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SOIL TEMPERATURES IN THE UNITED STATES 
By EDITH M. FITTON and CHARLES F. BROOKE 

[Clark University, Worcester. hfss.1 

By writing to all the a ricultural experiment stations 
and examining the availab 7 e literature on t,he subject, soil 

FIOUBE 1.-Air and soil temperatures at Temple, Tex., Lincoln, Nebr., and Urbana, 11. 

temperatures for 32 stations in the United States have 
been obtained.~ OnlyIthe very cordial coopertition of the 

agricultural experiment stations, the library of the United 
States Weather Bureau, and certain individuals has made 
possible the collection of the data. The stations, though 
few in number, are fairly representative of the country as 
a whole. 

Many variations in the conditions under which the soil 
temperatures were taken occur. I n  general, the esperi- 
nient stations obtained soil temperatures not because of 
interest primarily in the temperatures themselves, but to 
determine the extent to which the temperatures were 
favorable or unfavorable for an important local crop or for 
bacteria harmful or helpful to that crop. Thus the ther- 
mometers were often placed a t  the depth a t  which the 
seed would be planted, so the depths for the different 
stations vary considerably. Also, because the interest 
was chiefly in connection with crops, records were often 
taken only during the growing season instead of through- 
out the year. Soils such as clay, loam, sand, peat, etc., 
are indicated; soil covers are various-bare, CUI tivated, 
sod, orchard, tobacco, cotton, mulches, etc. ; exposures 
noted at  different stations indicate variations between 
hillsides and bottom lands, dry soil and wet soil, shade 
and sun, etc. The accompanying table of soil tempera- 
tures indicates these variations where possible; it will be 
noted that some stations make no specification whatever 
as to the soil, soil cover, or exposure at  the place where the 
soil thermometers were placed. In  cases where tempera- 
tures of several kinds of soil or soil cover or exposure were 
recorded a t  one station, all of the data are included in the 
table for purposes of comparison at  the station itself. 

The material was sent to the authors in many different 
forms-some of it had already been published; some was 
in the form of graphs from which the desired tempera- 
tures could be read ; in many instances the original thermo- 
graph records were sent and readings and tabulations were 
iiiade froiii them; often a letter from an official of the sta- 
tion indicated d l  the soil temperatures that the station 
had available. Where possible, the temperatures in the 
tables were obtained by averaging the mean daily maxi- 
ilium and mean daily minimum temperatures for each 
month. 

I t  is very apparent that the soil temperatures obtained 
for the 32 stations are by no means uniform-variations 
occur in the years, months, or days of record, the method 
~ 

1 Based on a paper presented before the Association of American Geographers at Wor- 
cester, hlnss.. lJecentber.29, 1930, by Edth M. Fitton. 
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of taking the record and of compiling tables from it, the 
kind of soil, depth, soil cover, and exposure. Hence the 
records a t  different stations are not strictly comparable 
with one another; however, the data are valuable for the 
individual stations, especially when temperatures for dif- 
ferent depths, soils, and exposures axe recorded a t  a single 
st,ation. The scantiness of the material now available 
emphasizes the need for many additional observations of 
soil temperatures, which should be made under conditions 
as uniform as possible. 

A study of the tabulated records now a t  hand and the 
graphs which illustrate them suggests a number of con- 
clusions. 

(a) Air and soil temperatures near the surface vary in 
a fairly parallel manner. 

Since the temperature of the air is chiefly depencleiit ou 
radiation and conduction from and to the ground, it fol- 

-c 

Tex., this statement does not hold true in the spring and 
fall. In the spring the reason is perhaps that it takes 
longer for the soil, continually cooled by conduction from 
below to warm up; in the fnll, with shorter days and a 
longer period of nocturnal radiation, the soil cools more 
rapidly, though, as the winter months show, not to as 
great n degree as the air. Because of intense surface 
heating, the summer months show the widest vnriation 
between the air and soil temperatures, the soil a t  the 1- 
inch depth being considerably warmer than a t  3 inches, 
with the interesting exception of August a t  Temple, 
Tes. The esplnnation for the exception probably lies 
in the fact that the deeper soil has become thoroughly 
warmed during the long summer of this southern station, 
ttnd, since it retnins its warmth at  night better than the 
surface soil, its temperature shows a higher monthly 
average. 

lows that the diurnal and annual coiirses of the air tem- 
peratures and the ground temperatures should be quite 
similar. A number of stations provided air temperatures 
as well as soil temperatures. (See fig. 1 and the accom- 
panvinp tables.) 

( 6 )  The soil temperatures a t  slight depths are generally 
higher than the air temperatures throughout the year. 
(Fig. 1.) 

By day and especially in summer the ground is warmed 
to a much higher temperature than the air above it, 
so much so that, though it is cooled to a lower tempernturr 
a t  night, the mean temperature of the ground remains 
higher than that of the air. At Urbana, Ill., “the aver- 
age monthly temperature of the soil to a depth of 1 to 
3 inches is always higher than that of the air above it” 
(14, p. 42), but a t  Lincoln Nebr., (21) and tit Teniple, 

(c) The diurnal range in soil temperatures estends to a 
depth of about 3 feet (60, p. 79). 

A study of the original thermograms which were sent 
by a number of stations showed this to be rl fact, a s  does 
also Figure 2, from a soil paper by Alfred Smith published 
in Hilgardia (32, a, p. 91). The 36-inch-depth line is 
seen to have the least fluctuation during the weeks shown. 

(d) The annual range in soil temperature is quite 
apparent at  a depth of 10 feet, the greatest depth for 
which a record is obtainable in the United States. 

