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' Analysis of
Fifty Years’ Record of Meteorological Data

MAXWELL PARSHALL*

HE PURPOSE of this brief meteorological discussion is to present
summaries and conclusions based on the continuous weather rec-
ords taken at the Colorado Experiment Station over the past half-
century. The importance of weather is recognized by both the scien-
tist and the layman, and for this reason the data here presented are
believed to be useful not only to those engaged in agricultural re-
search but to the farmer as well.

During the late 1870’s the value of meteorological data in rela-
tion to agriculture in northern Colorado was recognized, and inde-
pendent observers made records, principally of precipitation, at Fort
Collins. Early in 1886 there was organized the Colorado Meteor-
ological Association with a scattered group of members who acted as
volunteer observers in the interest of the public welfare. The first
bulletin of this association was issued by F. H. Loud, director of
observations, Colorado College Meteorological Observatory, Colorado
Springs, Colo., May 25, 1886. This first issue was for the month
of April 1886. An act was passed by the Colorado General Assembly,
effective July 1, 1889, creating the Colorado Weather Service under
the authority of the State Board of Agriculture. Monthly bulletins
of the Colorado Weather Service continued to be issued at Colorado
Springs in cooperation with the United States Signal Service, and
later these monthly reports were compiled and distributed from the
central office at Denver. The May 1891 bulletin, Colorado Weather
Service, was issued in cooperation with the Weather Bureau, United
States Department of Agriculture.

Special studies of meteorological phenomena, principally those
of evaporation from a free water surface, were started at the Colo-
rado Experiment Station by the late Prof. L. G. Carpenter in 1887.
These data are still being recorded. This evaporation record is be-
lieved to be outstanding in point of time and continuity. In con-
nection with these special studies, there was established in April
1890 a rather complete meteorological station where continuous daily
records of the weather have been recorded to date. Ower this period
of years the meteorological plot has occupied three different locations
on the campus of Colorado State College, the present location being
shown on the cover of this bulletin. The weather data have been
faithfully observed by several experienced observers. Mr. Robert E.
Trimble, with few exceptions, recorded the weather data at this Sta-
tion for the period April 1892 to June 1936.

*Colorado Experiment Station meteorologist,
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Observations

The data collected at this Station are observed twice daily, at
7 a. m, and 7 p. m,, and consist of maximum and minimum tempera-
tures, terrestrial radiation temperature, soil temperatures, relative
humidity, dew point, barometriec pressure, wind direction and total
wind movement, precipitation, character of the day, and unusual
phenomena. The evaporation loss from a free water surface is meas-
ured from about April 1 through October, or until such time as
freezing prevents further observations. Graphic records are also
made of temperature, barometric pressure, hours of sunshine, wind
direction, and wind movement.

The meteorological instruments used at this Station are of stand-
ard design approved by the United States Weather Bureau and are
checked against accurate standards from time to time to insure aceur-
ate and dependable records. For the most part thermometers are
replaced when found to be in error instead of applying instrumental
corrections. All temperatures taken at this Station arc measured in
degrees Fahrenheit.

The maximum and minimum temperatures are measured by
self-registering thermometers placed in a standard instrument shelter
about 6 feet above the ground surface. The mean temperature is
caleulated as the average of the maximum and minimum tempera-
tures. Terrestrial radiation temperature is measured by a self-
registering minimum thermometer of speeial design, placed 6 inches
above the ground surface and fully exposed. Soil temperatures are
measured with long-stemmed mercurial thermometers at depths of
3, 6, 12, 24, 36, and 72 inches. An Assman electriec-driven psychro-
meter of special design is used for the determination of the dew point
and relative humidity. The barometrie pressure is measured indoors
with a mercurial barometer, and the readings are corrected to a
standard temperature of 32°. A four-cup Robinson-type anemometer,
mounted on a building at an elevation of 67 feet above the ground
(see cover), is used to determine the wind movement in miles, and a
6-foot wind vane to indicate direction. The velocity and dircetion
of the wind, together with the duration of sunshine, are registered
electrically on the chart of a quadruple recorder. The precipitation
is measured by means of a standard 8-inch rain gauge, fully exposed
in the meteorological plot. In the event that the precipitation occurs
as snow, an 8-inch rain gauge with the top removed is used for this
measurement. The character of the day is recorded as clear, partly
cloudy, or cloudy, on the basis of the cloud cover at observation time
and at noon. Other features are recorded—-such as time of beginning
and ending of precipitation, frosts, dew, and other unusual phe-
nomena.
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The evaporation loss from a free water surface is measured by
means of a micromeier hook-gauge reading to 0.001 inch. The evap-
oration tank, known as the Colorado sunken-pan type, is of 16-gauge
galvanized iron, 3 feet square and 3 feet deep, with the top edge
supported by a 1-inch angle iron arvound the outside. The tank is
lined with 14-ounce copper sheet and is set in the ground with the top
edge exposed 3 inches. The evaporation data also include maximum
and minimum temperatures and temperature of the water at time
of obscrvaiion ; also, wind movement over the water surface as indi-
cated by a four-cup Robinson anemometer placed 1 foot from the tank
with the cups 18 inches above the water surface. The water surface
does not vary more than 1 inch and is maintained about 2 inches
below the rim of the tank.

