
Arizona Weather

Item Type text; Book

Authors Boggs, Edward M.

Publisher College of Agriculture, University of Arizona (Tucson, AZ)

Rights Public Domain: This material has been identified as being free of
known restrictions under U.S. copyright law, including all related
and neighboring rights.

Download date 24/05/2023 20:14:59

Item License http://creativecommons.org/publicdomain/mark/1.0/

Link to Item http://hdl.handle.net/10150/192183

http://creativecommons.org/publicdomain/mark/1.0/
http://hdl.handle.net/10150/192183








BULLETIN NO. 20,

Walker, Jr., now Assistant Chemist, who is entitled to much credit for
his faithful and accurate records.

About the time the work was being organized, the office of the
Observer of the United States Weather Bureau, who is also the Director
or the Arizona Weather Service, an organization of volunteer obser-
vers, was located in the University Building. To avoid repeating the
observations of the Weather Bureau the equipment of the Station omit-
ted a number of the instruments usually found at a Meteorological
Station, making use of the records of the Weather Bureau. The obser-
vations of the Weather Bureau at the University were commenced in
September, 1891, and continued until June 21, 1894, when the location
of the office was changed from this place to the Orndorff House in the
business portion of Tucson. The date of the removal is plainly indicated
by the sudden change in the recorded observations of certain elements ;
others show little or no difference. Except in the case of precipitation
the records of the Weather Bureau are continued in the following tables
until June 30, 1895, when the office at Tucson was discontinued. Ac-
knowledgments are due to Mr. William Burrows, Observer United
States Weather Bureau, for his courtesy in permitting access to the
records of his office.

At the beginning, the instruments belonging to the Station were ex-
posed within an inclosure some thirty feet square at a distance of one
hundred yards from the main building, adjoining the eastern boundary
of the grounds, and consisting of a light woven-wire fence. Very little
vegetation of any kind surrounded the inclosure, the principal growth
being a light stand of alfalfa on the north and west sides. At this place
the mesa is smooth and slights rolling, sloping gently towards the
southwest. The inclosure was at the bottom of a slight depression or
swale. On September 19,1894, the instruments were removed to a new
enclosure about forty yards south of the University building, and one
hundred yards from the former one. This situation is on the summit of
a slight swell of land a few feet higher than the former location. The
Weather Bureau instruments were exposed according to the accepted
standards of that organization.

Tables I to VI contain the data derived from these observations, ex-
tending over a period of forty-five months. For the purpose of enabling
the relations existing between the several elements to be traced more
readily than can be done by columns of figures, the data embraced in
these tables have been shown graphically in Plate I. Here, with all the
elements combined in one diagram covering the whole period, their
agreements and oppositions are easily seen by following their respec-
tive curves.

Table 1—Temperature.—The mean maximum temperature for the
month is the average of the highest daily temperatures during the
month. Likewise the mean minimum is the average for the month of
the lowest daily temperatures. The mean of the temperatures at every
hour of the day is the mean daily temperature, but as hourly observa-
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tions are taken at only a few of the most scientific observatories of the
world, it is customary to take the average of the highest and lowest
daily readings as the mean for that day. The average of the daily
means for the whole month is called the mean monthly temperature,
and the average of the twelve motithly means gives the mean annual
temperature.

The highest and lowest temperatures noted by self-registering in-
struments are given in this table. The dmly range is the difference be-
tween the highest and lowest temperatures for the day. The greatest
and least daily range of each month are also given in this table.

Table II contains further details pertaining to maximum and mini-
mum temperatures; also vapor pressure, dew point and relative
humidity.

If water be introduced drop by drop into a vessel exhausted of air,
such as the receiver of an air pump, the drops will be observed to dis-
appear. They have evaporated or changed into the form of vapor.
This evaporation will continue until a certain pressure of vapor is
reached, after which any additional drops will remain liquid. The ves-
sel is then said to contain saturated vapor. The pressure of saturation
depends upon the temperature; the higher the temperature the higher
the pressure of saturation. If, instead of a vacuum, the vessel had con-
tained dry air, it would have evaporated precisely the same amount
of water.