Bozeman, Mont. (fig. 3) furnished soil temperatures 
to a depth of 10 feet. Here the annual range is still 
reasonably apparent and it probably estends to a depth 
of 30 or 40 feet (60, p. SO). Where the temperature line 
for the 10-foot depth is superimposed on the 1-foot tem- 
perature line, the greatly decreaspd annual range wit? 
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depth is a t  once apparent. The increase in uniformity 
of temperature with increase in depth, progressively in- 
dicated from top to bottom of Figure 3, is due to the 
fact that  in the summer time with increasing depth the 
soil becomes colder; in the wintertime, with increasing 
depth, the soil becomes warmer. 

(e) The lag of mnsimum and ininimuni soil tempera- 
tures increases with depth. 

According to Alfred Smith’s esperiments at  Davis, 
Calif., the lag “niries from less than 1 hour a t  the >&inch 

FIGURE 3.-Soil temperatures at Bozeman, Mont. 

depth to approximately 80 hours a t  the 36-inch depth 
(32b, p. 111). Figure 3 shows that at  the 10-foot depth 
the lag in annual maximum rind minimum is as  much 2s 
four or five months, September and April being the 
months of the extreme temperatures. 

(f) A cover crop lessens the diurnal and annual tem- 
perature ranges. 

The tables show only three stations that supplied soil 
temperatures specifying several different soil covers; 

D J F M A M J J A S O N D  

I I  

FIGUBE 4.-SoU temperatures under different cover crops at Purdue, Ind. 

the data for Purdue, Ind., are shown in Figure 4. 
The mean annual range under straw mulch is least; 
under clean clutivation it is greatest. The spring and 
summer months show the greatest differences in tempern- 
ture be,tween the soil under clean cultivation and that 
under straw mulch, because the bare ground warms up 
so much more rapidly as well as  to n grenter dcgree than 
the ground under straw. 

(g) In  the winter time, northerly stations where the 
snow cover is more or less permanent show higher mean 
monthly soil temperatures than stations somewhat far- 
ther south or west but lacking a good snow cover. 

By means of Figure 5, the winter air and soil tempera- 
tures at  East Lansing and Lincoln (21) may be compared. 
While the air temperatures at  East Lansing average 5 O  F. 
or more below t,hose at  Lincoln, the soil temperatures 
are several degrees higher than those at  Lincoln. The 
esplanation seems to lie in the fact that a snow cover of 
f itirly permanent duration maintains the soil temperatures 
a t  about 32’ regardless of the air temperature, whereas 

PICUBE 5.-Winter-time soil temperatures at East Lansing Mich Urbana Ill Lln- 
coln. Nebr., and Fort Collins, Colo.; air and soil temperstures S’i East L&i& and 
Lheoln 

lack of snow cover allows the soil temperature to average 
lower than the freezing point under winter conditions 
that in general favor surface temperatures below freez- 
ing. The winter time soil temperatures at  Fort Collins 
are of interest. (Fig. 5.)  Early in the winter this station 
has low soil temperatures, probably due to early cooling 
because of altitude and lack of early snow cover. Later 
in the winter, however, the deeper snow cover prevents 
the soil temperatures from falling any lower and even in- 
sulates the soil sufficiently to allow warmth from below 
to cause a slight rise in soil temperature. 

A uniformity of temperature throughout the winter 
months which is probably maintained by the snow cover 
is apparent in most of the illustrations. 

(h.) The presence of moisture in the soil tends to  give 
a low and uniform temperature. 
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Auburn, Ala., Columbia, Mo., and Corvallis, Oreg., esposure is still almost 5’ higher than the mean for the 
have furnished soil temneratures snecifving. whether the * north esnosure a t  onlv 7,000 feet. 

I 

soil is wet or dry. At Auburn t h i  wet“bokom-land soil 
seems to be warmer than the dry hilltop soil, but this may 
be merely the result of the method of obtaining the means 
by averaging the madmuin and minimum temperatures, 
for the minimum temperatures on the wet ground are 
several degrees higher than on the dry sandy ground. At 
Columbia the “seepy spot” on the slope is generally 
cooler by about, 1’ than the other two esposures, both at  
the 12-inch and 36-inch depths. In  3 instances out of a 
possible 24 comparisons the seepy spot was found to be 
warmer than the other exposures. 

At Corvallis t,he difference is between irrigated and 
unirrigated soils. The conclusion is that “the presence 
of irrigation water and the resulting evaporation tends to 
give a low uniform temperat,ure, but the difference clue to 
irrigation would decrease with depth”(31, p. 30). At Enst 

FIQUBE 6.-Temperatures of sand and peat soils at East Lansing, Mi&. 

Lansing, Mich. (fig. 6), a coniparison between the dry 
sand and the moist peat soils shows that peat tends to 
maintain a more uniform temperature than sand, being 
warmer in winter and cooler in summer. 

(i) Loam, clay, and peat soils never become as warm 
in summer as the drier gravel and sand soils. 

Figure 6 and the data in the table for East Lansing, 
Mich., show that a t  all depth highest summer tempera- 
tures are found in the sandy and gravel soils, lowest tem- 
peratures in the peat and clay soils. In  the winter time 
all of the soils tend to be a t  a teniperature of about 33’ F. 
when under a snow cover. 

0‘) Soil temperature and its annual range decreases 
with altitude. 

The upper portion of Figure 7 shows the decrease of 
temperature with increasing altitude for both north and 
south slopes. The lower portion of the figure shows the 
lessening range with increase in altitude. 

(I;) South exposures at  any altitude have higher tem- 
peratures and a greater range than north esposures. 

