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KITE METEOROGRAPH, CONSTRUCTION, AND OPERATION.

By Prof. C. IV, MARVIN.

In designing the kites, meteorograph, and aerial apparatus employed in making the observa-
.tions discussed in the accompanying paper, it was necessary to satisfy a number of conditions
and limitations, as, for example, portability, simplicity, and strength of construction, especially
as regards the kite; uniformity and interchangeability not only of parts of the apparatus, but of
parts of the same devices, so that repairs and renewals could be made as easily as possible. The
corps of observers, moreover, when they began, were without previous experience in kite fiying. -
The entire class, however, reported at Washington before the individual members were assigned
to station, and was put through a preliminary drill and course of instruction in the practical work.
In the short period of ten to twenty days devoted to this instruction (including the time lost
during unfavorable weather) it was possible for the observers to gather only a general knowledge
of the apparatus and methods of work. : , » ' o

The kite—In conformity with the foregoing limitations, it was considered best to employ in
each ascension only one kite, rather than several in tandem, which latter are very troublesome to
* set flying in light and fitful winds and are not required; in fact, are less efficient than a single kite
in favorable winds. o , : : ‘

Nearly all observations were made with a medium size kite containing 68 square feet of sup-
porting surface. At some stations a smaller and a slightly larger kite were also sometimes used,
according to the strength of the wind. The smaller size contained 45 square feet and the larger
79 square feet. Tig. 1 shows the kite with the meteorograph in place. The dimensions of the
medium size kite are as follows: ' .

Transverse Width of Kite .. oveeieoce auocacrasacecaaacs sacemaemacnetoasnnenamanoacaasencacnmeeos 6 feet 6 inches.
Length, over extreme edges, fore and aft! . .......cuormmm e cei e e ceeeerseann- 6 feet 2} inches.
Distance between top and bottom supporting surfaces ........cooeoiemceniaannn, P S AR 2 feet & inches.
Width O CloEH DAIAS «ncee eeeme cmeemn cmemeaaemas mmmen smomas seame samnas foeae aeanan snans eees 2 feet.

_ ‘These kites are framed and constructed in the most rigid manner possible, The six longitu-
dinal sticks running fore and aft are attached by means of small machine serew bolts to the
rectangular frames forming the rigid edges to the cloth bands and are detachable; ‘thus permitting
the kite to be collapsed, as shown in fig. 2. I R
"Phe best cloth material for kites seems to be Lonsdale cambric, which is light, strong, and
closely woven.” A black, or dark-colored cloth is more visible on many occasions, and the rear
cell was covered with black nainsook on this account. This cloth is not as strong as the cambric,
but, owing to the circumstance that the pressure per unit area on kites of this type is very much
- greater in the forward than in the rear cell, the above disposition of the relatively strong and
weak material is wholly justified. This same circumstance explains why the front cell is made
with three supporting surfaces, as compared with two in the rear cell; that is to suy, this increase
of surface (at slight increase of weight) increases the lifting efficiency of the Kkite. ‘ :

I'The length, fore and aft, was increased to 6 feet 84 inches, in later forms.
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The flying line is attached to the front edge of the forward cell at the mlddle ‘the or dlmry
arrangement of this connection being more fully shown in fig. 3.

Bridle and safety line.—The normal bridle, including the safety line for the. klte, is shown in
fig. 3. The cord (No. 32 Italian blocking cord) at A is passed twice around the stick, after the
fashion of a “clove hitch;” the free portions of the line, one of which is rather short, are firmly °
bound together where they emerge from the clove hitch by a serving of waxed “gilling” thread.’
The long end is passed through one of the metal safety-line eyes, B, and the two ends tied together
by means of bowline knots, as at b. A similar, but' longer, piece of cord is secured at C by a
clove hitch and the free ends attached to each other by bowline knots after the long end has been
passed through the eye B’ When B’-is held so that the line’AB’ is tant and at an angle of 90°
to the stick, the line 0’B should be just a little taut. The main line is attached to the bridle at B/,

Safety line.—The eyes, BB, are connected by what is termed a safety line, S, which is simply
a piece of steel wire, the size of which is so chosen that its ultimate strength is within a safe
working strain for the kite and flying line. In normal flight all the strain produced by the kite
upon the line is transmitted through the safety line S. If in any case the conditions give rise to
a greater strain .than the ultimate strength of the safety line (and therefore dangerous to either
the kite or the line, or. both), it will be broken. In this case the kite will thercafter fly from the
point C, Whlch is several inches in advance of 4. Such a change in the.bridle causes a diminished
pull by the kite, other things being the same.

The safety lines generally supplied have a tensile strength of about 85 pounds ' ‘

The reel.—The management of large kites in flight requires a substantial and convenient form
of reel of the character indicated in fig. 4. The top portion of the carriage revolves uupon the

table below on bearings resembling the so-called ‘fifth wheel” of wagons, The drum revolves.
easily in metal bearings and is fitted with dials at the axle indicating the number of revolutlons
At the start the dials stand at zero and count off revolutions as the wire unwinds.

Strap brake.—The lever seen at the right in fig. 4 operatesa powerful strap-iron friction brake
acting on the rim of the drum and controls in the easiest and most complete manner the unwind-
ing of the wire or the stoppage of the reel under all;circumstances. .

A raatter of great importance in the design of the winding drum of the reel is to secure-suffi-
cient strength in the rim to withstand the enormous cumulative pressure exerted by a large amount
of wire wound in under great tension. A single turn of wire aronnd the drum, under a uniform
'strain of 50 pounds, for example, tends to produce a compressive stress of 50 pounds at every point
around the rim. 'The next turn, at the same tension, adds 50 pounds to the preceding stress, and so
on. Two thousand turns at this rate will, therefore, produce a pressure of 100,000 pounds, or 500
tons. The heavy rim of the cast-iron drum, shown in fig. 4, is calculated to safely resist a crushing
pressure of fully 1,000 tons. In actual practice the crushing pressure’is not quite so great as
that calculated by the process indicated above, beeause the material of the reel yields a little as -
the pressure increases, and this lessens the tension on the turns of wire already wound on the
drum. The side flanges of the drum must also be very strong, as the wire crowds sidewise against
these with great force. It is best on this-account not to wind the wire on in smooth and even
laYers, but rather to crisseross the turns of wire slightly, but in a regular manner. ' Wouand in -
this way, the wire tends to support itself, even without side flanges; at any rate, the lateral
- pressure is greatly reduced, and, moreover, the outside turns of wire are not able to squeeze down
through what is already “ound on the reel, as they tend to do when the wire is wound in, an
even manner, like thread on a spool.

‘When flying at an elevation of from 5 000 to 7,000 feet, one of the Weather Bureau kites,
supporting its instrument, will pull from 60 to 80 pounds, if not moie, and from 8,000 to 10,000
feet of wire will be out. ~ To wind all this wire in under such conditions is really a very laborious
operation, and generally requlres two men at pretty hard work for from a half to three- quarters of '
an hour or more.

As sent out to stations the hand reels contamed from 2,600 to 3,000 turns of tempered steel
_music wire, 0.028 of an inch in diameter. The normal tensﬂe strength of this w1re was about 200
pounds. -

Length of wire.—As the original supply of wire was wound upon cach reel, record was kept of
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the total number of turns and a table computed, giving the number of turns corresponding to
given lengths of wire in units of 500 feet. Due account is taken in these tables of the gradual
diminution in the length of each turn as more and more wire is unwound. The coefficient of
“diminution was determined from several sets of readings of the revolutions of a measuring wheel
“around which the wire passed as it was being wound on a reel. Simultaneous readings of the
- dial on the reel were also made. The measui'in g wheel wafs accurately 3 feet in circumference and
“the dial indicated feet, .

Electrical connections,—The wire line employed in flying kites becomes electrlﬁed more or less
at all times, often highly so. - For comfort of the operators, as well as safety, this charge must be
conveyed to earth, and for this purpose each reel stand is provided with an electric ground-

connection and sw1tch The 15- mch cranks by which the reel is revolved are made of wood for
the sake of insulation.

Radius rod and arc.—It is 1mporwnt to know the 1nchnatxon of the wire at the reel in order to
make a proper allowance for the sag of the wire, This is accomplished by means of the radius.
rod and the graduated arc, fig.'4. The radius rod is clasped loosely upon the axle of the reel on
either side of the drum, and the arc hung over the shaft on a pair of antifriction wheels which
run in"a groove turned in the shaft. A weighted rod below the arc causes it to maintain a verti-
cal position at all times, thus insuring correct angles. In use, the radius rod is made to rest
against the wire, the angular inclination of which to the horizontal is then shown by the reading
- upon the graduated arc. This angle is subject to a small and variable inaccuracy, due to slight
alterations in the radial distance of the wire at the point it leaves the drum, according as more or
less of the wire is unwound.

Dynamometer.—The tension upon the line at thereel at any time is determined by means of
the dynamometer permanently attached to one of the crank handles, as seen in fig. 4. This con-
sists of a short, stiff, steel spring, firmly fastened to the outer end of the handle at the back,
The short end of a mﬁltiplying lever connects with the spring, while the long end serves as an
index and traverses the graduated arc shown on the crank handle near the axis. The reading on
~ this graduated arc indicates the pull in pounds on the wire. Here, likewise, a small and variable .

error is introduced because of the variations in the dxameter of the drum with different amouuts
_of wire out. This is not important.

End of wire—The outer end of the wire terminates in a small brass eye. .To facilitate

connecting the wire to the kite, a piece of No. 32 blocking cord about 8 feet long is fastened to
the eye—that is to say, the cord. 1s sunply passed through the eye and a bowline knot tied on
one end.
» Reel box, cover, and lock—When not in use it is designed simply to inclose the reel within
the box by means of a suitable cover., The crank handles are unshipped and placed inside the
box. The cover is secured and locked by means of an eyebar, which passes between the spokes
.of the drum and is fastened by a padlock on one end.

The meteorograph.—The instrument sent up with the kite to secure the automatic record of
the conditions of the air is seen in fig. 1 as it appears attached to the kite and inclosed within its
light aluminum case. The mechanisms itiside the case are shown in fig. 5, and are deSIgned to
record wind velocity, tempemture, pressure, and humidity of the air. I\GCOI’db of the velocity of
the wind were, however, made experlmentally only at Washington, and were not included in the
official observations.

Special consideration was given in designing the meteorograph to secure a proper exposure
of the hair hygrometer and the thermograph bulb. The former consists of a strand of prepared
hairs stretched back and forth in a double strand and nearly from end to end inside the long tube
seen at the top portion of the instrument, as shown in fig. 5. The direct elongation and contraction
of these hairs is communicated to the recording pen at the extreme right side in fig. 5. The '
thermograph bulb is also placed within the long tube and occupies nearly a middle position.

‘When attached to the kite, as shown in fig. 1, the meteorograph is so placed that the wind
blows with full force directly through the tube contmmng the thermometer bulb and hygrometer,
thus affording thorough and complete ventilation,radiation being at the same time effectually cutoff,
Even though the metallic case of the instrument becomes heated on exposure to sunshine, yet the
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metal tube itself is not only shaded and exposed to a strong current of wind, but is everywhere
* separated from contact with the metallic case by vuleanite rings at the ends and longitudinal ivory
strips on the sides. Indeed, celluloid strips are interposed between the thermometer bulbs, and
the metal of the inclosing tube, thereby still further insulating the thermometer bulbs. These
bulbs consist of a pair of tempered-steel bourdon pressure tubes, forming a curl of about seven-

eighths of a complete circle about-1% inches: in diameter. The major and minor axes of the
clliptical ¢ross section of the tubes measure approxnnately 0.5 and 0.1 of an inch, respectively.
The tubes are filled with pure alecohol under pressure, and are set in tandem and edgewise tv the -
current of ,wind through the tube. Thus arranged, they constitute highly sensitive and relatively
powerful thermometuc bulbs. The recording pen traverses a scale of 22 degrees to the inch, each
instrument being' adjusted to this scale by tests at different temperatures, the air being drlven
through the tube by means of an electric fan. The record sheet provides a range of 45 degrees’
possible change of temperature in any ascensmn, the initial setting of the thermograph pen being
eftected by a suitable adjusting screw.

The mechanism of the aneroid barometer is readlly understood from ﬁg 5. The novel feature
in this part of the meteorograph consists in the use of tempered and highly elastic steel corrugated
-disks, instead of brass or German silver ordma,rl]y used.  Numerous tests showed the steel vacuum
chambers to be superior to others. Nevertheless the aneroid principle has not thus far proved to
- give pressure reeordb chwracterwed by that high degree of precision required in meteorologlcal
work.

The pressure scale on the reeord sheet embraces a range of 9 inches, v17, 21 to 30 inches air
pressure. The subdivisions of the sheet are 22 spaces per 1nch each space representing 0.2 of an
inch barometric pressure,

It will be noticed these spaces are the same as the degree spaces on the temperature record.
This arrangement was chosen so that in extreme cases the ‘temperature record might overlap on
the space normally provided for pressure, and vice versa,and still be properly scaled by the rulings .
on the sheet. Furthermore, in designing the instrument the scales were so chosen that in an
‘ascension under average atmospheric conditions the pressure and temperature curves would have
about the same actual amplitude. Hence the change of temperature in a given elevation is meas.
ured with the same accuracy as the corresponding change in pressure, at least so far as the traces .
themselves are concerned. A greater precision of pressure measurement is desirable, but. is
scarcely justified by the mherent defects of the aneroid principle of measurement.

Each recording pen is adjustable, and at or before the time of ascension the pens are set as
nearly as may be to indicate correctly the atmospheric conditions as shown by readings of the
sling psychrometer and mercurial barometer After these settings are made and just before
ascensions, the meteéorograph having been exposed for some time in the wind, readings of the
psychrometer and barometer are again made and the outstanding differences of the indications of
the meteorograph noted and used as corrections to the wutomatlc records, similar correctlons bemg '
noted at the close of the ascension.

Blevation of the Lkite—The vertical height of the kite and hence the meteorograph above
- ground was determined from readings of the angular élevation of the kite, the length of line out,
and its inclination at the reel. - The angular elevation was measured to the nearest half degree by
means of the nephoscope, shown in ﬁg 6. The posmon of the sighting staff 'llSO indicated the
angular azimuth of the kite.

The approximate elevation of the kite was taken out from a table giving values of the
expression h=1sin ¢. A percentage correction was then apphed depending upon the amount of
sag in the wire as shown by its observed inclination at the reel.

Table I gives the percentage of slack in the wire, as deduced from the equatlon of the catenary
for such conditions as commonly occur. ‘

Table IT is a copy of one of the cards furmshed with reel' No. 15, giving the number of turns .
of the reel corresponding to the lengths of wire out in 500-foot intervals. _

As a rule, observations wyere made with whole units of 500 feet of wire out, so that interpola-
tion was not necessary. The length of wire in-one.turn was, however, aceumtely ‘tabulated, and
facilitated accurate interpolation.

'
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TABLE I.—~ANGULAR ELEVATION AND PERCENTAGE OF SLACK.

Inclination of wire at— reel.

Angular . ] . ’ . Angular
elevation| 0° 50 10°.| 120 | 14° | 16° |- 18° | 20° | 220.| 24° | 260 | 28° | 300 | 350 400 | 45° |elevation
of kite. | . - ' of kite.

Percentage of slack. N
) . o
24 2.411.610.9|0.7]|0.5 . - !
26 2.711.811.1[0.9|07]0.5 e 26
28 3.1{12.2{14:1.1109/[07]05:0.3 28
30 3.4125(1.61L3{1110.9(0.7{0.5]0.3 30
32 3.712.811.9(1.61.3|1.1/0.8[0.6]0.4]0.3]| 32
3 41/811]22(1,9/16]1.3[1.0/0.8/0.6[0.4[0.3[0.1/0.0 3
. .36 4.4 13.4(25122(1.8;1.51.2(1.0{0.8|0.6|0.4]0.2]0.1 36
38 4.6 13.6(2.7/24;21(18[1.5[1.2]1.0(0.8[0.6|0.4/0.3 38
40 4.9138.9(30[2.7/24121/1.8/1.5[1.2(1.0[0.8[0.6]0.4/0.2 40
42 5114.2/33[380/26(2.3/2.0(17]1.4(1.2|1.0(0.8|0.6/0.3 42
44, 153144135(382|2.8!25(22]19{1.6/14/1.2|1.0[0.8|/0.4]0.1 44
46 5,614.6(3.7(3.431/128,25/22(19{16{1.4|1.1/0.9|0.51!0.2 46 |
48 5.7(4.8/13.9(36]3.3(3.0/27|24|21|1.8|1.6]|1.3(1.1]|0.6{0.3]0.0 48
50 5.9(50(41)3.8/35}18.2|29|2.6/23|2.0(1.8|15|13]0.8]0.4]0.1 50
52 4.3(4.0(3.7(3.4(3.1|2812522(20|17|1.5:09|05]0.2 52
54 2926124121119 17|1110.7]0.3 54
56 1.8 1.8 0.8}0.4 56
TABLE II.+SIIO\x'xNé LENGTH oF WIRE UNWOUND ¥rROM KITE REEL,
: '
REEL No. 15.
. Length -
Wire out. | re:all)d)?xig. 03‘:226 :
i INsi"Ij.UCTIoNs FOR USE OF TABLE SHOWING LENGTII OF WIRE
Feet. . Feet. UNWOUND FROM KITE REEL. ' '
" -0 5.03
~ 500 100 5.02 "The table has been arranged to show dial readin gs corre-
1,000 199 5.01 sponding to even lengths of 500 feet.
ér ggg igg i gg If the length of wire out is desired for a dial readmg inter-
2: 500 500 | 4. 97 mediate to those given in the table it can be determined by
3,000 601 4.96 | mulfiplying the difference between the observed dial eading
3,500 702 | 4, 95 - and the nearest tabulated dial reading by the corresponding
4,000 - 803 4.94 lengil of one turn of wire as given in the third column of
4,500 | 904 4.93
5, 000 1, 005 4.92 table. The product should be added to or subtracted from
5,500 1,107 4,91 the length in the first column opposite the tabulated dial
6, 088 }7 g(g i gg reading used, according to whether the observed dial reading
g’ (5)00 1113 4.8 | 18 greater or less than the tabulated’dial rea.dlng Example:
b t .
- 7,500 1,516 4.87 T !
8000 | 1,619 | 4.8 Tﬁe flbsewt"% “1)“‘11 fﬁegd(;“'; T st e z’ ggg
8 500 1’ 722 4.85 © nearesy vtadbuiate 1al reading 18 ................. 'y
9,000 | 1,825 4,84 The difference i8 ........coeoeioo il 32
9,500 1,929 4.83 The corresponding length of oné turn is............... 4,82
10, 000 2,032 4,81 . 4.82% 32— 154 : ‘
10, 500 2,136 4.80 o s
11, 000 2,240 | 4.79 10, 000 —154 =9, 846 '
11, 500 2,345 4,78 Whlch is the length of wire out correspondmur tothe observed
Bl | B g
5 5 X . .
13i 000 21 660 L5 » v WILLxs L.. Moom,,
13,500 | . 2,765 | 4.74 . Chief of Bureau.
*| - 14,000 ‘2,871 4.73 : - :
e 14,357 | -2,946 4.72

For further particulars concerning the details of the aerial apparatus employed in the Weather
Bureau work and data concerning the efficiency of kites, the reader is referred to the Monthly"
Weather Review, Vol. XX1IV, 1896, p. 113; Vol. XXV, 1897, p. 136; Yearbook of the Department
of Agriculture for 1898, p. 201, and 4 Instructions for Aerial Observers,” 1898, W, B, No, 166.



