact is along the crests of 

the curved surfaces. Inaccurate positioning of 

the lever-system components may cause loss of 

part of the record when the end of the lower 

rocker arm contacts the vertical chassis. This can 

be corrected by proper clamping of the various 

levers to the shafts in regard to the angular travel 

which each lever must perform, so that rocker 

arms contact each other near the center of their 

stretching to which they might be subjected in 

shipment and handling. 

(c) Sensitivity of the humidity element.—The 

human-hair humidity element is relatively insen¬ 

sitive to rapid fluctuations in relative humidity. 

This slow responsiveness is further damped by 

the pivot friction and pen drag of the recording 

mechanism. Before a record is produced of a 

change in relative humidity, a sufficient change 

must result in the amount of water adsorbed on 

the hair to produce enough change in length of 

the element to exert enough force to overcome 

arcs when the pen rests at 50-percent relative 

humidity on the chart. 

It was observed that hygrothermographs in the 

best possible calibration tended to behave errati¬ 

cally after shipment and installation in the field. 

In order to make certain that there would be no 

mechanical stretching of the hair element with 

resultant loss of calibration, the hair element re¬ 

leasing bolt, as shown in figure 121, was devel¬ 

oped. When the bolt is in its down position, clos¬ 

ing of the cover of the hygrothermograph auto¬ 

matically releases the hair element, thus protect¬ 

ing the hairs against loss of calibration due to 

pivot friction and pen drag, and move the pen. 

Inherent accuracy of the human-hair hygrometer 

is generally accepted as ± 3-percent relative hu¬ 

midity and its sensitivity as ± 1-percent relative 

humidity in the range between 20- and 95-percent 

relative humidity at air temperatures above freez¬ 

ing. At lower temperatures, possible freezing of 

the adsorbed water on some hairs may cause 

abrupt changes in lengths not indicative of 

changes in relative humidity. At temperatures 

considerably below freezing, when water vapor 

pressures become very low, the hair element’s re¬ 

sponse tends to be more and more completely 
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dominated by temperatures, the lag becoming al¬ 

most infinite at —40° C. According to Middleton 

[70], the change in length of human hair is about 

y15 as much per degree C as is the mean change 

in length for a change of 1-percent relative hu¬ 

midity. 

It is evident, therefore, that the recorded rela¬ 

tive humidity can only rarely indicate the true re¬ 

lative humidity at the instant of observation. 

For this reason, exact accord between relative hu¬ 

midity recorded on the chart and relative hu¬ 

midity determined by the wet- and dry-bulb 

psychrometer is seldom observed. As this lag is 

operative upon both increasing and decreasing 

relative humidities, the hygrograph produces a 

record which acceptably reflects the changes in 

relative humidity which occurred over the period 

recorded. Discrepancies as large as 30 percent 

may be noted between chart-recorded and psy- 

chrometer-measured concurrent relative humidity 

for a hygrothermograph in the best possible ad¬ 

justment. A comparison between such readings 

for the Shadow Mountain Station is shown in 

figure 105. It is evident that the hair element of 

a hygrograph cannot be calibrated with reference 

to a few psychrometric determinations performed 

in the field. 

(d) Calibration. — The hygrothermographs 

used in the cooperative snow investigations were 

calibrated in the controlled temperature and rela¬ 

tive-humidity rooms of the Division of Engi¬ 

neering Laboratories, Bureau of Reclamation, 

Denver Federal Center, Denver, Colo. Controlled 

temperature chambers maintained at temperatures 

varying from —30° F. to +220° F. are available. 

Two chambers were used for humidity element 
calibration: 

(1) 73.4° F—50-percent relative humidity. 

(2) 73.4° F—100-percent relative humidity 

(fog room). 

I he humidity in the 73.4° F 50-percent rela¬ 

tive humidity room is controlled through the use 

of the Dunmore Sensing element [35]. The tem¬ 

perature and humidity controls used are described 

in Reference 4. The installation is capable of 

maintaining the relative humidity within the 

room to within ±1.5 percent of that desired, with 

a sensitivity of 0.5 percent. 

Fog conditions are maintained in the 73.4° F 

fog room through a continuous spraying of water 

from specially designed nozzles. Hair elements 

were calibrated in these two chambers and no at¬ 

tempt was made in the field to adjust the relative 

humidity pens to agree with wet- and dry-bulb 

psychrometric measurements. It was found that 

replacement of the hair elements required read¬ 

justment, of the main lever arm ratio, which could 

be performed only in the controlled-temperature 

and relative-humidity chambers. 

Facilities such as those in the Bureau of Recla¬ 

mation’s Division of Engineering Laboratories 

are unique. However, humidity element calibra¬ 

tion in the field may be done in small sealed 

chambers within which known relative humidities 

can be produced through the exposure of trays of 

saturated aqueous solutions of certain salts. For 

example, sodium chloride, NaCl, at 40° C pro¬ 

duces in the closed chamber a relative humidity 

of 74.7 percent. Detailed information on this sub¬ 

ject is given by Carr [19] and Stokes [82]. 

(e) Suggestions for operating hygrothermo¬ 

graphs.—As records of temperature and relative 

humidity are important in snowmelt investiga¬ 

tions, since they are components of Light’s equa¬ 

tion and both simple and multiple correlation 

analyses, special attention was paid to the opera¬ 

tional techniques of maintaining a hygrothermo¬ 

graph. Experience and observations made during 

the conduct of these cooperative investigations 

suggest the following precautions and operational 

instructions: 

(1) Exposure. A hygrothermograph should 

be installed in a shelter that allows free venti¬ 

lation, but at the same time restricts the entry of 

blowing snow. It should be mounted on a shelf, 

and off the floor of the shelter, to allow air circu¬ 

lation all around the hygrothermograph. The 

shelter should also shade the instrument from 

solar and sky radiation, and have a ventilated roof 

to prevent the interior of the shelter from heating 

up due to the solar heat absorbed by the roof. 

The Weather Bureau large instrument shelters 

are considered standard, although even they will 

fill up with blown snow in windy exposures. The 

small so-called “Cotton Region” shelters, which 

were designed for use of maximum and minimum 

thermometers, are not desirable for the exposure 

of hygrothermographs. 

(2) Care in handling. Because of the sensi¬ 

tivity and delicacy of the sensing elements in the 

hygrothermographs, the instruments should be 

handled with extreme care. No jars or strains 

should be transmitted to either the Bourdon tube 
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or to the hair element. The hairs should not be 

touched, because oil from the hand will change 

their responsiveness and the slightest snag may 

stretch the hairs. 

(3) Preparation for shipping. Before trans¬ 

porting the hygrothermograph long distances, the 

following precautions should be taken. If the in¬ 

strument does not have a hair element release bolt, 

the hairs should be slackened by looping a fine 

wire through the slit in the lever arm and twist¬ 

ing its around the adjusting nut, thus holding the 

hairs in a loose position. When thus tied down, 

no vibration or tension can be placed on the hair 

element in shipment. The main lever arm should 

be pulled down far enough to put the hairs into a 

definite slack, but not so far as to cause the other 

end of the lever arm to touch the hinged cover. 

Both hydrograph pen and thermograph pen should 

be tied loosely to the upright pen releasing arm to 

prevent vibration, but not to prevent normal move¬ 

ment of the thermograph pen in response to 

changes in temperature in shipment. The hold¬ 

down clip used to retain the charts on the clock 

drum should be taped to the inside floor of the 

instrument to prevent loss or bending. The clock 

should be removed and wrapped separately to ex¬ 

clude dust. 

(4) Inking and cleaning pens. The cork of 

the ink bottle supplied for use with the instrument 

has a flat-bladed ink dipper which is used to add 

ink to pens. Periodically, the pens should be 

cleaned by pulling this blade through the pen point 

between the nibs. Periodic washing in 99-percent 

ethyl alcohol may be required when instruments 

are operated under dusty conditions. 

(5) Par-timing of pens. It is important when 

using the hygrothermograph records for computa¬ 

tion of dew-points that the two pens register on 

the same time line of the chart at any one instant. 

The pens are fastened to the pen arms with sliding 

friction grips and can be slid on the pen arms 

mltil the two pens agree. Normally, this is done 

when the instrument is calibrated, but in addition, 

th par-timing should he checked periodically. 

When sliding the pen on the pen arms, the pen arm 

should be held firmly against the upright pen re¬ 

leasing arm so that no strain will be put on the 

sensing elements. The humidity pen arm should 

first be lowered slightly to relieve tension in the 

hairs. 

(6) Putting chart on drum. The charts have 

a %-inch tab at each end of the chart grid. The 

tab at the left end has the identifying number 

and the tab at the right end has space for perti¬ 

nent remarks, instrument number, station, and 

date. Before wrapping chart around the drum, 

the tab with the notes is folded under. The chart 

is wrapped on the drum so that the folded end 

is lapped over the unfolded end and the fold is 

just past the slot in the flange at the bottom of 

the drum. The chart clip is inserted within the 

folded end and its end is engaged in the slot 

in the flange. The clock then rotates so that the 

pen will ride up on the paper over the chart clip 

without catching. If the wrong end of the chart 

is folded under, the pen point will catch on the 

fold around the chart clip and the clock move¬ 

ment may either pull the pens off the pen arms 

or the pens may stop the drum. Care should be 

taken to see that the chart rests squarely against 

the bottom flange. The chart can be snugged up 

on the drum by rubbing with the hands to slide 

the unfolded tab under the chart clip. Care 

should be taken that the horizontal lines on the 

chart match where the two ends meet. This can 

be checked by sighting along the lines across the 

joint. 

(7) Starting clock. Because of the slack in 

the clock gears the starting time of the pen trace 

will not agree with the printed grid unless the 

slack is taken up in the proper direction. To take 

up the slack, the clock is rotated counter-clock¬ 

wise until gears are tight before setting pen on 

time line. When released, the clock may rotate 

slightly clockwise and then remain stationary 

until moving gears have again taken up the slack. 

(8) Changing temperature range. The sum¬ 

mer charts have a temperature range from 10° F. 

to 110° F. and the winter charts range from 

— 30° F. to 70° F. The range can be set to span 

lower temperatures, provided that proper nota¬ 

tion of the effective range is entered on each 

chart. Changing from one range chart to an¬ 

other is done when the temperature is fairly 

constant. The chart reading of the pen trace 

is observed on the old chart before removing it. 

The new chart is put on and the pen moved to 

proper reading by turning the adjusting screw 

at the end of the case near the Bourdon tube. 

Turning the screw to the right will lower the pen 

and turning the screw to the left will raise the 

pen. The new setting should be checked with a 

thermometer. 

(9) Time checks. As often as is practical, time 
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checks should be made on the hygrothermograph 

charts. The time can be noted on the trace by 

a small “pip” of the pen. To make this “pip”, 

move the pen very slightly with the end of a 

pencil. Just the weight of the pencil is usually 

sufficient to move the pen enough to make a 

visible “pip”. 

(10) Notes. Adequate notes should be kept on 

the chart. Time of starting and ending and any 

intermediate time checks should be included. 

Temperature and psychrometer checks should be 

noted when read. All notes can be written on 

the chart in the field. When writing on the 

chart, first note the correct time and then remove 

the clock from the instrument. Makes notes on 

the chart while it is still on the clock drum. 

The clock should be replaced to the proper time 

setting. 

The significance, in terms of accuracy of fore¬ 

casting runoff from snowmelt, of careful opera¬ 

tion and maintenance of properly calibrated hy- 

grothermographs is brought out in section 13. 

D. Precipitation measurements 

1. Sacramento-type storage gages. The Sacra¬ 

mento-type storage gages used are 100-inch and 

200-inch-capacity gages similar to those described 

by Codd [25] and were fabricated by the Bureau 

of Reclamation's Division of Engineering Labora¬ 

tories from Weather Bureau plans as described 

by Gerdel [46]. The gage is in the shape of a 

truncated cone with an 8-inch-diameter opening 

at the top. It is mounted on supports above the 

level of the maximum accumulation of snow as 

shown in figure 122. Wind shields of the Alter 

type were fastened to the gages to control air cur¬ 

rents which might deflect falling snow away from 

the opening. The wind shield consists of a fence 

of slats hung from a circular frame around the 

opening. The bottoms of the slats are restrained 

loosely by a chain so that they are free to move 

slightly in the wind and dislodge any accumulated 

snow. 

(a) Antifreeze solution.—At the start of the 

snow season, the gages were charged with a con¬ 

centrated antifreeze solution. Amount of charge 

used is about 1 to 1 y2 times as much as the accumu¬ 

lation of precipitation to be expected in one sea¬ 

son. Instructions given by the Weather Bureau 

[95] were followed when preparing the antifreeze 

charges. This reference recommends using a 29.6- 

percent solution of calcium chloride for the charge 

Figure 122. Sacramento-type seasonal storage gage at 

the Iron Creek site. November 1946. 

which has a freezing point of —59.8° F. Since 

the calcium chloride brine is very corrosive, the 

interior of the gage was coated with a bituminous 

paint. The exterior of the gage was painted flat 

black to increase absorption of solar heat. 

The substances used in seasonal storage precipi¬ 

tation gages as antifreeze are chiefly calcium chlo¬ 

ride or ethylene glycol, the latter usually in com¬ 

mercial form as antifreeze preparation for use in 

the cooling systems of automotive vehicles. Ref¬ 

erence 96 discusses in detail the preparation of 

calcium chloride solutions and the initial charges 

to be used and charges for replenishment of var¬ 

ious types of storage precipitation gages. 

Although calcium chloride is exceptionally ef¬ 

fective in depressing the freezing point in aqueous 

solutions, much trouble has been experienced in the 

field with calcium chloride charges. This trouble 

lias resulted chiefly from the fact that the calcium 

chloride in solution forms several hydrates. As 

the amount of calcium chloride is increased above 

a concentration of 29.6 percent by weight, the 

freezing point goes up so that at about 35-percent 
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calcium chloride by weight, the depression of the 

freezing point is only to about 22° F above zero. 

The replenishment of concentration of calcium 

chloride in precipitation gages should be at¬ 

tempted, therefore, with caution. As the incom¬ 

ing precipitation catchments dilute the calcium 

chloride, raising its freezing point, replenishment 

of the chloride concentration should be only done 

by first dissolving the booster charge in water, 

then adding it to the rain gage and stirring thor¬ 

oughly. If calcium chloride in solid form*is added 

to a rain gage, it often produces a heavy hydrate 

which results practically in loss of protection 

against freezing. 

Freezing point depression for calcium chloride 

and ethylene glycol solutions is shown in figure 

123, which is based on data from Cragoe [27], 

Figure 123. Freezing point diagrams for calcium 

chloride and ethylene glycol solutions. 

Hodgman and Holmes [54], Gerdel [46], and the 

Weather Bureau [96]. The curve for ethylene 

glycol is especially interesting. Pure ethylene gly¬ 

col has a flashpoint of 245° F, and therefore, its 

use would create a definite fire hazard. However, 

solutions having less than 85-percent ethylene gly¬ 

col, by weight, do not constitute a fire hazard. The 

commercially-prepared ethylene glycol antifreezes 

for use in automotive radiators consist of an ethyl¬ 

ene glycol base combined with various inhibitor 

ingredients to prevent foaming, creeping, rust 

loosening, and corrosion. The usual effect of the 

incorporation of these ingredients is to increase 

the freezing point depression effectiveness of the 

ethylene glycol solution, although this differs with 

substances used by the various manufacturers of 

radiator antifreeze compounds. Undercooling 

and viscosity make accurate freezing point deter¬ 

minations of ethylene glycol solutions below —75° 

F very difficult, but extrapolations of the curve 

indicate a maximum freezing point depression to 

— 92° F, according to Church [20]. 

(b) Antievaporants.—Antifreeze compounds in 

precipitation storage gages are used not simply to 

protect the gage itself against disruption when the 

catchment freezes, but also to absorb snowfall and 

hold it in liquid condition in the antifreeze solu¬ 

tion under the protection of a layer of oil, prevent¬ 

ing evaporation loss. Various quantities of differ¬ 

ent kinds of oils have been used for this purpose. 

Usually, SAE-10 motor lubricating oil is em¬ 

ployed. When a thin film of automotive lubricat¬ 

ing oil is exposed to the air for a long period of 

time, various impurities, dust, and substances 

brought down by the precipitation tend to convert 

the oil layer into a leatherlike film which resists 

the penetration of incoming precipitation. The 

observation of an accumulation of snowfall in 

storage gages resting on top of the layer of oil is 

not unusual. Obviously, such separation of the 

most recent storm’s contribution from the previous 

catchments leads to errors in the precipitation 

gage records. 