The lower portion of Figure 7 shows this graphically. 
It is of interest to note how much less rapidly the maxi- 
mum temperatures on the south slope decrease with alti- 
tude than the maximum temperntures on the north slope. 
The mean temperatures for the south esposures averages 
12’ F. or more above those for the zlorth exposures at  the 
same levels, and even at  9,000 feet the :man for the south 

Daily and monthly knges, shown in Tables 2 and 3 for 
certain stat,ions, provide further quantitative comparisons 
of soil temperature characteristics a t  different depths at 
the several seasons and in various climates. Dnily ranges 
are greatest nearest the surface. The 1922-1925 series at 
Fargo, N. Dak. (18), described ns an unusually warm 
period, had a daily range at  1-inch depth in excess of the 
range of air tempera.ture a few feet, above t’he ground. The 
other Fargo series (19), however, at  %-inch depth showed 
a range only one-fourt’h to one-t,hird as grent. ns  that at 1 
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inch in the first series. In general (Table 2), the range of 
soil temperature a t  the 3-inch depth was about t>hree- 
fourths the range of air temperature in the warmer half 
pear and less than two-thirds of the reduced air tempera- 
ture range in the colder half year. 

Prom this general surface layer downward the daily 
range decreases geometrically. In the most complete 
New Haven series (4) the daily range decreases by about 
half €or e d i  3-inch increase in depth, becoming at, 12 
inches only one-fifth to one-tenth that at  3 inches. In  
the other New Haven series ( 5 ) ,  the range at  G inches is 
about the same as in the first, but that a t  12 inches is still 
nearly as large, and the range at  18 inches is much like 
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- ' June July Depth Mar& Febru- April sry ary Yew 
No. 

I- -. 

(1) 1927- 28.... ._______.__ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 inches _ _ _ _ _  ~ ___.. ___..___ ._______ ____.___ ____..__ ._____.. '65.5 * X 8  
(2) 19% ____......_.__________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ?feet __.__._____... 136.0 131.0 .__..___ 143.0 157.0 _ _ _ _ _ _ _ _  869.0 
(2) 1829 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3 feet _____________. _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ____.... ____..__ ___.__._ _ _ _ _ _ _ _ _  260.0 
(2) 1919 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . - . . 4 fWt  _ _ _ _ _ _ _ _ _ _ _ _ _ _  137.0 138.0 __._..__ 141.0 150.0 ________._._.__________.._ 
(2) 1929 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sfeet _ _ _ _ _ _ _ _ _ _ _ _ _ _  145.0 142.0 _ _ _ _ _ _ _ _  141.0 14f i .O _ _ _ _ _ _ _ _  3 55.0 

~. 
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that a t  half the depth in the first series. As these observa- 
tions were made in borings, a more rapid exchange of heat 
than usually occurs in the ground may have taken place 
in these holes. In  the New York Botanical Gardens daily 
ranges at  a dept,h of 1 foot in clay soil mixed with loam 
were about the same as a t  the same depth in the first 
New Haven series, namely 1' to 2(+)' F. 

Any covering on the soil reduces the daily range 
markedly. In  the Purdue elrperiment (13) ranges at  G 
inches under straw were only 2.5' to 5' F., while those 
under clean cultivation were 8' to 12' F. in the warmer 
half year. Ranges under grassland were nearly as large 
B S  those under clean cultivation, however. Ranges under 
straw, cover crop, or grass were all about the same in 
winter, generally 3' to 5' except in January, when 
reduced to 1.4' (cover crop) to 2.1' (grassland) probably 
by the snow cover. 

The effect probably of snow cover is also seen in the 
ranges at  Wooster and Columbus, Ohio (11)) where the 
range at  6 inches is smaller in proportion to that a t  1 inch 
in winter than in summer. In  the colder half year the 
range a t  6 inches is only one-fourth of the 5' range at 1 

inch, while in the warmer half year the range at  6 inches 
is one-third of the 20 + ' range at  1 inch. In general there 
are much smaller daily ranges at slight depths in winter 
than in summer, though the range of air temperature is 
not changed so much. Thc air temperature range de- 
creases by a third, while that of the soil decreases by a 
half to three-quarters or more. A t  a depth of 18 inches, 
for which depth we have ranges through the year only at  
Lexington, Ky. (12), the diurnal range becomes about the 
same small value, 1' F., in all months. 

The drier climates, so far as these samples go, have the 
larger daily ranges of soil temperature. Also the drier 
months in the warm season have the larger ranges. The 
ranges at  Fargo, N. Dak. (18 and 19), increased markedly 
toward late summer as the normal convectional rainfall 
decreased. 

Monthly ranges (Table 3)  are considerable to depths of 
12 inches in the north and 24 inches in the south. They 
decrease fairly rapidly wibh increase of depth, but pro- 
portionally not nearly so fast as the daily ranges. At 
Temple, Tes., the temperature even at a depth of 4 feet 
has a mean annual monthly range of more than 5' F. 

NEW HAVEN, C0NN.-SANDY LOAM, LEVEL, EXPOSED TO SVTN 

1915 ___.. . .. . .. .. . . 

I 
69. 2 
74.3 Sod. 
71.3 Do. 
75.0 Pxtinlly cultivatrd. 
69.9 Do. 
76.0 Intenbely cultivated 
70.5 no. 

