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REPORT OF THE CHIEF OF THE WEATHER BUREAU.

U. 8. DEPARTMENT OF AGRICULTURE,
WEATHER BUREAU,
Washington, D. C., September 20, 1896,
SIR: T have the honor to submit a report of the operations of the
Weather Bureau during the year ended June 30, 1896.
Respectfully,
WiLLis .. MOORE,
Chief of Bureaw.
Hon. J. STERLING MORTON,
Secretary.

PRINCIPAL DUTIES OF THE BUREAU.

The foremost duties of the Weather Bureau are briefly summarized
in the following:

To collect twice daily, by telegraph, meteorological observations
made at about one hundred and fifty stations advantageously situ-
ated throughout the United States; to forecast the coming weather
from the charted meteorological conditions, as shown by these obser-
vations; to disseminate immediately and as widely as possible the
forecasts and special warnings thus made; to issue danger warnings
to mariners on the seaboard and Great Lakes whenever impending
gtorms threaten the destruction of life and property; to colleet twice
daily, by telegraph, at certain river centers, reports of rainfall over
watersheds, and water stages in the main rivers and their tributaries;
to deduce therefrom, for the benefit of commerce and navigation,
forecasts of height of water and warnings of impending floods; to
collect and publish at designated State centers, in State bulletins,
weekly reports of crop conditions; to issue, weekly, national climate
and crop bulletins, showing by t(?x_t and charts the effect during the
preceding week of weather conditions on the growing crops of the
conntry; to colleet, monthly, by mail, temperature and rainfall
observations made daily with about 3,000 sets of standard instru-
ments distributed throughout the country, and to collate and publish
the same in order that the climatic features of the different parts of
the United States may be accurately defined.

ECONOMICAL EXPENDITURES.

Notwithstanding the rapid extension of the work of the Weather
Bureau, the advancement given to old and deserving obscrvers, and
the improvements made in old methods, as shown in detail in the fol-
lowing pages, the expenditures were less than during any year of the
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. . 1011 Of
1ast fifteen, except one, and in that one, although the d1str1bu§1(3:1mn
~ forecasts and the beneficial results attained were mmuch less

. 5 me.
‘during the year just ended, the expense was substantially the 8a1

FORECASTS AND WARNINGS.

Special care has been exercised at all times in
the important dut

assigning OﬁiQE?lﬁ;lfg
y of making weather forecasts, and it is gratl };c;;
to report that the forecasts have attained a high standard of accmtS 5
whether we measure them by the official markings, by the commen L
the press, or by the testimony of those whose intorests are gle:eo
affected by a foreknowledge of the weather. The average pel'C(}“m%’ove_
verifications of forecasts during the Yyear was 82.4 per cent, an nnl& tod,
ment of 2.4 per centover that of the previousyear. 1t ghould bos com-
however, that no system of markings will fully determine t}letim o
parative value of weather forecasts. Occasionally there are thirty-
when the meteorological conditions during the twenty-four L_O ol &
six hours covered by the forecasts change so rapidly and to swhich
marked degree that neither the changes nor the sequence lflqu'acv-
they happen can be foretold with even a fair degree of acc muae
Doubtless much of the criticism of the forecasts which has beeg rob-
at times results from the fact that our officials have claimed, “]“ pThe
ably the public has expected, more than scienco is able to (-'({'ilities'
defects of a system should be as well understood as its possl )d ttions
In the great majority of cases, however, the atmospheric con warh-
are such that it is possible to make forccasts and issue dsmg‘i’l also of
ings that are not only almost certain of full verification, bu Jinter-
inealculable benefit to the marine, agricultural, and commerela
ests of the country if properly disseminated. ) 1i8
In a great meas):n'e the merits of a forecaster are determmcdelt)golm.
ability quickly to comprehend the meanil_xg of the clmrted 3?1's and
logical data, to discern a portentous condition when it &I)I)Wl_oi)el.ty
to confidently yet conservatively issue warnings to the many lehOds
and industrial intevests concerned. It is believefl ithat Lho Eloﬁiciiﬂs
of discipline which have been instituted and the assignments 0 the lia-
which have been made are such as will reduce toa mlmmurr;w ports
bility of storms dangerous to mariners reaching sea or l%he fruit-
without being heralded by storm signals, or of the rivers In O aving
ful central valleys reaching the danger line without due noLIC(Z hereto,
been given to shippers and to residents of lowlands contiguous A unan-
or of cold waves of any considerable extent sweeping castwar
Dounced to those interested in interior commerce. . qine from
Three West Indian hurricanes swept the Atlantic eoast hll . bub
Florida to New ngland, and two passed northward offs Otlo loave
near enough to the coast line to seriously endanger craft qbollt mcle of
port. Danger signals were displayed at all ports well in _ﬂd‘”_ Jerty
the storms, and as a vesult no lives were lost and but little Plolqtem
destroyed. Not many years ago, before the Weather Bureau S}&)rms
was fully and efficiently developed, ono of theso terrific tropical 8 oral
might have damaged and destroy(;d shipping to the extent of SO\{) e
Imll{ons of dollars, and hundreds of precious lives might hzwfbl tic
sacrificed.  To-day, although these storms sweep our Gulf and At ?01'09
coasts with all their wonted fury, and storms of somewhat less try 18
cross our Great Lakes from {he West, it is seldom that the country
shocked by the news of g great marine disaster.

X 3 ere
The forecasts for the territory east of the Rocky Mountains w
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issued from the central office, except that in the morning the forecasts
for Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri,
Kansas, Nebraska, North and South Dakota, Montana, Wyoming, and
Colorado were issued exclusively by the Weather Bureau office in
Chicago. ’

The forecasts for California, Arizona, Nevada, and Utah were issued
by the Weather Bureau office in San Francisco, and those for Oregon,
Washington, and Idaho by the Weather Bureau officein Portland, Oreg.

Marine storm warnings were telegraphed to the lake and seacoast
stations and to the director of the Canadian meteorological service at
Toronto; warnings of frosts to fruit, cranberry, tobacco, cotton, and
sugar regions, and warnings of severe local storms, cold waves, north-
ers, and dangerous floods to the threatened regions. ‘

Local forecasts of weather, temperature, and in some instances of
wind (for the station and vicinity) were issued at 66 stations other
than the district forecast centers above named.

COLD WAVE AND FROST WARNINGS.

The great value of these warnings to the general welfare and com-
fort of the people of the country at large has been manifested during
the past year. No cold wave or frost of unusual intensity has occurred
without ample forewarning, and there are numerous specific instances
of record where these warnings have resulted in saving from destrue-
tion thousands of dollars’ worth of property.

Particular attention is called to the cold wave of unusual severity
that overspread nearly the entire United States east of the Rocky
Mountains on January 2-5, 1896. Warnings of this wave were sent
at least twenty-four hours in advance to nearly every station in its
path, The Weather Bureau observers, at the stations visited by the
cold wave, report an estimated saving on account of the warnings of
over $3,500,000. This estimate, from the nature of the case, could be
apartial one only. The total value of property saved must seem almost
incredible to one who has given but little thought to the vast extent
of territory often swept by ono of these large bodies of cold air. It is
interesting to note the variety of industries benefited. Owners and
shippers of perishable produce protected their property from injury by
frosts or freezing. Owners of residences, factories, and distilleries,
and custodians of hospitals and public buildings protected water pipes
to prevent bursting. Railroad officials regulated the size of trains.
Florists and truck growers protected their hothouses and growing
crops. Ownersof skating rinks and ice harvesters saw that the water
was in the best condition for freezing., ¥armers in the South slaugh-
tered their cattle and hogs. River men protected their boats, and
stock raisers theircattle. In the State of IFlorida, alone, where a large
quantity of carly garden truck was above ground, the actual figures
given by the truck aisers themselves showed a saving by this warning
of over $300,000, and this was necessarily only a partial estimate.

A pamphlet prepared by Mr. W. H. Hammon, forecast official,
Weather Bureau at San Francisco, suggesting new methods for pro-
tecting fruit trees and growing crops from injury by frost was pub-
lished by the Bureau and extensively circulated in the fruit districts
of California. During the severo frosts that visited that region in the
spring of this year, and of which ample warnings wero given, these
methods of protection were tried and found quite successful, the
savings being estimated at several millions of dollars,
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in the

‘Warnings of frosts in the early spring to the truck grg"‘g‘i’{s of our
Gulf and South Atlantic States resulted, as shown bydj;x gf dollars.
observers, in savings aggregating hundreds of th’ousanh inod to make

The local forecast official at Galveston, Tex., is auty 'Olr ‘wenﬂle" is
and distribute special forecasts when frost or_fl'efi’a”tlbw vicinity ©
anticipated in the sugar and truck-growing region m mperature 1
that eity. During the past winter every dangerous t(é tf)’l o penefits.
this region was forecast. Many acknowledgments 0 were ver
derived from these warnings were received; the savings
large, aggregating upward of $100,000. ¢ weather

Another marked instance of the direct pecuniary value O

i, a0
. . . e it rnlﬂ»’a
forecasts occurred in connection with the raigin crop of Califo i
industry representing an immense

sum and quite liable to sell,gpe
damage if not protected from rain during the drying seaso: . last
Weather Bureau forecasts of rain for the raisin districts d}u'l:b a
season were successful, no rain having fallen without warni ]gimau
no unnecessary warnings having been issued. The Weather report
observer at Fresno, Cal., under date of November 8, 1895, pot &
that ““of the 30,000 tons of raisins cured in the sun thus £ar
single pound has been reporied damaged by rain.”

