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LOCATION,

Tlie Meteorological data herein recorded were gathered at
Station No. 1 of the Arizona Agricultural Experiment Stations*
This is located on the grounds of the University of Arizona, in
Latitude 32 degrees, 14 minutes N., Longitude 110 degrees, 53
minutes W* (Greenwich). The site is on the open mesa, about
one and one-half miles northeast of the business center of the
city of Tucson, at an elevation of 2430 feet above sea level.
The situation is arid and surrounded on all sides by unimproved
land.
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OKGANIZATION.

This branch of the work of the Station was organized "by
Professor Vasa E, Stolbrand, Irrigation Engineer and Meteorologist, and was conducted by his successors, Professors Chas.
B. Collingwood, Edward M. Boggs and Nathan H, Barnes, and
their assistants.
About the time the work was being organized, the office of
the Observer of the United States Weather Bureau, who is also
the Director of the Arizona Weather Service, an organization
of volunteer observers, was located in the University Building,
To avoid repeating the observations of the Weather Bureau the
equipment of the Station omitted a number of instruments usually found at a Meteorological Station, making use of the
records of the Weather Bureau. The observations of the
Weather Bureau at the University were commenced in September, 1891, and continued until July, 1894, when the location
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 80, 1895, when
the office at Tucson was discontinued. Acknowledgments are
due to Mr, William Brown, 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 exposed 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 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 inclosure about forty yards south of the University build-
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ing, 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, extending over a period of seventy-four months.
TEMPEBATURE.

Table I —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 observations 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 monthly means gives the mean annual
temperature.
The highest and lowest temperatures noted by self-?egistering instruments are given in this table. The daily range is the
difference between the highest and lowest temperatures for the
day. The greatest and least daily range of each month are also
given in this table,

VAPO& i»iUBSstFR&
Table II contains further details pertaining to maximum
and mimimum temperatures; also vapor pressure, dew point
and relative humidity up to July, 1895, when those records
appear to have been discontinued
If water be introduced drop by drop into a vessel from
which the air has been exhausted, the water will apparently
disappear, It has changed to vapor. This evaporation will
continue until a certain pressure of vapor is reached, after
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which any additional water will remain liquid. The vessel 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 contained 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 particles of
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 temperature is called the dew point. Any
further reduction of temperature causes a visible fog or deposit
of dew. If the temperature be raised, the dew is again evaporated and disappears from view. If the temperature rise still
higher, 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 observation be divided by the number expressing 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 humidity, saturation being 100 and absolutely
dry air 0, Vapor pressure is expressed in terms of inches in
height of a mercury column that will balance it. Absolute
humidity, or the quantity of water contained in a given unit of
air, is nearly proportional to the vapor pressure. It is stated
in number of grains of 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 fraction of temperature it does
not constitute 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 extremes of temperature
most annoying to animal life. Statements of relative humidityy
therefore, in connection with those of temperature, give information concerning the comparative discomfort of life in different
climates.
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PRECIPITATION,
The total monthly and annual precipitation, with details as
to distribution, are stated in Table IIL Although the distance
of this Station from Tucson is very short, there is a noticeable
difference in the amount of rainfall as observed at the two Stations. This is apparently due to the greater distance of the
University from the low range of mountains 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 months 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.

Sunshine is recorded by an instrument which photographs
on a sheet of sensitised 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 otherwise, except by
instruments 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. "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 evaporation depends on the temperature of
the water at its surface, the dryness of the air, and the velocity
of the wind* It is difficult to compute with accuracy the
amount of evaporation by mathematical formulas. It is best
ascertained by direct measurement
At this Station measurements of evaporation have beon

21

BULLETIN 27.