It would be reasonable to presume that the data 

to be yielded by precipitation storage gages for a 

winter during which no snowmelt lias occurred 

should be greater than that reported by the snow 

surveys in the vicinity of the gage, since, assuming 

100-percent effectiveness of the installation, the 

catchment in the gage should hold all that fell, 

whereas the snow pack has been subjected to a pos¬ 

sibly small amount of melting at the bottom of the 

pack in early winter and due to evaporation losses 

from the surface of the snow pack throughout the 

winter. However, precipitation storage gage 

157 



catchments equaling snow-water equivalents of a 

snow course are very rare. 

A laboratory investigation conducted by the 

Bureau of Reclamation showed that ion-free trans¬ 

former oil was the best of many substances used to 

reduce evaporation from precipitation gages. 

Hamilton and Andrews [49] reported upon 

their independently conducted investigation per¬ 

formed by the Forest Service in southern Cali¬ 

fornia that they likewise concluded that trans¬ 

former oil was best. Transformer oil is being used 

in the rain gages in the Fraser Experimental 

Forest and also in the radio-reporting network in 

the Sacramento River Basin described in Refer¬ 

ence 87. 

Figure 124. Weighing an 8-inch precipitation gage at 

West St. Louis Station, April 1950. 

(c) Calibration.—The gages were measured by 

reading the depth of fluid with a stick lowered 

into the gage from the top. The depths were con¬ 

verted to volume by reference to calibration curves. 

These curves were derived for each gage by the 

Division of Engineering Laboratories, Bureau of 

Reclamation, by adding known increments of wa¬ 

ter to the initial charge of brine, and getting the 

corresponding depth readings. 

(d) Method of operation.—On or about Octo¬ 

ber 1 of each year, the gages were charged with a 

known weight of calcium chloride solution and oil. 

Stick readings were taken and the charging volume 

calculated from the calibration curve. On April 

1 next, stick readings were again taken and the 

total volume computed. The difference of these 

two volumes was the increment of precipitation 

that was caught by the gage during the winter. 

Readings were taken again on May 1, June 1, and 

about October 1. At this last date the gage was 

drained into measuring pails and the solution was 

weighed as a check on the stick readings. 

2. Intensity gages. The recording precipitation 

gages are Friez Universal Recording Rain and 

Snow Gages, one of which is shown in figure 107. 

They operate on the principal of weight trans¬ 

mitted through a series of linkages to record pre¬ 

cipitation directly on a chart in inches depth. Pre¬ 

cipitation is received in a bucket through an 8- 

inch-diameter opening. The chart is held on a 

clock-driven drum which rotates once each week. 

The resulting record gives the depth of precipi¬ 

tation and the time and intensity at which it fell 

for each storm. The gages have capacity for 12 

inches of precipitation. 

3. Eight-inch nonrecording gage. The 8-inch 

storage gage cans are similar to the Weather Bu¬ 

reau standard 8-inch precipitation gages. Dur¬ 

ing the snowmelt season they were charged with a 

calcium chloride and oil solution. Readings were 

made weekly by weighing the can and contents 

as shown in figure 124. Increments in weight be¬ 

tween weekly weighings were converted to inches 

of precipitation by using the conversion factor for 

8-inch cans: 

1 pound water = 0.55-inch depth. 

The cans at the Headquarters and West St. 

Louis Stations were equipped with the Alter-type 

wind shields while the cans in the Fool Creek and 

East St. Louis Creek areas were unshielded. 

E. Snow measuremenls 

Snow surveys are performed with the Federal 

Snow Sampler, which is described by Marr [69]. 

Essentially, the sampler is a core-cutting dural¬ 

umin tube. The cutting end is fitted with a 

1.485-inch-inside-diameter case-hai’dened steel cut¬ 

ter. Water equivalent of the snow sample is de¬ 

termined by weighing with a spring scale with a 

large circular dial. The diameter of the snow 

core is such that its weight in ounces is equivalent 

to inches of water. To prevent snow cores stick¬ 

ing in the sampler, and snow freezing to the out¬ 

side of the tube, all surfaces are kept polished by 

frequent applications of a high carnauba content 

paste automobile finish wax, in accordance with 

158 



Figure 125. Weighing a 

recent practices developed by snow surveyors. 

Figure 125 shows a pair of snow surveyors weigh¬ 

ing the tube and core of snow. 

F. Stream flow measurements 

1. St. Louis Creek Gaging Station. The St. 

Louis Creek Gaging Station is shown in figure 2 

and is described in Water Supply Paper No. 1343 

| 94], “St. Louis Creek near Fraser, Colorado, Lo- 

cation—lat. 39°54'30", long. 105°52'45", in sec. 

34, T. IS., R. 76 W., on left bank 300 feet down¬ 

stream from West St. Louis Creek and 4 miles 

southwest of Fraser. Drainage area—32.8 square 

miles. Water stage recorder—datum of gage is 

8,980.17 feet above mean sea level, unadjusted.” 

Records are available beginning with October 

1933. Extremes, including water year 1954, are: 

snow tube and core of snow. 

maximum 470 c. f. s., June 15, 1952; minimum 4.5 

c. f. s., February 23, 1935. The Geological Survey 

evaluates the records as “good” except for periods 

of ice effects which are “fair.” There has been no 

regulation or diversion above the St. Louis Creek 

Gaging Station during the period covered by an¬ 

alyses described in this report. 

A view of the St. Louis Creek Gaging Station 

is shown in figure 126. Stream gage heights are 

recorded by a Stevens Model A-35 recorder. Data 

are obtained in the winter during the months of 

October-April, inclusive, with the aid of a 15-inch 

depth of oil in a 14-inch-diameter cylinder within 

the gage house well. 

2. Fool Creek Gaging Station. The Fool 

Creek Gaging Station is designed to handle year- 

round streamflow in a region where winter tem- 
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Figure 126. Looking upstream toward St. Louis Creek gaging station. April 1950. 

peratures of —40° F are not uncommon. In¬ 

cluded in the design of the station are the follow¬ 

ing elements: (a) rock and masonry cut-off walls; 

(b) broadcrested weirs; (c) San Dimas flume; 

(d) Stillwell; and (e) built-in ground-water well. 

The station has a range in measuring capacity of 

from 0.08 to 60.0 c. f. s. from a drainage area of 

1.11 square miles. Spring and summer flows are 

measured through flume and weirs, while winter 

flows have been measured by means of a special 

orifice plate inserted as a bulkhead in the down¬ 

stream section of the flume. A ground-water well, 

constructed as an integral unit of the station, fur¬ 

nishes information on ground-water fluctuations 

in the valley-fill material adjacent to the weir sec¬ 

tion. Details of the gaging station are shown in 

figures 127 and 128. 

Functions of the essential elements in the 

gaging station are as follows: 

(a) The masonry wall across the valley bottom 

prevents the stream from meandering away from 

the gaging section, insures the diversion of all sur¬ 

face flow through the section, and reduces subsur¬ 

face flow to a practical minimum. 

(b) The pair of 9-inch wing walls that flank 

the gaging section serve the dual purpose of 

anchoring the gaging section and of forcing sub¬ 

surface flow to the surface where it can be mea¬ 

sured by flume and weirs. 

(c) The 4- and 6-foot broad-crested weir sec¬ 

tions measure maximum spring flows. 

(d) The 1-foot-wide San Dimas flume measures 

normal summer flows. 

(e) The orifice plate measures minimum winter 

flows. 

(f) The stillwell measures the depth of water 

in the flume and weirs. 

(g) The ground-water well measures fluctua¬ 

tions of ground water in the valley-fill material 

adjacent to the gaging section. 

When excavating for the footings and walls of 

the gaging station, it was found that the valley 

fill was very gravelly and porous. 
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Figure 127. Looking upstream at Fool Creek gaging station, June 1949. 

large flow peaks from rain may be expected, the 

orifice plate is installed in the flume. 

A recorder installed in the recorder house 

measures pressure head transmitted from the 1- 

foot flume and broad-crested weirs to the stilling 

well. Charts are changed once a week. During 

the winter of 1940—41, a continuous record of 

winter flow was kept by using the orifice plate. 

A gasoline lantern was kept burning in the stilling 

well to prevent freezing and consequent errors in 

measurement of water stage. Winter flow through 

Fool Creek Gaging Station averaged 0.160 c. f. s. 

This winter record demonstrated that flow during 

this season was constant base flow and subsequent 

winter records were considered unnecessary. It 

has been observed that the flow is very uniform 

during the winter season. Flow does not appear 

to fluctuate perceptibly from year to year. 

Before the first snow in the autumn, the piezom¬ 

eter slots are sealed watertight, the stilling well 

drained, and the recorder and float removed for 

the winter period. The appearance of the gage 

The design for the station as constructed pro¬ 

vides for continuous, year-long measurement of 

flow rates. For measurement of the normal range 

in flow, a 1-foot San Dimas flume is set in the 

stream channel. This flume is 3 feet deep and 6 

feet long below the end of the cylindrical entrance 

transition. Pressures are measured at the longi¬ 

tudinal midpoint of the flume. At the left side 

and 21/2 feet above the floor of the flume was con¬ 

structed a broadcrested weir 4 feet wide, with a 

top slope of 1 percent downstream. In combina¬ 

tion with the flume, this weir is expected to han¬ 

dle all flows but the possible maximum flood. To 

provide for streamflow of extreme magnitude, a 

second broad-crested weir is included above the 

first; this one is 6 feet wide. Just above the 

downstream end of the 1-foot flume, slots are built 

into the structure to accommodate an orifice plate 

for measurement of low autumn and winter flow. 

This plate contains three bell-mouth orifices, each 

2 inches in throat diameter, and is shown in fig¬ 

ure 129. In late summer, when water depths in 

the flume drop to about 0.12-0.15 foot and no 
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Figure 128. Construction details of Fool Creek gaging station. 
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Figure 129. Orifice plate with three 2-inch bell¬ 

mouthed orifices. 

the next spring just before clearing away the snow 

is shown in figure 130. 

Flume ratings have been made under actual field 

operating conditions. Rating data are taken 

whenever possible for both the flume and broad- 

crested weirs. This is done by means of a velocity- 

head rod [99] and [100] with depths and velocities 

measured at four points across the flume, and at 

eight points across the lower broad-crested weir. 

Since flow over the broad-crested weir is relatively 

rare, special care is taken to include any excep¬ 

tional summer storm or other period of unusually 

high flow. Stilling-well depths are recorded to 

correspond to all velocity-head data for both flume 

and weir. 

3. Ground-water wells. The three ground- 

water wells in the Fool Creek Basin are located 

at regular intervals across the valley bottom about 

six feet upstream from the masonry cut-off wall. 

Each well has been boarded over and provision 

made to measure height of water level. One well 

on the west side of the stream has been equipped 

with a Friez Type FW-1 recorder for continuous 

measurement of ground-water fluctuations. Water 

level readings are made weekly from the time the 

wells thaw out in spring to late autumn. 

4. East St. Louis Creek Stream Gage. The 

stream gaging station on East St. Louis Creek is 

at an elevation of about 10,000 feet. Subsurface 

flow is held to a minimum by locating the station 

in a narrow portion of the valley. The control is 

a trapezoidal broad-crested weir with a rectangu¬ 

lar flume notched into the center. The station is 

operated from the beginning of spring melt until 

late in the fall when only base flow remains. No 

attempt has been made to measure winter flow or 

subsurface flow. A Friez Type FW-1 recorder is 

used to measure the pressure head transmitted 

from the weir to the stilling well. 

G. Oversnow transportation 

A surplus U. S. Army M-7 snow tractor trans¬ 

ferred from the Corps of Engineers-Weather 

Bureau cooperative snow investigations furnished 

transportation over deep snow. The tractor was 

a 2-passenger vehicle with rear tracks and front 

skis. On the advice of Mr. Forest Rhodes, then 

Program Director of the Corps of Engineers- 

Weather Bureau cooperative snow investigations, 

several modifications were made to the tractor. 
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Figure 130. Fool Creek gaging station in spring before removing winter’s accumulation of snow. 
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APPENDIX B—BASIC DATA 

This section presents examples of the tabula¬ 

tions of basic data and derived data that b^ve been 

collected in the Fraser Experimental Forest snow 

investigations. Except as noted below, the origi¬ 

nal recorder charts, instrument readings, and tabu¬ 

lations are on file with the Forest Service’s Rocky 

Mountain Forest and Range Experiment Station, 

Fort Collins, Colo. 

A. Streamflow measurements 

1. St. Louis Creek. The original stage-height 

recorder charts and rating curves are on file with 

the Geological Survey, Water Resources Division, 

District Engineer, Denver Federal Center, Den¬ 

ver, Colo. Mean daily flows for the years 1948 

to 1953, inclusive, have been published in Water 

Supply Papers No. 1119, 1149, 1179, 1213, 1243, 

and 1283. However, the cooperative snow investi¬ 

gations analyses were made before these water 

supply papers were available, and the streamflow 

discharges used were computed as a part of these 

investigations. The hourly discharges for St. 

Louis Creek are tabulated on tables 49, 50, 51, 52, 

53, and 54. 

2. FooJ Creek. The stage-height charts and tab¬ 

ulations of discharges for Fool Creek are in the 

Forest Service files. Discharges are tabulated on 

tables 55, 56, and 57. 

B. Air temperatures 

Hourly values of air temperatures were tabu¬ 

lated from the thermograph trace of the hygro- 

thermograph in the form illustrated by figure 131. 

Table 49—Hourly values of streamflow during the period May 12 to June 6, 1948, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

IRATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 

1948 i 2 3 1* 5 6 7 8 9 10 11 loon 1 2 3 4 5 6 7 8 9 10 11 Mid't 

May 12 22 

13 21 18 15 16 17 20 22 24 30 25 2k 24 2k 23 24 26 27 29 30 31 31 31 31 30 
It 30 29 28 28 27 27 27 26 25 25 96 27 30 33 38 42 46 51 52 52 52 51 51 48 

15 47 46 t5 1*1* k2 kl 39 38 37 36 36 37 39 42 46 51 56 62 65 66 66 65 62 61 
16 59 58 55 51* k9 48 k8 52 48 46 46 46 49 52 59 65 72 77 79 80 80 79 77 74 

17 7k 72 70 66 65 6k 59 59 58 58 58 62 65 72 80 87 98 104 105 104 102 100 98 94 
18 91 89 87 81* 82 80 77 76 74 74 72 72 7k 77 80 86 91 98 100 102 100 100 100 98 
19 96 94 92 91 89 89 86 86 86 86 86 89 91 98 104 107 117 122 126 126 124 124 120 120 
20 117 111 109 107 10k 100 100 100 98 98 96 98 100 107 117 131 142 155 152 152 148 142 lkO 135 
21 131 128 126 12k 122 120 120 117 115 113 113 113 nj 120 171 150 155 162 165 165 168 162 160 155 
22 152 1U8 11*2 lkO 135 131 131 128 126 124 124 124 126 131 142 160 170 180 180 178 175 170 168 168 
P‘5 165 160 155 1U8 1U2 lkO 135 131 131 128 128 128 131 135 142 152 158 162 165 168 165 162 160 155 
pu 152 150 lt8 lk2 lkO 135 135 131 131 131 131 128 131 133 135 138 140 142 142 142 142 142 140 135 
25 133 131 131 131 128 128 128 126 126 126 126 126 126 128 135 148 160 165 168 165 162 158 155 152 
26 150 11*5 11*2 lkO 135 131 131 131 128 128 128 128 128 128 128 128 128 128 128 128 128 128 128 128 

27 126 124 124 12k 12k 12k 120 120 117 117 117 117 117 120 124 128 138 148 152 155 152 150 145 142 
28 142 lkO lto 138 135 133 131 131 131 131 128 128 131 133 142 155 165 165 16^ 165 162 158 155 52 
29 It 8 142 ll*2 lkO 138 135 131 131 131 171 131 131 128 128 131 131 133 140 140 140 lkO 140 138 138 
30 135 135 133 133 131 131 128 128 128 128 128 128 128 131 138 152 165 168 170 172 172 172 172 172 
31 168 165 162 160 155 155 152 148 142 142 140 lkO 150 160 168 175 178 180 180 180 180 180 180 178 

June 1 175 172 170 170 168 165 162 158 152 150 148 150 155 165 170 178 180 185 191 191 191 191 185 185 
2 182 180 178 178 175 172 170 168 168 165 165 168 168 180 191 206 221 239 239 239 236 233 23C 227 
3 221 215 209 203 197 191 182 180 175 172 172 175 180 191 212 230 239 242 242 239 239 236 230 224 
4 221 215 206 203 197 191 188 182 180 178 178 175 178 185 200 218 230 233 233 233 230 224 221 215 
5 209 203 197 191 188 185 180 178 175 172 172 170 170 180 194 209 221 224 230 227 224 221 215 209 
6 206 200 19t 191 185 180 180 178 175 172 170 170 175 

* Derived from original recorder chart available at Denver, Colorado, District Office, Geological Survey, Department of the 