The maximum and minimum temperatures are recorded as the
highest and lowest air temperatures in the instrument shelter during
the day. The day for the purpose of recording is the 24-hour period
starting at 7 p. m. of the previous date. The mean temperature for
the day is taken as the average of the maximum and minimum tem-
peratures over the 24-hour period and contains no smaller element
of time; thns, this mean value, so caleulated, may be in error depend-
ing upon the time of duration of either the maximum or minimum
temperatures throughout the day.

Terrestrial radiation is measured as the difference between the
minimum air temperature taken in the instrument shelter and the
minimum air temperature observed at a point 6 inches above the
ground surface under fully exposed conditions. Because of the great-
er density of the cooler air, the temperature near the ground surface
will be lower than that observed in the shelter, which may be due in
part to the lag in the air temperature within the shelter, and also fo
the heat capacity of the materials from which it is constructed. Un-
usual eonditions, however, are sometimes ohserved, showing that at
the ground surface the minimum air temperature is higher than that
observed in the instrument shelter. This terrestrial radiation tem-
perature is found useful as an indication of frost where there is no
evidence of freezing within the meteorological plot or immediate
vicinity at the time of observation.

If a stream of air is passed over a water-saturated muslin cov-
ering around a thermometer bulb, evaporation occurs at a rate de-
pending upon the amount of water vapor in the air and its tempera-
ture. When water evaporates, cnergy is absorbed by the water vapor,
some of which is taken from the mercury in the thermometer; hence,
the temperature of the wet bulb therwometer is reduced. The air
stream passing at the same time around a dry bulb of a thermometer
is unaffected, provided its velocity is low, and the thermometer indi-
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cates the temperature of the air. From the dry bulb temperature and
the difference between the wet and dry bulb temperatures, the dew
point and relative humidity of the air can be found by referring to
psychrometric tables. The dew point is that temperature to which
the air, as examined, must be cooled to eause water or ice to condense
from it. Relative humidity is the ratio of water vapor in the air to
the maximum amount that can be retained at any particular temper-
ature, and is usually expressed in percent. When considering a defi-
nite air temperature, the greater the difference in the readings be-
tween the wet and dry bulb thermometers, the lower are both the
dew point and relative humidity.

Barometric pressure indicates the weight of air over the station.
This pressure, together with its trend, is in some cases an indication
of the type of weather to be expected during the immediate future.

Evaporation measurements are made from a free water surface
primarily for the purpose of establishing the relation between the
loss of watler and such other meteorological factors as the tempera-
tures of the air and water, vapor pressure of the air and water, and
wind movement over the water surface. The basis for caleulating
the evaporation losses from the surfaces of lakes and reservoirs under
varying conditions of exposure is thus better established.

Records

Fifty years of weather records, based on observations taken by
the several meteorologists of the Experiment Station, arc available
with few exceptions. The greatest use of these data, espeeially that of
precipitation, would be the analysis indicating definite eyecles other
than the vearly cycle which is readily apparent. Such an analysis
would be valnable to the farmer in auticipating years of sufficient
preeipitation to produce erops without irrigation. Unfortunately,
however, ecycles in the precipitation data, as collected at this Station,
cannot be demonstrated to an extent of justifying a basis for long-
time forecasting. Extensive study of the several meteorological
elements relative to precipitation fail to show good correlation, and
ealculation of the statistical constant ‘‘G’’* for precipitation by years
shows almost exaet random distribution. When the 5-year moving
mean is applied, eycles are indicated which are, in all probability,
false because of the great variability of the data.

