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HE anthor would urge all mtel-

I ligent persons to abandon the

iden that the weather map is an
enigma too difbicult for them to solve.
To one who will read this chapter ance
or twice, and carefully follow the charts
as they at successive steps 1llustmte and
make clear the text, the daily weather
chart will be on object of interest as
well as pleasure and profit.  Somstimes
the problems presented by the map
are so simple that one possessed of the
mast elementary Enowledge aof its con-
strizction can accurately forecust the
character of the coming weather ; and
ngain, the most expert forecaster = un-
able to clearly foresee the impending
chatges,

Weather maps differas much as do the
members of the homan family : notwo
are precisely alike, dlthough they may
bt simiilar  their fundamental charac-
ternistics.  Some are s0 rodically dissim-
tlar to others that it requires hut a
glance to learn that similar weather

cannet follow both, Weather {orecast-
ing may be fairly placed vpon a plane
with the theory and practice of meédi-
cine. The forecaster v in & degree
guided in his calenlations by symptoms,
and he is able to diagnose the stmos-
pheric conditions with abont the same
degree of accuracy that the skilled phy-
sician is able to determine the bodily
condition of his patient. He is able to
forecast chanpes in the weather with
rather more certainty than the physician
can predict the course and the result of
o well-defined disease.  While but less
than a century sgo we knew not whenece
the winds came nor whither they went,
we are now able, through the md of
daily meteorological observations and
the telegraph that joins our places of
obs#ervation by an electric touch, to
trace out the harmomions operations of
many physical laws that previously were
unknown, and that determine the go
ings and the comings of the winds, and
the sequence iti which weather changes

* Copyrighl, roos, by the Natioml Ceographic Sooiety,
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gcour : but in weather forecasting it
will never be possible to attain the ac-
curacy scquired by astronomers in pre-
dicting: the date of an eclipse or the
occurrence of celestinl events.

In this connection it is interesting to
note that at the time of the founding
af the first of the Thirteen Colonies, at
Jamestown, Virginia, in 6o7, practi-
cally nothing was kaown of the prop-
erties of the air or of the methods of
measuring its phenomena. Today, at
over 200 stations in the United States,
Canadn, and the West Indies, electric-
ally recording automatic instroments
measute and transcribe, for each mo-
ment of time, the temperature, the air
presstire, the velocity and the direction
of the wind, the beginning and the end-
g of rainfall, the amoantof precipita-
tion, and the duration of sunshine.

It was got until 643, twenty-three
years after the landing of the Pilgrims
at Plvymouth Rock, that Torricelli dis-
covered the principle of the barometer,
and made it possible to measure the
weight of the superincumbent air at any
spot where the wonderful, yet simple,
little instrument might be placed. His
great  teacher, Galiléo, who was so
crirelly ted for teaching the
trith of the Copernican theory and for
the invention of the telescope, died with-
ont knowing of the barometer. He
therefore never understood why ** nat-
ure ahhors &8 vacuum.'”  But meteorol-
ogists as well ns astronomers must ever
pay homage to his great intellect, for,
among many other valuable inventions,
he discovered the principle of the ther-
mometer, The data from the readings
of the barometer and the thermometer
form the foundation of meteorological
scienice.  Their inventors as little ap-
preciated the value of their discoveries
as they dreamed of the great empire
then just rising from the mists of the
western seus, which should come into
existence and first use their Instruments
to detect the inception of storms.
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THRE RESEARCHES OF RENJAMIN
FRANKILIDNS

About one hundred vears nfter the
invention of the barometer Henjhmin
Franklin, statesman, diplomat, patnot,
and scientist, divined that northeast
storms were caused by atmospherie dis-
turbances locgted to the southwest of
the regions experiencing the north-
enst winds. He compared the move-
ment of the air to witer held in a canal
b a gate at the lower end. When the
frate is opened the water nearest it
woves: first, then that next higher up,
and so on, until motion is jmparted to
the water at the far end of the canal.
His simile does not explain what acta-
ully occurs, but it closely approuches
the truth. It was prophetic that this
jdea should come to him long befare
any one had ever seen charts that show
weather observations simultaneously
taken at a system of stations seattered
throunghout n broad aren. His theory
was equally s8 important as his act of
drawing the lightning from the clouds
and identifying it with the electricity
of the laboratory, but his contempora-
ries thought little of it and it was soon
forgotten.

It will aid in understanding the ey-
clonic motion of storms, which will be
fully explained a little farther along in
this chapter, to learn how Franklin
came to reach his conclusions as to the
canse of the northeast winds, e had
arranged with his brother in Boston to
take observations of a lunar eclipse at
the same time that he himself would
take them in Philadelphia. Early oo
the evening of the eclipse an unusually
severe northeast storm began at the
latter ploce, lasted many hours, and pre-
verted Franklin from getting observa-
tions. As the wind blew fiercely from
the northeast, he reasoned that of conrse
the storm came from that direction, and
that his brother's views in Boston also
were obscured. What was his surprise, a
few days later, to receive word that the
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night was clear and that good obseryva-
ticos were secured, but that a severe
northeaster began the next maorning,
He then sent out many inguiries to
staye stations, and learned that at all
places southwest of Philadelphia the
storm began earlier, and that the greater
the distnnce the eariier the Mning,
as compared with its advent in Phila-
delphin. Northeast of Philadelphia the
time of beginning was later than at that
city, the storm oot reaching Boston
until twelve bours after its commence-
ment at Philadelphia.

Franklin's analogy of the water is all
right so far as 1t goes.  But if, instead
of the canal, he had imagined a hroad
ocean, and in place of the gate he had
located a maelstrom o hunidred miles
wide in the center of the ocean, towartd
which the waterswithin a eircle a thou-
sand miles in diameter were moving,
first slowly and directly toward the
center, then with accelerating velocity
and increasing deflection to the right of
the cetiter, and finally faster and faster
as they drew near nnd gyrated with
fearful speed about the orifice down
which they must plunge, he would have
gained p clearer idea of the motions of
the qir in a large eyelonic storm, except
that to make the analogy perfect it is
necessary to invert the maelstrom and
have the upper surface of the ocean face
downward upon the lund to sent
the atmosphere, and then the maelstrom,
with its vast system of in-fowing cur-
rents, must have o movement of transla-
tion eastward.

The northeast hurricane that swept
the region from Boston to Philadelphia
was cansed by the suction exercised by
n cyclonic storm advancing from the
southwest, which drew the air rapidly
from Boston toward Philadelphia, while
the source of the attraction—the center
of the evclone—was severnl hundred
miles to the southwest of the latter
place. The velocity aof the northeast
winds increased as the center of the cy-
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clone come nearer and neares, until the
winds reached the foree of a hurricane,
When the center of the storm resched
the wvicinity of Philadelphia the winds
stddenly became varinble and light, and
as-the center of the disturbance passed
the winds arose as quickly as they had
subsided, but with this difference : they
now blew from some westerly point in-
directly, or spirally toward the center
of the storm that was g eastwoard,
and dimimshed in force as the center
gaited distance.

Had the telegraph been in existence
in Thomas Jefferson’s day he doulitless
woild have concerved the idea of fore-
casting the weather. In comjunction
with his friend, James Madison (after-
ward Bishop), be conducted a series of
weather observations, which were be-
gunin 1571 and continued during the
stirring times of the Revolution.  Madi-
sGn Wis near the sea, at Williamsburg,
the colonial capital of Virginia ; Jeffer-
son was at Monticello, 120 miles west,
They took simultancous ohservations
tor several vears, util the British ran-
sacked Madison's house and carried off
his barometer, By comparing observa-
tions they discovered that barometric
and thermometric changes occurred at
Monticello three or four hours hefore
they did at Williamsburg.

THE BHGINNING OH THE AMERICAN
WEATHER SERVICE

Although American scientists were
the pioneers in discovering the progress-
ive character of storms and o deter-
mining the practicability of forecasting
the weather, the United States was the
fourth country to give legal autonomy
to-a weather service.  But it would re-
quire an infernational service, embrac-
ing all the conntries of Europe, to equal
the service of the United States in ex-
tent of the area covered.  Furthermore,
forecasts for the countries of western
Europe can never cover the time in ad-
vance or attain the accuracy of those
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made for the region eastof the Rocky
Monntains on the American continent,
because of the ocenn that lies to the
west of these countries in Europe, from
which observations cannot be secured.
To be sure, wireless telegraphy may
partly relieve the situntion, but irregu-
Iar obhservations from moving vessels
cannot take the place of stable land
stations.

At the time of the becinhing of the
11, 8. weather service, in 1870, and for
come yvears thereafter the forecasts and
storm warmings were looked upon by
the press and the people more as ex-

iments than as serions statements.
‘];Etln HeEwspupers were prone to comment
facetionsly on them, amd many were
clsmorons {or the abolition of the serv-
jee. We knew nearly as much about
the theory of storms then as we do to-
dav: but we had never had the oppor-
tunity to train a corps of expert fore-
ciasters, such as pow form n considern-
ble part of the stnff of the Chief of the
Weather Bureay, and from which he
himself wus wated. This could
anly he done by several vears of daily
watching the inception, the develop-
ment, and the progression of storms.
After n time mariners began 10 note
that in the great majority of cases storm
warnings were followed by ETOUS
winds and to take heed accordingly,
With experience the warnings becume
still more accurate, until now no port,
however emall, is without its =torm-
warning tower, and no mariner sails
the seas who does not consult the sig-
unls, and no shipper of perishable com-
modities Tuns his business a day in the
winter without being in touch with the
source of cold-wave warnings, and no
large grower of friits or vegetahles is
cantent 1o be excluded from the receipt
of the frost forecasts,

Redfield, Espy. Henry, Loomis,
Manry, Abbe, and Lapham are the
Americans to whom the world owes
most for the founding of meteorological
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science and for the demonstration of the
{easibility of weather forecnsts.

HOW THE DAILNY WEATHER CHART
IS MADE

It is essential to o comprehension of
the problems involved in the making of
forecnsts that one gain a knowledge of
the methods of gathering meteorological
observations and making weather re-
ports. This morning at 8 o'clock—
=zth meridian time—which, by the way,
is abont 7 6'clock at Chicago, 6 o'clock
at Denver, ond 5 o'clock ar San Fran-
cisco—the observers at about 200 sta.
tions scattered throughout the United
States and the West Indies were taking
their observations, and, with the anid of
carefnily tested mstroments, noting the
pressure of the air, the tem titre, the
humidity, the rainfall or snowfall, and
the clondiness at the hottom of the
aerial ocean in which we live, sl which,
by its variations of heat and cold, sun-
shine, clonds amnd tempest, affect not
only the henlth and happinese of man,
but his commercial and induostrial wei-
fare, By #.15 the observations have
heen reduced to cipher for purposes of
brevity, nmd each has been filed at the
local telegraph office. Dunng the next
30 to g0 minutes these observations,
with the right of way over all lines, are
speeding to their destinations, each sta-
tion coutributing its own observations
and receiving in retum, by an ingenions
system of telegraph cirouits, such ob-
servations from other stotions as it may
requite. The observations from  all
stations are received at such centers as
Washington, Chicago, New York, and
other large cities, and nearly all cities
having a Weather Burenn station re-
ceives a sufficient number of  reports
from other cities to justify the issuing
of a dailv weather ma

Before examining the accompanying
charts it may be well to glance at the
central office in Washington, while the
ohservations are coming in, so as to get
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an idea of how the charts are made for
the study of the forecast ofhcml. From
these he gotsa panoramic view, notonly
of the exnet conditions of the air over
the whole country at the moment of
takinyg the observations ane hour before,
but of the changes that have ooourred
inthose conditions during the preceding
12 amd 24 hours,  As fast ps the reports
come from the wires they are passed o
the Forecast Divisiom, where a reader
stands in the maddle of the room and
transiates the mﬂmw imto. figures and
words of intelligible sequence. A force
of clerks is engaged in mnking graphic
representations of the geographical dis-
tribution of the different meteorological
clements, On bhlank charts of the United
States each clerk copies from the trans-
lator that part of each station’s report
needed in the construction of his par-
ticnlar chart, One clerk constructs a
chart showing the change in tempera-

ture during the preceding 24 hours,
Broad red lines separate the colder from
the warmerr and narrow réd lines
inclose areas showing changes in tem-

pernture of more than 1o d The
narrow lines generally run in oval or
circular form, indicating (as will be
shown subsequently ) that atmospheric
disturbances move and operate in the
form of great progressive eddies; that
there are central points of intensity from
which the force of the disturbance di-
minishes in all directions,

A second clerk constructs a chart
stiowing the change that has occurred
in the barometer during the past 24
hours. As in the construction of the
tempernture chart, broad, heavy lines
of r:ﬂ separate the ions of rising
barometer fmm r.lmﬂcn.igfnlhug hu.rmﬂ
eter., Narrow lines inclose the areas
over which the change in baroimeter has
been greater than one-tenth, and so on.