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 Boyclen hook-gage, reading directly to
one one-thousandth of a foot, and readily estimated to one tenthousandth 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 inclosure formed
by a light woven-wire fence. No trees or other obstructions
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 Nymphce, Measurements were commenced 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
results is shown in parallel columns in Table IV. It will be
seen that the monthly totals of the two tanks are in substantial
agreement. The differences are usually small. The excess*
changes so often from one tank to the other as to lead to the
conclusion that differences are clue to accumulations of errors
incident to observation. But it is not easy to apply this explanation to the difference 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 considerable 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
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tliis Station 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 three 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 removal June 21, 1894, from the University to Tucson, is noticeable. In the latter situation the anemometer is sheltered to
some extent by the small mountains west of the city. Although
the wind occasionally reaches a high velocity, it is very rarely
destructive. Tornadoes, so numerous throughout the States of
the Mississippi valley, are unknown. This record was discontinued in July, 1895, but will be resumed.
The relation between weather and climate is by some not
clearly understood. It may be well to state that by weather is
meant the condition of the atmosphere at any one time with
regard to its temperature, humidity, motion, etc. This is observed at stated times and a record made of each set of observations, which shows what may be that particular weather.
Climate is rather the condition of a place with regard to its
varying weather, and the effect that has upon both animal and
vegetable life, their growth, salubrity and development. The
climate of a place could be well determined from a large number of complete weather observations extending through all the
varying circumstances of the seasons, day and night, sunshine
and cloud, wind and calm, and accompanied by complete health
and crop reports, A complete record of all these conditions is,
however, rarely made, and people are often loth to consider
conditions unfavorable to the reputation of their own particular
climate, and the weather records, when complete, are not fully
and fairly considered.
The records given herein show that the climate of this Station is decidedly arid; the temperature is high in summer and
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by no means low in winter; the summers are long and winters
short; the precipitation is for the most part during one of two
periods — one near midsummer* the other near midwinter. At
no time is the rainfall sufficient to be of any perceptible agricultural value. Wind storms of severity are unknown, and
high winds are rare.
But there is much more that should be told of this climate
if we would not deceive. On a clear, bright day, in the sunshine, even in midwinter, the air is balmy and mild, but filled
with ozone and delightfully exhilarating At the same time, in
rooms having a northern exposure, or on the shady side of the
street, the cold is very penetrating. The difference in temperature between day and night is often as much as fifty degrees
Fahrenheit, and that between the bright sun and shade, or a
strong wind, frost-laden from the snow-clad mountains, and a
calm, is scarcely less trying. These great differences seem to
make the climate harsh and severe for delicate invalids, who
should protect themselves from them. Even those well acclimated are troubled with colds, and pneumonia is a prevalent and
very fatal disease.
On the other hand, the air of the mesas is pure and invigorating, and dews are unknown. Those having pulmonary
troubles are often most benefited by living in the open air,
sleeping under no shelter but the broad canopy of heaven, but
well protected from the cold night air by an abundance of
bedding.
While the elevation is not great, it is sufficient to cause
serious disturbance to those who have heart trouble, even in
the vicinity of this station. Yuma or Phoenix, being much
lower, would offer a much better climate for such. In other
respects the climate of this Station is typically that of the
Territory,
CLIMATE Of

In a State which embraces 114,000 square miles and ranges
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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 detail the climates of the various localities would be a task not only far beyond the scope of our present work, but also largely beyond the range of statistical data.
There are, however, certain climatic features common to nearly
the whole of the Territory, and it is our purpose to consider
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 continuous. Consequently, the days are hot,
the nights cool and refreshing. These are prominent features
of Arizona's climate.
The following tables have been compiled from all available
sources, principally the publications of the Signal Service of
the United States Army, and its successor, the Weather Bureau
of the Department of Agriculture.
TEMPERATURE OF ARIZONA,

