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PREFATORY NOTE.

This report was prepared by the Chief Signal Officer prior to the transfer of the Weather
Buresu from the War Department to the Department of Agriculture. In order to satisfy the
great interest regarding the subject-mntter which it covers, among residents of the region in
queation, the Secretary of Agrieulture has ordered a considerable number of extra copies for
distribution among them.



WAR DEPARTMENT,

Washington City, February 28, 1891,

The Secretary of War has the honor to transmit to the House of Representatives a report
from the Chief Signal Officer, with text, tables, and charts, prepared in reap to the luti
of the Honse of Representatives dated May 23, 1800, that—

’ The Secretary of War Le, and is bereby, requested to transniit to the House of Rapreseutatives the reporta that
have boeu prepared nader the direction of the Chief Signal OMeer of the Army upon the climate of Arizons and Now
Mexico and other parts of the arid region, together with such tables particularly of rainfall, temp
tion, and other matters as relate thereto, with sueh and additi mway be deamed ulvinhh
by the Chief Signnl Oficer, who will also axpress his views as to the valae and importance of said tables of tempera-
ture, presipitation, evaporation, eto., and their bearing upon the sulject of irrigation and water storage.

The Chief Signal Officer expresses his opinion that the economic value of these reports is such
a8 to justify their being printed by Coungress for tue information of the publie.
REDFIELD PROCTOR,
Becretary of War.

P

The SPeAKER oF THE HoUse OF REPRESENTATIVES,
Washington, D. O.

8SieNAL Orrice, WAR DEPARTMENT,
Washington City, February 28, 1891,

8rr: Referring to the resolution of the House of Representatives of May 23, 1800, that ¢ the
Seeretary of War be, and is hereby, requested to transmit to the House of Representatives the
reports that have been prepared under the direction of the Chief Bigual Ofticer of the Army apon
the climate of Arizons and New Mexico and other parts of the arid regioun, together with sach
tables particularly of rainfall, temperature, evaporation, and other matters as refate thereto, with
sueh corrections, alterations, and additions as may be deemed advisable by the Chief Bignal Officer,
who will also exprexs his views as fo the valae and importance of said tables of temperature, pre-
cipitation, evaporation, ete., and their bearing upon the subjeet of irrigation and water storage,”
I have the honor to transmit herewith text, tables, and charts which illustrate Arizona, California,
Colorado, New Mexico, Nevada, and Utah particularly with reference to temperature awd rainfall,
together with such other notes on the climatic conditions of the region as appear pertinent and
important.

Owing to the multiplicity of duties which bave lately surrounded the-Chief Sigual Officer thin
report has been delayed beyond the time at which he would have chosen to snbmit it, Even at the
present time the Chief Signal Officer bas been unable to give it all the personul attention he
desired. In view of this fact he delegated to the officer in charge of the records division, First
Lieut. W. A. Glnasford, Signal Gnrpa, em-min portiona of the region wmn which he was acquainted
through resids al:d ination. Li i’s remarks appear as
separate memoirs upon the climate of Arizona, New Moxico, California, and Nevada,

The Ohief Signal Officer has treated the subject of the elimate of the arid region in perbaps a
drier am:l more practical manner, fining himself toa p of such facts and clear dedue-
tions as may be of greatest nullty to investors and ut.t,lam, a8 well as of theoretical intereat to the
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4 LETTER OF TRANSMITTAL

more exacting stadent of irrigation probl The Iting deductions clearly econfirm the Chief
Bignal Officer’s theoretical opinion that the arid regions can not be treated as a climatic unit with
an entire disregard of physical boundaries, and that no general statement or treatment can be
outlined which will be of equal applicability in every Btate and Territory within the region under
discussion.

The Chief Signal Officer expr his opinion that the limatic data d herewith are of
great value and importance to any corporati lating investmenta in works
of irrigation or for water uouge, and mmmlnands that they be primed for the general information
of the public.

