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REPORT BUREAU. 

Waehington, D. C., Sejltember 19, 1898. 
SIR: I have the honor to eubmit a report of the operatione of the 

Weather Bureau during the fiscal year that ended June 30, 1898. 
Reepeo tfully, 

U T ~ ~ ~ ~ a  L. MOORE, 
Chiqf of Bureau. 

Hon. JAMIE# WII~SON, 
Secretary of Agriculture. 

NEW WORK AND SPECIAT. INVEBTIQATIONFJ. 

Extension 0.f West Indian hurricane service.-During the latter part 
of the flecal year i t  became apparent that the methods of gathering 
information of the approach of West Indian hurricanes, whioh 
served 00 admirably when warnings for the Gulf and Atlantic coaets 
only were ieeued, were wholIy inadequate for a eervice that should 
cover the waters of the West Indies, in whioh upward of 200 naval 
and transport vessels of the United States were operating. The 
presence of this large fleet i n  the hnrricat~e region made i t  impera- 
tive that procautio~~ary measures, looking to ite safety in time of 
severe atmoepheric disturbances, be adopted a t  once. Acoordingly a 
bill wae drafted and submitted to Congress on June 16,1898, author- 
izing the Bureau to eetablieh and operate observing etatione through- 
ou t  the Weet Indiee and along the ehoree of the Caribbean Sea. 
The provieio~~e of the measure were incorporated in the general 
deflciency bill, which i t  will be remembered, did not beoome law 
uutil after the close of the fiscal year that ended Juue SO, 1898. 

At that time, however, arrangement0 had been made to estnbliah 
atatione for making meteorological obeervatione and displaying hur- 
ricane eignnle a t  the following pointe: Kingeton, Elantiago de Cuba; 
Santo Domingo, St. Thom~s ,  Barbadoe, Port of Spain, Cura~oa, and 
Barranquilla. At the above-named places obeervatione will be made 
twice daily and cabled to Kingston and the Central Office in Wash- 
ington. I t  is expected that twice-daily obeervations will also be 
oabled from Martinique through the cooperation of the Frenoh 
meteorological eervice of that ieland. 
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The Weather Bureau will receive, when the West Indian service ier 
fully established, twice-daily telegraph reports, not only from the 
stations above named, but aleo from Habana, Nassau, Vera Cruz, Tam- 
pico, Coatzacoalcos and Merida through international comity, aud 
the voluntary cooperation of private persons. For daily reports from 
Habana our heartiest acknowledgements are due to Prof. Louis G. 
Carbonell, Superintendent Naval Service of the Antilles; from 
Nassau, to Hie Excellency Sir Ambrose Shea, Governor of the Baha- 
mas ; from Vera Cruz, Tanipico, and Coatzaconlcos, to the Mexican 
Telegraph Company; from Merida, to a private observer, f3efIor Felix 
Gomez Mendicuti, C. E. The action of Professor Carbonell in for- 
warding daily weather reports from Habarla during the period of 
hostilities between Spain and the United States is exceptionally 
gratifying to the officials of the Bureau as i t  must aleo be to scien- 
tists the world over. 

A thorough inspection of the three stations of the Mexican Tele- 
graph Conlpany was recently made by an official of the Weather 
Bureau. As a result the service was much improved and the system ' 
of observation brought into much closer harmony with our own. 

Thus it will be seen that ample provision has been made to extend 
the network of existing stations to the southward so as to inclade all 
of the dangerous waters of the West Tndies, the Caribbean Sea, and 
the Gulf of Mexico. 

Although the protection of our naval forces was the primary object 
in the extension of the storm-warning system to tho Mrest Indies, 
other considerations of scarcely lees importance made the step a wise 
and beneficent one, First and foremost of these was the very mate- 
rial s t r e n g t h e ~ ~ i ~ ~ g  of the storm-warning system of the Gulf and 
South Atlantic coasts that would result from an extonsion of observ- 
ing ststions to the northern coast of South America; second, the 
improvement in the existing service that would follow the substitu- 
tion of skilled observers for special agents in the Weet Indiee; and, 
finally, the need of an efficient storm warning service for the benefit 
of commercial interests throughout the West Indies and on the shores; 
of the Caribbean Sea. 

If, as now seems probable, the exigencies of war permit the removal 
of the greater part of the fleet from West Indian waters, the meteoro- 
logical service will still serve a useful purpose in the protection i t  
will afford to the growing commerce of that very extensive region. 

Meteorological Service of the Republic of Mexico.-I am informed by 
Llefior Mariano Bhrceua, Director of the Central Meteorological and 
Magnetic Observatory of Mexico, that steps have been take11 to 
thoroughly equip about 80 stations in the Mexican Republic with 
meteorological instruments of the most approved pattern, arld t o  
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eetablieh a meteorological service similar to our own, a t  the earliest 



practicable date. An exchange of reporte between the two eervicee 
that will be mutually advantageoue, eepecially as regards the 
approach of Weet Indian hurrioanee and "northere" in the Gulf 
of Mexico, will doubtlese be effected. 

Establishment qf additional Obeervation Stations in the arid and sub- 
arid regions of the West.-The placee of obeervation in the arid and 
eubarid regione of our country have been so widely eeparated hitherto- 
that i t  hae not been poeeible to secure a perfect eurvey of the dietri- 
bution of temperature and preeeure, the conditiolle 00 eeeential to the 
making of accurate forecaste, not only for those regione, but for the 
exteneive area farther to the eaetward. On the recommendation of 
the Honorable Secretary of Agriculture, an appropriation wae made 
by the last Congress for an increaee in the number of etatione in the- 
above-named regione. Provisione have already been made for the 
inetallation snd equipment of etatione a t  Kaliepell, Mon t. ; Boiee 
City, Idaho; Mount Tamalpaie, Cal.; Flagetaff, Ariz.; and Fort  
Worth, Tex. Arra~~gemente have aleo been made for the eetablieh- 
ment of additional etatione in the South and Central Valleye, ae fol- 
lows : Meridian, Miee. ; Macon, Ga. ; Lexington, Ky. ; Elkine, W. Va. ; 
Evaneville, Ind., and Eecanaba, Mich. The additional etatione thue 
provided for will not only aeeiet in the development of agricultural 
and industrial interest0 in the reepective Stateu in which they a m  
looated, but will also be of material benefit in improving the warn- 
inge and forecaete, eepecially for the regione .weet of the Rocky 
Mountains. 

International cloud observations.-The eeriee of obeervatione under- 
taken in cooperation with the International Cloud Committee, 
extending over one complete year, wae concluded on June 80, 1897. 
It embraced observations on the height, azimuth, and velocity 
of motion of clouds a t  Waehington as a primary etation, and a t  14 
eeoondary etatione in the States east of the Rooky Mountaine, except 
a half year a t  Baker City, Oreg. The computation and the dieoua- 
eion of the observations have been going on during the past year, and 
are so far advanced that i t  hae been poseible to prepare several chap- 
t e r ~  of the final report. I t  ie hoped that thie portion of the work 
may be completed by the end of the year 1898. 

Among the reeulte obtained in connection with theee obeervation~ 
may be mentioned the conetruction of a fundameiltal eet of conatante 
and formulee in the baro~i~etry and thermodynamics of the atmoe- 
phere ; the application to the reduction of the preeeuree on the Rooky 
Mountain Plateau of some new data; the delineation of the great 
atmoepheric currents in eeveral levele above areas of high and low 
preeeure, respectively ; the conetruction of the purely cyclonic and 
anticgolonio componente which indicate quite clearly the structureof 
otornle; the distribution of the eight typee of clouds in height and 



the velocity of their movement in high and low areas, respectively; 
a careful discuesion of the vertical gradients of temperature, humidity, 
and pressure, besides many minor points of scientifio interest and 
value. 