The average size of storm, based on 48 years of precipitation
records, together with the chance for precipitation to oeccur on any
partieular day during the year, were caleulated. Trace storms, that
is, where the precipitation was less than .01 inch, were used both in
the ‘““‘average’’ and the ‘‘chance’’ calculations. These determinations

*For explanation of constant "G, see a standard work on statisties.
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are shown in graphic form only (fig. 1). As an example, on January
13, the least chanece for precipitation occurs for the year, and is 0.042
or about once in 25 years, while for the greatest chance it is 0.605
or about 3 years out of 5, on May 31. Therefore, the chance of
precipitation oceurring on any particular day during the year will
vary between the limits of once in 25 years to 3 out of 5 years. The
average size of daily storms, over this period of 48 years, varies from
a minimum of 0.002 inch on December 28 to a maximum of 0.746
inch on September 21. By this comparison the guestion arises im-
mediately as to why the precipitation for the month of September
is not greater than that for May. This is due to the fact that the
average chance for rain is much greater in May than in September,
in the ratio of 0.451 to 0.265, and further because the average size
of storm for these 2 months in inches is 0.204 and 0.181, respectively.
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Figure 1.—Average daily chance for precipitation and storm size at the Colorado
Experiment Station, Fort Cellins.

The largest average monthly storm size and greatest chance for
precipitation both occur in May, and the smallest average monthly
storm is in Janwvary, with the least average chance for precipitation
occurring in November. It is therefore apparent that the smallest
and least frequent are snow storms during the colder part of the year,
while the larger and more frequent are rain storms during the spring,
summer, and fall months of the year.

The diagram illustrating the chance for precipitation and average
storm size (fig. 1) should be helpful to the farmer in selecting the
date of spring planting; also it should have application in selecting
the date of outdoor exhibitions, to prevent, as far as is possible, loss
in attendance due to stormy weather.
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The average daily maximum and minimum temperatures, based
upon daily records extending over a period of 48 years, are shown in
graphic form (fig. 2). Tt will be noted that the highest average
maximum temperature (85.9°) occurs on July 26, or 35 days after
the longest day in the year, and the lowest average minimum tempera-
ture (9.6°) occurs on both January 1 and 12, or 11 and 23 days re-
spectively after the shortest day in the year. The air temperature
falls more rapidly than it rises, which is, no doubt, due chiefly to the
fact that most of the year’s precipitation occurs during that part of
the year when the mean temperature is rising. The range of fempera-
ture is quite constant and appears to be independent of the time of
year.

]
0 ' i
Vvt I W
5_ + M/"m’ X P et V\,\’\A_A —
g“ NV NS ) | M L
3 B ‘ : :
20 /__,f*r/ I 5 e :
YWV A | : A
o | 1 ] N i
JANUARY FERBRUARY  MARCH APRIL MAY JUNE JuLy AUGWST SEPTEMBER OCTOBER NOVEMBER DECEMBER

Figure 2.—Average daily maximum and minimum temperatures at the Colorado Ex-
periment Station, Fort Collins.

The fact that the largest average storm size falls on September
21, followed 5 or 6 days later by a temperature irregularity, may indi-
cate that the period of the autumnal equinox has some bearing or
influence upon the condition of the weather. However, a similar
sttuation does not exist, especially with regard to storm size or echance
for precipitation, near March 21, the vernal equinox, and it is there-
fore doubtful whether the periods of the equinoxes have any effect
upon the state of weather.

Table I is the monthly precipitation record at Fort Collins, Colo.
The record for the period 1872-1887 was taken by several members
of the college faculty in various departments, and 1 year’s record
was taken by the late Mr. R. Q. Tenney, a private citizen. The subse-
quent record was taken, as stated before, by the Colorado Experiment
Station staff, chiefly by Mr. Robert E, Trimble. The monthly and
yearly averages are based on the 50 years’ complete record 1887-
1936, inelusive.

Table 1T shows the daily maximum temperature estremes and
table IIT the daily minimum temperature extremes over the period
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1887-1937. The monthly record extremes in both cases are identified
as to the year in which they occurred.

Table IV shows the average daily mean temperature as caleu-
lated over the 50-year period, 1887-1936.

Table V shows frost dates and growing period, 1889-1937. In
many cases frost was not recorded, which for a particular day may
have oceurred during the night; hence, these dates of frost were
taken from terrestrial temperatures, Any observed terrestrial tem-
perature below 32° was used as an indication that frost had occurred.
For this limit any crop will be reasonably safe from freezing during
the growing period indicated, and for the more hardy field crops,
the growing peried will be much longer. In this locality very tender
crops, such as tomatoes, may be damaged at a temperature of 32°, or
slightly above, as indicated by the terrestrial radiation thermometer,
because evaporation from leaf surfaces could under some conditions
lower the temperature below the freezing point. Thus it cannot be
assumed that all crops will be absolutely safe from freezing at an
mdicated air temperature of 32°,

The latest spring frost on record over this 49-vear period, though
not a killing frost, was June 20, 1895, and the earliest fall frost, also
not considered destructive, was August 22, 1904. This record indi-
cates a possible minimum growing period of only 63 days at Fort
Collins, at an elevation of 5,000 fect, while the maximum growing
period is found to be 161 days, May 1 to October 9. The average
frost-free growing period is 120 days.