Very respectfully,
A. W. GREELY,
Ohief Signal Offcer,
The BECRETARY OF WAR.



REPORT ON THE CLIMATOLOGY OF THE ARID REGIONS OF THE UNITED
STATES, WITH REFERENCE TO IRRIGATION.

By Gen. A. W. GrExrY, '
Oy Signal Cfioer, U. 8, Army,

The object of the reaolution, in answer to which thia report and accompanying eharts and
tables are submitted, calls for & consideration of this question from a standpolnt indicated by the
Ohief Bignal Officer thres years since. In & previous report to the Senate (on the * Rainfall of the
Pacitic Slope,” ete., Fiftieth Uongress, first session, Senate Executive Document No. 81), in
February, 1888, before Congress took legislative action regarding the arid regions of the United
Btates, the Ohief Signal Officer pointed out the magnitude of the irrigation question as affecting
the fatare agricultural interests of the population over one-third of the area of the country, sand
also specifically expressed the opinion that this question could not be satisfactorily discussed and
treated without an sccurate knowledge of the rainfall over the area of each particalar drainage
basin.

In treating this subject exhaustively, a large volume could be prepared which would nndoubt-
edly be of great value as a standard work of refe in tion with teutative enterprises for
the development of the natural resources of the United States weat of the one hundredth meridian,
but in a report of this kind to Congress brevily Is an essential feature, even if the limited time

ilable for the preparaiion of the pauying data did not, as it does, impose it upon the
Chief SBignal Officer.

In answering the resolution, the attention of the Ohipf Bignal Officer has been directed to the
Btates and Territories of Arizona, Callfornis, Colorado, Nevada, New Mexico, and Utsh, The
Btates and Territories enumerated comprise in their limits those sections of the United States
over which the rainfall is the smallest, the prevailing temperatures the highest, the evaporation of

‘molsture most decided, and the of quhght the greatest ; thua presenting, and in some loeali-
ties bining, such i ieal phases as are of an adverae character to the regular
and ful ion not ouly of agricul 1 enterprises, but, indeed, to the development of

any other ill(lu!t.l’j’ wherewith an abundant mpply of water is an essential factor, and fnr which in
thess regions the adventitious aid of irrigation is indisp ble. The abov i

logical conditions are less marked and leas unfavorable in the remainder of the arid regions, viz,
northern Californis, Wyoming, Montana, the eastern parts of Oregon and Washiogton, and western
portious of Nebraska, Kansas, Indian Territory, Texas, and the Dakotas.

1t is & serions error and somewhbat prevalent that one can predicate the necessity of irriga-
tion by simply ascertaining and comparing the annual rainfalls of varions locali It needs no
elaborate discussion to demonstrate not only the practical inutility of such comparisons, but also
the certainty that dednctions therefrom must be nearly always misleading and frequently detri-
mental.

To illustrate thia point may be quoted the annmal rainfall of Pittsburgh, Pa. (36.71 inches),
and that of Julian, San Diego County, Cal. (37.68), As these rainfalls are almost identical in
amonnt, it woald natorally be assamed by one not eonversant with the peculiar distribution ot
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6 IBRIGATION AND WATER STORAGE IN THE ARID REGIONB.

meteorological conditions of the United States, which conditions depend almost as much on pecaliar
locality as on latitude, that any industry or pursuit in which rain is an important element would
sncceed as far as water is concerned equally well at either place. There could be no greater mistake,
however, as the following data of average rainfall for Julian, Cal,, and Pittsburgh, Pa., clearly
indicata,

Jan. | Fob, | Mar. | Apr, | May. | June, July.| Aug. | Sept. | Oct. | Nov. | Dea. | Year. | Langth of

In, | In | In. | Ju. | Jw | In. | In. | Im, | In. ( o, | T2 | Im. | Iw. Fears.
1481 182519.85|5.98 10.7930.00 | 0.000,00)0.000.55)223 65243784 [
2321 | .82 | 2.86 | 261 ] 3.07 [ 3.50 | 4.06 | 3.45 | 2,53  2.49 [ 258 | .75 | 36.71 19

The rainfall st Pi gh is Hally throughout the entire year; the greatest
differences b the for any two months being ouly 6 per cent. of the entira
amonnt for the year. At Julian, however, during seven consecntive months, from the firat of
May to the last of November, only 9 per cent. of the annual amount falla, while nearly one-half
(48 per cent.) of the entire precipitation of the year occurs during the months of February and
March.