SEVERE LOCAL STORMS AND TORNADOES.

. the
A large number of destructive local storms occurred durm'%hese
spring in the lower Missouri and central Mississippi valleys. {orms,
storms generally were predicted in the morning forecast 1n tho o local
‘“conditions are favorable for severe local storms,” or ‘‘sever
thunderstorms,”

MARINE STORM WARNINGS,

. - 1p-
Timely warnings of all severe storms likely to cause injury ?jfll(lzf? -
ping were gent to our maritime stations and resulted in _tLll"f’s*] Mos
culable benefit. In the harbor of Buffalo alone during six of t.leating
severe storms of the pastwinter a total of over 150 vessols, f’“gg?o% per-
in value upward of $17,000,000 and having on board about 1,89 nings.
sons, were detained in port by reason of the Weather Bureat wat m on
During the unusually severe and long-continued northeast .Suflluding
the New England coast of December 11-1 3, 1895, 37 vesscls, 171800 an
7 large steamships, valued with their cargoes at about %2,000, ton bY
having on board 500 persons, were detained in the port of 1Bosto?,

. e etion.
the warnings, and probably a large porcentage saved from destru
During the severe storm of I

ebruary 5-7, 1896, at C““‘""““{.‘éff{lt of
22 vessels, valued at $95,000, remained in port two days as &
the warnings.

e . : , rning
The hurricane signal recently adopted Ly the Bureaun as @ Wgtorms
of tropical hurricanes and of extremely severe and dangerous

] I ) ! X Soutll '
was displayed on five occasions during the year, twice on t?hl?%‘-)ﬁ and
Atlantic coast for approaching hurricanes daring the fall o

£ R ing-
three times for dangerous storms on the Middle Atlantic and Nev:‘ﬁljy
land coasts during the spring of 1896, This signal calls for “:mte the
extended display; extraordinary efforts were made to disseml T ved i
warnings thoroughly, and on each ocecasion when it was dx‘SP ions of
was of great benefit to the interests affected. Many e.xpwssmc-.me
commendation were received after the passage of the tropical hu

ca
as
that moved from south of Cuba northeastward between the Baham
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and the Florida coast to the Bermudas, October 18-24, 1895. About
120 vessels, varying in size from a fishing smack to an ocean steamer,
and valued with their cargoes at upward of a million dollars, remained
in port on our Southern coasts as a result of the warnings sent cut.
Twelve seagoing vessels were detained in port at Nassau, New Provi-
dence, by the warnings that were telegraphed the authorities there by
the Weather Bureau. The records of the stations near which the
hurricane passed show it to have been one of great violence, velocities
of 55 miles an hour being reported from Jupiter and Key West and
80 miles at ITlabana. Kxceptionally high tides oceurred on the South
Atlantic coast. It is probable that if these vessels had gone out a
large number of them would have been exposed to the fury of the storm
with a possibility of total loss or serious damage. Two instances are
also cited where the Bureau was able to be of assistance to stranded
vessels, viz, on March 19, 1896, in the case of the steamer Craigmore,
which stranded on the Florida coast, 8 miles south of Jupiter. The
observer at Jupiter opened communication with the vessel and estab-
lished a temporary telegraph station on the shore, and thus was able
to summon assistance. The American liner St. Paul, valued at sev-
eralmillion dollars, stranded near Long Branch about February 2, 1896,
Information of anticipated favorable winds was given and materally
aided in floating the steamer.

OPINION OF THE MARITIME ASSOCIATION OF THE PORT OF NEW YORK
AS TO THE VALUE OF STORM WARNINGS.

Mr. F. W. Houghton, superintendent of the Maritime Association of
the Port of New York, by letter of September 5, 1896, speaks of the
enormous tonnage that annunally leaves our Atlantic ports and of the
great value of the Weather Bureau storm warnings. Hestates, in part,
as follows: :

To fix with any degree of accuracy their money value is, of course, impossible.
The damage caused by & storm might with much labor be reduced to tigures, but
not the amount saved by timely warning. Data are lacking to make more than
an approximate estimate. )

Your warnings of the approach of storms obviously are useful chiefly to craft
outward bound. Their number, tonnage, and value are estimated as follows:

. Intheyear ending June30,1895, thero cleared for foreign countries, at the various
ports of the Atlantic Coast, from Maine to Florida, the following vessels:

Kind. Number. | Tounage.

BRI +eeen e eraee e e e ee e e e e et e e 5,622 | 10,076,148
Sailing 5,848 | 2,105, 688
TPOBL - - oo oo oo eee et e e e e i eeaeneeaeneeeeeal 11,470 | 12,181, 836
Value of vessels reported at each clearance (estimated).......... $1, 060, 257, 000
Cargoes of merchandise............_ .. ... 590, 892, 748
Specieand bullion........... ... 95, 626, 064
Aggregato . iiecieoan 1, %46, 275, 807

The value of the coastwise commerce of the Atlantic Coast for the same period
is more difficult to arrive at. In the absence of official data, it can only be
judged of proportionately, The only figures we have actnally obtainable regara-
ing it are the number and class of vessels arriving annually at the port of New
York, and the number and tonnage of eraft owned on the Atlantic Coast.

From these the following is esztimated as the vessels of over 100 tons which
cleared coastwise from Atlantic ports during the year, viz, 17.228 sailing vessels
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of 8,407,156 tons, and 8,489 steamer

P L safe to
s of 2,855,080 tons. At a minimum it 18
estimate their value, includin

: ded to the
g gl;eixz' cargoes, z%t. $680,998,’2({);%te£??2 ?%7 sailingss
imated foreign commerce, $1,746,275,807, makes an aggreg 'S day.
ond 35,044,001 fone, yatest sl 82,407,274,507, or moro than 0,000,000 8 4%, | oy
This 18 not evenly divided along the coast, about 54 per cent of the .
commerce of Atlantic ports being dispatched at Now York. mber here 'chu:1
Your warnings, therefore, are probably of value to a greater nu‘U are governe
elsewhere, Navigators, however, do not always heed them, 1()1‘.1 ations are n(l)e
largely by their own judgment of local indications. Those In 1tcion at an angé 1
always apparent at this port, owing probably to its peculiar situa xis of tropicé
with the coast,say 120 miles insids the Gulf Stream,where the ﬂere. a
storms curves ofshore, leaving comparatively slight disturbance st weather, 8% s
The large regular-line steamships, built to withstand the heavie: 11 weathers
the time when mails are on board being cou
excepting only the m

nted by minutes, sail in &
08t extraordinary storms,
These tacts may re

ings 89
duce the number”of instances in which )iouzswaf? only On;
availed of, yet there can be no question as to their great usefulne it wonld m&nal
in a hundred of the ghips were saved from extmordmar%damugeiﬁom. en?’us
times exceed the annugl appropriation for your valuable Operiliries made O
appreciation of your work is especially shown by the frequent ing
by captaing going to sea regarding your predictions.

WIND-SIGNAL DISPLAY STATIONS. .
; ; , compens
Many persons are willing to display the signals Wl'ﬂho?i lc)y tho dis-
tion other than the benefits that acerue to local mtere&’i‘ ghed during
play. Seventeen wind-signal display stations were esta

e withoub
the past year, at fourteen of which the displaymen Sleld‘igplﬂy gta-
pay. There are in operation at present 173 wmd-Slgn“i 1 addition to
tions, 109 of which are in charge of paid displaym(?n' . Is of steamer
the above, 135 stations, 32 Government vessels, and 30 line
display hurricane signals alone,

TROPICAL HURRICANE REPORTING STATIONS. 505, ab
. 1892,

Daily observations were taken from July 15 to OPktOt{)eINl-gérS of the

Kingston, Santiago de Cuba, and St. Thomas, by paid 0 Sfaelix Gome?

Weather Bureau, and arrangements were made with Mr. nditions P

Merdicuti, of Merida, Yueatan, to report threatening C:) the scasol

telegraph. Such conditions obtained but twice during

but reports of th

nt 18
. ngemel

_ . ése were of great value. The same arrang
1n effect, during the current year.

