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ing curves used in the method may often serve more than one basin. The procedure is applicable 
In those regions where a semi-permanent snowpack develops during the winter and is particularly 
adaptable to the basins in which an extreme range in elevation res t r ic ts melting at any instant to 
limited portion of the snow-cover. No new theoretical approach to the problem of melting snow 
has been introduced, but it is believed that the method should provide a simple and practical tool 
for hydrologists. 

A more complete system of observations of snow-line elevation is essential before the full 
value of this procedure can be realized in many basins. It is believed also that systematic ob
servations of quality of snow will provide valuable information on the degree-day number. It 
seems probable that this number may actually prove nearly constant when adjustment for snow-
quality is included. 
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DISCUSSION 
R. A. WORK (Irrigation Engineer, United States Division of Irrigation and Oregon Experiment ' 

Station, Medford, Oregon)—I was interested in Mr. LINSLEY'S hope that the day-degree snow-melt 
would be a constant. CLYDE appeared to find that snow-melt was a constant. In fact, in Clyde's 
bulletin "Snow melt character is t ics ," he gives the value. But Mess r s . CHILDRETH and FROST 
and I, working at Crater Lake, found that snow-melt there was not a constant. 

The questions of snow-quality, snow-texture, and day-degree versus hour-degree entered into 
the picture. Our observations of snow-melt were refined to the point of calculation of hour-degrees, 
and there seems quite a difference in behavior of snow under varying conditions of hour-degrees 
above 32 compared to day-degrees above 32. 

THREE UNUSUAL RUNOFF-YEARS IN THE HUMBOLDT BASIN, 
NEVADA, 1940-41, 1941-42, AND 1942-43 

J. E. Church and H. P . Boardman 
The presentation of the paper "The Humboldt Basin, Nevada: Two unusual years, 1940-41 and 1941-42" at the Pasadena Regional Meeting [Trans. Amer. Geophys. Union, pp. 156-159, 1942] and "Forecasting runoff for power and irrigation from relatively low-level a reas ' by HARRY OLSEN and E. B. PRICE at the Corvallis Regional Meeting (pp. 55-62) makes the present paper desirable as emphasizing the factors of soil-moisture and ground-water level that have previously seemed quite subordinate to those of snow-cover and precipitation. 
Unusual opportunity for observing the effect of high water-table on increasing the flow of the 

Humboldt has been afforded for a second year, while abnormal snow-melt, winter rains, and 
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above-normal summer rains are accumulating data of future use in foreseeing abnormalities in 
the seasonal flow. 

Although in the Sierra Nevada the runoff usually corresponds closely with the water-content 
of the snow-cover, other factors than the snow-cover, materially affect the flow of the Humboldt. 
For example, in 1940-41 double normal precipitation throughout April to June, when most effective 
on the snow, produced an excess of 121,500 acre-feet or 48.6 per cent of normal above the 150,000 
acre-feet forecasted. 

In the water-year of 1941-42 the building up of a high water-table by double normal rains in 
1941 that continued into the winter and the sudden melting of low-level snow accumulated during 
the winter increased the flow of March to July of 1942 from 193,280 acre-feet indicated by the 
snow-cover to 493,860 acre-feet, or an excess of 139.8 per cent of normal. 

The extremely high water-table of the present season of 1942-43 has already raised the 
stream-flow (June 12) to 168 per cent of the normal for March to July although the snow-cover on 
March 1 was only 91.4 per cent of its normal. The effect of the excessive winter precipitation of 
137.6 per cent, of which 46 per cent of normal was rain or melting snow, is still uncertain. 

Table 1—Tabular comparison, runoff in Humboldt Basin. 1940-43 
Snow-cover Actual runoff Divergence 

Year (per cent of (per cent of (per cent of March 1 normal) March to July) normal) 
1940-41 71.4 106.2 34.8 
1941-42 89.8 229.7 139.9 
1942-43 91.4 168.0 to June 12 76.6 to June 12 

Effect of spring-flood and high water-table—To obtain a closer comparison, recourse has been 
had to the monthly percentage of the flow for April to July for 1942 alone. Stations representing 
high-level as well as low-level runoff have been selected to isolate so far as possible the effect of 
the spring-flood of April. The resulting Table 2 seems definite. 