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 th© 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 circula»
ted tales of the would-be humorists have done more than all
other causes to give Arizona the name of being uninhabitable.
Generations of actual residents will have passed away before
the harmful effects of these thoughtless tales will have wholly
, and the knowledge secures general recognition
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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
can not 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 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 extremes of temperature are felt to be greater than the
thermometer indicates. Everybody 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 Grulf of Mexico or the
Great Lakes, and is conspicuously absent from the greater portion of Arizona*
In the dry air of this territory " sunstrokes J> are unknown,
while in the Mississippi valley and the States lying eastward
whole columns of the newspapers are filled with accounts of
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prostrations from heat, and fatalities are numerous whenever
the thermometer indicates 90 degrees or upwards. At many
places along the sea coast where the humidity always remains
near the point of saturation a temperature of 85 degrees brings
excessive discomfort, and exertion or exposure to the sun is
extremely hazardous. Men and the lower animals perform in
safety their customary duties 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 adequate 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 worst desert yet discovered.
An amount ranging from 15 degrees to perhaps 30 degrees,
according to the humidity, should be subtracted from the records of maximum actual temperatures during the hot season in
Arizona to indicate the sensible temperatures. Iu 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 disagreeable
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 degrees 14 minutes N., Longitude 110 degrees 53 minutes W., elevation 2430. Its climate is fairly representative of
a large portion of Southern Arizona, which must always remain
the chief agricultural portion of the Territory. For purposes
of comparison of the climate of Southern Arizona with that of
other localities ten Stations of the Weather Bureau have been
•chosen which form with Tucson a continuous circuit of the
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United States, starting from Florida, crossing the Grulf States
to the Pacific Ocean; thence eastward across a more northern
tier of States to the Atlantic Ocean, at Boston.
Tables VII to XII inclusive enable comparisons to be made
regarding temperature and certain elements closely related
thereto. They have been compiled from the report of the Chief
of the "Weather Bureau for 1893 The report for this year was
taken because it is the latest annual statement at hand.
From an inspection of these tables it will be seen that the
maximum winter temperatures of Southern Arizona are very
nearly the same as those of the Ghilf States, Those of summer
are considerably higher, but Table VIII, showing the relative
humidity at the same Stations, shows unmistakably why the
summer climate of Arizona is far less trying than that of the
States bordering on the Grulf of Mexico. Thus the June temperature of 107 degrees at Tucson with relative humidity at
only 22 per cent is far preferable to that of any other city in
the list with temperature of 85 to 95 degrees and humidity at
65 to 83 per cent.
The annual range of temperature at Tucson is somewhat
greater than that of the Gulf and Pacific States, but is remarkably less than that of the Stations in the Northern, States.
Table XI shows the number of days in each month on
which precipitation of 0,01 inch or more fell, and the total
depth in each month and for the year. From this table it will
be seen that not only is the rainfall of Southern Arizona very
light, but that it occurs on very few days of the year. The
winter months are especially free from rainy days. The six
months from October to March inclusite contained but fifteen
rainy days, whereas at Los Angeles there were thirty-seven, and
at Jacksonville fifty-seven rainy days during the same period,
In common with the arid region in general, Arizona usually
experiences a large daily range in temperature. What would
otherwise be a serious tax on human eiidurance, especially that
of weak constitutions, is mitigated to a great extent by the
prevalent low degree of humidity. As before stated, this feature modifies both extremes of temperature, and makes the sens-

WEATHEB AND CLIMATE.

28

ible temperature much more uniform than the thermometer
readings would indicate. Instead of being a heavy disadvantage this high range of temperature even becomes a blessing,
Insuring as it does cool nights and refreshing sleep.
In Table XII it was found n-ecsssary in a few instances to
select other Stations than those used in the five preceding tables,
for the reason that not all of them reported sunshine observations during the year 1893.
In such cases the nearest Weather Bureau Stations reporting this element in that year were chosen. It is readily seen that
Tucson ranks far above the other Stations in the amount of
life-giving sunshine. It may be stated further that its percentage is higher than that of any of the 24 Stations reporting this
element in 1893; also that in this year the percentage at Tucson
was considerably below the normal. If the solar engine is ever
made a practical machine it will find its best field of operations
here in Southern Arizona. The beneficent results of this large
measure of sunshine are seen in many ways, notably in its rapid
and permanent curative effects upon invalids, in the longevity
of the inhabitants, and in the yield and quality of the agricultural and horticultural products of the Territory,
PRECIPITATION*
The measurement of precipitation, whether in the form of
rain or snow, has been more generally observed than any other
branch of meteorology. Throughout the civilised world there
are large numbers of observers who ke^p no other record than
that of this element. The term arid region itself shows that
the natural supply of moisture is insufficient f at the growth of
most of the useful forms of vegetation. For purposes of agriculture it is necessary to make up by artificial means this defic*
iency in the natural water supply. All other industries are dependent upon agriculture for their own sticcess. Statistics
concerning precipitation, therefore, are to the majority of the
inhabitants of the Territory the most important of all meteoro*
logical data. Statements giving simply the observed annual
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or mean annual rainfall in any given locality are of little value
and oftentimes misleading. The distribution throughout the
year, and its irregularities, must also be taken into account.
In this region rainfall is more variable and uncertain than
any other climatic element, and observations must extend over
long periods of time to secure reliable data. In a Territory as
sparsely settled as Arizona it would hardly be supposed that any
extensive series of observations have been recorded. Fortunately, the establishment of military posts has enabled valuable
records of some features of the weather to be kept. The most
important of these is that of rainfall. We thus have a considerable number of carefully formed official records of rainfall,
extending through long terms of years and covering the Territory in a comprehensive manner. Interspersed with these are
a larger number of voluntary Stations whose records commence
at a later date, although not a few of these cover many years.
Within the last few years the abandonment by the government
of nearly all the army posts has reduced to a very few the number of official Stations keeping meteorological records. This
important work is thereby committed to the people of the Territory, who should not permit it to lapse. The future of this
coming State is largely dependent upon reliable data regarding
water-supply possibilities, and thus directly upon systematic
measurements of precipitation. Series of observations covering
the higher mountain ranges, the principal drainage areas of the
Territory, and including the depth and persistence of the snowfall are especially to be desired. The Director of the Arizona
Weather Service, located at Phoenix, is prepared to equip with
the necessary instruments a considerable additional number of
voluntary Stations, and it is hoped that the full quota of observers will offer themselves for this work, the importance of
which can not be overestimated.
A large majority of th$ rainfall records in Arizona are
taken in the great valleys, where agriculture will ultimately
reach its highest development. In such localities the precipitation is probably a minimum, being much lower than
that of the surrounding mountains, These data are of value
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in that they show the amount of rain which the adjacent 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 summer rains usually appear about the first of
July and increase in frequency until August, the wettest month
of the year. They then gradually decrease to a minimum in
October. From this time the winter rains are liable to commence, reaching a maximum in December and ceasing altogether about the end of March May and June are almost
everywhere very dry, the latter having the least rainfall of any
month.
In Table XV is 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 XVI contains a condensed abstract of the principal
features noted in the individual tables of precipitation recorded
at the 115 Stations of Table XV It shows for each month the
number of years in which the rainfall for that month was meafured, 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 rainfall
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.
Many 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 Territory are found to receive the minimum rain-
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fall. The lowest mean annual precipitation is recorded at
Camp Colorado, 2.05 inches; Stanwix, 2.68 inches; Yuma, 8.05
inches: Texas Hill, 309 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 these
Stations a.v mainly along the railways or the Colorado river*
Were the region well covered by observers it is possible that
still lower 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; Texas Hill, 5.02 inches, in 1884; Yuma, 5.86 inches, in 1884; Gila Bend, 7.11 inches, in 1893; Buckeye, 7.905
in 1894.
Maricopa is distinguished as the Station having the lowest
minimum 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; ilagstaff,
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; Port Verde, 27.58 inches, in 1876; Antelope Valley, 27,53
inches, in 1890,
WIND,