ATHENS, QA.--LAND BEDDED UP F O R  COTTON 
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2iuches __...._.___' 3 1 . 8 1 3 2 . 2  34.3 50.2 58.5 
(lo) 1914* to November* lg1'----- (4 inches _._...._.._ 1 32.3 32.7 34.4 54.6 57.8 
(10) December, 1911, to November, 1915 ___._ 6 inch83 _.___._____ 31.2 81.0 33.6 47.6 58.4 

(lo) December* lgll* to Noveruberl l9l4----- {18 inches. _.______. 1 33. , I 32.8 33., 42.8 55.0 
12inches __.____._. 32.L 31.4 33.2 44.0 56.6 

- 
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TABLE 1.-Soil temperaticres (OF.)-Continued 
AUBURN,  ALA.-SANDY SOIL ON A HILL,  F R E Q U E N T L Y  CULTIVATED D U R I N G  CROPS 

69.8 75.7 7 0 . 5 ' 6 7 . 7 1 5 3 . :  41.4 
67.9 74.2 69.4 66.7 63.6 51. 5 41.7 
70.4 75.0 71.5 65.4 53.2 40.9 51.0 

66.8 72.2 1 70.4 
68.7 73.6! 71.01 :::;I 53.6 41.6 

11 

- I December, 1914, toNovembcr, 1915 _ _ _ _ _  (2 inches _ _ _ _ _ _ _ _ _ _ _  I 30.6 i 32.2 84.3 56.2 58.7 70.0 I 76.2 70.8 m.2 
4inches _ _ _ _ _ _ _ _ _ _ _  1 3 1 . 3  32.7 34.5 54.4 58.1 6Y.6 75.0 70.01 67.4 

(10) December, 1011, toNorember,  1915 _ _ _ _ _  6 inches ___._______ 30.5 1 30.5 33.6 47.7 56.5 68.9 1 74.5 71.4 65.3 
12inchS _ _ _ _ _ _ _ _ _ _  1 32.2 31.4 33.4 42.9 56.3 67.8 72.8 70.7 64.5 

(lo) 1 1911s to November* 1914-----{18inch83 _ _ _ _ _ _ _ _ _ _  1 34.3 1 33.0 33.9 42.5 51.4 65.5 I 71.1 69.0 1 64.8 
1 -  ~ _ _ _ _ _ _ _ _ _ . _ ~ -  

Air _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 46.9 46.3 54.7 62.5 70.1 
3inches ___._______ 48.5 50.5 55.2 65.5 72.2 

72.0 

%inches 48inches 
49.5 !::!I !::E g:!l 70.5 

___...____ 52.5 50.5 53.5 59.6 67.2 
96inches ____._____ I ES.0 55.51 55.2 67.21 61.2 

1889 _______.__..._._._..--.---.....----- 49.2 

- 
54.1 41.1 30.2 51.9 
54.0 41.5 31.8 51.6 
53.0 40.5 33.8 50.8 
53.6 41.9 36.0 50.3 
55.0 43.8 38.3 64.5 

__ 

76.1 80.7 1 75.6 
74.0 66.5 ' 82.2 
73.5 65.6 ~ 81.5 
74.2 61.5 1 60.0 
72.2 77.0 1 78.0 
67.2 71.0 1 73.2 , 

f2inches _____._.___ 31.9 32 1 33.9 54.4 57.4 67.8 74.4 ' 66.7 
(lo) Dacemher* 19141toNovember~ 1915----- 14jncI16~ __._._____ 32.0 32.3 33.7 52.0 55.3 65.5 71.6 65.5 

(lo) December* 10113 to November* "14----- {leinches _ _ _ _ _ _ _ _ _ _  34.2 32.8 33.3 41.5 54.2 65.3 70.9 

64.Y 
lainches _ _ _ _ _ _ _ _ _ _  32.7 31.7 32.9 42.3 55.5 67.0 72.2 

(10) December, 1911, to November, 1915 _ _ _ _ _  6lnches _ _ _ _ _ _ _ _ _ _ _  31.3 30.9 33.2 45.7 57.2 69.8 73.8 

AUBURN,  ALA.-BOTTOM L A N D  ON T H E  B A N K  OF A SMALL S T R E A M  ____~ _ _ _ _ _  ~~ _.__ ~- 
3inches _ _ _ _ _ _ _ _ _ _ _  i 4 6 . 0  51.01 65.2 64.0 73.8 75.0 87.5 83.2 
6inches _________._ 48.6 51.5 I 55.2 
%inches _ _ _ _ _ _ _ _ _ _  ____._____ 1 51.21 53.5 

51.6! 52.2 a.51 M.2 :;:ti 60.5 87.2 6:i 72.2 77.0 i::: 78.0 
I 

EAST LANSING, hlICZ.-LOAhf 

1889 -..-.-.-.-...-.-.---.-----...-...--- 

52.9 ~ 41.1 3 2 3  61.2 

!::! j 43.9 36.2 60.3 

62.3 41.2 33.0 50.2 
52.8 ! 41.2 34.4 50.4 

42. 2 36.6 50. 1 

e:.& Octobei 

67.5 74.2 60.4 
64.6 71.6 67.5 
m.5  73.9 71.0 
66.9 7 2 1  71.3 
M.5 70.6 70.3 

74.8 62.3 
75.5 64.8 
7s. 0 65.2 
60.8 66.2 
79.8 70.8 
75.0 72.5 

66.9 52.9 40.5 33.3 50.6 
51.5 40.7 34.0 49.3 

65.6 54.6 42.8 36.6 50.0 
65.6 56.4 45.2 39.2 50.4 

E::, 52. 9 40.9 34.7 49.8 

76.2 I 64.8 
i 6 . 0  65.5 
77.5 ' 88.8 
77.0 1 71.2 i 

~ _ _ _ _ _ _ -  

(10) December, 1914, to  November, 1915-----1r inches----------- 32.0 ~ 31.g 1 31.9 4inches _..________ 31.9 31.7 31.6 
(10) December, 1911, to November, 1915 _ _ _ _ _  6 inches _._________ 30.8 i 30.4 31.4 
(lo) Dewmher, 1911, to 1914 _ _ _ _ _  112 iuches ._._._.___ 32.6 31.6 31.9 