This leads up to the main point, evident to every farmer, that the most important character
istic of the rainfall, apact from quantity, is its proper distribution throughout the year. Over ths
greater part of the United States the rainfall of the winter months is not of sach direct and vital
importance to the agricultorists as are the rains of the late spring and of the early summer. Thin
has been illustrated in & report of the Chief Signal Officer (see Senate Ex, Doc. 115, Fifiy-firat Oon.
gress, first session), wherein he has pointed out that the disadvantages of Nebraska, with a
rainfall from one-half to one-third below that of the Btatea of Maryland, New York, Penmmylvania,
and the interior of Virginia, are peither as extensive nor as material as might seem evident to onv
rasaally cousidering the effeet of the annusl rainfall. In this respect the great advantage of
Nebraska, and this advantage likewise obtains in parts of Kansas and South Dakota, is in the
soitable distribution of rainfall throughout the year, particularly during the months of April,
May, June, and July, which may be called, not inappropriately, the critical agricaltaral months
from the standpoint of staple crops grown in Nebraska. Over thia State as a whole, the per.
eentage of rainfall in each of these four months closely agrees, that for April being about 11 per
cent, of the entire annnal rainfall ; that for May, 17; for June, 16; and for July, 16 per cent.; in
otber words, snbstantially 60 per cent., or three-fifths of the rainfall for the year falls doring tho
four months mentioned, the period when such rwinfall is most needed for the growth and devel.
opment of the staple crops.

Although the distribution of rainfall in certain portions of the Atlantic coast Btates is nearly
uniform for the different months, and althongh the annual distribution on the Pacific,coast in
known to be peculiar and marked, yet there has been a popalar tendency to ignore these widely
varying rainfall obaracteristics and attribute the same climatic conditions to immense areas with
widely differing physical features, and also at greatly varying distances from the ocean, the Bouren

of rain. Partienlarly has misapprehension existed as regards g 1| ity of rain and its nn-
equal distribation throughouat the year, sinoe the same rainfall conditions have often been attribatel
to the entire arid regions of the United States, which by g 1 of opinion cover thn

entire United States west of the one hundredth meridian.

Even among the better informed and casual observers of meteorological eonditions, the tendency
has been to concar substantially with this popular opinion, excepting so far as it relates to the
coast region of northern California, Oregon, and Washington. While the belief of the casual
observer as to the scarcity of water west of the one handredth meridian may be considered true
in & general sort of way, yet it is not so in many specific and important cases, for the latest rain.
fall maps of the United States compiled at the office of the Chief Signal Officer show that thers
are enormons areas of country in the so-called arid regions where the rainfall exceeds 15 inches
(by which ischyetal, or line of equal rainfall, the arid region is, by some, limited), and even very
large areas over which the annual precipitation exceeds 20 inches, and in lesser areas 25 inches.
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The opinion also obtaine among wany that the ralofall of the arid regicns is typleally repre-
sented by the California rainfall, with a wet season from November to March, and a praetically, if
not totally, rainless season for the rest of the year. Such a typical enrve may not be inappropri-
ately rep! d by San Francisco, where the average rainfsll is as follows: Junuary, 5,10 inches;
February, 3.60; March, 3.26; April, 1.93; Muy, 0.67; June, 0.15; July, 0.02; August, 0.02; Bep-
tember, 0.16; Ootober, 0.98; November, 2.87; December, 5.32; year, 24.08 inches; length of record,
42 years. The data show that 43 per cent. of the amnual precipitation oceurs at San Franeisco
during the months of December and January, whils only 2 per cent., or substantlally no rain, falls
between the lat of June and the 1at of October.

