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REPORT OF THE CHIEF OF THE WEATHER BUREAU. 

SIR : I have the honor to submit a report of the operations of the 
Weather Bureau of the Department of Agriculture during the fiscal 
year that ended June 30, 1897. 

Very respectfully, 
WILm L. MOORE, 

Chief. 
Hon. JAMES WILSON, 

Secretary of Agriculture. 

By way of introduction to my detailed report for the year 1896-97, 
I desire to submit the following comparison of the expenses and effi- 
ciency of the service during the past fiscal year as compared with 
those for 1883-84, when the appropriation for the weather service 
was the largest ever made, and to give some facts showing the neces- 
sity for a much larger appropriation in the future. 

I n  1883-84 the weather service cost $993,620. The extension of its 
scope and the increase in its usefulness since that time are matters 
of history. Attention is invited to a few of the important changes 
that have been made in recent years, particularly those showing an 
increase in the efficieiicy of the Service. The appropriation for the 
current year is $883,772, which is $109,748 less than in 1883, while it 
is safe to say that the volume of work performed and the benefits 
derived by the public are much greater than they were in  1883. 

In  1883 weather maps were not issued, except a t  the Central Office 
in  Washington, D. C. During the last fiscal year 4,316,000 maps 
were issued a t  81 stations outside of Washington, D. C., and there has 
been an increase of 1,166,106 copies within the last two years, to meet 
the constantly iricreasing demands of the public. 

I n  1883 forecasts and warnings were sent to 8,094 places by mail, 
no other methods of distribution, except through the daily press and 
a railroad train service, being then in use. During the last fiscal year 
daily forecasts and warnings were sent to 61,694 places by mail, tele- 
graph, telephone, etc., and there has been an increase in the number 
of places receiving forecasts in the last two years of nearly 30,000. 

In 1883 110 information was collected respecting the weather as 
influencing crops ; now climate and crop conditions are reported 
froin about 8,000 places, and the results are summarized in the 
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7 
Nevada, Utah, Arizona, New Mexico, and southeastern California. 
This region should have four or five additional stations employing 
one observer each. The weather conditions which cause frost in the 
orange and raisin sections of California drift in a southerly direction 
from the north and northeast. The making of the most accurate 
frost warnings for the extensive fruit interests of southern California 
requires the additional stations above referred to, Additional evi- 
dence that these stations are essential to 8 better service may be had 
in  the fact that many storms which cause rain in New Mexico, 
Colorado, Texas, Kansas, Nebraska, and farther east, have their origin 
in  the open and unprotected territory which i t  is now proposed to 
cover by observation stations. 

Additional stations are also needed to meet the demands of many 
cities which, although not being so geographically situated as to fur- 
nish the Bureau useful observations for its storm warnings service, 
ape still so important in their manufacturing, marine, and other 
industries as to render it advisable to establish complete meteoro- 
logical stations in  their midst for the purpose of preserving a record 
of the prevailing atmospheric conditions. Such a record will be 
exceedingly useful in the development of their industries, and it will 
also be possible to effect a inore prompt and systematic distribution 
of storm warnings and forecasts than obtains at  present. There are 
to-day over 60 cities of more than 60,000 population having no 
Weather Bureau station. To be sure, some of these are contiguous 
to cities having Weather Bureau observatories, and do not, therefore, 
require a completely equipped station. 

The iiew estimates inolude an item of $20,000 for the purpose of 
purchasing standard signal lamps for all stations displaying storm 
signals. A few of these lamps are now in operation at several of 
the more important stations. Signals a t  these stations may be seen 
at a greater distance than heretofore, thus giving a greatly iinproved 
service to shipping. Conservative estimates made by those inter- 
ested in shipping indicate that one hurricane sweeping the Atlulltic 
seaboard might cause damage to floating craft of over three mil- 
lions of dollars. During the past three years, ten or more of these 
destructive storms have visited our coast line. I n  every case the 
danger warnings have been displayed long in advance of the storm, 
and there have been 00 marine disasters of importance, There 
are 263 ports displaying danger signals. A recent inspection of the 
stations discloses the fact that the presen t eqiiipinent is composed 
of a heterogeneous assortment of lights and lanterns. The iinportallce 
of a proper equipment is so great that i t  would be wise economy to 
provide each station with such a light as was, after many experi- 
menta, reoently adopted as a atandttrd by the Weather Bureau. The 
storm-warning service long ago outgrew the experimwltnl 4 0  ~ n .  Tt 
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OPERATIONS OF THE YEAR ENDED JUNE 30, 1897. 