Interior. 
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Table 50—Hourly values of streamflow during the period May 10 to June 26, 1949, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 
191(9 1 2 3 1 5 6 7 8 9 10 11 Noon 1 2 3 1 5 6 T 8 9 10 11 Mid't 

Hay 10 
36 36 31 31 

~2T 30 32 3»r 3*( 3^ W 38 37 37 .. 
11 35 33 33 33 33 32 32 32 32 32 32 33 31 36 39 ll 13 11 15 16 
12 16 16 15 11 13 ll to 39 38 38 38 to 13 15 17 19 19 50 50 19 19 17 16 15 
13 11 13 13 ll ll 10 39 39 39 39 39 39 39 39 39 10 ll ll ll ll ll lo 39 39 
It 39 39 38 37 37 37 36 36 36 36 36 36 37 ll 11 16 17 17 17 17 19 19 19 50 
15 19 19 19 17 17 16 15 15 15 15 15 16 17 51 51 56 59 60 60 60 60 60 59 60 
16 61 6l 60 58 56 56 55 51 51 51 51 55 55 58 58 58 58 59 60 61 61 61 60 59 
17 58 58 56 56 55 55 51 51 52 52 52 52 51 51 51 51 51 51 51 51 51 51 50 50 
18 19 19 19 19 19 17 17 17 17 17 17 17 17 17 19 50 51 50 50 50 19 19 19 19 
19 17 17 56 16 16 16 15 15 15 15 15 15 15 16 17 19 19 50 51 51 51 51 51 51 
20 50 50 19 19 19 19 17 17 17 16 16 16 16 16 16 16 15 15 15 15 15 15 15 15 
21 11 11 13 13 13 13 13 13 13 13 13 13 **3 13 11 11 15 15 15 11 11 11 13 13 
22 13 13 13 13 ll ll ll 10 10 10 to ll 11 ll 13 13 13 13 13 11 13 13 13 ll 
23 ll ll 11 ll 10 10 10 10 39 39 39 39 39 39 10 ll 13 11 15 15 15 15 15 15 
2t 11 11 n 13 13 13 13 ll ll ll ll ll ll ll *3 11 16 19 51 52 52 52 52 52 
25 52 52 51 50 19 19 19 17 17 16 16 16 16 17 19 51 59 61 67 69 70 70 69 69 
26 67 66 61 63 63 60 60 59 58 56 56 56 56 58 6l 67 75 82 81 85 87 87 85 81 
27 82 80 78 77 75 75 75 71 72 70 69 69 69 69 70 71 75 78 80 82 81 81 81 81 
28 81 81 81 80 80 77 75 75 75 75 75 75 77 77 78 80 81 85 87 89 91 93 93 91 
29 9t 91 93 91 89 87 85 85 81 81 81 81 81 81 81 87 91 91 98 102 102 102 100 98 
30 96 96 9t 91 93 93 89 89 87 85 85 81 81 85 89 93 98 102 105 107 107 105 305 102 
31 102 102 100 98 98 98 91 91 93 93 89 89 87 87 87 87 87 87 87 87 87 85 85 81 

June 1 81 81 82 82 82 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 78 78 77 77 
2 77 75 75 75 75 75 71 71 71 71 72 72 72 72 72 71 72 72 72 72 72 72 72 72 
3 72 72 70 70 70 70 69 69 69 69 67 67 67 67 67 69 70 72 72 71 71 71 71 75 
I 75 75 75 71 71 72 72 70 70 70 70 72 72 75 78 81 89 93 9t 91 91 93 91 87 
5 85 81 80 80 78 78 78 78 77 77 77 77 77 80 85 93 100 107 111 113 113 111 109 109 
6 107 102 102 100 98 98 98 96 91 93 93 93 93 93 91 98 102 105 107 109 105 105 102 100 
7 98 98 96 91 91 91 91 93 93 93 93 93 93 93 93 91 98 102 102 102 102 100 100 98 
8 98 91 91 93 93 93 91 91 91 91 91 93 91 91 93 9l 96 98 102 107 111 116 118 118 
9 118 116 116 116 116 116 116 U3 111 109 111 111 113 116 120 125 128 132 135 138 138 135 135 132 

10 132 130 128 128 125 125 125 125 116 116 116 113 113 116 118 125 130 135 138 138 no no 138 138 
11 135 135 135 132 132 130 128 125 125 120 120 120 120 125 132 110 15t 166 175 181 181 181 301 181 
12 175 172 166 163 157 15I 151 118 115 H5 112 151 166 172 178 190 196 205 211 217 220 223 220 217 
13 211 202 196 196 190 187 18! 181 178 175 172 172 172 178 187 196 202 211 211 211 211 211 211 211 
it 211 211 205 199 196 190 187 181 181 175 175 172 175 178 187 196 205 211 211 211 211 211 205 202 
15 199 193 190 187 181 181 181 178 175 172 166 166 166 175 181 199 211 220 226 226 226 226 220 211 
16 211 208 202 199 196 193 190 187 181 181 181 181 196 211 2ll 259 262 265 265 265 265 265 259 259 
17 253 250 2l7 2ll 238 229 226 220 211 211 211 211 226 2ll 250 253 253 256 259 265 259 262 £62 262 
18 259 256 256 253 250 2ll 238 232 223 217 217 217 220 226 229 232 235 2ll 211 211 211 211 2ll 238 
19 232 229 223 220 211 211 205 202 199 199 193 193 202 217 235 253 256 256 256 256 236 250 217 250 
20 2l7 211 232 226 220 211 211 208 205 199 199 202 205 220 238 217 250 253 253 253 253 253 250 211 
21 2tl 235 229 226 217 211 208 202 199 199 196 196 202 211 238 250 253 262 259 259 259 259 253 250 
22 211 211 238 229 223 211 211 208 205 202 199 199 202 217 232 2ll 250 250 250 250 2l7 217 211 2ll 
23 238 232 226 220 211 211 208 208 205 205 199 199 205 217 235 2ll 2ll 2tt 217 250 250 211 238 232 
2t 223 211 211 205 202 199 193 190 18! 187 lSt 181 181 187 193 196 196 196 193 190 190 187 187 181 
25 181 181 181 181 181 178 175 175 175 175 175 175 175 178 181 193 202 208 208 208 199 196 193 190 
26 187 181 181 181 181 181 181 178 175 175 175 175 175 175 178 181 187 187 187 187 190 187 187 187 

* Derived from original recorder chart available at Denver, Colorado, District Office, Geological Survey, Department of the Interior. 
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Table 51—Hourly values of streamflow during the period May 11 to June 29, 1950, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 
1950 1 2 3 4 5 6 7 8 9 10 11 Noon 1 2 3 4 5 6 7 8 9 10 11 Mid't 

May 11 20 19 18 16 15 15 16 18 21 20 21 21 21 21 22 24 26 27 28 28 28 27 27 25 
12 25 21* 23 22 20 19 20 22 24 23 22 22 23 24 21+ 25 26 27 27 27 26 26 25 25 
13 21* 21* 24 24 23 22 22 22 22 22 22 23 25 27 28 29 30 30 30 ?0 29 28 28 27 
14 27 27 26 26 2k 23 26 2k 24 24 24 24 25 27 28 31 32 34 34 35 34 34 33 32 
15 32 32 32 31 29 29 28 28 28 28 28 28 29 30 30 31 32 34 34 35 34 34 33 33 
16 32 32 32 31 30 30 29 28 28 28 28 29 30 32 33 35 37 39 40 k2 42 42 4l 40 
17 1*0 39 38 37 37 35 35 35 34 34 34 36 39 1+2 46 51 56 58 59 59 58 56 56 55 
18 55 52 52 49 48 47 46 45 44 42 k2 1+2 1+2 1+2 42 42 42 44 44 42 42 42 42 4l 
19 1*0 39 39 38 35 32 34 40 40 39 37 37 39 40 42 45 47 49 51 51 49 48 46 46 
20 !*5 1*1* 42 42 41 40 39 39 39 39 38 38 39 41 44 48 52 55 58 58 56 56 55 54 
21 52 51 48 48 45 42 45 49 44 42 42 44 45 47 52 59 66 72 74 74 74 72 72 71 
22 68 66 65 62 59 59 58 56 55 55 54 54 55 58 64 72 80 84 87 87 87 86 86 82 
23 80 76 74 72 71 70 68 66 65 62 62 62 62 65 72 77 82 87 91 92 91 91 89 87 
24 86 81* 80 77 76 74 72 72 71 70 70 70 71 72 74 76 79 80 82 84 86 84 82 80 
25 79 77 77 76 74 72 72 72 71 71 70 65 66 66 66 66 66 66 68 68 66 65 62 62 
26 62 62 62 62 61 59 59 59 6l 62 62 59 58 56 56 56 56 55 55 55 55 54 54 52 
27 52 51 51 51 51 51 51 51 49 49 49 49 51 51 52 54 55 55 55 54 52 52 52 51 
28 1*9 49 48 48 46 48 47 47 47 47 48 49 51 54 58 59 6l 6l 59 58 58 56 55 54 
29 52 52 52 51 49 48 48 48 48 48 47 48 48 48 48 49 51 52 54 54 54 54 54 52 
30 52 51 51 49 48 48 48 48 47 47 47 47 47 49 52 59 66 72 76 77 79 77 77 77 
31 76 74 72 71 70 68 66 66 65 65 61+ 62 64 66 74 82 91 96 100 102 100 98 96 94 

June 1 91* 92 89 86 84 82 80 79 77 77 77 77 77 80 89 102 113 122 126 126 126 124 122 117 
2 115 113 109 105 102 100 98 98 98 96 94 94 94 98 107 114 126 128 131 133 135 135 135 133 
3 131 128 124 122 120 115 113 109 107 107 105 105 105 104 104 104 102 100 98 96 94 94 94 92 

91 91 89 89 87 86 86 86 86 86 87 89 91 94 96 96 96 96 96 96 94 94 92 91 
5 89 87 86 86 86 86 86 86 86 86 86 86 86 67 92 100 107 115 122 124 126 124 124 122 
6 120 117 115 113 111 109 107 107 105 104 102 100 104 109 120 135 155 165 170 172 172 170 168 165 
7 160 155 148 142 UtO 135 133 131 128 126 126 126 126 131 142 165 180 188 191 191 185 180 172 168 
8 165 160 158 152 145 140 135 135 133 131 131 131 131 131 131 133 135 138 138 138 135 133 131 131 
9 128 128 126 124 124 124 124 122 122 122 120 -17 120 122 126 131 142 155 160 162 160 158 152 145 

10 ll+2 138 133 131 128 128 128 128 128 131 131 131 133 135 142 168 182 197 206 215 218 215 215 206 
11 200 194 185 180 178 175 172 165 160 155 152 152 158 170 182 212 230 236 239 239 236 236 230 233 
12 227 221 212 206 197 194 188 182 180 175 172 170 175 180 200 221 239 245 248 251 251 251 245 242 
13 236 224 218 206 200 191 188 182 180 178 178 175 178 182 203 224 242 245 248 251 260 260 254 251 
14 21*8 242 236 227 221 209 203 197 194 191 188 185 188 197 224 245 254 260 263 266 260 263 260 260 
15 257 254 245 236 227 218 209 206 200 197 194 191 194 206 276 251 263 260 254 257 260 260 260 263 
16 263 260 254 251 248 245 239 236 227 224 221 227 242 257 266 266 269 275 284 284 281 278 278 275 
17 269 266 260 263 266 260 257 251 248 245 242 245 251 266 266 272 278 281 284 287 296 290 281 275 
18 266 266 269 260 260 257 251 248 242 239 236 233 230 233 245 257 260 266 269 266 260 257 254 254 
19 21*5 239 239 233 224 215 209 206 200 203 200 200 200 206 209 224 236 239 239 236 230 224 221 218 
20 215 209 203 197 197 197 194 191 191 1Q1 191 191 191 191 194 200 209 215 215 215 212 203 197 194 
21 191* 191 191 191 188 185 188 188 185 185 185 185 191 194 197 200 203 206 206 206 209 203 197 197 
22 197 197 194 191 191 188 185 185 182 180 178 178 178 178 180 182 185 188 191 191 188 188 188 185 
23 185 182 180 178 175 172 172 170 168 168 168 168 168 172 180 182 185 188 188 188 188 191 188 188 
2k 185 185 182 180 180 178 175 170 168 165 162 162 165 170 178 182 188 191 191 188 188 188 185 185 
25 165 182 180 178 178 175 172 170 168 162 158 155 158 160 165 170 178 180 182 182 180 178 172 170 
26 168 162 160 158 155 152 150 148 148 145 142 142 142 142 145 152 158 162 165 168 165 165 162 160 
27 158 155 152 150 148 142 142 140 140 138 138 135 135 135 140 142 145 148 150 150 150 148 148 145 
28 11*2 142 140 140 138 135 135 135 133 133 133 131 131 133 133 135 135 138 140 140 142 142 142 l4o 
29 138 135 135 135 135 133 133 131 131 131 131 131 131 131 133 135 135 135 135 135 135 135 135 133 

♦Derived, from original recorder chart available at Denver, Colorado, District Office, 

Geological Survey, Department of the Interior. 
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Table 52—Hourly values of streamflow during the period May 15 to June 30, 1951, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

(RATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 

1951 
1 2 3 1 5 6 7 8 9 10 11 Noon 1 2 3 1 5 6 7 8 9 10 11 Mid 't 

May 15 27 27 27 27 27 26 26 25 25 25 25 26 27 28 31 35 37 37 38 39 40 39 39 39 
16 39 38 37 37 36 36 35 34 34 34 34 34 36 38 41 41 47 49 50 51 51 51 51 51 
17 1*9 47 17 45 45 45 43 43 43 43 43 43 43 43 11 46 47 47 50 51 54 52 52 52 
18 51 50 50 19 17 17 46 45 45 45 45 45 45 47 19 51 52 54 54 54 54 52 51 51 
19 51 51 50 19 19 47 47 46 45 46 16 45 46 47 50 52 56 58 60 62 63 63 63 63 
20 63 62 60 60 58 56 56 54 54 54 52 52 56 57 58 62 63 66 68 70 70 70 70 68 
21 65 66 61 63 63 62 62 60 58 57 56 56 56 56 58 60 63 70 75 77 77 75 73 71 
22 71 70 66 66 64 63 63 62 62 60 60 62 62 64 68 73 75 77 79 79 79 80 so 80 
23 79 79 77 75 75 73 71 71 70 70 68 68 70 71 79 80 82 86 88 88 88 88 86 84 
24 80 so 80 80 79 79 79 79 79 77 79 77 79 80 84 86 68 90 88 86 81 84 80 80 
25 80 80 80 79 79 79 77 75 75 73 73 75 79 79 80 80 82 81 86 88 88 88 88 86 
26 86 81 82 82 so 80 80 79 79 79 79 80 80 80 81 88 88 90 94 94 96 96 96 9 6 
27 96 91 92 90 90 88 88 86 81 84 84 88 94 100 107 112 120 125 130 133 133 130 130 130 
28 127 127 125 122 122 120 117 114 112 112 112 112 120 127 142 151 160 175 175 175 178 172 166 163 
29 160 157 15I 151 151 145 118 148 145 115 139 139 142 145 145 148 151 151 151 151 15I 151 151 151 
30 151 151 151 151 151 118 145 145 142 112 142 145 148 151 166 187 199 211 211 211 211 202 199 196 
31 193 181 181 181 175 169 166 163 163 160 160 160 163 175 193 211 217 217 220 214 211 211 211 205 

June 1 202 199 193 190 190 181 175 172 169 166 166 169 166 163 160 154 154 151 154 151 148 148 145 145 
2 112 139 139 112 112 139 139 139 139 136 136 136 136 136 136 136 136 136 136 139 136 133 130 130 
3 130 127 125 125 125 125 122 122 122 120 122 122 122 122 122 122 122 120 117 114 112 112 112 109 
1 109 107 107 107 101 101 101 104 104 104 107 109 112 111 117 114 111 112 112 109 107 107 107 101 
5 101 101 101 101 101 102 102 100 100 100 100 98 100 100 100 100 102 101 104 104 104 101 101 101 
6 102 102 100 100 100 98 98 98 98 98 98 96 96 96 98 100 100 102 101 104 104 104 101 101 
7 101 101 102 102 102 100 100 98 98 98 98 96 96 98 98 100 101 101 101 104 107 107 107 104 
8 101 101 101 101 101 101 101 101 102 100 100 100 100 102 101 101 107 109 109 109 112 109 109 109 
o 109 107 107 101 107 101 101 101 104 101 104 101 104 101 101 101 104 101 104 101 107 107 109 109 