Aerial work.-The work of producing a thoroughly satisfactory kite 
was begun in the latter part of 1896. The early experimental work 
naturally took a wide range. Various forms of kites were devised and 
thoroughly tested, and many valuable laws relating to the strength 
and efficiency of kites were developed. At the date of last report 
a fairly satisfactory kite had been developed, but much still remained 
to be done in order to make the appliances and devices improvised 
during the experimental work suitable for permanent use in the hands 
of observers of only average skill and experience. The kite finally 
adopted for practical work was au improved form of the Hargrave 
oellular type, both theory and practice having i~~dicated the generrr1 
euperiority of this type over all others where power, effioiency, struc- 
tural strength for a given weight, and durability are to be considered. 
A popular idea prevails that any one possessed of a few materials and 
a little ingelluity can construct a thoroughgoing kite. This is not  
true as regards the present Weather Bureau kite. The size and con- 
struction of every detail have been worked out with reference to the  
several strains a t  the different points, securing thereby the maximun! 
strength with the minimum weight. Another desideratum of not lese 
importance is a devick that will enable the kite to automatically adjust 
itself in all winds so 8s to pull a moderate amount only. This result, 
i t  is believed, has been secured to a greater degree in the Weather 
Bureau kite than in any other form yet described. There is still 
need of improvement in the present design, but i t  is doubtful if such 
can be secured until we u ~ ~ d e r s t a l ~ d  more completely than a t  preseut 
the precise nature of the shelteriug effect the forward cell exerts upon 
the rear cell. This and other important details still remain obscure 
and undeveloped. 1,ittle or nothing was done during the past year 
to remove these obscurities, since the wliole time was occupied in 
preparing for practical work. Briefly stated, the latter co~leisted in 
perfecting a complete working outfit of aerial apparatus based on the 
results of previous experimental work. Little difficulty was experi- 
enced in constructi~~g a satisfactory reeling apparatus with its dyna- 
mometer, measuring dial, and graduated aro. Likewise the improved 
nephoscope devised by Professor Marvin in 1896, answered eatiefac- 
h r i ly  as an alt-azimuth instrument. A suitable form of automatic 
register for recording temperature, pressure, humidity, and velocity of 
t l ~ e  wind was not, however, to be had of the manufacturers of meteor- 
ological instruments. A form of i~~s t rument  had previously been 
d wised, but i t  was not satisfactory in all respects. Under these oir- 
o~msta~ lces  a wholly new form of kite meteorograph, recording four 



elements, viz: wind velocity, temperature, pressure, and humidity, was 
devised by Professor Marvin. The instrument complete weighe 2.1 
pounds. A special construction was adopted for the thermometers 
securing an unusually high degree of sensitiveness. The thermome- 
ters are, ia fact, nearly or quite as sensitive as our standard mercurial 
thermometers. This quality is especially necessary in a kite meteoro- 
graph, since the elevation of tho kite is almost constantly changing, 
-often considerably, and a sluggish thermograph will not show the 
temperature a t  a given spot correctly. 

Another important feature in the improved meteorograph consists 
i n  the exposure of the thermometer bulb and hygrometer. These are 
placed inside a long tube, 2) inches in diameter, open a t  both ends, 
and so arranged upon the kite that the wind blows with full speed 
directly through the tube, thereby affording uot only the most perfect 
ventilation of the inetruments contained, but screening them a t  the 
same time from radiation. The tube is wholly inclosed within the 
case of the instrument, from which i t  is insulated, in the heat sense, 
by plates of ivory and rubber. Arrangements of this character have 
xepeatedly been shown to be necessary in order to secure accurate 
results in the free air. 

At the date of last report i t  was hoped to establish a t  least 
20 stations during the coming fiscal year. We have been able, 
however, to completely equip but 16, as follows: Cairo, 111.; Cin- 
cinnati, Ohio ; Cleveland, Ohio ; Dodge City, Kane. ; Dubuque, 
Iowa ; Duluth, Minn. ; Fort Smith, Ark. ; Kaoxville, Tenn. ; Lan- 
sing, Mich. ; Mempl~ie, Tenn. ; North Plattn, Nehr. ; Omahs, Nebr. ; 
Pierre, S. Dak.; Sault Ste. Marie, Mich.; Springfield, Ill.; and 
Topeka, Kana. Washington, 11. C., was already equipped a t  the 
beginning of the year. 

The observers chosen for the work were, with three exceptione, 
drawn from the list of eligibles on the register of the Civil Service 
Commission ; the three additional men being drawn from the force 
at stations. All these men were called to Washington and given a 
practical course of inetruction in the art of flying and managing 
kites. The whole period of instruction extended from the 17th of 
March to the 18th of April, but the same obeervers were not in 
sttendauce for the whole period. 

The contractor for.furnishing the meteorographs was seriously delin- 
quent, and caused great delay in beginning the observations; many 
atations made ascensions without meteorographs for two or three 
weeks, and all stations were not fully equipped until the first week 
i n  Juno. 

If eaoh station had made aa ascensiox~ daily during June, 610 
ascensions could have been made ; whereas, 278 actual ascensions were 
made, in eaoh of which the elevation attained exceeded 1,000 feet. 



Considering the great natural obstacles in this work, and the fact tha t  
June is one of the least windy months of the year, we are disposed 
to regard the number of ascensions made as, on the whole, a eatis- 
factory percentage (64) of those possible. I t  is regretted that similar 
data as to the percentage of ascensions that can be made during 
windy seasons of the year are not also available a t  this time. 

The standard kite employed contains about 68 square feet of sup- 
porting surface, and only one of th'ese kites is required a t  a time. 
The practice adopted by some investigators of flying several small 
kites in tandem in order to gain power enough to sustain instru- 
ments proved to be much lees satisfactory, on the wholo, than our own 
practice of using one large kite. The latter is far easier to manage 
in critical situations, and also under unfavorable conditiolls of flight ; 
it is, moreover, more efficient. Originally, each station was supplied 
with two of the large kites. Subsequently, additional kitee were sent 
out in a few cases to replace those wrecked and rendered completely 
unserviceable by accidents. As yet, too short a time has elapsed to 
furnish data for a satisfactory estimate of the average life of a kite ; 
this may prove to be something like eix months, while we are not yet  
able to determine the probable losses of wire and meteorographe. 
The practice adopted of suspending the meteorograph within the kite 
etructure completely shielde i t  from injury in ordinary work with 
the kite. Notwithstanding ilumerous small, and a few serious 
aocidents to the kite itself, the meteorographs have, thus far, com- 
pletely escaped injury, often in a seemingly remarkable manner. 
I n  one case, with 12,000 feet of wire out, the kite was struck by 
lightning, fueing the wire and setting the kite adrift. Both the kite 
and the meteorograph were discovered the second day afterwards 2 0  
miles away. The kite was but little injured, and the meteorograph 
was still running. In another case the kite broke away a t  great ele- 
vation and soon disappeared from eight. The most careful search 
failed to discover a trace of its whereabouts, and i t  was given up a s  
lost, either in the waters of adjacent lakes or the somewhat more dis- 
tant Canadian forest. About three weeks later the meteprograph was 
found, and returned to the Weather Bureau having suffered only such 
injury as resulted from long exposure to the weather. 

As a iesult of the year's work 16 stations have been completely 
equipped, and the observers have already had We experience neces-. 
eary to fit them for the more o~~eroue work of the fall and winter 
months. We are now in a poeit io~,  so far as m e a ~ ~ e  and appliances 
are concerned, to obtain a complete series of observations. I t  is yet. 
too early to express an opinion as to the value of the observatioi~s 
already secured in the practical work of the Bureau. The obeerva- 
tiolie contain much information that is new ~ n d  of practical impor- 
tance, aside from their value in making weather foreoasts. 



The problem of connecting barometric observations made on the 
Rocky Mountain plateau with those of low levels on either side will, 
in all probability, receive substantial aid from kite observations. 
The chief difficulty in this problem, heretofore, has been a lack of 
exact information respecting tho temperature and lnoieture of t l ~ e  
air column that would exist between the plateau station and sea level 
if the plateau were removed. I t  happen8 not infreqnently that the 
temperatures a mile or more above sea level are not much less thau 
on the p l a i ~ ~ e  in the same latitude near sea level. Applying a 'cor- 
rection to these temperatures based 011 the present accepted rate of 
decrease of temperature with altitude gives a result generally too 
high to corrsspond with temperature on each side in the same lati- 
tude a t  sea level. I t  is expected that the kite observations will add 
largely to our knowledge of the temperature gradients aloft, and 
thus contribute to the solution of the problem of reducil~g barometer 
readiugs on the platoau to sea level. Anything that will remove the 
uncertainty thbt. a t  times exists in our preeent reductions to sea level 
will be a distinct gain in the forecast service. 

The kite work of the presel~ t year, as in the past, has been con- 
ducted under the personal supervision of Prof. C. F. Marvin, to whose 
skill and inventive genius much of the success that has attended our 
efforts is due. 

PORECABTB AND WARNINQB. 