119 inches ._________ 35.2 1 33.5 33.4 

~ 

lorem 
her 
__ 

53.1 
52.2 
52. 8 
58.6 
63.5 
57.0 

~ 

52.6 
53.0 
59. 2 
63.5 

-_ 
49.9 5fi'7 
46.6 65.0 
41.1 56.6 
33.6 54.7 
37.6 53.2 

57.6 1 63.6 
52.0 64.9 
61.2 , 64.9 

(11) 

65. 4 
65.3 

63. 5 65. 5 

to April, _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _  (1 inch _ _ _ _ _ _ _ _ _ _ _ _ _  1 *30. 3 1 32.5 1 '35.2 1 *47.3 1 50.8 1 6inches _._____..__ *35.O 37.2 '41.0 *44.8 51.8 

65. 6 

(11) 

I 

l i n c h  _________.___ ____.___ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ____-_ -_  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  '43.0 43.4 ____-_ - -  
48.4 "49.2 _ _ _ _ _ _ _ _  , b inches .__________ ____._._ ._______ ._______ _ _ _ _ _ _ _ _  ____.___ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  __._____ ______._ 

I 
1933 __________._________.------..-.----- !{. . I 

(12) 

(12) (12) 
(12) 

19 49.8 24 55. 6 75.4 30 74. 6 37.6 3024.4 48.2 
June, 1922-1929 182s _____________..__.__---.---.-.. to June, 1929 _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ I  118inches  4 inches _______.___ ....._.._. 1 2' . X 3 1  20.4 ."lj *52.01 *57.51 :!?ti * i O . 6 1  V 3 . 4 '  *%;I *%:I *4Y.li 41.11 54.1; 
192?A923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 36inches __....____ '41.8 '40.5 '44.0 '50.3 '56.2 '65.8 *70.5 *73.4 I *W.6 '62.0 '53.9 47.5 56.2 

19Z-192; .._________..._________________ I 3inches _._.___..__ *32.7 *35.5 *42.1 *560 W . 8  '74.6 '77.1 '76.7 '73.1 '58.3 *45.6 39.2 56.1 

P U R D U E ,  1ND.-CLEAN CULTIVATION W I T H  \TINTER COVER CROP 
-~ ~~ ~~ 

I 
I (13) hiay, 1913, t o  m y ,  1915 ..______..______ 61nches ___..______ I 33.3 1 35.9 36.4 1 47 8 i 5i.6 j a s  j i3.5 I 73.9 1 66.0 j 57.4 i 45.6 1 40.6 I 53.n , __- 

PURDUE,  1ND.-STRAW M U L C H  

I 
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Refer- 
ence Year 

----.------- 

~ _ _ _ -  

MONTHLY WEATHER REVIEW 

- _ _ _ _  
I 

Depth Febr"-l March -4pril May 1 June July nry ars 1 

_ _ ~ _ _  

I 
6inches _ _ _ _ _ _ _ _ _ _ _  1 35.0 35.61 35.1 ( 0 7 1  55.51 66.0 71.91 70.6 

(14) 

JANUARY, 1931 

1897-1916*. - 

URBANA, ILL.  
I , 

72.2 

68.0 

70.5 
69.4 

62.6 
60.3 

77.8 

73.1) 

75.8 
74.7 

65.6 
66.0 

Air _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
1 inch _ _ _ _ _ _ _ _ _ _ _ _ _  
9 inches _____._____ 
12 inches _ _ _ _ _ _ _ _ _ _  

_ _  

(15) 

26.9 

31.0 
32.6 
33.2 
34.0 
3i. 6 
41.0 I 

1897-1WO. _______________-_-____________ 
I 

25.4 
29.5 
30. 6 
31.5 
33.0 
33.2 
37. 1 
38.8 

56.5 
58.6 
69.3 
3 . 5  
50.8 
48.2 
44.8 
43.0 

35.3 
39.8 
39. 5 
39.3 
39.2 
38. 6 
35. B 
40. 1 

67.8 1 
74.5 
72. 1 
68.7 
~ 4 . 4  
ti0.a 
56.5 
53.2 , 

50.2 
51.0 
50.6 I 
49.2 
48.7 

46.0 

3 inches _____.___._ 
,ti inches _._________ 
9 inches ___._______ 
12 inches _ _ _ _ _ _ _ _ _ _  1 
31 inches ____._____ I 

I 

02.4 

62.2 
63.0 ~ 

53.8 
55.4 
63. 6 I 

73.3 
76. 2 
75. a 
74. a 

67. a 

74.0 
73.2 
69. 7 

66.1 
69.0 
69.0 
65. S w. 6 
68.2 
06. 7 
66.1 

M.4 j 
55.5 
56.8 
57.0 
57.4 
58.0 
59.5 
60.7 

40.9 
42.2 ~ 

43.0 
44.0 
45.2 
46.2 
50.6 ~ 

53.0 

28.6 1 
33.4 I 32. 1 

35.0 

42.7 1 
45.8 1 

I I I I I I I 
LINCOLN, NEBR.-BARE SOIL 

1 I 

29.2 I 
30.0 
30.0 
29. R 
30.0 
31.4 
35. 1 
38.1 

42.8 
42.4 
41, 1 
37.9 
35. 7 
35. 0 
34. 7 
35. 7 

75.6 ' 
82.3 i 
81.2 , 

M.2 ' 
61.1 j 

82.7 1 79.1 M. 4 
72 0 
72.9 
71.0 
70.5 
66.6 
66.8, 
6a, 

60.7 I 42.5 
60.0 I 43.5 

59.7 I 49.5 

61.4 44.3 

by.4 ' 45.1 

m 2 !  44.1 
59:o I 44.3 

60.7 I 52.1 

28. a 
31.0 
31.6 
31.9 
33.4 
34.8 
39.5 
43.2 

54.9 
58. 2 
68.0 
65.8 
53.9 
52. 5 
52. 2 
52.2 

I I I I I I I I I I I I 1- 
LINCOLN, N E B R .  