RIVER FORECASTS AND FLOOD WARNINGS.
.The special work of the Weather Bureau in conne?mo’i “sm'e&‘ns
rivers of the country is to facilitate commerce on navigable ourse 0
by pub}lshing information daily as to watoer stages along the foect the
eacl'l river, and to issne timely warnings of floods so as to ©
saving of life ang property. ° ipical. The
, ) o o - . . rgely ompirical. g
As yet the rules of flyod forecasting are largely ip river an
official in charge of 4 river center is familiar with the ‘“m{l pasin, the
18 tributaries, the area and topography of the catchmno tensity—ti
frequency and intensity of the rainfall—especially the lnst,ahtion an
average time of Dassage of flood crests between one of low-water
another, and the history of past rises. A knowlodgj’ s of equally
conditions, especially where bars and shoals exist, is perhap
great importance ag a knowledge of high water. ith the data ab
The official in charge of a river center is expected,(‘l"!l‘l navigation
hig command, to give information to those interested i
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during low or medium stages of water, that will : i
value; but his chief and f%remost dut’y is the dils?:e?ﬁi%ll;ggly G(fl:_unlar i
in%?hWheIll ﬂoodg threaten. ot warn-

The volume of water passing a station in a gi i i
at a few places, and varies, ofg course, with %Tgtl‘; estlrlt(i]?s‘:,s \i{r}oown only
can simple rules be based upon the rainfall, as the absor 2 or. Nor
tion of the soil is not constant and the diséribution f Lo AR seracy
ov%xl'l the glrajllalge area is not always determinable or precipitation

e principal rivers cor i .
the Allggheng, Monongah(]ai(;,r %ﬁigfl?;%:gvﬁzﬂl&lr&%uﬁ%}l system are
nessee, Cumberland, Mississippi, Missouri Ax'iians',a;L Sal’dlgnms" on-
of the central valleys; the Columbia, Sacramento. sy dn ed rivers,
of the Pacific Coast, and the I 'S » an _San Joaquin,
ah. Chattal ’ e Hudson, Susquehanna, Potomac, Savan.
ggals’ts. attahoochee, and Alabama rivers, of the Atlantic and East Gulf

Each forecaster in charge of a river center has i 4
the river system of his distriet assigned to him. lsied ?éiégit\?e:etcﬁéon of
essary telegraphic reports of rainfall over the tributaries to hig 1?\? o
district, and also the necessary telegraphic data as to gauge l'e;xdineg
nearer the source of the main river than his own station, and bl%e
gauge readings of many of the tributary streams.

Some idea of the vast destruetion of property due to floods may be
gathered from the statement that the floods of the spring of 1881 and
1882 caused a loss of not less than $15,000,000 to the property interests
of the Ohio and Mississippi valleys. It may also be noted that the
flood of the spring of 1882 caused a loss of 138 lives in the region from
Cairo southward to New Orleans. The flood of 1884, in the region
about Cincinnati, caused an estimated loss of over §10,000,000.

In the spring of 1890 the Lower Mississippi Valley was flooded for a
distance of 40 miles back from the river in the States of Louisiana,
Arkansas, Mississippi, and Missouri. Special warnings, which were -
amply confirmed by subsequent stages of the water, were issued from
‘Washington in advance of the flood, and, in several cases, far in
advance of the flood crest. '

Instances are numerous showing the vast utility from a commercial
standpoint of a thoroughly equipped Government flood-warning sys-
tem, notwithstanding the fact that the forecasts are based partly upon
empirical reasoning and are, therefore, subject to some error.

'The past year has not been marked by any disastrous floods. : The
gudden melting of snow at the head waters of the Allegheny caused a
moderate flood in the Ohio during the latter part of March and begin-
ning of April. Ample warnings were issued Ly our river officials ;Lbnd
from reports received, not less than $75,000 worth of propert,gr Was,,
gaved thereby. At thesame time the Tennessee reached a flood stage
from heavy mountain rains. Of this rise also full warning was “ive%
which resulted in a considerable saving. Early in Jul ; therg weré
unusually heavy rains in the South and Middle Atlantic States, whiel
caused fioods in the Carolina, Virginia, and West Vireinia ’1‘iv0r '
The saving in stock, crops, and merchandise in the South (?zu'olinw lo S’
lands was reported as $165,000, while preparations were made "u on
receipt of flood warnings, to raft out some. $3,000,000 worth of 11)(?11
which was subsequently done.  Itigsevident thai‘. ov’en ina yé.n. 088,
all()iv free from floods, the slight expense of the system of 1(1\?elf0:1é‘(}:‘t1%
an ' o ¢ G Tyl ) : asts
propglf)t;(.l warnings 1s many times repaid by the saving of exposed
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CASTS AND COLD-WAVE,
BUTION OF DAILY FORECA
THE DISTR STORM, RAIN, AND EMERGENCY WARNINGS.

; he forecast
More than 1,000 places have been added each mont(ill t?; g};}-{he-way
distribution lists during the year. Many villages an l; by means O
" places not having communication with the l;ii'ge to\:’]li1 '+ torecasts DY
the telegraph or telephone are now supplied w1Pli weat Ct se card Sys:
means of the logotype eards. The extension of the lg)g(;}ny Inumbel‘ of
tem has not only resulted in g pratifying increase ,%.nu' lt;(\d aced the
places receiving the daily forecasts, but also rriat@}h}x XYf u {ho num-
expense of a paid telegraph service. At the close of 16 (Jén { expense
ber of stations receiving forecasts by telegraph at (xovci I-mzeiving daily
was 339 less than at the date of last report; the nunibei 11000 o g«fentel"
forecasts by mail without expensctothe Government was 10, orvice b
8 a means of securing more prompt and satisfactmy‘u apvision
distribution of emergency warnings was placed Illldel;th() sup:
of officials at regular telegraphic centers in July, 1895, s and e
The distribution of forecasts to the Xxecutive 1)epm-tr_‘n<,n 8 egun,
more prominent business houses of Washington, D. C., _W‘L
during August of 1895, and continued throughout the year.

and spe-
In January, 1896, the telegraphic distribution of forecasts and 8P
cial warnings for the fifteen

g >rof.
Northwest States, prepared by ! I;Eters
. Garriott at Chicago, was transferred from the distributing ¢ jrable
to the Chicago station, As a result of the change and the ‘Ldm.l Jm 8
system of distribution originated by Professor Garriott, the fore ppeon
are now received gt display stationg and mail-distributing qem -
from forty-five to fifty minutes egrlier than by the old system
distribution. '
rrangements with the Inanagers of log
number of ouy largey

" Weather Bureay
whereby special colgd-

! les
: wave and storm warnings are given the wic
possible distribution, Nearly 44,000 telephon% subséi-ibers have b‘icn
listed thus far receive warnings of g character. Nearly 1, ho
public schools are furnished with the daily forecasts by the 1og_01‘y1,m
card system alone. 1y some instances, in addition to being P"Stc(the
the corridors of the schoo) buildings, the forecasts are read 10
pupils by the teachers each day before te schools are dismissed. re-

While every effopy, has been mage to extend the distribution of f(()liq-
casts in every possible VAY, more attention hag heen given to mail ¢ -
tribution by the logotype card systom than by an y other means. u)‘ 11
sidering the smal] éxpense attacheq to the method and the Smﬂco
amount of labor required to give satisfactory results, it is believ edy t
be the best plan for disseminating Torecasts'in rural communities yot
devised.

i i A ols0It
The display of weather signaly on the New Orleans, Fort J Mll]‘\?)(-zb
and Grand Isle Railroad, a line pasging through a rich anmﬂ;llir—
section, was undertaken during the year. The results are enco

aging, although the general display of weagher signals 1:1'()111'1'3%}]‘1?:’:}}:
trains does not promise well, OWing to serioyg diffieulties for ¥ pyo
there seems to be no remedy. A rapidly moving train w il often] lgur,'
over the entire section covered by a single forecast within :HL many
and while a system c.ould be deyisegl that would provide agains s
of the emergencies likely to arise, it would b useless by reasor

co;r)lgi(lal‘ligt)zhe past winter the sou ndin_g of eold
ing signals by means of locomotive whistles wg,

o at @
al telephone compam?ﬁe?t a
Stations have been perfec

o . rn-
~wavo and frost-wé

1orida
s begun by the Flor!
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Central and Peninsular Railroad, and the system i

effect on several occasions. ’ Y used with googd
The statement below shows the number of places in e

Territory receiving forecasts and special wg.rningS b ;cﬁlgt%t;eriand

methods of distribution, as well as the increase over last year: ous

By telegraph or telephone, at
Government expense, Wi[glxlﬁ'tg:deg &x‘l}:e 1?3 the
s by —
States and Territories. Dail Cold- F Emer Tel
aily . | Frost . ele- | Rail. :
fore. | WAVE | (oarn. | 8O0CY | wrog1 [ 8Taph | road 5:;31

warn- ings. warn-

casts. ings.

or tele-| tele- i
ings. phone. | graph, sexl“?}ge.