Dietricte and Pereonne1.-The forecast districts remain the salne ne 
last year, viz: Oregon and Washington, 1,ocltl Forecast Official, B. S. 
Pague, Portland, Oreg., in charge; California, Nevada, and Arizona, 
Forecast Official W.H. Hammon, Sat] E'rancisco, Cal., in oharge ; Mon- 
tana, Wyoming, Colorado, Kaneas, Nebraska, North and South Dakota, 
Minnesota, Wisconsin, Iowa, Missouri, Illinois, Indiana, and Michi- 
gan, comprieing the Chicago Forecast District, Prof. E. B. Garriott, 
in charge, with Forecast Official H. J. Cox, ae first assistant. Fore- 
caste for the remainder of the country were made a t  the Central Office 
in this city. Lieut. Col. H. H. C. Dunnwoody, Supervising Forecaet 
OBcial, was in charge of the Forecaet Division of the Central Office 
until May 31, 1898, on which date he returned to duty in the Signal 
Corps of the Army, after twenty-six years of useful service in the 
Weather Bureau, and its predecessor, the Sigual Service. On Colonel 
Dunwoody's relief, the charge of the Forecast Division was intrusted 
to Prof. Park Morrill. Professor Morrill entered upon his new duties 
with great zeal and energy. He was especially active in attending to 
the detaile of the storm warning service then being establiehed in the 
West Indies. In  the midst of his labore he wae stricken with fever, 
but remained on duty until compelled to take to hie bed. His illnese 
terminated fatally on Auguet 7, 1898, a t  a time when a career of 
increaeed usefulnees and activity was within his grasp. 



Prof. E. B. Garriott, who was in charge of the Chicago forecast 
district a t  the time of Professor Morrill's illness, was called to the 
Central Office to take charge of the Forecast Division. 

I n  the death of Professor Morrill the Bureau lost an i~te l l igent  
and zealous official. He combined, in a marked degree, the qualities 
of the wientist and the executive. 

Eficiency of Bureau.-The true measure of the efficiency of the 
Weather Bureau is found in the promptness and accuracy with which 
notice of the approach and force of severe atmospheric disturbances 
is given. The efficiency of the Bureau during the year just ended, 
judging from this criterion, was fully equal to the high standard of 
the previous year. While we were unable to discover new laws or 
priuciples, the application of whioh would tend to improve the 
accuracy of forecasts of minor disturbances, i t  was possible by the 
exercise of constant vigilance to issue warnings of all severe storms 
that  occurred. 

Prof. E. B. Garriott, in charge of the Forecast Division, has pre- 
pared a brief account of the chief storme of the year and the work 
of the Bureau in announcing them. Professor Garriott's full report 
i s  herewith, as appendix A, from which the following has been sum- 
marized. 

Four hurricanes, all of whioh were duly announced, visited the 
Atlantic and Gulf coasts during the fall of the year. The most 
severe of the four was thrtt of October 23-26, which moved slowly 
from off the Florida coast to the vicinity of Hatteras, where i t  
increa~ed greatly in in tensity, causing violent northeast gales along 
the coast as far northward as New England. 

The duration of the storm in the vicinity of Hatteras enabled the 
h r e a u  to make a definite prediction with regard to the tide a t  Nor- 
folk, Va., where, owing to the low level of the city, much valuable 
property is liable to damage by iunndation. In  the case in question 
aotton and other property valued a t  approximately $860,000, were 
removed to places of safety. It was also reported to the Weather 
Bureau that between 800 and 900 vessels remained in port along the 
north Atlantic coast as a result of the waruinge issued for this storm. 

Three severe storms passed from the interior to the eastern seaboard 
during November, 1897. In  one of these the ill-fated steamer Idaho 
with 19 of her crew of 21 was lost on Lake Erie. This vessel, i t  will 
be remembered, left Buffalo on the afternoon of the 6th in the face 
of etorm signals which had been flying since daybreak. The Chicago 
Chronicle of November 12, 1897, commented on the wreck of the 
Idaho as followe: 

The wreck of the steamer Idaho, with the loea of 19 lives, off Long Point, laat - 
week, pointa a moral and adorns a tale for lake mariners. The disaster w ~ l l  
the result of carelessneaa and temerity. The Idaho wse thirty-five yearn old, 



and, thougli not exactly unseaworthy, shoultl not have been exposed to a severe 
storm. The storm signals were flying when the boat put out of the port of Buf- 
falo to make its way up Lake Erie. Captain aillies trusted to l ib  own jndgment 
instead of to the warnings of science. He also trusted in the stoutness of an 
old craft, not fitted for the severe tempests of the season. Small as it is, Lake 
Erie sees the worst storm8 that sweep across the Lake basin. 

We are accl~storned to jeer at the Weather Burean when unheralded storms 
carry devastntion in their trarlzs across land and sea.  sometime^, perhapsoften, 
forecasts of rtorms are not fillfilled; but this is only in the case of minor changes 
from calm to disturbance not seriously affecting navigation nor the pureuita of 
trade and labor on land and sea. Serious warnings are seldom without cause. 

A remarkably violent storm of wind and snow swept over eastern 
New York and New E t ~ g l a l ~ d  on January 31-Februnry 1, 1898. The  
greatest violence of the storm was manifested on the New England 
coast on which nearly two score of mariners lost their lives and a s  
many vessels were wrecked. At Boston heavy dump snow, driven 
by a 60-mile gale from the northeast, completely prostrated overhead 
wires of all sorts and paralyzed transportation lines, both steam and 
electric, for several days. Warnil~gs of this storm were given the  
widest possible distribution on the morning of the 31st. 

Forcnste of freezing weather in Florida on January 2-4, 1898, also 
on February 2-4 were made in time to enable r e s ide~~ t s  of that  State 
to take such precautions as were possible to preserve early vegetablee 
and fruit trees from destruction. 1,ikewise in California during 
December, 1897, January and March, 1898, warnings well in advance 
of the unusually low temperatures that occurred in those months were 
issued. Frost occurred in the fruit region of California quite fre- 
quently dur i l~g  March, 1898. I n  spite of the efforts made to protect. 
fruit, then in blossom, much danlagu was done owing to the severity 
of the frost. 

I n  the middle and northern districts of the country the winter was 
otle of the mildest on record ; cold waves were n e i t h ~ r  widespread 
nor severe. 

Forecasts of floods.-A brief description of the important floode of 
the year, of which there were five, will be found in Appendix A. But  
for the timely warnings issued by the Weather Bureau the loeeee 
from these floode would have been far  more severe than they were. 
The flood in the Ohio in January was anticipated and the datee on  
which the danger line would be passed a t  i ln~or ta l l t  points were accu- 
rately indicated. 

Warnings relative to the March flood in the Ohio were cent to Cin- 
cinnati on the 22d, and ns the flood continlied to increase in volume 
a waruing wae sent to Cairo on the 28d that  the river would exoeed 
the dauger line considerably. This warning was supplemented each 
day, until the wave crest hrbd passed, by others sent to all pointe 
between St. Louie and Now Orluane. 

A t  Cairo a stage of 48 feot was foreoaet for Maroh 81, and on that  



date the gauge registered 47.6 feet ; the rise continued and culminated 
on April 6, with a reading of 49.8 feet. 

These timely warnings saved thousands of dollars to steamboat 
men, lumber dealers, and farmers living in the riparian districts. 
Levees were strengthened a t  the weaker places, and the levee authori- 
ties stationed me11 with material and implements for strengthening 
and building up as occasion might require. 

Warnings regarding the flood in the Arkansas were iesued and 
widely disseminated by telegraph, telephone, and through the maile 
and press. The Little Rock Board of Trade, appreciating the value 
of the warning and realizing the groat damage that would result from 
the high etage indicated, chartered the steamer Irma and sent her 
70 miles down the river, with instructions to stop a t  every landing 
and settlement, to blow her whistle and distribute the flood warnings, 
and to give every person who came to the landing flil l  information 
in order that every precaution to save life and property might be 
taken. 

I n  addition to flood forecasts, warnings of low water were issued 
as the occasion required, and forecaets of this character were fully 
appreciated, as a t  certain low stages traffic is wholly or partially 
suspended, and a t  times i t  is absolutely essential that boatmen should 
know the low water stage expected in order to intelligently prosecute 
their work. 

Weather and temperuture forecasts.-Turning now to the forecasts of 
weather and temperature-the minor atmospheric disturbnncee- 
we may note that  no substantial increase in accuracy has been attained. 
In  the preeen t state of knowledge respecting minor atmospheric 
changes, i t  is not poesible to forecast them with as great accaraoy ae 
might be desired. Experiments have been made with kitee, and 
instruments have been sent aloft to s6cure observations of pressure, 
temperature, and humidity, but as yet the otservations are too few 
in x~umber to determine their real value in weather forecasting. The 
upper air currents of summer, the only period during which observa- 
tions have been secured, are feeble. Frequently, too, i t  has not been 
possible to make an ascension by reason of lack of r~lovenlent in the 
surface currents. Observations are now being made ae rapidly ae 
circumstances will permit a t  17 stations. The reduction of theee 
observations is attended with some little uncertainty, but we hope to 
improve present methods and to eventually secure satisfactory data. 