Water vapor is always present in the air to some degree, although
invisible until it condenses into minute particlesof water, when it is seen
as fog or cloud. Whatever the vapor pressure at any time, if it remains
constant while the temperature is lowered, a point will be reached
where condensation commences. This temperatnre is called the dew
point. A further reduction of temperature causes a visible fog or de-
posit of dew. If the temperature be raised, the dew is again evaporated
and disappears from view. Let the temperature rise still higher and
there is no moisture to supply the evaporation. The vapor is then said
to be dry or super-heated. If the number expressing the vapor pressure
in the air at the time of an observation be divided by the number ex-
pressing the pressure of saturation due to the temperature at that
time, the quotient obtained is a fractional part of saturation. This
fraction is called relative hum idiiy, saturation being 100 and absolutely
dry air 0. Vapor pressure is expressed in terms of inches of mercury
column which it can support. Absolute humidity, or the quantity of
water contained in a given unit of air, is nearly proportional to the va-
por pressure. It is stated in number of grains in weight contained in a
cubic foot of air. The dew point is expressed in degrees Fahrenheit, as
are other temperatures.

Since relative humidity is a function of temperature, it does not con-
stitute a means of comparison as to the quantities of moisture actually
present in the air at different places and times. However, it is not the
absolute humidity, but the percentage of saturation which makes the
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extremes of temperature most annoying to animal life. Statements of
relative humidity, therefore, in connection with those of temperature,
give information concerning the comparative discomfort of life in differ-
ent climates.

The total monthly and annual precipitation, with details as to dis-
tribution, are stated in Table III. Although the distance of this Sta-
tion from that in Tucson is very short, there is a noticeable difference in
the amount of rainfall observed at the two Stations. This is apparently
due to the greater distance of the University from the low range of moun-
tains lying west of the city. In general the rain clouds follow closely the
mountain ranges even when the latter are seemingly of insignificant size.
The distribution of rainfall is exceedingly variable. During the six m onths
ending June 30, 1895, there was a total precipitation of only 0.68 inch,
and for the eighteen months ending on the same date a total of only
7.39 inches.

Sunshine is recorded by an instrument which photographs on a
sheet of sensitized paper the unclouded sun during the day. The method
is not wholly satisfactory for the reason that for a considerable time
after rising and before setting the sun's rays have not sufficient actinic
power to plainly mark the sensitized paper. Still, it furnishes a more
accurate measure of the duration of sunshine than can be obtained oth-
erwise, except by apparatus too delicate and costly for common use.
Cloudiness is recorded from personal estimates by the observer. In the
scale used a perfectly clear sky is called 0, and when wholly obscured it
is called 10. The weather is said to be clear when clouds are estimated
at 3 or less, partly cloudy when from 4 to 7, and cloudy when from 8 to
10. When compared with automatic sunshine recorders it is found that
the personal estimates of observers usually rate the cloudiness too
high.

EVAPORATION.

The rapidity of eyaporation depends on the temperature of the wa-
ter at its surface, the dry ness of the air, and the velocity of the wind.
It is difficult to compute with accuracy the amount of evaporation by
means of mathematical formulas. It is best ascertained by direct
measurement.