VERTICAL GRADIENTS OF TRMPERATURE, HUMIDITY, AND WIND
~ DIRECTION. ,;

A PRELIMINARY REPORT ON THE KITE OBSERVATIONS OF 1898

INTRODUCTORY.

Kite ascensions were commenced at seventeen stations during the latter portlon of the month
of April and were continued into the early days of November, 1898, but in the preparatlon of this.
report only those from May to October, inclusive, have been consulered

Ascensions were made on every dwy when it was possible to do so. For obvious reasons the
kites could not be flown in rainy or extremely threitening weather, and a considerable number of
days was lost on this account. - The principal reason, however, for failures to obtain satisfactory

- ascensions daily was the absence of a sufficient wind velocity to sustain the kites. There were
made 44 per cent of the total number of ascensions which would have been possible had the wind
and weather conditions been favorable. The percentage of ascensions at the different stations
varied from 75 at Dodge City, Kans., where the wind velocity was greatest, to 12 at Knoxville,
Tenn., where it was least. The lqr«rebt number of ‘ascensions was obtamed in the country west of
the N[lSS]SSlppl River, and the least in the central river valleys.- )

The temperature conditions at all elevations and under varying conditions of Weather and
time have been computed in terms of the gradient in degrees TFahrenheit for each 1 ,000 feet; and

‘in the increase of elevation necessary to cause a fall of 1 degree in the temperature The mean
results, however, are given only in degrees per thousand feet. :
~ Some atiention has also béen given to the questions of wind dlrectlonb, relative humldltv, and
vapor pressure. : ~ .

The tables and plates accompanying will, it is beheved furnish all the tabular matter that
may be desired. : , Sl

SUMMARY OF OBSERVATIONS.

Tleva. | Number | Num. Number of observations at—

Stations. abot\i'(()ansea oé'll)gg:‘x‘;}l‘ls E:é‘e(l)lf ; ’

: e "1 1,0 y ,000 | 3,000 | 4,00 5,000 | 6,000 1 7,000 | 8,000 .
level. tons. | sions. feeotc.’ lieigio ?‘ee(:;. feet. feet(.) fe%%. feet. | feet. | feet. |4 Total.

o : Feet. :

Washington, D, C..... 115 5.0 87 51 52 b3 28 19 9 Nt 3 1 223
. Cairo, Il . ......... .. 3156 5.5 39 6 33+ 31 23 19 1 R PR P 116
Cincinnati, Ohio...... - 940 5.0 38 3 7 24 19 16 9 E N Y P, 81
Fort Smith, Ark ...... 1527 5.0 19 12 18 18 8 22 PR RS [ PN 58
Knoxville, Tenn ...... 990 5.0 19 8 8 8 8 P PR R PO R, 34
Memphis, Tenn....... 319 4.3 .37 16 22 27 26 21 D femees|neaacfannen 117
‘Springfield, 111 . 684 5.0 46 15 52 53 28 15 9 P2 P B, 174
- Cleveland, Ohlo ...... 705 5.0 93 29 62 55 48 21| 11 | I S PR 227
Duluth, Mlnn R, 1,197 5.5 96 61 71 83 60 32| 13 |53 RN S 325
Lansing, Mich...... 869 5.0 58 23 23 22 34 221 10 f.olioloecsafaannan 134
Sault Ste Marie, Mlch 722 |* 5.3 T4 7 42 46 39 31| 15 [ oo feenns 180
. Dodge City, Kans. .... 2,473 6.0 138 | 119 | 123 | 118} 106 | 66| 28| 10 2 1 573
Dubuque Towa....... 894 5.7 65 19 32 401 35 15 (8 S PR PP 148
North Platte, Nebr .. 2,811 6.0 132 70 | 162 | 133 | 102 4| 13 1]... . 525
Omaha, Nebr......... 1,241 4.5 61 0 29 50 45 34| 19 6 2 4 185
Pierre, S. Dak ...... oo 1,595 5.5 | 134 96 | 105 91| 65 381 19 2 (iifeenns 416
Topeka, Kans ........ 972 6.0 81 68 65 76 72 26 | 11 N PR PR 319
Total voeooneeiiliceenna]innnns 1,217 | 603 | 906.| 928 | 746 | 423 | 182 | 38 7 2] 8,83

1516 after July 31.
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TABLE ¥OR THE CONVERSION OF RATES INTO GRADIENTS.

Rate. | Gradient. Rate. Gradient. late. Gradient, || . Rate. Gradient, Rate. Gradient.
Feet, ., ° Feet, o Feet, ° Feet. ° Feet., °
100 10. 00 176 5.68 252 3.97 328 3.05 404 2.48
101 (- 9.90 177 5.65 253 3.95 329 3.04 405 2.47
102 9. 80 178 5.62 254 3.94 330 3.03 406 2.46
103 9.71 179 5. 59 255 3.92 331 3.02 407 2.46°
104 9.62 180 5.56 256 3.01 332 3.01 | 408 - 2.45
105 9.52 181 5.52 257 3.89 333 3.00 409 2.4 -
106 9,43 182 5.49 258 3. 88 334 2.99 410 2.44
107 9.35 183 5.46 259 3.86 335 2.99 411 2,43
108 9,26 184 5,43 260 3.85 336 2.98 412 2.43
109 9.17 185 5.41 261 3.83 337 2,97 413 2.42
110 9.09 186 5.38 262 -3.82 338 2.96 414 2.42
111 9.01 187 5,35 263 3.80 339 2,95 415 2.41
112 © 8,93 188 5.32 264 3.79 340 2,94 416 2.40
113 8.85 189 5,29 265 3.77 341 2.93 417 2.40
114 8.77 190 5.26 266 3.76 312 2.92 4138 . 2,39
115 8.70 191 5.24 267 3.75 343 2.92 419 2.39
116 8.62 192 5.21 268 3.73 344 2,91 420 2,38 .
117 8.55 193 5,18 269 3.72 345 2,90 421 2.38
118 8.47 194 5.15 270 3.70 346 2.89 422 2.37 '
119 8.40 195 5.13 271 -3.69 347 2.88 423 2.36
. 120 8.33 196 - 5.10 272 3.68 1348 2.87 424 2,36
121 8.26 197 5,08 [ 273 3.66 349 2.87 425 2.35
122 8.20 198 5.05 . 274 3.65 350 2.86 426 2.35
123 - 8.13 199 5,03 275 3.64 351 - 2.85 427 2,34
124 8.06 200 5.00 276 3.62 352 2.84 428 2.34
125 8.00 201 4,98 277 3.61 353 2.83 429 2.33
126 7.94 202 4.95 278 3.60 354 2,82 430 2,33
127 7.87 203 - 4.93 279 3.58 355 2.82 431 2.32
. 128 7.81 .204 4.90 280 3.57 356 2.81 432 2.31
129 7.75 - 205 4,88 281 3.56 357 2.80 433 231
130 7.69 206 4.8 282 3.55 358 2.79 434 2.30
131 .7.63 207 4,83 283 3.53 359 2.79 435 2,30 |
132 7.58 208 4.81 - 284 3.52 360 2,78 436 2.29
133 . 1.52 209 4,78 285 © 3.51. 361 2.97: 437 2.29
134 - 7.46 210 4,76 286 3.50 362 2,76 438 2.28
135 7.41 211 4,74 287 3.48 363 2,75 439 2,28
136 7.35 212 4.72 288 3.47 . 364 2.75 440 2,27
137 7.30 213 4.69 289 3.46 365 2,714 441 2,27
138 7.25 214 4.67 290 3.45 366 2,73 442 2.26
139 7.19 215 4.65 291 - 3.44 367 2,72 443 2.26
’ 140 7.14 216 4,63 292 3.42 368 2,72 444 2.25
. 141 7.09 - 217 4,61 293 3.41° 369 2.1 445 2,25
142 7.04 ¢ 218 4,59 294 3.40 370 2.70 446" 2,24
143 6. 99 219 4,57 295 | 3.39 371 2.70. 447 2,24
144 6.91 220 4,55 296 3.38 372 2.69 448 2,23
145 6.90 221 4,52 297 3.37 373 2.68 449 2.23
146° 6. 85 222 4.50 298 3. 36 374 2.67 450 2,22
147 6. 80 223 4.48 299 3.34 375 2,67 451 2.22
148 6.76 224 4.46 300 3.33 376 2.66 452 2.21
. 149 6.71 225 4,44 301 3.32 377 2.65 453 2.21
150 6. 67 226 4,42 - 302 3.31 378 2.65 454 2,20
151 6. 62 227 4.41 303 3.30 379 2,64 . 455 2.20
'152 6. 58 228 4,39 304 3.29 380 2.63 456 2,19,
153 6.54 229 4.37 305 3.28 381 - 2.62 45T 2.19
154 6.49 230 4.35 306 3.27 382 2.62 458 2.18
155 6.45 © 231 4.33 307 3.26 383 - 2,61 459 2,18 -
156 6.41 232 4.31 308 3.25 384 . 2.60 460 2,17
157 6.37 233 4.29 309 - 3.24 385 2,60 461 2.17
, 158 6. 33 234 4.27 310 3.22 386 2.59 462 2.16
159 6.29 235 4.26 311 3.22 . 387 2. 58 463 2.16
. 160 6. 25 236 4.24 812 3.21 . 388 2.58 - 464 2.16
161 6.21 237 4,22 313 3.19 389 2,57 465 2.15
162 6.17 238 4.20 314 3.18 390 2.56 466 2.15
163 6.13 239 4.18 315 3.17 391 - 2.56 467 2:14
164 6.10 ~ 240 4,17 316 3.16 392 2.55 468 2.14
165 - 6.06 241 4.15 317 3.15 '393 - 2.54 469 2.13
166 6.02 ||~ 242 4.13 318 3.14 -394 2.54 470 2,13
167 5.99 243 4.12 319 3.13 695 2.53 471 2.12
168 5.95 244 - 4.10 320 3.12 || 396 2,52 472 2,12
» 169 5,92 245 4.08 321 3.11 397 2,52 473 - 2,11
170 5.88 246 4.07 322 3.10 398 2.51 474 . 2,11
171 5. 84 247 4,05 323 3.10 399 - 2.51 - AT75 2.11
172 5.81 248 4.03 324 3.09 400 2.50 || 476 2.10
173 5.78 249 4,02 325 3. 08 401 2.49 477 2.10
174 5.75 250 4.00, 326 3.07 402 2,49 478 2.09 "
175 5.71 251 3.98 327 3.06 403 2,48 479 2.09 ~
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_TABLE ¥OR TIIE CONVERSION OF RATES INTO GRADIENTS—Continued.

Rate: Gradient. Rate: Gradient. 1 Rate. Gradient. Rate. Gradient. Rate. Gradient.
/ . . ! L
Feet. o : Feet. ° } Feet. o ‘Feet. o Feet. ~0
480 2.08 556 . 1.80 | 632 1.58 708 141 784 1.28
481 2.08 557 . 1.80 ‘ 633 . 1.58 709 1.41 . 785 1,27
482 2.07 - B58 1.79 634 1.58 710 1.41 -786 1.27
483 2,07 559 1.79 ‘ 635 1.57 711 1.41 787 1.27
484 2.07 560 1.79 ¢ 636 1.57 712 1.40 788 1.27
485 2,06 561 1.78 | 837 1.57 ~713 1.40 789 1.27
486 2.06 562 1.78 638 1.57 714 1.40 790 1.27
487 - 2,05 563 1.78 639 1.56 . 715 1.40 791 1.26
488 2.05 564 1.77 640 1.56 - 716 - . 1,40 792 1.26
489 2.04 565 1.77 641 1.56 717 . 1.39 793 1.26
490 2,04 566 1.77 642 1.56 718 1.39 794 - 1.26
491 2.04 567 1.76° 643 1.56 719 1.39 795 1.26
492 2,03 + 568 1.76 644 1.55 720 139 796 - 1.26
493 2,03 569 1.76° 645 1.55 721 1.39 797 1.25
494 2.02 570 1.7 646 1.55 722 - 1.39 798 1.25
495 2.02 571 1.75 647 1.55 723 1.38 799 1.25
496 2,02 572 1.75 648 1.54 724 1.38 800 1.25
497 2.01 573 1,75 649 1.54 725 1,38 - 801 1.25
498 2.01 574 1.74 650 1.54 726 1.38 802 1.25
499 2,00 575 1.74 651 1.54 727 1.38 803 1.25
500 2.00 576 1.74 652 1.53 728 1.37 804 1.24
501 2.00 577 1.73 653 1.53 |I. 729 1.37 805 1.24
502 . 1.99 578 1.73 654 1.53 730 1.37 806 1.24
503 - 1,99 579, 1.73 655 1.53 731 1.37 807 ‘1.24
504 1. 98 580 1.72 656 1.52° 732 1.37 808 1.24
505 1.98 581 172 657 1.52 733 1.36 809 1.24
506 1.98 582 1.72 658 1.52 734 1.36 . 810 | "1.23
507 1.97 583 1.72 659 1.52 735 1.36 811 1.23
508 1.97 584 1.71 660 1.52 736 1. 36 812 1.23
509 1.96 || - 585 1.71 < 661 1.51 737 1.36 813 1.23
510 1. 96 586 ‘1.71 662 1.51 738 1.36 814 1.23
511 1. 96 587 L1700 663 1.51 739 1.35 815 1.23
512 1.95 588 1.70 664 | 1.51 740 1,35 816 1.23
513 1.95 580 | . 1.70. - 665 1.50 741 1.35 817 1.22
514 1.95 590 1. 69 666 1.50 742 ‘1.85 || 818 1.22
515 1.94 591 1. 69 667 1.50 743 1.35 819 1.22
516 1.94 592 1.69 668 1.50 T44 1.34 820 1.22
517 1.93 593 1.69 669 1.49 745 1.34 821 1.22
518 1.93 594 1.68 670 1.49 . 746 1.34 822 1,22
519 1,93 595 1.68 671 1.49 747 1.34 823 1.22
520 1,92 596 1.68 672 1.49 748 1,34 824 1.21
521 1.92 597 1. 68 673 1.49 749 1.34 825 .21
522 1.92 598 1.67 674 1.48 750 1.33 826 1.21
523 1.91 599 1.67 675 1.48 751 1.33 827 1.21
0524 | L 1,91 600, 1.67 676 1.48 752 1.33 828 1.21
525 1,90 601 1. 66 677 1.48 753 1.33 829 1.21
526 . 1.90 602 1. 66 678 1.47 754 1.33 830 1.20
527 1,90 603 1.66 679 '1.47 755 1.32 831 1.20
528 1. 89 604 1.66 680 1.47 756 1.32 832 1.20
. 529 1.89 . 605 1.65 681 1.47 57 1.32 833 1.20
530 1.89 |- 606 1.65 682 1.47 758 1.32 || 834 1.20
531 - 1.88 607 1.65 683 1.46 759 1.32 835 1.20
532 1.88 608 1.64 684 1.46 760 1.32 836 1.20
533 1.88 609 1.64 685 1.46 761 1.31 837 1.19
534 1.87 610 1.64 686 1.46 762 1.31 838 - 1.19
535 1,87 611 1.64 637 1.46 763 1.31 839 1.19
536 1. 87 612 1.63 688 1.45 764 1.31 840 1.19
537 ‘1.86 .| 613 1.63 689 1.45 765 1.31 841 119
538 1. 86 © 614 1.63 690 1.45 766. 1.31 842 1.19
539 1.86 615 1.63 691 1.45 767 1.30 843 1.19
540 1,85 616 1.62 692 1.45 768 +1.30 844 1.18
541 - 1.8 617 " 1.62 693 1.44 769 1.30 845 1.18
542 1.85 618 1.62 694 1,44 770 1.30 846 1.18
543 C L8 619 1.62 695 1.4 771 1. 30 © 847 1.18
544 - 1.84 620 1.61 | 696 144 772 1.30 848 1,18
545 1.83 621 1.61 697 1.43 773 1.29. 849 1.18
546 "1.83 - 622 1.61 698 1,43 T4 1.29 850 1.18
547 1.83 623 1.61 || 699 . 1.43 775 . 1.29 851 1.18
548 1,82 624 L.60 |. 700 1.43 776 1.29 852 1.17
549 1.82 625 1. 60 701 - 1.43 7 1.29 853 1.17
550 1.82 626 1,60 702 1.42 778 1.29 854 117
551 1.8t 627 1.59 703 1.42 779 1.28 855 1.17
552 1.81 628 1.59 704 1.42 780 1,28 856 1,17
5563 1.81 629 1.59 705 1.42 781 1.28 857 L17
554 1.81 630 1.59 - 706 1,42 782 1.28 858 1.17
555 1.80 631 1.58 ©oT07 1.41 783 1.28 859 1,16
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TABLE FOR THE CONVERSION OF RATES INTO GRrADIENTS—Continned,

Rate. Gradient. Rate, Gradient. date. | Gradient. Rate. Gradient. Rate, Gradient.