10 109 107 107 101 101 101 107 101 101 101 104 101 101 104 104 107 112 117 120 117 114 109 109 109 
11 107 107 101 107 101 101 101 101 104 101 104 104 107 107 107 104 107 101 104 101 104 104 101 104 
12 102 102 102 102 102 100 100 100 98 98 98 98 98 100 100 102 101 101 101 104 104 104 104 104 
13 101 101 101 101 101 102 102 102 100 100 100 100 100 100 102 107 109 112 120 122 122 125 125 122 
l4 122 122 122 120 120 117 Ilk 111 112 112 112 112 112 114 120 125 127 130 130 133 136 133 133 133 
15 133 133 130 130 127 125 127 125 125 122 122 120 122 125 130 136 112 151 157 163 166 166 160 160 
l6 160 154 151 151 154 154 151 151 151 148 118 148 151 154 157 172 187 196 202 205 205 199 202 202 
17 201 199 199 196 196 190 184 181 161 175 175 175 178 187 208 211 226 2ll 259 265 274 289 301 301 
18 301 307 310 301 301 295 289 289 289 286 283 286 289 289 289 295 298 295 295 301 295 295 295 292 
19 289 286 285 286 289 289 289 289 286 286 283 286 286 286 289 286 289 292 295 295 295 295 295 292 
20 295 295 295 295 2Q2 292 292 292 289 289 289 289 289 292 295 301 301 301 307 313 316 320 326 342 
21 345 352 361 368 374 368 364 364 358 352 3I8 342 339 339 345 352 355 361 361 361 361 361 355 352 
22 345 339 336 332 329 326 320 316 316 310 310 30I 301 307 307 304 30I 301 304 301 301 301 301 301 
23 301 298 295 295 295 295 292 289 289 289 286 286 286 286 286 289 289 295 295 295 295 295 269 289 
2k 286 286 280 280 277 274 271 265 265 259 256 256 256 262 271 283 289 295 295 295 295 295 295 292 

289 289 286 283 280 277 27I 271 268 262 259 259 265 277 289 298 304 310 316 316 316 310 304 304 
26 30I 301 301 298 295 295 295 289 286 286 283 280 283 289 301 301 307 310 307 307 307 301 304 304 
27 301 301 293 295 293 292 292 289 286 286 286 283 286 292 301 30I 310 316 320 316 316 310 310 30I 
28 301 295 293 2Q2 292 269 286 286 286 289 286 286 289 289 202 295 298 295 298 293 295 295 295 2Q5 
29 293 292 289 289 289 286 28b 283 280 277 274 274 274 283 289 PQ2 289 269 289 289 289 286 286 283 
30 280 280 277 274 274 268 265 259 259 259 259 253 256 268 280 286 289 295 295 295 295 292 292 286 

Derived from original recorder chart available at Denver, Colorado, 
District Office, Geological Survey, Department of the Interior 
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Table 53—Hourly values of streamflow during the period May 25 to June 25, 1952, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 

1952 1 2 3 4 5 6 7 8 9 10 11 Noon 1 2 3 4 5 6 7 8 9 10 11 Mid 't 

May 25 51 51 50 50 50 50 50 50 49 50 50 50 50 51 52 54 57 58 60 60 60 60 60 60 
26 6o 60 58 58 57 57 57 57 56 56 56 56 56 57 .60 62 66 68 69 68 68 66 66 64 
27 64 64 63 63 62 60 60 60 58 58 58 58 60 63 64 66 68 68 68 68 68 68 68 68 
28 68 68 66 66 66 66 64 64 64 64 64 64 66 68 68 69 71 73 74 76 78 78 78 78 
29 74 74 73 73 71 71 71 71 71 69 69 71 73 76 80 81 85 87 91 92 94 96 96 96 
30 94 94 92 92 91 91 89 89 89 87 89 89 89 91 92 94 96 98 100 100 102 102 104 102 
31 102 102 100 100 98 98 98 96 96 94 94 94 94 98 100 102 104 108 110 112 115 115 117 117 

June 1 115 115 112 110 108 108 108 106 106 106 104 104 106 108 112 117 123 125 127 127 127 127 127 125 
2 125 125 123 123 121 121 119 119 117 117 115 115 115 117 121 125 127 130 132 134 136 136 136 136 
3 136 136 134 131* 134 132 132 132 130 130 130 130 130 132 138 150 168 191 228 246 249 246 242 235 
1* 228 224 221 218 210 210 218 224 228 224 221 221 218 221 228 235 242 246 249 249 249 249 246 242 
5 242 238 232 224 221 210 207 200 194 188 188 188 194 207 228 246 263 278 278 278 282 282 282 286 
6 282 278 274 274 266 263 260 256 252 246 242 246 260 270 274 274 282 294 294 302 314 314 306 306 
7 302 298 290 290 286 282 278 274 270 270 270 266 270 274 286 298 322 330 330 334 346 338 342 350 
8 346 342 330 326 318 310 306 302 294 290 282 286 290 294 302 322 334 350 354 359 354 354 359 354 
9 359 359 350 346 342 330 322 314 310 306 302 298 302 3i*t 334 354 372 382 386 390 390 405 405 400 

10 364 359 350 338 334 326 326 318 306 310 310 306 322 330 354 354 377 405 425 450 440 k65 450 425 
11 386 390 377 368 372 364 350 346 338 334 346 342 346 364 368 368 372 364 368 368 372 372 368 368 
12 364 359 354 359 3^6 342 338 334 330 326 322 314 318 326 346 372 382 395 405 415 410 420 410 405 
13 400 395 390 382 368 354 346 342 334 326 326 326 326 330 346 359 368 382 395 4l0 415 410 390 382 
14 372 364 354 346 342 33^ 330 322 318 314 310 306 314 322 338 354 372 390 415 410 410 390 382 377 
15 377 372 359 354 354 346 342 334 330 326 326 322 330 346 368 405 420 430 440 465 450 440 460 435 
16 410 395 386 382 372 364 346 346 342 342 338 330 326 322 326 330 334 342 342 338 334 326 322 318 
17 306 306 302 298 298 290 286 278 274 270 266 263 260 263 270 282 290 302 302 302 298 294 290 286 
18 282 274 266 263 260 256 252 249 246 246 242 242 238 242 246 252 256 256 260 260 263 260 256 256 
19 252 249 249 246 246 246 238 235 232 232 228 228 232 246 263 282 294 306 310 310 306 302 298 286 
20 278 266 263 260 256 252 249 242 238 235 235 235 235 246 263 286 306 318 314 314 302 298 290 282 
21 274 266 263 256 249 246 242 238 232 232 232 228 228 232 235 246 256 266 266 266 256 252 249 242 
22 238 232 232 228 228 224 221 221 221 218 218 214 214 214 218 218 224 232 232 232 232 228 221 218 
23 214 214 210 210 210 210 207 207 207 207 204 204 204 204 207 210 210 210 210 214 214 210 210 207 
2k 204 204 204 200 197 197 197 197 197 197 194 194 194 194 197 200 200 204 207 207 207 207 207 207 
25 207 204 204 204 200 200 197 197 194 191 191 191 191 194 197 200 204 207 207 207 207 207 204 204 

* Derived from original recorder chart available at Denver, Colorado, District Office, Geological Survey, Department of the 
Interior. 
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Table 54—Hourly values of streaniflow during the period May 21 to June 27, 1953, St. Louis Creek 

near Fraser, Colo. Area: 32.8 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND*] 

Date 
1953 1 2 3 4 5 6 7 8 9 10 11 Noon 1 2 3 4 5 6 7 8 9 10 11 Mid 't 

May 21 14 14 14 14 14 14 14 14 14 14 14 16 18 20 23 26 27 27 29 30 31 31 31 30 
22 29 28 27 27 27 27 25 25 25 25 25 25 27 30 34 38 4l 44 45 46 46 45 44 **3 
23 41 40 39 37 37 36 35 31* 34 33 32 33 35 38 4l 45 49 50 52 52 52 52 51 49 
24 47 47 46 45 44 43 41 40 39 38 39 4l 45 51 62 68 74 81 83 80 74 73 71 69 
25 68 66 62 58 52 51 54 50 49 47 47 47 51 57 66 73 80 81 81 81 80 80 83 78 
26 73 69 68 66 63 62 60 57 56 56 56 56 57 62 68 73 83 81 83 83 85 85 83 81 
27 81 81 80 80 76 80 78 76 73 73 74 78 83 81 87 91 98 110 119 119 125 127 130 127 
28 130 130 127 121 119 115 108 104 98 96 96 98 108 119 136 143 148 155 165 160 152 150 145 l4l 

29 138 134 132 130 130 125 123 121 117 112 108 108 106 108 110 110 110 108 104 100 98 98 94 92 
30 91 91 91 89 89 89 89 87 87 85 85 85 85 89 91 98 112 119 119 117 115 110 106 100 
31 98 94 92 91 91 91 89 89 89 89 89 89 89 91 110 127 132 132 132 132 132 132 130 130 

June 1 127 123 121 117 112 no 108 106 102 100 98 98 100 104 108 117 123 130 132 132 134 132 132 132 
2 130 130 130 127 127 125 123 121 121 119 117 117 119 130 132 145 158 162 162 162 160 152 148 143 
3 138 136 136 136 134 132 132 130 127 125 123 123 125 132 136 141 148 152 150 148 143 141 138 136 
i* 136 136 136 132 132 130 130 127 125 123 121 121 125 130 132 132 132 132 132 132 132 132 132 130 

5 130 127 125 123 121 119 117 115 115 112 110 110 no 112 108 112 117 119 123 125 123 123 123 121 
6 119 117 115 115 112 no 108 108 106 106 104 102 102 102 104 106 112 117 121 123 125 123 125 121 
7 121 119 117 117 115 110 108 108 108 106 106 104 102 102 104 104 106 108 106 106 104 102 98 98 
8 96 96 96 94 94 92 92 92 91 91 91 89 91 92 106 125 130 138 143 145 143 138 138 134 
9 131* 132 130 130 127 127 125 123 119 117 117 115 117 125 130 150 179 194 200 204 207 207 207 197 

10 191 185 176 165 158 152 148 141 138 136 134 134 138 152 185 207 218 238 242 242 238 224 218 214 
11 207 200 204 197 194 188 179 176 168 162 162 162 176 185 200 210 228 242 246 228 238 235 238 228 
12 228 224 221 218 214 210 210 207 204 204 204 207 214 235 260 263 274 294 290 282 286 282 290 282 

13 278 274 266 256 249 246 242 232 224 224 224 228 246 266 290 314 322 338 359 354 350 326 318 318 
14 302 306 294 286 278 270 263 260 252 246 246 249 252 263 278 282 282 282 286 294 294 282 278 274 

15 270 263 256 249 242 235 228 224 221 218 218 218 221 224 242 260 270 274 274 270 263 260 249 246 
16 238 228 228 221 221 218 218 214 210 207 207 207 210 221 238 249 252 260 260 260 252 246 242 235 
17 228 228 224 221 218 214 210 210 207 207 204 207 210 224 242 256 263 266 270 266 266 263 256 246 
18 238 235 232 228 228 224 218 214 214 214 210 224 228 238 242 242 260 274 298 318 364 377 372 334 
19 318 302 294 282 278 278 298 306 302 290 282 278 274 290 302 318 314 314 306 302 298 290 286 282 
20 278 274 270 263 260 249 242 238 235 235 238 238 238 238 242 246 246 246 238 235 232 228 224 224 
21 218 214 210 210 207 207 204 204 204 200 200 200 200 204 207 210 210 210 207 207 204 204 200 200 
22 200 200 197 194 194 191 191 188 188 185 185 188 191 191 194 200 204 204 204 200 200 197 197 194 

23 194 191 191 188 185 185 179 179 179 176 176 176 179 188 191 194 197 200 200 200 197 194 194 191 
24 191 185 185 179 179 176 176 173 170 168 165 165 168 173 179 185 185 182 179 179 179 176 176 173 
25 170 165 165 162 160 155 152 152 150 150 145 145 143 145 148 148 150 155 158 158 152 150 148 145 
2 6 u*3 141 l4l l4l 138 138 136 134 134 132 130 130 130 130 134 136 138 138 138 138 138 138 138 138 

27 136 136 132 130 130 127 127 127 125 125 123 123 123 123 123 125 127 130 130 130 130 130 127 125 

* Derived from original recorder chart available at Denver, Colorado, District Office, Geological Survey, Department of the 

Interior. 
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Table 55—Streamflow during the period May 21 to June 26, 1949, Fool Creek, Fraser Experimental 

Forest, Colorado 

Area: 1.11 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND] 

Date Hour C. f. s. Date Hour C. f. s. Date Hour C. f. s. 

May 21 . Midnight. 1. 02 May 30 .. 400A_ 2. 71 June 7_ . _. 1100 A_ 3. 37 
May 22 . Noon . 98 1000A_ 2. 54 Noon _ 3. 41 

800P . 1. 01 1100A 2. 54 200P_ . 3. 55 
Midnight 1. 00 Noon.. 2. 57 300 P_ 3. 65 

May 23 ii oo a:_ . 93 100P ... 2. 71 400P_ 3. 68 
Noon . 95 300P _ 3. 07 500P_ 3. 69 
230P 1. 12 430P 3. 15 600P . 3. 69 
4 OOP_ 1. 18 600P_ 3. 18 Midnight_ 3. 53 
630P . 1. 24 700P . 3. 17 June 8 845A... 3. 45 
900 P . 1. 23 Midnight 3. 00 1030A_ 3. 52 
Midnight. __ 1. 18 May 31 600A._”__ 2. 77 200 P_ 3. 75 

May 24 900A 1. 07 1130A 2. 65 415P 4. 00 
1130 A 1. 06 200P 2. 69 445P . 4. 08 
1230P .. 1. 07 600P 2. 72 700P . 4. 17 
430P. _ 1. 38 800P 2. 71 715P_ 4. 36 
530P.. 1. 50 Midnight 2. 63 730P_ 4. 63 
630P. _ 1. 53 June 1 _ 1130A 2. 51 815P ._ . 5. 11 
800 P_ 1. 53 100P . 2. 51 900 P_ 5. 30 
Midnight _ 1. 47 400P . 2. 54 930P_ 5. 33 

May 25_ 400A_r_ 1. 37 500 P . 2. 51 hoop_ 5. 07 
800A_ 1. 32 Midnight 2. 44 Midnight 4. 98 
1045A_ 1. 30 June 2 _ _ 1100 A” 2. 34 June 9. 200A._”__ 4. 86 
1130A_ 1. 31 1230P . 2. 41 300A_ 4. 88 
N oon 1. 35 330P 2. 44 430A 5. 12 
200P_ _ 1. 64 Midnight 2. 34 530A 5. 16 
300P_ 1. 83 June 3 . 1100A 2. 23 830A. . 4. 90 
430P_ 2. 01 3 OOP 2. 44 1100A... 4. 86 
600P_ _ 2. 04 4 OOP 2. 48 1230P_ 4. 88 
1000P_ 1. 86 800P 2. 56 100P_ 5. 09 
Midnight . 1. 79 1000P 2. 56 230P_ 5. 44 

May 26_ „ _ 300 A 1. 71 Midnight 2. 51 400P 5. 60 
500A. 1. 67 June 4 600A 2. 41 700P . 5. 37 
1000A. 1. 61 800A 2. 43 Midnight 5. 18 
1100A. 1. 62 1000A 2. 50 June 10 300A ”... 5. 11 
Noon _ 1. 67 1230P . 2. 69 830A 4. 88 
130P_ 1. 98 200P 3. 00 Noon 4. 98 
300P_ 2. 41 400P 3. 87 200P . 5. 12 
400P_ 2. 54 44 5 P 4. 03 230P _. 5. 27 
53 OP_ 2. 59 530 P 4. 03 400 P . 5. 44 
1000P.. ... 2. 34 600P 3. 99 700P. 5. 56 
Midnight_ 2. 25 900P . 3. 50 1000P_ 5. 56 

May 27_ 400A.. 2. 12 Midnight_ 3. 23 hoop_ 5. 58 
I000A... 1. 97 June 5. 600A  ... 2. 90 Midnight_ 5. 58 
1 100 A _ 1. 97 900A 2. 82 June 11 600A 5. 39 
N oon _ 2. 01 1000 A_ 2. 85 930A_ 5. 36 
200 P . 2. 23 1100 A_ 2. 94 1130 A_ 5. 40 
400 P __ 2. 40 Noon 3. 21 230P_ 5. 85 
600P_ 2. 47 200 P_ 3. 83 630P_ 6. 31 
800P. _. 2. 48 23 OP 3. 91 800 P 6. 40 
1000P.... 2. 46 300P_ 3. 94 Midnight_ 6. 45 
Midnight.. 2. 40 700P 3. 71 June 12 . _ _ _ 1700A_ 6. 31 

May 28. _ 600A.. 2. 24 900P_ 3. 57 1000A_ 6. 31 
1000 A_ 2. 19 Midnight_ 3. 45 215P_ 6. 37 
I230P_ 2. 30 June 6. _ _. 300A__ 3. 36 600 P_ 7. 70 
400 P_ 2. 68 930A... 3. 25 Midnight_ 7. 70 
730P_ 2. 79 1030A_ 3. 25 June 13_ 915A_ 7. 70 
Midnight 2. 65 100P_ 3. 31 945A_ 7. 66 

May 29_. _ _ 700 A 2. 45 250P_ 3. 41 1100A_ 7. 68 
930A_ 2. 41 300P _ 3. 55 530 P_ . 8. 55 
1100A_ 2. 45 400P_ 3. 69 730P_ 8. 73 
130 P_ 2. 60 500P_ 3. 78 1030P_ 8. 73 
200 P_ 2. 66 630P_ 3. 76 Midnight_ 8. 82 
400P_ 3. 05 Midnight_ 3. 55 June 14_ _ 1230A_ 8. 82 
430 P_ 3. 15 June 7. _ 600A_ 3. 39 100A_ 8. 97 
600 P_ 3. 21 800A_ 3. 36 500A_ 8. 60 
Midnight_ 2. 90 900A_ 3. 36 900A_ 8. 22 
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Table 55—Streamflow during the period May 21 to June 26, 1949, Fool Creek, Fraser Experimental 
Forest, Colorado—Continued 

Area: 1.11 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND] 

Date Hour C. f. s. Date Hour C. f. s. Date Hour C. f. s. 