HEI'-E for instance, throughoota great
expanse of territory, all the barometers
are rising—that is to say, the air cools,
contracts, becomes denser, and presses
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with greater foree upon the surface of
the mercury in the cisterns of the n-
struments, thereby sostaining the col-
wmns of liguid metn] at a greater height
o the vacomm tnbes. Over another
considerable aresn the barometers are
falling, #s increasing temyperature rare-
fies and expands the volume of the air,
causing it to press upon the instroments
with less force. Thischart isextremely
useful to the forecaster, since, in con-
nection with the general weatber chart,
it indicates whether or not the storm
centers are incrensing or decreasing in
intensity, and, what is of more impor-
tance, it gives in a great measure the
first warning of the formation of storms,

A third clerk constructs two charts,
one showing the humidity of the wr
and the other the cloud areas, with the
kind, amount, and direction of the
clouds at each station, It is often in-
teresting to observe Al a4 station on the
cloud chart high cirrus clonds composed
of minute jee spicule moving from one
direction, lower cumtlo-stratis comi-

of condensed water vapor moving
from another direction, sod the wind
at the surface of the earth blowing from
a third point of the compass. Such
erratic movements of the air strata are
only observed shortly before or doring
rain or wind storms.

A fourth clerk constructs o chart
ealled the general weather chart, show-
ing for each station the air temperature
and pressure, the velocity and direction
of the wind, the rain or snow fall since
the last veport, and the amount of
cloundiness. The readings of the barom-
eter on this chart are redoced to zea-
level, so that the variations in pressure
due to local altitodes may not mask and
oberure those doe to storm formation,
Then lines, called isobars, are drawn
through places having the same
sure. By drawing isobars for each dif-
ference in pressure of ome-tenth of an
inch the high awd the low pressure
nreas are soon inclosed in their proper
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cireles, The word ** high *' 13 written
at the center of the region of greatest
alr presstire and the word '“low "' at
the center of the area of least pressure,
Under the mmfinence of gravity the air
dewnward and outward in all
ons, this causing it to flow from
n:-gmu nf great presspre toward one
of less. The wvelocity with which the
wind moves from the high toward the
low will d:p-end largely on the differ-
ence 1 AT . To better iflus-
trate : [f the barometer read 2¢.5 at Chi-
cago, 111, and 30,3 at Bismarck, North
Dakota, the difference of one inch i
nre would cause the gir to move
rom Bismarck toward Chicago so rap-
idly that after allowing for the resistance
of the ground there wounld remain a
wind at the surface of the earth of about
50 miles per hour, and Lake Michigan
wonld cxperience a severe °'north-
wester,””
CYCLONIT STORNS

Chart No. 1 showsa winter storm (cy-
clone) central 1o Iowa at 8 5. m., Decem-
ber 15, 1893, Theword *' low"" marks
the storm center. Itis the one place
in all the United States where the ba-
rometer reading 15 the lowest. The
heavy, block lines, oval nnd nearly con-
centric abatt the low, show the gradation
of air pressire as it increases guite uni-
formly in all directions from the storm
center outward,

The arrows fly with the wind, ntd,
as will be seen, are almost without ex-
ception moving indirectly toward the
low or storm center, clearly demonstrat-
ing the effect of gravity in causing the
air to flow from the severnl regions
marked high, where the air is aboor-
mally heavy, toward the low, where the
air 18 livhter. As the velocity of water
Howing down an inclined plane depends
hoth on the slope of the plane and on
the roughness of its surface, so the ve-
locity of the wind as 1t blows along the
surfnce of the earth toward the storm
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center depends on the amount of the de-
pression of the barometer at the center
and the resistance affered by surfaces of
varving degrees of roughness, The
small figures placed at the ends of the
arrows indicate wind velocities of six
miles per hour and more. At Chicago,
where the wind is blowing at the rute
of 4o miles per hour, the anemometer is
270 feet high, while at Miooeapolis,
where the instrument isso lowastobein
the strutum whose veldbcity 18 restricted
by the resistance encounterad in fowing
over forests to the nornbward, the rate
is not great enough to be marked by a

ure. Al Chicago and hnireupnﬂt_h:

wind is hlowing :gsljml'. the pressure
gmdieut, awn].r'frnm the low. Thisis
due to the fact that it has flowed swiftly
from the south and gained such momen-
tum that it rushes by the storm center
hefore the gradient an the north of the
center can overcome its movement and
turn it.

Now pictore in yonr mind the fact
that all the air inside the isobar (heavy
black line) marked 30.7 as it moves
spirally inward is rotatiog ahout the low
in a direction contrary to the movement
of the -hands of n watch, and you havea
very fair conception of an imiense at-
mospheric eddy, or cyclone.

Have vou ever watched the placud
wiater of a deep runnimg brook and ob-
served that where it encountered a pro-
jecting crag little eddies formed and
went spinning down the stream ¢ Well,
storms are simply great eddies in the
air that are carried along by the gpeneral
easterly movement of the atmosphere in
the middle latitndesof both h:ﬁ?ﬁpﬁrrﬁ
anil by the wu:t-:ﬂ:r movement of the
general cirenlation in the tropics. Dut
they are not deep eddies, as was once
supposed. The low marks the center
of an atmospheric eddy of vast honzon-
tal extent as compared with its thickness
orexteénsion in n vertical direction ; thus
a storm condition extends from \Wash-
ingten to Denver in a horizontal direc-
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tion, and vet extends upward but four
or five miles. The whote disk of whirl-
ing air four or five miles thick and 1, 500
miles in dinmeter is called a cyclone or
cyclonic system. It is important that a

roper conception of this fundamental
dea be had, since the weather sxpen-
enced from day to day depends almost
wholly on the movement of these trav-
eling eddies, eyclones, or areas of low
presaure.

That one

mu.;;iﬂplu a clear under-
standing of the erefice between the

movements of the air in the cyelone and

the movement af the cyclone itself, or
its transiation from place to place, let
him picture in his mind the solarsystem,
with all of its planets and their satellites,
turning each upon its own axis and
pursuing lits orbit abont the sun, and
theo imagine the sun also as rotatiog
and as moving forward in space withont
change in the relation of the plansts to
the sun, or the satellites to the planets,
and he will have less difficulty 1n com-
prehending the various phoses of the
translation of a eyclonic system and the
serquence in which the foree and the di-
rection of the wind changes; how the
wind must blow into the front of the
gtorm in a direction partly or whaolly
contrary to the movements of the storm
itself and into the rear of the storm as
it passes away ¢ how the wind increates
in velocity as it gyrutes spirally about
the center and approaches nearer and
nearer the region where it must ascend ;
how centrifugal force, in causing the
higher layers of air to move away from
the center, tends to conse an accumu-
Iation of air about the outer periphery
of the storm, which in turm presses
downward and impels the surigee air
inward. This whole complex svstem of
motion moves forward the same as does
the sun and his system.

The hlack round disk indicates that
the weather is clondy at the moment of
the observation, and the open disk clear
sky. S, and R. stand for smow and
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rain. The larpge figures in the four
quarters of the cyclone show the aver-
age temperature of each quadrant. The
greatest difference is between the south-
east and northwest sections. This is
due in part to the fact that in the sonth-
cast quadrant the nir is drawn north-
ward from warmer latittdes, and m the
northwest gquadrant the air is drawn
sonthward from colder latitudes.

Chart 11, constructed from ob=srva-
tions taketn 2 hoors later, shows that
the storm or cyclomic center, as indi-
cated by the word ' low,"" has moved
from ecentral Towa sinee 8 a. m. and 15

now, at § p. m., central over the south-

ern point of Lake Michigan, The
shaded areas show that precipitation has
occnrred during the past 1z hours
nearly the entire region covered by the
cvelone, Tinfortunately for the soence
of forecasting, precipitation does nol
show that relation to the configummtion
of the isobars that tempernture, wind
velocity, and wind direction do.

Note that none has fallen 1n the south-
ern portion of Ohio, i northwest Mis-
sourl, and in West Virginia and eastern
Kentucky, although they are near the
gtorm center, while a fall has occurred
in New England, quite remote {rom the
center of barometric depression. These
facts illustrate how a forecast of rain or
anow may fail for a portion of & state or
for a whaole state, even though the storm
pass over the state and the wind and
temperature change precisely as pre-
dicted, However, all the places men-
tioned as failing o receive precipitation
were showered vpon during the further
progress of the storm, except northwest
Missouri, ns will be séen by referring to
chart TII of the following: morning.
The cyclone has continped its course
toward the northeast, and has brought
the rain areaeastward to include nearly
the whaoale Atlantic coast region. The
weather has cleared on the west side of
the storm.

Charts I and ITI contain red lines,
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which, ltke the dark shading, dl:l not E!.J-
pear on chart I, which was purpose
left clear of these symbols, so thn.t 1'|1E
movement of wind in accordance with
presshire gradients conld be the better
shown.
hoving the: same temperature. Noie
how, on both charts, they trend from
the Atlantic coast northwestward into
the sontheast quarter of the cvclone,
and where they leave the storm center
how precipitately they drop away to-
warnl the southwest, A canse cin be
ensily found for this by exetining the
direction of the armows. In the frst
case the isothermals are being pushed
northwarnd by southerly winds, and in
the other forced sonthward by winds
from the porthwest. As the eyclone
% eastward the regions now un-
der the influence of warm southerly
winds will be, in ledsx than 24 hours, on
the west side of the storm, and cold
northwest winds will sweep over thens.
The line of arrows leading from west-
ern Wyaming to the center of the storm
an chart 111 shows the place where the
cvieloniic clrenlation of wind began that
constitutes the storm sand the course
pursted by the storm center. The
small cireles surmounding  ¢rosses mark
the places where the storm was central
nt each 1z-hour interval. The figore
above the circle indicates the date, ond
the letter below evening or morning.
As previously explained, tlie large
hgures give the average temperature for
each of the four quarters of the storm
withm a radias of s00 miles from the
center. The same information may be
gathered from the isotherms, but cannot
he sostrikingly presented. Now, remem-
bering that the dir ascends as it spirally
maoves around the center, one mny see
how the cold air of the northwest quar-
ter is mingled with the warm air of the
southenst pm"t'ir:r:l which in each of the
three cases presented by the charts so
far brought into the discussion is mare
than three times as warm. On chart

These red lines connect places
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I1I the two quarters are represegted—
one by 13 deprees and the other by 47
degrees. The mixing of such cold and
such warm maosses of air and the addi-
tion of cold'due to expansion as the mix-
ture rises is u fruitful cause of precipi-
tation, but oot the only one, for we see
that min has fallen in the Gulf states,
as exhibited oh chart 11, probably ooly
as the result of cold northwest winds
lowing into and minghing with the
warm sit of the south. Precipitation
mny also ocour as the resalt of the warm
hamid air of  aovtitherly winds under-
running cold and heavier air, and by
other processes not yel understood.

ANTI-CYCLONIC STORMS

Attention is now directed to the anli-
cyclene or high-pressure area shown on
these three charts as resting over the
Rocky Mountain platean. Hereall the
faunctions of the cye¢lone are reversed :
hence the name anti-eveclone. The air
has a downward ent of motion
at amd for a considernble area about the
center, mstead of an u COmpo-
nent ; the winds blow spirally outward
from the intenor, instend of inward, and
are deflected to the left of their initial
direction, instead of to the right, and
the air is mostly clear, cool, and dry,
instead of clondy, warm, and huamid.
The center of this high moved bat little
during the three t12-hour periods, but
its area expanded eastward ax the low
advaticed, and if the chart of Decem-
ber 17, 8 p. m., were shown the high

wonld be seen to cover with
clear, cool wenther the region now em-
braced within the limits of the low
PTESSUTE.