Feet. ° 1 Feet. Co Feet. o Feet. ° Feet. °
860 1.16 889 112 917 1.09 945 1.06 973 1,03
861 1.16 890 1.12 918 1.09 946 1.06 || 974 1.03 :
862 1.16 891 1.12 919 1.09 947 1.06 .97 1.03 ;
863 1.16 892 1.12 920 (< 1.09 948 - 1.05 976 1,02 -
864 1.16 893 1.12 921 1,09 . 949 1.05 977 1,02
865 1.16 894 1.12 || 922 1.08 950 1.05 978 - 1.02
866 1.15 895 1.12 - 923 1,08 951 1.05 979 1.02

' 867 1.15 896 | 1.12 924 1.08 952 1.05 980 1.02

868 1,15 897 L1l 925 1.08 953 1.05 981 1.02
869 1.15 898 1.11 926 1,08 954 1.05 982 1. 02
870 1.15 899 1,11 927 1,08 - 955 1.05 983 1. 02
871 1.15 i 900 1.11 928 1.08 956 1.05 984 1.02
872 1.15 901 1.11 929 1.08 || 957 1,04~ 985 1.02
873 1.15 | 902 ‘1,11 930 1.08 |p 958 1.04 986 1.01
874 ‘ 114 903 L1l 931 1.07 959 |, L.04 987 1.01
875 1.14 904 1.11 932 1.07 960 1.04 088 - 1,01
876 1,14 905 1.10 933 1.07 961 1. 04 ‘989 111,01
877 1.14 906 - 1.10 934 1.07 962 1,04 990 1,01
878 1. 14 907 . 1.10 935 1.07 963 | 1.0 991 1,01
879 | 1. 14 908 1.10 936 1.07 964 1. 04 992 1.01
880 1.14 909 [ . 1.10 937 1.07 965 1,04 993 1.01
881 1.14 910 - 1.10 938 1.07 966 - 1.04 994 1.01
882 .13 |- 911 . 1.10 939 1.06 967 | 1.03 . 995 1L.01
883 1.13 912 1.10 940 1.06 968 | 1.03 996 1.00
884 1.13 913 1.10 ||, 941 1. 06 969 ©1.03 997 1.00
885 1.13 914 1.09 942 1. 06 970 1.03 998 1. 00

. 886 . 1.13 915 1.09 943 1.06 971 1.03 999 1. 00
887 1,13 916 1.09 944 1.06 972 1.03 1000 1. 00
888 1.13 . :

\

SUMMARY OF OBSERVATIONS

TEMPERATURE

The mean rate of diminution of temperature with increase of altltude, as-determined from

1,217 ascensions and 3, 838 observations, taken at elevations of 1,000 feet or more, was 5.0° for
each 1,000 feet, or 0.4° less than the tifue adiabatic rate. The lawest gradient, 7.4° per thousand
feet, was found up to 1,000 feet, and thereafter there was a steady decrease up to 5,000 feet, the
rate of decrease becommor less as the altitude increased. The gradient up to 5,000 feet was 3.8°
per thousand feet. Above this altitude there is a tendency toward a slow rise, but the lack of a
.sufficient number of observations above 6 000 feet forbids a definite statement to that effect. The
morning gradients were also greatest up to 1,000 feet, and least up to 5,000 feet, and the rate of
decrease was about the same as the mean rate, the curves showing a very close agreement in this

respect. (Sec plates 2 and 4.) The average morning gradient was 4.8° per thousand feet. The

afternoon gradients were hrger, but not decidedly so, the average value being 5.8¢ per thbusand
feet. The greatest rate of decrease is still found at 1,000 feet, and the least up to 5,000 feet, if the
few observations at 7,000 feet are not considered as of equal Weight. The morning, afternoon, and

mean gradients for the different elevations from 1,000 to 8,000 feet, inclusive, are given in the

following table: 5
_ DECREASE OF, TEMPERATURE FOR EACH RESPECTIVE 1,000 FEET OF ALTITUDE.
1,000 1,500 2,000 3,000 4,000 5,000 6,000 7,000 8,000 | yronn
feet. feet. feet. feet. feet. feet. feet. feet. feot. ean.
i
o o Q o Q e} [e] o . (o] o]
Morning . ........a..n 7.2 5.5 4.8 4.0 3.7 037 3.9 3.4 3.0 4.8
Afternoon ............ 7.5 6.4 6.0 5.5 4.9 4.3 451 3.5 49| 5.8 \
Mean .......... 7.4| 58| 52| 44| 40| 38| 41| 84| 40 l 5.0

When the stations of observation were grouped according to their geographlcal locations it |

was found that the mean rate ot temperature decrease with mcrease of altitude was much greater
in the central MlSSlSSlppl watershed than in the Upper Lake reglon, the central West, or the
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extreme Kast as represented by the smgle statlon at Washington. "It was 5.8° per thousand feet,
. as compared with 4.7° for the central. ‘West, 4.6° for the Upper Lake region, and 3.6° for the

Atlantic coast. It will be observed also that there is a very close agreement between the means

for the Upper Lake Tegion, those for the central West, and the grand mean, and a marked defi-
. ciency on the Atlantic coast, where the gradient was 1.40 per thousand feet less than the mean

rate. - These general statementb apply also to the morning results.. ‘In the afternoon, however,

the differences were quite small, the extreme difference being 0.6° per thouswnd feet. The maxi-

mum gradlent 6.1°, was found in the central Mississippi Basin, and the minimum, 5.49, in -the
' Upper Lake region. The mornlng, afternoon, and mean results for the varrous dlstrlets are shown
in the followmg table:

GRADIENT PER THOUSAND FEET,

,—- District. - ‘ Morning. Ang?xf‘ “Mean.
e Coe e - o o o
Atlantic coast...e.iiiiiiiiiiiiiin it cie i et 3.4 6.0 3.6
Central Mississippi watershed 58 6.1 5.8
Upper Lake region ceveveeo o iioiiiniiiiiiian ... -l 4B 5.4 | - 4.6

- Central West..owveeeeeieiniiiiiie i vaiaiaseanann e aaaes teenef 4.8 5.6 4.7

RELATIVE HUMIDITY

The relatlve humidities at and above the surface of the earth differed but little except at 7,000

feet, where the surface humidity was 11 per cent less than that above. With this exception the

~ greatest difference was 3 per cent, and, except at 2,000 and 8,000 feet, the upper air percentages

were the lower, The mean result obtamed from 111 the observatmns showed 60 per cent at the
surface and 58 per cent above, a difference of 2 per cent.

The stations at which there were marked differences were Washmgton, where the mean
difference was 14 per cent; Omaha, where it was 29 per cent; Springfield, I11., where it was 21 per
cent, and Fort Smith, Where it was 12 per cent, the surface humidity being the hlgher except at
Fort Smith.. At the remaining thirteen statlons except Lansing, the upper air: hunndlty equaled
or exceeded that at the surface, but the difference at no place éxceeded 10 ' per cent. At nine

* stations the difference was 5 per cent or less (See table of mean relatlve humldlty, p. 20.)

. VAPOR PRESSURE. e
The vapor pressures are expressed in percentages obtalned by the formula pp in which “p”

represents the vapor pressure at any given altitude, and “p©” that observed simultancously at the
earth’s surface. The mean of the percentages thus obtained was 59, and there was a steady,
_ though not by any means uniform, decrease with increase of altitude. The percentage at 1,500
feet was 82, and at 8,000 feet, 44. The decrease was most rapid between 2,000 and 5,000 feet, where -
it averaged 9 per cent for each 1,000 feet. The decrease between 5,000 rmd 6,000 feet was only 3
per cent, while between 6,000 and 7,000 feet it was 10 per cent. The lowest percentage, 52, was
- found at Omaha, and the lnghest 77 , at Pierre. (See table on vapor pressure, p. 20, .

© A comparative statement of the results obtained from the kite, balloon,'and mountain obser-
vations is given herewith. In obtaining these results the records of 1,123 kite ascensions were
used.. There were 4 balloon ascensions by Hammon and 2 by Hazen It is not known how many
were made by Hann, nor how many mountain observations were taken by him.

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.
p

VALUE OFE;L0 FOR EACH RESPECTIVE 1,000 FEET OF ALTITUDE. )

Charaeter of observations, 1,500 feet.| 2,000 feet.| 3,000 feet.| 4,000 feet.| 5,000 feet.| 6,000 feet.| 7,000 feot.| 8,000 feet.,| Mean.

Klto ..... f............'....‘.‘ ..... 0.82 0.78 0.70 0.61 0.52 |. 0.49 0.39 .| 0.44 0. 59

Balloon (IIammon) ............. 0,96 | 0.96 0. 87 0.68 0.44 0.59 |oiiiiiiienannats 0.75
Balloon (Hazen).. : : 0. 89 0.83 0.80 |-.0.78 | -0.67 0.46 0.44 ... 0.70 °

Balloon (Hann) ......:: 0.84 | 0.80 0. 66 0.61 0.60 0.5¢ 0.41 0.37 0.60

"Mountain (Hann) .............. 0.83 0.81 0.80. | 0.66. 0.61 | 0.58" | 0.55 0.47 0. 66

5129—Bull, F—2 S e
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TEMPERATURE GRADIENTS,

:  MORNING. , ’
[Bold-faced figures represent degrees per thousand feet; light-faced figures represent number of observations.)

Station. " 11,000 feet.| 1,500 feet.| 2,000 feet.| 3,000 feet., 4,000 feet.| 5,000 feet | 6,000 feet.| 7,000 feet.IS,OOO feet.]| Mean.
Washington, D.C....| 4.6 3.9 3.6 3.2 3.0 2.8 3.1 3.0 | 3.0 - 3.4
) 37 41 44 25 17 8 7 3 1 183"
Cairo, Ill.c.cciouinn.. 10.5 6.4 5.7 43 44 41 |...... A R PR 5.9
- . . 4 | .19 17 14 ‘12 S O 69
Cincinnati, Ohio...... 11.6 6.3 5.6 5.7 -5.6 47 b1 G (R, ceemenan 6.2
1 6 4.} 13 12 7 2 eereeeifenanns 55
Fort Smith, Ark...... 78 " 69 6.7 5.6 -1 T TR PR, 0 P, 6.2
: ) 9 9 9. 3 B O O P 32
Knoxville, Tenn ...... 9.1 82 | - 82 ¢t .45 [: % 2 O (RN () PR A 6.9
1 2 2 | L T e e P e 10
Memphis, Tenn. ...... _8. 6.0 46 | .83 | 3.6 E 1 S A e PO 5.0
’ 7 7 13 19 18 ) P 68
Springfield, Il ....... 6.8 52 4.5 D46 L 38 | BT |eeceiifeeeeenfianneas 4.8
. : 7 17 20 11 2 3 P 58
Cleveland, Ohio ...... 5.9 41 3.5 . 3.5 4.1~ 4,1 43 fie.oil. S FR 4.2
: 22 58 53 48 ) SR A & IR IR T PR P 214
Duluth, Minn ........ 49 4.3 3.8 41 4.3 42 | 48 |eeeiaiiifeiennnn. 4.3
39 47 | b1 3201 20 -8 S TR Y P, 200
Lansing, Mich........ 7.8 6.0 48 3.9 88 | 88 |iaieeiii|ievmciii]ienian.t 5.0
- 19 19 20 29 1 20 b {0 J0 PR PR P 117
Sault Ste. Marie,Mich.| 6.0 5.4 48 3.9 1t 2 IR X1 S R D PR © 44
‘ : 6 221 .28 |... 27 20 . 13 - feeenss R [, 116
Dodge City, Kans .... 6.4 5.0 45 |~ 383 2.6 2.9 3.1 3.0 |........ -8.8
. . 76 83 79 79 49 19 6 | S PR 392
Dubuque, Iowa....... 7.4 5.4 44 T 3.2 3.5 b 1 Y RS S P 4.6
9 17 29 24 9 | b ... S PN P 93
North Platte, Nebr.... 6.2 5.7 4.8 4.2 3.7 - [: 55 20 DR R P e 4.8
34 63 52 | . 38 22 SO A IS P N 216
_ Omaha, Nebr.........f.ceoaen 4.6 4.2 3.1 2.6 2.9 34 41 ... 3.6
........ 19 34 37 26 14 5 2 |eeeaa| 137
Pierre, 8. Dak ........ 5.3 48 - 43 3.9 3.5 4.2 - 40 |...... P 4.3
‘ 71 83 - 71 53. 34 | 17 > D R 331
Topeka, Kans ........ 7.0 54 | 41 3.3 3.3 3.8 45 |ieeeeeet|ivieaa. 4.5
. 34, 32 43 48 17 9 O C184
Mean . 7.2 5.5 4.8 4.0 N 3.7 3.9 3.4 3.0 4.8
- ROl R 1 544 579 504 302 136 =27 6 1 2,475
AFTERNOON.
‘Washington, D.C -.... 8.1 6.5 6.0
- . 14 .11 40 -
Cairo, Il ..coeenoaann. 8.0 7.0 6.2
: . 2 14 47
Cincinnati, Ohio...... 13.8 6.6 7.3
) 2 1 26
Fort Smith, Ark...... 5.2 7.1 6.2
3 9 26
Knoxville, Tenn ...... 8.2 5.6 6.3
7 6 24.
Memphis, Tenn...... . 7.2 7.2 5.6
5 9 15 . 545(3)
. Springfield, 111 ....... .. 8.3 5.9 .
Springle I 35 - 116
Cleveland, Ohio ...... 4.9 5.0 5.3
. oo 4 13
Duluth, Minn......... 6.0 5.9 4.9
22 24 125
Lansing, Mich........ 5.8 6.2 5.3
- . 4 4 17
Sault Ste. Marie, Mich.] 10.0 7.0 - 6.2
-1 20 64
Dodge City, Kans..... 6.2 5.6 4.7
43 40 181
Dubuque, Iowa....... 6.4 6.5 4.6
- 10 15 - 55
North Platte, Nebr.... 7.3 7.0 6.0
36 .99 309
Omaha, Nebr «vecnenacfeaaan.s. -1 5.9
’ 10 48
Pierre, 8. Dak ........ 7.5 | 64 6.3
25 22 85
Topeka, Kans ........ 7.8 6.9 6.0
) 34 33 135.
: 7.5 6. 5.8
Mean .......... { 227 | 362 1,360
<
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TEMPERATURE GRADIENT -Continued.

MEAN,
Station. - - 1,000 feet. 1,500feet.’2,000 feet.| 3,000 feet.| 4,000 feet.| 5,000 feet.| 6,000 feet.| 7,000 feet.| 8,000 foet.| . Mean.
Washington, D.C.....{- 5.6 44 4.0 3.5 3.2 3.6
. bl 52 53 28 19. 223
. Cairo,Ill ..... s 9.7 | 66 6.0 4.9 4.7 6.0
: ’ 6 33 31 - 23 - 19 116
Cincinnati, Ohio...... 13.0 6.3 6.9 58 5.6 6.6
3 7 24 19 16 - 81
Fort Smith, Ark ...... 7.2 70 | 6% 5.8 3.8 6.2
12 18 18 8 2 58
Knoxville, Tenn ...... 8.4 62 | 66 | b4 5.0 6.3
.. 8 8 8| 8 2 134
.Memphis, Tenn ....... 78 6.8 | - 50 3.8 3.7 5,1
. 16 22 27 26 21 117
Springfield, 11 ....... 1.8 |- b 5.1 44 4.0 4.9
o .15 52 53 28 15 174
- Cleveland, Ohio ...... 5.7 41 3.6 3.5 41 4.2
T R 29 62 55 48 21 227
Duluth, Minn.:........] 5.2 4.8 46 . 4.6 43 4.6
. S 61 71 83 60 32 325
" Lansing, Mich .... ... 7.5 6.0 4.9 41 ‘3.9 5.0
co 23 23 C 22 34 22 134
Sault Ste. Marie, Mich. 6.6 6.2 5.2 45 [ - 39" 4.9
g i : 1T 42 46 39 31 180
" |, Dodge City, Kans..... 63 |. 52 4.8 3.7 3.1 42
o . 119 123 | - 118 106 66 573"
Dubuque, Iowa....... 6.9 5.9 4.6 8.5 3.2 4.6
) . 19 32 40 35 |- 15 148
North Platte, Nebr.... 6.8 6.5 5.9 5.2 4.4 5.6
. 70 162 133 102 44 525
Omaha, Nebr ...c..oo0]vavoe. b4 49 3.6 3.2 4,1
. IRTCR PO 29 1 - 50.| 45 34 185
Pierre, S.Dak .:...... 5.9 5.1 -4.8 43 8.7 4.6
. o e 96 105 .91 65 38 416
‘Topeka, Kans. ........ 4 62" 4.9 4.0 3.8 . 5.0 -
) : . 68 . 65 76 72 26 319
Mean ... 7.4 5.8 52 |. 44 4.0 . 3.8 41. 84 | 40 .5.0
TTmeteeetol 603 906 928 746 423 182 - 38 7 2 3,835
. TEMPERATURE GRADIENTS BY (IEOGRAPHICAL DISTRICTS.
MORNING. - °
District. 1,000 feet. (1,500 feet.:2,000 feet.|3,000 feet.|4,000 feet.;5,000 feet. (6,000 feet.‘7,000 feet.r8,000 feet.]| Mean.
Atlantic coast ........ 4.6 | 3.9 3.6 3.2 3.0 2.8 3.1 3.0 3.0 3.4
Central =~ Mississippi -
watershed....... 9.1 6.5 5.9 4.7 4.3 4.0 £ R DAt 5.8
Upper Lako Region ..| 6.1 5.0 4.2 3.8 3.9 3.8 4.6 4.2 (..., 4.5
Central West......... 6.5 5.2 4.4 3.5 3.2 3.6 3.8 3.6 jeee..... 4.8
AFTERNOON.
Atlantic coast........ 8.1 6.5 1 5.8 5.5 4.9 5 N [ RN RPN PR 6.0
Central -Mississippi C
watershed.......... 1 8.4 6.5 6.5 5.6 5.1 4.2 4.4 | e, - 6.1
Upper Lake Region ..{ 6.7 6.0 5.4 5.4 4.8 3.4 4.2. 3.8 ... 5.4
Central West.........| 7.0 6.6 5.9 5.3 4.7 4.6 3.7 3.5 4.9 5.6
. MEAN.
Atlantic coast......... 5.6 4.4 4.0 3.5. 3.2 * 3.0 3.1 3.0 3.0 3.6
Central© Mississippi :
- watershed.......... 9.0 | 6.4 6.0 5.0 4.5 | 4.0 I B PR T 5.8
Upper Lake Region ..| - 6.2 5.3 4.5 4.2 41 3.7 4.4 4.0 [eeeo.... 4.6
Central West. .... ... 6.6 5.7 5.0 4.0 3.6 3.8 4.2 3.6 4.9 4.7




20

MeAN RELATIVE HUMIDITY,

[S=at ground; A =above.] -

> |1,500 feet. | 2,000 feet. | 3,000 feet. | 4,000 feet. | 5,000 feet. | 6,000 feet. | 7,000 feet. | 8,000 feet.| Mean.
Station, - — |~ - — -
S A S | A8 | Al S.TAV| S| A S A S | AL S| ALS A.
Washington, D.C ........ 76 (68|75 |67 77|64 | 75|61 |80 {60)78])66|T359|79|58|77! 63
Cairo, TI1...0..0 .0 01 .00 68| 67 {65 | 66163 |64 (6216260 |65 [cccaleeerfonnalannnlonaaleaas] 64765
Cincinnati, Ohio.. .70 67|65 |.68164.163|66|68 65164 ;63| T0|ccuc|enec|onn 66 1 67
Fort Smith, Ark .. 6317263766382 7179 |-cvn)emniliifiiiilaann]iaan] ol 65 | TT
Knoxville, Tenn .. L. BBI63 61| TL| 72|75 |64 |64 eaeifoaal]ae .- 68
‘Memphis; Tenn...........| 539 | 701 67 | 77|72 | 771 69| 69 | 60 | 62 |....|.... 71
Springfield, I11 ... ...2|61 45 160 |42 |57 |86°|46 24|53 12650 |24 1........0.... 33
Cleveland, Ohio .......... T4 74|72 1731721696569 |75 78|94 ... 5
Duluth, MinD.eees. voooo.. 70 | 72| 66 169 (60|65 62| 646115758 567|5bL{70 65
Lansing, Mich....._.(.... 78 |69 |76 | 68 | 72| 69 | 61| 68 | 65 | 64 |.... ... lel]nn 68
Sault Ste, Marie, Mich .._.| 80 | 71 |73 | 69 | 73 | 69 | 63 | 68 | 59 | T3 |....|..c.|.ionienn 70
Dodge City, Kans 52 | 57 |58 | 5k | 56 | 52 | 42| 48 | 51 | 45 | 50 ; 32 | 42 50
‘Dubuque, fowa........... T3 1727365 |66 |66 |58 67| TL |ccculecanjiacalanaats 68
North Platte, Nebr 56 | 51 | 56 |47 |53 |46 | 52| 42|49 | 30 | 60 |....0....]. 54
Omaha, Nebr..... 40 {50 [ 40149 |33 |53 |30 62|24 67|15 66 |-10 27,
Pierre, S. Dak .... 63156615566 |52|60|43 5848 |64 }....[....1- 62
Topeka, Kans .. ... .0... 169621676364 |60|59|62|61|63]63 - 64
Mean L.iil.ile..ai. 65| 6L |64|65|64]63]|61|58]60|57|58|56]|56.45 5015260 58
VAror PRESSURE (Qd)
P
Station. 1,500 feet.| 2,000 feet.| 3,000 feet.| 4,000 feet.| 5,000 feet.| 6,000 feet.| 7,000 feet.! 8,000 feet.| Mean
.1 - Washington; D: C.oli.ooes 0.87 0.82 0.66 0.60. 0.59
BT O7:1 <1 3 11 N L1 .69 .63 .54 .62
Cineinnati, Ohio...... .00, .. .73 L6T .57 .51 .57
- Fort Smith, Ark ... ...0 ... .82 .79 4 .65 - 15
4 Knoxville, Tenn,............. .83 ] . 66 .76 .74
--Memphis, Tenn ... ..ooenoaiin. .88 .86 .76 .61 LT3
‘Springfield, Il ......o..oo... .74 .70 .63 .52 .59 -
Cleveland, Ohio .83 |+ T .68 .55 .64
Duluth, Minn. ... .82 .79 NEY .64 .65
Lansing, Mich......... e iean .87 .83 R .56 .70
Sault Ste. Marie, Mich ........ .83 .76 .1 .71 . 69
Dodge City, Kans ... ...o0...l .85 .84 .80 L1 .68
" Dubuque, Iowa.... .83 .79 .76 .56 .12
North Platte, Nebr............ .18 .72 .66 ¢ .57 .63
Omaha, Nebr . .evnvnvannai.les .83 .80 | .68 .56 .52 ¢
Pierre, S.Dak ................ .90 .86 .75 T2 T
Topeka, Kans. .cooeevueeneenn. .85 . 80 .68 .56 . .63
Mean..ccoceacaarincnnn .82 .78 .70 .61 .52 .49 .39 44 .59
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WASHINGTON D C. (ARLINGTON VA).