The work of the Bureau during the last fiscal year was conducted 
on lines tssted and approved by the experience of former yeare. 
There was no relaxation in the efforts to improve the methods 
of administration, and to  inaka the Service of the greatest good to 
the largest number of people. 

Porecast$.-The usual forecasts of temperature, wind, and weather 
were issued twice daily, as were also special warnings of cold waves, 
frosts, severe storms, and hurricanes, as occasion demanded. 

One storm, of a very destructive nature, passed across the eastern 
border of the United States since the date of last report. This storm, 
the coming of which was foretold on the evening of September 27, 
1896, struck the coast of Florida in  the vicinity of Cedar Keys on the 
morning of September 29, and passed rapidly northward to  the re- 
gion of the lower Lakes by the morning of the 30th. 

The force of the wind was ao great in many localities that  human 
foresight could not avail in preventing loss of life and property. 
The remarlcable feature of the storm was the violence manifested 
throughout the Middle Atlantic States. Sixteen lives were lost in 
Virginiti, District of Columbia, Maryland, and Pennsylvania ; 98 in 
Florida, Georgia, and South Carolina. The loss of property was esti- 

The passuge of a West India hurricme through the center of the 
popnlous districts of the Middle Wtates is not wholly new iu  the 
annals of meteorology, yet it is seldom that  one of such violence 
takes a course so far  inland. The lesson of it all, especially for archi- 
tects a11d structural engineers, is that violen t winds during the hurri- 
cane seas011 must be included within tho category of weather proba- 
bilities as far  inland as the eighty-fifth meridian. 

The hurricane signal was hoisted on aix other occasions during the 
year for storms of less violence. There were 110 violent storms of 
which timely notice was not given. 

The greatest field of usefiilness of the Service lies, as  has been 
observed in previous reports, in forecasting the severe storins tha t  
a t  tilnes visit our  shores uiid tho mitrkod cold waves that  occasionally 
sweep from the Rocky Moixntuins eastward, rather than the ordinary 
changes i n  temperature, wind, and weather. 

The official in chnrge of the New Yorlr ofice, in reporting upon the 
Revere storm of December 15-16, 1896, says : 

After tllo issue of the  liurricane warning not a vessel was reported to have 
left port, except the  steamship S1. Louis, of the Ainericnn Line, and it is 
believed slle came to anclior off Sandy Iloolc bar. The storm was very sever0 
in this section and was attended by all the  most dnngerous feetares of such 
storms ; tho wind blew n pnlo (54 miles per hour) on shore from t h e  northeast, 
with fine sleet, heavy driving snow, and temperature below freezing; i t  is 

lnatod tLt $7,000,000. 



seldom that the mariner encounters such a combination of dangers. All vessel6 
prepared for the storm and, in view of the timely warning, there was a chance 
for all to seek a harbor of safety. It is marvelous that not a vessel of any class 
was lost or even disabled in this section. 

The official in charge a t  Boston reports concerning the hurricane 
warning of October 10, 1896 : 

This was the most marked success of the year. The information of the 
approach of one of the most destructive and protracted storms of recent Year! 
was very timely. Vessels of all classes were tied up and shipping was Practl- 
cally suspended from October 10 to 16, inclusive. The saving "of property in 
this instance was enormous, exceeding many times the cost of the maintenance 
of the entire Weather Bureau for years. The press of this city commended the 
Bureau in the highest terms for its good work and placed the value of shipping 
saved by the warning at millions of dollars, which wa8 of little importance Corn* 
pared with the saving of human life, 

The above comments, it may be urged, necessarily partake more Or 
less of the nature of ez parte testimony; granting this, there is @til1 
an abundance of testimony from the standpoint of the people in gon- 
e rd ,  as witness the following from the editorial columns of the Jack- 
sonville (Fla.) Daily Times-Union of September 6, 1897 : 

TBE 9EA00N OF HURRICANEB. 