Tho discussion of the cloud observations, made in concert with 
foreign meteorological servicee during 1898-97, is in the halide of 
Prof. F. H. Bigelow. Profeesor Bigelow hopee to complete his work 
during the coming year; Fortunately, the kite obaervatioiie now 
being made can be used to supplement the cloud observations.  hi- 
former, also promise practical resulte along a line of work hitherto 



unsuspected, viz : that of reducing barometric observatione on the 
Rocky Mountain Plateau to lower levele on either side, thue contrib- 
uting to the better understanding of the actual pressure changes 
whioh occur in the Plateau Region. 

Forecasts and warnings were distributed with the utmost diepatah 
and in accordance with methods tried and proveti by the experience 
of previous years. The daily press has contributed very greatly to 
the success that has attended our efforts to make a thorough dietri- 
bution of the forecasts. Valuable aid has also been extended in  die- 
eeminatinp; special warnings of cold waves, storm winds, frosts, etc. 
The telephone appears to bo a valuable medium of communication 
between the local observer i~nd  the public, and oue that bide fair 
to eventually become of still greater usefulness in disseminating the 
warnings of the Bureau. The valuable cooperation of numeroue tele- 
phone companies is here acknowledged. 
. The total number of forecasts distributeci during tlre year, exolueive 

of those published in the daily papers, was, approximately, 23,681,500, 
ae ehown by the table below. Sixty-four per cent of the yearly die- 
tribution was by logotype cards sent through the mailg or carried by 
messengers; 28 per cent by maps aud bulletins; 10 per cent through 
the cooperation of railroad, telegraph, and telephone lines, while the 
remaining 8 per cent were distributed by telegraph and telephone a t  
the expense of the Bureau. 

The State receiving the largest number of forecaete waa Ohio, 
2,167,300; the next largest, New York, 2,038,400, followed by Michi- 
gan, Illinois, Missouri, and I'ennsylvanin, in the ordor named. 



Dia t rh ib  of forscab, tcurnings, mapa, a d  W n a  during t h u ~ & A  ~ B T  1897-08. 
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At Oovernment expense. Without expense to the United States, by- ! By maps and bu!letins. 

states. ForacSSts Grand total. 
and Sp*ial Emerpncx Telegraph Rail- - 1 

special Wspp warn-. Idail. or telephone bulletin. sJEize. j Maps. Bulletins 
warnings. I 

Alabama .............................. 
Arizona ............................... 
Arkansas ............................. 
California ............................... 
Dolorado.. ........................... 
Conneoticut ......................... 
I)sla- .............................. 
MsMot of Columbia ................... 
Florida ................................. 
Gee* ................................. 
Idaho ................................. 
Illinois ................................ 
I n d i ~ a  ................................ 
1d.n Territory.. ................. 

.Iowa .................................... 
Kansas... ............................... 
Kentucky .............................. 
Lonisirna .............................. 
Maine ................................... 
Maryland ............................. 
Massachusetts ........................ 
wichyan ............................... 
Ytnnesota ............................ 
Mississippi ........................... 
n- .............................. 
Montana ........................... 
Neb- ............................. 
Nevada ............................... 
New Blmpahfre ..................... 
New Jersey ........................... 
New Mexico ........................ .' ............................ New York 
North Carolina ........................ ........................ North Dakota i ..................................... o w  I 
okhhomri. ............. ,. ............... I 
Oregon .................................. 
pan+* ........................ ., . 

........ 
li, ;00 
won, 
9%. 40 ..,-~~ 

li, 100 
%400 

$,El 
4.400 

miode blrad ........................ 
south C;uolin8 --................... 
BonthDakota.. ...................... 
'rermesme .......................... 

fi T e u s  . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 Utah . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Vermont.. ............................. 
. . . . . . . . . . . . . . . . . . . . . . .  I Virginia.. 

. . . . . . . . . . . . . . . . . . . . . .  W u r h j m n .  
N West Virginia.. . . . . . . . . . . . . . . . . . . .  

Wisconsin. . . . . . . . . . . . . . . . . . . . . . . .  
Wyoming ........................... 

17. loo 
s. 800 
l.m 

- - -- -. - - 

*Issued as occasion requires. 



DI~TRIBUTION O F  WEATHER BTATIBTICB BY MAPS AND BULLETINS. 

Five million two hundred and thirty-nine thousand eight hui~dred 
weather mape of all classes, and 108,600 bulletins were distributed 
during the year, an increase of about 600,000. Each map or bul- 
letin contains a daily forecast and statistics showing the weather 
conditione over some part of the United Statee. In  the larger citiee, 
as New York, Chicago, and Philadelphia, the map contains a large 
number of reporte ; i t  ie almoet as complete in fact a0 the one ieened 
a t  the Central Office. The mape are used largely by boarde of trade, 
business houses, and public offices ; there is also a very considerable 
number issued to the schools and colleges of the country for purely 
educational purposee. 

CLIMATIC WORK. 

Cotton, Corn, and Wheat Service.-The special service maintained 
in  the cotton, corn, and wheat regione coneiete in reporting the d ~ i l y  
temperature and rainfall a t  129 etatione in the cotton region, and 131 
in  the corn and wheat region. No changes have been made in either 
of these eervices during the paet year. The information collectetl is 
promptly telegraphed to important commeraial oentere and dieplayed 
by bulletin or otherwise in public places. 

The Climate and Crop Services of the various States and Terri- 
tories were efficiently conducted during the year. Improved appli- 
ances for printing the monthly climate and crop reporte in neat und 
uniform style have been installed in all but seven sectione, viz, Idaho, 
Kansas, South Carolina, South Dakota, Utah, West Virginia, and 
Wyoming. The weekly bulletine of all of the sections except Nevada 
and Utah are printed in attractive form. 

Eetablishment of Climate and Crop Sevvice in Alaska.-The eetab- 
liehment of an agricultural experiment station in Alaeka in April, 
189'8, led to the detail of an official of the Weather n u r e ~ u  for duty 
in o rg~ l~ iz ing  a climate and crop service in that Territory. Meteoro- 
logical obeervatione have been made a t  but few placee in Alaeka since 
the withdrawal of Signal Service observere in 1887, and while the 
climate of the coast is fairly well determined, comparatively little ie 
known of interior Alaskan climate, especially in summer. 

The central station of the new eervice is located a t  Sitka, a t  which 
point continuous regi~ters of wind velocity, eunehine, temperature, 
and preaeure will be made. Chuck observations of etandard inetru- 

- ments a t  8 a .  m. ~ n d  8 p. m,, local mean time, will also be made. 
Snowfall at high levels in Wyoming.-The section director of the 

Climate a r ~ d  Crop Service of Wyoming, in cooperation with a epecial 
ageut of the Office of the Experiment Statiol~s%f the Department of 
Agriculture, has been directed to make a careful study of the precipi- 

. tstion a t  voluntary etatio~ie iu mouutain regions, with a view of 



determining the amount of snowfall a t  high levels. He hae been 
directed to eecure a6 many additional voluntary obeervere ae poeeible, 
and, wherever the reports are eepeoially desirable, to arrange for paid 
obeervere. It is deeired to know if a uniform ratio exiete between 
precipitation a t  moderate levele and precipitation on high mountain 
rangee. I t  ie true that the amount of snowfall determine* in a great 
meaeure the volume of water available for the purpose of irrigation 
during the growing eeaeon of crope. If the ratio between mountain 
snowfall and the precipitation a t  lower levele be alwaye the eame, i t  
will, of couree, be poseible to determine the amount of etlow by the 
precipitation meaeured a t  our many etatione on low levels, but if the 
ratio be not conetant, i t  ie appnrent that accurate meaeurements of 
precipitation ehould be made within the elevated zone that euppliee 
the etreame of summer. From this and eimilar inveetigatione i t  may 
be poeeible to make a fairly accurate eetimate of the volume of water 
to be expected during each growing seaeon. The eubject ie one that 
requiree careful investigatioa, ho that faulty conclueions be not 
reached. 

PUR1,ICATIONB. 

The bueineee of the Publicatione Divieion differed materially from 
the correeponding period that closed with June, 1897, only in the 
quantity of work done. The exceee of impreeeione, by letter preeeee, 
wae 88 per cent ; of completed copiee, 86 per cent; while th6 increaeed 
product of the lithograph preeeee exceeded 16 per cent. 