_ There were in all 87 ascensions and 223 obseér V‘lthDS, taken durmg the daytlme only, at alti-
tudes of 1,000 feet or over, and the highest altitude attained was 8,211 feet.

The weneral mean decrease in temperature was 3.6° per. thousand feet. " The average decrease

- from the ground up to 1,000 feet of altitude above the kite station was 5.6°; for the other altitudes
it was as follows: 1 ,600 feet 4.4° per thousand feet; 2,000 feet, 4.0°; 3, 000 feet 3.59; 4,000 feet,
3.20; 5,000 feet, 3. 0o 6,000 feet, 3.1°; 7,000 feet, 3. 0o 8 000 feet 3. O° ’

These results are graphlcally shown on Plate 3. They are the general mean values obtauled
from observations taken at all hours between 6 a. m. and 7 p. m., Dastern t1me N 0 dlstmctlon is
now made between clear and cloudy days. =

It w111 be noticed that there is a decreasei in the gradlent up to 4, 000 feet, above which altltude
the ohunrres were very slight, but nevertheless with a decreasing tendenc§ The results obtained
at altitudes above 4,000 feet are remarkably uniform, considering the paucity of observations and
the wide d1vergence in" the weather conditions, But 20 observations were made at altitudes of
5,000 feet or more, and of these 10 were made on clear days, 8 on days on.which rain fell, and the

-remaining 2 on cloudy days without rain.- ,

‘The negative gradients of. temperature or “1nvers10us ? during the mornmg hours of course
bear a direct relation to the amount of cloudiness and the velocity of the wind, -Thirty- five cases
were found with a fairly even distribution through the different months. The i inversions, as arule, .
extended to an altitude of 1,200 feet, and in over one-half the cases reached 1,500 feet. ~ On May
12, after a clear night with a high relative humidity, there was an inversion of 4.5° up to 2,600
feet, and it did not cease until the kite reached an altitude of 4,100 feet. ‘The most marked case
occurred on June 2L. . The night and early morning up t0 6 oclock had- ‘been clear (becoming
cloudy, however, by 7 o’clock), and the sun rose at 4.35 a. m. A% 5.10 a. m., or thirty-five minutes
after sunrlse, the temperature at 866 feet elevation was 140 higher than at the ground, and was 100
higher at 5.20 a. m. at an altitude of 1,700 feet. The surface wind was from the west and its

- velocity 3 miles per hour.. A very simila-r case occurred on June 25, when at 5.40 a. m., one hour - |
. and three minutes after sunrise, the temperature at 1,966 feet was 9° higher than at the surface.

At this time the surface wind was from the southwest and its velocity also 3 miles per hour.
It is worthy of note that where the inversions were smallest, and incidentally the wind
velocities greatest, fhe wind was always from some northerly-point, usually the northwest; and,
* vice versa, with strong inversions and light winds, the latter were almost always from some
southerly point, usually the southwest.
k It is lnterestlng also to note the gradients at different times of the day. In the mornlng the
me:m rate was 3.4° per thousand feet, the greatest being 4.6° at 1,000 feet, and the least 2.8 at
5,000 feet. The curve in this case falrly approxlmates that for the mean result and is given on
Plate L

In the afternoon, up to a limit of 5,000 feet in altitude, the rate of decrease so nearly approaches

the adiabatic rate of 1° for 185 feet, or'5.4° per thousand feet, that the two can be considered as

~practically one, the mean value obtamed being 6.0° per thousand feet, or 0.6° greater than the
true adiabatic rate. The lowest rate, 4.9° per thousand feet, was noted at 4,000 feet, and the
highest, 8.1° per thousand feet, at 1,000 feet. The corresponding curve for these ﬁgures is given
on Plate 2. e I : .

At all times where clouds were present there was a great decrease in the gradient, resulting
in some cases in a.complete arrest of the temperature fall, and in others a marked rise, not-°
withstanding the increased altitude. On July. 13, while the kité was in the clouds at altitudes
between 2,020 and 2,456 feet, a rise of 5.0° occurred The extreme range of temperature while the
kite was in the clouds was 1.7° for 1,300 feet difference in altltude, or at the rate of 1 3° per tLou
sand feet. ‘

~ This rise in temperature in the clouds was also noted in several other cases,  On June 5, -
while no rise in temperature occurred, the fall was almost entirely checked, the total decrease for
1,743 feet of ascent having been but 1 19, or at the rate of 0.6° per thousand feet.. An examina-
tlon of the temperature record for October 8 disclosed some peculiar cloud effects. The flight took
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place in the morning, the sky being practlcwlly obscured by stmtus clouds In this case the rise
in temperature began at an altitude of 2,300 feet, about 1,300 feet below the clouds, and continued
up to 3,100 feet, ‘after which there was a fall of 2.5° up to 3,600 feet, when the kite entered the
clouds, and no (,htmge while it remained there. The gradlent duung the entire flight was very -
small, occasmmlly amounting to a complete inversion, particularly at the helght of 3, 100 feet, -
when the inversion was as much as 0.6° per thousand feet. "

.The wind velocity appears to have no “effect upon the temperature gradlent inversions not -
consulered except that during cloudy weather there was usually a marked decrease in the gra-
dient when .the surface velocity was about 5 miles per.hour or less, and that above correspond-
“ingly small as evidenced by the pull on the kite wire.

~ No deductions regarding the diurnal range of tempemture in the upper air were made, owing
to the Very hmlted time during whlch the klte remamed at a fixed elevatlon

WIND.

The differences in wind direction were indicated by the ehanges in the 'Lz1muths of the kite.
These show that in a great majority of cases the. general directions above and at the surface are
practically  the: same, the' differences being confined 'to a tendency in the kite to' a deflection
toward the right. = This deﬂectlon frequently increased with the altitude, but rarely equaled 90
degrees. Ina few lnstances, not over five or six, the kite was deflected toward the left, but not
to any great extent except in one case, on May 27, when the deflection toward the left was about
140 degrees. It should also be stated that in a majority of the cases where the kite was deflected:
toward the left the velocity of the wind diminished with increase of altitude, as shown by the
pull on the kite wire.

RELATIVE HUMIDITY AND VAPOR PRESSURE

The relative humidity records show that in a n“reat; majorlty of mstances, under normal clear
/condltlons, the change with altitude is largely a question of wind direction, or really of the rela-
tive positions-of the high and low pressure areas. With northerly winds, pflrtlcularly north-
- westerly, there was as a rule a marked decrease in the relative humidity with increase of altitude,
while with southerly winds the rule was no change or a steady increase, usually the latter, and -
with easterly winds a'decided increase. The drying ¢haracter of the northwest winds was some-
times noticed at different intervals during the same ascension as the upper currents changed
direction from time to time. , -

In the presence of clouds and rain, or with the latter a few hours before or after the ﬂlght, an
increase was the rule, but frequently not until after an altitude of 2,500-or 3, 000 feet had been
reached. But one case was recorded of total saturation while the klte was in the clouds. In one
other case, on October 8, the relative humidity fell 22 per cent in fifteen minutes just previous to
entering the clouds, remaining at the low point until the kite left the clouds, when it again rose
to its former height.

The vapor pressure results for Washmgton are given below, and are expressed in fractions of

the vapor pressure observed mmultaneously at the earth’s surface < > in which “p” rep1esents»
the vapor pressure at any given altitude and “p°” that at the earth’s surface.
- DIMINUTION OF VAPOR PRESSURE WIT{l ALTITUDE.

VALUE OF I%’ AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

1,500 feet.| 2,000 féct. 3!000 feet.|4,000 feet.| 5,000 feet.| 6,000 feet.| 7,000 feet.| 8,000 feet.

0.87 0,82 0.66 0. 60 0,54 0.46 0.45 | 0.34 ]

The computatlons of the gradlents Wlth the general summmy of the results are given in the
following table.
The first column under each mltltude shows the rate of ch'mge of altitude for 1° T7, change in

temperature, while the second column shows the gmdlent of the tempemture for each 1,000 feet of
:thltudc '



TEMPERATURE.

S e e ' CLEAR.

1,000 feet. | 1,500 feet. | 2,000 feet. | 3,000 feet. | 4,000 feet. | 5,000 feet. | 6,000 feet. | 7,000 feet. | 8,000 feet Mean.

‘ . ‘ﬁato.

G;‘adient.
Gradient.’
Rate.
Gradient.
Gradient.
Gradient.
Rate.’ o
Gradient.
Gradient.

Rate.

Gradient.
Rate.. - -

Gradient.
Gradient.

Rate. ; L
Rate.
Rate.

| Rate.

Rate.

- ’.

1898.

Fuly 2, pom e e 210 | 4.6 [oeic|iivae]iammvefemnee]eneeadianidens BN PR PN IO

2,a.m ....
28, p.m....[ 273
30,a.m ....| 250

1
3
1
3.
4
Aug.2,am....[ 299 g
4
1
7
8

PO D

3,a.m ...
4,am....
5a.m....
p.m....
16,p.m....
17,am....
17, p.m....
17,p.m.
18,a.m.
18, p.m....
22, p.m....
2,a.m....
24, p.m....
27, a.m....
29,a.m....
30,a.m....

Sept.2,a.m ....
26, p.m....
27,a.m....
2%, a.m....

Oct. 9,3.m....
' 10,p.m....
12,a.m.

17,a.m....
19,a.m....
22,a.m....
PR . .23jam....
’ T 24,a.m.... . . .

I S 1 R RIS PUR P cee L5 leeeans e
FR- - W SRR PR VAR PO RN PN " 84, . 31|0.9

27,a.m....| -85 N
S8, 80 M ens|anenee]veess|2,020

a6 O R TN IS et o0 IO Mo Mt
19

258 3.9 . |anns SO N N N NN (SN oY N SO

1898. - . . ; . h
May 6,a.m....
11, a. m.
16, 2. m.
25,a.m. aea
26, 2. m. 1 IS
27,a.m....




Zfempemture;—-Gloudy%Contiﬁued;

1,000 feet. | 1,500 feet. | 2,000 feet. | 3,000 feet. | 4,000 foet: | 5,000 feet. | 6,000 feet. |.7,000 feet. | 8,000 feet.| -Mean.

. - B 5 - 2 - - L= s - L . = . +© = -
Date, g0 20 d ! 9. IR ISR - D g - g g -
2. < .z . 3 NN 2 L 2 ol re 2
. g =3 3 LR 3 L] SR -] IR R~ P P .~ B 1 =1 I 3 TR - R =P
[ G 1 [CA = (R B I ) ] S A < [ = &2 - RO I - I R O
1898, L
June 5, a.m....~
+ 5y a.Mm.. ..
o1l aimald
s 18 arme. L seladil e 202 1 4.0 1266 (8.8 | V813 18,2 102621 3.8 |l sl cdll]l i)
?‘Jﬁly gl L L, T 00.6 | 826 | B L s e L e e
o 5,a.m. ..
13, a.m:...
s 13, aem.
~ 15, a.m..
: 22,a.m.. o
23,a:m.... :

25, a.m....

Aug. 9,a,m....
© 10, 8 Ml feaauat .ee

- 18,a.1u...':

CLEAR.

Morning s [ s o
Afternoon ...l 8 L el 6.5 Ll -

Mean ... ini| 6.0 [l a6 4.2 |- 3.7 fuoinn .4 | 8.0 |-iues | 8.0 lueul. 2.8 ... 3.0 ceene 8.7

CLOUDY. *
Murning.....l.. 3. . N 3 X i % X 3. N R
Afternoon . . ;
o Mean coiifisann. 4.3 1..... 4.0 {.oen-n 3.4 ..eien 3.0 jeeenen 2.4 |ooiaa e ]aeaal 3.4 .0mnn. 3.4 j.iaenn eacafeeanne 3.4
COMBINED.

MOTDINg - enee|erasen 4.6 1. 3.9 ...ie. 3.6 [eeensel 3.2 |orinen 3.0 [.ovee :
Afternoon . ....|...... 8.1 |ooio.. 6.5 |.nnnnn 5.8 |eeeui. 5.5 |iuien| 49 |oaeees : ; S

Mean .2.lo.onn 5.6 [reune. 44 fece| 40 Lioeee. 3.5 {eaunes [3.21...... EXO) 31 feeeens 3.0 Jooins.| 3.0 oaueen 3.6

: ; et . i .
. ) ’ 3
INVERSIONS. ’ . ) : ’
CLEAR. I .
E 400 fect. 800 fect. 1,000 feet. 1,200 feet. 1,500 feet. 2,000 fect. 2,500 feet. 3,000 feet. | * ‘, L
Date ; . . . . . . . N o . :
: : o |Gradi- Gradi-| Gradi- Gradi- Gradi- Gradi- Gradi- Gradi-
’.atg. ont. | Bate. [Tt Rate. ent. Rate. ent, Rate. ent. Rate. ent. Rate. ent. Rate. ent.

May 12, 0012 eesennfemeene oot i e S o556 1.8 ]....c .

14, a.m. . i
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- Inversions—Clear—Continued.

400 feet. - |~ 800 feet. 1,000 feet. | - 1,200 feet, -*| 1,500 feet. 2,000 fect. 2,500 feet. 3,000 feet.

" . Date.

Rate. i- Tate. Gradi- Rate. Gradi- Rdte.'Gra(li' Rate‘. Gradi- Paée. Gradi- Rate. Gradi- Rate, |OTadi-

ent, [-* ent. ent.

o

Lad
:oEEEEE-

EE

Oct, 12,a.

Z
Bo
EBZES

02
Raad )
s
BE

‘May 11, a.m...
. 9, a.m.
24,5p.n

July 22, a.m....

Aug.14,2.m. ...

Oct. 6. a.m...

CAIRO ILL.
TEMPERATU RE

At Oalro there were considered 39 -ascensions and 116 observations at altltudes of.1 000 feet
or more, and the greatest altitude attained was 5,577 feet, :

The mean gradient was 6° for each 1,000 feet It decreased quite rapidly up to 3,000 feet
and very slowly thereafter. The value up to 1,000 feet is particularly large, bemg 9.7° per
thousand feet, while up to 1,500 feet there is a sharp fall to 6.6°,

The morning gradients were steadily and quite uniformly less than the afternoon ones, except
up t0°1,000 feet, where the morning value reached 10.5° per thousand feet, 2,50 greater than the
‘lfteI'IlOOIl one, - The averages for all elevations differed but little.

The clear and cloudy weather gradients did not maintain a steady relation toward each other.
Up to 2,000 and 5,000 feet the former were the greater, while up to 3,000 feet there was a marked
change in the opposite direction. Above 4,000 feet there was very little difference.. Cloud effects
were as a rule quite marked. There was usuml]y a decided decrease in the rate of temperature
fall, and in a number of cases the fall was changed into a rise. After the kite emerged from the
clouds the temperature change would be slower than it had been before the clouds were encoun-
tered. On July 13 the temperature fall was only 4.5° while the kite was. rising from 2,700 to

5,000 feet. TIrom 3,750 to 5,000 feet the fall was but 0.5, On July 28 there was rise of 3°
whlle the kite rose from 3, 150 to 3,450 feet, followed by a further rise of 1° up to 4,000 feet, where
the kite émerged froin the clouds. Above 4,000 feet a slow fall commenced. On September 4,
while a thunderstorm was in progress, there was a rise in the temperature of 20 just as the rain
begfm followed in a few minutes by a fall of 6° while the kite was rising from 2,100 to 2,800 feet,

“Neither wind" dlreetlon nor veloclty appeared to exert zmy influence upon the tempemture
gradxent "ff_'

WINDS. ] -

Wmd dlrections did- not vary materlally from the usual rule. Neither was the amount of
deﬂectlon of the klte nnrked except in'one lnstance, when it vaued from 90° to 1350 Jjust after the
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termination of a shower. There were five cases of deflection toward the left, varying in amount
from 30° to 90°, In two of these cases a thunderstorm fol]owed shortly. " . .

RELATIVE HUMIDITY AND VAPOR PRESSURE

The relatlve humldltles, both above and at the surface, were almost exactly ahke, the extreme
"difference above being but 5 per cent and that at the sutface 8 per cent. Except at 5,000 feet the‘ :
difference between the surfaoe and upper-air humidities did not exceed 1 per cent.