Indiana. ... cceeeecacnonn
Indian Territory......
TOWa . ceoievammennanns

Kansas ...
Kentucky .
Louisiana .

Maryland .. ..o
Massachusetts ... .......
Michigan...... P,
Minnesota......ccoeociiinnen
Mississni)pi e rnaaeeramanaonen
Missourl....

Montana ..o ociiciiiiiienuaan
Nebraska ..
Nevada......
New Hamps
New Jersey
New Mexico
New York ...
North Caroling . .c.ooeooioeaaan.
North Dakota. ......cooaaoin
Ohio-.......
Oklahoma . ..cveovnnii e
Oregon . _.......
Pennsylvania ..
Rhode Island.....
South Carolina...
SouthDakota.. ..
Tennessee . ..coxuae-

Vermont.......
Virginin........
Washington......
West Virginia ...
Wisconsin. .......
Wyoming ...-....

y S LS| 3T 2 3481 | 22042 | 1,712 3,66 X
June 30, 1895_.. Tl o | M| 90| Blee | 107 | 1% g%ig {:!_»*1*3

R P Y 1 PR S i 10,910 473 1 1,204 721

Increase...
Decreaso .-

gl
une 80, 1806 . e e s e
Jume 80, 1805 .o 11Tl I I 8.’; g(}g

Total incroase, past FORT -t e e e s 12,037

CLIMATE AND CROP SERVICE.

The work of the Climate and Crop Division (formerly the Stat
. 3 » > ' 6
Weather Service Divigion), the general character of whigh has been
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: dur-
outlined in the annual reports of previous years, was con‘mll“ed
ihg the year practically without change. ) s OT-
gl‘he d)ésignrf;hion ““State Weather Service” as applied to _tlllﬁg ?O&Jthe
ity of the local meteorological services, being }napproprm .
character of the work performed by these services, the torm "
sections of the climate and erop serviee of the Weather Burea orted
substituted in all cases where the local service was wholly S(;lg?red 10
by the Weather Bureau. In making this change it was alS?‘ © o ther.”
emphasize the difference between the terms *“ climate” and we us oli-
The titles of the weekly and monthly publications of the vario (lying
mate and crop services, both at the central office and ab Oue%her
centers, were also changed. The former designation, State WL ;lents
service, is retained by the few States in which legislative enac !m oro
bave been considered such as not 1o warrant the adoption of ﬂl CorV-
Suitable designation. In somo States, however, where the loca od in
ices are supported by State appropriations, the titles were chang
accordance with the suggestions of the Chief of Bureau. . iform-
The great desideratum of local climate and crop serviees is uniiol

%;oy of style and matter in their monthly publications. The subjec

as been discussed at several conventions of tho American Asso(illgs
tion of State Weather Services, but no satisfactory conclusion -
been reached. Since the organization of local climate and erop 5? 8
lces their results have been published in a variety of sizes and foi{‘%e’_
8ome quarto, some octavo, some ag periodicals containing advel‘t“o
ments and conducted as private enterprises, and still others by 0n¢
the many duplieating processes. The monthly bulleting were issue
as a private enterprise only as a last resort and, in some instances
at a considerable personal 10ss to the Weather Bureau official in char geé
As a direet resulf of the equipment of the more important Smmon
with small plants for the printing of daily weather maps it will be
possible eventually to publish

1-
T o101 all of the section climate and crop P%
letins in a uniform and attractive s
adapted for gener © style.

al use t of d The size of bu”?ﬁcrllu?xissij
h arrangment of data, construction of )
and other details were g o 4 Py o Chief
of Bureau. The bullegtw n the careful personal attention of the

) in finally adopted i - rto, and |
first '1ssqe unde‘r the new proces{; waspth at?fT}lu?IEI)g\%eE%:;ll;&lé secmp_ﬁ
for Mareh, 18?%’@ . Thel I’f{l}lllSYiVania section was next equippe ()‘;jllito

s Jac) » and at the close of the fis : inois; V1 "3
Wisconsin, T énnessee, and Louisiang sectfii(?rclgllﬂﬁf ;L{’:}?lfélc:g provice
with the necessary printing plants, At this writing provision has beent
m@de. for th equipment of 18 of the 49 climate and Aerop gections with
printing facilities. 1t is intended that, all sections shall be simimrly
equipped.  When this has been done a set of bulletins for a £iVOD
month will be uniform both ag to 8ize and mattor, convenient for refer
ence, and easily filed. The equipme alin i
with printing plants w

; nt of all climat wrop seetions
) . ill enable the offici mate and crop
bulletins at an earlier date, as wel]

lclals in charge to issuo lfhbet:é
. \ a8 relieve a number of them of
annoying and embarrassing featur o i
journal.

es involved in conducting & private
CLIMATE AND CROP BULLETINS,

The publication of the National Climate gng Crop Bulletin and the
weekly bulletins of 'the various climate and erop services throughoub
the country met with the same high appreciation noted in former
years, It was necessary to increase the edition of the National Bul-
letin 68 per cent in order to meet the demands for this publication.
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There was also a corresponding increase in the editions of the section
bulletins. But while the circulation of the State and national bulle-
tins has largely increased, the press is relied upon as the chief means
of conveying the information they contain to the public.

The climate and crop service of the Weather Bureau furnishes the
public from week to week with trustworthy information concerning
climate and crop conditions. Reports from 8,000 special correspond-
ents concerning the effects of the weather upon crops are summarized
by experts at State centers and studied in eonnection with the prevail-
ing weather conditions. The information thus obtained is often the
means of correcting erroneous impressions that have been created by
the circulation of false reports. The rainfall and temperature condi-
tions have been charted with greater precision than heretofore as a
consequence of the increased number of reports made available by
the organization of a corn and wheat service. A file of the weekly
bulletins for each State forms a most thorough and complete history
of the climate and crop conditions of the year.

COTTON, SUGAR, AND RICE SERVICE

A very decided improvement was made in the service conduncted for
the benefit of the cotton, sugar, and rice interests by changing the
hour of observation from 6 p. m. to 8 a. m., seventy-fifth meridian
time. This change went into effect September 1, 1895, since which
date the daily bulletins for the 24-hour period ending with the time of
observation have been issued soon after 8 a. m. As a rule they now
reach the public nearly as early as when issued in the evening, and
since they contain later information by twelve hours the value of the
bulletins is greatly enhanced.

CORN AND WHEAT SERVICE.

The great value of the system of observations and reports conducted
for the benefit of the cotton, sugar, and rice interests led to the recom-
mendation of an appropriation for the maintenance of a similar sys-
tem covering the principal corn and wheat producing States of the
central valleys and the Northwest. The appropriation for this service
was made as recommended and the new service was duly inaugurated.
The region covered embraces the States north of the Ohio and Mis-
souri rivers, Kentucky, southern Missouri, KKansas, and Nebraska.
There are 131 substations which report the rainfall and temperature
of the growing fields to a district center each morning, The substa-
tions are grouped under nine district conters, as follows: Chicago,
T1l., 22; Columbus, Ohio, 14; Des Moines, Iowa, 13; Indianapolis,
Ind., 10; Kansas City, Mo., 15; Louisville, Ky., 16; Minneapolis,
Minn., 19; Omaha, Nebr., 12; St. Louis, Mo., 10.

The corn and wheat service has proved one of the most popular and
* useful features added to the work of the Weather Bureau in recent
years.

SNOW AND ICE CHARTS.

A chart showing graphically, and by means of text and tables, the
depth of snow on the ground at 8 p. m. of the preceding day is pub-
lished each Tuesday from December to March, The thickness of ice
in rivers and harbors is also shown in the tables. The interest mani-
fested in these charts continues as in former years, and the mailing
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list has been increased considerably. The influence of a covermsg of
snow upon winter wheat is such as to render these charts a sour(ie
of useful information, and the ice data given are of conmdemb‘i
importance to lake marine interests. During the early spring especid
attention is devoted to the collection and publication of ini‘ormat_lOT;
relative to the ice on the Great Lakes. The ice reports are not_a‘r
satisfactory as might be desired, owing to difficulties in securing

measurements at some stations, but notwithstanding the defects of
the present system it serves a useful purpose.

MONTHLY WEATHER REVIEW.