These are winter conditions that are
being deseribed. The stornis are gen-
eral, not locil, as in summer, when the
highs and the lows exhibit small differ-
ences of pressure, move slowly, and sel-
dom embrace large areas.  The sommer
type of local storms gradually merges
mto general storms as the beat of sum-
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mer wages, the first general rainstorms
usially occurring during the latter part
of September. This has given rise to
the erroneons idea of an ' eguinoxial
storm. "’

HOT WAVES

For some reason therd come, 10 stim-
mer, perods of stagnation in the drift of
the highs and the lows, At such times,
if a high slnggishly rests over the south
Atlautic Ocean betweets Bermuda and
the coast of the United States and a
low over the northern Rocky Mountain
region, there will result what is popu-
larly koown as a warm wave, for the
air, on account of its slightly greater
specific gravity, will slowly and steadily
flow fromm the sontheast, where the press-
ure is greater, toward the northwest,
where the pressure 15 less, and, receiv-
ing constant accretions of heat from the
hot, radiating surface of the earth, with-
out any cyclones to mix the upper and
lower strata, will fGnoally attain a tem-

fatiure almost unbearable to animal
ife. ‘This superbeated condition of the
lower stratnm in which we live continnes
until the high over the ocean dies out
or drifts away to the east and the low-
pressure area in the northwest begins
to gyrate as a cyvclone and moves east-
ward, mixing in ils conrse strata of un-
equal temiperntures and precipitating
the cool and welcome thunder showers,

COLD WAVES

Chart I'V shows the beginmng of a
cold wave in the northwest on the mom-
ing of Jaunary 7. 1586, Observe that
the heavy, black isobar passing through
Montana is marked yo.9, while the iso-
bar curving through southern Texas is
marked 29,5, o difference of 1.1 inch in
the air pressire between Montana and
Texas. The red isothermal line in Mon-
tana is marked 30 degrees below zero,
while the isotherin on the Texas coast
indicates a tempemture of 50 degrees.

The people of the Gulf states, with
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A morning temperature of 40 to 5o de-
grees, konew nothing of the great volume
of exiremely cold air to the northwest
af them ; but from the distribution of
air pressure shown by chart IV* the
forecaster anticipated that the cold air
of the northwestern states, on socount
of its great weight, would be forced
spthward to the Gulf and exstwani to
the Atlantic Ocean, or, more accurately
speaking, that the conditions cansing
the cold in the northwest wounld driit
sonthward and eastwand, He therefore
issued the proper warning to the threat-
ened districts,

Now turn to chart V of the following
morning, and it will be seen that the
cold wave has covered the entire Missis-
sippi Valley. The jo-degree isothermal
line has been forced southward almost
to Galveston, where the temperature the
preceding marning was 5o degrees,

The low shown on the preceding chart
as being central in southern Texas has
moved northenstward to Alabama and
on chart V ap as a fully developed
storm. The difference in pressure be-
tween the central isobar of the low and
the central isobar of the high is now 1.4
inches,

The low is lower and the ngh 1s
higher—conditions that argue ill for the
coast line toward which the low is mov-
ing, Next look ot the arrows at the
copst stations from Kev West, Florida,
to Eastport, Maine ; they are found Lo
hawve short bars at one end, which tdi-
cate that every port, large and small,
between these two places is flving dan-
ger signals, and that every promontory
or island along this vast stretch of sea-
shore will exhibit the warning lights of
the Weather Burean as soon as night
falls,

Twenty-five years ago mariners de-
penided on their own weather lore to
wiarn thet of coming storms ; then, al-
though the number of ships plving the
sens wid much less than it is now, every
severe storm that swept across them left
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death and destruction in its wake, and
for dayvs nfterward the dead were cast
up by the subsiding waters amd the
shores were lined with wreckage. Hap-
pily thisis not now the case. Theangry
waters and the ‘hnwling winds vent their
fury the one upon the other, while the
great mass of shipping, so long the prey
of the winds and the waves, rides safely
at anchor in convenient harbors.

The large figures in the four quarters
of the low again strikingly illustrate
how great mav be the difference in tem-
perature, under eyclonic influence. be-
tween tegions separnted by but short
distances, It is certain that as the low
or ovelonie whirl moves toward the
northeast, along the track usaally fol-
lowed by storms in this locality, the
cold of the northwest qundrant, by the
action of the honzontally whirling disk
of air that constitutes the low, will be
driven southeastward toward Florida,
lowerning the temperature in the orange
groves to below the freezing point.

Chart VI shows that the center of the
cyclone has moved during the preceding
z4 hours northeast to the coast of New
Jersey, with greatly increased epergy,
the barometer at the center showing the
abnormally low reading of 28.7 inches,
Cold northwest winds, as shown by the
arrows, are now blowing systematically
froin the high-pressure arven of the north-
western states sontheast to Flonda and
the South Atlantic coast, The red iso-
therm of 3o passes through the
northern of Florida, where, on the
day before, the temperature was< over
50 degrees;. ‘The cycionic gyration of
this storm extends 1,000 miles inland
and probably to an equal distance ont
to sex.  Heavy snow or rain has fallen
thronghout the area under its infinence,
seriotisly impeding railroad travel, aod
o gale of hurricane force has prevailed
on the coast ; but when, on the day pre-
ceding, the storm woas central in Ala.
bama all these conditions were foreseen
and the necessary warnings i=aued,
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Chart VII shows the conditions 24
hours later., Thestorm center, as shown
hy the line of arrows, has been three
days in passing (rom southern Texas to
the mouth of the 5t Lawrence. The
temperature has fallen still lower on the
Atlantic coast and in Florida as the re-
salt of uminterrupted northwest winds,
and no material rise in temperitore can
occnr until the high of the
northwest is replaced by a low pressuare,
and copvectional currents are drawn to-
ward the northwest instead of being
forced southward from that region,

When the charts indicate the [orma-
tiom of & large volume of dense, cold air
in the northwest, as shown by the ha-
rometer readings, the skilled forecister
is on the alert. He calls for special
observations every few hours from the
stutions within and directly in advance
of the cold ares, and as soon as he be-
comes convineced that the cold wave will
sweep across the cowntry with its at-
tendant damage to rrrnpnrl:y destruction
to animal life, and miort 1o human-
ity, the well-arranged svstem of dissem-
inating warnings is brought ioto action,
and by telegraph, telephone, flngs, bul-
letins, maps, and other agencies the
people in every eity, town, and hamiet,
and even in farming settlements, are
notified of the advancing cold 12, 24, or
even 360 hours before it reaches them :
and it is safe to say that $10,000.000
i% a low estimate to make of the value
of the perishable property that is pro-
tected in the United Statesas the result
of the warnings that are distrobuted by
the government in advanee of the com-
ing of only one of several severe cold
wives that occur each winter,

In the late spring and early fall the
highs or anti-cyclones, while possess-
ing less energy than in the winter, may
at times bring down to the earth such
umensunahly cold air as to cause inju-
rioins or destructive frosts, the frosts
being caused not necessarily by the cool
air of the high, but by the clearness of
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the air, which allows a free escape of
heat from the earth by radiation =t
night. As-in the case of cold waves,
warnings are widely (istributed in ad-
vance of the high that mav canse [rosts,
with great profit to the growers of tender
fruits and vegetables,

In a genernl way the d of cold
in a cold wave, or mather the d nre
of the température from the normeal of
the sepson, will be proportional to the
height of the barometer, and' a4 peces-
sary concomitant of a cold wave is an
area of low pressure immediately in ad-
vance of the high pressore, the npward
movement it one increasing the down-
waril motion of the other; and the
greater the difference in the barometer
between the two the greater the velocity
with which the air will gyrate about
and into the low, and the greater the
downward and outward movement of
the atr mn the high. and the more intense
the cold. It therefore follows that a
high that is not preceded by an active
low will have a less of cold for
n given re, and that the extent
and intensity of cold waves depends con-
gsidérably on the form and the charac-
teristics of the preceding low and its
loeation ; if north of the center of the
cotntry the cold that follows will not
reach the Gulf states in severe form, if
at all; but if a low of considerable
energy forms in the region of Texas
and moves northeastward to the Atlantic
coast, as nearly all lows do that arig-
inate in this region, anid a high of equal
intensity develops at the same time over
the northern plateatof the Rocky Moun-
tains, the lntter will be dvawn far to the
aenuth as the former mioves out of the
way toward the east, snd cold north-
west winds, driven by the high and at-
tracted by the low, flow into the Gulf of
Mexico itself, even reaching the isluinds
of the West Indies,

It would be impossiblefor a cold wave
to come upon the Pacific Coast states
with the highs that drift in from the
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oceart, because of the warming effect of
the water upon the nir to considernble
elevations : but frosts amnd cold waves
visit the interior valleys of Califordia
and other const states and reach nlmost
tothe ocean's edge. They are due to
highs that move southward and then
eastword along the platean. Thehighs
may be moving eastward very slowly,
bt the diameter of the areas covered by
them may increase 50 rapidly that some
cold alr is pushed over the mountsin
tops and flows from the northeast into
the intenor vallevs of the coast states,
The U. 8. Weather Buréan has
adopted certain arbitraty thermal lHmits
to determine what constitutes a cold
winve, Both the extent of the fall of
tempernture and the degree of cold that
must be reached vary for season and
. Forex . m December, Jan-
nary, and Febmary a cold Wive in the
northern Rocky Mountain region oceurs
when the temperature falls 20 degrees
in 24 hours and reaches a minimum of
zeto of lower ) in Tennessee a fall of
20 degrees, and to 20 degrees or lower
15 required, while along the Gulf coast
r flﬂ of but 16 degrees and to 32 degrees
constitutes a cold wave. all in
temperature is reckoned from any given
hour of one day to the same hour of
the pext day or from the minimam of
one day to the minimum of the next.
The area and the intensity of cold
waves depend npon the size of conti-
nents their distance from the trop-
ics, The interior of North America
and of Siberia have geegraphic condi-
tions that cause the most severe cold
waves of any parts of the world. If
the elevation of the Rocky Mountain
platean in North America were one-half
of what it is and if the monuntain chains
were leveled away, or even trended to
the cast and west instead of north and
south, the vzgumns atmosphere of the
Pacific, which extends upward but a
very short distance amd which decreases
in density rapidiy with elevition, be-
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cattse of the inability of water to exist
in the vaporops form in considerable
quantities except tnder the sction of
the comparatively high temperptures of
the thin stratum pear the earth, would
How far into the interior of the conti-
nent, and by nbsorbing the heat of the
sun during the day nnd restricting radi-
atiots from the earth at night markedly
decrense the severity of cold waves amd
other changes in tempersture. Hence
it is seen that the height of monntain
systems anil their trend relative to large
bodies of water and to the prevailling
direction of winds are important factors
in the cansing of cold waves,

As stated before, the air hias a down-
ward movement in the anti-cyclone,
which may beso feeble 0s to canse only
a slight chaoge in temperature at the
earth, or it may be nctive enough to
lower the temperature down to the frost
line in spring or fall, or even have such
energy as to canse a cold wave in winter.
In the latter case the air possesses such
intense cold at the elevation from which
it is drawn that, notwithstanding the
fact that it gnins heat by compression
atthe mte of about 1 degree for each soo
feet of descent, it is still far below norinal
temperature when it jeaches the earth.
Its mmitinl temperature is so low that it
can contain only a minunte portion of
water yapor ; it therefore evaporates all
fog or cloud as it grins in temperature
during 1ts fall, and by flowing away Int-
erally along the earth it drives away the
more homid airof the lower stratn, The
downward motion thus mireduces con-
ditions of clearmess and deficiency of
water vapor that nioles free tadia-
ttont and the loss of mnch of the hent
dynamically gained aswell as that given
off by the earth to the air. Tt therefore
seems that departures from the normal
température of a time and place are the
result of 2 mations of the air below the
height of 10 miles. Ascending and de-
scending currents cease before this alu-
tude is reached, and 1t is probable that
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the temperature of this region changes
but little from season to season and
from year to vear, although short-period
observations with the holometer, which
registers changes in the amonut of heat
that falls the ounter limits of the
air, indicate that ip time it possibly may
be necessary to modify this opinion.
~ Few le realize that the cold wave
has an important thermpentic value, It
seatters and diffuses the esrbonic-acid
gas exhaled by animal life and the fetid
gas emanating from decaying organic
matter. Its dense mir not only gives
more oxygen with each jospiration of
the Iungs, but the high electrification
that always gaccompanies it invigorates
man amd all other animal life. The
cold north wind, if it be dry, as it
usually is, hrmga physical energy and
mental buoyancy inits pure but bois-
terons breath.