At this station measurements of evaporation have been taken in a
galvanized iron tank six feet long, four feet wide and four feet deep, sunk
in the ground, its edges flush with the surface. The water level is kept
as high in the tank as it can be safely held, always within a few inches
of the top. Elevations are read by means of a Boyden hook-gage, read-
ing directly to one one-thousandth of a foot, and readily estimated to
one ten-thousandth of a foot. As originally placed the hook-gage was
in the tank itself, but after the change of location in September, 1894,
the gage was placed in a small chamber about ten inches from the tank
and connected therewith by a pipe of small diameter. This arrangement
was designed to avoid the- fluctuations of the water surface due to the
small ripples nearly always present in the tank. The tank is in an in-
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closure formed by a light woven-wire fence. No trees or other obstruc-
tions offer material resistance to the passage of the wind. It should be
noted in this connection that the wind velocities given in Table V are
from an anemometer on the roof of the main building some forty feet
above the ground. At this elevation the velocity is much greater than
at the surface of the ground.

A second tank, an exact duplicate of the first, placed by its side, and
provided with a similar gage, was planted with water lilies of the genus
Nymphae. Measurements were commenced in this tank in September,
1892, when the leaves well covered the surface of the water. They were
continued until April, 1894, when the gage was needed for another use.
A comparison of the results is shown by parallel columns in Table IV.
It will be seen that the monthly totals of the two tanks are in substan-
tial'agreement. The differences are usually small. The excess changes
so often from one tank to the other as to lead to the conclusion tha t
differences are due to accumulations of errors incident to observation.
But it is not easy to apply this explanation to the difference of 0.75 inch
in favor of the lily tank occurring in June, 1893. However, the idea
that the leaf covering has diminished the evaporation to any considera-
ble extent is dispelled by the fact that for the eighteen months of the
record the difference amounts to 1.52 inches only, a divergence of about
one per cent.

As the tank is situated, the measurement of evaporation at this Sta-
tion probably represents the maximum for the surrounding region, and
may be considerably in excess of that from the surface of a large body of
water. The mean annual evaporation at this place for the three whole
years of the record is 77.7 inches. This depth is somewhat less than
that commonly attributed to this region.

Table V contains a record of the total wind movement for each
month, with details of velocities and prevailing direction. The total
monthly movement is fairly uniform throughout the year. The abrupt
fall in the number of miles, caused by the removal June 21, 1894, from
the University to the city of Tucson, is noticeable. In the latter situa-
tion the anemometer is sheltered to some extent by the small mountains
west of the city. Although the wind occasionally reaches a high veloc-
ity, it is very rarely destructive. Tornadoes, so numerous throughout
the States of the Mississippi valley, are unknown.
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CLIMATE OF ARIZONA.

In a State which embraces nearly 114,000 square miles and ranges
in altitude from a few feet above the sea to almost 13,000 feet on its
highest mountains, it is natural that there should be a wide diversity of
climates. It is so in Arizona. Therefore, to attempt to describe in de-
tail the climates of the various localities would be a task not only far
be}'ond the scope of our present work, but also largely beyond the range
of statistical data. There are, however, certain climatic features com-
mon to nearly the whole of the Territory and it is our purpose to con-
sider these.

Speaking generally, the climate of Arizona is arid ; that is to say,
there is a notable deficiency of moisture. This in itself implies a clear
atmosphere, a low degree of humidity, sunshine strong and almost con-
tinuous. Consequently, the days are hot, the nights cool and refreshing.
These are the prominent features of Arizona's climate.

The following tables have been compiled from all available sources,
principally the publication of the Signal Service of the United States
Army, and its successor, the Weather Bureau of the Department of Agri-
culture.

TEMPERATURE.

In any inquiry regarding Arizona the question usually the first to be
raised is that of temperature. The general interest in this element has a
scientific foundation on the fact that temperature is the most important
of all climatic factors, since all others depend directly or indirectly upon
it. The popular curiosity in this element, however, proceeds not from
this scientific fact, but from the generally accepted misinformation as to
the torrid heat experienced in this region. The widely circulated tales of
the would-be humorists have done more than all other causes to give
Arizona the name of being uninhabitable. Generations of actual resi-
dents will have passed away before the harmful effects of these thought-
less tales will have wholly disappeared, and the knowledge secures gen-
eral recognition that this region is not the hopeless desert it has been
represented.