Table 2—Monthly percentage of total flow. April to Tuly 
1942 April May June July April to July 

pet pet pet pet pet acre-feet 
Marys River at Cabin Field (low level) 47 30 20 3 a 100 58,000+ Lamoille Creek at Power House (high level) 7 19 53 21 100 33,740 Lamoille Creefc at Mclntyres (low level) 24 24 36 16 100 53,620 
South Fork at Boltons (high level) 10 23 50 17 100 63,570 South Fork at Bullion (low level) 27 . 28 35 10 100 139,970 
Humboldt River at Palisade (low level) 36 25 30 9 100 431,340 Humboldt River at Palisade (normal low level) 26 30 33 11 100 182,400 
Little Humboldt Basin at Martin Creek (low level) 39 34 23 4 100 19,880 

aEstimated. 
On Lamoille Creek and South Fork the relative April flood-flow was three times greater below 

the 6,000-foot altitude than above and apparently even more on the Marys River and in Little Hum
boldt Basin. 

The isolation of the two factors of flood-melting and high water-table is made easy by the natural fluctuation of the former and the steadiness of the latter. For example, in the comparison in Table 3 of the runoff of the Humboldt at Palisade for 1942 and its normal, with the single exception of April when the flood occurred, close uniformity between seasonal runoff and normal prevails throughout the season despite the quantitative difference between them. 

Table 3—Comparison of 1942 and normal runoff of Humboldt 
Item March April May ' June July T o t a l 

pet pet pet pet pet pet acre-feet 
Humboldt, 1942 13 32 22 26 7 100 493,860 
Humboldt, normal 15 22 26 28 9 100 215,000 
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Table 4, by H. P . Boardman, shows the close harmony of the four months March, May, June, 

and July, as well as the great difference in per cent of normal for April. 
Table 4--Comparison of March. May, Tune, and July with April 

Month N o r m a l s A c t u a l 1 9 4 2 Month Acre-feet Pet Pet Acre-feet Per cent 
normal 

March 
May 
June 
July 

32,600 
54,500 
60,400 
20.300 

19 
33 
36 
12 

19 
32 
38 
11 

62,500 
107,700 
128,400 
37,140 

192 
197 
213 
183 

Totals April 
167,800 

47,200 100 100 335,740 
158.100 200 

335 
The quantitative flood-effect is therefore the ten per cent divergence in April or, on the basis 

of the total flow of 1942 of 493,860 acre-feet, 49,386 acre-feet. This harmonizes with excess ac
cumulation of 50,000 acre-feet during March, 1913-14, due apparently to high temperature (2?0 F 
above normal). 

The water-table effect on the basis of the excess above 90 per cent of normal represented by 
the snow and corrected for flood in April is as follows in acre-feet: March, 33,180; April, 66,234; 
May, 58,650; June, 74,040; July, 18,870; and total, 250,974. 

The gain apportioned to the two factors is thus (1) spring-flood 50,000 acre-feet and (2) high-
water table 250,000 acre-feet. In view of the area of probably 6,000,000 acres contributing to the 
stream-flow of the upper Humboldt, this excess of 250,000 acre-feet would be only one-half inch if 
spread over the entire area. 

The factor of temperature, other than in April, was dormant or regressive as shown by the monthly temperature-departure at Elko and Lamoille in Table 5. 
Table 5—Temperature-departure from normal 

Station March April May June July 
Elko . Lamoille 

°F 
-4.6 
-3.4 

°F -1.7* -0 .9 a 
°F -5.8 -3.1 

°F 
-5.1 
-2.3 

°F + 0.9 + 2.6 
aIn early April the temperature as measured at Lamoille suddenly rose to 12?0 F above normal and continued at +6?0 F during the following two weeks, causing a runoff at Palisade for the month of 152,000 acre-feet; the temperature-departure at Elko during the first three weeks was +3? OF and fell to -1?5 F for the month. 