HURRICANES

Mo=t of the storms that gam such a
velocity of gvmtion as to consitute hur-
ricines originate in the tropics and move
northwestward to latitude 26 degreesto
32 degrees; where they recurve and move
toward the worthenst, These are the
most severe of all the storms that visitthe
North American continent.  The West
Indies and the Philippines are the re-
gions wherein these forceiul storms
originate in the greatest numbers, and
the commerce of all nations hos prohted
larpely by the spitit that has I_'ltﬂﬂ:l_l;ilﬂ!
the United States 1o establish, since
158, a complete system of cable-report-
ing meteorological stations i1 both of
these stotions, which enahlés o central
station To keep mariners advised of
danger.

At times htrmicangs remain several
davs in the Gulf of Mexico or off our
South Atlantic coast, aml the only in-
dication we have of their proximity is o
strong suction drawing the air bnskly
over some of our coast siations toward
the center of the storm. Agnin, &
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heavy ocean swell may be caused by the
friction of the rapidly gyvrating air on
the surface of the water, and when the
hurricane has s slow progressive move.
ment, as it nsoally has south of intitude
30 degrees, this swell may be propagated
outwurd from the centér of the storm
faster than the storm 15 moving and
reach the coast several bours hefore
either the barometer or the wind move-
ment givesany indication of the coming
slorm.

The tracks of West Indian harricanes
are gsually in the form of parabolas.
These storms come from the southeast,
bist on resching the latitude of our Gulf
coast they, as a mule, recurve to the
nurtheast and pass along our coast line
Or nedar to1t.

Chart VIII shows a West Indian hur-
ricane just making its advent into
Fiorida. The effect of the storm js felt
as far north as Wilmington, where the
wind iz being drawn from the northeast
at the rate of 24 miles per hour, and dan-
ger warnings, as indicated by the bars
on the arrows, are being displaved as
far north as Norfolk, both at the regu-
lar ohservation stations of the Weather
Burean and at all the ouwmerous large
and small harbors of the South Atlantie
coast. The winds at Savaonah and
Jacksonville are moving from the north-
east and north, respectively, at 20 miiles
per hour, which is four miles less than at
Wilmington, farther away from the
storm center, This apparent inconsist-
¢ncy may be due to the low and re.
stricted exposure of the instruments at
tire nearer stations, but not necessarily
50, a% the winds never blow nto or
around a storm at velocities that are
evenly and consistentlv in accord with
the presstire grasdients, but rather inthe
form of riging and falling gusts.

(bserve that there are no warnings
flying at Key West ; this is becanse the
storm center i85 moving away, amnd the
witid cannol therefore reach any higher
velocity than it now has, and must
dteadily decline.
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[n stodying the winds about this
storm ceater, or rather aboutl such part
of it 85 projects over the land, recall
the story about Frankiin's northeast
storm. It will beseen how it is possible
for storms to progress mgainst the wind.
In thunder-storms this mle does not
hold. They cover bt an infinitesimal
area in comparison with a eyclone, and
there 15 o horizcontal rolling of the atmos-
phere. caused by cold and heavy air from
ahove breaking through nto a lighter
saperheated stratum next the earth.
This rolling motion throws forward the
cool air in the direction in which the
clond is moving.

Chart IX shows a slight aberration in
the northeast course of the storm, which
places the cénter inland. so that the
whole cyclone can be charted. From
eastern Florida the usual course is north.
eastover the ocean nstead of up through
Georgia and the Carolinas. What
cansed this storm to depart from the
usual course !  The reason can be easily
found, aml it i5 important that one
should fad it. The high over New
England and the contignous ocean had
n tendency to crowd the storm inland
and eanse it to seck the route of least re-
sietance, and the low over the Lake re-
gion attracted it. That is the reason :
it will be made plainer when we come
to consider the trauslation of storms,

The stormn has been destructive to
marine property, the wind at Savannah
reaching 72 miles perhour, and 48 miles
at Jacksonville, and warnings are now
displaved at all ports northwand to New
England, as the hurricane will move
northward between the two highsalong
the lines of least pressure. Chant X
shows that it traveled from northern
Georgia to central New York duoring
the pext 24 hours. The storin center
passing northward over the land instead
of the water, the hurricane winds on
the water were onshore—a condition
that strewed the const with the wreckage
of many vessels that were unable to see
the wiarming signals in time to seek har-
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bors of safety. Tt is pertinent here to
ask the student of weather forecasting
what would bave been the direction of
the wind and its efect on the coast line
if the storm had followed the tsual
cotirse and passed northeastward with
its center over the water insteai] of over
the land. By this time the teader
should be able to answer: The winds
wonld have been from the west and
much less barmful to wmariners; because
the surface water would have been
driven seaward instead of being banked
up in boisterons bitlows npon the shore,
and ships would have sendded out to
ocean before the pale instead of being
broken up on the reefs.

West Indian hurricanes are cvelonide
i character, but on account of the fact
thut the diameter of the whirling eddy
15 much less and the velocity of rotation
much greater than in the average cyv-
clone, it is customary to designate them
as hurricames. In other words, the
hurricane is a cyclone of small area, but
of powerful vortical action, and conse-
quently of great destructive force.

Chart X1 shows the track of the Gal-
veston storm. The spirals are not troe
pictures of the storm ; neither do they
represent pressure lines, as other charts
have done. They are used to illustrate
more clearly than can be dope in any
other way the eddy-like motion of a ey-
clone and at the same time give the
location of the hurricane on varous
dates.

In explaining the harricane of Qcto-
ber 27, 1903 (chart VIII), it was stated
that the storm was deflected a little from
its normal course by an anti-cvelone that
rested over the ocean, A similar dis-
tribution of air pressure occtirred o
September 6, 1900, when the hurricane
wius over Florida, except. that the anti-
cyclone covered the whole region from
the Mississippi River eastward to Ber-
muda and southward to the Gulf. The
storm was therefore forced to travel
westward around the high to the Texas
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const before it could turm to the north-
east. [t was brstdetected in the Carib-
bean Sea. It then moved at the rate of
only abont eight miiles an hour. [t in-
credsed s speed between Florida and
the Texas const to about 12 miles. It
did not become destructive until after it

imto the Gull. Then its velocity
of gymtion became so great that the
water was beaten into a fury and great
swells were propagated outward in ad-
vance of the storm, some of which
reached Galveston 16 hours before the
bhurricane. As the storm passed over
the latter city the anemometer registered
100 miles per hour and then broke into
pleces. This was probably nearly the
highest velocity reached, as it occnrred
it abont the time of lowest barometer,
which was 28,48 inches. Ax the storm
moved townrd the Lakes its rute of trans-
lation increased to about 6o miles per
hour, but its destructive force was much
less on the land than on the water, al-
though 1t produced wind velocities of
over 70 mileés at several Lake stations,
which, by the way, were amply worned
of the coming of the storm, as were all
Gulf ports,

Between July and October, fnclusive,
there are annually about ten tropical
storms that touch some portion of the
Atlantic or Gulf const. On an average,
les= than one per annum is severely de-
structive. Most of them are of such n
nature that if timely warnings be issned,
as they nsually are, little loss of life or
property occurs.  Asto the frequency
with which these storms visit the Gulf,
it may be said that the late Increase A,
Lapham, of Wisconsin, carefully pre-
pared a list of severe storms, more than
thirty-five vears ago, to be used by him
as one of the arguments for a govern-
ment weather service.  He showed that
from 18ooto 1870 ten hurricanes reached
some portion of the Gulf coast with a
force so marked as to leave authentic
records in the local annals of the region.
This is an average of one in each seven
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years, This average has been main.
tained since 1870 but no storm has
left such an appalling record as the one
of September &, 1900, Known as the
Galveston hurrienne, amd it i not prob-
ahle that we shall again see its counter-
part on the Texas coast in centuries.

It i= o meteorslogical coincidence that
the West Indies bear the same storm
relation to the United States that the
Philippines do to Chinn and Japea,
With the new ssions of the 1/nited
States in the Orient it has been possible
toestablish o storm-warning service that

15 as valuable to the commerce plying

the waters contiguous to the China coast
g= the sarvice recently organtzed n the
West Todies is to our sonthern seas,

The hurricanes that occar in the Pliil-
ippine Islands are called fppdoows.  Like
the West Indisn storms, they ocour
miainly during four monthsof the vear—
the middle summer and early fall, The
late Father Vifies, S. ], & scientist who
‘gave much study to trapical storms, says
it must be admitted that eyclones do not
form at any within the tropical
rones, but that they single out for their
formation definite regions within those
rones.  These regions are always on the
southwest periphery of some of the great
permanent ocean anti-cyclones. The
conditions for the development of cy-
cloties in the tropics are best satisfied
when large continents lie to the west,
whose coasts trend northward and south-
ward, with extensive seas to the east,
Such, nt auy rate;, are the geographic
features that concur to form the cyclone
regions of the West Indies, of the Phil-
ippine Islands, of the China Sea, of the
seqs of Indin, of the region east of Africa
in the vicnity of the islands of Mads-
gascar, Mouritins, Reunion, Rodngues,
etc

The cause of all tropical huwrricanes
may be made clear by confining the ex-
planation to a description of the condi-
tions that permit of the formation of the
West Indian storms, which are as fol-
lows:

Tue NatTionar Grocrarsdic Magazine

Normally there is a belt of heavy air,
of about 1odegreesof Intitude in width,
lying just north of the tropies, which
interpioses an almost impassable barrier
to the movemsent of cyclones north-
ward. The region of greatest pressure
of this belt is about the middle of the
Atlantic Ocean. By August the heat
of smnmer acting on the North Amer-
iean continent has raised the tempera-
tare of the air over the laud much wore
than it has that over the water, and the
lnnd portion of the high-pressure belt
is dispersed, leaving an opening for the
escape northwarnd of tropical storms,
which form in the ocean on tlie south-
west periphery of the great high- press-
ure that so persistently remains central
over the oceéan. From this place of
arigin the hurnocanes are carried north-
westward by the general elrculation
of air outward from aod around the
hig high. This grand summer circa-
Invion of the air of the Atlantic Ocean
brings the tropical storms nenrly or
quite to our Sonth Atlantic or Gulf
states before they recurve to the north
cast in purswing their course around the
hizgh, This anti-cyclone of the ocean
differs from these that bave herstolore
been described, 10 the fact that it quite
doggedly holds to tnearly the same geo-
griphic position It covers the whole
southern ocean, and as the currents of
air spirally flow outward, in a direction
that agrees with the circulation of the
hands of a watch, they frequently break
up into small cyclonic whirls of 100 to
300 miilés in diameter on the onter rim
of the large anti-cyclone, and especially
nlong the southwest quarter of the rim.
The air as it runs down through the
unti-cyclone {eeds the vortices th.'l.t form
at the outer boundaries of the high.
The vortex may whirl with the violence
of n horricane, snd it asaally does + but
in its course westward and then east-
wurd it clings to the outer hems of its
parent—the anti-cyclone.

The wonderful sweep of the West
Indian cyclone i made clear by the
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statemient that storms of August and
September may form southeast of the
Windward Islands, cross the Canbbean
Sen, recurve in the Geolf of Mexico ar
near the South Atlantic coast, and
northeastward over the Atlantic Ocean
and be lost in the interior of Europe or
Asia.  The history of these storms and
of all others of the oceans 18 learned
by collecting. and charting the daily
ab=ervations from thousands of moving
ships in conmection with the observa-
tions of island and coast stations.

THE TRANSLATION OF STOHRMS

The air expands vpward to an alti-
tude of 30 miles or more. It is &0 elos-
tic and 1is expansion 15 so rapid as it
receded from the earth that nearly one-
half of its mass lies below the three-mile
level. Owur storms and cold waves are
gimply great swirls in the lower stratum
of probably not more than five miles in
thickness, which more than likely are
cansed by the flowing together, onnbout
the same level, of masses of air of widely
different temperatures. An elnborate
system of cloud observations, made dur-
ing recent vears, shows that the atmos-
phere, in the middle latitudes of both
hemispheres, flows eastward over thess
agituntions of the lower air without be-
ing disturbed by them.