The Monthly Weather Review has become the principal medium o?
communication between the meteorologists and observers of thxs.colglle
try, and by reason of its large circulation it has become a desira g
journal for the publication of everything bearing on meteorology '%nu-
its applications. That section of the text entitled ¢ Special con'm‘ .
tions” has, therefore, increased in extent and interest, and is, of cout ?'s’
open_to receive communications from all observers and colaboz‘.eo o
The Review fills an important place as a means of popular educa{lthé
The climatological tables have received wide recognition as onoo0 o
most valuable publications of current data. In general, our Rle\(flin(r
compares well with those published by other Governments, lnclu“icari
that published by the Government of India, whose meteoro ?Lbn‘,o
office has devoted much attention to the practical work of 101}{§i1 Totico
seasonal forecasts, This latter subject also has received speciai! b sen-
from time to time in our Monthly Weather Review, in hopes ulms‘t;ates
sonal forecasts will eventually become practicablefor the Iz.:nte( : o ar
notwithstanding the great vicissitudes of our climate. The p(] 'Ib)nenﬁ
but erroneous idea that these irregularities constitute plel ur{n“ of
changes in local climates, due to such local matters as the ¢ ?ﬂtinﬁ of
forests, the cultivation and drainage of the ground, the Pl‘mn com-
trees, and other marks of the progress of civilization, h,%}S_ befe hope
bated on several occasions in the *“Notes by the editor,” 11t glt owar
that the attention of the public may be more strongly directot

1010 § . onal
the true explanation of the irregularities in daily weather and seas
climates.

CLIMATE AND HEALTH.

. ted
The purpose for which Climate and ITealth was desig n‘?d w;msggﬂ“ 10
in the introduction to the first number of the publication 1o

A wonsid-
collect the meteorologic and hygienic statistics that might be cons?
ered by sanitarians and medj

1 cal elimatologists of the greatest cOl‘bI 011)“0
tive importance, and to publish them in the forms most acceD 810 -
and useful to those professions, that from its pages all persons int e.n
ested in the influence of climate and weather upon health might 0 btal
the data for making comparisons of the relative therapeutic Y
hygienic merits of different, climates, and for the prosecution of 5“01
orlg},nal researches and studies ag they might find the data st‘.ﬁ'ab v
for. Wl‘?h the issuance of the March number the publication O
the periodical was suspended indefinitely, owing to a chango in the
appropriation bill for the current year, anil’the consequent uncertmnty.
a8 to the existence of authority needed for its continuance. Altogethes
giﬁle;glmbegvs’ having a total of 26 pages of text and st&tistiqa} table:
about f’ggo gog?t;gs?s of charts, were issued. 'The average edition Wa
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Although the publication was in every detail experimental, and
occupied a field which had been relegated by recent changes in medi-
cal thought more or less to the background, yet Climate and Iealth
met with fair consideration from the medical and scientific professions. -

The time necessarily consumed in the preparation of the various
statistical tables, charts, and editorial matter published in Climate
and Health precluded the making of any considerable progress in
studying the different statistics with a view of determining the corre-
lation of the hygienic and meteorologic states. This line of work will
be pursued during the current fiscal year, and if knowledge is
acquired which is thought may be useful to the medical profession or
to others it will be published in the form of special bulletins,

TELEGRAPH SERVICE.

The aggregate length of the seacoast telegraph lines operated by
the Weather Burean remains the same as at the date of last report,
viz, 485 miles, divided into seven separate and distinet sections, each
in charge of a chief operator. Three of these, namely, the Ilatteras
section (161 miles), the Block Island section (29 miles), and the Nan-
tucket section (98 miles) are on the Atlantic Coast. The Alpena sec-
tion (31 miles) conneets Alpena, Mieh., with Middle and Thunder Bay
islands, in Lake Huron. The remaining three sections are on the
Pacific Coast and are known as the Tatoosh Island section (80 miles),
the Fort Canby section (28 miles), and the Point Reyes section (58
miles), respcetively. In addition to these sections, a telephone line
of 2 miles serves for the transmission of wind-signal orders from IHuron
City to Point Aux Barques, Mich.

The soveral sections were maintained in very good condition except
in two instances, when breaks in submarine cables interrupted com-
munication for a time.- :

The British steamer Cambay went ashore at False Cape, Virginia,
at 9 a. m. of October 15, 1895. The chief operator at Cape Henry sum-
moned assistance from Norfolk immediately, and the vessel was released
from her dangerous position by 1.30 p. m. of the same day.

"The telephone lines and submarine cables from Alpena, Mich., to
Middle and Thunder Bay islands, in Lake IHuron, were operated
throughout the year without interruption. Their maintenance is
chiefly of value as a means of conveying danger warnings to vessels
passing those islands or seeking shelter there during severe weather,
On September 29, 1893, assistance was procured for the disabled
steamer Keystone, of Cleveland, coal laden. No commercial (paid)
business is aceepted on this section.

The line from Port Angeles to Tatoosh Island, Washington, passing
mostly over an exceedingly rough and densely wooded country, with-
out cither wagon roads or bridle paths, is the most difficult and expen-
give to maintain and also one.of the most important to maritime
interests. Six intermediate repair stations have to be maintained in
the course of the line. This line is also chiefly valuable in reporting
inward and outward bound vessels, summoning aid in timesof distress,
and displaying storm signals. The number of vessels reported each
year is shown below:

180102 L i e e i emmeaeaeeeeeeea—naaan 1,080
e 1,383
180804 . e e eiieiiineeeecsaaa. 1,802
180405 . . .. e e s 2,245
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 Another line of value to the shipping interests of the Pacific CO?JSt
is that from Astoria, Oreg., to Fort Canby, Wash. ; the latter statlol
reports all vessels entering or leaving the mouth of the Columbid
River, and also the condition of the bar at stated intervals each day..
On August 21, 1895, the Weather Bureau operator at Fort Canb}

observed the American ship Drummond, from Astoria to Liverpool
flying signals of distress and drifting ashore near Tillamook Head:

He immediatel

¥ telegraphed for assistance and tho vessel was safely
towed out to sea.

The thix.'d section of the Pacifie Coast, built under special act,Of
Congress, is that from San Francisco to Point; Reyes Light, California.
Vessel and weather reports, wreck messages, and other m&}‘l“.me
information from Point Reyes, all highly appreciated in shipping
cireles, justify the comparatively smail expense involved in main”
taining this section. This line carries no paid business. a

The following statement shows the amount of tolls collected aﬂs
covered into the Treasury on account of commereial (paid) message
passing over the seacoast lines:

Nantucket section...._._._.._. . . 32, 074. 13
Block Ysland section

708. 09

SOCHOD. oo 815. %4
Hatteras section. ... /77T 517.94
ort Canby seetion_. ... . J TTTTTTTTTTIIememmen 1)43'02
Tatoosh Island section_ . . [ 1l 7TirrrtTemme e -
O 4,858.40

In addition to the Government tolls proper, $4,330.72 was collected

by the operators on account of connecting commercial lines. ing
The services rendered the Bureau by telegraph companies durl 8

the year were entirely satisfactory. More efficient service and & Bft'al

ing of #4,000 per annum was effected by a rearrangement of seve

of the telegraph circuits in J anuary, 1896,

INSTRUMENT DIVISION.

The work of the Instrument Divigion pertainé to the maintenar(l)gg
of the instrumental equipment of stations established for the purp

. - ; P repara-
of securing meteorological observations. This includes the Pr e&a jn-
tion of drawings and specifications required for the purchase

. : . . just-
strumental supplies, accessories, ete.; the inspection, test, and adjus

ment of all newinstruments; their issue to stations; the supervision,
by correspondence,

of their erection, exposure, and operation while oaI:
station; and the monthly inspection of all automatie records, gomPﬂrer
tive readings, etc., for the purpose of detecting neglect or improp
care or the defective performanece of instruments. is
The importance of a high standard of instrument&l. aceuracy ;B
apparent. A dozen bad barometers and thermometers in 1se ’“’t, "
many stations, giving erroneous measurements, might lead to an entil’
misrepresentation of existing meteorological conditions. o
The diversified interests of every city which ecan make good us-
of continuous antomatic records of wind, temperature, pressure, ‘sun
shine, and rainfall are too numerous to be mentioned here. With an

economical disbursement of the funds allotted to this purpose much
can be done durin

g the coming year to remedy defects in equipment.

The stations of the Bureau are visited by citizens in general, an d
especially by teachers (often with classes) in gearch of special an

‘technical meteorological imformation purely for educational purposes.
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In this connection the station equipment of instruments may be a
most important and valuable lesson. Two years ago the Chicago

station was completely equipped, and the result has fully justified
the small expenditure necessary.

INSPECTIONS.