Precipitation was likewise without effect, being in moderate excess in April and May but defi
cient in March, June, and July. Thus the excess and deficiency were approximately in balance. 

Table 6—Precipitation-departure from normal 

i 

Basin and 
station March April May June July 

inch inch inch inch inch 
Upper Humboldt 

Tuscarora -1.37 +0.26 + 0.02 -0.53 -0.53 
Arthur -1.06 -0.84 -0.12 -0.65 -0.73 
Lamoille -0.60 + 0.82 + 1.44 -0.52 -0.14 
Hylton -1.44 + 0.80 + 0.64 -0.58 -0.58 

Little Humboldt Paradise Valley -0.53 + 0.34 -0.07 -0.19 -0.33 
Orovada -0.55 + 0.64 + 1.59 +0.46 -0.18 
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Forecast for 1943—The radio forecast for the upper Humboldt made April 10 still holds except 

that the maximum runoff may be considerably above 150 per cent of normal. This forecast was as 
follows: Precipitation, November to February, 137.6 per cent of normal; snow-cover, March 1, 
91.4 per cent of normal (but at low levels only 42.2 per cent of normal); water-table highest of 
record; runoff at Palisade will be fully 150 per cent of new normal of 215,000 acre-feet for March 
to July. (The final forecast based on complete data was 185 per cent.) 

Since the high water-table affects the broad alluvial basins rather than the mountain canyons, 
this maximum must be applied mainly to the Humboldt at Palisade and the valley areas of the 
tributaries. 

In the lower Humboldt, conditions have varied from high floods, heavy snow-cover, and ex
cessive precipitation in the Little Humboldt-Quinn River Area on the north to normal precipitation 
in the Reese River Area on the south. The reservoirs at the foot of the Humboldt have been over
filled and are being drawn-down for safety. 

Table 7--Forecast summary 

Basin 
Snow-cover 

March 1, per 
cent of normal 

and mean 

Percentage 
effect of 

water-table 
(basis 1942) 

Normal 
runoff 

March to 
Probable flow Possible maxi

mum flow Snow-cover 
March 1, per 

cent of normal 
and mean 

Percentage 
effect of 

water-table 
(basis 1942) July, acre-feet 

Percent 
normal 

Acre-
feet 

Per cent normal 
Acre-
feet 

Humboldt River 
at Palisade 

High level 91.4 6 6 8 Low level 42.2 116.0 215,000 (new) 185 397,750 200 430,000 
Northern feed Hlghlevel 104.9 7 3 3 116.0 189 200 

e r s Low level 57.5 
116.0 189 200 

Lamoille Creek 97.9 116.0 22,800 214 48,800 214 48,800 at Power (old) 
House South Fork at 70.1 116.0 35,000 

(old) 186 65,100 186 65,100 
Boltons 

35,000 
(old) 

Martin Creek 122.1 20,320 
(new) 125 25,400 175 35,600 

near Paradise 
20,320 
(new) 

Quinn River 
Reese River 122.1 125 175 Quinn River 
Reese River 91.8 100 175 

The precipitation during 1942-43 has been complex. The total snow and rain combined during 
the winter has been for the upper Humboldt 137.6, Little Humboldt 187.4, and Reese River 91.8 
per cent of normal. The snow-cover, however, even at the higher levels has been only 91.4 per cent 
for the upper Humboldt and 122.1 per cent for Little Humboldt-Quinn River, and at the lower levels 
as little as 42.2 per cent on the upper Humboldt. 

Since snow-cover is far more efficient than rainfall in creating runoff, the seasonal per
centage of the snow-cover rather than that of the heavier precipitation should be chosen in making 
a forecast. Since, however, the snow-cover in the lower and relatively larger areas is scant or 
lacking, the average of the two should be adopted, or 66.8 per cent for the upper Humboldt. The 
effect of the precipitation will appear in that of the water-table built up at least in part from it. 

On the basis of the excess flow of 250,000 acre-feet in 1942, due evidently to the high water-
table, a similar excess can be expected the present year, distributed proportionately as before 
throughout the runoff-period even at high levels. 