I 

28.0 40.1 58.7 70.9 
27. a 38.8 57.6 69.7 

36.0 50.8 64.2 
35.6 49. 1 61.2 
35.3 45.4 56. 9 

28.1 37.4 53.6 66.7 I 
36.0 43.6 53.8 I 

76.1 I 
73. 7 
69.7 
64.6 1 
61.5 

88.9 85.1 

82.1 80.9 

75.8 75.6 
70. 5 7'2.0 

85. I 84.0 

79.7 78. 9 

67.7 69.8 

73.7 

72.0 
73.5 1 
67.9 

I 

58.1 ~ 

58.4 ~ 

58.3 

60.0 
61. 3 

I 

38.9 1 
44.5 I 
51.9 j 

40.6 

42. 6 
41.7 j 
49.2 

31.2 I 
31.4 1 
31.7 

39.5 
43.0 , 

56.7 
1 56.4 

54.9 
53. a 
52.8 
52.5 
52.5 
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MONTFILY WEATHER REVIEW 

TABLH I.-Soil temperatures (OF.)-Continued 
BOZEMAN, MONT.  

I I 

19151920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

13 

55.4 
52.3 
48.7 
46. 1 
44.8 
42.0 
41.7 

64.4 
60.0 
56. 1 
53.8 
51.0 
46.6 
46. 1 

57.1 58.0 
58.0 
54.8 
54.8 
52. 9 
50. 1 
45.8 
47. 5 
47. 1 

63.8 64.1 
63.6 
63.9 

!$: 
55. 9 
53.7 
51.8 
50.6 

38.8 
30.3 
31.0 
33.8 
34. 5 
36.2 
38.0 
39.5 
40.8 

._______________ 
34.4 
34.6 
35.0 
35.4 
36.2 
37.0 
38.0 
38.8 
39.8 

53.7 
M. 6 
56.8 
57.5 
54.1 
5s.'' 
57. 8 
57. 1 
56.5 
55.5 

47.0 
47.8 
SO. 5 
51.8 
52.3 
53.3 
53.8 
53.8 
54.0 
54.0 

61. 1 
60.8 
63. 7 
61.0 
63. 4 
62. 0 

48. 3 
50. 8 
53.3 
54. 4 
55. 5 
58. 0 

29. 7 
30.2 
33.3 
38.5 
38.9 
46.5 

48.3 
49. 4 
49.8 
50.0 
49. 5 
50.9 

I 
Depth 

Refer- 
ence Year 
No. 

- 

(28) Averages of 18 weekJy readings of soil temperatures, summer of 1 9 2  _ _ _ _ _ _ _ _ _ _ _ _  3 inches ______________. 

hIari- Mini- 
mum mum Slope Eleva- 

tion 

__-__- 

9.000 North ..______.___._... 59.3 53. I 6.2 58.2 
9,000 South _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  77.7 61.6 16.1 69.6 

7.000 North .________________ 78.9 50.6 28.3 64.7 
7,000 South _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  91.9 61.3 30.6 76.6 

~~::hh~:::::::::::::::: :;: 6";: 2:: ;;: 

Kefer- 
ence Year 
No. 

(28) 1y12, to Japuary, 1913 _ _ _ _ _ _ _ _ - _ _ _  

May June July August teg:& October 

l i n e h  _ _ _ _ _ _ _ _ _ _ _ _ _  31.7 ________.___._.. 46.5 60.3 62.7 66.0 75.4 60.2 42.0 40.0 33.3 _ _ _ _ _ _ _ _  
2inches _________.. 31.9 ._____._._...._. 45.4 57.8 63.2 65.9 73.2 55.9 42.0 39.9 33.7 ._______ 
6inches __________. 32.3 -_._._.. ._.-.___ 44.7 54.9 63.3 61.8 70.3 57.3 43.4 40.4 34.5 _ _ _ _ _ _ _ _  
l foo t  _____________. 32.7 ._._..._._______ 44.8 52.8 63.0 64.9 67.7 56.7 45.0 40.2 36.0 ._______ 
2feet _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 35.6 _______._______. 44.3 50.6 59.0 62.8 48.5 45.0 39.2 _ _ _ _ _ _ _ _  
3feet _ _ _ _ _ _ _ _ _ _ _ _ _ _  37.5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  44.1 48.9 56.3 60.9 t?:l 50.9 47.4 41.9 _ _ _ _ _ _ _ _  

~- 

Air _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  2 1 . 0 ' 3 0 . 1 l  42.0 5 2 . 2 ' 6 0 . 1 ' 6 3 . 0  68.8 
l inches  _ _ _ _ _ _ _ _ _ _ _  26.7 37.3 44.9 62 .2  72.3 74.2 81.6 

l2inches _ _ _ _ _ _ _ _ _ _  30.4 37.11 39.S 52.2 63.1 ti5.8 73.7 
24inches ___._____. 34.6 38.11 40.1 N.1i 60.9 63.7 71.0 

(30) 1890 ____________._____._________________ 8inches _________._ 27.8 36.6 I 40.9 55.3 I 6 6 . 3  68.4 77.6 

_____ 

68.8 60.0 49.6 40.4 ._._.___________ 
83.3 73.2 57.4 45.8 ._______________ 
75.5 86. 5 53.7 43.2 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
73.3 65.7 51.7 45.2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
71.7 66.7 57.3 48.5 _______________. 