May 29.. 1100A_ 8. 18 June 18 _ Noon _ 10. 69 June 22 500P 9. 21 
1230P_ 8. 18 345P_ 10. 88 700P 9 04 
430P_ 8. 94 600 P_ 11. 21 Midnight.. 8. 22 
630P_ 9. 27 900 P_ 11. 17 June 23. . _ 300A_ 8. 00 
745P_ 9. 41 Midnight_ 11. 80 600A_ 7. 58 
900 P_ 9. 41 June 19. _ 530A_ 9. 84 845A_ 7. 69 
Midnight_ 9. 25 815A_ 9. 63 Noon 7. 68 

June 15. _ _ _ 400A_ ... 9. 03 1100A_ 9. 34 245P_ . 8. 85 
845A_ 8. 22 Noon 9. 47 500 P_ 8. 18 
1030A_ 8. 09 1245P_ 10. 29 600 P_ 8. 43 
Noon 8. 27 315 P_ 11. 55 Midnight_ 7. 67 
200P_ 9. 18 600 P_ 12. 14 June 24_ _ 345A. _. 7. 37 
4 OOP_ 9. 65 845P_ 11. 65 615A_ 7. 21 
545P_ 10. 46 Midnight_ 10. 80 Noon_ 6. 90 
730 P_ 10. 57 June 20._ 400A. _ 9. 81 300P._ _ 7. 01 
Midnight_ 10. 50 800A_ 9. 09 600P_ 6. 90 

June 16_ 300A_ 10. 33 1030 A_ 8. 89 Midnight_ 6. 67 
600A_ 9. 93 Noon .. 9. 20 June 25. ___ 315 A_ 6. 57 
930 A_ 9. 50 1245P_ 9. 90 600 A_ 6. 40 
1130A_ 9. 78 245 P_ 11. 07 1130A_ 6. 14 
115P_ 10. 80 53 OP_ 11. 69 215P_ 6. 51 
200P_ 11. 79 830P_ 11. 05 500 P_ 6. 52 
230 P_ 13. 27 Midnight_ 9. 94 900 P_ 6. 32 
245P_ 12. 58 June 21. 300 A_ 9. 22 Midnight_ 6. 18 
445P_ 13. 12 630A_ 8. 73 June 26. _ 230A_ 6. 03 
745P__. ... 13. 74 1030 A_ 8. 39 345A_ 6. 04 
Midnight_ 12. 97 Noon ... _ 8. 66 545A_ 5. 93 

June 17. _ 430A. __ .. 11. 78 215P_ 9. 96 Noon _ 5. 76 
1945A.. 10. 84 530 P_ 10. 70 145P_ 5. 87 
23 OP_ 11. 92 900P_ 10. 07 545 P„-_ 5. 82 
215P_ 13. 26 Midnight_ 9. 26 630 P_ 6. 10 
600 P_ 14. 16 June 22__ _ _ 230 A_ 8. 89 815P_ 6. 14 
900 P_ 13. 88 545A_ 8. 85 Midnight_ 5. 90 
Midnight_ 12. 88 1030 A_ 7. 90 

June 18. . _ _ 500A_ 11. 45 Noon. _ 8. 06 
915A_ 10. 79 145P_ 8. 81 
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Table 56—Streamflow during the period May 29 to June 26, 1950, Fool Creek, Fraser Experimental 
Forest, Colorado 

Area: 1.11 square miles 

IRATE OF RUNOFF—CUBIC FEET PER SECOND] 

Date Hour C. f. s. Date Hour C. f. s. Date Hour C. f. s. 

600A 1. 04 June 5 _ 830A_ 2. 52 June 10_ HOOP 9. 12 
1045A_ . 99 1100A_ 2. 50 1130P_ 9. 00 
Noon _ 1. 00 Noon . 2. 58 Midnight_ 9. 05 
115P_ 1. 01 100P_ 2. 77 June 11_ . _ 1215 A_ 9. 07 
215P_ 1. 03 400P_ 3. 67 1245A_ 8. 96 
600 P_ 1. 12 500P_ 3. 78 115A_ 9. 02 
930P_ 1. 13 600P_ 3. 76 315A_ 8. 71 
hoop _ 1. 13 hoop_ 3. 50 1015A_ 7. 28 
Midnight_ 1. 12 Midnight... 3. 44 1245P_ 7. 57 

Mav 30 _ 200A_ 1. 10 June 6._ _ 100A_ 3. 41 215P_ 8. 97 
1030A_ 1. 04 430A_ 3. 40 630P_ 11. 21 
Noon 1. 11 930A_ 3. 23 700P 12. 71 
100P_ 1. 26 1015A_ 3. 21 715P_ 11. 63 
345P_ 1. 91 1115A_ 3. 09 745P_ 11. 54 
530P_ 2. 13 430P_ 5. 24 800P. 12. 06 
615P_ 2. 12 815P_ 5. 34 815P 11. 95 
900 P_ 1. 98 1030P_ 5. 72 830P.. 12. 64 
Midnight_ 1. 78 Midnight_ 5. 16 900P_ 11. 66 

Mav 31_ 300A_ 1. 67 June 7. _ 1015A_ 4. 23 Midnight_ 11. 20 
600A_ 1. 62 1100 A_ 4. 24 June 12 115 A_ 10. 83 
1045A_ 1. 54 1115A_ 4. 25 245A_ 10. 26 
Noon 1. 62 Noon 4. 53 645A_ 9. 15 
1230P_ 1. 79 500P_ 6. 14 945A_ 9. 54 
200 P_ 2. 34 63 OP_ 6. 28 1030A_ 8. 24 
330P 2. 66 Midnight .. 6. 07 1115A_ 8. 44 
445P 2. 77 June 8 845A_ 5. 85 Noon . 8. 78 
600P ... 2. 71 1130 A_ 5. 80 115P_ 9. 59 
900P 2. 44 Noon. 5. 85 300 P 10. 57 
1115P_ 2. 25 115 P_ 6. 00 315P_ 11. 17 
Midnight_ 2. 23 245P ... 6. 02 330P. 10. 99 

June 1 130 A _ 2. 20 515P 5. 90 500P 11. 93 
1030A 2. 01 715P_ 5. 69 745P 12. 59 
1115A 2. 02 1030P_ 5. 50 800P 12. 55 
Noon 2. 05 Midnight_ 5. 49 815P_ 13. 19 
1230P 2. 18 June 9 145 A_ 5. 47 830 P 12.51 
115P 2. 32 430A_ 5. 41 845P 13.44 
300 P_. 3. 00 930A_ 5. 24 915P 12.45 
445P . _ 3. 21 1045A_ 5. 21 HOOP 12.06 
545P_ 3. 20 Noon . 5. 30 Midnight_ 11.66 
700P_ ... 3. 09 100P-. ... 5. 57 June 13 300A_ 10.57 
900P 2. 92 145P 5. 74 400A 10.31 
Midnight 2. 71 300P_ 5. 85 415 A 10.16 

June 2_ 545A.T_ 2. 49 345P.. 5. 86 900A 9.07 
1045A_ 2. 43 530P_ 5. 85 1000A 8.98 
Noon . 2. 49 730P_ 5. 74 1100A_ 9.04 
100P 2. 77 915P. 5. 81 Noon 9.33 
230P .._ _ 3. 39 Midnight.. 5. 59 245P 11.19 
315P 3. 47 June 10. 130A_r.. 6. 10 300 P 11.43 
530P 3. 52 330A_ 6. 07 400 P_ 12.42 
700 P 3. 41 345A 6. 25 600 P 13.33 
745P.. 3. 54 415A 6. 08 815P 14.02 
815P_ 3. 47 800A 5. 69 1100P 13.15 
900P_ 3. 49 1000 A_ 5. 58 Midnight_ 12.63 
Midnight _ 3. 31 1030 A 5. 62 June 14 . 230A 11.77 

June 3_ 230A. __ 3. 09 1045A_ 6. 02 415 A_ 11.07 
345A_ 3. 06 1100 A_ 5. 78 1030A_ 9.04 
500A_ 3. 13 1130A 5. 67 Noon 10.09 
Noon 2. 88 Noon 5. 71 300 P_ 13.15 
600P 2. 72 1230P 5. 94 600P 14.32 
Midnight_ 2. 60 245P 7. 02 730P 14.63 

June 4-. _ 800A. _ 2. 48 415P_ 7. 38 830P_ 14.41 
1045A_ 2. 47 545P 7. 57 915P 14.08 
Noon 2. 54 845P_ 8. 68 Midnight_ 12.85 
200 P _ 2. 82 900 P_ 9. 34 June 15 . 200 A_ 12.18 
330P_ 2. 93 930P 8. 90 445A 11.13 
530P_ 2. 93 1000P_ 9. 02 1000 A_ 10.10 
Midnight_ 2. 75 1030P ... 8. 96 1045A_ 10.09 
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Table 56—Streamflow during the period May 29 to June 26,1950, Fool Creek, Fraser Experimental 

Forest, Colorado—Continued 

Area: 1.11 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND] 

Date 

June 15 

June 16 

June 17 

June 18 

June 19 

Hour C. f. s. Date Hour C. f. s. 

1130A 10.19 June 19 _ 100P_ 9.50 
Noon 10.50 130P_ 9.81 
100P 11.34 230P_ 10.17 
215P 12.55 330P_ 10.28 
230P, _ 12.85 430P_ 10.18 
345P 13.52 800P_ 9.79 
430P 13.57 1015P_ 9.45 
600P 14.28 HOOP_ 9.43 
700P_ 14.35 Midnight_ 9.28 
930P 14.04 June 20 200A_ 9.08 
Midnight_ 13.19 400A_ 8.89 
400 A 12.52 1000A_ 8.34 
930A _ 11.45 1130 A_ 8.30 
1030A 11.58 1145A_ 8.37 
1115A_ 11.99 245P_ 8.80 
100P 13.52 400 P_ 8.88 
415P 15.98 715P_ 8.67 
630P 17.15 1Q15P_ 8.30 
700P_ 16.46 Midnight_ 8.17 
900 P 15.62 June 21 915 A_ 7.64 
Midnight_ 14.34 1015A_ 7.69 
345A 12.97 1100 A_ 7.66 
645A 12.17 Noon _ 7.73 
1000A 11.57 100P_ 7.95 
1100 A 11.56 300P_ 7.94 
Noon 11.84 400 P_ 8.05 
115P 12.63 515P_ 8.06 
200P 13.15 600P_ 8.04 
300P 13.50 850P_ 7.93 
500 P_ 14.00 Midnight_ 7.70 
700P 14.12 June 22 400 A_ 7.48 
800P 13.92 815A_ 7.09 
Midnight_ 12.61 1000 A_ 6.97 
600 A_ 11.88 1100A_ 6.99 
700A_ 11.06 1130 A_ 7.20 
1100 A_ 10.64 Noon _ 7.11 
Noon, 10.30 100P_ 7.19 
1230P_ 10.30 215P_ 7.52 
245P_ 10.74 230 P_ 7.32 
400 P_ 11.23 245P_ 7.48 
800 P_ 11.21 515P_ 7.40 
Midnight_ 10.79 600 P_ 7.31 
315A_ 10.09 Midnight_ 6.99 
845A_ 9.45 June 23 _ 430 A_ 6.70 
1100 A_ 9.28 700A_ 6.59 
Noon 9.36 730A_ 6.64 

Date 

June 23 

June 24 

June 25 

June 26 

Hour C. f. 3. 

1030A_ 6.49 
Noon 6.58 
200 P_ 6.95 
315P_ 7.01 
600 P_ 6.90 
Midnight_ 6.54 
645A_ 6.18 
1000 A_ 6.14 
1045A_ 6.03 
Noon, 6.07 
315P_ 6.45 
400P_ 6.36 
745P_ 6.28 
930P_ 6.16 
hoop_ 5.94 
Midnight_ 5.91 
345A_ 5.76 
1000 A_ 5.43 
Noon 5.40 
1230P_ 5.33 
215P_ 5.50 
330 P_ 5.58 
830 P_ 5.37 
915P_ 5.36 
1000P_ 5.28 
Midnight_ 5.20 
230A_ _ 5.07 
530A_ 5.03 
730A_ 4.88 
1030 A_ 4.77 
1100 A_ 4.73 
Noon 4.67 
145P_ 4.73 
300P_ 4.77 
500 P_ 4.78 
815P_ 4.74 
845 P_ 4.79 
900 P_ 4.72 
Midnight_ 4.66 
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Table 57—Streamflow during the period June 11 to July 1, 1951, Fool Creek, Fraser Experimental 
Forest, Colorado 

Area: 1.11 square miles 

[RATE OF RUNOFF—CUBIC FEET PER SECOND] 

Date Hour C. f. s. Date Hour C. f. s. Date Hour C. f. s. 

J une 11 - __ 1000A_ 3. 98 June 20- - _ 130P_ 13. 90 June 26-- . 715A_ 11. 32 
445P 4. 13 345P_ 14. 72 1100 A 10. 97 
700P_ 4. 16 545P_ 15. 40 Noon 11. 17 
Midnight 4. 04 700P_ 16. 28 200P 12 33 

.June 12 1000A_ 3. 93 730P_ 16. 75 330P_ 12. 59 
Noon 3. 88 800P_ 17. 04 700P_ 12. 51 
115P_ 4. 14 915P_ 17. 26 Midnight_ 11. 71 
630P 4. 46 1045P_ 19. 92 June 27 600A_ 10. 92 

4. 38 1130P_ 18. 93 630A 10 96 
June 13_ 1045A . 4. 16 Midnight 18. 83 900A_ 10. 43 

1230P 4. 20 June 21 130A_ 18. 92 930A 10. 46 
600P_ 4. 90 145A_ 18. 68 1015A_ 10. 40 
1000P_ 4. 89 215A_ 19. 14 1100 A_ 10. 44 
Midnight_ 4. 88 245A_ 18. 51 1145A_ 10. 42 

June 14 . . 1030A 4. 60 315A_ 19. 27 Noon 10. 62 
200P 4. 80 415A_ 18. 72 200P- _ 11. 49 
530P 4. 90 1000A_ 16. 08 300P 11. 72 
900P 5. 03 1130A_ 15. 86 515P 11. 58 
Midnight 5. 03 1245P_ 16. 89 615P 11. 66 

June 15 1100 A_ 4. 82 345P_ 18. 72 Midnight_ 10. 71 
500P 5. 82 415P_ 19. 72 June 28- 1000A_ 9. 99 
800P 5. 95 515P_ 19. 12 1245P 10. 31 
Midnight 6. 01 700P_ 19. 24 300P 10. 52 
515A_ 5. 82 830P_ 18. 75 500P_ 10. 55 
1100A_ 5. 54 Midnight_ 17. 32 700P_ 10. 55 
130P_ 6. 41 June 22 __ 545A_ 15. 22 Midnight_ 10. 15 
330P 7. 08 1130A_ 13. 90 June 29 300A 10. 10 
545P 7. 31 100P_ 14. 20 445A_ 9. 90 
630P 7. 32 115P_ 14. 90 1045A_ - 9. 45 
9 OOP_ 7. 63 145P_ 14. 72 1215P_ 9. 60 
Midnight 7. 57 215P_ 14. 97 130P 9. 95 

June 17 1030AT___ . 7. 11 300P_ 15. 17 215P- _ 10. 00 
1215P 7. 29 700P_ 14. 72 300P 10. 39 
215P _ 8. 04 Midnight 13. 88 315P_ 10. 23 
230P 8. 42 June 23 430A_ 13. 12 345P 10. 44 
430P_ 9. 40 515A_ 13. 22 600P _-- 10. 25 
545P 9. 45 545A_ 13. 08 825P 10. 01 
930P_ 14. 69 830A_ 12. 89 Midnight_ 9. 59 
1145P 13. 47 1150 A_ 12. 66 .1 une 30 430A 9. 25 
Midnight.- 13. 28 400P_ 13. 50 715A_ 9. 11 

June 18 100 A_ 13. 11 530P_ 13. 61 915A _ 8. 98 
1030A_ 11. 33 815P_ 13. 49 1100A_ 8. 84 
215P_ 12. 40 Midnight_ 12. 91 1230P_ 8. 95 
600P_ 13. 57 June 24_ 915A_ 11. 77 1245P_ 8. 89 
730P 13. 75 1145 A_ 11. 52 315P 9. 29 
Midnight_ 13. 46 330P_ 12. 70 800P_ 9. 25 

June 19 915A 12. 17 630P_ 12. 97 Midnight __ 8. 99 
1130A_ - 12. 22 Midnight. 12. 64 July 1 400A.T_ 8. 73 
145P_ 13. 41 June 25- 200A-!_ 12. 39 630A_ 8. 50 
345P_ 14. 39 215A_ 12. 46 700A_ 8. 55 
815P_ 15. 12 645A_ 11. 77 745A_ 8. 45 
Midnight_ 14. 90 1030A_ 11. 16 900A_ 8. 47 

June 20 1215A __ 15. 17 1045A - 11. 34 1100A 8. 23 
100 A_ 14. 72 1115A_ 11. 32 100P_ 8. 41 
145 A_ 14. 67 145P_ 12. 68 400P_ 8. 75 
500A 13. 90 400P 13. 19 600P . 8. 69 
1015A_ 13. 06 715P_ 13. 50 630P_ 8. 78 
1215P_ 13. 19 Midnight_ 12. 63 Midnight-. 8. 40 
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UNITEO STfiTfS DEPARTMENT Of INTERIOR 
BUREAU OF RECLAMATION 

BRANCH OF PROJECT PLANNING 
HYDROLOGt Division 

OATA SHEET, HOURLY RECORDS 

HEADQUARTERS STATION 

FRASER EXPERIMENTAL FOREST 

AIR rEl.lr J./.i'LKE -f. 