The Chief of Bureau has made three tours of inspection, in all
visiting about 30 stations of the service. He was especially struck
with the lack of uniformity in the equipment of the Government
meteorological offices that are supposed to serve the interests of the
people efficiently and impartially. To be sure, the importance of the
interests served should have much to do with the expenditure author-
ized inequipping and maintaining the differentlocal services. Instrue-
tions have been issued to the Supplies, Instrument, and Accounts
divisions which will secure in the future the adoption of many stand-
ard appliances. . A

Formerly four inspectors were employed by the Bureau. It is now
thought that with an occasional inspection by the Chief, for the pur-
pose of keeping well informed as to the details of the work through-
out the country, one inspector will suffice. It is hoped that during
the coming year the Chief of Bureau may be able to personally visit
nearly all of the remaining stations. In performinghisexecutive func-
tions he finds that a thorough knowledge of the local offices and of the
officials on duty at each is almost indispensable to an intelligent and -
efficient administration of the Weather Service. With a trusted offi-
.cial in charge of the central office, he has been able to make these
investigations, and at the same time to direct important operations of
the Bureau by telegraphic communication with the central office.
‘While the duty of personally examining each station and the interests
subserved by each local service entails much arduous labor, it is hoped
that the Chief of Bureau will be able to continue until all stations
have been visited and a thorough personal knowledge acquired of the

many diversified interests served by the Weather Bureau throughout
the entire country.

REQUESTS FOR WEATHER BUREAU STATIONS.

Thirty-three urgent requests were received from as many cities for
the establishment of Weather Bureau stations. These requests hore
the indorsements of Senators, Representatives, boards of trade, and
leadingcitizens. Many cities of large population and important indus-
tries are so situated that the Burean has no need of observations from
them in its work of making forecasts and issuing warnings. Again,
towns of small commerecial importance are so situated geographically
as to give valuable observations for studying the movement of atmos-
pherie disturbances. Nevertheless, it is believed that, for the benefit
of itslocal interests, every city of over 50,000 population, even though
meteorological observations therefrom may not be needed at Wash-
ington, should have a station recording automatically each climatie
element. Suchstations would require the services of but one observer,
and he would become the distributing agent in sending out forocasts
and warnings to surrounding towns,

- SPRECIAL IMPROVEMENTS,

During the year that ended June 30, 1896, the distribution of weather
forecasts was greater than in any previous year in the history of the
IH. Doe. 6 17
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Bureau. The forecasts were sent daily to all places t}?at fﬁ“}ﬁg
Teceived them only when exeeptional conditions were for ec.aswy ttle
was an increase in the number of towns, hamlets, and farming se
ments receiving forecasts of about 10,000, . . of the
Tmportant printing devices 1.1ave been introduced at_ mr'lcw( daily
principal stations of the service fpr the purpose of 1ssum,,1 rr‘icﬂ/l
weather maps, Weekly crop bulleting, and monthly meteoro Ox? vor
~ reports in a more legible manner than heretofore. 'These improve

ments made possible the compilation and publication of uniform eli-
matic data of the various States whe

re the improvements were mtrf)-
duced. The attainment of this object has been sought for yem»‘ii
Ten more offices, which are also headquarters for Stato climate an

crop services, will be equipped during the next three months, and it _1.?
intended to extend these improvements during the coming year untl

all important stations are equipped. These printing devices include
chalk-plate and logotype outfits, enabling the official in charge t'(;.
print the daily weather map at comparatively small cost, instead 0

breparing it by the imperfect milliograph process heretofore in use.

STATION WEATHER MAPS.

A total of 3,512,597 weather maps were issued at 75 stations during
the year, an increase of 363,702 maps and one station over and above
the preceding year. The inerease in the number of maps issued has
been made possible largely by the perfection and adoption of the 10{,,:-
otype and chalk-plate process at 9 of our largest stations. 'The serv-
ices of Mr. John W. Smith, local forecast, official at Boston, Mass., a1¢
specially commended in connection with these improvements.

REVISION OF FORMS.

A thorough revision of all forms, with a view to simplifying a.nfl
reducing the work of the observing force, was made during the ye;» E,;
Much good has already resulted from the reforms instituted m t ;10
respect. A careful and much needed revision was also made of th
book of Instructions for the Weather Bureau Observers.

SENSIBLE TEMPERATURES.

The telegraphing of the readings of the wet-bulb thermom‘etel‘, ngr
ularly known as the *“ sensible temperature,” was begun on &*eptgmn.w
20, 1895. 'This is about the temperature felt by animal life, an . :rc(e A
be many degrees below the air temperature, the difference .be E the.
the two temperatures depending upon the relative humldl}y Owh en

- air—the drier the atmosphere the Jower the sensible te,.npemtl.llr'le or 1ho
compared with the air temperature; the damper the air the '111{—, 1 inte
sensible temperature. This will be better understood when it is i fmlb
that in case the air be saturated the readings of the dry and wo tures
thermometers will be the same, and the sensible and air teml)]el “'(‘3 the
equal. In the arid regions of the West cases can be plted w 10‘ tare
sensible temperature was 38 degrees less than the air tempel]d‘{mi d
due to the extreme drymess of the atmosphere. In the more 1 Mo
regions of the eastern part of the country such extreme dlﬂ’,ereﬂfe e
not oceur. Both the air temperatures and sensible temperatures
now published on all charts issned by the Weather Bureau,
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AERIAL INVESTIGATIONS,

Prof. Chas. F. Marvin, in charge of the Instrument Division, was
directed by the Chief of Bureau in November, 1805, to take up, in
addition to his other duties, the study and development of means and
appliances forsustaining automatic metcorological instruments at high
elevations in the upper free air. A detailed report of his investiga-
tions was published in the Monthly Weather Review for November,
1895, and April, 1896. The work during the past seven months was
confined to experiments with kites. On one occasion an altitude of
7,000 feet was attained, and but 9,000 feet of wire was played out from
thereel. The Chief of Bureau believes this to be the greatest height
altained by any experimenter with kites, and that Professor Marvin is
deserving of special commendation. He has applied to the problem
the ideas from a well-trained mechanical and analytical mind.

Much time was consumed in devising, constructing, and perfecting
various accessories and appliances required in the management of the
kites and in testing materials used in conducting the investigations.
It was found that both the form of the body of the kite and the action
of the forees that affected it demanded a much fuller analytical con-
sideration than they had hitherto received. The work has, therefore,
consisted in developing and perfecting the kite so as to secure the
highest attainable efficieney of action. It is seen that for meteorolog-
ical purposes the condition of maximum efficiency consists in lifting
the greatest weight.

From the results of the kite work thus far it has been demonstrated
that for readily attaining elevations exceeding say 1,000 feet wind
velocities exceeding 10 to 15 miles per hour must prevail. With kites
of light construction good results may be obtained in lighter winds,
yet gusts of strong winds are extremely liable to be interspersed with
light winds, and unless the kites have a considerable margin of strength
damage to the kites and failure of experiments are almost certain to
result. When favorable winds prevail, it has been shown that one or
two kites of the improved forms, produced as a result of Weather
Bureau investigations, suffice for reaching elevations of from 3,000
to 7,000 feet, depending upon the force and steadiness of the wi,nds
and the load carried. While such results are attainable when favor-
able winds prevail, experience has shown that at many stations it
would often be necessary to wait several days for a single occasion of
favorable winds.

There appears to remain but one other means of exposing meteor-
ological instruments at approximately fixed points in the free air
namely, the use of devices sustained by the action of propellers which
either lift the apparatus directly or give to it a spirally gsc(mdm::%r
descending motion. Many devices of this character have been pro-
gggeddb%,l 1ntgt‘,31m(:1us 'iﬂéenftfors, and several models of small size hpavg

ved that the desired effects on a large se o withi .
of possibilitios. ge scale are within the range

The frequency with which kites mayv be sueec 7 , :
reaching very high elevations will no}doubb beesgf:e}gyeirgg}'g?tggi for
the kite is brought to a more perfect state of construction and the a?-?;
of its management more completely developed. There must alwa
be, however, times when upper air observations can not be obtainy(sl
by such means. However good kites may be, therefore, meteorology
needs for its free air observations something that may be used on a;y
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. . : ve
and every occasion and in anylocality. Captive balloons, which ha
been so repeatedly tried for militar

ittle

Yy purposes, prove to be of fh:ﬁr_

value for reaching lofty elevations.  ¥From the great amountﬁ on 18
face which must necessarily be exposed, it results that the ballo

31}
blown far away from the zenith point over its anchorage by €ve
moderately strong winds,

Combinations of the kite and balloon h%g
also been tried. This, in turn, possesses but little advantage ovel'bal_
balloon alone, and in many respects is inferior to the kite. ¥ree
loons may reach great elevat