Cloud effects were qulte noticeable both while the kite was enveloped in clouds and while rain-
conditions were- present: ‘A rise usually resulted, followed by a fall, as’ the cloud or rain condi-
tions disappeared. - On July 28 there was a fall in the humldlty from 90 to 42 per cent as the kite
emerged from ‘the clouds. ;

The vapor-pressure results were very sumlam to those obtalned at Gmclnn'm and Sprmgﬁeld—
stations also located in the great Mississippi Basin. '

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE. '

‘ VALUE OF 5 AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE

li,SOOfeet. 2,.000,&%. 3,000 feet. 4,000feet.' 5,000 feet,

|

‘o1t | 0.69 | 063 | 0.5¢ | 0.5

TEMPERATURE.
CLEAR. )
1,000 feet. 1,500 feet. 2,000 feet. | 3,000 feet. « 4,000 feet. 5,000 feet. Mean.
Date. : : s - s i .
Gradi- Gradi Gradi- Gradi- Gradi- Gradi- Gradi-
) Rate. | “o . Rate. | "o Rate. | e ¢ Rate. } Vo™ Rate. | "¢ . Rate. | Yo e Rate. | "ot
‘May 15, p.m 216 4.6 198 5.1 205 4.9 215 4.7 ...
18,a.m , 189 5.3 212 4.7 207 4.8 210 4.8 |;
27, p.m 152 6.5 196 5.1 227 P/ N PP :
29, p.m 170 <30 T A P T R T
30, a. m 113 L3 3 RN R PO BN B R Rl
June 5,p.m 137 T8 lecaennns B e

13, p.
19, p.
24,p.

July 9,a.
10, a.

Aug. 7,p.
Sept. 3,p.
5

Oct. 16,p.
23, p.
24, a.
30, p.
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Tempemtm"e—Continued{

R R SUMMARY.
' " CLEAR..
1,000 feet. 1,500 feet. 2,000 feet. 13,000 feet, 4,000 feet. - 5,000 foet. Mean.
Date. . . . . s s
: . Gradi- Gradi- - | Gradi- Gradi- Gradi- Gradi- | . Gradi-
Rate. ent. . Rate. ent. Rate. |. ent. Rate. ent. | Rate. Ient. Rnte. ont. Rate. ent.
Morning....eoo.leeuee .. 1.8 feenenns 5.6 |.oeeins [ (SR BN B O 41 42 .00 s
Afternoon.......|..... 8.0 veeene. 6.9 |iunieaas 6.2 5.3 eeneen 5.3 lveautenn - () PO 6.1
Mean .cc.ecfevemmnn. 9.6 [.eovene. 6.0 |ceenann. 6.3 eenaeens 4.4 ..., i 4.6 (.. ... R XY IO 5.9
‘ | : :
CILLOUDY
Morning..--««.-. Aoes 7.2l Bl eeeian, 49| e, VR S R X% 5.9
Afternoon [P IO PR 7.0 [ caennns 7.2 ceannn.. 6.9 [caeaenn. |5 20 L PO PR PR 6.5
Mean ........ reees 9.8 |ceennne. 1% T 5.7 |enenends 5.5 feaeanenn 4.8 lie...o. 3.9 |eeeailt 6.5
COMBINED
"MOTRINg. euenenefennnnnns 105 {eeeeen.l 6.4 il BT feeianain 4.3 |00 SR IV I 4.1l 5.9
ALternoon coeeenufaiacaan. 8.0 ........ 7.0 |eeeaeess} - 6.5 L T L2 1) PP B2 eeiiaas 4.7 |veneana. 6.2
Mean ..... o IO 9.7 |- qeenns- 6.6 |-eunnn.. ' 6.0 |veeennnn 4.9 [eeenine 4,7 leeeennns 4.3 .00l 6.0

CINCINNATI, OHIO.
' TEMPERATURE.

At Cincinnati there were 38 ascensions and 81 observatlons at rmltlt;udes of 1,000 feet or more,
and the greatest altitude reached Was 6,313 feet. - '

‘ The mean decrease in tempemture w1th increase of almtude was 6. 60 for each 1, ,000 fcet the
‘highest gradient found at any station. The abnormally large gradient of 13° per thousand feet
" ‘occurs up t0'1,000 feet, but as there were but three observations at this altitude it is very probable

that a grewter number would have re%ulted in a reduced gradient. Up to 1,500 feet the gradient -
is less than one-half aslarge.

The rate of temperature dnnlnutlon decreased, as usual, with iucrease of altltude, exeept up

to 2 000 feet, but it is perhaps true that the increase at this elevatwn is more apparent thaun real,

. as the gradlent up tol 000 feet is comparalively small and is the mean of but seven observations.

At 1,500 and from 3 000 up to 5,000 feet the morning and afternoon gradients were near ly equal,

but up to 1 ,000, 2 0()() and 6,000 feet there is considerable variation, the afternoon ones belng the

© greater.

‘While the mean clear and mean oloudy weather gradients were exactly equal, they varied .
greatly and irregularly at the different elevations. At some elévations the clear ones were the
greater and at others the cloudy ones. The remarkable gradient of 14.7° per thousand feet was
noted in the early afternoon of June 8, during cloudy weather.

In the few instances in which the klte was in proximity to the clouds there did not appear to
have been any variations in the temperatures that eould not be mecounted for by dlﬂ“erence of

elevatlon.
'WINDS.

Wmd directions adhered to the usual rule of deflection toward the right, bub not to any
decided degree, the maximum deflection having been about 900, and- that in one or two cases
only. There were four cases of deflection in the. opposnte dlreetlon of from 20° to 40°, and three
of them were ‘followed by rain in one or two hours

7

RELATIVE HUMIDITY: AND VAPOR PRESSURE

The relamve humldlby results above agreed very closely with those at the surface, the greatest
difference, 7 per cent, belng found at 6,000 feet. 'With this exception the greatest difference was
3 per cent,
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, 'The approa’dh of clouds or fain had nh’é‘u’sual’eﬂ'ect of producing a rbise‘ifn the humidity, which
was more marked in the case of rain, Vapor-pressure results follow below. There is an excellent
" agreement with the values obtained at Springfield, Ill.,, a neighboring station.

DIMINUTION OF VAPOR PRESSURE WITI ALTITUDE. oo SR

VALUE OF & AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

6,000 :;ﬂ

1500 feet. 2,000 Teet,[3,000 fect.!4,000 foet. 5,000 feet.

\

.

0.73" ‘ 0.67 |- 0.57 | 0.51 0.49: 0.45 ‘
TEMPERATURE.
CLEAR.
1,000 feet. 1,500 feet..” | 2,000 feet. 3,0()6feet. " 4,000 feet. 5,000 feet. ~1 6,000 feet. Mean.
Date. ) Rl . - N T " - - -
B Gradi- Gradi. Gradi- Gradi- Gradi- Gradi- Gradi- Gradi
. . ]}qte. ent, ‘Rkate. Tent.- Rate ent. %iatey. ent.. }iate' “ent, Ratg. ent Rate. [ ent. n:?.te ent.
May 8,ilm..
15, p.m..
©29,p.m..
June 3,p.m..
4,a.m..
4,p.m..
4,p.m..
15,a.m..
1%, a.m..
19,p.m..
. 24,a.m:.. .
July . 3,a.m. :
‘9,a.m.
Sl g pemy
10,a.m.
19, a. m.
19, p.m.
28, p.m.
29,a.1m.
Sept. 6,a.m.
6,a.m.
7,a.m.
11, a.m
12,a.m
14,p.m
18,a.m
24, p.m
27,1),m.
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Temperature—Continued.

SUMMARY.
" CLEAR.
1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feot. Mean.
Date. . . . . N . R .
. Gradi- Gradi- Gradi- Gradi- Gradi- - Gradi- Gradi- Gradi-
{ate. ont. vRate. ent. Rute, ent. Rate. ent. Rate. ent. Rate. ent. Rate. ent. Rate. ent.
Morniug ............... 11,6 Jeeeeen. 7.4 ]...0... 5.9 [Leaanen 5.9 [....... 4.5 ieenen. 4.1 |....... 2.9 joeeen.. G.0
Afternoon ......f.aa.... 13.0 Joeenans 6.6 |anann. 9.0 [cienen. [>T PO AR R PR PN P AR 8.6
Mean ..oe.fiacnnn. 12.8 [..anl [/ B 7.5 [ceaneen 5.9 f.eo..i. . 4.5—...,... 4.1 [eeaenns 2.9 |eeeaen. 6.3
. ] y : CLOUDY. : Ce ) R
Morning. ..e.oer|eecse. B RSN A0 B2 U X TOURPOS BRI & KUV 5.2 ... 8.8 |eeanain 6.2 |.eounn. 4.5 |..... L 5.1
Afternoon ......|... N D € O P F T F TP % I s 6.6 [....... 5.5 [eeavein 5.0 [caeeee] B2 00Llll 7.3
B %1 PO PUSORRN (D 75 A FOURAPN IS 5 W PO 2 N 5.6 |.eeanns 6.9 l.eeeinl] 5.6 .al.... 4.8 [veunnn. 6.3
COMBINED.
DI ORI N PICCAN B 8 FORETO 5T i U508 |aeeeenn] AT [l X o 6.2
13.8 |eeaeaes{ 6.6 |eacana. 8.8 j....... 6.0 foeaen.. [EI 3% N R 3 I 11 U PPN 5.2 |aeeanasf 7.3
13.0 6.3 |vunen- 6.9 |onin 5.8 |oennns 5.6 |..cun. 47|, ey 6.6
! ' FORT SMITH, ARK, o
. TEMPERATURE,

meg to the absence of sufficient wind to fly the kite, there were only 19 ascensions and 58
observations made at Fort Smith at altltudes of 1,000 feet or more.. Of these.6 ascensions and
19 observations were made duuug June;. 4 ascensions and 16 observations during J uly; 2 ascen-
. sions and 4 observations during August and 7 ascensions and 19 observatlons during- September.

The highest altitude attained was 5,431 feet. '
Co The average hourly wind veloclty at the surface was 5.6 miles from May to October, inclusive,. .
»with a maximum average of 6.3 miles in May.and a minimum of 4.5 miles in August,.

The mean decrease in temperature with increase of altitude was 6.1° for each 1,000 feet. -The
gradient decreased slowly up-to-2,000 feet, zmd qulte Iapldly thereafter, a departure from the
conditions generally prevailing elsewhere, - ‘

"The observations were equally divided between the mornings and afternoons, and the means
were exactly equal, - ‘The gradlents also differed but little up to the different altltudes, euept at
1,000 feet, where the morning one was 2 6 larger.,
the cloudy one was 1,20 larger than the clear one, while up to the remalmng a]tltudes the clear
weather ones were the greater.

There. were but two instances in Whlch ‘the k1te was enveloped in clouds, and both were
apparently without effect upon the temperature. Wind directions and- velocities were without
influence upon the gradients. It is of interest to note, however, in connection with the wmds,
that there were no ascensions made with northerly winds, and that the greater portion were made
with. southwester]y winds, except in September, when they were mostly southeftsterly

\

'WINDS. >
The wind directions conformed to the usual rule, although the deflections were sllght except
in one instance when it amounted to 90°, Buf one case of deflection toward the left was noticed.

Tt was quite well marked, gradually increasing with increase of altitude from 25° to 60°, and was
followed Wlthln an hour by hght showers .of very brlef duration.

RELATIVE HUMIDITY AND' VAPOR PRESSURE.
The relative humldltles were conmderably greater above than at the surfaoe, the greatebt dlf

ierenoe—lQ per. cent——occurrmg fmt 3 000 teet and the least—S per cent—at 4,000 feet. . The mean
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Cloud effects were, as usuwl confined- to an increase in the humidity as the kite entered the
clouds, followed by a correspondmg fall as the kite emerged :

. Vapor pressure results as follows were determmed They (10 not correspond very well with
" any others found in the West except those at Omaha: -

DIMWUTION OF VAPOR Pm SSURE WITH ALTITUDE. : -

VALUE OF ITG AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

\ 1,500 feet.| 2,000 fee_t.i 3,000 feet. 4,000 feet.f ’
l 0.82 | 0.79 ’ 0.74 | 0.65 ‘
TEMPERATURE. 3 .
’ . : CLEAR. —_ o
1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. '4,000 feet. Mean.
Date R R . .
. Gradi. Gradi- Gradi- Gradi- Gradi- Gradi-
Rate. | “ons [ ‘Rate. | Zert ‘Rate. | “one Rate. J:ant. Rate. | “ant. Rate ent,

July

) Aug.
Sept.

June

July

Aug.
Sept.
CLEAR.
MOTDIOg coenrevnmarcenmnoaneansoasle 6.4 |....... 6.7 -
Afternoon T2 |aamancns 6.5
Mean 6.7 |..... . 6.8
Morning ..cvivimieimnanacaceereaacfionnans, ST T feaeiean 76 [causnnn T2 [eannanes 4.7 |eeennnann 3.8 [onnenen 6: 2
ATLEITIOON v ceeaeeencamanmnnarsleladonns [ O, 76 | (3 N PO P P M eeiian 6.4
b8 2 T I 6.7 ’ ToB | lemimae 6.7 |eernnnn S AR EX 3 5.9
s R COMBINED.
Morning T8 [cameenns 6.9 laeunnns 6.7 eeinnns 6.2
:| Afternoon 5.2 [cemeann [/ N U, 6.7 [ceavann. 6.2
DY 07 WU IUUUN T2 | ivenans l O 6.7 |vemercne 6.2
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'KNOXVILLE, TENN,
TEMPERATURE,

At Knoxville there were only 19 ascensions and 34 observations at altitudes of 1,000 feet or
more, and the highest altitude attained was 4,482 feet.~ On May 5, before the regular observations

- were commenced, an altitude of 6,038 feet was reached. e S
" The mean decrease in temperature with increase of altitude was 6.3° for each 1,000 feet.
Owing, most likely, to the great scarcity of observations, the rate of change of the temperature
varied irregularly as the elevation increased, instead of decreasing steadily. Txcept up to 4,000
feet, the morning gradients were greater than the afternoon ones, particularly at 1,500 and 2,000
feet. The average morning result was 0.6° greater than the afternoon one. N

As there were but three observations made during cloudy weather, the results given above
are practically clear-weather results. . . . S . .

_ There were but two ascensions in which the kite came into contact with clouds. In one the
clouds appeared to be without effect, while in the other a slight retardation in the rate of temper-
ature fall was noticed. .

. “Neither wind direction nor velocity appeared to have any bearing upon the results.

WINDS.

"Wind/ directions cdnformed to thé usual rule Wit‘sh‘bub, one or-two_exeeptions. On'one day '

there was a divergence of the kite toward the left of about 20°, and a thunderstorm occurred sev-
eral hours later. o ’ C
‘ : ' RELATIVE HUMIDITY AND VAPOR PRESSURE. : ,
“The- relative humidity was higher above than at the surface, except at 4,000 feet. . The
greatest difference was 10 per cent at 2,000 feet. o
The vapor pressureé results follow: Up to 3,000 feet they agree very well with others from the
Obio Valley northward, and are not greatly dissimilar to those found at Washington. At 4,000
feet, where there were but two observations, the results appear to be abnormally high.

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.

VALUE OF %;;, AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

1,500 feet. I 2,000 feet.| 3,000 feet.) 4,000 feet.

S 0.8 | 0.73 | 0.66 |-0.76

TEMPERATURE.
- OLEAR.

[ 1,000 teet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. " Mean.

Date. . R . . N o .
Rate. Gradt-| p,,, | Gradi- Rate. | GTadls| gg4e | Gradi- Rate, | Gradi- Rate. %’Egl'

ent. ent.

May 10, p.m ........ T . . 10.0
11, p.
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- Temperatyre—Continued.,

~SUMMARY.
. CLEAR.
. 1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. - | Mean. ~
Date. 13 s : . . AR R
- -| Gradi- | 1, Gradi- |. Gradi- Gradi- Gradi- Gradi-
Rate. ont. Rate. ent. Rate. “ent. Rate. ent. Rate. ont. Rate. ent.
MOTRING feeennreerivnernnennaneaas]oaaeaaas 9.1 feannnn. 8.2 {iueuainn 8.2 [leoo.id 45 4.5 [ceniennn 6.9
Afternoon .....ooeoodiiioanial s ceenans (T N PP 5.6 |caannna. 6.0 | ean.... T 2 AR (R PR 6.9
TMean.. ceiiiestiineianieadifeeisne 7.8 leeeunnns 6.2 [iaie.... TR ) N PP 5.8 leeevnnan 4.5 |ceenvans 6.2
CLOUDY
B 00 .Y RN FURN NS PR [N O [N PO PO IR S IO FUUUUPE NN
2N 27713 ¢ (1113 « SRR PR D2 20 (AR PR (RS PR P el 4.27...00000 5.5 feaacnnen 7.3
MOAN e vemeaneanmaenneneaslonnnnnns 123 [reveneafoneennnnfonmmnensncennrelonnannas 42' ........ 3 7.3
COMBINED
MOTINg: e eeeeleemiamiomntees s innnn s e lanlll s e 3 ) IVIE B 45 |eeeell 6.9
Afternoon . ... ..ciwlaeennceenaidlliiiiaal 8.2 ........ 5.6 |-veeea-. PR Y 1 PSR I % ) PR 5.5 |eeennnnn 6.3
Mean . uuieesnie sl eeneernns U YR A 6.2 |eennnn 6.6 [0uunnn ! 5.4} ........ 5.0 —_t 6.3

MEMPHIS, TENN.
TEMPERATURE

At Memphis there were 37 ascensmns and 117 observatlons at altitudes of 1,000 feet or more,
‘and the greatest height reached was 5,243 feet.

The mean decrease in temperature with increase of altitude was 5.10 per thousand feet, and = .

there was a steady decrease in. the rate up to the highest altitude. . The decrease was quite rapld
up to 3, 000 feet and very slow thereafter.

The morning gradients were eons1derably less than the afternoon ones except up to 1,000 and
5,000 feet. Up to the former elevation there is a difference of 1.5° per thousand feet, the morning
gradient reaching the high value of 8.7° per thousand feet, Up to 5,000 feet the difference in
favor of the morning gradient was trifling.

By way of exceptlon to the usual rule, the cloudy weather gradlents were greater than the
clear weather ones up as far as 1,500 feet, the difference being 1.4° per thousand feet up to the .
latter clevation. Up to the hlgher elevatlons the usual rule holds, but the differences were
comparatively small. »

Cloud effects, while not at all declded were qulte frequent and constant. There was usually
& suspension of the temperature change as the kite came into contact with the clouds, followed by
a slower rise or fall than had obtained before the clouds were encountered.

Wind velocities were without effect. - Tlie directions, however, appeared to have some bearing
upon the gradients. It was noticed that with winds from the northwest to east the temperature
decreased more rapidly than with those from any other direction. The greatest gradlents were
found w1th north to east winds and the least with south to west ones.

WINDS

" The usual rule of deflection toward the right obtained except in one or two mSIgmﬁcant
instances.

RELATIVE HUMIDITY AND VAPOR PRESSURE.

The relatwe humidities above 1,500 feet did not differ greatly, the extreme range bemg 15 per
cent. They were greatest at 2,000 and 3 ,000 feet, and least at 5,000 feet. --At 3,000 feet they were
greater than the surface humidities, whlle at 4,000 and 5,000 feet the two were almost exactly alike.

Olouds and the near approach of- rain caused a rise in the humidity, whlch in the former case .