In the temperate rones cyclones and
anti-cyclones drift toward the east at
the usual mate of 600 miles per duy, or
about 37 miles per hour in winter amd
22 miles per hour in stmmer ; hot there
i no definite rule on which the fore-
caster can rely., Sometimes they move
at twice this speed, and again at less
than half of it. or, what is more enthar-
rassing to the prophet, remain station-
ary for one or two days and die out,
It is safest to assume that the velooity
of translation of a storm will be the
average of the two immediately preced-
g it, unless the distribution of air
pressure over the continent 15 markedly
different in the several enses.  Cyclones

SUCCEY oOr
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and antl-ovelones nsually alternate, but
not always At rare iotervals o raip-
storm or 3 cold wave may be followed
by an atthospheric action similar to it-
self, with only a narrow neutral area
between., The most difhenlt weather
map to interpret and make a forecast
from is one that contains several partly
devel cvelones amd anticvclones,
cach of small area and little force, The
most that can be sajd then 1= that the
weather will be nnsettled, no definite
tvpe of weather lasting more than a few
hours.

Four-sevenths of all the storms of the
United States come {rom the north p
tean region of the Rocky Mountzins
and pass from this sub-and region cast-
wiard over the Lakes and New Eugland,
produocing butscant precifiitation. The
greater number of the remaining three-
sevenths are first defined in the arid
sottthwest states or territories.  These
nearly always can be relied on to cause
bountiful precipitation as théy move
northeastward over the lower Missis-
sippt Valley and thence to New Eneland.
Drouth= in the grest wheat and corn
belts and elsewhere eastward are hroken
only by eveclones that form in Arizona.
New Mexico, or Texas. Storms thove
faster inthenotthern part of the United
States than thev do in the southerm por-
tion, and their tracks migrate with the
1M,

After the forecaster hus spent mony
vears m stadyving the conrses of storms,
he learns that, at times, throngh a gain
i foroe that 5 oot shown by observa-
tions taken at the bottom of the air,
storms suddenly develop unexpected
pursne conurses not antici-
pated in his forecast, or that the barom-
cter rises at the center of the storm
withont premonition and dissipates the
energy of the cvelone. Fortunately,
spch ciises are exceplions,

Chart XII sllusirates the courses of
summer storme in the United States
The lines show the origin and the tracks
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of the centers of the cyclones for August
during & ten-year period, the anti-cy-
clones following about the same lines,
Adding the numbers at the ends of the
lines and at the braces that inclose
groupe of lines, it is found that 83
storms either had their ongin m the
states or else came to them from the
West Indies or passed up through the
ocean near enough to nffect the Atlantic
coast, The influence of the high west-
ern platenn and {5 motntaing in the
formation of storms 15 illustrated by
the fact that 57 of these storms had
their mception along the mountmin sys-
tem that runs through Colorado, Wy-
oming, and Montana, and that pnone
came 1o from the Pacific Ocean. August
storms move at the rte of 16 to 26 miles
per hour, or about 500 miles a day.
Wherever the storms originate they are
seery to have a strong tendency nlti-
mately to reach New Englind.

Now turn to chart X111, which gives
the storm tracks for Febriary for o
period of ten vears. Against the 83
storms of Augnst there are of sbown
for February for the sante period—1 884~
1853, The tracks curve down farther
to the south, many of them come in
from the Paclfie, and a Inrge number
form in Texas, but, like those of Au-
gust, they finally pass over New En-
gland. which fact explsins the vorip-
hility of the weather of the latter region.

Ax regards storm conditions, the year
muy be divided into three parts jn the
Northern Hemisphere, [Deeember, Jan-
wary, Febroary, and March are domi-
nated by swiftly moving storms, swing-
ing far to the south and carrying wide
oscillations of temperature clear to the
northern boundaries of the tropics, with
pgeneral precipitation ; June, July, An-
gust, and September, by ill-defined
storms and a slhggish movement of
them, with many local rains of smiall
aren, rather than general storms, while
October and November are transition
periods between the suminer and the
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winter tyvpes, and Aprl and May be-
tween the winter und?:l;r SUMMmer comn-
ditions.

At times there s an abnormal change
in the rate of drift of the highs and the
lows simultaneoisly. over castern
and the western contipents and the in-
tervening oceans that throws weather
forecasts temporarily into confusion.
It is difficult to sssign a reason to such
sudden departures from nsual condi-
tions. It may be doe to the accummula-
tion of large bodies of air over comii-
nents or oceans from which no daily
reports can be received. When mo-
mentum expends itself apgainst gravity
there may be 8 bankiog up of air in
unexplored regions, and its potential
may become suddenly available in such
1 way as to nccelerate or retard the gen-
eral drift of storms, or it may be due to
the complex dynamics of motion of the
vost gaseous sphere from which the
earth receives light, heat, and varous
other radiations

When winter has become well estab-
lished there often develops a permanent
High over the great plain between the
Rocky Mountains and the coast ranges,
which remains inactive for weeks at a
time, lows and other highs passing
down from the north along its east front
withont materially disturbing it. Its
principal fanction is to stop the dnft of
styrms  into the continent from the
ocean immediately west of it.  In mid-
summer the high may be replaced by a
stagnant low, and hot scorching winds
blow steadily for many davs over the
states Iving east and southeast of the
low, withering the wheat and corn of
the centrn]l Mississippi and lower Mis-
soturt Valleve Charts XTIV and XV
show the most frequent routes of storms
in the Northern Hemisphere.

The influence of the area of high
pressure in deflecting storms from their
normal or osual course is set forth by
Professor Garrioit in his paper on
“Tropical Storms in September.”  In
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this paper Professor Garriott divided
the tropical storm= of September into
three ciasses, namely : First, those that
recurved east of the sixty-fifth meridian;
second, those that recurved between
the sixty-fifth and ninetisth meridians ;
and, third, those that west of the
ninetieth meridian or reached the United
States withont a recurve. O the hirsi
class of storms, all of which first ap-

red east of the hftieth meridian or
north of the twentieth parallel, Professor
Cearriott observesthat only two appeared
far enotigh to the sonth to render theie
advance over or near the West Indies n
probability, and that in every instance
the westward movement of the cyclones
which recurved east of the sixty-ffth
meridian was apparently prevemted by
anti-cvclomic areas which moved east-
ward over the Southern states and ob-
structed the westward advance and
forced a recurve to the porthward, He
states that the recorve of storms of the
second class—i, ¢, those that recorved
between the sixty-fifth and ninetieth
mieridians—was apparently due to the
abstruction offered to a westward course
by anti-cyclonic areas which had ad-
vanved or had begn drawh {rom the
caontinent over the west Guli and South-
western states. A large proportion of
the third class of storms advanced
westward from the eastern West In-
dies. On their arrival in about longi-
tude west 8o d , the average lon-
gitude in which September tropical
storms reourve; the over the
west Gulf began to decrease and roin
et inn, while the interior eastern districts
of the United States were occupied by
an extensive area of high pressure. As
storms prefer to follow the path of least
resistance, the centers moved toward
the region of decreasing pressure and
avoided the high and increasing pressure
to the northward. When the pressure
continoed high over the eastern districts
of the United Sintes the storms were
unablé to recurve, and were penned in
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over Mexico or the Southwestern states.
In snch instances, Professor Garriont
states, the cyelones developed t vig.
lence before disappearing, Similarly
cvclones of this class that advanced
northwestwardly toward the Middle or
South Atlantie coast of the United
States were apparently prevented from
recurving by high pressure over the
ocean to the northward and northeast-
ward, apd, being foreed upon the coast,
developed destructive energy.

From the foregoing it appears that
the offect of distribution of pressure in
determining a storm’s path is recognized
in practical forecasting.

HEW METHOGD FORE DETERMINING
THE DIRECTION AND VYELOCITY
OF STOGRM MOVEMENT

Local Forevaster Edward H., Bowie,
in charge of the local ofhice of the U. 8.
Weather Bureaw at St 'Loms, Mo, has
devised a new method of estimating the
future cotirse and rate of translation of

storms, which, while not being absolute

in its determinutions, is o marked ad-
vance over anything heretofore accom-
plished in this direction. The unusaally
high degree of scouracy that has ot-
tended Mr Bowie's forecasts for the past
several vesrs attests the value of his sys-
tem.  Storms follow the lines of Teast
resistance ; but the trouble is that with
the movement of vast svstems of air,
due to the excessive heat of the equator,
combined with the rotation of the earth
and the continual breaking up of the
currents on the outer edges of thesesys-
tems into cyclonte or anti-cyclonic vaor-
tices. the lines of least resistonce are
always changing, sometimes slowly and
again rapidly, The uselulness of Mr
Bowie's work lies in the fact that while
some of his values are but roughly as-
signed he has been able by a study of
the pressure gradients shout the base of
the storm, in connection with the gen-
etal drift of the upper air, to obtain a
resultant that approaches with close pre-
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cision to the line of least resistance at
the moment of the taking of the ohser-
vations on which the weather churt is
fonnded. 1n the majority of cuses his
svstem locates the place to which the
storm conter will move during the com-
ing 24 hoturs with considerable acen-
ricy. It might be improved on by tak-
ing 'ioto account the rdée of change In
air ure at all stations doring the
two Hours préceding the olssrvations,
anidl constrocting a hypothetical chart
hased npon such rate continning for 12
or 24 hours, and then applying the svs-
tem to the latter chart instead of the
real weather map in the effort to deter-
mine the future course of the storm.

The deseription of Mr Bowie's method
Is told in his own waords as follows :

‘* Assuming erratic storm movenient
to be diue to nnequal pressure distribu-
tion, it is manifest that the direction nnd
velocity of storm movement conld be de-
termined were it possible to obtain cor-
rect valpes that wonld rvepresent the
pressnure exerted upon 8 storm from all
directions and the ¢astward drift of air
at high levels that carries the storm with
it. Working on this theory, effort hais
been directed toward obtaining & value
that would represent the 24-hour east-
wiard drift from any given locality.
To find this value it has been neces-
sary, Orst, to determine the resnitant
of the pressure from all directions to-
ward the storm center. To represent
this pressire from all directions, lines
radiating from the storm center to the
north, northeast, east, southeast, etc.,
have been given, after considerable ex-
perimental work, a length of oue centi-
meter for each tenth of an inch increase
in barometric pressure along these lines,
workiong with a map the scale of which
i 160 miles to an inch, or that of the
Washington weather map. The resuit-
ant of such lines, or forces, acting to-
ward the storm center, which may be
found by the rnles governing the paly-
gon of velocities, will show the direction
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toward which the unegual pressure is
forcing the storm.

““1f the pressure of the air from all
directions toward the storm center be &
factor in determining the direction and
velocity of movement of a storm, it is

aons that this resultant, representing
the value of and direction townrd whiclh
the unequal pressure forces the storm,
becomesone of the components that de-
termine the storm’'s path.

**As the 24 -hour movement of any
given storm is the measure of the forces
that determine that movement, it follows
that by using this resultant of pressure
towntd the storm center as one of the
components which cause the storm o
move along its path it 15 possible to find
the other component of motion by re-
solving a force representing a storm's
24-hotr movement into its two compo-
nents.  One of these components, repre-
senting the pressure effect, being known,
the other component, representing the
eastward drift, mayv be found by the
riules goverming the parallelogram of
forces. If there be a basis for this theory,
it must necessarily be that the second
component, senting the eastward
drift, should have approximately the
samwe direction and valne for two or
more stormsin the same locality for any
given month of the year, provided the
appropriate value 15 given the pressure
acting toward the storm center from all
directions,

** This component has heen found for
a lurge number of storms, whose values
when charted show an agreement that
appears to be more than nccitental or
merely comoeident.