@ of
lons, but they drift with the currents ©
air and their return is uncertain. 1ue
Perfected appliances of this eharacter will prove of such great va

to meteorology that their develo

pment requires a share of the &tﬁi@cg
tion to be given to the greater problem of securing meteorolog -
observations in the free air, Such observations are now generally cor o
ceded by meteorologists to he the means by which further and mﬂ n
L gained of the mechanism of storms fon-
the sequence of atmospheric phenomena. The ides may seem V1§ jea
ary now, perhaps, but it is g possibility that important meteor_ologwi
4 ¢ future will be dual in character. One por'ﬁlOnrﬁon
remain, as at present, at the surface of the earth; the other po o
will be poised at a great height in mid air, riding at anchor to the e
Station, as it were, much in the same fashion as light-ships nova roes
at anchor at gea, sustained, however, by the operation of other %rom
than the bouyant action of the air. ~Simultaneous observations able
a system of widely distributed stations of this character would o
the future forecast offi t the atmospherie condlblon's(,1 0
horizontally and verti rive at a more exact knqwle %ible
the gradients of temperature, Dressure, moisture, ete., than is pos
at present with a limited knowledge of surface conditions only.d aally
The complete solution of so great a problem igonly attained gra made
and by steps. It is hoped that from the small beginning here
results of inestimable b

ning o il
enefits to commerce and agriculture wil
achieved in the not far distant future.

stations of th

cial to map ou
cally, and ar

HUMIDITY OBSERVATIONS AND THE SPINNING OF COTTON-

- and
A report upon the relative humidity of southern New Engl%’i%’ by
other localities, published as Weather Bureau Bulletin No. or. The
Alfred J. Henry, chief of division, was prepared during the y (ioc&liﬁes
report describes the conditions of atmospherie humidity 1I11]1 spocis
where the spinning and weaving of cofton are.e_arrled on, lgccessf“
object of the paper being to compare the conditions V_V'_h?le 50 osed 10
spinning is carried on with {hose in localities where it is prop
establish and develop the industry. necess i
One of the conditions essential to the greatest degreo of Ste of tho
the spinning and weaving of cotton fabries is a hul.m.d St?ﬁe gronter
atmosphere, and the more constant the degree of humldxtyds the finer
ig the measure of profitable spinning, especially as regar that of the
numbers. The average spinning of England is finer thartl Sith tho
United States, and the average of the latter varies groa g’ wholly in
geographic location, the finer spinning being done almos
England. the
N?l“l‘lyle a%tention of the Weather Bureau having been 0&3}56?}1 (}?nan-
importance of the subject, and to the probable e_xtenslont  conupiod, &
ufacture of cotton over a much wider area than it has yo fho natura
comparison was instituted with a view of ascertaining how t
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humidity of certain portions of the United States, particularly the
South, where the extension of the art is most pronounced, compared
with that of the southern shore of New England.

It appears that thus far in the development of the cotton manufac-
turing industry little account has been taken of climatic conditions
as affecting the quantity or quality of the output. It is also appar-
ent that the relative humidity of the atmosphere depends not only on
the quantity of vapor present in the air, but also on the temperature
which determines the point of saturation, and that these elements
vary, both as regards time and geographic situation.

It is believed that the place where the spinning of the finer fabries
of cotton can be profitably done is where the relative humidity of the
atmosphere undergoes the least change during the working hours of
the day. ,

The)(r}ontrol of both temperature and humidity by artificial means
seems to be the final solution of the problem in all cases where the
establishment of mills in a relatively dry climate is contemplated.

The following table is thought to be of sufficient importance, as
showing the relative hygrometric conditions at four cities in New
England, one on Lake Ontarto, three on the South Atlantic Coast, and
one on the Gulf Coast, to be reproduced here:

Relative humidity at 7 a. m., 2 and 9 p.m, for January and July.

JANVARY. . JuLy.
Hour. 7AM 2PM. 9 PH. TAM__ ] 2PM. 9P,
Per cent. 20 40 60 80 20 40 60 80 20 40 60 80 20 40 60 80 20 40 6o 80 20 40 69 80

New Bedford

Wood's Hole.

Newport.

NewLondon.

Oswego.

Charlotte.

Welmingron.

Atlants.

A ugusta.
Mobile.

The percentage of relative humidity at the hours named is proportional to the length of the
heavy black horizontal line.

MAGNETISM AND METEOROLOGY.

Studies into the relations between the solar magnetism and meteor-
ological phenomena were carricd on by Prof. Irank . Bigelow as
the other duties assigned to him have permitted. Heis of the opinion
that the atmospheric conditions which culminate in the storms trav-
erging the United States are in part dependent upon the solar energy
that reaches the earth in the form of magnetic influences; that there
are synchronous fluctuations in the pressures and temperatures of the
northwestern regions of the American Continent in the neighborhood
of the magnetic pole and the auroral belt; that a train of storms,
“highs” and ‘‘lows,” advance from that quarter eastward in well-
defined tracks; that the position of the tracksand the intensityof the
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’ io field;
storms change along with the stiength of the solar magnzmguch as
that there are many other forces at work to produce stor mv’e otion of
the general circulation of the atmosphere and the local con gt ded
heat and aqueous vapor, but that among them all must be , of the
the magnetic forces in order to obtain a correet understanding
mechanism of ceyclones and anticyclones. ravitar

Unfortunately, magnetic force is not so easy to analyzo ?‘3 f’r@gaﬁve
tion on account of its dual nature, the so-called positive ant ]] it acts.
action, according to the properties of the material upon which

, . ot h : 1be o
Inversion of fores is the characteristic of this agent, and it wll-
great importance to the seienc

. . ow

e of meteorology if Professor %&%gé o
is able to fully demonstrate thatin the pressures and tempora sg tha
storms there is such an inversion. Professor Bigelow beh-OV(”o con-
‘;he law is periodie semiannually and not fortuitous, and 18 8

. ( o ela-
ormed to the position of the earth in its orbit as to bear definite !
tions to the axes of the sun

8.
and the earth, regarded as gre:wt mfbgzgt}i
These subtle and delicate signs of the operation of the mig JrOS-
forces are such as to require much caution and deliberation 11“ inOlls'
ecuting the researches, in order not to arrive at unsound cone “‘d the
The sequence of cause and effect is rather loosely shown, an etieal
existence of such fundamental laws as will enable the pra

. : ; ] as nob
meteorologists to improve on the old methods of forecasting has?¥
been as yet demonstrated.

p +hy the
However, the problem is one Wot thy
fallest investigation.

INTERNATIONAL CLOUD OBSERVATIONS.

ter g a8
The progress of practical meteorology, ospecially forecasting, h
been greatly impeded by the lack of inform.

ation regarding tho geltllegi?e
cireulation of the atmosphere in the upper strata and throughott

cyclones and anticyelones, of which the current observations g}""gggﬁ
on the ground only. Im order to overcome this defeet and 1o f1 mar
conclusions as to the merits of the two great rival theories of the for™
tion of storms, namely, the convectional and tho general ool
theories, meteorologists have declared in favor of concerted w 0"]‘,]‘ 131 as
the movements of the upper strata, as given by the drifts of the ¢'0
contained in them. At the international conference, Munich, ‘r\;ﬂ‘
committee was appointed to consider the question of concerted 00SC iy
tions of the direction of motion and the height of clonds. At a mee st
of theinternational meteorological committee held at Upsala, Augush

1894, it was agreed that these observations should eommence
1896, and continue for a year,

circulation

ay i;

. ound
In the early part of 1896 it was f‘(’)‘m
that the installation of the instruments at somo stations could 1

X to
completed by May 1, and the cloud ycar was therefore extended
August 1, 1897.

- t
In order that the United States might bear its shave in this 1mp9r§0‘£
international meteorological work, aboard of cloud work was appoin* ¢ oi’f
consisting of Prof. Frank II. Bigelow and Mr, A.-J. Henry, c%w ta-
the Division of Records and Meteorological Data, to establish 1(?ving
tionsand to conductthe operations and computations. The obsel_a
stations have been selected so far as possible from those most fm{Oé O ab
located in reference to the prinecipal storm tracks. The final lis puded
follows: Primary station, Washington, D. C. (Other mdependel{{ela 3
mary stations were established at the Blue IHill Observatql‘y, da. DY
ville, Mass., by Mr. A. L. Roteh, director, and at Toronto, Canads,
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Prof. R, F'. Stupart, director Canadian Meteorological Service.) Second-
ary stations, Washington, D. C., Buffalo, Detroit, Louisville, St. Paul,
Kansas City, Abilene, Vicksburg, Key West, and Baker Clty. Sec-
ondary stations are also maintained at the Blue IIill and Toronto
observatories; at Claveland, Ohio, by Rev. I. L. Odenbach, S. J., St.
Igll&.tius College; and at Waynesboro, N. C., by My, Frank W. Proctor,
making a total of 2 primary and 14 secondary stations in the United
States. It is also to be noted that many of the Weather Bureau
observers, appreciating the importance of such studies, volunteered
their labor, and are making the observations in addition to their reg-
ular station duties, thus showing a commendable zeal in the interests
of meteorology. Tho voluntary observers at Blue Hill, Waynesboro,
and Cleveland deserve the thanks of the Weather Bureau.

CLIMATE UNCHANGED.