The regular publioatione include the mornit~g Weather Map, 860 
aopiee; the Monthly Weather Review, 4,000 copiee; the Climste and 
Crop Bulletins, weekly duriug the crop eeaeon, April to September, 
inclueive, and niorithly during the rest of the year, 4,000 copiee; the 
Meteorological Chart of the Great Lakes, monthly except December, 
January, and February, 3,000 copiee; the Snow and Ice Chart, weekly 
during the winter eeaeon, 1,60Ocopiee, and the River Bulletin, monthly 
ritlce January, 1898, 660 copiee. 

MONTHLY WEATHER REVIEW. 

The Monthly Weather Review har been edited by Prof. Cleveland 
Abbe slid publiehed regularly, the date of ieeue being six or eeven 
weeks after the cloee of the month to which i t  refers. Each number 
now contaitie eectione contributed by the Forecast, Climate and Crop, 
and Recorde Divieione, beeidee thoee by the Librarian and the Editor. 
I n  addition to these regular eectio~~e the Bureau ie indebted to 
numeroue friende throughout the world for " epecial contributiotie " 
that are oftentimes of great intereet to meteorologiets and eepecially 
to member8 of the eervice. The etatietical matter in the Review 
forme a very comprehelleive record of the climate of the eeveral 
States and Territories. For reference and future inveetigation euch 
a reoord ie invaluable. The Review hse aleo been enriched by regular 



monthly contributions of climatological data from Hawaii, Mexico, 
Jamaica, Haiti, Nicaragua, and Canada. 

I n  size i t  has not exceeded the prescribed limit of fifty pages of 
text and ten charta, but a larger percentage of the text has been 
printed in smaller type than was formerly used. There are usually 
twenty pages of tabular matter, eight regular and several extra charta 
in each number. 

The Annual Summary, together with the table of contents and 
index, completes each volume which, in accordance with past prece- 
dents, is kuown as the " Monthly Weather Review and Annual Sum- 
mary " for the respective years. 

RAINFALL AND OUTFLOW O F  THE GREAT LAKES. 

In  answer to a request from Mr. C. H. Keep, Secretary o f  the Lake 
Carrier's Association, a report on the rainfall and outflow of the  
Great Lakos was made by Prof. C. Abbe and published in the Monthly 
Weather Review for April, 1898. The important result therein 
demonstrated is one that has, in fact, been long suspected, namely, 
that  we know too little about the evaporation and the drainage from 
the watershed of the lake region to justify any minute conclusio~is. 
The " drainage or run-off " is a matter that should be determined by 
hydraulic engineers. In  order that the Weather Bureau may resporld 
satisfactorily to the public demands for information on evaporatiou, 
i t  will be necessary to eetablish a large number of evaporometers in 
the Lake region in such positiol~s as to give the evaporation from the 
water surface of the lake as distinguished from the measurements in  
thermometer ~heltere usually made by meteorologists. 

M I N U T E  OBCIT,LATIONB ON THE GREAT LAKES. 

Mr. F. II. Denuison, of the Canadian Meteorologioal Service, hav- 
ing eetabli~hed a continuous record, on a large scale, of the oscilla- 
tions on Lake Ontario, h ~ s  ehown that minute temporary waves have 
such a connection with atmospheric conditions that they may, per- 
haps, be used to predict distant thunderstorms. These oscillations 
are of much interest from several points of view and observations 
should be maintained a t  Weather Bureau stations in connection with 
the evaporometers before mentioned, and in addition to any similar 
stations that  may be maintained by the Chief of Engineers, United 
States Army, or by the Director of the United States Geological 
Survey. 

METEORO1.OUIOAL CHART O F  GIHEAT LAKES. 

During a persolla1 inspection of Weather Bureau stations on the 
Great Lakes in the summer of 1897, I became convinced that the use- 
fulness of the Bureau in that region could be greatly increased. One 
of the measures adopted with that end in view was the issue of- a 
monthly chart to vessel masters, the first issue of which was mailed 



on September 27, 1897. The chart shows, among other things, the 
lake ports a t  which storm warnings are displayed, the localitiee in 
port where information respecting the weather can be obtnined, the 
regions of fog, the prevailing winds, and other statietical information 
~especting the winds and weather on the lakes. 

The collection and publication of data relathg to fog frequenoy 
Aave been productive of interesting results. I t  has been shown that  
fog prevails in mid lake more frequently than on shore, and that  
some parts of the lakes are more liable to fog than others. Event- 
ually i t  will be possible to map the areasof greatest fog frequency on 
the lakee for the guidance of lake captains. Whether it will be pos- 
sible to predict tho occurrence of fog on the lakes is a question the 
Rnrenu is not yet ready to answer. 

WEATHER BUREAU TELEURAI'H LINEB. 

At one time the Federal Governmelit owned and operated about 
5,000 miles of sea coast and frontier telegraph lines. In  1891, 633 
~ni les  of these lines, mainly on the sea coast, were turned over to the 
Weather Bureau as appropriate to n purely meteorological service. 
These lines traverse thinly settled regions or connect islands with 
the niainlal~d by submarine cable a t  points where there is 11ot enough 
commercial bueiness to wrtrrant the construction of a private line. 
The total revenue from Weather Bureau lines on account of com- 
mercial dispatches, during the year, was 84,220.19, which sum wae 
covered into the United Btates Treasury, ns required by law. 

These lines serve a double purpose ; first, they enable the Bureau 
to receive early infornlation of chnngeu in the weather a t  exposed 
points on our coast, and second, they permit of the display of storm 
warnings near several of the great highways of vessels entering or 
leaving our ports; they also contribute lurgcbly to the safety of ves- 
sels navigating our shores, as evidenced by the specific cases qnoted 
below. 

(1) The British Bark C ~ ~ l d o o n ,  Captain Itichter, Cape of Good 
Hope to Doston, went ashore March 23, 1898, on the south side of 
Nan tucket Island. Wrecking companies were a t  once notified of the 
disaster and by speedy action the vessel and cttrgo, valued a t  $IOO,000, 
were saved. 

(2) The steamer 1 '~~~curoru ctnd cargo, vttliiud a t  $700,000, went 
ashore on Middle Island, IIake IIuror~, during a dense fog, October 24, 
1897. 13y means of tlie Weather Bureau sy~ tem of cables nnd tele- 
graph lilies connecting Thunder Sny and Middle Ielnnd with the ob- 
server's ofice in Alpena, aesistarlce was summoned snd the uteamer 
wcts saved nfter lightering 800 tons of merchandiee. 

INHTHUCTION I N  MET&OROLOBS. 

Tllu instruction given in meteorology in t l ~ a  1Jni ted P t ~ t v ~  varies in 



i ts  character according 8s this suhject is  considered as  a part of a 
course in climatology and geology, or as a course in mathematics and 
physics. The former method of treatment is appropriate to high 
schools and to the needs of those who contemplate becoming observ- 
ers in the Weather Bureau; the latter method of treatment is appro- 
priate to universities and should fit one for the prosecution of im- 
portant work in dynamic meteorology. 

The importance of the subject has been kept in  miod, especially 
in the assignment of observers to duty a t  points where there are col- 
leges or universities not already provided with instructors in meteoro- 
logy. Prof. Cleveland Abbe, Editor of the Mot~thly Weather 
Review, has been requested to prepare a report on the general condi- 
tion of the subject in the United States. His  report will douhtlese 
stimulate interest in the matter and lead to a better conceptioll of 
the standard of technical knowledge required for admission to t he  
Weather Bureau service. 

It is er~couragjng to be able to report that  during the past year the 
courses in meteorology have been strengthened in a large number of 
high schools and academies. 

The well knowti couree of Prof. Wm. M. Davis, in Harvard Uni- 
verai ty, now devolves upon Mr. R. DeC. Ward, who has published an 
"Outline of Requirements in Meteorology," intended to serve as an  
aitf to tettchers in preparing student8 for examillation in eleme~~tt i ry 
meteorology, presented for admission to JIarvard College and the  
Lawrence Scientific School." 

A meteorological o\)servatory has been erected a t  Columbia Uni- 
versity, New York City, under the direction of Prof. William Hal- 
lock of the Department of Physics, and a complete course of instruc- 
tion in this subject will undoubtedly follow. 

A course of lectures on hydrodynamics in its application to the 
motions of the atmosphere, has, durillg the past year, been offered hy 
Prof. James McMtthoti of Cornell U~liversity. 

Mr. 0. L. Fassig, of the Weather Bureau, on duty a t  Baltirnore, wae 
assigned to the duty of instructor ill c] imatolo~y a t  the Johns Hop- 
kinu University, in addition to his other duties. The course of lec- 
tures give11 by Mr. Fassig has undoubtedly stimulated ~nteres t  in 
climatic research a t  the Universitya~ld throughout the State. Already 
plalls have been made for the ntudy of two special climatic problums 
O C  considerable economic importance. 