The above-normal shrinkage of the snow-cover in March was doubtless due to acceleration of 
melting from unusually high density and deficiency of precipitation during March. 

During April the weather was warm and precipitation approximately normal. May has been 
both cold and deficient in moisture with consequent drying of the range. These factors will provide 
only minor corrections in the forecast when combined with the heavy correction for high water-
table. 

The residual snow on the Santa Rosa Range, the full length of the Ruby Mountains, and the 
Jarbidge Range indicates a steady flow fully normal and probably much greater for the remainder 
of the period from March to July. 
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The forecast of probable flow during March to July for the upper Humboldt at Palisade was 

185 per cent of normal. Of this 168 per cent of normal has now (June 12, 1943) been attained. Two 
weeks of a major month and an entire minor month remain. It is hoped that present trends of 
weather with variation will continue in the Humboldt Basin until sufficient data for final conclusions 
can be assembled. (At the close of the runoff-season ending July 31, 1943, the percentage was 200, 
or more than double that of the snow-cover.) 
Nevada Agricultural Experiment Station, Reno, Nevada 

PREDICTION OF TEMPERATURE-DISTRIBUTION IN FROZEN SOILS 
W. P. Berggren 

There are evident obstacles to the accurate prediction of tljermal conditions in soils. In the 
first place, the term "prediction" must be limited to determination of variations of temperature 
expected on the basis of observed or assumed initial distributions and subsequent surface-condi
tions. The great difficulty of measuring thermal properties, which are subject to complex varia
tion with structure and packing as well as with moisture-content, remains the most severe l imita
tion. Moreover, the migration of water during freezing is likely to invalidate the most painstaking 
determination of initial soil-properties. 

The logical starting point for theoretical study of the problem of soil-freezing is the definition 
of an idealized system which will permit exact mathematical formulation. The analysis of such a 
system should not be regarded as a "theoretical solution" of the real problem, but as a description 
of the behavior of the ideal system, whose properties are recognized as differing from those of the 
actual problem [see 3 (Chapter 1) of "References" at end of paper]. Failure of the results to agree 
with observed performance of the real system must be charged to excessive idealization of the 
problem, rather than to shortcomings of the mathematical analysis. Improved agreement may be 
obtained by more realistic definition of the ideal system, until the complexity of the analysis be
comes excessive. 

The utility of the idealized analysis, though limited by the uncertainty of soil-properties and 
their variability with imposed conditions, should be apparent in at least three ways: 

(a) As a guide to interpolation or extrapolation of observed soil-temperature variations under 
freezing conditions 

(b) As an indication of the departure of soil-properties (including moisture-distribution during 
freezing) in situ from laboratory measurements on samples 

(c) As a means of predicting the rate of freezing, particularly as influenced by the initial and 
subsequently-imposed conditions of temperature and the presence of snow or vegetation 

Fortunately, the rate of increase of the depth of the frozen layer proves to be relatively in
sensitive to departure of field-conditions from the properties of idealized systems. Hence, p re 
dictions of rate of freezing will ordinarily be more reliable than those of temperature-distribution 
as a function of time. 

The following analysis permits only approximate prediction of the insulating effect of snow or 
vegetal cover. The method tends to underestimate the retardation of the freezing-rate due to 
surface-cover. At this time, only a suggested means of attack on the rate of thaw-problem is of
fered. It is hoped that development of the analysis in these respects will eventually facilitate p r e 
diction of runoff and erosion. 

Analysis of idealized system 
The lectures of RIEMANN [5, 7] include the analysis of a one-dimensional liquid-solid system 

under transient thermal conditions. With alterations only in terminology and notation, the solution 
becomes applicable to the idealized problem of freeze-penetration in soils. 

The ideal system is defined as a semi-infinite slab (bounded only by a single plane x = 0) of 
porous material through which a liquid, initially at a uniform temperature t0 (above the freezing-
point), is uniformly diffused. At a certain time (denoted by 8 = 0) the surface-temperature is r e 
duced to and maintained at a sub-freezing value t s . A frozen layer immediately begins to form at 
the surface x = 0, and its increasing thickness will be denoted by X. 