" Having [ound the component
resenting the 24.hour eastward &IrictF::
which component is apparently fairly
canstant in value for anmy particular
locality from year to year for a given
month and the resultint of the pressure
exerted on the storm center from all
directions, the value of which is a van-
able guantity, it 1s patentthat the direc-
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tion and amonnt of movement of astorm
is the resultant of these two forces.
Thus. for instance, a Detember storm
charted ig Colorado, subject to a press.
ure that tends to force it svuthward 300
miles in 23 hours, is during the same
period being carried eastward 450 miles
by the flow of the upper currents. It
is evident that the storm’s actual path
will lie between the two lines represents
ing the easiward drift and the pressire
that forces the sturm to the south, the
resilting movement bemng almest due
soullicast and a distance of approx:-
mately Hoo miles.

" From a study of storm movement
alomy the loes outlined above it is ap-
parent that the raty and directhn of
movement of a storm in relaiion to its
pormal movement s goveruesd by this
vanable component, representing Lhe
deflective furce, or the resnltant of the
pressure exericd on the siorm frooi all
directions ; hence 1t follows that when
this deflective force is toward the left
{when focing the direction of normnl
prigression | the storm will move to that
side of the normal direction of advance,
and when toward the right the converse
will be true.  When this deflective furce
15 acting in conjuncthon with the east-
ward drift the storm’srate of movement
will be aceelerated, and when in oppo-
sition the storm’s progress will be re
tarded. It appears that in nearly all in-
stnnces the stomm mnereases o inlensity
when this component, representing the
pressure of the air toward the storm
center, is acting to the left of the normal
direction of ndvance, but when townard
the right the storm, as a role, will de-
Crease 1 Intensity.

““ Naturally exceptionsare to be found
in applving the method outlined above,
but iz practicallv-all instanges the ex-
cepitions lave been the result of an un-
foreséen increase or decrease in the press-
ure toward the storm genter from some
one of the several directions, which, in
addition to offering at ‘explanation of
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the exceptions: tends to prove the cor-
rectness of the pnnciple,  Of course the
application of the meéthod = limited
when the storm center is near & region
from which no pressure observitions are
available—as, for instance, the storms:
that move aleng the Capsdian border.
In coses where there dre n number of
il defined storm centers it is oot always
possible to determine which center will
become the primary one and which cen-
ters will be dissipated, and therefore
there is more or less doubt whether the
cdeductions will be borne ont by subse-
quent events. o pearly all instances
iuvalving exceptions the error in prede-
terminimg the movement of the center is
apparently due to inalmhty to determine
the exact values that should be ased to
represent the pressure toward the storm
center, from the several directions.

“The wulues determived by the meth-
ods u=ed in the research along the lines
indicated above are pecessanly approx-
tmations only, and therelore tentative :
but- it 15 believed that by refined meth-
ofls of computation values representing
the pressure exerted on the storm center
as well as the normal direction and ve-
locity of the eastward drift can be found
that will show the exact conditions, and
thos lead o o higherdggree of accuracy
ity charting the direction and movement
of storms.

* The accompanying charts illustrate
the method followsd in developing the
‘mormal storm tracks' sod the appl-
cation of the system in practical ?ur_t—
casting to determine the direction and
rate of movement of storm centers dur-
ing 24-hour periods.

" Chart XV shows the method fol-

Jowed to determine the correct value for

cach tenth of an inch increase in the
barometric readings along lines radiat-
ing from the storm center to the north,
northenst, east, eic,, to represent the
influence of the pressure exerted on the
storm ¢enter from the severnl directions ;
it also illustrates the method followed in
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developing the *normalstormtrucks” for
agiven locality, Inthisfigure, drawn to
to the seale of the Washington weather
map, the vector X represents the direc-
tion and movement in 24 hours of the
storm that was centered near Amarillo,
Texas, Sa.m., May 26, 1903, Thevector
X, lethe resultant of the pressure acting
fram the north, northeast, east, ete., in
the direction indieated, and was deter-
mitied from an incresse in pressure from
the storm center outward at 8 a. m., May

CHART XVI —Showing method followed in developing
normal storm tracks and in sscertmining the cormect
value 1o represent the pregidore exerted on o storm
center that conses it to depart from o normal toack.

26, as follows : Tothe north, o.toinch;
northeast, o oo east, 0.60 ; southeast,
0,307 sonth, o.30: southwest, o, 30;
wedt, 0.30, and morthwest, o.20, each
tensth of an inch being given a value of
one centimeter. The vector ¥V orepres
senits  the 24-hour moverent of the
storm that was centered over Amanllo,
Texas, at 8 a. m,, May 28, 1903. The
vector Y, is the resultant of the pressure
exertad on thestorm center, determined,
az above, {rom an increase in pressure
from the storm center toward the several
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directions, as follows: To the north, 6, 30
inch » northeast, o260 east, o.60: south-
east, 0.30 ; south, g, 10 ;sowthwest, 0,10 ;
west, o, 1o, and northwest, o. 40.

' The vector X being the resnltant
of the forees that propelled the storm
in the direction and to the point indi-
cated iy 24 hours, 1t is possible to elim-
inate the presure influence (3f it be
given an appropriate value) by resolyv-
ing the vector representing the track of
the storm into its two components, one
of which, X,, being the result-
ant of the pressure exerted on
the storm, the other, X, will
represent the 24-hourvaluethat
should be given the general
circtilationn of the atmosphere
. that carried the storm with it.

Similarly, ¥, represents the 24-
hour value that should be given
the general cirenlation that car-
riedl the storm of May 28 with
it.  Itwill be observed that X
and Y,, representing the 24-
hotr values of the general cir-
colation on the two dates, are
of equal length and vary not
more than 3 degrees 3o min-
utes tn direction, from which
it may be assumed that the
genemnl cirenlation of the ot-
mosphere in May that carries
the storms of the region of New
Mexico and northwest Texas
with it may be represented by
a mean of a number of vectors
determined a= ahove. It is manifest,
therefore, that should a storm in Moy
in the region imdicated be acted upon
by a distribotion of pressure whose
resultant is zere its 24-hour direction
and mite of movemwsnt will be that of the
general circulation represented by a cor-
rectly determined mean of @ numnbér of
vectors, suchas X and Y, Hence such
menns determined for the various dis.
tricts of the country have been desig-
pated ‘normal storm tracks’ and are
shown for May in chart XV L1



LOGL 'POOL B Jo WaIEISLy M daagn L4 sesuny ge Spaex WREag Yy up uang

Tuae Narional Grocraruiec Magaving

298




Forecasting THBE WeraTHER

AND STOoRMS

299

meene (i St L ots,

Flenond



300

YCOThe value that should be given each
tenth of an inch increase in pressore
measured outwardly from the storm
center is of vital importance to the cor-
rect working of the system, and is ar-
rived at by constructing a number of
charts similar to that presented in ¢hart
XVI. From aninspeciion of this figure
it is apparent that if the value given
ench tenth of an inch inoredse 1 press-
ure be decreased the resultants X and
Y, will decrease in length, aud the angle
between the vectors X, and Y, will de-
crease, but the vectors themselves will
hecome unequal—=that is, X, will increase
anil Y, decrease in length.  (The work-
ing of the svstem is dependent on the
assumption that the general circulation,
as represented by the vectors X, and
Y, 14 fairly coustant.) If the value
given the pressure effect be imcrensed,
the resultants X, and Y, will likewise
increase, and the vector X, will become
shorternud WV, very much longer, and, at
the same time, the angle made by these
lines will inorease, from which it follows
that a value of one centimeter for each
tenth of an inch increase in pressure best
meets the requirements in this case,”’

To determine the future course of o
stori in the wonth of May, for instance,
resolve the pressure forces about the
storm center into their resultant, then
take for the future direction and distance
of transiution of the storm the resaltant
between this force and the force ilins-
tratedd oo chart XV 11 as the upper-air
drift or normal storm track os follows

or:

L

&

In which the low i5 central near New
Orleans; o # represénting the presstire

Tur Nationar Grogrardic Macazing

resultant, or line along which the low
will be forced if acted upon by pressore
gradient only, and & 7 the normal storm
track, or the distance and direction of
movement of the low as the result of
npper-air drift alone, and & ¢ the track
that the storm center will follow. Hence,
instead of the storm moving due sonth
into the Gulf as the result of pressure,
of northeast to southwestern Virginia,
as chart AVI1I shows 15 the place to
which upper-air drift will earry it, it
moves due east to Jacksonville, Florida,

TORNADOES

The four conditions essential to the
formation of tomadoes are osually as
follows: (1) A cyvolone o aren of low
pressure, the center of whieh 15 to the
north or northwest, with a barometric
pressure not necessarily much below the
normal ; (2) a temperature of about 70
degrees on the morning map;: (3) &
great humidity, and (4) that the time
of yvear be March 15 to June 15. These
conditions may and often do exist sepa-
rately ; one or two of them may be found
coexasting ; but so long as the third be
ahsent, tornadic formation is not likely
o Dceur,

The number of these storms is not
increasing ; the breaking of the virgin
s0il; the planting or the cutting away of
forests, the drainage of land surfaces by
tiles, the stringing of thonsands of miles
of wire, or the layving of iron or steel
rails have not materinlly altered the cli-
matic conditions or contributed to the
frequency or intensity of torpadoes.  As
well might oue by the casting of a pebble
expect Lo dam the waters of the Missis.
sippt as sttempt the modification or re-
striction by the feeble ¢fforts of man of
those trememndons forees of nature that
surround our earth and contral our
storms and climate. To be sure, as
towns become more numerous and pop-
ulation becomes more dense, greater di-
stroction will ensue from the some num-
ber of storms.
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It is not possible with our present
knowledge of the mechanivm of storms
to forewarn the exact cities and towns
that will be visited by tomadoes with-
out alarming some townsthat will wholly
ejcape injury ; but we know that tor-
nadoes are almost entirely confitied to
the sputheastern gquadrant of the cy-
clone, and that when the thermal, By
grometric, and other conditions are
favorable, the spot 300 to so0 miles
soitthenst from the evelonic center is in
the greatest dapger. This fuct is well
illustrated on chart XVITT, showing the
cyclonic syvatem that existed at 8 p. m.
on March 27, t8go, the day of the famous
Louisville tornido. Two red lines,
drawn at right sngles to each other,
divide the area of the storm into four
quarters. Twelve tormadoes, repre-
sented by short red lines, mostiy in the
sotthienst quarter of the general cyclone,
occarred during the afternogy or even-
ing of the dav. As most of these oc-
curred several hours before 8 pom,
the time of the taking of the extensive
system of observations on which the
chart is based, when the center of the
cyclone was oo or 200 miles farther
west, It i apparent that they all oper-
ated zomewhere within the southeast
qunrter of the general storm, although
exceptions to this rule occasionally
Cn Tl -8

It 1s desirable to make clear the dif-
ference between the cyelote and the
tornado, The majority of the press
and many persons who should know
better use these terms as synonymons,
The cvelone shown on chart XVIII,
which is fairly tyvpical of all cyelones,
i3 a harizontally revolving disk of air,
covering the whole United States from
the Atlantic Ocean westwarnd to and in-
cluding the Mississippi Valley, with the
air currents from all points fowing

rally imnward toward the center, while
the tornado 35 4 revolving mass ‘of air
of oaly about 1,000 yvards in diameter,
and {5 simply an incident of the evelone,
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nearly always occurmimg in its southeast
quadrant. The cyclone may canse mod -
erate or high winds throogh a vas) ex-
panse of territary, while the tornado,
with a vertical motion almost unmess-
urable, always leaves a trail of death
and destruction in an area infinitesimal
i comparison with the area covered by
the evelone.

The tornado is the most violent of all
storms, and is more frequent in the cen.
tral walleys of the United States than
elsewlere. [t has charmacteristics which
distinguieh it from the thunder-storm,
w#ir,, & pendent, funnel-sha cloud
aud & violent, rotary motion in'a direc-
tiont contrary to the movements of the
hands of a watch, together with a vio-
lent updrafl at the center.