IMPROVEMENT I N  INBTRUMENTAL EQUII'MENT. 

Early in the year a systetliatic plan for the betterment of the 
instrumental equipment of Weather Bureau stations was formulated, 
due regard being paid to the various Iocnl, educational, and othe__r 
intereete subserved a t  the several stations. This method secured a 



judicious distribution of the supplies that  became available during 
the year, and, as  a result, the equipment of all the stations is now in 
a more uniformly excellent condition than ever before. 

The Weather Bureau stntions a t  all important points are regularly 
visi ted by studen ts and classes of local educational institution#. 
Advantage has been tnken of the valuable opportunity thus afforded 
to instruct large numbers of pupils in the use of meteorological 
instruments as well as the methods of observation and general work 
of the Weather Bureau. 

There are now in use a t  regular stations of the Bureau, not includ- 
ing either the stations of the West Indies or the Marine Service on 
the Great Lakes, 90 registers (double-and triple) recording velooity 
and direction of the wind, and, with few exceptions, sunshine and 
r a i n f ~ l l  ; 113 thermographe, recording the a i r  temperature, and 106 
barographs, recording air pressure. No other similar territory in the 
world is covered with such a complete equipment of instruments, 
recording climatic and meteorologic phenomena. 

LO88 OF FARM PROPERTY BY 1,IQHTNINQ. 

A number of inquiries have been received during the last few years 
relative to the freqriency of thnnderstorms. Several correspondents 
of the Bureau hold to the view that there has been a perceptible 
increase in the number of storms and fatalities by lightl~ing stroke 
within a comparatively short period. This view is also held by 
insurance companies which include lightning risks in their business, 
and statistics have been adduced in s ~ ~ p p o r t  of this contention. Thus, 
to quote a single illustration: The Farmers' Mutual Fire Insurance 
Company, of Readington, N. J., a company that insures isolated 
farm property, mainly in central nnd northern New Jersey, paid in 
losses by lightning during the six years, 1882-1887, $24,388; during 
the six years, 1892-1897, $62,163. 

The following illustrates the variation from one year to the next: 
Tho Mutual Fire Insurance Companies of Michigan sustained a loss 
of $37,668.64 in 1896, due to lightning stroke, of which there were 316. 
In  the following year a loss of $143,841.26, on account of 1,609 cases 
of lightning ~ t roke ,  was sustained.' Such a variation from year to 
year is perplexing alike to the insurer and the insured. Thestatistioe 
of thunderstorms for Michigan, collected by the Weather Bureau, show 
tha t  there were 14 per cent more storms in 1896 than in 1896, while 
the number of lightning strokes, as shown by reports ~eceived by the 
Culnmiseioner of I n s n r ~ n c e  for Michigan, increased 377 per oent. 

I n  order to determine the froquency of lightning stroke and the 
amount of property that  is destroyed anin~ally by that  phenomenon, 
the Weather Bureau has undertaken to collect, through the coopera- 

- - -- - - -- - - -- - - - . -- -- - 
* Michigan Insurance Reporb, 3898-1897. 



tion of agents and adjustere of Farmers' Mutual Insurance Aseocia- 
tione and many private persons, statistics of lose to farm property, 
including livestock in the fields. The data so collected will, in the 
course of time, afford means of cjetermining an equitable rate on 
lightning risks. 

NEED OF ABBIBTANT CHIEF OF BUREAU. 

I regret to have to report that almost my entire time has been con- 
sumed in executive work, leaving little or no time for personal study 
and investigations. The executive work is constantly growing; in 
addition to the work involved here in the city of Washington, there 
&re 166 outlying completely equipped meteorological stations, a t  the 
majority of which conditions continually arise that require careful 
executive consideration. While I have no desire to shift the respon- 
sibility for a portion of the work to another official, I feel that for 
the beet intereste of the gervioe an assistant to the Chief of Bureau 
ehould be available in times of emergency and when the Chief is 
absent from the city 011 official bueinees. 



APPENDIX A. 

STORMS, COLD WAVES, AND FLOODS OF THE YEAR. 
By Prof. E. B. OARRIOTT. 

Four:hurricanes visited tlie Atlantic and Gulf coasts. One of tliese WILE severe 
on  the Texas coast September 13, 1897, where, owing to high winds and tides, 
13 lives were lost, and the property lose was $160,000. The ~econd hurricane 
skirted the south Atlantic coast September 21, 18I37, and disappeared south of 
New England September 24. Reports of incoming vessels showed that this 
storm was quite severe off Hatteras September 22. In  advance of both of thesle 
storms all shipping and ports in the Gulf of Mexico and along the Atlanticcoast 
received, respectively, ample warning of high winds. 

I n  October, 1807, two hurricanes moved northeastward along the Atlantic sea- 
board; the Arst from the 19th to the 21st, and the other from the 23d to the 26th. 
Reporta received indicated that the benefits derived from hurricane warninge, 
issued in connection with these ebrms, were very great, more particularly in 
the case of the storm of 23d to 26th, which, from New York south to IIatterss, 
was the most violent and destructive that had occurred for years, Danger 
warnings and special telegraphic bulletins were displayed at all ports from 
twelve to twenty-four hours in advance of the hurricane, and the information 
waa widely disseminated by meana of the telephone, telegraph, and signal 
rockets at  night, and, as a result, few disasters to shipping occurred. Between 
eight and nine hundred vessels were reported to have remained in port at har- 
bors on the Atlantic coast as a result of the signals and wrrnings. At Norfolk, 
Va., it was estimated that the warningssaved $860,000 worth of cotton and other 
merchandise from damage by high tides. 

Three severe storms occurred in Noveniber, 1897. The Arst of tliese advanced 
from Kansas to tlie Gulf of St. Lawrence from the Sd to Uth, causing high east- 
erly to northerly winds on the upper Lakes and violent southerly to westerly 
gales on tlie lower Lakes. This was the storm in which the ill-fated Idaho waa 
lost on Lake Erie. This vessel left Buffalo harbor the afternoon of the 6th in 
the face of the storm aignaln, which had been flying since daybreak. The second 
storm appeared in Kansas on the 7th, crossed tlie lower Lake regioll on the Oth, 
and moved eastward off the New England coast on the IOth, its passage being 
attended by gales, for which signals were ordered woll in advance of the storm's 
arrival. The third storm of November advanced from tlre region north of 
Montana to New England from tho 9th to 12th, attended k)y gale8 over the Great 
Lakes and along the New Xnglsnd coast. Tlre daily prose at tho various lake 
cities published many commendatory notes regarding tlle valrlu of the warnings 
iseued in connection with these ntorllis and tho estimntio~i ill \\ llicll tliey were 
Iield by the interests served. 

The Chicago Chronicle of Noveml)ur 12, 18!)7, statetl, oditorii~lly: 
"The wreckof thes te~mor  Td~~ho,  with tho lossof nineteen lives, off T,ong Point, 

last week, points a moral anti adorns a tale for laku mariners. The clinaater wan 
tlie result of carclessliees and temerity. Tlie Itluko was tliirty-live years old, 
and though not exactly unseaworthy, slioul(i not have 1)eon expo~ed to a aevere 
storm. The storm  signal^ were firing when the boat put out of the port of Buf- 
falo to make its wny up h k e  JCrie. (:aptain C+illius trustrd to 11in own judgment 
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instead of to the  warnings of science. H e  also trusted in the  stoutness of an old 
craft, not fitted for the  severe tempestn of the  ueason, Small as  it  is, Lake Er ie  
sees t h e  worst storms that  sweep across the  lake basin. 

"We are accustometl to jeer a t  the  'U7eatlier Bureau when unheralded storms 
carry devastation in their tracks across land ant1 uea. Sometimes, 
often, forecasts of storms are not fulfilled; but this is only i n  case o!?sqh:.!: 
changes from calm to disturbance not seriously affecting navigation nor t h e  
prlrsuits of trade and labor on land. Serious warnings are  seldom without 
cause." 

The  Buflalo Times, November 14, 1897, contained t h e  following: 
" During t h e  past week the local Weather Bureau has done navi ation interests 

invaluable service. ~t haa given warnings of the  storms which Rave prevailed 
during t h e  week, and undoubtedly hag in this wey saved two or three million 
dollars worth of property, and nobody knows how many lives. Yesterday 
morning GO vessels left port after waitin for the storm to blow over. Certainly 
the  navlgabion interests of t h e  Queen 8 i ty  of the Lakes could ill afford to d o  
without t h e  services of the  Weather Bureau." 