From an examination of table TII, extreme minimum tempera-
tures, it will be noted that May 2% is the earliest spring day on
which the minimum temperature, as recorded in the instrument shel-
ter, has never been below 32° during the 50-year period, and Sep-
tember 5 is the last day in late summer when the minimum tempera-
ture in the instrnment shelter has wever reached the freezing point.
Based on this record, the growing period is 105 days, although frosts
have occurred, as stated before, later in the spring and earlier in the
fall than shown for these limiting dates of May 24 and September 5.

The growing period of a single year may vary greatly as to
locality hecause the limiting frosts are usually vestricted to small
local areas. It has been observed that parts of a field have been dam-
aged by frost, while other places in the same field have escaped in-
jury entirely.

Table VI shows the average monthly and yearly temperature,
average monthly and yearly precipitation, and the average monthly
and yearly barometric pressure, together with their standard devia-
tions. Monthly and yearly median values for precipitation are also
shown. Because of the opinion that storms of less than 0.50 inch of
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precipitation in 24 hours are of little value to agriculture, the num-
ber of such storms per month is given for the 50-year period.

Monthly and yearly averages of relative humidity, dew point,
terrestrial radiation, and soil temperatures are also shown. No stand-
ard deviations were caleulated for these data. The recorded values
of the dew point and relative humidity are not representative of
conditions existing over the whole day, because they are the average
of the 7 a. m. and 7 p. m. observations.

Average soil temperatures are not strictly comparable beeause
different periods are lacking in the records for the various depths.
For example, the 47 years’ record at 6 inches is not the same 47
vears recorded for 1 foot. IDowever, all records were used in comput-
ing the averages. The maximum variation over the year and the
length of record is given for each series of data, as well as the maxi-
murm variation of temperature of the soil as related to depth.

The standard deviation simply expressed shows that for 2 out
of 3 years the temperature and other data considered will vary be-
tween the limits of the average plus or minus the standard deviation,
and 1 out of 3 years these same data will vary more than the average,
plus or minus the standard deviation. These variations will be great-
er than the average, plus or minus twice the standard deviation, in
only 1 out of 25 years.

Evaporation reeords are not fully prepared and thus are not in-
cluded in this discussion.

When the barometric pressure is low in Colorado, the tempera-
ture is usually above the average. If the air is of relatively high
moisture content and if the temperature of the air mass is lowered to
the dew point or below, precipitation will oceur as the temperature
falls. The pressure usually rises while precipitation is occurring.
If, however, the air mass is warm and of low moisture content, rising
barometric pressure and falling temperature are aecompanied by
wind of abnormally high velocity and little or no precipitation. At
this Station, these winds are from the northwest. A low barometrie
pressure must be referred to the average for the particular time of
yvear because the average pressure varies from month to month.
Summer precipitation is not closely related to barometric pressure
changes because most of it occurs as local thundershowers.

Acknowledgment
The author wishes to thank Prof. A. G. Clark, Department of
Mathematies, Ralph T.. Parshall and Carl H. Rohwer, Irrigation In-
vestigations, and Dr. D. W. Robertson, Agronomy Section, for their
belp in preparing this bulletin.
Maxwell Parshall
October 1939
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TasLe L-—Monthly Precipitation, in Inches, at Coloredo Experi-
ment Station, Fort Collins.

Serp. Oct.

Year Jan. Feb. Mar. Apr. May June July Aug. Nov. Dec. Year
1872 02 .20
1873 25 .18 00 120 230 150 1.30 85 a5 42 20 A7 910
1874 .08 43 1.29 7 295 85 315 .25 00 100 (2 00 10.57
1879 - e LTS N .80
1880 72 1.09 38 .04 60 86 1.80 87T 147 207 110 10 11,50
1881 110 b5 146
1832 A7 - 467 307 176 82 23, .82 29