FROM HYGROTHCTMOGRAPH TRACE 

DATE 

AM PM 
SUM MEAN 

Instffitoneous 
•F 

l 2 3 * 5 6 7 8 9 10 1 1 NOON ' 2 3 4 5 6 7 8 9 10 11 Mid'T Ch art 
Min 

2 

3 

4 

5 

23 22 22 21 26 38 49 51 55 59 60 65 67 67 68 68 66 62 54 40 05 00 28 26 L108 46.2 69 21 

Ji 25 25 24 24 34 46 A3 62 65 65 67 65 61 57 51 49 41 06 00 01 01 11 L060 44.2 69 24 

JL AQ AQ- AG 22 AI A2 Ai A4 34 Al J4 32 A3 J34 14 15 15 11 00 28 27 26 25 758 01.6 06 25 

?J ?? 21 20 A. 2£l W- A2- 14 06 Jk2- 44 4^ il 52 55 54 52 47 OR 00 00 27 27 860 06, r 56 19 

26 26 26 25 25 28 40 48 54 57 61 61 65 66 68 70 68 61 51 41 06 00 01 29 L100 45.5 70 25 
6 
7 

8 
9 

10 

28 ?7 26 26 26 36 50 58 64 

61] 

66 69 69 71 72 72 72 67 60 57 50 50 54 49 47 L272 50.C 72 26 
45 4o 05 29 29 07 50 54 65 68 67 67 66 6l 57 52 48 42 08 05 04 V 29 L143 47.6 68 77 
?9 ?7 20 21 22 02 40 40 46 49 51 50 49 49 51 50 49 JiE 4L 06 79 26 20 22 904 07-7 AL AQ 
21 ?o 19 18 22 00 40 48 50 50 56 58 60 60 62 62 61 58 48, 08 02 0O 27 27 L006 41.5 60 13 

10 29 12 28 26 17 49 56 b2 06 69 71 71 75 ,71 70 69 67 62 ir 41 18 14 11 1243 51.8 75 26 
11 

12 

13 
14 

15 

29 28 26 25 25 11 48 56 66 70 72 75 76 77 fl9 ^ 1 'J ^76 ®7& ’■68 1 42 09 15 11 1277 53-2 79 25 

F 29 27 26 26 31 48 58 62 66 71 70 74 76 77 77 74 69 63 53 45 39 35 33 1259 52.5 78 25 
10 10 28 28 27 31 48 57 68 71 74 76 76 74 73 76 73 67 64 54 44 38 34 32 127- 50-C 77 27 

10 29 27 26 00 40 56 5? 64 69 70 75 76 JE 79 77 71 69 60 51 42 06 14 01 128' 50.1 78 26 

29 27 26 25 29 41 59 59 68 74 77 77 79 80 78 71 69 67 62 54 48 47 41 45 112= 55/ 80 26 
16 

17 
18 
19 

20 

44 42 40 17 15 49 60 68 70 74 70 70 70 71 67 65 64 60 58 50 48 40 40 41 115C 56,; 76 05 

19 18 16 04 00 19 54 60 72 74 70 77 78 77 78 79 74 70 60 45 07 33 10 29 1022 55/ JZ2 A3_ 
27 26 25 24 20 12 48 57 61 65 67 69 70 71 72 72 70 6? 60 47 42 07 14 02 1198 49.5 70 20 
00 29 29 29 29 16 50 56 62 65 66 68 69 72 66 6? 64 59 57 50 47 48 44 09 1204 51/ J2 29 
14 12 10 29 29 11 4Q 50 56 6 0 59 64 67 66 66 66 65 62 56 47 40 17 14 02 1152 48/ 69 29 

21 

22 

23 

24 

25 

10 29 28 27 28 18 50 58 66 68 71 70 64 60 66 62 61 59 52 44 09 15 11 01 1169 48/ 73 27 

00 29 27 26 28 04 51 60 61 59 61 65 65 64 66 66 62 59 51 50 45 09 05 01 1168 48/ 66 26 

01 00 00 00 04 47 55 60 66 70 72 70 71 77 75 71 71 67 61 57 48 42 08 111 131^ 54/ 77 29 
11 12 00 00 11 44 57 62 66 71 73 76 77 75 74 74 75 70 62 51 44 40 38 36 1021 55/ 79 30 

46 4? 45 41 19 49 52 56 59 60 64 64 65 68 69 68 67 64 59 47 19 16 11 11 1268 52.8 69 31 
26 
27 

28 

29 

30 

31 

29 28 26 26 26 00 50 57 65 70 72 71 75 77 77 74 70 67 62 55 48 44 41 08 128"5 50/ 77 26 

15 11 01 00 01 41 54 62 67 71 71 73 71 72 71 79 69 67 59 49 42 08 16 H 128C 50.' 74 30 

11 10 29 28 29 09 50 61 64 68 70 71 71 72 74 71 70 69 64 55 47 40 40 18 1291 53/ 74 27 
05 10 02 01 01 41 52 57 61 66 66 65 67 66 63 69 66 61 56 •59, 41 40 A7 JA 122; 51/ 70 AQ 
00 02 11 32 31 36 50 60 66 67 71 72 75 74 77 74 71 6b 60 47 42 39 37 36 1281 50/ ■ 77 JA 

Sums 

Means 

JUNE 

1950 

Figure 131. Example of tabulation of hourly air temperature as read from thermograph trace. 

Similar tabulations are available for the follow¬ 

ing periods: 

1. Headquarters Station. April 4 to September 

29, 1947; April 1 to July 12, 1948; March 28 to 

July 13, 1949; and March 24 to July 31, 1950. 

2. West St. Louis Station. October 1 to 15, 

1947; March 19 to July 18, 1948; April 8 to July 

13, 1949; and March 29 to July 31, 1950. 

3. East St. Louis Station. April 28 to July 24, 

1947. 

4. Fool Creek Station. June 9 to September 

26, 1949; and April 6 to July 31, 1950. 

C. Relative humidity 

Hourly values of relative humidity were tabu¬ 

lated from the hygrograph trace of the hygro- 

thermograph in the form illustrated by figure 132. 

Similar tabulations are available for the following 

periods: 

1. Headquarters Station. April 4 to September 

30, 1947; April 1 to July 12, 1948; March 29 to 

July 12, 1949; and March 23 to July 31, 1950. 

2. West St. Louis Station. October 1 to 15, 

1947; March 19 to July 19, 1948; April 9 to July 

13, 1949; and March 29 to July 31, 1950. 

3. East St. Louis Station. April 28 to July 24, 

1947. 

4. Fool Creek Station. June 9 to September 

26, 1949; and April 6 to July 31, 1950. 

D. Degree-days 

Hourly values of degree-hours above 32° F 

and daily total degree-days above 32° F were 

computed from the thermograph record of the 

hygrothermograph and tabulated in the form 

illustrated by figure 133. Similar tabulations 

are available for the following periods: 

1. Headquarters Station. April 5 to June 30, 

1947; April 15 to June 30, 1948; April 1 to July 

12, 1949; and May 1 to June 30, 1950. 
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UNITED STATES DEPARTMENT OP INTERIOR 
BUREAU Of RECLAMATION 

BRANCH OF PROJECT PLANNING 
HYOROLOGr DIVISION 

OATA SHEET; HOURLY RECORDS 

HEADQUARTERS STATI01T 

FRASER EXPERIMENTAL FOREST 

Relative Humidity 

From Hygrothermograph Trace 

DATE 
AM. PM. 

SUM 
Inttanfoneous 

•F 

1 2 3 4 5 6 7 8 9 10 11 NOON 1 2 3 4 5 6 7 8 9 10 1 1 Mid't 

1 

2 
3 
4 

5 

98 97 99 99 100 72 15 12 27 21 16 15 12 12 11 11 11 14 21 50 60 80 82 90 L1?S 48.5 

94 95 97 91 o7 17 16 26 21 20 16 16 20 28 18 45 49 91 96 98 100 100 100 1481 61.7 

ion inn inn inn 99 99 99 92 89 90 87 87 91 81 86 87 87 89 92 97 98 9? 97 96 224; 97.1 
95 95 95 94 94 100 92 88 85 80 72 62 49 17 26 29 11 37 hi 82 90 94 98 99 1773 71-5 
98 99 99 99 98 98 58 47 17 ?5 74 72 29 26 25 22 22 29 53 76 82 90 94 98 l58c 61.7 

6 
7 

8 

9 

10 

9b 98 98 98 98 76 40 14 15 14 11 12 12 12 11 12 11 28 21L 41 37 46 45 102$ 42.5 
40 49 61 86 92 58 19 12 21 20 20 20 15 15 20 21 24 22 24 26 29 33 1? 48 853 15.7 
48 50 78 82 89 52 14 28 25 26 27 27 24 24 24 25 26 J2, 45 66 Jl 8Z 89. 111$ 46.; 

89 92 94 98 96 61 17 28 26 25 22 20 17 16 15 16 16 17 45 67 80 82 90 95 1247 52.( 
82 92 75 ?1 97 66 41 17 20 15 14 14 14 11 20 28 15 19 51 65 76 83 90 96 1254 52.: 

11 

12 

13 
14 

15 

98 99 inn inn inn 97 51 41 26 16 15 14 14 11 12 13. 14 2d 2? 47 64 66 76 80 49.; 

84 86 88 98 94 89 48 12 28 26 20 16 15 14 14 11 11 15 21 11 46 72 73 80 1111 46.1 

Si 86 90 91 91 90 51 17 20 15 15 14 14 14 16 20 21 28 28 19 49 66 76 84 in: 47.$ 
67 86 94 96 92 67 19 16 29 22 14 -11 12 11 11 12 14 16 22 18 58 Z1 74 80 not 45.5 
8 6 92 95 96 91 64 41 l6 17 15 14 14 14 14 l6 11 77 41 60 61 65 78 88 90 126( 57.; 

16 

17 

18 

19 

20 

92 96 100 97 100 61 50 14 25 29 28 11 14 l2* 45 51 51 61 77 86 89 96 99 93 L5?8 55.' 
97 100 100 99 99 100 53 28 16 15 20 14 11 14 11 11 10 9 11 17 J8 64 74 74 LI36 *7.' 
76 80 81 81 34 80 40 12 24 16 15 11 12 12 11 12 12 16 26 58 74 82 90 96 L127 47.0 
98 LOO 100 100 100 98 64 49 45 35 28 24 15 15 17 17 21 26 28 45 59 54 78 94 1710 ?4.$ 

98 LOO 100 100 100 100 66 60 45 12 28 24 22 21 22 24 24 28 48 72 78 81 90 94 1479 5;,$ 
2 1 
22 

23 
24 

25 

97 98 99 100 100 69 50 40 24 21 21 17 28 40 14 16 18 53 72 84 90 93 92 93 1511 57.C 
86 92 94 98 97 90 45 16 25 29 28 25 25 24 26 26 23 22 46 J2j 64 8n 88 .22 133a 55-4 
98 LOO 100 100 99 58 45 16 

OO 21 20 20 20 17 16 20 no 24 28 JO. 66 JZi 86 1183, 49.7 

A 91 96 97 98 72 17 15 12 00 17 15 15 16 16 16 14 16 25 51 64 74 78 35 1177 49.$ 

51 78 84 95 96 45 14 29 26 21 22 20 17 17 16 16 2fi 20 21 45 62 74 78 85 107$ 447! 
26 

27 

28 

29 

30 

31 

89 90 26j 96 96 68 45 22- 2k -2k 22 20 20 16 16 16 16 20 24 15 45 64 73 78 1175 +9.1 
88 69 91 22 ICO 2£ 99 78 45 -2k 20 20 21 21 21 21 24 26 45 62 72 78 79 88 1420 59.7 
90 2L. 22- 22 ICO ZZ 47 22- 21 22 21 21 21 22 22 21 24 25 15 58 76 82 86 90 129' 5lo 
96 L00 100 100 100 80 58 51 40 29 28 12 26 26 47 29 11 19 45 60 72 73 84 91 1444 Son 
96 98 98 10C 100 21 J2 32 -2k 26 OO 21 2Q 20 16 16 16 l£j -22- 53 64 73 78 82 1265 52.7 

Somt 

Meant 

JUNE 

1950 

■A'tU O' UB t , . 

R.R.Alexander 2/20/51 f k/ fate Z/Zj/Sl 

Figure 132. Example of tabulation of hourly relative humidity as read from hygrograph trace. 

2. West St. Louis Station. April 10 to July 12, 

1949. 

3. Fool Creek Station. June 9 to July 13, 

1949, 

E. Dewpoint temperatures 

Hourly values of dewpoint temperatures were 

computed from paired values of air temperature 

and relative humidity read from the hygrother¬ 

mograph and tabulated in the form illustrated 

by figure 134. Similar tabulations are available 

for the following periods: 

1. Headquarters Station. June 1 to July 3, 

1947; May 14 to June 5, 1948; March 29 to July 

12, 1949; and May 1 to June 30, 1950. 

2. West St. Louis Station. May 14 to June 5, 

1948; April 12 to July 13, 1949; and April 1 to 

July 31, 1950. 

3. Fool Creek Station. June 9 to July 13, 

1949. 

F. Wind travel 

Hourly values of wind travel were read from 

the recorder chart for each of the six anemom¬ 

eters and tabulated in the form illustrated by 

figure 135. Similar tabulations are available for 

the following periods: 

1. West St. Louis Station, windtower in the 

open, lou\ middle, and high anemometers. 

March 23 to July 19, 1948; April 8 to July 12, 

1949; and April 1 to July 13, 1950. 

2. West St. Louis Station, windtower in the 

forest, low. middle, and high anemometers. 

April 9 to June 15, 1948 (no high anemometer) ; 

April 8 to July 12, 1949; and April 1 to July 31, 

1950. 