Detroit papers commented as  follows: 
Det~oit Triburd, No.wmbe~ 12, 1897.-" The Weather Bureau a t  this point issued 

warnings of the  approaching storm laut Wednesday and a t  once ordered up 
storm s~gnals  a t  points along the  entire chain of lakes. The  orders were repeated 

esterday morning. That much attention was paid to  the  signals is ?hewn 
by  the fact that  t h e  vessel pamares a t  Uatroit yesterday were among the l lgh tea  
in number on record." 

Detroit Pree P~e88, Noventbsr 12, 1807.-I' I t  is a fact deserving of praise that  
ever storm this month was seen in t h e  d i s t ~ n c e  and predicted long before it 
reacted the  lakes. For  a period of twenty-four to thirtg-aix hours ahead th.0 
inhabitanb of t h e  Lake region have been told of t h e  coming of each; and as  lt 
came closer, and immediate conditions could be gauged, t h e  public have been 
uiven exact details includ~ng direction and velocity of wind. Some men say 
this  is a matter of iuck. T!~ere is some excuse for this remark in view of t h e  
titter failure of pretlictionn In times past. But there is another side to it. The  
Bureau has, without doubt, been brought to a high state of ctficicncy. The  Chief 
and his assistants have profitetl by past ex )ericnce just as  every inan of sense 
Ukes warning of what has gone before, and endeavors to improve on his  record. 
The  science of studying the  origin antl tracks of stormu has been refined, and 
the procem of refinement has by no means been completed. New instruments 
have had much to do with this, but study and application and reasonable 
de;!~ictions have had more. 

The natural result is the  greater respect paid to the  B~lreau, its bulletins antl 
 chart^ than ever before. The November chart, containing diagrams O/  t h e  
courses of ast storms for that  month, has jumped into popular favor. Requests 
are  made C r  it every day by lake masters, owners, and others. More heed in 
taken of storm warnings, for the  lake sailor has come to look on them 8s wortlly 
of trust. The one great exception was the  starting of t h e  steamer Idaho from 
B~lffalo laat Friclay. The  pretfictio?,oP that  storm and its attendant conditions 
hati been-rnade many hours before. 

Four storms of marked severity developed in the  southwest in Janoary, 1808, 
and, following nearly the same path, moved northeastwartl across the  central 
valleys, t h e  lower Lake region, antl the  New England coast, accompanied b y  
heavy snow in the  northern portion of the-regions traversed, and by high winds, 
caueingconsiderable damage to various interests and interrupting traffic in north- 
e rn  Illinois, Wisconsin, antl Lower Michigan. The  first storm, that  of t h e  21st- 
23d, caused unusually high tides on tlio Massachusetts coast, which resulted in  
considerable damage to seaport cities and towns in that  region. Warnings were 
thoroughly distributed well in  advance of these storms and were of undoubted 
value. The  warnings of heavy snow for t h e  states named were ~ m p l e  and very 
accurate. 

A wind and snow etorrn of unnsaal violence passed over eastern New York 
and New England January 31, end February 1, 1898. High wind, in  connection 
with heavy snow, causetl great distruction to shipping on t h e  New England- 
coast, and great damage to railroads, telegraph and telephone lines throughout 



enstern New York and New England. The  warninw issued the  morning of t h e  
31nt were given the  widest poeeible distribution throughout the threatened 
regions, and, as shown by reports received, were of great benefit. Conservative 
antl reliable estimates place the loss by the storm to electric and etearn railroads, 
telegraph and telephone companies in the city of Boston ant1 neighboring cities 
and towns, and to corporations and individuals 'generally at  a b u t  $1,600,000. 
The  damage to al~ipying is estimated a t  from $160,000 to $200,000. 

Severe storms also o c ~ ~ r r e d  on tlie New England coast February 16 and 16, 
ant1 from February 18 to 22, 1888, n heavy snow and wind storm moved from 
Tuxas northeastward to New England. The warnings issued in connection with 
tliese storms were opportune, and the warnings of heavy snow and lriyh north 
to northeast winds for the States of the upper Mississippi Valley and tlie upper 
Lake region, made mainly in the  interest of transportation companies, were 
fully verified, t11e snowfall in tlie upper Lake region exceeding I8 inches. 

From March 2 to 5, 1808, a storm nloved from the  eastern part of tire Gulf of 
Mexico to the New England coaat. All shipping was well warned lint1 no seri- 
ous losses were reported. 

The severe storms of April, 1898, occurred over the  Lake region on t h e  
13-l,5tl1, and 18-Both, and along the Atlantic coast on tho 26-29th. Tlie coast 
storm was attended by unusuctlly severe ~111es and high tides on the  middle 
Atlantic coast, but owing to warnings disseminated very little d a ~ ~ r n ~ e  resulted. 

COLD \VAVKB AN11 N'HOHTN. 

Tlie Florida freeze of January 2-4, 1898, was very dentrr~ctive to early vepe- 
tables, ant1 caused consitlerable damage to citrus trees antl pineapples. From 
t h e  fLd to tlre 4th the  following minimurn lcrnperatures were reported from 
Jac-k~onville, Tampa, and Jupiter, respectively: January 2, 2G0, 2s0, 30°; Janu- 
ary 3, 2G0, 2tJ0, 30°; January 4, No,  RS0, :No. Warnings of these injurious con- 
d i t i o n ~  were sent from Wasiiiripton, illlrl, altl~o~rgti both of the ciaye On w h i ~ l l  
tlre nlcssa~es were sent were holiciwys, making c~ffective tlisseniination difficult, 
the  wernings were, througli the  effort8 of t h e  IVestl~er Bureau observers, by 
means of tlie mail, telegraplr, antl tuleplrone services, and the cooperation of 
t h e  rrtilroad ofticitlls, very witiely distributeti throrighout the  threatened dia- 
t r i c t ~ ,  ant1 cnabled the  adoption of effective measures for the  protection of 
crops. 

Severe cold weather prevailotl in Floritla Fel)runry 2-4, 1898, with tlie follow- 
ing nlinimum temperaturt.s a t  ,Jack~onville, Tampa, and Jupiter, respectively: 
February 2, 2U0, 31°, 40°; Pubrrwry 3, :)!lo, :{So, GO0; February 4, 54O, 3J0, 62O. 
Tlre a m o ~ ~ ~ r t  reported saved by wt\rninge in Floricla I)y fruit and vegetable 
growers alone reached $68,000, and these figr~res repre8ent only a part of the  
total, there being hrlndreds of grower8 who were I)enefited, tfirectly or indi- 
recatly, froin whom no inforrristion could I)e o1)tairred. 

Tlie Floritla press cornplimenteti the  Weathur Brlrean very highly upon t h e  
timely and accurate warning8 given and agreed in placing the  estimate of fruit 
trees and vegetables saved, therol~y a t  thousands of dollars. 

Heavy frosts occ~irred the mornings of April G to 9, 1898, in  the  south Atlantic 
anti (iulf Htntea, with light frost on the 8th an far nouth as  Jacksonville, Fla. 
Warnings of these  frost^ were issued from the  Central Ofice the  mornings of 
t h e  bth, Uth, and 7th, and extensively distri1)utetl throughout the  regions nnmed. 
Tho warnings were received in North Carolina fourteen hours, on the  average, 
in  advance of the  frost, a period amply sufficient to employ muthodafor protect- 
ing rropn. The saving to t h e  berry crops was placed a t  thousand8 of dollars. 
Mr. H. T. Bauman, shipping master of the  Fruit Urower8' Amciation, estimate8 
the  eavinp in t h e  State at  $100,000, and the  approximate value of tlie c r o p  pro- 
tected, principally ntrawberries, a t  $000,000 to $700,000. 



In  December, 1807, and January, 1898, frost and freezing weather occi~rred in  
the  citrus fruit districts of California. On December 2 and 3, the temperature 
fell below freezing ae far south as tos Angelea and Riverside counties, hut the  
injury to the fruit interesb was probably small. Warnings of these frosts were, 
in every instance, issued on the morning of the day preceding their Occurrence. 
I n  March, 1898, frosts, in some instances quite destructive, occurred in the fruit 
r e g i ~  cd California nearly every night from the 12th to the 27th, inclusive, and 
on the 9th and 10th a severe " norther," with gales on the coast, prevailed in Call- 
fornia. Warnings of frost were distributed throughout the districts visited in 
Advance of and during the period of frosts, and many efforta at  protecting the  
fruit then in blossom were made, which were not generally successful, owing to  
the  extreme severity of the frost. I n  some instances even grain was severely 
injured. 