1883 1.0 1.50 .68 . 281 3.8 .. 178 1.00 129 T

1884 1.10 00 1350 394 484 10 1.80

1885 1.77 N B

1887 .58 23 45 110 123 1.98 305 212 Rt 43 A5

1888 .29 .36 73 128 3.3% A7 60 1.01 .29 .88 .38

1859 .21 A4 65 207 339 2.06 79 95 42 316 42

1890 13 .21 22 392 119 A2 121 314 07 .70 .32

1891 232 A5 1,21 214 407 1.30 A7 2,06 1.02 .20 .60

1892 80 129 152 180 4.83 242 132 22 14 .03 .23

1893 .02 54 14 1.66 1,92 .26 64 92 18 16 .55

1894 25 60 67 8% 3.09 42 172 153 229 00 14

1895 24 1.52 b4 136 382 365 3756 145 17 1.06 40

1896 43 03 1,73 128 1.8 3.05 305 220 155 .49 05

1897 a8 B4 213 130 206 169 2656 174 75 .75 67

1898 RES 08 RS 1.08 3.65 1.37 Rit) 98 50 82 1.24

1399 66 1.04 150 110 101 1.63 4.35 .99 21 3.23 .00

1900 250 112 1.07 1056 195 82 1.14 16 192 24 .07

19801 19 .38 1.88 362 747 235 .71 72 210 36 02

1902 32 153 1.50 61 213 243 131 BT 7120 115 27

1903 J6 160 103 1.50 B3 223 1.06 56 87 170 18

1904 04 3¢ 51 85 537 168 1.92 T 1.09 .30 00

1905 .29 35 175 832 413 64 218 125 28 2,60 07

1908 .0 03 244 430 240 1.80 1.96 80 308 159 135

1907 .23 .36 8¢ 2 2.44 44 298 1.27 .58 .08 A4

1908 a1 .03 28 05 583 118 3.66 212 B4 178 1.08

1909 .02 B0 335 134 106 250 1988 143 210 .08 9

1910 .29 .16 .06 42 475 1.0% 87 192 179 1.03 11

1911 B3¢ 152 05 1.89 720 178 147 .59 80 93 43

1912 37 163 199 00 284 243 293 1.26 266 203 .39

1013 30 94 200 149 2.09 15 2.63 41 239 1.00 17

104 .35 .3 870323 273 201 188 1.27 .02 1.58 12

1915 A2 141 173 401 378 190 212 156 297 197 10

1916 54 a1 31 86 3.85 .60 .65 .71 700 292 .08

1017 40 1M 99 122 588 M3 119 121 45 G2 .40

1918 41 1.05 A4 392 293 118 483 191 3.28 a1 .90

1919 .00 300 1.63 .93 3 19 .64 61 261 103 122

1920 .54 61 a4 360 1,93 .80 58 172 .60 .50 24

1921 96 .19 A3 171 197 3.66 140 255 .63 37 .32

1922 .38 .53 3 2.80 87 1.03 .80 .73 .02 T 144

1923 A9 1839 274 218 446 823 4.60 62 136 3.5% 10

1924 A1 o5 T B S 3.90 .22 21 .05 S84 A8 09

1925 .27 .09 .58 10 118 1.5 1.8  1.32  1.96  3.26 80

1926 25 23 154 299 176 158 .03 86 108 1.5 .36

1927 04 40 187 2869 H1 0 217 219 210 1.0 1.05 1.00

1928 26 A2 1.38 98 333 273 .83 GO 49 1500 115

1929 .21 70 178 237 1.08 .64 A6 235 2118 99 Rk

1930 43 .07 0 56 408 150 1.00 545 16 36 .70

1931 00 1728 41 1.07T 255 1,650 10 .78 A0 1.00 64

1932 08 48 1.09 S8 214 111 215 368 01 34 At

1923 .16 a3 .80 191 4.56 05 71 43+ 210 00 R}

1934 .0 111 .71 141 182 1.25 133 28 9 00 K

1935 07 .89 21 124 671 62 114 5 3.29 .62 .66

1936 04 .39 g1 117 110 290 85 146 111 1.3% A8

1937 .36 53 114 223 148 194 118 .63 .09 1 .56

Average-

1887- '
1936 32 61 1.02 200 286 153 166 140 127 110 47 46 1470
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TaBLe IL—Daily Mazimum Temperature Extremes at Colorado
Eaxperiment Station, Fort Collins, 1887-1936.