This pecaliar distribution of rainfall, h , is not chi ic of the entire arid region, and
it obtains definitely only in Oalifornia (with slight exceptions) and a portion of Nevada. In Ore-
pon and Washington the antumnal rains begin gradually earlier, as one goes northward, commene-
ing nearly a month earlier in Washington, where, h , they cease somewhat earlier in the spring,

These pecaliarities a8 to the annnal distribution of rain being so marked and varying, even on
the bordering coast of the Pacific Ocean, strongly evidence the necessity of a most careful exami.
nation of the annual precipitation régime for the rest of the arid region, over which the rainfalls,
a8 & rule, are less plentiful and more dependent on exeeptional canses, snd consequently more
liable to extreme and aunsual fluctuations.

This examination and comparison the Chief Bignal Officer has personally attempted as far as
the limited time at his disposal would permit, and the general distribution for different States is
shown on Chart No, 1 where the typical rainfall curves are what may be called composite, being
wale np from selected statious, with long records, in the State or Territory to which the curve
appliea. The values here given are drawn from stations selected with reference to their geograph-
ical position as well as to their ag with the rainfall régime, and so mgy be consid-
ered aa fairly representative of adjacent regious as well as of their immediate loeality.

It will appegr clearly from these curves, as is more evident by detailed examination of the_

riginal data for il that the varying periods of wet® and dry or very wet sud very
dry months are almost as many in number as the States to which they obtain. These carves also
make it apparent that, in order to insure in the arid regi ic and | erops by
irrigation, the growth of only such cropa shonld be attempted or encouraged in different sections
&8 are snited to Lhe eharacter of the local soil, the varying local seasonal temperatures, and which
by their seasonal period of germination and development would have the advantage of the rainfall .
of those months in which the greater part of the general precipitation occurs. The advantage of
this plan would be that it thus reduces to the minimum the quantity of water, absolutely essentiul
to the success of the crops, which must be caught, impounded, preserved, and delivered on the
groand at a considerable expenditure of labor and material,

The general distribotion of raiutull throughout the year over the region west of the one
handredth meridian may briefly be defined as follows:

January.—This is a very wet month over all of California except the southeastern portion,
where it is wei. In Oregon and Washington the coast region is very wet and the eastern parts of
the States wet. Itia also a wet month over Nevada and the greater part of Idaho. It isa dry
month ovér western Texas and the western half of the Dakotas. It is very dry over the eastern
half of the two Dakotas, the eastern parts of Nebraska, and over the greater part of Kansas.
Over Montana, Wyoming, Colorado (except the eastern lalf, whers it is very dry), New Mexico,
and Arizona the amount of precipitation is either about the proportional amount with reference
to annnal rainfall, or deviates slightly therefrom.

*Note,—The terms “ wot” and *dry ® with reference to months is something more thau relative as vsed in thin
report. Here itis defined fully with refarence to average rainfall, the same rule belog followed as has been employed
clsawhers, A wef mooth is ome in which 50 per centam more rain falls than the average, and in like manner a very
wet month is one io which double the nsual smonnt of rain oconrs, that is to say, 8.33 per cent, of the annual rainfall
{8 the proportional amount for esok month, so thet under the definition here given a month with 12.5 of the averaye
yearly rainfall is & wet month and one with 16.7 I8 & wery wel month. In like manner a dry month is one In which
the averngs rainfall doss not axesed 4.2 per centum of the annual rainfall, and a very dry month Is one in which 2.1
per contum, or }a:. of the annoal amonnt cooars.
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February.—This month is wet over Washington, Oregon, and California (except the sonth-
weatern part of the State, where it is very wet). It is dry over the Dakotas southward to western
Texas; elsewhere the rainfall for February shows but slight deviations from its proportional
awount with reference to tha yearly range.