The simple thermometer, no matter how accurate it may be, does
not measure temperatures as felt by animal life. Its records must be
considered in connection with certain other data in order to afford a
mode of comparison with the climates of other portions of the earth.
We may term the reading of an accurate thermometer the actual, and
the sensation of heat or cold as felt by the higher orders of animal life
the sensible temperature. Neither of these is a measure of the other.
The fact is well known to meteorologists that the thermometer alone
cannot indicate the sensible temperature, but that the humidity of the
air must be considered in connection with the actual temperature. This
fact is also known to dwellers in the arid region, but it is not known to
the majority of otherwise intelligent people throughout the world. The
reputation of Arizona has long suffered from the prevalent ignorance on
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this point. Records of maximum temperatures enable comparisons to
be made which appear unfavorable to Arizona, and lead to the belief
that the heat of this so-called desert region must be almost, if not wholly,
unendurable.

Where the percentage of atmospheric moisture is high, both ex-
tremes of temperature are felt to be greater than the thermometer indi-
cates. Everj'body knows something about that condition of the
weather which is variously termed " sultry," "close," or "muggy."
These terms describe the result of a combination of heat and moist air.
This is the condition which exists commonly in the tropical regions of
the world where the rainfall is heavy, and in the same way, though in a
smaller degree, throughout the United States outside of the arid region.
It is especially noticeable in the States bordering upon large bodies of
water, such as the Gulf of Mexico or the Great Lakes, and is conspicu-
ously absent from the greater portion of Arizona.

In the dry air of this Territory "sun-strokes" are unknown, while
in the Mississippi valley and the States lying eastward whole columns
of the newspapers are filled with accounts of prostrations from heat,
and fatalities are numerous whenever the thermometer indicates 90° F.
or upwards. At many places along the sea coast where the humidity
always remains near the point of saturation a temperature of 85° brings
excessive discomfort, and exertion or exposure to the sun is extremely
hazardous. Men and the lower animals perform in safety their cus-
tomary labor beneath the cloudless skies of Arizona under the highest
temperatures ever experienced here. The dry air induces exceedingly
rapid evaporation of the abundant perspiration, thus keeping the body
at a comparatively low temperature. As a matter of course the supply
of fluid must be maintained, hence the great thirst so often experienced
by travelers in desert regions, and the imperative necessity for an ade-
quate supply of drinking water. Of all the lives lost on the desert
stretches of Western America—and their number is not small—not one
is directly attributable to heat, but to thirst. The experienced traveler
provides an ample supply of water and fearlessly invades the wrorst
desert yet discovered.

An amount ranging from 15 degrees to perhaps 30 degrees, accord-
ing to the humidity, should be subtracted from the records of maximum
actual temperatures during the hot season in Arizona to indicate the sen-
sible temperatures. In like manner the dry air of the arid region enables
extremely low temperatures to be endured without discomfort. The
winter cold of the Canadian Northwest Territory is much less disagree-
able than that of the United States immediately south of the Great
Lakes. The lowest temperatures known on the high plateau of Arizona
bring less discomfort than a "chilly" day in New Orleans.

The University of Arizona, near Tucson, is situated in Latitude 32°
14' N., Longitude 110° 53' W., elevation 2430. Its climate is fairly rep-
resentative of a large portion of southern Arizona, which must always
remain the chief agricultural portion of the Territory. For purposes of
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are of value in that they show the amount of rain which the adja-
cent cultivated lands would receive, but they are not so useful in the
solution of questions pertaining to the surplus waters available for
storage.

In general the mean depth of precipitation varies nearly directly as
the altitude above sea, the isohyetal curves being in nearly all cases
closely parallel to the contours of elevation.