Shipmastere at this, the season of West India hurricanes, should watch Witb 
more than usual care the forecasts of the Weather Bureau, find shou\d take no 
chances when low or cyclonicareas are reported in the Gulf. For 5ve successive 
years Florida has not escaped from having one or two hurricanes, with a wind 
velocity of from 45 to 130 miles an hour. I n  preceding years they pursued a 
course either to  the eastward or the westward of the State, but in all instances 
doing great clamage to shipping. I n  fact the men who go down to the in 
ships have found the latter part of August, the whole of September, and the 
first Part of October to be the most perilous period of the year, but the increased 
efficiency of the Weather Bureau, due to more numerous etatione, better a P  
pliances for observation, quick means of communication, and particulor1y Careful 
study of this enemy of shipping, has lessened these perils in a great degree, 80 that 
a shipmaster of intelligence and caution should now, in coastwise voyages, know 
in a general way just about the weather he  will encounter from port to port. 

Flood warnings.-The warning8 issued by the Bureau, in connection 
with the disastrous floods that occurred in the lower Mississippi Vel- 
ley in the epring of 1897, were most timely and effective. The daily 
forecasts iSSLwd by the officials in charge of the river centers gave ' 

timely notice of the gradual rise of rivers to the danger line, and as  
soon as it was seen that  floods w0r0 imminent, warnings to  tha t  effect 
were sent from the Ceiitral Office in  Waehington, D. C. Thue, 011 
March 16, two weeks before the first serious break iu the levees, it 
was announced in a special bulletin tlmt- 

The reports indicate a continued rise in the lower MisrJissippi River during the 
next' ten days or two weeks, find from the water now in sight, and rainfall likely 
to occur within the next few days, it is probable thltt the impending flood will 
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possible moinent. By a free  US^ of the telegraph, such a ma!? wa5 
completed a t  3:30 p. m. of the following day, and was of fair aCCU' 
racy, as shown by subsequent detailed reports. A full report of this  
flood, together with a review of previous floods, and a discussion of 
ncrmal rainfall and drainage in the Mississippi basin, is i n  prepara- 
tion for early imue. 

Hydrography.-There have been maintained during the year 1lS 
river and 49 rainfall stations, making daily observations and ful l  
monthly report8, together with such telegraphic reports as have 
seemed advisable for the purpose of river forecastiiig. I n  rtdditioa 
special reports are received a t  times of heavy rainfall alid high water 
from 33 other stations. Voluntary ri'ver observations are also made 
by and reports received from a considerable number of unpaid ob* 
servers. 

The system of river and rainfall stations was revised a t  the end Of 

the past year, such changes a8 were made going into effect on July 
1897. It was sought in this revision to secure a greater number 
of continuous records throughout the year. Suob a course Was 
necessary, as without contiuuous records the regimen of the streams 
could not be correctly determined. To do this without much illcrea8e 

Beginning with the issue of the Mollthly Weather Review for No- 
vember, 1896, there has been included iu that publication a InonthlY 
report on the condition of the rivers of the United states, accom- 
panied by a table of average and extreme gauge readings and range 
in the river stage8 a t  the various river stations. Since April 1, 1897, 
this has been supplemented by a hydrographic chart for selected 
stations on seven of the more important rivers. This feature of t h e  
Weather Review furnishes the only meal18 in the coulltry of obtain- 
ing current river data from all sections, 

I'art v of the series of Daily River Stages, published by the 
Weather BUreau, issued near the end of the year. This volum0 
embraces daily stages a t  all stations for the years 1893, 1894, atla 
1895. A ComPanion Volume of daily rainfalls for the same yeare icl. 
in press. 

l h e  river service is composed of 22 sections, each wit11 a central 
office receivillg reports from a definite area alld each 1naking local 
foreC&stR for $110 river di8triCt under its supervision. In the case Of 
impending great disaster, the Central Office a t  Washington dictatee 
the important warnings for distribution by the section centers. 