- 

lovem 
ber 

>e-m 
ber 

Refer- 

No. 
May iugust UlnU81 

~ 

43.2 
53.4 
42.7 
43.3 
43.4 
43.8 
43.9 
- 

~ 

. - - - - - - 
48. 1 
48.4 
47.1 
47. 7 
47. 5 
47. 1 
47. 1 
47.0 
47.4 - 

44.2 
42.8 
40.0 
38.8 
3. 8 
38.7 
38.7 

62.9 
61.4 
58. 1 
57.3 
M. 2 
50.8 
50.0 

35.4 
38.6 
39.9 
42.8 
44.4 
46.4 
48.9 

31.5 
34. 1 
35.6 
38.3 
40.2 
43.4 
43.9 

5s. 2 49.2 
53.7 49.6 
51.9 1 50.0 
51.4 50.1 

MOSCOW. I D A H O  

48.4 
51. 2 
48.6 
49.9 
48.4 
47. 5 
46.2 
4s. 4 
44. 6 
44. 6 
- 

63.4 
6 i .  5 
65. 4 
64.9 
64.3 
62.5 
60.0 
58. 1 
56.3 
54. i 
- 

3s. 3 
40.8 
41.6 
42.8 
43.6 
45.8 
48.0 
48.8 
49. 6 
51.6 
- 

33.3 
33.8 
34.6 
36.4 
37.4 
39.2 
41.6 
43.4 
41.6 
46.2 
- 

. - - - - - - - 
30.8 ~ 

31.8 
32. 8 
33.2 
35.8 
37.8 
39.8 
40.8 
42.8 

40. 7 
41.3 
42. A 
45.9 
44.7 
44.5 
40. 5 
40.5 
40. 6 
41.5 

38 inches _ _ _ _ _ _ _ _ _ _  
4 feet _ _ _ _ _ _ _ _ _ _ _ _ _ _  
5 feet __-_---------- 
6 feet _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 

F O R T  C.OLLINS, COLO. a 

69.3 
70.4 
70. 1 
fiJ. s 
61.6 
61. s 

36. 7 

40.7 
43. 7 
46.0 
53. 1 

39. n 
29.6 I 
30. 6 

32. 6 
40. 5 

3 inches _ _ _ _ _ _ _ _ _ _ _  27.7 
6 inches _._________ 29.3 
1 foot _____--._---_- 32.8 

3 feet _ _ _ _ _ _ _ _ _ _ _ _ _ _  3s. 4 
6 feet.-. _ _ _ _ _ _ _ _ _ _ _  43.5 

56. s 
56. 6 
55. s 
53. 3 
51. 1 
48.5 

59.1 I 65.2 
54.2 ! 59.3 

SANTA CATALINA MOUNTAINS,  ARIZ. 
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Y e x  

___ ~ 

1926 __________....._____------..-------- 

Refer. 
enm 
No. 
- 

(4) 

- 

Depth Janu- x y  Febru- ary BIarrh April May June July AugJst October " ~ , m - D ~ ~ - ~  Annual 

Air ________________________________________---.--. 8114.2 11.1 11.2 10.6 10.7 8 3  249.6 _______.________ 
3lnches .______________.________________________--- 811.6 2913.1 6.4 *o11.0 ra10.9 6.1 186.6 _______.________ 
6inches ________________..___ ~ ___..._._________._._ afi.2 297.4 8 7  305.8 2:6.6 4.4 173.0 _______.__ ~ __.._ 
9inches ___________________._ ~ _____._ ~ _ _ _ _ _  ~ ___.___ 93.5 3.5 2 5  801.9 2 8 2 6  1.4 191.6 ._______._ ~ _ _ _ _ _  
12inches . . . . . . . . . . . . . . . . . . . .  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  0 1 . 6  *01.7 1.2 801.0 281.3 m 1 . 1  180.9 _ _ _ _ _ _ _ _  1 

- _ _ - . - ~ - _ _ - - _ _ _ _ _ ~ - ~  

I ____ I-------- 
I 

MONTHLY WEATHER REVIEW JANUARY, 1931 

~~ 

N E W  Y O R K  BOTANIC,AL GARDENS-CLAY SOIL M I X E D  W I T H  LOAM 
.- 

I 
17.7 2 .51  291.41 20.0 16.9 1.41 2816.9 1.21 2315.8 0.91 II11.2 3 1 1 . 1 1  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

-- I 

ATHENS, GA.-LAND B E D D E D  U P  F O R  COTTON 

I I I I I I I I I __ _.-__ 

PURDUE,  IND.-CLEdN CULTIVATION W I T H  WINTER-COVER C R O P  

PURDUE,  1ND.-STRAW h i U L C H  

PURDUE,  1ND.-GRASS L A N D  

(13)1May, ig i3 , toaiay , i915  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ieinches _ _ _ _ _ _ _ _ _ _ _  1 2.1 4.11 3.81 9 . 0 )  9.81 8.71 5 - 4 1  6.81 7.41 5.01 7.71 4.71 6.6 