Right here it is well to ingnire if a
satisinctory renson can be given for the
occurrence of these violent agitationsof
the atmosphere mainly during  the
spring and early summer, find osually
only in the southeast quarter of the ov-
clape. In answer it may he said that
an: hypothesis can be formulated that
fairly well satizfies the requirements of
tite cose.  First, one must recall the fact
that the atmosphere, even at the surface
of the earth, is not dense enough to
ubsorly but a small part of the solar
heat waves. Theyv therefore reach the
earth and wurm its surface, but the ab-
sarbed heat does not penetrate to any
great depth, because the land is g poor
conductor, but a good absorber and a
good radintor: The land therefore re-
tains its absorbed heat near the surface’
and quickly and freely radiates that
which it has absorbed. ‘The atmos-
phere, which is a poor conductor, is
thus rapidly warmed at the bottom, but
the heat is slowly conducted upward,
and in the spring of the year the gain-
ing intensity of the solar ravs and the
increasing hotirs of sunshine warm a
thin stratum of sir next the earth to an
abnormal degree of heat in comparison
with the stratum next above, which



102

still tetains the cold of winter. This
abmormality is accentuated in the south-
enst quadrant of the cyclone, whensin
southerly winds still further add to the
heat of the lower strattm and increase
the humidity. Au unstable condition
then ensues, in which heavier air is
superposed on lighter and much warmer
air. Thi= unstable aquilibriom s more
aften relieved by the breaking through,
here and there, of masses of the heavier
air and its horizontal rolling along the
surface of the earth, with the warm and
cold masses driven together by electric
cxplosions ; these are thunder-storms,
But at times dry and extremely cold air
are hrought together with humid and
verv warm air, with the result that 2
pnarrow vertical whirl is set up which
develops great vortical energy ; this is
the tornado. The tormado also may be
caused, nnd many times 15, by the ey-
clone whirling together on the same
level the cold currents from the north-
west and the warm ones from the south-
east, especially at an elevation of a few
thousand feet, in the interior layers of
the cvclone. The vortex then burrows
downward to the surface of the earth,
ar dances along with the tail of the
funnel whipping from side to side, snd
touehing only the high places or noth-
ing at all.

Tarnadoes mostly occur between 2 and
5 in the afternoon, and generally move
from the southwest to the northeast ;
theirtracksmay vary in width from afew
bundred feet to onemile ; their velocity
of translation is usually about that of
an express train ; their speed of gvrition
can be measured only approximately,
but as it is sufficient often to drive strawe
a half inch into the bodies of irees it
must egual or exceed the velocity of a
riffie bullet. Professor Biglow says:
" he vortex of o tornado obevs the
laws of the movements of fluidsin gyra-
tory circulation. If a mass of air 6,000
feet in diameter is rotating at a half-
mile level and it runs into a vortex 5o
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that the tube is 100 feet in diameter at
the top, and supposing the outer edge
of the upper vortex makes 7 miles
nn hour, then at the rim of the bottom
of the vortex we should have a velocity
of 200 miles an hour; This canses an
enormons centrifugal force in the lower
tube, n high vacuum, and low temper-
ature. The vactum tube canses the
explosive and disastrons effects upon
objects in its path.” The cold of ex-

sjon condenses the vapor that makes
the tube visible, and the sudden con-
densation causes electric discharges of
great violencer A rearing like the
sound of a thousand express trains. pe-
companies the tornado, whese track is
usunlly 5 .or 10 miles in length, and
whose mate of movement i= ahout 30
miles per hour.

The writer visited St Louis the day
after the tornado of May 27, 185060, He
wis especially impressed with the fact
that many of the bulldings seemed to be
burst outward at their upper stories,
indicating that at the time of their ge-
striction they were near the center of
the rotating mass of air, where centrifn-
gal force had reduced the nir pressure
on the oulside tosnch an extent that
the expansion of the air in the upper
stories of the housss whose windows
and doors were closed had prodoved an
explosion of the buillding. In one case
all the four walls of the upper story of
4 house were thrown outward, leaving
the lower story intact and the roof rest-
ing in proper position ooe story lower
than in the original building. Agam,
great structures seemed to have been
crushed over or taken up bodily and
scattered in all directions.

The fact that thiz tomado traveled
with destructive force through several
miles of brick buildings and yet left the
city with grenter foree than it Epususc-smﬂ
on entering it illostrates the fatility of
plauting forests to the southwest of
cities for purposes of protection, as
spmie have advocated. £ strongest
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trees would offer but little more resist-
ance to the tornado than wonld so many
blades of grass, and the drawing off of
the electricity of the clonds by the pro-
jecting points of the trees would have
no effect, as it pever has been shown
thit electricity has anvthing to do in
originating toroadoes ; it is rather a
reanlt than a eause. The planting of
trees is a useful oceapation, even if they
have no effect on tornadoes; hut what
shall one say of the municipality that
hires a cannoneer to guard the sonthwest

approuches to its city and to destroy

with shot all tornado clonds, as a smiall
western city onee did.  Sull its action
was no more ridicolons than is that of
certgin provinces in Europe that an-
nonlly expend large sams of private and

public money in the shooting of hail
n:h:lﬂ.l-l:l:l_:T or of otherwise intelligent peo-
ple who aid and abet the most ignorant
of charlataus in' thelr pretensions of
making min or of forecasting the
weather months in advande.

There is a wide vanation in the oum-
ber of tornadloss that occur dunng the
weinrs, Chart No. XIX shows the loca-
tion mmd the direction of movement of
nll the torpodoes of a year of small
nitthber, and chart XX shows the re-
sult of a year of great frégqoency.

FLOODS

With onur many thousands of miles of
navigable rivers flowing through one of
the most extensive and Fruitfal regions
of theworld, daily forecasts of the height
of water in the various sections of esch
river are of enormous benefit to naviga-
tion, and the wamings issued when the
precipitation is so heavy as to indicate
the gathering, during the near future,
of flood volumes in the maoin streams
are often worth many millions to navi-
gators and to those having movahle
property on low grounds contiguous to
the streams.

The feasibility of making asccurate
forecasts as to the height of water sev-
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eral days in advance at any station of
the system is no longer questioned, and
at stations on the lower reaches of nvers
one to three weeks' forecasts are feasi-
ble. The forecaster at each river center
consgiders the ruinfall, the temperature,
the melting of snow, if there be any, the
area and slope of the watershed, and the
permeahility of the sotl.  From a study
of floods in formey vears he knows the
time necessary for the flow of the water
from the tribntaries to the main stream
and the time required for the puassage
af the flood crests from one city (o an-
other. The forecasts are, of course,
empirically made, but still they are
suthciently accurale to possess greit
value to the people of the river districts:

Some idea of the vast destruction of
property due to flonds may he gathered
from the statement that the floods of
t88 1 anrd 1882 cansed a loss of not lesa
than &15 000,000 to the property jnter-
ests of the (Vhio and Mississipp Valleys.
Fhere was also a loss of 138 lves. In
t884 the region of the Olio alone suf-
fered a Joss of over £10,000,000 in prop-
erty., In 1897 the loss along the sey-
eral great rivers was more than the suim
of the two large figures just written,
and in 1903 the destrnction of property
might fairly be estimated at £40,000,000
in valme,

From datd that now covers many
vears ot a large number of stations the
following general relations have heen
deduced : The time it takes high water
to pass from Pittshurg to Wheeling is
one day | from Pittsburg to Parkers-
barg, two davs: from Parkershurg to
Cincinnati, three days ; from Cinclunati
to Cairo, six days; from Cairo to Vick-
burg. seven days, and from Vicksburg
to New Orleans, four days. The time,
therefore, from Pittsburg to the Gulf is
23 days. Similar general relations con-
cerning the movements of other rivers
have been determined. Since the time
is a0 gpreat—the movement of high water
being a little slower than the current—



304

it follows that many interfering condi-
tions may arise, tending to retard or
accelerate the pas of the crest of
the flood wave. No absalute rule is,
therefore, possible ; but the forceasting
of the exact flood stage many days, or
even weeks, in sdvance ot important
river stations is of such frequent oconr-
rence as to indicate that, although the
forecasts are empirically made, they
have n substantial commercial valne.
Each forecaster in ocharge of a river
center has g definite section of the nver
system to watch and for which be must
forecast. He receives the necessa
telegraphic reports of the daily rainfall

that has occurred over the tobutines:

to his river distriet, reportsof the gauge
readings neater the sonrce of the main
river than his own station, and gauge
readings from wany of the tributary
streams.  He is familiar with the aren

of the eatchment basin from which hus

rainfall reports are recejved, the con-
tonr and configuration of the surface,
and the permeability of the =oil. A
slowly falling min of considerable
amount an a nearly level and permen-
ble s0il may canse little rise, while o
rapidly falling rain of the same amount
on on impermeable and greatly inclined
surfnce will gather quickly in the chan-
nels of the tributaries and soon become
a roshing torrent in the moin stream.
It s thus seen that many modifving
conditions must be taken inte consider-
ation. The forecaster studies the hs.
tory of previons flonds nnder varous
temperatures and absorptive conditions
of soil. He knows that the rainfall
may be anpmented by the meltimg of
snow, {f any there be on the ground,
and that the tempernture is an impor-
tant factor in the flood ; that on o
frozen #6il, under moderate heat, the
entire precipitation, plus meltage, may
fiow away without appreciable absorp-
tion or evaporation and create hgher
water in the rivers than would he the
case if the soil were open, and that an
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unfrozen but saturated soil presents to
the flowing water practically the same
surface, o for as the latter affects the
fload, as a frozen soil, Of the -
tation that is absorbed 2 Pﬂi‘ﬁgﬁ'ﬂ[}'
orated, a part taken up by vegetation in
making iis growth, and the remainder
sinks to the impervious rock, which
lies at no great depth below the surface.
It slowly follows the slope of the rock,
and gives nise to the springs that sap-
ply the steady flow of the streams and
rivers. This portion of downpour,
while unimportant in the causing of
floods, needs to be considered by the
river forecauter, for an abundance of
well-ahsorbed rains during the spring
and early summmer means the mainte-
nance of fair stages in pavigable rivers
during the usunl low. water season, and
forecusts of low-water stages are nearly
as important to commerce as the pre-
diction of flood height=. Inbriel, floods
have their origin in the surface dis-
charge, while the low-water flow of
streams 15 mainly due to the wunder-
grotind waters.

The srvo of a river gange is placed ot
the level of the lowest waoter known,
and if at any subsequent time a stage
still lower s tecorded it i read as &
minus quantity. |he danper fline varies
with the locality. On the Ohio river,
on account of its narrow channel and
its precipitous banks, the water must
show vertical niseés varving from 30 to
z0 feet before the danger hine is reached.
At Cincinnati the danger line is 45 feet
above the reroof the scale, apd i height
of 71 feet has been recorded. On the
upper Mississippi the danger lines aver-
age nbout 15 feet above zero, but from
5t Louis to Vicksburg they average
ahout 35 feet, while at New Orleans the
danger limit is but 13 feet nbove zero.
An 1mpermeable ground, such as that
over granite bed rock s marked by
many rivilets and sireams in compar-
son with the number that are found in
a permeable sodlof equal rainfall. When
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at great intervals a stream does appear
in permeable ground the flow of water
may diminish ns the stream progresses,
the water being absorbed by the soil
or sinking through it to the bed rock.
Much of the water absorbed never
reaches the rivers, In the Ohjo Valley
the amount of water drained away by
the rivers is about one-foarth of the
rainfall, which is the same asin Europe |
in the Missouri Valley the amount s
ﬂnl;z one-eighth., Thede conditions have
an importanul bearing when considering
what river stoges will be effected by a
given amfall and what will be the rmte
of rise. Iloan impermeable reglon the
rivers rise rapidiy and as quickly sub-
side; in a permeable region the rise
and the fall pre slower 10 action and the
amplitude of the movement less.

In small riversthe slope may fall away
at the rateof four to seven feet the mile,
while in lurge rivers, like the Missis-
sippi, the slope 1 oniy about one-fourth
of mfoot. The velooity of a niver does
not depend alone upon the slope, but
also ppon the mean hydranlic depth,
the square root of the two measnres de-
termining it closely.