- was followed by afall'as soon as the kite was removed from cloud influence.
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The vapor pressure results are given below. At the lower elevations they agree quite well

with others in the Upper Missi
found at Lansing, Mich. -

)

" DIMINUTION "OF 'V

ssippi Valley. The nearest app

APOR PRESSURE WITIL ALTITUDE.

VALUE OF 1{’3 AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

roach to the Memphis values was

July 10,a.m .
.7 10,p.

Oct.

SN
VD b= N 1D

1,500 feet.| 2,000 fcet.l3,000 feet. 4,000 feet. 5,000feet.! A
N ~ ' A
} 0.88 0.86 | .0.76 0.61 0.54 |
- TEMPERATURE.
CLEAR.
1,000 feet. 1,500 feet. 2,000 feet. I 3,000 feet. ! 4,000 feet. 5,000 feet. Mean.
Date. . L . . .
Gradi Gradi- Gradi. Gradi- Gradi- Gradi- Gradi-
Rate. ent. Rate. ent. -Rate. ent. Rate. ent. Rate. ent. Rate. ont. Rate. ont.
- June 24, p.m.....
24,p.m..
-~ 24, p.m..
©-26,a.m..
26, p.m.....

30,p.m.....
3,am.....

- 5120—Bull, F——3 -
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. Temperature—Continued.

SUMMARY.
CLEAR.
1,000 feet. 1,500 feet. 2,000 feet.. -} 2,000feet. |7 4,000 feet. f 5,000 feet. Mean!”
Date . . . o 13 . T ; .
: Gradi- Gradi- Gradi- Gradi- Gradi- Gradi- | 1, Gradi-
Rate. | "o | Rate. | "or" (" Rate. | Zopy Rate. | “or¢ B Rate. | Vopy | Rate. | “g | Rate. | oy
MOTINg.eeeen eer]inarens TS I l 6.6 (0 4.6 [oennnnns X3 RS 3.7 e N 3 R 5.2
Afternoon .ceeeafoaaeian 6.5 {eceannnn 6.4 1. 0annn. 5.4 eceennnn ) 5.2 |aianas 5.0 jecuans.s 3.4 eeennnn. 5.8
Mean .vaensfeannann LA () PR P N 3 5.1 loevennns 7% I O, 4.1| ........ 3.7 [evennnnn 5.2
. | i :
CLOUDY
Morning....... R T8 lecennnans 4.4 ool 4.6 ....nuu 3.8 |eeeaanns b N PR 3.3 |ecenenen 4.5
Afternoon .........eeannt 8.5 |unns [ 23 N PO, -3 T O P e e B T 7.9
MEAn «armon|ecenrnns 35 U P 7.9} ........ 5.0 feeivens| 88 fecenenns 3.4 oeinn CI%: N 5.2
COMBINED
Morning......... 3 6.0 .....0.. 4.6 {aeeeaon * 8.8 et 3.6 [eeuenn- 3.6 1........ 5.0
Afternoon ... T2 fenavnnns |5 2 L P 5.2 |eevaannn 5.0 |[eeeinnn. A N PR 5.6
Mean 6.8‘ ........ N 3.8 enains 3,7 fereeenes 3.5I ....... 5.1

SPRINGFIELD, ILL.
TEMPERATURE,

Of the Springfield series of observations 174 were considered, haviug been made during 46
asceusions at altitudes of - from 1,000 to 6,000 feet.

The mean rate of decrease of temperature with increase of altitude was found to be 4. 90 for
each 1,000 feet, the lowest gradient in the Mississippi Valley basin. The greatest gradient, 7.6°
for each thousand feet, was found at an elevation of 1,000 feet, and there is a steady decrease up to
the highest limits reached. The morning and r1fternoon curves differ but slightly above 2,000
feet; from the ground up to 2,000 feet the difference varied from 0.7° to 1.5°, being greatest up
to1l oOO feet. 1If all altitudes are considered together, the morning, afternoon, and mean results
are almost exactly alike.

The clear and cloudy weather gradlentb were also quite similar, with values of 5.1° and 4.6°
per thousand feet, rebpectlvely - The only marked difference was found up to 1 000 feet, Where it
was 2.4° per thousand feet.

The principal effect of clouds upon the temperature was a dlmlnutlon of the rate of fall, at
times amounting to a complete suspension. On October 29 there was a rise of 5° from 2, 100 to
3,700 feet while the kite was in the clouds, and, in consequence, a considerable decrease in the
gradient. The opposite effect was noticed on July 18, when there was a fall of 4° while the kite
was in the clouds, followed by a rise of 2. 50 when it ‘emerged. In some instances the clouds
appeared to have no effect.

. Wind effects were confined to a declease in the gradient with increase of velocity, although
the two were not at all proportloml :

 WINDS.

The wind dlrectlons conformed to the rule of general agreement which has umformly obtalned
There was the same deflection of the kite toward the right in the upper air; it increased with
increase of altitude, but rarely amounted to 90 degrees or more. In one case there was a deflection
of 90 degrees toward the left during the ascension, caused by the shifting of the surface wind, the

direction of the upper remaining the same, and a severe thunderstorm took. place about eight
hours after the (,hange occurred. :

! ) ’ “"RELATIVE HUMIDITY AND VAPOR PRESSURE

The relatlve humidity was demdedly less above than at the surface, but there was compara-
tively little change above 1,500 or 2,000 feet, except when clouds were present or when rain had
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.fallen a feW hours before or after. When there were (,louds there would be a marked rise,
-amounting at times to total saturatlon, as long as the klte was in the clouds, a fa]l taking place as
.soon as it emerged. - .

When rain had fallen shortly before or after the ascensmn the humldlty would be high,
usually higher than at the surface, and would remain so for hours, although the surface humidity
was falling rapidly., In clear weather. the upper air humidity was usually less than that at the
surface, sometimes approaching zero, while during cloudy or rainy weather the upper would be the

higher, but not with so great differences as obtained under reverse conditions,
’ The vapor pressure percéntages follow below-‘

DIMINUTION OF VAPOR PRESSURE WITI ‘ALTITUDE.

VALUE OF g’a AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

11,500 feet. 2,000 feet. (3,000 feet.|4,000 feet.|5,000 feet.|6,000 feet,
i
) 0.74 / 0.70 0.63 0.52 0.48 0.49
TEMPERATURE
CLEAR.
1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean
Date. . . . . . B .
N Gradi-| , Gradi- Gradi- Gradi- -| Gradi- Gradi- Gradi- Gradi
Rate. ent. | Rate. ent. | Rate. ent. Rate. ent. Rate. ont. Ratp. ent. Rate. ent. | Late ent.
June 10, a.m.... 4.
19, a.m.... 4.
19, a.m.... 7.
21, a.m.. femmannn
24, a.m...
24, e iiiiiifaaiaies] 204 | 49 [eeii i diieaal
29, a. m..
29, p.m..
July 1,p.m..
2,a.m..
9,a.m..
- '10,a.m
13, p.m
14,p.m
20,a.m
27, p.m.
Ang 15, PoMisei]ocennefecnncie|ocienenloannnas 3.9
21, a.m.. 6.8 176 5.7
21, p.m.. 7.5 . 174 5.7
23, p.m.. 6.7 177 5.6
23, p.m.. 2.3 314 3.2
26, p.m.. 4.9 246 4.1
- 27, pom. 9.1 157 6.4
29, a.m. 2.2 352 2.8
50, p.m.. 52| 162| 6.2
Sept. 29, p.m. .. 6.6 176 5.7
BRZUN OF 1+ DRRRR PN RPN U PR PO IO
Oct. 2, p.m.. 5.2 174 5.7
SN0 7 |« PP PR RN ORI PN SO SRR
26, p.m.. cemeeell 136 T4
27, p.m.. . 4 142 7.0
P {50 7% - TN DR VORI ORI SOOI SO IR -
27, p.m.. L0 224 4.5
28, p.m.. S N P .
28, p.m.. 7.4 175 5.7
b2 2% | VY PO PR PR PN PSRRI P
31, p.m.- 6.7 216 3.6|.
31, p.m.. 1.3 702 1.4
June 12,a.m.. 7.6 154
15,a.m.. 1.6 434
25, a. m . 4.0 254
27, a. -eef 124 8.1 oLl 181
27, p. m - .- 123
July 17,p.m.... 9.5 110
17, p.m.... 3.6 Jueeno. ..
18,a.m.... 7.6 165
18, p.m.... veweess| 127
28,a.m.... 3.0 494
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Tempm atur c—Cloud J—Contlnued

1,000 feet. |- 1,500 feet. 2,000 feet.‘ 3,000 feet. 1 4,000 feet. 5,000 feet. 6,000 feet, Mean.

Date. . e - . : . . . . R .
- Rate.' Gg?éh' Rate. G;l?‘gl' Rate. Gg;‘gl' Rate. Gex;fgl' Rate. Gg;i‘td‘l' Rate. (’gj"gl' Rate. G::g" Rate. (i];?gl'

Aug. Za.m....|. 128 7.8| 128] 7.8

I T SN FOSON 95 | 10.5

11, p.m. 4.7

16, p.m. 6.6

20, p.m. 5.0

Sept. 17, a.m. 5.0

17, p.m. 6.0

17, p.m. 3.3

24, a.m. 6.5

P25 78 1« VR R P S e T

30, p.m. 4.4

30, p.m. 3.9

Oct. 5,p.m. 6.7

5, p.m. 4.7

17, p.m. 3.7

29,a.m. 4.6

AN 7 1) TN PPN PR P P

29, p.m. 5.6

30,a.m 5.3

30,p.m.. 7.9

~SUMMARY.
CLIEAR.

Morning .o.ovverlvannas I
Atfternoon ......je...-.. ‘
Mean . eocees]eneenn- ‘!
Morning PN PO
Afternoon ......to.....

Mean cucceeafeenanan L6
MOrDINg «enennenfennann- 6.8 1.uc.nn 5.2 loeeesn. 4.5 |iennns 4.6 {oiuenes| 8.8 |cieennn 3 O DU I O 4.8
Afternoon ......jeecnen. ! 8.3 [ceeunn- 5.9 canuas 5.5 l.eivan- 4,2 0. 4.1 |..anaan BT faemenen 3.6 [eaeannn 5.0

| Mean ... )l 7.6 |eeeenn BT |vesennn 5ol |eeeens| Ak focan P BT |eeennns BT - 4.9 |

CLEVELAND, OHIO.
TEMPERATURE.

There were 93 ascensions and 227 observations at Cleveland at altitudes of 1,000 feet or over,
and the highest altitude reached was 6,135 feet. The mean decrease in temperature with increase
of altitude was 4.2° for each 1,000 feet, the smallest gradient in the lake region. Beginning with
the highest gradient, that up to 1,000 feet there is a quite rapid decrease up to-2,000 feet, the min-
imum being reached up to 3 000 feet, after which there is au increase, whlch becomes very slow
above 4,000 feet.

But 13 observations were made in the afternoon, so that the mean results are practically those
of the morning alone. -The few that were made in the afternoon gave resu]tb varymg from 4.9°
per thousand feet up to 1,000 feet to 6° up to 2,000 feet. '

The ‘clear and cloudy weather gradients’ dlﬂered only slightly, but, in marked contrast to
previous experiences, it was found that the cloudy-weather ones were the greater at all .thltudes,
with an extreme difference of 0.6° per thousand feet up to 5,000 feet.

The cloud effects were not markedly different from those at other stations, The most frequent
result was a suspension of the temperature fall as the kite ascended. ‘Once or twice there was a
slight rise in the temperature, and on two occasions there was a considerable fall. On June 8
there was a fall of 4° while the kite remained in the clouds in the neighborhood of 0,000 feet
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elevation from 8 a. m.to12m. On July 28 there was a fall of 7.5° between the 3,500 and 4 ,400
foot levels while the kite was in the midst of the stratus clouds, and an almost s1m1hr fall, 8,50,
at the surface. The gradient, consequently, remained practically unchanged.

Twenty-one cases of inversion of temperature were found, five of them extending to the
height of 2,000 feet. None were particularly marked excep’o those of October 10 and 17.  On the
former date there was an inversion of 8° at the height of 1,455 feet, and on the latter date one of
10° at the height of 1,500 feet.. The inversions were more marked with ESE. to SSE. winds, those
from the warmest quarter, than with those from any other direction.

WINDS.

As the kite ascended its deflections were in accordance with the usual rule, with but five
minor exceptlons. The deflections were not marked, rarely amounting to as much as 900, and
there was a tendency toward an increase as the rtlm‘,ude became greater. In five cases there was
a deflection in: the opposite direction, amounting in one instance to 43%, and in two of them
: thunderstorm condltlons were present.

RELATIVE HUMIDITY AND VAPOR PRESSURE

The relatlve humldlty results were much the same above and at the surface, only the smgle
observation at 6,000 feet showing any marked difference. The greatest difference, with the single
exception noted, was at 5,000 feet, where the humidity was 6 per cent greater than at the surface.
The approach of rain was frequeutly indicated by a sharp rise in the humidity as the altitude
increased, but only a very few hours before the rain began. The presence of clouds almost
invariably resulted in a rise in the humidity of from 5 to 10 per cent, followed by a nearly
corresponding fall as the kite emerged. In a few cases the clouds were w1th0ut apparent effect.

The vapor- pressure results follow. below.

DI\II\'UTIO\I Or VAPOR PRESSURE WITH ALTITUDE.

VALUE OF P » AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE

1,500 feet.| 2,000 feet.

0.83 0.77 1 0.68

3,000 feet.

4,000 feet.| 5,000 feet.| 6,000 teet.

0.55 0.55 0.48 I

TEMPERATURE.
CLEAR.
1,000 feet. 1,500 feet. | 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean.
Date. s | . S . R | N A
Gradi- Gradi- Gradi- Gradi- Gradi- Gradi- Grad.. Gradi-
r Rate. ent. Rate. ent. Rate. ent. Rat‘e._ ent. Rate. ent. ﬁate. ent, | Rate. ent. Rate. ent
June 5,p.m.. 164 1 6.5 | 0219 | 4B feaeeentiiiiii i e s e e D)
6, p.m.. 376 b2 N PR R L R LR LT LT T PET TN PONNRPUIY NN P OURpr RERIPRDY FAPDU FRIE PO AR,
V-7 ( DR PR B Y e TS R TTSS pupi PP NS PR PR ) PR PR FUDUIDN R
L 1 e [ [ PPN N1 T T X - 35 I PN OO IO
R - P £ T I P C] ETTT Y- Py PSP PIPVIRY RRPRRIN PRI NP PPN I ¢35 N 3F - 3 SN IO PO IR,
9,pom....) 235 | 43 | i e e e e e e s e L
B L [ A < 2 T W A PP O DO DSOS U DU I A
P o [ L 7. T T A O DO USRS MR FUPE SRR R I
12,a.m. o feeeeoeeacenel] 216 46 |eeenloieeenn| 275 | 8.6 [eeeiiii|eeennn | 252 40 oot
14,a.m
15,a.m.. 5.9
20,a.m. 5.5 933 ] 2.81.......|.
21,a.m. 6.5
22, p. m. 6.0 [ooeaoelieel]al
C2%amis.) 789|140 203 | 409 {eeeeiofenenrdionnee]onamdons
24,a.m. ... 2.5 | 357 P22 3 SERRTS FHURN FOUN PRI SO NN
26,2, m... 2.9 286 3.5 254 39| 237 42 |iiiiiiificiiiii]ieceenidonenee.
27, a.m..0. .. 1.8 421 2% T PR S FPTRIoN N N RO NI DU,
28,a.m.... .. 5.3 215 K 20 11 R W T R R DO D P Rec
P21 ¢ PO PRI PRI SRR P RR IR IRy L2 O IR POIIOtoIoN DU DN N
28, p.m. .. 6. AN FUUORN IS IS DURRR PR MO RS
30, 2. m.. B T B & I N 70 1 (AR R PO PRI PN MR LR N
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Tempera ture— Cléar—Continued.

1,000 feet. | 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean.
Date. . o R . E . A .
Gradi- Gradi- Gradi- Gradi- Gradi- | p, Gradi- Gradi- Gradi-
Rate. | "¢ ¢ ‘ Rate. | ent. Rate. |“o ¢ Rate. | We ¢ Rate. [ “ent Rate. [Von+ Rate. |“o¢. | Rate. Tent.

20, 8. M. o,
2l,a.m....
22,a.m....
23,a.m....
25,a.m....
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Temperaiwe—Continued.

SUMMARY.
' CLEAR.
. 1,000 feet. 1,500 feet. 2,000 feet. | 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean.
‘Date . s . . . . .
. Gradi- Gradi- Gradi- Gradi- | Gradi- Gradi- Gradi- Gradi-
Rate. | "1t Rate. ent. Rate. ent. Rate. |Vt | Rate. ent. Rate. ent. Rate. ent. Rate. ont.
Morning........ 5.8 |eaannns 4.1 3.4 . 4.1
Afternoon ... 5.1|. 5.0 .. 6.0 5.4
Mean 5.6 4.1 3.5 4.1
Morning...
Afternoon®
Mean ..
Morning... 4.2
Afternoon . 5.3
Mean 4.2
INVERSIONS.
1,000 feet. 1,200 feet.” 1,500 feet. 2,000 fect.
Date. s .
g Gradi- Gradi Gradi- |- Gradi
Rate. ent. . Rate. ent, Rate. ent. Rate. ent.

At Duluth 96 ascensions
attained was 6,832 feet.

The mean decrease in temperature with increase of altitude was 4. 50 per thousand feet.

DULUTH, MINN.

TEMPERATURE.

and 328 observations Were investigated, and the highest altitude

The

largest gradient, 5.2° per thousand feet, occurred up to 1,000 feet, and thereafter there was a slow
and regular decrease to 3.8° up to 5, 000 feet, and a more rapld_ increase to 4.6° up to 6,000 feet.
The morning average was shghtlg less, and the afternoon one slightly greater than the mean,
but in neither was the rate of change regular up to the different altitudes.
~ The gradients in clear and cloudy weather only differed 0.1° per thousand feet, and the greatest

difference in any altitude was 0.6° up to 3,000 feet.
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An exceptionally large gradient was found on October 29, when, in clondy wéather, at 1 o’clock
in the afternoon, the gradient was 14.9° at 1,000 feet elevation. Brisk NN'W., winds were blowing
from a high area to the northwestward, but no marked fall in temperature had occurred in that
region, nor did any occur at Duluth, -

While the cloud effects were more uniform than at most other stations, they were -n6t ‘80
decided except in the one important instance described below. The usual result was a suspension

" of the temperature fall as the kite rose; at times a rise of 2° or 3°, and a decrease in the rate of
fall as the kite rose above the clouds....On June 17 the temperatuxe rose 3° as the kite reached
the clonds; then fell 5° while in the clouds, and afterwards rose 1° in reaching an altitude of 4,650
feet, 1,000 feet above the top of the clouds.

A very remarkable inversion, due to clouds, occurred during the afternoon of June 10. There
were cumulus clouds at an altltude of 1,391 feet, and the temperature rose steadlly from 43° at
the surface to 54° at the clouds, resultmg in an inversion of 11°, or at the rate of 7.90 per thou-

- sand feet. The temperature remained at the highest point for about terf minutes, the elevatlon
continuing practically the same. As the kite left the clouds in descent, the temperature fell
almost instantly from 54° to 399, the altitude being 1,038 feet.