The deficiency of rainfall in Arizona finds partial compensation in
the fact that the precipitation occurs in two distinct seasons. The sum-
mer rains usually appear about the first of July and increase in frequenc\r

until August, the wettest month of the year. They then gradually de-
crease to a minimum in October. From this time the winter rains are
liable to commence, reaching a maximum in December and ceasing alto-
gether about the end of March. May and June are almost everywhere
very dry, the latter having the least rainfall of any month. The distrib-
ution of the mean annual rainfall for Arizona in general is shown graph-
ically by a curve in Plate 2.

In Table XVis given a list of 115 Stations in Arizona from which
precipitation records are available. The geographical positions of these
stations are given, together with important facts regarding the history
and continuity of the records.

Table XYI contains a condensed abstract of the principal features
noted in the individual tables of precipitation recorded at the 115 Sta-
tions of Table XV. It shows for each month the number of years in
which the rainfall for that month was measured,the mean for the month,
the maximum and minimum for that month, and the years in which
they occurred. Annual summaries of the same kind are also
shown. This table extends from the earliest recorded dates to the close
of the year 1894, and is believed to be the most extensive table of rain-
fall data pertaining to Arizona yet published. The importance of the
subject is thought to justify the large amount of time and labor devoted
to its compilation and computation.

Man}'- interesting facts appear from an examination of this table, a
few of which may be noted here.

As was to be expected, the extreme west and southwest portions of
the Territor}^ are found to receive the minimum rainfall. The lowest
mean "annual precipitation is recorded at Camp Colorado, 2.05 inches ;
Stanwix, 2.68 inches; Yuma, 3.05 inches; Texas Hill, 3.09 inches;
Burke's, 3.88 inches; Fort Mohave, 5.32 inches; and Maricopa, 5.50
inches. The records of the first two of the above named stations cover
periods too short to insure a fair average. It will be observed that
tl]ese stations are mainly along the railways or the Colorado river.
Large districts in the interior contain no station. Were the region well
covered by observers it is possible that still lower annual means might
be reported.

Those stations having the lowest maximum' annual rainfall are
Camp Colorado, 2.46 inches, in 1869; Burke's, 4.52 inches, in 1879;
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Texas Hill, 5.02 inches,in 1884; Yuma,5.86 inches, in 1884; Gila Bend,
7.11 inches, in 1893; Buckeye, 7.90, in 1894.

Maricopa is distinguished as the Station having the lowest mini-
mum annual rainfall, only 0.38 inch having fallen during the year 1882.
Others reporting totals of less than one inch during any year are
Buckeye, 0.63 inch, in 1891; Yuma, 0.74 inch, in 1880; Texas Hill, 0.98
inch, in 1880; and San Simon, 0.99 inch, in 1887.

The heaviest precipitation occurs at places along the southwestern
rim of the great plateau or on the abrupt slope from it to the plain.

Stations reporting the highest mean annual rainfall are Cooley's
Spring, 30.01 inches; Tip Top, 28.70 inches; Flagstaff, 27.49 inches;
Strawberry, 26.59 inches; and Camp Goodwin, 25.57 inches.

The highest maximum annual rainfall occurred at the following
places: Breckenridge (old Camp Grant),35.21 inches,in 1871; Natural
Bridge, 30.45 inches, in 1890; Camp Goodwin, 27.92 inches, in 1867;
Camp Date Creek, 27.84 inches, in 1868; Fort Yerde, 27.58 inches, in
1876 ; Antelope Valley, 27.53 inches, in 1890.
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The consideration of this element will be confined wholly to an ex-
amination of the extent to which it can be used as a prime mover.