. The extraordinary period of drought which reached its cull_nmatlon
in the autumn of 1895 created a foeling of apprehension in nany
localities in regard to the stability of climatic conditions over & large
extent of tem'?tory. A feeling of unrest was also created by th,e
attempt to show that the changed conditions were a result of man’s
agency in the breaking up and the cultivation of the soil. In order
to meet the call for information on the subject, & brief study of the
rainfall records collected and preserved in the files of tho Weather

ureau was made. It was clearlyshown from the investigation 1.na_de
that periods of alternating wet and dry weather were characteristics
of the seasons forty and fifty years ago, and that therd was no g(?nera.l
law governing the recurrence of years of drought or abundant rainfall,
Increased interest has been manifested inthe Weather Bureau re_cord:s
of rainfall, but whether or not as a direct result of the discussion 18
unknown, ’ .

OBSERVATIONS AT PIKES PEAK AND COLORADO SPRINGS.

Wo are indebted to mountain observatories for much def‘mitp infor-
mation concerning the movement and other physical characteristies of
the upper strata of the atmosphere. The Signal Service established
and maintained for a number of years, at groat expense, vbserving
stations on the summits of Mount Washington and Pikes Peak, and
the attempt was made o utilize observations at these elevated points
in daily weather predictions. The observations were found to be of
comparatively little value for forecast purposes, and although the sta-
tions were continued for some time afterwards, they were finally aban-
doned in the fall of 1888. Tho -station at Pikes Peak, however, was
reestablished by the Weather Bureau in September, 1892, with a much
more elaborate equipment than it had under the Signal Service, some
of the instruments being devised especially to meet the exigencies of
8ervice on a high mountain peak.

A base station at Colorado Springs, 12 miles distant, and 8,036 feet
below the peak, was also fully equipped with self-recording instruments
of approved pattern, and observations were begun in November of the
same year. These stationswere maintained until September 30, 1894,
at a cost to the Government of not less than 47,000, The observa-
tions of pressure, temperature, and wind were published in extenso
in the veports of the Chief of the Weather Buresu for 1893 and 1894,
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respectively, but no effort appears to have been made to draw there-
from conclusions that might be of possible benefit to the Weather
Bureau, Although the location selected was not in the immediate
track of the great storms that traverse our northern borders, or ever
in close proximity thereto, yet it was believed thatsome useful infor-
mation could be had from the mass of data collected during the WO
years’ occupancy of the peak and base stations, Mr. Park Morrill, fore-

cast official, was instructed to make g study of the observations wit
special reference to the con

ditions which il on the peak during
the passage of atmospheric disturbances.pr?-‘fiusl 11-9;)1013-13, wrl)lich will be
found in Part VI, Report of the Chief of the Weather Bureau (quarto
volume), 1895-96, is commended to the careful study of those Wi 0
forecast weather changes in the Rocky Mountain region. Mr. Morrill
shows, among other interesting facts, that the notable rise of pressure
at these elevated stations, in Summer, is an effect of the expansion 0
the air upward from the increased heat. It is also shown that the 1aw
of decrease of temperature with altitude is not, linear; that there is &
considerablelayerat the lower limit of the atmosphere, possibly.extenc:
ing to a height of 4,000 feet, which is somewhat uniformly heated, but
er amore rapid and steady decrease O

ihat abo‘zfe this warm lower lay
emperature occurs. This conclusion he i . hearing upon
the determination of elevations by theh;:u:?}i;n[ﬁs%ﬁ?gig methods. |
Particular attention is invited to that portion of Mr. Morrills
report which deals with the pressure distribution at an altitude of
5,000 feet above sea level. Since tho general level of the Rocky
Mountain and plateau regions is not far from that elevation, the
pressures reduced thereto are free, in a great measure, from the
errors commonly introduced in reductions to sea lovel, The upper
isobars, as will be seen by an examination of the charts reproduce
in Mr. Morrill’s report, differ very considerably at times from goa-leve
isobars. The former conform more closely to the surface winds, both
as to direction and velocity. Some meteorologists assume that the
location and movement of barometric areas incthis clevated regionl
can best be studied by reduction 10 g surface 5.000 feet above Sed
level. However true this may bo, the method fails of application t0
the practical work of the Bureau since the reduction of the pressures
at low-level stations to an altitude of 5,000 feet above sed Jevel
involves the same difficulties that beset the present reduction O
pressures at elevated stations to sea level, As the majority of St
tions are under 1,000 feet in altitude, it seemed wise- to atrtempt.to‘
find a method of reduction for elevated stations that shall be superior
to the present method rather than to seek a reduction to # 5,000-£00
level. Accordingly a board, consisting of Profs. C. Abbe, H. f}
Hazen, C. I'. Marvin, Mr. Park Morrill, forecast official, and Mr. A. 1
Henry, chief of division, was appointed to congider the question in &

its details. The board has submitted a report which will serve as a
basis for further investigation and study.

TORNADOES,

On the night of May 27, 1896, the nation was startled by & rep(');t
that St. Louis, Mo., had been partly destroyed by a tornado. 1 o
those familiar with the havoe caused by these destructive storms, t lg
message caused the greatest concern, and additional details Wel; °
anxiously sought. The full story of the storm was told in subsegu}(;; 3
press dispatches, and although later developments showed that it
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not been as severe as first reported, the loss of life and destruction of
property were unprecedented. So great a disaster coming so quickly
after the occurrence of destructive storms in Iowa, Kansas, Illinois,
and Michigan tended to create a feeling that the severity and fre-
quency of these violent disturbances were increasing. It is not
believed that there has been an increase either in the frequency or
severity of tornadoes. Unfortunately, those of the present year have
swept through populous sections of the country, occasionally through
the midst of small villages and towns, and once through the heart of
one of our great cities. Three hundred and six persons lost their
lives in the storm of May 27, 1896; more than the aggregate loss by
violent wind during the two years 1891 and 1895, and more than dur-
ing any single year of which we have authentic records, except 1893,

If we exclude the storm of May 27, the loss of life thus far during
1896, though above the average of previous years, is not so great as
in 1892 or 1893, ;

In almost all cases of great disaster there isa pronounced tendency
to exaggerate the actual facts, and thus it happens that press accounts
of tornadoes, especially those first sent out, are generally misleading.
In consequence, the general conception of the frequency and severity
of these unwelcome storms is more or less erroneous. According to
a statement recently compiled and published in a reliable newspaper,
676 persons lost their lives by tornadoes during April and May, 1896.
An investigation of the cases cited in the published list shows that
515 persons were actually killed by severe thunderstorms and tor-
nadoes during the months named. Of the remaining deaths accredited
to tornadoes, 21 were due to drowning in the flood waters of small
streams; 11 were drowned at Cairo, Ill., by the capsizing of a ferry-
boat in a wind squall; 2 were killed by lightning, and 127 reported
deaths were fictitious.

The unusual destruction of life and property has doubtless been the
means of awakening general interest in tornadic phenomena and also
of stimulating the business of tornado insurance throughout the great
interior valleys. Direct application has been made by several com-
panies now writing tornado insurance for statisties of the loss of life
and property occasioned by tornadoes. Since the compilation of such
statistics is a matter involving considerable labor, and since it would
appear that the purchasers of tornado insurance should also be sup-
plied with whatever information might be furnished to the companies,
it was decided to review the tornado records of the last seven years
with a view of determining the frequency and the destruction caused
by these storms so far as past records throw light upon the subjeect.
The revised list appears in the Annual Report of the Chief of the
Weather Bureau (quarto volume), 1895-96. It contains a statement
of what is known conceerning the loss of life and property, the length
and breadth of areas of great destruction, and the direction in which
the tornadoes moved. The location of each storm is also shown by
years, each year’s record being on a separate chart. These data, it
would seem, should serve a useful purpose in connection with the
fixing of rates for tornado risks.

STATE WEATHER SERVICE CONVENTION.
The American Association of State Weather Services held its

fourth annual meeting at Indianapolis, Ind., October 16 and 17, 1895,
and its proceedings were published as a bulletin of the Bureau.
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. , ork
That more than thirty officials engaged in the climate and Ol’glt) ﬁleil‘
of the Bureau should volunteer to attend this conventlfﬁl]e part of
personal cost manifests a most commendable interest on oa. The
those engaged in the climate and crop work of the Bm,eené yoars
great extension of the work of the Weather Bureau in I:(icctors and
¢ renders of great importance the assembling of section d”?l CseusSing
other prominent officials in convention for the purp'ose_of_ T - ine tho
ways and means that would likely prove suceessful in furthe : zhese
work of the Bureau; but it is not thought that the zeal o rate 10
earnest and devoted public officials should be allowed to ope ible or
their pecuniary loss, and it is doubted that it will be feas

. : : ents
proper to hold such conventions in the future unless armln%g"}o hoir
can be made to allow to those in attendance a sam equa

actual expenses.