The cold waves of the middle and northern diatrictrr of the country were 
neither aevere nor widespread, the most notable visitations of this c l ~ a  occurring 
over the west and northwest States March 22 to 23, and 24 to 28, 1898. All 
intgresta in the States lying between the Lake region and the Rocky Mountains 
were warned of tlte approach of these cold waves, and an immense saving to 
property and stock on the cattle ranges of the north and northwert was effected 

BLOODR. 

During the past fisc~1 year there were two floods of note in the Ohio River 
and its tributaries, the Tennewee and Cumberland; two in the lower Miwiaaippi 
River; and one in the Arkansas River. 
Floodr In tho Ohio.-The flrst flood in the Ohio culminated at  Cinalnnatl 

January 26, with a gauge reading of 62.2 feet; in the Cumberland at  Nauhville 
on January 22, with a readingof 38.6 feet; and in theTenneanee at  Johnsonville 
January 29, with a reading of 29.1 feet; the danger line at these points being 46, 
40, and 21 feet, respectively, 

The tremendous outpour of the streams that empty into the Ohio within a 
few miles of the gauge at  Cincinnati was chiefly responsible for the eeveral 
wccessive rises that were recorded. The Ohio had reached 38 feet on the 14th, 
when river interesb in the bottoms began to prepare for prompt action in owe of 
emergency. The danger line (30 feet) was passed at Point Pleaaant on the 
17th. The rise had only reached 44.6 feetat Cincinnati by midnight of the 17th 
when, the local freshets having run out, a fall began. Rteady and heavy rainr 
on  the 19th over the territory drained by the local strearns, caueed a sudden rise 
in the Ohio at this point of 6 inches per hour, the danger line being paaaed on 
t h e  19th at  midnight. This rise was a purely local one attributed mainly to the 
Little Miami River. But for the concentration of several heavy rains, piling 
up  a tremendous maw of water in front of Cincinnati the storms of the month 
would hardly have swollen the river above the danger line. 

Although the rise of 62.2 feet was unusual, submerging the valleys and low- 
lands, and causing inconvenience and expense in Cincinnati by necessitating the 
removal of gooils, and from a temporary cessation of budness, river interesbdid 
not suffer materially from this flood. 

A second and more disastrous flood occurred in the Ol~io River in March, the 
rise, beginning on the 16th, coming largely from the northern tributaries of the 
river. The rise WRR continuous, and onthe 29th at Cincinnati, reached a maxi- 
mum height of 01.4 feet, the highest stage in March since the record began in 
1868. -- 

The conditions which prevailed in the Allegheny Valley and along the Monon- 
gahels, earlier in the month, due to the influence of fair and warmer weather, 
were followed by unusually heavy rains over the headwater tributaries of the  



Ohio, resulting in three freshete within the space of ten days, the Brat and l ~ t  
of which aopped a trifle short of the flood line, while the recond, l a re ly  outof 
the  Allegheny, reached a stage of 81 feet above low water on the 24th at  Pitts- 
burg, the highest record since February, 1891. 

The heavy snowfall on the 1st and 2d of March is shown by the record of 6 
inches at Cincinnati. This was followed by the fair weather already referred to 
which caused the freshets in northern tributaries of the Ohio. Then came the 
heavy rains of the 17th, the river rising sharply by the morning of the 18th, 
between Parkersburg and Louisville, and continuing to rise in consequence of 
the heavy and general rains, especially over its northern watershed. Four or 
five days later, about the time that thedanger line (46 feet) was reached at  Cin- 
clinnati, extraordinary rains occurred which inundated a large portion of the 
States of Ohio and Indiana, flooding the valleys of the Muskingum, Scioto, and 
Miami. At noon on the 24th the 60-foot mark wea reached a t  Cinoinnittl, and 
on the morning of the 26th a further rise of 2 feet was recordsd, the water now 
encroaching upon the lower levels of the city. The Grand Central Railway 
depot was abandoned at midnight. 

On the 26th and 27th the Great Miami and Indiana streams were again em. 
ployed in carrying a great volume of water into the lower Ohio, the rains of the 
last date causing an  increased and prolonged rise in the vicinity of Cincinnati, 
the river coming to a stand at 61.4 feet at 3 6. m. on the Bth ,  remaining station- 
ary until 7 a. m., when it began to recede slowly. 

By this flood many interest0 suffered incnlculable damage other than the 
bueineee interests immedintely affected along the river; labor suffered severely 
through enforced idleness; eight or nine railroads were, for the time being, 
abandoned. At Zanesville, on the Muskingum River, the damage to property 
was paralyzing, a loss of $2,000,000 being estimated, while 4,000 people were 
driven from their homes. 

Floodr in ths MWipZn'.-The drst flood in the Mississippi culminated at  Cairo, 
Ill., on January 31, with a gauge reading of 44.4 feet. The second and niore 
serious rise followed that which culminated in the Ohio at  Cincinnati, March 29, 
with a gauge reacting of 61.4 feet, the gaugo indicating 40.8 feet at Cairo, April 6, 
on which date the highest point was reached. 

The January flood was precipitated by the sudden rise from Cairo to Helena 
coming out of the Ohio and Cumberland rivers January 10 to 13, due to heavy . 
rains over the entire watershed contiguous to these streams. At flret the rise 
was only moderate, but the freshets in the small streams emptying into the 
main tributaries caused an  increase a t  the rate of 2 to 3 feet daily. During 
eleven days, ending January 22, the amouat added to the Memphis stage wan 
22.5 feet, while at  Cairo and Helena the increaso was over 27 feet. At Memphis 
the entire rise for the month amounted to 27.9 feet, the highest stage being 32.2 
feet, reached on the Slat. I n  the lower Mississippi the January riee was the 
mwt rapid in recent years, Vicksburg's rise at the close of the month being 30 
feet, and New Orleans about 0 feet. 

The Aood of the flrst week of April, while largely consequent upon the Ohio 
flood of the last days of March, was affected somewhat by the breaking up of 
ice, but more especially by heavy rainfalls, which conlmenced about the 10th of 
the month and continued to the end, resulting in a total precipitation of more 
than twice the usual quantity for the month, fllling and overflowing main 
tributaries. As an exampla, ~t Hannibal the total rainfall on the 27th wns 3.42 
inches, which caused an nnprecedented overflow of the waters of Bear Creek, 
flooding 100 residences, waslii11g out railroad bridges, and damaging roadbeds, 
with other cfestruction. 

On April 1 the Mislrissippi River was above danger line from Cairo to Mem- 



phis, and a week later'the Helena gauge indicated a like condition. The rise at 
Memphis averaged one-half foot per day until the  11th when i t  stood a t  a 
37.3-foot stage, remaining stationary two days before t h e  fall set in. The  total 
height of the  flood wave was 27 feet, and this was reached a t  Memphis in twenty- 
aeven days from the  time of its flrst appearance a t  that  place. The  water was 
above danger line a t  Mernphis twenty-two days. At New Orleans the danger 
line was reached on the  18th, and the forecasts of the  Weather Bureau were to 
t h e  effect that  a nearly 50-foot stage would be reachetl a t  Vicknburg, and not to 
exceed 17 feet a t  New Orleans. Planters and others along the  river were fully 
prepared, therefore, and while the water reached the  exact stage anticipated, 
there were no serious overflows. 

&od in  flre Arkansas.-The flood in the  Arkansas that  ocrurrt~d during May 
was t h e  greatest known in years. On the  i t h  the  river a t  Fort Smith, Ark., 
attained the  unprecedented height of 35 feet. The  crest of this rise reached 
Little Rock on the  I l t h ,  with a t n ~ x i m u m  stage of 27.5 feet, which was attained 
a t  1:30 p. m. of that  date. The danger line was passed on the  6th, and was 
exceeded during ten consecutive dnyn thereafter. I n  conbequence of the  con- 
tinued rapid rise in the  upper Arkansas and its t r ibutar ie~ flood warnings were 
issued on the  6th forecasting a stage of 27.6 feet a t  Little Ilock, or just 0.4 foot 
lower than the  highest stage reacl~etl in 1802, when the  lowlands along the  
Arkansas from Little Rock to the  mouth were overflowed and devastated. The 
damage done along the  Arkansas west of Little Rock was greater tltan from any 
previous flood. I n  the  immediate neighborhood of Fort Smith the loss was from 
$2,000 to $2,500. Notwithstanding t h e  precautions taken ant1 the  extra work 
done, levees were broken, resulting in immense overflows by which thouaands 
of acres of growing crops were tlestroyed. Tlre immetliate cause of the  flood 
was t h e  general and heavy precipitation during the first few days of the month 
i n  the  valleys tlrair~etl by the Arkansan ant1 its trib~~t:trica. 