The windmill is one of the earliest forms of motive power. Long be-
fore the invention of the steam engine it had become an important factor
of industrial life. Although excelled in many respects by the steam en-
gine'and other modern rivals it will always possess some advantages
peculiar to itself. It has reached the highest development, numerically,
at least, in Holland and the other low countries of Northern Europe,
where it is extremely common. The large numbers in use in those coun-
tries show that the climate is favorable. The fact that they are com-
paratively scarce in certain portions of the United States does not prove
that windmills can not be profitably employed. The American people
are apt to regard such a source of power as too slow and uncertain for
their purposes. This belief is well grounded in many cases, but there re-
main certain uses to which windmills may profitably be put. In recent
years many firms in the Unites States have engaged in their manu-
facture, and their sale and use have greatly increased. As in the case of
other mechanical inventions, American genius has developed the wind
engine to a high degree of efficiency. The wheels now being put forth
by builders possessing experience and reputation are models of beauty
and mechanical perfection. In the United States a very, large majority
of all windmills in use are employed in pumping water. This fact will
doubtless always remain true here in Arizona where water is in such
great demand, but there are many other classes of light farm work, such
as chopping or grinding feed, churning, etc., to which they may be ap-
plied .

The strongest objection to the use of the windmill is its unreliability,
since the wind is commonly considered an emblem of fickleness. The
problem of the sufficiency of the wind movement is the main question to
be considered. There are many localities where the fact that the wind
will blow from some direction with considerable force during a large
majority of the days of the year is one of the most certain of future
events. There are other places where the wind fails only occasionally.
In such situations it is not unusual to supplement the windmill by ani-
mal power when necessary.

The usual effect of a windmill comes onry from the excess of wind
velocity above that required to keep the wheel moving. This required
velocity is from about four to six miles per hour. The pressure or force
of wind varies as the square of the velocity. A velocity of ten miles per
hour, therefore, exerts one hundred times a's much pressure as that of one
mile per hour. The velocity of the wind increases rapidly with elevation
above the surface of the ground. It is, therefore, desirable to erect the
mill on a tovfer of the greatest practicable height.

Where windmills are used for pumping water for domestic use, wa-
tering live stock, and for irrigation, the maximum effect is secured when
the water is delivered into a large tank or reservoir.
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Table XVII shows the average daily and hourly wind movement at
the five Signal Service Stations in Arizona from which data covering a
term of years were available. In some instances the average is disap-
pointingly low. It should be noted, however, that the anemometers
from which these results were obtained were located in towns or among
groups of buildings of military posts, and these in turn are situated in
sheltered valleys where the wind movement is apt to be a minimum.
Frequently a change of a short horizontal distance is sufficient to bring
about a large increase of wind. An illustration of this is seen in the case
of the removal of the Weather Bureau Station from the University to
the city of Tucson. The air-line distance is less than one and one-half
miles, and the vertical difference only about forty feet lower. Yet for
the twelve months preceding the change the total movement was 66,400
miles, and for the twelve months following the change the total was
43,000 miles, a reduction of 35 per cent.

The fact should also be borne in mind that the useful energy of the
wind throughout its range of velocities is much greater than if it blew
constantly and steadily at an average low velocity. The very highest
wind velocities, of course, cannot be used to any great extent. All
wheels are so arranged that for their own safety they go out of action
automatically when the wind exceeds a certain velocity, which differs in
different makes of wheels. The pressure of wind varies with the density
of the air. The density varies with the elevation above sea level, tem-
perature, etc. In a high altitude and high temperature the pressure may
be very considerably below that at sea level in a colder climate.

Although there are localities where the wind movement is insuffi-
cient or too irregular for large results, there are others where it will be
found great enough to be an important help to the farmer.

The great valleys of Arizona are almost everywhere underlaid with
water, usually at a moderate depth. Where irrigation has been prac-
ticed some years the level of this water has risen quite near the surface.
While it is too much to expect that large tracts of land will be success-
fully irrigated by wind-pumping, examples are not wanting where a
single windmill has raised enough water for domestic use and the irriga-
tion of a small vegetable garden. Where the wind movement is consid-
erable and the lift small, a number of windmills grouped about a reser-
voir may be able to irrigate an orchard or other small area. Under in-
tense cultivation a surprisingly large quantity of agricultural and horti-
cultural products can be grown on a small piece of ground.