Day Jan. TFeb. Mar. Apr. May June July Aung. Sep. Oct. Nov. Dec.
OF, oF. oF. oF. oF. o¥. oF. oF. oF, oF. oF. oF.
) 646 650 710 752 860 883 9.8 906 926 &S, 78. 67.0
{1902) (1887)
2 627 719 710 77 81.8 877 968 052 S9.8 840 77, 82.7
3 663 666 728 740 800 7.2 034 992 938 8§42 757 610
4 67.8 678 707 78 816 884 954 986 891 868 740 680
5 67.8 667 761 726 833 898 972 o4, 94.6 850 749 630
[ 61.8 622 61 7.2 86 92, 97. 97, 91.2 853 791 59.9
1934)
7 60.3 641 724 83, §5.3  093.2 948 97 019  Sd.4 { 7.1 62.0
3 G861 G8.8 68 79.9 ( 9809.2} 86.8 950 913 90. 8§22 742 629
1
1 SO 607 628 711 764 818 942 040 938 921 847 698 73130
(1933)
10 67.0 670 769 &S00 S6. 93.7 @50 936 92.0 82 753 67.6
11 66.0 633 76, 790 8§29 950 99, 934 918 808 723 648
12 G0.8 85 749 802 326 929 95 93.4 895 831 750 641
13 642 663 74 84 830 910 976 H5 9.0 800 718 653
14 65.0 680 762 S84 8.6 943 973 955 93.0 810 740  70.0
15 63.2 6 72, 33 85.6 910 310912;} 964 89.2 802 75 66.6
16 63.3 66 7.7 82 86.0 904 980 970 (33%?5} 808 702 578
17 632 65 80, 83, M1 9.9 960 950 935 880 737 604
18 640 635 &1.0 &2, 88, 99.8 981 926 937 8.9 694 533
1921) {1936)
19 62.0 662 1793 79 8800 940 968 D27 873 781 754 616
20 58.8 65.0 S80.2 86. 500 024 865 031 W 78.8 708 647
21 504 A7.0 788 9L 8S.0 932 96.0 9356  8S. 82.8 712 661
(1888)
2 60.2 678 19 87, 86.6 842 974 0940 S8 76.6 662 689
23 626 658 710 83 S60 0 930 96.0 944 90 798 670 69.5
24 64.1 758 764 870 96.0 942 940 84 80.7 67.0 622
23 750 81.0 830 94, 07.0 935 90 773 700 63.7
26 7156 862 850 919 999 940 87 786 658 0.3

D D LdHUWML Hio

27 S22 §5.2  $9.3 940 968 930 90 788 710 602
28 86.4 §D.3 06.2 952 86 789 754 668
29 82. 87.0 942 956 89 769 695 63.0
30 80 St4 941 044 S8 768 718 612
31 90. ... 97. 3.5 . 7. 65.7
Highest

Temp-

erature .. 1. 742  8LO 91 90.0 99.8 1017 998 950 880 791 710
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TapLe IIL—Daily Minimum Temperatuie Extremes at Colorado
Beperiment Station, Fort Collins, 1887-1936.

Day Jan. Teb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec
oF. oF, ol op oR. oF. oF. oF, oK. oF OF
-18.3 =201 7.2 192 308 40.7 430 371 275 3.4 2.6
-23.8 -11.0  -3.¢ 243 ?5’13) 430 430 370 246 3.5 =31
{1
~18.0 -7.0 8.0 230 303 410 449 243 205 8.6 6.7
314 -131 =0 234 334 260 461 37.0 2£0 80 -15.0
(1920) (1903)
-51.6 =9 168 278 313 417 450 335 10.7 1.0 =191
-38.3 -3.2 9.2 121 225 388 H, 31. 19.9 88 -5.6
(117
-32.0 -122 17.6 236 316 40.0 44, 207 237 51 -183
=314 -7.2 88 310 362 440 450 301 22, 6.8 -10.8
-214 -275 11.6 242 315 430 460 280 163 -97 -352
(1932) (1913)
10 -19.4; 188 250 350 440 4539 31.0 17.8 -11.8 -11.4
i3 18.7 5.1 2G04 37.0 456 461 275 213 -68 -23.2
12 -24.4 9.0 287 4.1 420 452 220 205 -11.0 -29.7
13 -6.4 178 292 318 0 458 271 195 -211 -19.0
(1916)
14 7.6 223 391 474 458 261 198 -13.0 -14.0
15 180 27.% 2363 454 472 260 238 1.1 -17.5
16 212 261 394 442 383 250 193 31 176
17 87 284 403 469 448 280 183 -62 -9.4
i8 125 274 338 473 453 300 21.6 -10.0 -13.4
19 23.9 276 23.0 430 432 308 181 40 -234
20 210 282 365 389 424 300 175 -93 -213
21 5.7 292 388 418 42 274 146 -2.0 -173
22 148 290 389 432 367 255 165 -94 -151
23 201 292 386 470 376 270 16 -128 -9.0
24 21,8 340 388 464 357 288 1L -7.8 -165
25 211 337 396 450 201 13. -3.8 -10.0
(1910) (1926)
2 13.4 357 402 45.0 3.2 233 1.8 -12. -132
27 250 8+8 415 480 392 234 148 -13. -18.40
28 210 331 398 450 401 283 125 144 -210
2 203 349 410 453 339 20 -74 -94 -840
30 5.7 322 420 43.0 343 2635 42 9 -110
31 . 334 L. 425 360 ... 80 ... -223
(1805)
Lowest
Temp-