F$RGO, N.  DAK.-SCIENCE G A R D E N  

FAROO, N. DAK. 
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M~~ J~~ J ~ I ~  August kS;;;r 
Refer- 
ence Years Depth FebN- March April 
No. W Y  ary 

~ ~ - _ _ ~ -  
Air ___________________________________________! _ _ _ _  133.0 37.01 41.0 39.0 35.0 

(4) 1926 ___._________________ _ _ _ _ _  -----.-.+ flinches _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  I _ _ _ _ _ _ _ _  818.0 " 2 8 : O l  26.0 "21.0 2721.0 
Qinches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n14.0 16.0 14.0 '15.0 18140 

MONTHLY WEATHER REVIEW 

Mean 
Octo- Novem-De~em- annual 
ber ber ber month- 

ly range 

34.0 "37.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
27.0 1719.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
15.0 1116.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I------- 

15 

3inches ________________________________________---  027.0 S380 38.0 M33.O :8%.O 34.0 

l2inches _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I _ _ _ _ _ _ _ _  e1o.o n11 .0 i  1 1 . 0 ~ ~ ~ 1 2 . 0  r a i z o l ~ o i 8 . 0 , i ~ 1 4 . 0  
1 

"Z7.0i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

__ .___.____ ___ _ _ _ _ ~ _ _ _  _- - 
(11) 1824 to Ipril, 1g25- _ _ _ _ _ - _ _ _ - _ _  ~ _ _ _ _ _ _ _ _  (1 inch _ _ _ _ _ _ _ _ _ _ _ _ _  *17.4 26.7 '33.2 *U.4 42.5 4 2 0  34.5 1'30.5 1 _ _ _ _ _ _ _ _  34.5 30.0 28.0 _ _ _ _ _ _ _ _  

6lnches _ _ _ _ _ _ _ _ _ _  1 ' 6 .81  11.61 ' 13 .3 )  *27.5!  33.01 27.51 18.512'19.0j _ _ _ _ _ _ _  1 18.51 19.51 12.51 I - - - - - - - -  
-- ____ i .. -. .. 

54.2 
42.5 
35. 9 
BJ. 7 
17.8 
10.0 
6.6 

(11) 1824 to Ipril, 1g25- _ _ _ _ _ - _ _ _ - _ _  ~ _ _ _ _ _ _ _ _  l j n c h  _ _ _ _ _ _ _ _ _ _ _ _ _  *17.4 26.7 '33.2 *U.4 42.5 4 2 0  34.5 1'30.5 1 _ _ _ _ _ _ _ _  34.5 30.0 28.0 _ _ _ _ _ _ _ _  
i{6lnches _ _ _ _ _ _ _ _ _ _  1 ' 6 .81  11.61 '13.3;  *27.5!  33.0)  27.51 18.5I2 '19.0/  _ _ _ _ _ _ _  1 18.51 19.51 12.51 I-------- 

55.0 
41.8 
35. 0 
27. 1 
15.8 
10.5 
9.4 
7.0 

COLUMBUd. OHIO 

I 
41.5 ' 
41.6 
35. 1 
26. 7 
aO.7 
12.3 
10. 1 
10.8 

i g z ~ i 9 2 a *  ____.________________ ~ ______._ ' 3 i n c h w  _ _ _ _ _ _ _ _ _ _ _  14.5 13.01 24.3 31.7 19.3 18.3 17.2 17.8 16.2 25.5 * ~ z s . o I  28.51 21.4 
July,1928,toJune1929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4inches _ _ _ _ _ _ _ _ _ _ _  "20.5 13.5 37.5 21.0 2416.5 65.5 07.0 "20.0 25.5 29.0 29.51 18.5 20.3 
June,1928toMay,1929 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Binches _ _ _ _ _ _ _ _ _ _ _  3412.5 8 . 5 !  23.0 10.0 2414.0 199.5 08.0 8010.5 2016.0 17.0 16.51 13.0 13.2 
1824*-1927*. ________._._._.____________ !18inches I _ _ _ _ _ _ _ _ _  1 8.31 18.31 11.2; 12.31 7 .2 )  9.51 10.21 5.01 1 0 . 5 ~  9.51 16 .0 ,  12.01 10.7 

45.2 38.5 
39.6 35.4 
32.6 30.4 

23.5 23.1 25.3 25.3 
16.8 13.8 14.0 15.8 
10.5 9.7 1 8.1 11.5 
6.6 4.9 5.8 7.9 
6. 5 2.8 4. 7 6.2 

~ 

FARQO, N. DAK-SCIENCE Q A R D E N  

31.5 

30.8 
24.1 
8.9 

37.4 1 
7.0 

~~~~ ~~~ 

I 
I - - - - - - - -  (18) 1922-1926* _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I l i n c h  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ ._______ _ _ _ _ _ _ _ _  I ___.____ I 5 8 9 1  56.71 M.81 67.01 :38.3/"48. l l________ I _ _ _ _ _ _ _ _  I 

TEAIPLE,  TES. 

~~~~ 

1918-1924 _________.__________------..-.- i 1 inch _ _ _ _ _ _ _ _ _ _ _ _ _  41.4 
1918-1824 _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ I  3 inches _ _ _ _ _ _ _ _ _ _ _  32.9 
1918-1924- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ I  6 inches _._________ 28.2 
1918-1924. _ _ _ _ _ _  ____________.________ ~ - .' 12 inches _ _ _ _ _ _ _ _  - - I  19.0 K 1918-1924-- _________________._____ ._._ _ _ !  24 inches _._____._! 11.9 I (w 

I 1- - 
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