As yet the rules of flood forecasting are largely empirical. The  
official in charge of a river center is familiar with the maill river 
and its tributaries ; the tuea and topography of the catchmelit basin ; 
the frequency and intensity of the rainfall, especially the intensity ; 
the average time of passage of flood crest between one station and 

pf expense, some of the less important stations Were closed. 
' 
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13 
another, and the history of past floods. The knowledge of low-water 
co~lditions, especially where bars and shoals exist, is perhaps Of 
equally 8s great importance as the knowledge of high water. The 
PeoPle living in regions contiguous to navigable streams are mate- 
riallY affected im tlleir industries by the conditions Of navigation, 
and the Weather Bureau ill giving fairly accurate predictions of 
variations in  low-water stages, as well as in  giving warnillg of 
destructive floods, renders a signal benefit to river shipping. The 
of%id in  charge of a river cellter makes timely dissemination of 
warnings when floods threaten. 

hr i1lg recent years a very thorough reorganization and systemati- 
zation of the river arid flood service has been effected. From the local 
ObServers who measLlre the rainfall or gauge the river heights to the 
trained meteorologists mho nre in charge of the river centers; from 
the latter officials to the forecast oflicere a t  the Central Ofice; and 
from these to the Chief of Bureau, the organization has been slowly 
strengthened, ulltil it is believed the Bureau is able to efficiently 
BerVe the public during an emergency. 

Cold-wave and frost warnings.--'l'he year was somewhat remnrknble 
for the abseace of severe cold waves and destructive frosts, but such 
a8 occurred were, as a rule, accurately forecast in good season. A 

of reportirig the advance of cold waves from station to sta- 
tion (reports beillg sellt by the stations affected to those nearest and 
in the probable path of the cold wave) was put in operatioil during 
the year over the eastern Rocky Mountnin slope from Nebraska to 
Texas, on the recommeildation of Liout. Col. H. H. C. Duliwoody, 

8. A., who is assigned to duty with the Weather Bureau as Super- 
I n  this, as in inaily other instances. Coloiiel 

Dunwoody has s11own llis fitness as an able assistant to the Chief of 
Bureau. 

Gratifying success attellded the warniiigs issued for the benefit of 
the frui t  industry of Florida, tlie sligar interests of Louisiana and 

and the truck-growing districts of tlie enstarn seaboard. 
The rain warllings issued from tho  San Francisco office for the 

benefit of the raisin industry d~i r ing  t h o  drying season, and on the 
a c c u r ~ y  of which that industry is greatly dependent for ~uccess, 
were, in every instance, justified. The oflicial in charge Of the San 
Francisco office states, in reference to tile lyork of the Bureau in this 
Particular, that  dnring the last throe yenrs not a single rain occurred 
in the raisin-drying region witl1out warniiig, and in o d y  one instance 
was an unnecessary warning issued. 

Distribution of forecasts and warnings.-~lle distribution of fore- 
casts and warnings has been continued 011 practically the same lines 
8s in former years, particular attention having been given to the devel- 

I 
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opment of the system of mail distribution by logotype cards in the 
large cities. 

The number of forecasts and special warnings distributed in emh 
state and Territory, not including those contained in the daily Prese 
reports and weather maps, is shown in the table below: 

B ' , " h " o ' ~ ~ ~ ~ h ~ ~ ~ $ ~ :  Without expenee to the 
ment expenw. United States, by- 

l- States and Tenitorlee. I ' !old I 

Alabama. ...................... 
California.. .... *:. .............. 
Delaware ....................... 
District OP Columbia.. ........... 
Florida.. ...................... 
Georgia ......................... 

Indian Territory.. .............. 
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Kanaaa.. ........................ 
Walne ........................... 

............... ;. .... 

g g m a ; ; .  ...................... 
"c"d,$.&T .................... 

p;;,, ......................... 

p:;;:l?; ....................... 