Twenty-seven cases of temperature inversion were found, and many of them are Worthy ot
note, not for the extent of the inversion, but for the time of day at which they occurred. - Nearly
‘one-half the cases occurred between the late morning and the middle of the afternoon, and during
cloudy weather. It appears that they are almost entirely due to the effect of the easterly winds,
mostly northeasterly, from Lake Superior, the warming effect of these winds being sensible at
times to the height of nearly 6,000 feet. Thus, on May 26, at 1.30 p. m., there was an inversion of
30 at 5,100 feet elevation, or at the rate of 0.6° per thousand feet; on J une 3, one of 2° at 5,372
feet elevation, or at the rate of 0.4° per thousand feet, and on September 20, at 4 p. m., one of 1°
at 5,714 feet elevation, or at the rate of 0.2° per thousand feet. In all these cases the upper wind
directions were almost dlametrlcqlly opposite to those at the surface. - On August 31 there was an
inversion of 10° up to 4,000 feet elevation, or at the rate of. 2.5¢ per: thousand fect, and again the’
directions of the upper and lower currents differed 1800,  On September 29 there was an inver-
sion of 13° at 2,900 feet altitude, or at the rate of 4.50 per thousand feet; but in this case the

‘upper winds were from the ESE. and SSE. The inversion of 15° on June 10, due to clouds, has

already been noticed.
WINDS. - -

As a rule the wind dlrectrons differed less than usual as the kite ascended the deflection of
the latter, of course, being toward the rightt in a great majority of cases. The few wide diver-
gences were toward the left, and were due to the abnormal northeast wind from the lake. At
such times there would ubually be an inversion of temperature, and fr equently a thunderstorm a
few hours later.

This northeast wind was very often purely local, being due to lake 1nﬂuenee, and correspond-
ing in a minor way to the sea breezes at the ocean shore. They were sometimes not more than
700 or 800 feet in depth, and rarely more than 2,000 feet. Some peculiar temperature effeets, due
to this east wind, were noted on July 19. The winds, ‘both above and at the surface, were from
south to bouthwest during the greater portion of the day, but in the afternoon an east wind set in.
from the lake,-the upper direction remaining unchanged. This east wind was about 2 ,000 feet
in depth, as indicated by the thermograph trace sheet, the temperature beginning to full as soon
as the kite came down into it from above, falling from 77° to 70°. The wind from the east con-
tinued until -about 7 p. m., when it again’ changed to wester]y, and the temperature rose from
67° to 809,

RELATIVE HUMIDITY AND VAPOR PRESSURE.

The relative humidities decreased steadily, though slowly, with increase of altitude; the
hlghesb 72 per cent, being found at 1,500 feet, and the lowest, 57 per cent, at 6,000 feet. There
was very little dlﬁ"erence between the upper air and the surfaee humidities, the maximum, 5 per
cent, oceurring at 3,000 feet, and the minimum, 1 per cent, at 6,000 feet. The surface humidities
Were'less than those above up to 4,000 feet and greater at the higher altitudes,
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0W1ng to the geographlcal situation of Duluth at -the western end of. Lake Superior, the
highest humidities occurred with easterly winds and the lowest with those from west to northwest,.
. The cloud effects upon the humidity were normal, consisting of a rise, more or less decided,
- but none par’mcularly so, and ‘a return to the precmstlng conditions when the kite was freed from
cloud influence. The vapor pressure results, as. glven below, W111 be’ found to agree almost
exactly with those at Dubuque.

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE

VALUE OE s AT EACH REbPECTIVE 1 000 FEET OI ALTITUDE.

. 1,500 teet.:z 000 feet. 3 000 feet./d, o'o'o’ feet.!S,OOO feet.|6,000 feet.] o

i
By - R : E|
Q@ 0.79 !au 0.64 | 0.57 u@'
TEMPERATURE.
1,000 feet. * | -1,500 feet. -2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean.
Date, . ) [P, . B . S . .
- Gradi Gradi- Gradi- Gradi- Gradi- Gradi-| 4, Gradi- Gradi-
Rate. ent. Rate. ent. Rate. ent. Rate. ont. Rate. ent. Rate. ent. Ratfé. ent. Rate. ent.
May 15, p.m....
16,a.m....
23, a.m....
30,am....
30, pom....

- June 8 a.m....
8, p.m....
14,a.m....
19,a.m:...

2L, pom....
28 p m....

July b,am R PR P, 213 4.7 196
[ 35 14 R A PR P O, 255
8,a.m.... 242 4.1 280 3.6 208
8,p4m.... ....... . [ RN 94 1
1I,p.m .. 151 6.6 148
12,a.m.... ceeeend 647 1.5 380
13, p.m.... 381 2.6 393 2.5 5
14,8. M eufvaceiua]ennnnnn 3.6
17, p.m.... 4.7
.18,a.m .... 5.0
19, p.m.... 3.4
20,a.m.... [ 2 P R
L5

24, p.m....
25,8. M ....
27,a.m....

©29,am....

29, p.m....

Aug. 4,a.m....
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. Temperature—Clear—Continued.
- 1,000 feet.- 1,500 feet. 2,000 feet. - 3,000 feet. 4,000 feet. 5,000 feet. l 6,000 feet. Mean.
Date. . . . B . . | .
. Gradi- Gradi- Gradi- Gradi- Gradi- Gradi- Gradi- Gradi-
- Rate. |“ont Rate. |Yent, Rate. |~ ont.- Rz}te. ent. Rate. ]| ent. Rate. |Vt Rfa,te. ent. Rate. ("t

Sept. 17.p.m....

Oet.

May

June 1,a.

24,a. m.

July 7,a.m.
23,a. m.
28,a.m.
30,a, m.

Aug. 5,a. m.
16,

Sept.

Oct.
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Teniperature—Continued.
" SUMMARY. .
" CLEAR.
1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. - | 5,000 feet. | 6,000 feet. Mean.
Date. . : X X Y [ . ; X
. Gradi- s | Gradi- Gradi- - 1 Gradi- Gradi-| 1, . | Gradi- Gradi- Gradi-
. Rate. ent. Rate. “ent. Rate. ent. Rate. ent: Rate. ont. Rate. ent. Rate. ont. Rate. ent.
MOrning. . ivauslaees. -3 R 41 ose IE 3 R 43 [l 41| 4.8 .ooe. 43
Afternoon ....co|eaenaat 6.2 ..... 6.4 |....... 6.0 {eaen.es 5.2 0. ...l 4.3 {..ln 3 N RPN 4.2 faoai... 5.1
Mean...iu|eeennss l 5.3 loeuene- EX 4.5 | T 48 |eaniaen 4.3 ... 3.7 [eveens 4.4 4.6
Morping...eena
Afternoon
Mean
Morning........
. Afternoon
- Mean

INVERSIONS.
800 © 1,000 1,200 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 35,700
feet. feet. feet. feet. ‘feet. feet. feet. feet. feet. feet. feet. | feet.
N (R . s . . . . i . .
. - ] 12 -~ - - = - - = - ey
Date. VBV VEL VBB OB C|EL Bl |El|BE B IE|. B
s BiglIB| s iR s =| s |8l gl s B8Rl |B|3|8]|s|B|s]|=
SVEISIEI 5B Z B S 128|818 3 |E|5|E 3|5 5|8 5|8|3|¢%
RN R CH N - R CR - BN R G - - R C I - O =R - A - G B B IR =R == I I - T B
— S P i S - JRISE i -
May 17,a.m....... 4.0 - [ P RS PN PN PR PN
25, p. . L9 .. ..
25, p.m. 7.1
26, P Mnennca]ieaifinai]enen cans

June 2,a2.m
3, 2. m.

July

B Mecannan

11, a. m

16,a.m

17,a.m

18, a.m

19,a.m

20, a. m.

20, p.m.

24,2.m.

25, a.m.

26, a.1m.

20, a.m.

29, D Iesccnnn]|onic]eaes]snenlanas] 201 5.0l oal]oeal] 207) 4.8) 269] B.7| 219] 4.6/ccilenanliniii]ienilinenfonnn]oneitfiaei]ecunefianae
Oct. .10 474 2.1|..... PR R R e R R R R e I Y TR PN P PG PN PN
RS 1715 1 WFORA FUPs FRPORY PP PPN PREpp [ R R (RPN P PR B8 - 9120 111 790 L3l.ani]euanteann-t. RN P P
- -
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LANSING, MICH.
TEMPERATURE.

At Lansm g 58 ascensions and 131 observations at altitudes above 1,000 feet were coualdexed
and the greatest altitude attained was 5,415 feet. " Observatious were first taken on June 7.
Previous to this date, howevei, almost dally ascensions were made without the meteorograph
and observations of wind dlrectlon taken. I)urmg the ascension of May 1 an altitude -of 7,068
feet was attained.

The mean gxadlent was 5° per thousand feet, the hlghebt gmdleut of the lake region stations.
There was a steady decrease with increase of altitude; it is quite rapid up to 3,000 feet and slow
thereafter. As there were but 17 observations made in the afternoon, the morning results differ -
- but slightly trom the means. The few afternoon observations gave gradlents v:uymg from 3.9
per thousand feet up to 2,000 feet to 6.2 up to 1,500 feet.

The clear and cloudy weather gradients did not differ greatly except up to 3,000 feet where
there was a difference of 1.5° per thousand feet, the clear-weather gradlent—4 50—be1ng the
greater. The clear-weather gradients were uniformly the greater, except up to 4,000 feet. - When
clouds enveloped or were near the kite the usual temperature rises where noticed, except on one
day—August 25—when there was a fall of 3.7° while the kite was descending in dense cumuli
from about 2,100 feet altitude to 1,900 feet. On September .26 there was a rise of 8° while the
kite was rising in eamulus clouds from 2,700 to 3,200 feet, resulting in a complete inversion of the
gradient, There was also an inversion of 1° at an elevation of 2,300 feet on October 12, while
the kite was in dense cumuli just previous to the commencement of rain. The direction of the
wind appeared to exercise some. effect upon the gradients. The greatest were found with the
warm winds from the southwest; and -the least with the colder ones from the northwest. There
were nine days on which inversions-of tevnpemture oceurred, and on four of them the results were
quite marked. On September 29 there was an: inversion of 10° at the height of 1,623 feet at 7.38
a. m., steadily decreasing after 7.50 a. m,, but was still at 1.5° at 9.54 a m. at an. ‘letude of 1,052
. feet., The winds were from the south at the surface and from the southwest above. On Octobex 1
the inversion amounted to 7° at the height of 3,200 feet at 7.50 a. m. and to 5° at 3,500 feet
. ‘with winds from the east at the surface and from the east-southeast above. On October 29, with
cast-southeast winds at the surface and southwest to soutl: above, there was an inversion of 13.3°
at 8.18 a. m. at the height of 1,082 feet, and at 10.02 a. m. there was still an inversion of 1°,

WINDS.

Wind directions conformeil to the.usual rule of deﬂe(,tlon toward the right in the upper alr,
“but not at all to a marked degree. There were about one dozen exceptions to the rule, but none
were demdul neither were they preceded, attended, nor’ followed by any chamctemstlc phenomenm

RELATIVE HUMIDITY AND VAPOR PRESSURE.

The relatlve humidity results did not differ’ greatly. Up to 3,000 feet they were lower than
at the surface; the greatest deficiency, 9 per. cent, bemg found at 1,500 feet, and the least, 3 per
cent, at 3,000 feet At 4,000 feet the humidity was 7 per cenf greater than at the surﬁlcc, while
at 5, 000 fcet there was a difference of but 1 per cent. Clouds as a rule caused a slight rise in the
humldlty but in at least two instances there was a marked fall while the klte was enveloped in
clouds.

The vapor- pressure results follow below. It will be noticed that there is a very satlsfactory
agreement with the figures for the lake stations at Cleveland, Sault Ste. Marie, and Duluth, at
least below the 4,000-foot level.

DI\IINUTION oF VAPOR PRESSURE WITH ALTITL‘DE

" VALUE OF %]5 AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE. .

ll-,SOOfeet. 2,000 feet. | 3,000 feet. | 4,000 feet. 5,000feet..

0:87 | 0.8 | 0.713 | 0.56 0.511

|
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: CLEAR. -
1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. . " Mean.
Date. . . . sl R : N .
Gradi- Gradi- Gradi- Gradi- Gradi- Gradi- Gradi-
‘ Rate. ent. Rate. ent. | Rate. ent. - Rq@e. ont. Rate. ent. | Rate. ent. Rate, ont.
June 8,p.m.....
S,a.m.
9,a.m.
14,p.m.
15,a.m .
15,a.m.
18,a.m.
1%,a.m.
2L, a.m.
23,a.m.
24,2.m.
24, p.m.
25,a.m .
26, a.m
26,a.m
28,a.m.
28,a.m.
0, a.m..... ceesrene
July 1,a.m
1,p m.
2,a.m.
3,a.m.
4,a.m.
4,a.m.
9,a.m.
10,a.m.
18,2.m.
20,a.m..
29,a.m.....

29, pom..... o 1T4

June 12,a.m.....
’ 12,a.m.....
13,a.m...
20, p.m
29, a.m

July

. Aug,
Sept.
Oct.

m.
m.
25, a.m

5, a.
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Temperature—Continued.

SUMMARY.
- CLEAR.
1,000 feet. | 1,500 feet. 2,000 foot.: 3,000 feet. | 4,000 feet. 5,000 feet. Mean,
Date. : . S X ¢
Gradl Gradi- Gradi- Gradi- Gradi- Gradi Gradi
Rate. Rate. | ¥t Rate.\ ent. | Bate. | ot I Rate. | ¥ont | Rate. | ¥ 47| Rate ent
Morning...eeeeaifauaeen.. 7.9 i ........ 6.2 ...a... 4.9 fooeaiais 4.4 l ........ 3.8 |eaenannn 3.8 |-eren-n. 52
Afternoon .......j.ee..... 5.8 ceuan-o.. 5.8 |ceunann. 3.9 | aala.. [ [ %20 PR A 4.9
 Mean.eewsfeeenens [ s Y FCRNSE Iy ' 8.8 [reeeenn 5.1
1
CLOUDY
Morning......... PR T4 |eeeaa... 4.6
Afternoon .......leecenn.. 5.8 |.eeann 6.6
Mean weeaneieninnen. K Y . 4.7
COMBINED
Morning..eesens.loeennnn. B RO R N O 4.8 3.9 |l 3.8 [eeeenn. 8.8 |eeennnn 5.0
Afternoon .......iceeeii.. 5.8 | eenniss 6.2 l..ooon. . .39 5.8 [eecann-s 20 P N P 5.8,
‘Mean .rvenafencaene. 7B feeennens 6.0 Juvuernn. 4.7 4.1 Jeanaanen 3.9 [renennnn 3.8 eerenns . 5.0

SAULT STE. MARIE, MICH.
v TEMPERATURE

At Sault Ste. Marie there were in all 74 ascensions and 180 observatlons at altitudes of 1 000
feet or more, and the greatest altitude attained was 5,607 feet. .

The mean decrease of temperature with increase of altitude was 4.9° for each 1 000 feet.  The
greatest rate was found, as usunal, up to 1,000 feet, while the lowest occurred up to 5 000 feet, there '

“being a stefldy, though by no means refrular, decrease with increase of altitude.

The morning gradients were markedly greater than those of tlie afternoon, except up to 5 000
feet, where it was only 0.4° less. The greatest difference occurred up to 1,000 feet, where it
amounted to 4° per 1,000 feet. The afternoon results were greater than the adiabatic rf]to ‘at all
elevations up to 3 000 feet, becomlng rapidly smaller beyond. Up to 1,000 feet the gradient was
109, while up to 5,000 feet it was but 3.4° per 1,000 feet. It should be noted however, that there
were but seven observations at 1,000 feet elevation. = o "

The gradients in clear weather were greater than the clondy weather ones except up to 5,000
feet, where they were almost exactly alike. The greatest difference again occurs up to 1,000 feet,
where it was.3.3° per 1,000 feet.

The presence of c]oude as a rule produced the usua] effects of suspension of the temperature
fall with increase of elevatlon, at times changing to a slight rise. - There would be alternate rises
and falls as the kite moved in and out of the clouds, but between very limited extremes, the eleva- ‘
tion evidently being without effect as long as clouds were present.

Inversmns were very infrequent and of no consequence

WINDS.

" The kite defiections toward the rignt were frequently quite decided, amonnting at one time to
160, and there were many which equaled or exceeded 90°. The deflections toward the left were

only three or four in number and the amount was small. Two of these abnormal deflections were
followed by rain within a short time. ' L

RELATIVE HUMIDITY AND VAPOR PRESSURE.

The relatlve humldlty changed but little above the helght of 1,500 ieet the extreme range of
the mean values from 1,500 to 5,000 feet having been but 5 per cent the minimum occurring at
4,000 feet and the maximum at 5,000 feet. The humidity at the surface decreased steadily as each
day’s ascension progressed, and it was higher than those at the different elevations up to 3,000
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feet, the grewtest difference bemu 9 per cent at 1 oOO fect.

lugher than at the. ground, with a difference of 14 per cent at .5, 000 feet.
usually well-defined, consisting in a marked rise in the humidity as the kite entered the clouds, -
generally to above 90 and often to 100 per cent, followed by an equally nmrkcd fall as it emerged,

- the fall sometimes. bemg as much as 35 per cent

Vapor pressure results are given below. They agre(, very closely wn;h those at Duluth and

Above 3, OO() feet the huxmdlty was
Cloud effects were

Dubuque up to 3,000 feet, but differ from 0 05 to 0.13 above that height.

VALUE OF

~

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.
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Temperature—Continued.

CLOUDY.
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DODGE CITY, KANS.
| . 'TEMPERATURE.
_One hundred and: thirty-eight ascensions and 573 observations were made at Dodge City at
“altitudes of 1,000 feet or more, and the greatest altitude attained was 8,019 feet...