erature ... -285 -884 -275 -1.0 123 300 260 201 -S.0 211 -35.2

317
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TarLe 1V.—Average Duily Mean Temperature for the Period
1887-1936 at Colorado Bzperiment Station, Fort Collins.

Day Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
OF, oF. oR, oF. oF, oF. oPF, oF, oF, oF oF, oF
1 248 247 206 416 493 G57.9 673 687 653 560 408 324
2 X 269 333 418 195 590 672 688 633 550 3094 216
3 2558 327 4.1 489 583 66.8 692 641 541 20.6 30.8
+ 251 326 426 508 582 674 €93 €37 528 409 309
3 270 321 434 519 592 68.0 692 633 51.8 40.8 31.7
G 261 231 434 510 593 682 4584 631 521 394 208
7 254 338 437 522 607 684 684 631 515 390 286
8 b 247 354 486 522 616 683 637 619 511 378 279
9 5 257 347 445 530 618 680 683 611 512 375 27.8
10 260 272 338 460 517 618 ¢87 €85 602 512 388 201
11 234 276 359 450 522 635 606 682 598 491 350 289
12 239 276 360 451 519 628 607 689 604 486 352 293
13 252 277 349 457 5l6 632 69.7 687 603 497 358 271
14+ 269 262 350 465 020 636 702 690 597 500 361 266
15 256 272 348 458 537 63.7 69.9 69.8 589 501 352 265
16 253 80.9 367 462 541 633 697 633 585 4831 352 266
17 246 305 370 458 357 G40 G095 633 595 432 362 254
18 26.7 303 383 461 559 642 637 681 600 469 361 256
12 275 258 378 470 555 631 639 673 591 456 3548 258
20 250 300 377 469 532 631 692 665 3578 453 368 271
21 25.2 306 376 465 559 655 690 6690 574 457 351 260
22 271 297 379 488 558 635 685 6682 581 456 332 275
23 262 209 386 481 573 664 (95 681 578 447 342 984
24 276 303 383 473 580 663 093 661 569 44.9 346 267
25 277 308 374 472 578 664 700 6359 9551 4.8 841 257
26 26.7 3202 358 484 575 676 7083 658 528 435 329 285
27 262 802 375 487 6571 681 703 657 532 438 818 257
28 279 205 320 495 571 687 693 657 544 438 326 27138
29 283 (30.1) 404 482 579 679 692 6564 H546 419 318 268
30 278 ... 378 486 6783 686 889 657 554 410 338 251
31 272 ... 388 ... 580 ... 688 657 ... 408 _._. 238
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TasLe V.—Frost Dates and Growing Period.

Spriog Fall Growing
—_— e s - - Period
Year Date Duay of Year Dute Day of Year (Days)
1889 May 12 132 Sept. ¢ 249 117
1890 May 6 126 Sept. 8 251 125
1801 May 2 122 Sept. 3 246 124
1892 May 22 142 Aug. 80 242 100
1893 June 6 157 Sept. 14 257 100
1804 May 11 131 Sept. 14 257 126
1895 June 20 171 Sept. 21 264 93
1896 May 20 140 Sept. 26 269 129
1897 June 3 154 Sept. 17 260 106
1898 May 7 127 Sept. 7 250 123
1868 June 7 158 Sept. 17 260 102
1900 May 19 139 Sept. 18 261 122
1501 May 28 146 Sept. 17 260 114
1902 June 3 154 Sept. 9 252 98
1903 May 31 151 Aug. 29 241 90
1904 May 17 137 Aug. 22 234 97
1905 May 29 149 Sept. 2 245 96
1906 May 9 129 Oct. 5 278 149
1907 June 1 152 Sept. 1¢ 253 101
1908 May 29 149 Sept. 27 270 121
1909 May 25 145 Sept. 22 265 120
1910 May 22 142 Aug. 25 237 95
1911 May 22 142 Sept. 19 262 120
1912 May 14 134 Sept. 14 257 123
1913 May 15 135 Sept. 17 260 125
1914 May 7 127 Sept. 14 257 130
1915 June 7 158 Sept. 16 259 101
1916 June 7 158 Sept. 12 255 97
1917 June 13 164 Nept. 27 270 106
1018 May 13 133 Sept. 16 259 126
1919 June 3 154 Sept. 23 266 112
1920 May 26 148 Sept. 26 269 123
1921 May 3 123 Sept. 21 264 141
1922 June 1 152 Oct. 7 280 128
1923 May 16 138 Sept. 29 272 138
1924 May 13 135 Sept. 19 262 127
1925 May 5 125 Ccet. 9 282 157
1926 May 14 134 Sept. 2¢ 267 133
1927 May 30 150 Sept. 20 263 113
1928 May 5 125 Sept. 21 264 139
1929 May 6 1268 Sept. 9 252 126
1930 May 23 143 Sept. 26 269 126
1931 May 22 142 Sept. 21 264 121
1932 May 16 136 Oct. 4 277 141
1933 May 15 135 Qct. 8 281 146
1934 May 15 135 Sept. 16 259 124
1935 May 7 127 Sept. 27 270 148
1936 May 1 121 Sept. 27 270 149
1937 June ¢ 157 Oct. 5 278 121
Average- May 21 1414 Sept. 18 261+ 120