................... 
.................... 
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....................... 
.................. 
................. ............. ...................... ...................... ....................... 
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Oregon.. ........................ 
Pennsylvania. ................. 
RhodeIsland ................... 
South Carolina ................. 
South Dakota.. ................ 
Tennessee ...................... 
Texas ........................... 
Utah ........................... 
.Vermont ........................ 
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Washin ton .................. 
West Vkrginia .................. 
Wieconsln ..................... 
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108 
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next two years, a number of contributions to this general study of 
the whole atmosphere. Several purely mathematical papers are 
available, beginning with one by Mr. Joseph Cottier. This will be 
followed in due season by charts of the sea-level and upper-level iso- 
bars, isotherms, and winds, and by the results of the study of cloud 
heights and motions, upon which latter work Prof. F. H. Bigelow is 
now engaged. 

The prompt publication of these results will greatly stimulate pro- 
gress in knowledge. 

The new work in contemplation will, probably, add four charts on 
the average to ench Monthly Weather Review and will increase the 
letter press by two pages of text and two of tabular matter. 

ORIQINAL INVESTIGATIONS AND REPORTS. 

C&m,atology.-The general character of the investigations conducted 
during the fiscal year under the subhead climatology embodied re- 
searches along the following lines: 

1. The study of such statistics as were accessible and available in 
connection with the climatic and seasonal distribution of the 
meteorological conditions prevalent a t  the inception, increase, and 
abatement of sickness and mortality, the purpose of such study being 
to determine whether there is such a persistent association of certain 
climatic or meteorological conditions with any of the phases of sick- 
ness and mortality, as to afford reasonable ground for the belief that 
the relation is in any manner one of cause and effect. 

2. Such investigation as it might appear practicable to make rela- 
tive to the demands made by meteorological conditions upon the heat- 
producing powers of the animal body. 

3, Such investigations as it might appear practicable to make rela- 
tive to the influence of ’ meteorological conditions upon the vital 
activity of pathogenic bacteria. 

Some progress has been made along all three of the above indicated 
lines of research. 

Along the first line, statistical studies have been conducted with 
reference to the influence of climate, season, and weather upon sun- 
stroke and pneumonia. Along the second line, considerable attention 
has been given to devising some special apparatus which should 
approximate, as nearly as practicable, the thermic conditions of the 
human body, and with which it might be feasible to obtain an instru- 
mental approximation of the demands made by the general weather 
conditions upon the heat-producing powers of the human body ; also, 
some experiments have been made to obtain a more or less concrete 
idea of the relation of the general meteorological conditions to the 
protective efficiency of clothing, as judged by the temperature between 
the different layers of clothing. While along the third line of stqdy 

CWB-2 
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much thought has been given to planning some feasible methods Of 
experimentation. Considerable more time will be required before it 
will be possible to give more definite details regarding the greater 
part of the matters that have so far been investigated. 

The subjects of sunstroke and the influence of the general weather 
Conditions upon the efficiency of clothing have formed topics of Pre- 
liminary papers contributed to the Monthly Weather Review (Novem- 
ber and December, 1896, and May, 1897) by Dr. W. F. R. PhillipS, in 
charge of the section on climatology. It is hoped that more complete 
reports can be made upon these two subjects. 

The study made by Dr. Phillips of the meteorological conditions 
associated with the occurrence of sunstroke, particularly those Which 
obtained during August, 1896, has apparently given some inform? 
tion that may be of importance concerning this class of rnorbld 
phenomena. 

From trustworthy information received in response to a circular 
Sent out August 20, 1896, it appeared that 2,038 deaths occurred dUr- 
ing that month which were directly attributed to sunstroke, as the 
term is ordinarily used and accepted. Although this number Of 
deaths was unusually large there waa reason to suppose that the 
actual number of fatalities from the intense heat was much larger; 
and accepting the usually stated ratio of cases and deaths the num- 
ber of Persons that must have suffered in  greater or less degree 
something enormous. In 841 cases of gunstroke, the clinical his- 
tories of which were obtained with more or less exactness, the fatal- 
ity Was 16.6 per cent, and we.re this rate assumed as the index of 
fatality that obtained in general during August, 1896, the 2,038 
deaths would have represented the occurrence of 12,277 cases of Sun' 
stroke of vaiying severity. 