G. Solar radiation 

Daily totals of solar radiation observed at 

Shadow Mountain Camp were published by the 
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UNITED STATES DEPARTMENT OF INTERIOR 
BUREAU OF RECLAMATION 

BRANCH OF PROJECT PLANNING 
HYDROlOGT DIVISION 

OATA SHEET; HOURLY RECORDS 

Headquarters Station 0„,„ Decree Days Above 32° F. from Hygrothermograph Trace 
Fraser F.YperTmpnt.a 1 Forest  

DATE 
A M. OE4KEF-HOJRS PM SUM 

Instantaneous 
•F 

1 2 3 4 5 6 7 8 9 10 1 1 NOON 1 2 3 4 5 6 7 8 9 10 11 Mid't »nut 
DMl 

2 
3 
4 

5 

n n n P p ft 17 19 23 27 31 33 35 35 % 3& 33 30 22 n 3 p r p 397 16.54 

0 p c 0 0 2 14 21 25 30 33 33 35 33 29 25 21 17 9 6 1 p p n 334 13.92 

0 n p. p p 0 P 3 2 2 4 2 0 3 2 2 3 3 P r, n 0 0 p 26 108 

0 : 0 0 0 0 0 c 0 2 4 10 12 15 19 20 23 22 20 15 ~t 0 0 0 169 7.04 

0 
“ 
”0 0 o p P 8 16 22 25 29 31 33 34 36 38 36 31 19 9 1 0 0 372 15.50 

6 
7 

8 

9 

10 

0 p p p p 18 2ft 32 34 37 37 39 40 40 4C 35 31 25 21 18 22 17 15 531 22.19 

13 ft 3 n 0 ft 18 22 29 33 36 3ft 3ft 34 31 25 2C 16 10 6 3 2 0 0 384 L60C 

r p p r p P ft n 14 17 19 18 17 17 19 18 17 14 9 4 0 0 0 0 202 8,15 
o 0 P 0 p 1 U 16 18 21 2L 26 28 28 30 3C 29 26 16 6 0 0 o n 310 1292 
Q 0 0 o 0 ft 17 24 30 34 37 39 4i 4? 41 38 37 35 30 21 11 r6 2 0 491 2Q46 

11 

12 

13 
14 

15 

0 0 0 0 0 0 1ft 2/i 34 3ft 40 43 44 45 *47 *44 *44 *44 *36 *17 10 7 3 1 537 22.38 

0 0 p n p o 1ft 2ft 30 34 39 3ft 42 44 45 45 4^ 37 31 21 13 7 3 1 514 2L42 

n n p p p 1ft 2ft Ji6 JA Ji2 AL Jik 42 41 44 43 35 32 22 12 6 2 0 523 2179 

0 n o p p ft 24 27 32 37 41 43 44 J±6 46 45 41 37 28 19 IP 4 2 Q 534 Z25 

r p, p p p 9 22 27 3ft 42 43 4ft 47 48 46 39 37 35 30 22 16 1? 11 13 585 2437 
16 
17 

18 

19 
20 

i? 10 ft ft 2 17 ?ft 3ft 41 4 7 41 3ft 3ft 41 35 33 32 31 26 21 16 11 ft 9 ftftl 2421 

7 ft 4 ? 1 7 ?? 31 40 42 41 45 46 45 46 47 42 3ft 2ft 13 5 1 0 n ftft9 2329 
0 c 0 0 0 0 1ft 2ft 29 33 3ft 37 3ft 39 40 40 38 35 3ft 15 10 5 2 0 475 19.79 

0 0 p 0 p 4 1ft 24 30 33 34 36 37 40 34 35 32 27 25 21 15 16 12 42i BZL 
2 n p n n n ft 1ft 24 2ft 27 32 35 34 34 34 33 30 24 15 ft 5 2 p. 393 1&2Z. 

21 
22 

23 

24 

25 

p p n r n ft 1ft 2ft 34 3ft 39 3ft 32 2ft 34 30 29 27 20 12 7 3 1 0 42L 2750 
r n p p p ? 19 2ft 29 27 29 33 33 32 34 34 30 29 21 ALSu 93 2 -3- L 422 im 
n p p p ? IS 23 2ft 34 3ft 40 41 39 4ft 43 41 39 35 29 25 26 JLQ 6 3- 552 SQQ 

1 p n o 0 1? 2ft 30 34 39 41 44 45 43 42 42 43 38 30 19 12 8 6 4 558 2125 

14 13 13 9 7 17 20 ?/i 27 2ft 32 32 33 36 37 3ft 35 3? 27 15 7 4 1 P 503 £26 
26 

27 

28 

29 

30 

31 

o p n n 0 1 1ft 25 33 38 40 41 42 45 45 42 38 35 30 23 16 12 9 6 539 22.46 

3 l 0 o p 9 22 30 35 39 39 41 41 40 41 38 37 35 27 17 10 6 4 1 516 2150 

n p n 0 n 7 21 29 32 3ft 3ft 41 41 40 42 39 3ft 37 32 23 15 11 8 6 536 22.33 

3 i 0 0 0 9 20 25 31 34 34 33 3ft 34 31 37 34 29 24 18 11 9 5 3 460 L9J7 

l 0 n n n 4 18 28 34 35 39 AQ 43 „42 45 42 39 AL 28 15 10 7 5 4 515 1.46 

Sums 

Moons 

-“-Estimated V.euu.uc Br' gcB d»u 5-22-32 

Figure 133. Example of tabulation of degree-hours and degree-days as computed from thermograph trace. 

Weather Bureau in “Climatological Data, Na¬ 
tional Summary” under the station name 
“Grand Lake, 4 SSW.” Hourly values of solar 
radiation were tabulated as a part of these inves¬ 
tigations in the farm illustrated by figure 136. 
Similar tabulations are available for the period 
February 26, 1948, to December 31, 1950. 

H. Soil pits 

The field notes describing the soil and ground- 

water conditions at the 24 soil pits throughout the 
1950 snowmelt season are summarized in table 58. 

I. Miscellaneous 

Other individual observations were recorded 
only in the field books and were used as needed 
for special analyses. Most of these data, such as 
snow surveys and precipitation gage catch, have 
been presented in earlier sections of this report. 
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UNITED STATES DEPARTMENT OF INTERIOR 
BUREAU Of RECLAMATION 

BRANCH OF PROJECT PLANNING 
HYDROLOGY DIVISION 

OATA SHEET; HOURLY RECORDS 

Station _ Headquarters Station Dew Point Temperature °F. 

DATE 
A.M. P.M. 

SUM 

Instantaneous 
•F 

1 2 3 4 5 6 7 8 9 10 1 1 NOON 1 2 3 4 5 6 7 8 9 10 11 Mid't 

1 23 21 2? 21 26 30 27 22 22 21 16 16 15 13 1? 12 10 17 15 76 77 75 ?3 ?/i 473 19.71 
2 24 24 24 23 22 24 21 27 18 22 23 18 19 27 28 32 37 31 39 35 73 31 31 71 675 ?<w> . 

3 J31 70 30 30 29 31 72 77 71 71 77 71 30 70 70 71 77 37 29 29 28 27 25 24 719 29,96 
4 22 21 20 19 18 26 29 29 30 70 74 7? 29 26 18 27 26 77 77 33 70 78 77 77 671 7429 
5 26 26 26 25 25 28 26 29 28 70 7? 77 72 70 71 29 28 70 74 74 71 70 29 29 701 29.21 
6 28 27 26 26 26 29 27 30 15 15 16 14 16 17 15 17 15 29 31 28 27 28 29 27 558 S25 
7 22 22 24 25 27 24 26 25 21 23 25 25 18 17 21 20 16 n 8 6 6 8 9 12 441 B.38 
8 12 11 17 16 19 16 14 12 12 16 18 17 14 14 15 16 15 17 17 17 19 22 70 19 ^77 15.71 
9 18 18 18 18 21 22 18 16 16 18 18 17 15 14 15 15 14 13 28 28 27 25 24 26 462 £>.25 

10 25 27 25 26 25 27 26 30 20 17 18 19 21 21 70 33 40 41 44 42 36 33 31 30 689 23.71 
11 29 28 26 25 25 29 71 77 70 22 22 27 28 22 *2? *22 *77 *75' P8 :-70 71 29 28 28 634 3642 
12 26 25 24 24 25 28 29 28 29 70 28 22 24 27 24 22 70 20 22 25 25 71 27 28 609 2538 
13 25 26 25 26 25 28 71 31 25 21 23 23 23 22 24 32 33 33 30 30 26 28 27 28 645 2688 
14 27 26 26 25 28 30 31 33 31 29 21 21 20 19 19 21 21 21 21 26 28 28 27 26 "605 2521 
15 25 25 25 24 27 30 71 32 22 27 24 24 26 27 28 40 42 47 48 41 77 40 40 42 766 3492 
16 42 41 40 36 35 36 a 39 35 40 38 40 40 43 45 46 47 49 51 49 45 42 40 40 DOO 
17 38 38 36 34 33 39 40 29 23 23 30 24 23 24 23 20 14 9 9 20 24 22 23 22 1S3 2583 
18 20 21 21 20 19 27 25 27 24 18 18 16 15 16 15 17 15 19 25 33 34 32 31 31 539 2246 
19 29 29 29 29 29 35 38 37 40 37 32 30 20 22 20 21 23 24 24 32 J3 32 38 37 72C 3400 

20 34 32 30 29 29 31 36 37 35 30 26 27 27 25 26 28 27 29 37 38 74 72 71 70 W3 J487 
2 1 29 29 28 27 28 35 32 34 28 27 29 23 30 36 37 36 35 42 43 39 36 33 31 29 776 3433 
22 26 27 26 26 27 31 30 33 25 27 28 28 28 27 30 30 29 30 33 37 34 33 J52 21 704 2433 
23 30 30 30 30 34 33 34 33 26 28 29 30 28 29 26 30 30 29 28 30 30 31 32 71 721 3004 
24 31 30 29 29 30 36 31 34 35 30 26 25 26 26 25 25 23 22 26 34 33 32 32 32 702 123.25 
25 30 40 40 40 38 29 25 24 24 22 24 22 19 22 21 20 25 22 19 27 27 29 27 27 543 &7B 
26 26 25 25 25 25 30 29 32 34 39 41 30 31 27 27 25 22 25 25 28 28 33 33 32 697 298/ 
27 32 30 29 29 31 4i 54 55 45 41 28 30 31 30 31 31 31 31 38 37 34 32 30 30 83T 3462 
28 28 29 28 28 29 32 33 35 25 28 28 31 31 31 33 31 32 32 W 41 40 3^ 36 35 770 3288 
29 34 33 32 31 31 35 38 39 38“ 33 32 34 31 30 42 35 36 35 37 35 34 33 33 827 3446 
30 32 32 30 J2 31 36 77 74 37 31 30 30 31 30 27 25 73 70 30 31 31 31 33 31 729 7^78 
31 

Sums 

Meons 

June 
1950 

♦Estimated 
TABULATED BY PP 4-3O-52 

Figure 134. Example of tabulation of hourly values of dewpoint temperature as computed from hygrothermograph 

trace. 
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UNiTEO STATES DEPARTMENT 0* INTERIOR 
Bureau of reclamation 

BRANCH OF PROJECT PLANNING 
HYDROLOGY DIVISION 

DATA SHEET; HOURLY RECORDS 

WEST ST. LOUIS STATION, WIND TOWER IN OPEN 
FRASER EXPERIMENTAL FOREST 

WIND TRAVEL IN MILES 
HIGH AN0/OMETIS 

DATE 
AM PM 

SUM 
Inttantoneou* 

•F 
1 2 3 4 5 6 7 0 9 10 1 1 NOON ' 2 3 4 5 6 7 8 9 ,0 1 1 Mid' f 

2 
3 
4 
5 

8 5 5 ii 3 2 2 5 5 5 5 6 3 6 6 5 It 3 9 10 8 7 A 128 
8 LZ Z 5 3 2 1 It 5 6 7 ML 8 7 A o 10 Ii 2 i 1 n 0 118 

2 3 6 3  3 2 1 0 0 0 2 it 1 2 3 
2 2 M 2 1 0 2 3 1 3 0 3 1 1 3 3 3 2 3 6 6 A A 7 Aq 
6 ir 3 3 1 0 4 3 3 6 3 it 3 6 it it it 7 8 7 8 6 6 116 

6 
7 
8 
9 

10 

X 2- 7 6 5L it 1 ?. 3 7 5 6 6 3 6 3 it it 3 3 5 8 7 9 129 
11 9 3 k it 2 2 it 6 9 11 12 11 12 11 6 3 3 it 3 2 . 2 2 2 142 

1 2 2 2 1 1 5 8 9 11 8 11 8 7 8 6 7 it 2 2 5 3 2 T 119 
3 3 Jl 2 2 1 5 8 6 5 Ii 7 6 8 3 it 2 3 6 3 3 6 6 106 

7 5 9 5 5 2 1 ? 5 7 9 6 8 3 3 3 3 4 3 7 6 8 6 9 124 
11 
12 
13 
14 
15 

5 6 5 8 5 3 1 2 6 7 6 6 6 6 7 3 it it 3 7 9 9 3 3 123 
5 7 7 It 5 0 3 6 5 7 8 7 7 9 8 6 3 4 6 3 3 6 3 135 
6 6 6 6 6 4 0 3 3 7 3 3 6 3 it 7 6 6 it 5 8 8 8 7 133 
5 6 it 6 6 it 0 2 6 8 6 7 8 8 8 6 3 3 2 3 6 7 7 6 
6 It 6 5 /, 3 1 3 Ii 8 9 8 8 7 6 it 7 3 2 6 7 8 7 7 132 

16 
17 
16 
19 

20 

6 3 ii 5 5 5 1 it 5 7 6 7 3 3 7 6 8 7 3 2 4 6 8 9 123 
6 5 8 (3 Ii 3 1 3 7 8 5 6 3 6 3 7 7 3 3 8 8 7 6 7 13L 

2 6 6 6 6 2 1 3 6 5 6 7 7 6 6 6 3 3 3 6 3 4 3 3 120 

5 4 1 It 3 3 0 it 6 7 3 7 8 8 3 6 8 it 3 3 3 2 4 4 103 
5 5 3 ? 3 1 Q 3 9 3 L 5 9 it 3 3 2 3 2 7 7 7 3 6 97 

21 

22 

23 

24 

25 

6 6 5 It Ii 3 2 3 5 7 7 6 5 Ii Ii 7 6 2 4 6 8 6 117 
5 5 i, ? I, I, 3 5 8 A 5 7 9 A 6 3 A It 3 1 2 1 Jt LQL 
11 ? Ii A Ii Ii 3 A I, 10 7 7 7 3 7 Ii 3 3 2 1 2 3 3 6 10V 
6 It 5 Ii 5 11 0 It 8 5 8 7 7 7 6 3 6 3 2 it 3 4 4 3 H3 
7 5 2 1, 2 Ii 9 9 8 9 9 7 9 3 9 7 3 3 2 it it 3 4 3 131 

26 
27 
28 
29 
30 
31 

5 6 4 8 5 5 0 2 it it 6 7 7 3 3 2 1 3 l 3 3 3 9 7 99 
5 7 9 9 8 1 1 it 5 it it 7 3 it 6 it 7 7 it it 4 3 3 4 121 

3 it It It 3 3 1 2 6 7 9 7 6 7 6 it 3 it 3 2 2 3 2 3 100 
3 3 1+ 3 5 1 0 6 6 6 8 8 3 6 8 7 6 3 3 3 4 3 3 ”6 ll9 
5 it 4 3 3 it 1 3 6 5 3 7 6 7 7 6 6 it 3 7 7 It it 9 117 

Sum* 
M«on* 

JLTTE 

’.S3 0 

Checked by RRA Date 3/12/51 

Figure 135. Example of tabulation of hourly wind travel as read from anemometer recorder. 
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WB FORM 1091 (HD-33) 

Solar and sky radiation measured at Shodow Mountain Solar Radiation Station near from_ _J.unjt.4*_195Q__ -- to. July lj 1950 
Grand Lake, Colorado * 

Rodiotion in qr.-col. per cm.2 of horizontal surface during hour ending (apparent time) 

DATE 

5 6 7 8 9 10 II 12 1 2 3 4 5 6 7 8 
DAILY 
TOTAL 

Gr.-col. Gr.-col. Gr.-col. Gr.-col Gr.-col. Gr.-cal. Gr.-col. Gr.-col. Gr.-cal. Gr.-cal. Gr.-cot Gr.-col. Gr.-col. Gr.-col. Gr.-col. Gr.-col. Gr.-col. 

June 4 0.1 3.0 9.8 11.7 30.4 72.4 94.2 97.8 97.8 93.4 54.9 63.4 48.8 30.1 6.9 0 714.7 
5 0.1 8.7 29.0 49.0 67.0 80.5 90.5 95.5 94.4 88.0 78.0 62.9 45.7 21.7 8.9 0.2 820.1 
6 0.1 9.2 29.5 50.2 68.3 81.7 92.4 98.7 96.2 91.1 81.1 26.6 24.6 8.1 1.9 0 759.7 
7 0 9.0 29.9 50.0 68.0 81.5 93.1 98.5 91.4 88.7 41.1 40.0 37.4 22.5 8.4 0.6 760.1 
8 0.1 10.2 31.0 51.2 70.6 90.0 95.7 569.8 94.6 4 83.1 80.8 64.0 47.2 23.1 8.3 0.5 820.2 

" 9 0.1 9.7 30.5 50.7 69.0 83.0 92.5 96.8 95.3 89.5 77.5 65.0 47.2 29.1 12.1 0.7 848.7 
_ 

10 0.2 11.8 31.2 50.4 68.6 81.6 91.6 95.8 94.6 89.0 80.6 66.4 44.7 24.5 11.9 1.0 843.9 . 