Maroh.—A wet month for the western parta of Washington, Oregon, and California. A dry
month over western Texas, the eastern part of New Mexico, Nebraska, the Dakotas, and Montana.

April—A dry month in the sonthern half of Arizona and New Mexico with tendencies in
localiliea to be very dry. A wet month in the interior valleys of southern California, over western
Oolorado and parts of eastern Utab, in South Dakota, and over considerable portions of the Indian
Territory and northern Texas.

May.—A dry month over the western parts of Washington and Oregon, over all California, the
western Lialf of New Mexico, and the northern half of Arizona, and a very dry month in aputhern
Arizona. A wel month over Texas (except in the neighborhood of El Paso) northward to include
the Indian Territory, northeastern Oolorado, Kansas, Nebraska, North and Soaih Dakota, Wyo-
ming, and the greater part of Montana. However, in northeastern Wyoming, western Nebraska,
western Kansas, southeastern Colorado, and the western part of the Indian Territory the month
is wet. d

v?uae.-—'l‘he month is very dry over California, southern Nevada, southern Utah, and Arizons,
and is dry over western Colorado, uorthern Utah, central Nevada, and the western parts of Ore
gon and Washington. It is o very wet month over Montana, North and South Dakota, Nebraska,
and Kunsas, It is wet over Indiau Territory, northwestern Texas, extreme eastern Colerado, sad
all of Wyoming except the extreme southwestern part, and over northern Idaho.

July.—A very dry mouth over California, Oregon, Washington, Idaho, and a dry month over
northern Utah. A wvery wef mouth over the eastern parts of North and South Dakota, southwest-
ern Nebraska, extreme western Eaneas, eastern (olorado, western Texas, New Mexiso, and the
eastern part of Arizona. It is & dry month over western Arizona (except in thg extreme south-
weatern part), southern Utah, northern Nebraska, and northern Montana.

August.—A very dry month over California (where it is practically rainless), Nevada, Oregon
(where it is nearly rainless), Washington, and western Idaho. It is dry over eaatern Idaho and
extreme northwestern Montana. It is very wet over Arizona, New Mexico, and the mountain
region of Colorado and southern Utah. It ia wet over western Kansns, the panhandle of Texas,

. weatern Nebraska, and the eastern parts of North and South Dakota.

September.— Very dry and nearly rainless in California; dry over Novada, southwestern Utah,
Idaho, sonthern Oregon, and the greater part of Wyoming. It is a wef month over all of Texas
(exeept the panhandle and soatheastern part) and also in extreme soithern Texas, along the coust
where the month is very wet.

October.—The month is dry over western Arizons, southern California, sonthern Nevada, and in
portions of the interior of sonthern Oregon and northern California. Elsewhere about the propor-
tional amount of the annual rainfall oceurs.

November.—A wet month in western parts of Oregon, Washington, and northern California. A
very dry month over the panhandle of Texas, thence northward throngh western Kansad and west-
ern Nebruska, and the eastern parts of the two Dakotas; but elsewbere from the one hundredth
meridian to the erest of the Rocky Mountaios it is a dry month.

December.— A dry month over western Texas, western New Mexieo, Kansas, eastern Colorado,
Nebrasks, North aod South Dakota, with  tendency to be very dry in the extreme eastern portion
of New Mexico, extreme southeastern Colorado, and extreme northwestern Xansas, The month
is very wet over western Arizona, Ualifornia, the greater part of Nevada, Oregon, and Washington.

It must be clearly understood that these tevms, wet, very wet, dry, and very dry, refer not to the
absolute quantity of rainfall over the regions mentioned, but to the average monthly quantitics
with reference to the proportional part of the anuual rainfall, that is, if equitably distribnted, 8.33
per cent. of the year's rain world fall in each month.

Attention is eapecially called to the fact that a paper of this kind must generally deal with
averages, but in connection with the snbject of irrigation it is of particular importance to briefly
consider the question of excessive rainfalls and also of prok d periods of d ghy
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