From a comparative study of the sunstrokes and the weather preva- 
lent during their occurrence the following conclusions regarding the 
relation and influence of the meteorological conditions were reached : 

( a )  That the nwlber of sunstrokes followed more closely the OX- 
cess of the temperature above, the normal than it did that of aDY 
other meteorological condition. 

( b )  That the number of sunstrokes did not appear to  sustain any 
specific relation to the relative humidity. 

( c )  That although the abaalute humidity was greatest during the 
maximum of sunstrokes, yet it did not appear that its variation 
influenced the number of cases. 

( d )  That the other recorded meteorological conditions, i. e., the 
atmospheric pressure, wind, rain, and state of weather, did not show 
any featurea that could be regarded as of etiological significance. 

Iwsmuch as there appeared to be a closer asgociation between the 
course of the sunstroke and the course of the atmoepheric tempera- 
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stand- 
points, viz: (1) Either the rainfall of the first period was abnormally 
high and the apparent decrease in the second period is merely a return 
to normal conditions, or (2) there has been a permanent decrease in 
the rainfall. The first proposition seems to be the more rational one. 
The heavy rainfall on the Texas coast, where there is a marked de- 
ficiency, is largely due to tho advent of cyclonic storms from the 
Gulf, which often have a very slow movement and give torrential 
rainfall for several days in succession. Thus, 8.70 inches fell on 

16-17, 1877 ; 8.40 inches on October 24, 1877 ; 8.24 inches 
On September 3-4, 1886; 16.63 inches on September 16-20, 1886. I n  
the last-named case the rainfall a t  points less than 100 miles inland 
wag not a fifth of the fall a t  Galveston on the coast. The mOvement 
Of these storms, after passing several hundred miles northward, is 
much W.xlerated, and less rail1 is precipitated tha11 on and near the 
coast, 

Tllo seaward niargill of the SoL1th Atlantic States is in the region 
Of West India hurricanes, and naturally receives 11 greater amount of 
rainfall in years when those storms are prevalent. While those facts 
may Partially explain the marked variation in the rainfall of indi- 
vidual Years, they by no means fully account for the phenomenon. 

The variation between the rainfall of the 10-year periods, a8 shown 
by the above t,able, was not 80 marked elsewhere in the United States, 

the fall of the second period was generally below that of the 

It Wag not possible t o  extend the comparison to earlier periods 
for portions of the older States, as New Xngland, the Ohio 
and the middle Mississippi Valley. Here no positive evi- 

of a periodicity was obtained, although some sixty years of Con- 

first. 

tlnuous observations were examined. 
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Railtfall of the crop season.-The exact amount of rainfall required 

for the successful cultivation of crops has not been fixed nor Can be 
in terms of rainfall alone. On the Pacific Coast, and over coW?ara* 
tively small areas in the arid  region^, wheat and other cereals are 
grown with a seasonal rainfall considerably lese than 16 inches ; but 
it should be remembered that the climatic conditions, as regards 
perature and humidity, are somewhat different from those which 
obtain in the wheat region of the Northwest. The character of the 
soil, especially as regards its ability to retain moisture, is a very 
important consideration. I t  is said, in explanation of the fact that 
wheat is grown in  eastern Washington, where the yearly fall is gener- 
ally under 18 inches, that the rctinfall of winter and early spring 
conserved in the soil, and is eupplied to the plant by capillary actiop 
during the early part of the growing season. 

The average rainfall of Spokane, in the wheat region of eaebrp 
Washington, during April, May, and June, is but 4.6 inches, or about 
as much a8 falls in a single, month in the wheat regions of the Mi@i@- 
SiPPi VabY. It iei quite obvious that the growth of the plant if3 not 
due to the rainfall of the spring and early summer months alone. 