The consideration of this element will be confined wholly
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to an examination 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 before the invention of the steam engine it had become
an important factor of industrial life. Although excelled in
many respects by the steam engine 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 countries show that the climate is favorable. The fact that they
are comparatively 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 remain certain
uses to which windmills may be profitably put. In recent
years many firms in the United States have engaged in their
manufacture, 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 applied.
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.
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In such situations it is not unusual to supplement the windmill
by animal power when necessary
The usual effect of a windmill comes only 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 the wind varies as the square of the
velocity. A velocity of ten miles per hour, therefore, exerts
one hundred times as 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 tower of the greatest practicable height
Where windmills are used for pumping water for domestic
use, watering live stock, and for irrigation, the maximum effect
is secured when the water is delivered into a large tank or
reservoir.
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 disappointingly 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, arid 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 12 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 steadily at an average low velocity. The very
highest wind velocities, of course, can not be used to any great
extent. All wheels are so arranged for their own safety they
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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, temperature, 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
insufficient 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 practiced 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 successfully irrigatsi by wind-pumping, examples are not wanting where a single windmill has
raised enough water for domestic use and the irrigation of a
small vegetable garden. Where the wind movement is considerable and the lift small, a number of windmills grouped about
a reservoir may be able to irrigate an orchard or other small
area. Under intense cultivation a surprisingly large quantity
of agricultural and horticultural products can be grown on a
small piece of ground.
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BULLETIN 27
A EESUME OF THE TABLES.

The subjects of the preceding tables are as follows:
Table I is a record of temperature from October, 1891, to
December, 1897, inclusive.
Table II is a record of temperature, dew point, humidity
and vapor pressure from October, 1891, to June, 1895, and of
temperature to December, 1897.
Table III is a record of precipitation for the same period.
Table IV is a record of sunshine, cloudiness and evaporation from October, 1891, to June, 1895.
Table V is a record of wind movement from October, 1891,
to June, 1895.
Table VI is a record of barometric pressure for the same
period.
Tables VII to XI compare at eleven places, for the year
1893, the maximum temperature, relative humidity, minimum
temperature, mean monthly temperature, precipitation.
Table XII gives the percentage of sunshine at nine different places, for the same year.
Tables XIII and XIV compare the mean maximum and
minimum temperatures at nine representative stations in Arizonaf.
Table XV is a list of Stations in Arizona for which rainfall data are given.
Table XVI gives the rainfall for Arizona for the month
and the year.
Table XVII gives the daily and hourly wind movement at
five stations in Arizona.