The regamen of a river is the history
of its movements and their cauges. It
may be modified by a change in forest
areas or in the area under cultivation.
Caltivated gronnd allows of a4 moch
greater absorption than wild soil, and
therefore holds in storage and conserves
the supply for springs nud streams after
flood seasons have passed. It is there-
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fore a gquestion if civilization has not
thereby considerably reddced the -
tensity of floods, notwithstanding the
cutting away of forests, the aren cleared
of forests being small in comparison
with the tolal area changed from s wild
te a cultivated state ; but before a hasty
conclusion 15 renched one should not
forget to consider that forest coverings
reduce to a minimum the amount of
silt carried to streams, inlly from
steeply tilted surinces, v hold the
sotl and prevent its washing away to the
rivers, where it i= deposited in such a
way as 10 build up the river beds and
possibly cause greater overflows than
with the former larger volume of water
mtud less silt.  Many have thought that
the leveeing up of the Mississippi River
will cause A building up of the hottom
of the river by the confinihg between
banks of large gquantities of silt-laden
wiiter that formerivid ited most of
its sediment on the adjacent flats hefore
movingdown the stream; buthere again
account is not taken of the fact that the
ieveeing pp of the river increases 1ts
depth, and therefore its velocity, and
the carrying capacity of a stream in-
creaseés as the cube -of 1ts velocity. It
is probable that the bed of the river has
uot risen since s considerable portion
wias confined by levees. Many ganges
that were established more than thirty
yenrs ago  occasionally show  minns
readings.

The varions flood scenes illustrated
in this paper tell each its own story.



GEOGRAPHIC NOTES

WHAT IS THE POPULATION OF
CHINA}

HEN 1 first studied geogmphy

the populstion of China was

estimated at 230 milllons ; then came

an advance to 360 millions ; now we

hear of over goo millions, and if the

latest figures are correct there is reason
for lalking of the " Vellow Peril."’

Upon what have these estimates been
bised 1 Hasx anvthing like a census
ever been takeén of the Chimese people?
Probably not, thongh the Peking gov-
ernment, 1o doubl, receives FEPOTLS Con-
cerning the number of people in the dif-
ferent provinces, The published infor-
mation must have been derived mainly
from travelers; missionaries, diplomeas,
and naval officers.

From my own observations during
the three vears 1 was on the Asiatic
Station, [ wonld say that there are less
than oo millions of people in China,
and perhaps some of the contributors or
readers of the NATIONAL GHOGRAFHIC
MaaAzing, who have had better oppor-
tunities to judge, will show why or to
what extent 1 am wrong.

I spent several months in each of the
principal seaports from Tientsin in the
north to Canton in the south and five
or six months in the Valley of the
Yangtee, going as farinland ns Ichang,
a town nearly 1,000 miles from the sea,
and beyond the reputed populous dis-
tricts. I noticed that the country peo-
pie instead of living on forms were con-
centrated in villages. and that these were
geperally small and often widely sepa-
rated,

The cities were lHmited jn area and
contatned no lofty bulldings, one and
two storied honses being the role.
Canton is the wealthiest, and, with the
possihle exception of Peking, is the
st E‘.}pttluus city. [ was with a
party that made the circuit of the walls,
severnl members walking the entire
way in a little over two hours, which

that the enclosed space could
not have exceeded six square miles.
In the northern part we saw gardens
and unoccupied ground. Compare this

with Manhatton Islind, with its 22

square miles and lofty tenement Houses,

The streets of a Chinese citv are very
narrow, and the people live in them and
on the ground floor of the wide open

and houses, therefore the visitor
seems o be slways working  his way
through a dense crowd.

I believe that tipers are encountered
in all portions of China. It is certain
that they are killed north of Peking, as
the skins are sold there, and at Amoy
the missionaries, who hnd been inland,
told we of the terror they inspired. As
there is little of the dense nondergrowth
af India it is a comiparatively open
country through which the tiger prowls,
and his presence certainly does not sug-
gest g land densely populated.

C. E. CLARK,
Kear Admiral, U5, Nawy.

The article on “Forecasting the Weather
and Storms,™ by Dr Willis L. Moore,
Chief of the United States Weather Bu-
rean, published in this number, is an
advance chapter from ' The New Me-
tearoloey,'' a text-book on weather sci-
ence which 15 in course of preparation
by Tdr Moore and which will be pub-
hahed in o few months by n well-knawn
firm. ‘The chapter is published here in
advance of the appearance of the hook
through the courtesy of Dr Moore. The
members of the Society will undoubt-
edly enjoy the interesting and locid ex-
planation of storms and weather given
by Dr Moore, and will also appreciate
the good-will of an anthor who permits
the publication of a chapter 1n advance
of the completed volume.

The map showing the present seat of
war in eastern Asin which appears as a
supplement to this number of the Na-
TIONAL GEOGRAPHIC MAGAZING was
ricl by the Military Information
vision of the War Department and is
repuhlished by the National Geographic
Society through the courtesy of Major
Beach, chief of the division. It is be-
lieved that the map will prove particy-
larly useful to those who are following
military developments in Manchuria.
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Excursions and Lessons in Home Geog-
raphy. By Charles A. \irmurr}*.
Pho D, Pp. 132, 5% 74 inches.
New York : MacMillan Co,

A much-needed book, contaimmg
many fine illostrations. The stadent
can fnd out from its pages anvthing
from the way his own particular purt of
the country was formed to the most ap-
proved method of milking cows and
muintaiming o sumitary dairy, The
book s written in such simple language
and is so well expressed that any one
cant understund and enjoy it

The Philippine [slands, 1493-1898, vol.
xxl. Edited by Emima Helen Hlair
and James Alexandetr Robertson. Iﬂ}
317- 93 xb6M inches. Clevela
The Arthur H, Clark Co. 'tgos.

In this 215t volume the punblishers
have got down to the year 1624 in their
monnmental ondertaking. ‘This one
deals entirely with religious matters for
that vear, being composed of sources
bearing on ecclesiastical squabhles, the
founding of a Japatese seminary, and
the lnbors of the early Recollect Mis-
siong. The inst forms more than balf of
the book, and, like Jesuit writings, con-
taing very valuahle descnptions of the
country, the peaple, nud their customs.
Typographically the book is almost per-
fect for nse, the print being large, the
paper heavy, and the binding excellent.
It seems a great pity that this enter-
prising firm should suffer o loss in their
effort to advance the canse of khowl-
edge. C. M.

Along the MNile with General Grant.
By Elbert K. Farman. Ppeoxvil <+
330. New York : The Grafton Press.
104, 5250 mel
The voyage of General Grant up the

Nile to the PFirst Cataract, in 1877,

serves in this volome as a reason for its

publication. The chapters on Luxor,

Abydos, Thebes, the ’?‘Empleﬂ of Kar.

nak, and the Islands of Philae and Ele-

phantine are evidences of Jndge Far-
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man's careful observations of the re-
markable antiguity of Egyvpt. The
voliime 13 unusually well 1Hustrated.
and will be of special interest to those
who have made, or contemplate making,
the tour of the Nife. A, WG,

Dodge’s Advanced Geography. By
Rh:h.lfiﬂl Elwood Dodge. Pp. 3354
xix. ox7 inches. Chicage:
Rand, MeNally & Co. 1004,

The distingnishing conception of this
work 15 the emphasis loxd uwpon the
" capsal notion”” in geography—that is,
that our civilization is the result of
nantural conditions. Firsi come peo-
graphic principles, then their application
I the second part, with a rapad viewaof
the different contineots amd leading
countries of the world. The orderly
growth of industria]l life from natural
conditions 18 the central theme in all
cases,  Each important region istepre-

-sented by three maps, relief, political,

and commercial. There are many bheau-
tiful illustrations and helplul supgges-
t1ions,

The writer of the text has likely
néver goue over this gronmd thoroughly
as a teacher, else some defects wonld be
abs=nt. 1t seems a waste of space to
tell ns that little 1s known about polar
witkds (50). There is much haziness
about monsoons and summer and winter
witds (48, a9, 50). Thereisa trouble-
some mixture of the Lerms ““miles ' and
"degrees'" ( 8g }. It is ¢comfusing to
speak of ““northwest trode-winds '
(319). Yokohama does not have an
excellent harbor. Tospeak of Georgin
growing sugar ‘‘extensively ' (144)
amdd then in the diagram (149) to show
how insignificant her total 15 will pue-
rle most vounyg minds. The work of
the cartography ' expert "' 1s decidedly
the most nusatisfactory part of the hook .
He has sugar-cane over nearly all of
South Caroling (148). He has a big
cotton area in the middle of the south
Pacific {330). Inother places he fairly
riots in details, crowding his maps to
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ately an extent that they are scarcely
more than ‘‘labored mmgeourbes. ™
Many of them are utterly bevond the
capiacity of children of the age of those
who are expected to study this hook.
So far gs the publishers’ part goes, the
maps are of I.'El:‘ best workmanship, ex-
cept that the contrast of colors in the
physical opes is nol s marked as it
should be,

Rat in spite of these weakneses there
is hardly n volume the equil of this
for developing the thinking powers of
the pupils, and hence ‘is the best this re-
viewer knows al. - ML

The United States of America. DBy
Edwin E. Sparks. 2 volumes, maps,
Pp. xi + 425; vil 385, THustrated,
New York : . K. Putnam's Sons,

L.

This 18 a most weleoime and valaable
addition to The Stary of Nations' series.
It commenses with the treaties of peace
in 1783 and troces the eyvointionary
stages throogh which the nited States
passad, from a confederacy of repiiblics
to it4 present statns as a powerful na-
tion, clothed with all powers neediul
for its progress and preservation.

Perhaps the most interesting chapters
are those outhining the fundamental
bases on which centrulization has been
effected. Therein Prof, Sparks clearly
indicates the most potent lines of action
and their specific effects.  The Jefler-
sonian ordinance of 1784 with ungoali-
fied suffraze, the erection of the hack
lands into equal independent states,
the homemaking public-lamd system,
the light-house and -route policies,
the assumption of the states’ debts, the
entristment of the militia to executive
control, the appropriations for scieutific
P ses, the adoption of exdise and
tariff meastres, and the construction of
the genernl welfare clanse of the-Consii-
tntion are given due weight and con-
sideration.

As to the later phases of our national
history, the chapter on profitsharing
and paternalism, on abolitionism and
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colomization, snd the passing of strict
constitutional constructon throw an-
structive side lights on the march of
eyents.

Natiomtl mdustrial development is
too currant and political a topic for
purely historical treatment, and from
the nature of the case ¢annol be uni-
versally aocepled.

Altogether, the literary style, subject-
matter, and method of treatment are
excellent, There 38 not o dall chapter
in either valume, AW. G.

Grondriss der Handelsgeographice, von
Dr Max Eckert ( Privatdozenten der
Erdkunde an dér Universitat Kiel ).
P, xv 45170 oxb inches: Leip-
mpr: (s J. Goschen'sche  Verlags-
handiung. igos.

This is a very comprehensive sum-
mary of faots ngidly based on the great
cansal notions of geogmphic develop-
ment. Following a simple aod aoiform
pian, our aithor treats the continents:
and then the countries of the world,
first giving a brief view of the land and
the people of each, then the natural re-
sotrees, then the industries and occu-
pations, and, Anally, commuincation
and trade, The thres great divisions
of the material world, plants, animais,
and minerals, are in cach case described,
with the next section pointing out the
industries that have sprung up in that
country, but he leaves the stondent to
supply the links of connection; and
that brings up one serions defect of the
work. It is a frightfully dry compila-
tionn of names and fignres, unrelieved
by any graces of expression or interest-
ing incidents, It isdifficult tosee what
place it would fill in education; as it 15
too heavy for American students, and
many of the statements are annoually
superseded by almanacs or hand-books.
It is not sufhiciently sclentific to be ac-
cepted as an anthority in itself, since
the sources of information are not often
given. For general style and interest
it is much inferior to the International

(Geography. C. M.



have published a mew edition of our map of

Alaskn, which was prepared by the United States
Geological Survey. The map s 36 by 42 mches, in 3
colors; and is the first cootour map of Alaska that has

been made. : : : : By mail, 25 cents,

National Geographic Society
Hubbard Memorial Hall : Washington, D, C.
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SHIRTS TO ORDER

E TAKR IT that yon are particular in dress—that you like
your shirts made to special measure with extra careful
making and “just might" fit

ouch men should know of this store’s facilities for turming ont
perfect-fitting shirts—should know that we employ the most
skilled artists, and that we show at all times a most complete line
of white and fancy shirtings and guarantee a perfect fit, assuming
the entire loss if shirts are not satisfactory.

White Shirts, 3150 to $3.00, the latter being made of
English longcloth.

Madras Shirts of fabrics from the looms of the leading
Scoteh weavers, $3.50 each—cufis attached or detached.

WOODWARD AND LOTHROP

Mew York Washington Paris
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