Limits- May 2-June 20 Aug. 22-Oect. 9 90-157



TabLe VI.—Summary of Monthly Averages of Meteorological Date at Colorado Ezperiment Station, Fort Col-
lins, 1887-1936.

B Max. TYeriod
Jun, Febh. Mar. April May June July Aug. Sept. Oct. Nov. Dec. Year Var. Years

Mean tempera-

ture—o I, 26.3 281 35.9 45.8 54.2 63.68 68.9 67.6 69.3 48.0 36.2 277 43,9 42.6 50

Standard

deviation—o B, 4.6 6.0 5.2 3.2 2.7 2.6 2.2 1.7 2.4 2.6 35 3.0 1.36 R .
Precipitation—inches 32 61 1.02 200 2.86 1.53 1.66 1.40 1.27 1.10 47 .46 14.70 2.54 50

Standurd devia-

tion — incheg 37 48 78 1.73 1.65 115 1.18 1.04 1.26 92 40 .62 3.76

Median value—

inches 25 48 3 141 244 1.50 131 1.21 .80 88 .38 31 14.31 2.19 51

Number of storms
during 50 year per-
iod of 0.50 inch or

more per 24 hours 3 11 34 S0 102 52 50 46 14 40 13 8 50
Barometric pressure— :

inches of mercury 24935 24938 24913 24432 21.944 24.984 25.071 25.070 25047 25.035  25.019 24066  24.989 166 50

Standard deviation—

inches of mercury 0686 070 .060 047 047 047 031 035 043 042 056 053 018 Ll
Relative humidity—

percent 70.6 7.1 65.8 59.6 62.4 62,8 65.0 66.2 67.1 67.8 69.4 72.3 66.8 12,7 48
Dew point—o F, 118 13.9 20.7 29.1 39.7 40.4 54.9 52,9 43.3 31.0 20.2 13.8 31.4 43.1 48
Terrestrial radia-

tion—o F. 4.3 4.0 3.8 3.7 4.7 5.2 5.1 4.7 4.8 4.5 4.6 4.5 4.5 1.5 48

Soil temperatures—o¢ F.

at depth: 3 inches 27.9 30.0 36.7 46.9 96.8 8§7.2 72.3 700 61.5 489 35.2 30.0 48.8 44.4 48
¢ inches 293 30.8 37.3 477 56.9 87.3 72.5 70.8 63.2 51.2 39.2 31.7 49.8 43.2 47

1 foot 30.5 31.3 36.9 47.0 56.2 G6.0 71.8 708 64.2 52.9 41.2 33.5 50.2 41.3 47

2 feet 331 32,0 37.0 45.5 54.0 G3.1 69.4 69.5 64.5 55.0 4.3 36.7 50.4 36.6 48

3 feet 35.2 35.1 374 441 51.7 59.8 60.3 67.6 64.3 56.4 46.9 39.6 50.4 32.5 41

6 feet 421 40.9 41.2 4.8 49.9 55.9 61,2 63.8 63.4 59.3 53.1 47.0 51.9 22.9 31

Maximurm variation 14.2 10.9 45 3.6 7.0 11.4 11.3 7.0 3.0 10.4¢ 17.9 17.0 3.3 149

Soil l;:emperature record varies from 30 to 49 years. All observations were uscd in making averages; therefore the averages are not exactly
camparable,