Mf nn 0.1 8.8 27.3 44.7 6?,1 81.5 92.9 93.3 94,9 89,0 70.6 55r5 42.2 22.7 8,? 0.4 795.3 
June 11 0.2 9.9 30.0 50.7 69.2 81.2 90.9 95.7 94.8 87.5 79.0 51.8 45.6 28.0 10.5 0.2 825.2 

■ 12 0.1 9.1 29.5 50.0 69.6 82.8 92.2 06.5 95.7 89.0 78.8 64.3 47.0 28.0 10.2 1.3 844.1 “ 

■ 13 0.6 11.7 31.0 50.8 68.0 80.0 90.8 95.7 94.8 73.1 64.1 52.6 34.4 27.5 14.7 1.7 791.5 
- 14 0.6 11.3 31.1 51.0 69.1 81.5 90.7 95.4 94.8 88.5 80.0 66.0 49.2 31.2 14.2 2.0 856.6 
- 15 0.3 12.5 31.1 50.2 68.0 79.8 90.1 94.4 93.5 89.4 80.9 72.2 18.0 9.3 5.4 1.5 796.6 - 

• 16 0.4 10.6 29.3 48.7 65.0 79.5 85.0 75.3 93.1 58.5 74.7 58.7 29.4 27.2 7.8 1.3 744.5 - 

17 0.6 10.7 30.3 50.5 68.1 80.5 90.9 94.8 96.1 84.8 79.0 65.5 49.3 30.0 13.1 1.3 845.5 

Mean 0.4 10.8 30.3 5°,? 68.1 §0,8 90,1 92.5 94.7 81,5 76.6 61,6 ?9„o 25,9 10,8 1.3 814.7 
June 18 0.6 13.3 33.0 52.2 69.3 82.3 91.5 96.4 98.6 84.5 69.6 47.4 40.5 19.8 8.3 1.2 8O8.5 

■ 19 0.6 10.8 31.5 ‘48.2 452.7 72.7 85.3 87.9 63.1 22.2 15.4 6.6 27.0 8.7 0.7 0.4 533.8 - 

- 20 0.1 8.6 28.0 49.3 63.8 84.5 69.2 60.9 106.0 87.0 60.0 72.9 23.9 10.0 9.5 1.3 735.0 
- 21 0.2 11.4 29.4 48.4 65.1 78.8 71.8 83.4 31.5 12.5 13.2 20.0 45.3 28.0 11.3 0.9 551.2 - 

- 22 0.1 2.9 23.5 45.0 44.6 42.9 31.8 75.3 65.2 53.2 54.5 28.3 19.1 21.5 12.7 0.8 521.4 - 

- 23 0.5 11.9 22.4 29.0 65.9 79.1 94.2 90.3 95.0 85.5 76.3 58.9 45.9 27.8 12.1 0.9 795.7 - 

- 24 0.2 9.2 29.0 48.3 65.6 79.8 89.2 94.5 93.5 89.2 32.7 25.8 11.1 27.9 11.7 013 708.0 - 

Mean 0,3 9.7 28.1 45.8 61,0 74.3 76.1 84.1 79,0 62.0 46.0 37.1 3°,4 20,5 9.5 0.8 664.7 
June 25 0.2 7.7 28.5 48.4 67!o A. 2 90.3 94.3 93.9- 88.0 77.0 63.0 45.3 26.8 9.4 0.3 821.3 

- 26 0.3 11.8 30.5 50.4 68.0 80.6 90.0 91.4 *95.8 *79.0 25.7 24.4 22.2 30.1 6.9 0.8 707.9 - 
- 27 0.3 9.5 29.0 48.0 65.6 79.1 90.6 97.8 81.0 33.0 20.5 18.9 17.9 17.8 6.6 0.6 616.2 - 

- 28 0.2 9.6 29.2 48.0 65.1 78.6 78.8 77.7 21.2 20.7 25.7 33.0 16.0 30.4 15.9 2.4 552.5 - 
- 29 0.4 9.5 26.8 47.5 60.2 55.0 65.5 77.4 92.0 88.8 73.3 65.0 28.8 27.6 9.9 0.7 728.4 - 
- 30 0.3 12.0 24.4 48.9 64.7 84.7 74.5 71.5 68.5 65.6 56.2 59.0 46.3 27.8 10.5 0.5 715.4 - 
" July 1 0.1 5.7 21.3 49.8 52.9 79.4 67.9 86.1 61.8 57.3 49.2 53.5 29.3 12.2 5.5 0.8 632.8 - 

0.2 9.4 27.1 48.7 63.4 76.9 79.6 85.2 73.5 61.8 46,8 45.3 29.4 24.7 9.2  0.9 682.1 

- 

M^¥^rtly interpolated. 

* OPERATED BY THE BUREAU OF RECLAMATION IN COOPERATION WITH WEATHER BUREAU Prepared by_ 

- 

^Intensities greater than 2.1 cal/aq cm/min. caused by reflection from clouds. F. A. Bertie 

Figure 136. Example of tabulation of hourly solar radiation as read from pyrheliometer recorder. 



Table 58—Summary of soil pits, 1950 

Fraser Experimental Forest, Colorado 

Pit No. and date 

1_ 
April 20, p. m. 

2_ 
April 20, p. m_ 

3_ 
April 20, p. m_ 

April 20, p. m_ 

April 20, p. m_ 

May 8_ 

April 20, p. m_ 

7_ 
April 25, p. m_ 

8_ 

April 25, p. m_ 

8b_ 
Mav 8_ 

9_ 

April 26 _ 

May 3. 

10_ 

Depth from surface 
(inches) 

16 above. 
1% above. 
2 below.. 
32 below. 

2 below.. 
22 below. 

14 above. 
20 below. 

20 below 

Thickness 
of layer 
(inches) 

14% 
1% 
2 

30 

2 
20 

14 
20 

20 

18 above_ 16 Snow. 
2 above_ 2 Ice. 
2 below_ 2 Frozen soil. 
20 below_ 18 Soil uniformly damp. 
26 below_  6 Dry sand. 
36 below___ 10 Damp sand. 
3 inches of water standing in bottom of pit. 

Description 

Near top of hill northwest of headquarters in snow patch. 
Snow. 
Ice. 
Frozen litter. 
Uniformly damp sandy soil with gravel and weathered rocks. 

Near top of hill northwest of headquarters in bare area. 
Surface soil is slightly damp. 
Uniformly damp soil. 

Near middle of hill in snow patch. 
Snow. 
Soil uniformly damp. 

Near middle of hill northwest of headquarters in bare area. 
Soil uniformly damp. 
Near bottom of hill northwest of headquarters in snow patch. 

54 below . 

22 above. 
30 below. 
33 below. 

22 above. 
2_ 
4~~I~_ 

16 below . 
40 below. 
52 below. 
55 below. 
66 below. 

54 

22 
30 

3 

22 
2 
2 

12 
16 
24 
12 
3 

11 

Near bottom of hill northwest of headquarters in bare area. 
Soil uniformly damp. 

Near bottom cf hill northwest of headquarters in snow patch. 
Snow. 
Damp soil. 
Water-bearing sand. 

Near bottom of hill northwest of headquarters in snow patch about 
50 feet from Pit No. 7. 

Snow. 
Frozen litter. 
Frozen soil. 
Damp soil. 
Damp soil. 
Dry soil. 
Damp soil. 
Water-bearing sand. 
Damp soil. 

New pit six feet west of Pit No. 8. 
12 above. 
2 below.. 
4 below. 
6 below _ 
52 below. 
56 below . 
62 below. 

28 above. 
% above. . 
3 below.. 
18 below. 
28 below . 
44 below. 
47 below . 
57 below 

12 
2 
2 
2 

46 
4 
6 

27% 
% 

3 
15 
10 
16 

3 
10 

Snow. 
Frozen litter. 
Frozen organic soil. 
Wet organic soil. 
Wet loamy sand with numerous large rocks. 
Very wet loamy sand. 
Very wet sandy loam. 

Near bottom of hill on West St. Louis in snow patch on south-facing 
slope. 

Snow. 
Ice. 
Frozen organic soil. 
Wet brown sandy loam. 
Wet light brown loamy sand. 
Wet coarse grayish brown loamy sand with gravel and rocks. 
Saturated brown loamy sand bearing running water. 
Moist soil. . 

14-inch layer of soil immediately under litter carried free water. 3-inch layer 34 inches below 
surface carried free water. 

Low on south-facing slope northwest of headquarters in an indis¬ 
tinct drainage line. 
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Table 58—Summary of soil pits, 1950—Continued 

Pit No. and date 
Depth from surface 

(inches) 

Thickness 
of layer 
(inches) 

Description 

14)4 above. 14 Snow. 
34 above 34 Ice. 
1 below l Frozen litter. 
3 below 2 Frozen organic soil. 

Wet loamy sand. 
Very wet loamy sand. 
Free water flowing through loamv sand. 

21 below 18 
28 below 7 
40 below .. 12 

May 8. 
June 6. 

11_ 
May 4. 

Note: Small pieces of charcoal found 1 to 2 feet below surface. 
12 inches of water in bottom of pit (same as when pit was first dug). 
No water in bottom. Soil wet. 

About 50 feet west of Pit No. 10. 
Wet litter. 
Wet sandy loam. 60 

34 below_ 
6034 below_ 

Note: Small pieces of charcoal found 1 to 2 feet below surface. 
May 8_ Evidence that water had come and gone in bottom of pit 

12_ 

May 4_ 14 above_ 
13*4 below_ 
2)4 below_ 
173-4 below_ 
32)4 below_ 

Note: Site is rocky—granite and schist. 
Mav 8_ No evidence of free water. 

14 
1>4 
1 

15 
15 

Pit dug 

13_ 
May 8_ 

14_ 

May 

May 

June 

June 
June 

22_ 

31. 

7.. 

14. 
22. 

June 28. 

15_ 
May 22. 

May 31. 
June 7__ 
June 14. 

June 22. 

June 28. 

16. 

June 8. 

2 below. _ 
6 below.. 
54 below. 
69 below. 

77 below. 

46 above 
2 below. 
6 below. 
12 below 
42 below 

Low on a south-facing slope northwest of headquarters. 
across entire width of a narrow snowbank. 

Snow. 
Frozen litter. 
Frozen soil. 
Wet sandy loam. 
Wet sandy loam mixed with gravel. 

Low on south-facing slope northwest of headquarters. 
Wet litter. 
Wet organic soil (brown sandy loam). 
Wet light brown loamy sand. 
Wet coarse loamy sand mixed with gravel (very hard and com¬ 

pacted) . 
Wet coarse sand. 

At base of north-facing slope in north-south-slope study area, West 
St. Louis Creek. 

Snow. 
Frozen litter. 
Frozen brown loam organic soil. 
Moist brown loam organic soil. 
Moist light brown sandy loam with numerous small rocks. 

About 12 inches of water in bottom. It was not determined whether this water came from the 
recent snowfall or from underground run-off. 

Water has risen in pit to within 8 inches of ground surface. Water is seeping from this remaining 
8 inches of exposed soil. 

No change. 
No snow. Water level in pit 18 inches below surface. Soil saturated to 6 inches above surface of 

water. 
One inch water standing in bottom. Soil grades evenly from saturated at bottom to wet at top. 

50 feet east of Pit No. 14 
Snow on a dense layer of fern, moss, and vaccinium sp. 
Frozen litter. 
Wet brown sandy loam organic soil. 
Wet light brown sandy loam. 

44 
7 
8 

16 

44 above_ 
7 below_ 
15 below_ 
31 below_ 
Same note as for Pit No. 14, May 31 
Same note as for Pit No. 14, June 7 
Snow 14 inches deep and has melted back to a point 2 feet from uphill end of pit. Water seeping 

through the organic soil. 
Small snow bank 12 inches deep about 8 feet uphill from pit. Water level in pit 18 inches below 

surface. Soil saturated to 6 inches above surface of water. 
8 inches water in bottom. Soil grades from saturated at bottom to wet at top. 

On north-facing slope in north-south-slope study area, West St. 
Louis Creek. About 8 feet vertical distance above valley floor. 
In a snow drift about 6 feet from the upper edge and about. 20 
feet from the lower edge of the drift. 

26 Snow on a heavy cover of moss, ferns, etc. 
4 Moist litter. 
8 Moist brown sandy loam organic soil. 

24 Moist light brown sandy loam mixed with gravel-free water seeping 
through soil. 
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Table 58—Summary of soil pits, 1950—Continued 

Pit No. and date 
Depth from surface 

(inches) 

Thickness 
of layer 
(inches) 

Description 

June 14 . 

June 22_ 
June 28_ 

17 

Soil wet throughou 
layer and from a 

No snow in vicinity 
Soil grades from vei 

; but no 
3 inch lay 

Soil in 
•y wet at 

standing water in bottom of pit. Water seeping slowly from litter 
er at bottom of pit. 
bottom of pit saturated, 
bottom to moist at top. 

Low on north-facing slope in north-south-slope study area, West 
St. Louis Creek. 

Snow. 
Frozen litter with free water flowing through the upper part of the 

litter layer. 

June 8 24 above 
4 below - - 

24 
4 

Note: 
June 14._ 
June 22... 
June 28--. 

Flow of water prevented further digging. 
_ Snow 18 inches deep. Water 

_ No snow in vicinity. Soil in 
_ Soil very wet. 

seeping from organic soil layer, 
bottom of pit saturated. 

18_ 

June 8. 

June 14_ 
June 22. 
June 28. 

7 below _ 

35 below 
37 below 

28 
2 

Low on north-facing slope in north-south-slope study area, West 
St. Louis Creek. 

Moist brown sandy loam organic soil below a dense cover of vac- 
cinium sp. 

Wet light brown sandy loam mixed with gravel. 
Light brown sandy loam mixed with gravel carrying free water. 

No seepage. Soil very wet in bottom of pit. Evidence of past standing water in bottom of pit. 
No snow in vicinity. Soil in bottom of pit saturated. 
Soil grades from saturated at bottom to moist at top. 

19_ About 50 feet uphill from Pit No. 17. 
June 8__ 6 below_ 6 Litter under cover of vaccinium sp. 

Wet brown sandy loam organic soil. 
Wet light brown sandy loam mixed with gravel. 
Light brown sandy loam mixed with gravel carrying free water. 

Note: Flow of groundwater was strong enough to force a noticeable stream of clear water into the muddy water at, 
the bottom of the pit. 
June 14_ 
June 22_ 
June 28_ 

6 below _ 
14 below. 
30 below 
36 below 

6 
8 

16 
6 

20_ 
June 14. 

7 inches of standing water in bottom of pit. No seepage above water line. 
No snow in vicinity. Soil in bottom of pit saturated. 
Soil grades from wet at bottom to moist at top. 

24 above. 
2 below. _ 
3 below.. 
) U4 below. 

24 
2 
1 
8 y2 

June 22. 
June 28- 

Note: Free water seepage at 1014 inches below surface. 

Snow on moss and vaccinium sp. 
Frozen litter. 
Wet litter. 
Wet organic soil. 

21_ 
June 14 

Snow bank 12 inches deep has receded to 12 inches from pit. 
Soil grades from very wet at bottom to wet at top. 

Soil in bottom of pit saturated. 

16 above 
2 below- 
3 below- 
13 below 
17 below 

| 50 below 
Note: Free water seepage at bottom. 

June 22_ No snow in vicinity. 

16 
2 
1 

10 
4 

33 

Snow on moss and vaccinium sp. 
Frozen litter. 
Wet litter. 
Moist organic soil. 
Moist “B” horizon soil. 
Moist “C” horizon soil. 

June 28. 

22_ 
June 14 

Soil very wet in bottom of pit. 
Soil grades from very wet at bottom to moist at top. 

3 below_ 
12 below_ 
1414 below_ 
3314 below_ 

Note: Free water seepage at bottom. 
June 22_ No snow in vicinity. 
June 28_ Soil very wet. 

3 
9 
214 

19 

Moist litter below cover of moss and vaccinium sp. 
Moist organic soil. 
Moist “B” horizon soil. 
Moist parent material. 

23_ 
June 14_ 

June 23. 
June 28- 

Seepage in bottom of pit, but no standing water. 

2 below_ 
2314 below. 
2514 below. 
3814 below. 

2 
2114 

2 
13 

Moist litter below cover of moss and vaccinium sp. 
Moist organic soil. 
Moist “B” horizon soil. 
Moist parent material. 

No snow in vicinity. Seepage in bottom of pit but no standing water. 
Soil grades from saturated at bottom to moist at top. 
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