A comparison of the seasonal precipitation chart (not here repro- 
duced) with the returns of the Eleventh Census confirms the view 
d ~ o v e  @xpre00ed, viz, that the area adapted to the cultivation of 
cereals Can be broadly defined by the line of 16 inches, or newly tbst 
amount of rain per season, although no hard and fast rule can be laid 
down. The valley of the Red River of the North, in Minnesota and 
North Dakota, is widely known as a famoue wheat-producing region, 
Yet the semmal rainfall is a little under 16 inches from St. Vincent 
northward. 

The area included within the line of 16 inches and over of rain Per 
crop season is practically coextensive with the territory east of the 
one hundredth meridian. The lower Missouri, middle and upper 
Mississippi, and the Ohio valleys, the Middle &%tee, and New 
land, however, receive on the average 20 inches and over of rain 
during the crop 0eaeion. 

The least amount of rain that over falls during the growing season, 
April to September, varies from about 22 inches iu central Florida 
to 10 inches on the Lower Lakes, and from about 15 inches a t  the 
mouth of the Mississippi to about 8 inches in  northern Minnesota. 

The years of minimum rainfall or drought, from 1871 to 1896, fall 
in groups separated by irregular time intervals. The first group 
centers about 1871 ; the eecond, 1881 ; the third, 1887 ; and the laat, 
1894-96. The drought of 1887 was severe in some months, but not 
consistently so throughout the entire season. The droughts of 1881 
and 1894 were widespread and severe. The former wa8 confined 
principally to the States east of the Alleghanies, while the latter Was 
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report that the high temperatures of the Southwest were mitigated in 
no small degree by the prevailing dryness of the atmosphere and the 
clearness of the sky, the latter tending to promote terrestrial radia- 
tion-an effective means of lowering the temperature of the night- 
time. 

The southwestern part of the United States possesses a climate 
i9termediate between that of the tropics and the temperate ZO1lese 
The sequence of weather is more uniform than in higher latitudes ; 
the changes in temperature from day to day are less; rainfall is 
deficient; the sky is generally clear ; insolation and radiation are both 
strong; the range of temperature from day to night is large, frorn 
from 26' to 3 6 O ;  the winds are generally light and evaporation is 
high. 

The concluding part of the report deals with the strength of the 
surface winds over the arid region and the time such winds &re avail- 
able for driving windmills. It is shown that on the plains east Of 
the Rocky Mountains effective winds (6 to 20 miles per hour) Pre- 
vail about 50 per cent of the time; that on the eastern foothille 
of the Rocky Mountains and in sheltered valleys effective winde 
could not be depended upon more than 30 per cent of the time when 
irrigation is most needed. 

In  the Great Basin, Arizona, and New Mexico, effective winds pre- 
vail from 30 to 50 per cent of the time, depending somewhat upon 
the nature of the land surface and the immediate environment Of 
the wind motor. 

Storms, storm tracka, and weather foreca&mng.-There was prepared 
and issued during the year, Bulletin No. 20, Storme, storm Tracks, 
and Weather Forecasting, by Prof. Frank H. Bigelow. The purpose 
of the bulletin was to create a more intelligent interest in the daily 
weather map, and to spread among the people a t  large some of the 
guiding principles of weather forecasting. It is very generally ad- 
mitted that the forecasts and warnings of the Bureau find their full- 
est application to the varied interests of agriculture, commerce, and 
navigation among persons who have given the matter Borne etudy and 
who possess a rudimentary idea, at least, of the general principle8 of 
forecasting. The bulletin contains results that have been acquired bY 
years of practical experience. Professor Bigelow treats the subject 
by months beginning with August when the atmospheric circulatioll 
i s  rather feeble and the eastward drift slow, passing gradually through 
the months of transition from hot to oold, finally reaching the win- 
ter months whose characteristics are a boisterous circulation of the 
atmosphere, rapid eastward movement, and great alternations of tern- 
perature, pressure, eto. 

The origin of storms in latitude and longitude, their progressive 
motion and general characteristics are tersely set forth in this work. 
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