_The mean temperature decrease was at the rate of 4.2° for each 1,000 -feet of ascent. The
average ‘decrease from the ground up to 1,000 feet was 6.3°; for the-other altitudes it was as
follows: Up,to 1,500 feet, 5.2° per thousand feet; 2,000 feet, 4.82; 3,000 feet; 3.7°; 4,000 feet, 3.1°;
5,000 feet, 3.20; 6,000 feet, 3.2°; 7,000 feet, 3.2°; 8,000 feet, 4,90, - (Plate 3.) These are the general
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mean values obtained from observations made in all kinds of weather-and at all hours between -
8 a. m. and 8 p. m., Bastern time. They are somewhat greater than-those at Washington up to
4,000 feet, and, as was the case at the latter place, there is a decrease up to this height, and
thereafter a practically uniform rate, agreeing almost exactly with the Washington results, except -
up to 8,000 feet. - The difference at 8,000 feet was no doubt largely due to the time of day at which
the observations were taken, that at Washington having been taken about $ a. m,, while that at
Dodge City was taken in the afternoon. Both days were clear. . -~ : T

‘The inversions of temperature, of which 52 cases were noted, occurred mostly on clear days
with the lighter winds, not often less than 10 miles per hour, however, at the surface, and in
two cases over 20 miles., They were at a minimum during May, and gradually increased in number .
during the remaining months. They quite frequently extended to the height of 3,000 feet, and
on one occasion to over 5,000 feet, the inversion in this case amounting to over 119, or 2.2° per
thousand feet. . : o : ‘

Inversions were sometimes caused by the formation of clouds in the early morning, Below
the clouds there would be little or no change in the temperature, while above there would be an
increase on account of the direct action of the sun’s rays. The result was, of course, an inversion.
A marked case occurred on October 1, when there was a rise in the temperature of 11.5° within a
few minutes after the kite emerged from the upper surface of the clouds. }

The amount of inversion at Dodge City was in general less than at Washington on account
of the higher wind velocities at the former place. . : :

' The mean morning gradient was 3.8° per thousand feet, and the same suspension of decrease
above 4,000 feet occurs, The greatest gradient was found up to 1,000 feet, where it was 6.4° per
thousand feet, and the least, 2.6, up to 4,000 feet. (Plate 1.) ‘

The afternoon gradient was, of course, much more regular, but, except up to 1,500 feet, lacks
the approach to the adiabatic line that characterized the afternoon curve at Washington. The
average was 4.7° per thousand feet, 1.3° less than the Washington afternoon figures and 0.7° less
than the adiabatic rate. (Plate 2.) - Up to 15500 feet the morning, atternoon, and mean values are
very nearly alike, reaching their greatest divergetice up to 4,000 feet, and again becoming very
nearly equal up to 6,000 and 7,000 feet. T

As a rule the presence of clouds produced the usual phenomena of decided decreases in the
gradient, at times améunting to a complete, though slight, inversion. On May 16 there was a rise’
in the temperature of 2.5° while the kite was in the clouds, and a return to the previous reading
as soon as the edge of the clouds.was reached. On May 25, while the kite was enveloped in
cloud, the temperature decrease was but 1° for 2,554 feet of altitude, or 0.4° per thousand feet,

" while just before reaching the clouds the decrease was 1°in 943 feet, or 1.1° per thousand feet. On
.May 28, while the kite was at the edge of the clouds, the decrease in temperature was at the rate
of 1° in 6,248 feet, or somewhat less than 0.2° per thousand feet, the altitude being 3,124 feet. On
August 4, from 8 to 10 a. m., the kite reaching an altitude of 3,700 feet, there was no change in
the temperature on account of c¢louds passing under or over the kite ; then. a rise of 2.3° at 10,10
a. m. while the kite was above the cloud, followed by a fall of 2° as soon as the clouds were
reached in 'descent, and a-corresponding rise when the kite emerged below. In this case the
cloud temperature exhibited remarkable uniformity, remaining at about 64° with variations of less
than one-half degree. A similar instanee of uniformity of cloud temperature occurred on August
17, tho variation, while the kite was in or near the clouds, having been but 1°, In a few cases the
presence of clouds did not appear to exercise an appreciable effect upon the temperature. '
Brisk to high winds were the ruale, both above and at the surface, during the entire period in
which ascensions were made, and the higher ones were usually, though not uniformly, attended -
by a decrease in the gradient. The directions of the wind did not appear to have any bearing
upon the result. /¢ o : -
' s WINDS.

The wind directions were practically the same above and at the surface, the differences being
confined to a- deflection of the kite toward the right. Frequently the deflection increased with
the altitude, but rarely amounted to more than 90°, In some instauces the deflection of the kite
was toward . the left, but neither frequently nor decidedly, except in one instance. . On October 4,

5129—Bull. F——4 : S T
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the day on which the greatest altitude was attained,the upper and lower winds were about the "
same, southwest to southwest and south, until shortly after 3 p.m., when the surface wind changed
to north; again changing to northeast shortly before 5 p.m. and remaining at that point. The
upper wind continued to blow from the southwest until 5 p. m., when it began to shift toward the
left, reaching the northeast direction: at 5.10 p. m., and again coinciding with the surface wind.
The velocity of the upper wind was comparatively light after the surface wind changed to north,
and remained so until both again blew from the same direction.
. RELATIVE HUMIDITY AND VAPOR PRESSURE. ,
Generally speaking there  was comparatively little change in the relative humidity with
changes of elevation except in the few observations above 7,000 feet. Between the limits of 1,500
and 4,000 feet, where more than 90 per cent of the observations were made, the mean decrease was
only 5 per cent, and up to 6,000 feet but 10 per cent. The differences between the surface humid- -
ities and those ab the kite were also quite small. The highest humidities were noted with winds
at the surface from north to northeast, and the lowest with those from southeast to west, particu-
" larly with those from southeast to south. Approaching rain, or the fact that rain had fallen a few
hours previously, appeared to have little or no effect except in a few instances,-and in these an
equal rise took place at the same time at the surface. : ' o

- Cloud effects were also comparatively insignificant except on a few days. There would bea
. slight rise when the kite entered a cloud, usually of 3 or 4 per-cent, occasionally of 10, and once
of 17 per cent; but at no time did the humidity rise as high as 90 per cent if it had been below
that point before the cloud was reached. In one or two cases the humidity fell slightly while the
kite was in the clouds, while on October 1 there was a fall of 45 per cent as the kite was leaving
the cloud from above. It will be remembered that QOctober 1 was also-the day on which occurred
the marked temperature inversion above the cloud. : : ' ‘

. The vapor-pressure results obtained were higher than those at Washington, with the excep-
tion of those at 1,500 feet. The figures for both places are given below, and it is readily apparent
from an inspection of them that the changes with increase of altitude are much less at-Dodge
City than at Washington. '

I DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.

VALUE OF 1%’5 AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

’ . Station. ) 1,500 feet.|2,000 feet. 3,000 feet.i4,000 feet.l5,000 feet.‘6,000 feet.|7,000 feet.|8,000 feet.[
Dodge City. ccvene vaemiaenns . 0.8 0.84 0.80 | 0.71 0.61.] 0.56 | 0.51 | 0.55
Washington..cooovemveinnmiecmcneennns 0.87 0.82 0.66 0.60 0.54 0.46 0. 45 1. 0.34

TEMPERATURE.
CLEAR. -
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1,000 feet. | 1,500 feet. | 2,000 fegﬁ. 3,000 feet. | 4,000 feet. | 5,000 feet. 6,000 feet. | 7,000 feet. | 8,000 foet. ‘Mean‘.

.

4 g 4 % g b 4 % %

Date. g g : 3 | @ 5] 3] 5] g g B
5| =2 S s g s |5ls (Bl B8R 8 = - e

] = 32 ] Sy a 3 ] 2 ] 8 & 32 R 2 ] 3 =2 2 ce

o Cha < LA 3 hred < [~ < il ﬂ; [ o3 = tg ~ 3 4 =1 2]

&~ &>} Mool # &) ] &} Rl A < 5 &=} [ &3 ~ &) [~ (o3

Aug.30,a.m...
.- 3l,a.m...

" Sept. l,a.m.;.
e lalume..
2,a.m...

3,a.m.:.
3,a.m...
4,a.m...
4,a.m..
5,a.m.
5,a.m.
,p.m
8,a.m.
8,a.m.
14, p.m
14,p.m
17,a.m
20, a.m’
20,a.m
2l;2.m
215

22

23

30, a.m:..
30,p.m..| -

Qct. 1,a.m;..

.



Temperature—Continued.
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«DUB’UQUE' "IOWA.
k TEMPERATURE

of the Dubuque series 148 observatlous at altltudes of 1 000 feet or more Were examlned
The number of ascensions was 65, and the greatest altitude attamed ,065 feet.

The mean gradient was found to be 4.6° per thousand feet. There is a steady and quite uni-
form decrease from 1, ,000 up to 3,000 feet, and a further slight decrease up to 4,000 feet, followed
by a slight increase thereafter The greatest gradient was 6.99, and the least, 3 29 per thousand
feet. Up to 3,000, 4,000, and 5,000 feet they agree almost exaetly with those at Omaha.

The average morning and afternoon and the mean gradwnts were exactly equal, but the two
former varied irregularly up to the different elevations. - This station was one of the four at which
the afternoon gradient did- ot nearly equal or. exceed the adlabatle rate, the other three bemg
Dodge City, Sprmgﬁeld and Duluth. -

- Exceptup tol 000 feet, the clear-weather gradients were at all elevations consider ‘tbly greater
than the cloudy ones. The greatest difference occurred up to 1,500 feet, where the eleftr weather
gradient was 79, and the cloudy one, 4.8° per thousand feet.

The cloud effects, when at all noticeable, were quite dlssumlar to those prev1ous1y experienced
in the western country.’ Instead of a retardation of the temperature fall, the usual effect was an
acceleration.  Thus, on May 31 there was a fall of 7° from*2, 400 to 'tbeut 3,000 feet of elevation,

- the kite being in the clouds at the latter Leight, followed by a rise of 14° as the kite descended

to the base of the low clouds at 1,000 feet elevation. On June 11 there was a fall of 7.5° as the
kite disappeared in the clouds, with only about 100 feet increase in altrtude, and a slow rise as the
kite descended.

In the few instances in which the kite rtseended above the clouds there was not the usnal
. sharp rise at the place of emergence and a slower fall than usual thereafter, but; instead, a slow
. rise which in no case exceeded 4°, and which did not e‘(tend for more than 1 000 or 1 100 feet
k .above the top of the clouds.
“The inversions of temperature were infrequent, and presented no features of espeelal mterest

- WINDS.

The wind directions conformed steadily to the usual rule. ‘'There were very ferv deflections
-toward the left, and none in either direction was at all marked. :

'RELATIVE HUMIDITY AND VAPOR PRESSURE.

The relative humidity changes with difference of altitude were very small, the greatest, 8 per
cent, being. found at 4,000 feet, and the least, 1 per cent, at 2,000 and 3,000 feet. From 2,000 to
4,000 feet there is a steady and regular decrease, followed by a sharp rise of 13 per cent at 5,000
feet At all altitudes the humidities were higher than at the surface, except at 4,000 feet at
which height was. also found the greatest departure from the surface humidity.

The effects of the presence of clouds upon the relative humidity were very much the same as
at other stations. There would be a decided rise in most cases as the kite came near or into the

“clouds, at one time amounting to 33.per cent, followed by a fall as the kite was freed from cloud
influence, but.not to an equal extent.

The vapor pressure results agree almost exactly with those at Duluth aud mamtfun a steady
relation with those at Dodge Oity, averaging 0.04 lower.

DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.

VALUE OF %]5 AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

. \;)o feet.| 2,000 feet. 3,000 feet.| 4,000 feat. 5,000feet:| ‘

|O.83 0.79 | 0.76 | 0.66 | 0.56
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Temperature—Cloudy—Continued,

+ 1,000 feet. 1,500 feet. : 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. Mean,
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Mormning ... coeaeafeevennn. Tl |eamannn, 7.6 |iaeenss 5.1 [eevenens 3.5 {ueninnes 3.8 |caeinnan 4.0 l ........ 5.2
Afternoon .......|. S 6.3 |oeennn.. [ D N 5.0 |....... EIS 1 IR 2.8 ..., 4.8
© Mean ooiufeunneen. 6.7{ ........ 7.0 [eeeenns AR J 40 |ieeenn. 3.5| ........ ’ 3.5’ ........ 5.0
CLOUDY
MOTning «vuevesonlerinnnes 7.5 |eaennnns 304 |eeeennts| 8.5 eiennn. ©2.6 |eeennnn. 2.7 el 26 el 3.7 |-
Afternoon coceeenjeecean.. 6.5 |eeecennn 6.6 [.auaaa.t ) 4.6 ... L. 2.1 |eeeaant. ) 28 DR P PO 4.2
Mean ...ovsfeeenin | - 7.0 ’ ........ | 4.8 liennenn. 3.6 ..., 2.5 |ereennn. 2.4 |ieeer... 2.6 uenenns | 3.8
COMBINED .
Morning «eeveveceleannne-- Tod feemennnn | VIV S 3.2 Liveaes 3.5 foanenen. 34 {eeenen. % 4.6
Afternoon .....ifianae... L% ) 6.5 [oaennn.. 4.9 jcoeian 4.2 jeoenl.. . 2.8 |ecenana. 2.8 leeennnnn 4.6
Meatt ..oemufvrmness 6.9 ooeeni] 5.9 e 461 3.5_| ........ 3.2 |oeiennnn ’ 3.3‘ ........ KX

NORTH PLATTE, NEBR.
- TEMPERATURE.

In the North Platte observatlons 524 were considered at altitudes of 1, 0()0 feet or more, and
of these, 216 were taken in the mor ning and 308 in the afternoon The highest altitude attained
was 5,600 feet and the number of ascensions was 132, o .

) The mean gradient was found to be 5,60 per thousand feet. This is much greater than those

_at' Dodge City and Omaha. = The rate -up to 1,000 feet was 6.8°, and up to the remammg elevations
as follows: Up to 1,500 feet, 6.5° per thous'md_ feet, 2,000 feet 5.9°; 3 000 feet, 5.20; 4, 000 teet
4.40, and 5,000 feet, 4.7, = (See plate 1.)

There is, as is uqual in this distriet, a decrease up to. 4 000 feet and an increase there‘wfter and ‘
‘the rate of increase and decrease was quite regular. : o

The morning curve closely parallels the mean, while the afternoou one occuples a similar
position on the opposite side of the mean, and at almost equal distances from it. o

The clear-weather gradients were greater than the cloudy ones except up_ to 1, 000 feet the
" greatest difference being found up to 1,600 feet, where it was 1° per thousand feet.

The cloud effects were, as a rule, vonﬁned to a partial or complete suspension of the tempera-
ture fall. At times there was a rise, followed by a fall as soon as the kite emerged, and in
about ope-half the cases the clouds appeared to exercise little or no effect. None was sufficiently
marked to be worthy of special note except on June 30, when a remarkable inversion due to clouds
took place. The sky was partially overcast with clouds, and fresh east to east-southeast winds
~were blowing at the surface, inclining somewhat to the right above, with moderate velocities, as
indicated by the pull on the kite wire.’ At 600 feet elevation there wus one-half degree rise in.
the temperature, but at 1 500 feet the excess amounted to 5°, and steadily increased to 13,59 at
3,000 feet. The temperature at the kite rose 17.5° with increase of height to 3,000 feet, while that
at the sarface rose but 3.5 durmg the smme time, which was from 7.25 to 8 45 a. m, The day
prevxous had been quite wari, and the upper air had become warmed to a considerable extent.
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The clear mght had promoted surface mdlatlon, and the early cloud formation, by cutting off the '

sun’s heat in the morning, prevented the usunal readJustment The cloud dissipated :about 8.45
a.m., and then occurred a sudden rise in the surface temperature of 120, and a gradual return
thereafter to somewhat normal conditions.

The inversions were comparatively few and without specml ehar%terlsmcs exeept in theone
instance of June 30, which has just been described. On August 4 there was a rise of 12,50
between 1,900 and 2,600 feet as the kite emerged above a cloud, accompanied by a fall in the
humidity of 30.per cent. As soon as the cloud had moved away the temperature fell 100, and the
humidity rose 21 per cent, although the kite had fallen 400 feet. '

- The wind direction and velocity appeared ‘to exercise no effect. It is true that the gradients
. were, as a rule, much greater with west, particularly northwest, than with east winds, but the
. east winds were generally associated W1th cloudy weather, and the decreased gradlents at these
“times must be attrlbuted to the presence of the cloudb :

WINDS.

‘Wind directions followed the usual rule of deflection toward the right, and to about the same

extent as at Omaha, but less than at Dodge City. Movements in the opposite direction were
infrequent and not decided, and  in a majority of cases were followed by rain and thunderstorms.

RELATIVE HUMIDITY AND VAPOR PRESSURE.

.The relative humidity conformed to the general rule of steady decrease with increase of
altitude, but there is' a departure from the rule in that the humidity above is uniformly greater
than that at the ground, being 3-per cent greater at 1,500 -feet, and increasing slowly to 7 per cent
at 5,000 feet. It is suggested that this increase is due to the preponderance of west to north
wmds, whu,h, with their lower temperatures, cause a rise in the relative humldlty, the qu:mtlty of
moisture in the atmosphere remaining approximately the same.

Oloud effects were indifferent and irregular. » In a majority of cases the prox1m1ty of rain
produced no effect either way. Occasionally there would be a rise previous to the commencement
of rain, at one time amounting to 28 per cent, but such cases were very rare. The presence of the
kite in the clouds was also without event, except in the one case of August 4, As a rule the only
effect was to maintain the humidity at a nearly stationary point, without regard -to altitude or
time of day. On August 4, as noted. before, as the kite emerged d)bOVG a cloud there was a fall
of 30 per cent in the hum1d1ty, due to a rise in the temperature of 12,5, and a rise of 21 per cent
as the kite descended after the cloud had disappeared, the temperature fallmg 100 at the same time,

The vapor pressure results are given below. It will be notwed that they agree almost exactly

with the Omaha results between 3,000 and 5,000 feet,
DIMINUTION OF VAPOR PRESSURE WITII ALTITUDE

. VALUE OF 1? FOR EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

1,500 feet.| 2,000 feet, 3,000 feot.| 4,000 feet.| 5,000 feet.] -

0.7 | 0.72 ] 0.66 | 0.57 | 0.40
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- , 1,000 foet. 1,500 feet. . | 2,000 feet. 3,000 feet. 4,000 feet, | < 5,000 feet. ' | . - Mean.. -
Date, - . ; i § - : ~ - s : s
. Gradi- | 1, Gradi-| . Gradi- Gradi- Gradi- Gradi- Gradi-
Ra?e. ent. ha&f'_ ent. R“Pe' ent. | Bate. | "ong | Rate.| Sone, Rate. | “ont, ’Rate. ent.
May - 7,8.m..... 95| 105
7,p.m. 69 14.5
. 12.0
9.5
8.6
4.6
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Temperature—Clear—Continued.
1,000 feét. ". 1,500 feet. 2,000 feet. - 3,000 feet. 4,000 feet. 5,000 feet. Mean.
Date. - | Gradi- Gradi- Gradi- | p.i,. | Gradi- Gradi- Gradi- Gradi-
Rate. ont. Rate,. “ent. Rate. | Yort. Rate. Tent: Rate. | Yont Ra,te.l ent. Rate. ent.
Sept. 4,p.m..... s, <11,0 115
v 4,£.m. - 10.3
6,a m.. 6.2
6. p.m . 12,5
7, p.m..
L3 1 P O T PR PP T
8P wensfivaranasfoadania] 0 9207109 e
17, p.m..
19, p.m.
19,p.m
20, 2. m
20 p.m
gé a.m
, . m
22,p.m
3, p m. .7
. 20 (S O e e T T LR ! CLLL R )
.3 .
5 2 N ) T I L LT DI PR PR
4
.9 3.
6 R R R B F S T LITT R T PR TS
Qct. 8.6 141 7.1 144 6.9 150 6.7 . 198 [ 00 T R,
L 10.3 123 8.1 124 8.1 [iheiiaiitaneiden .
. .71 8.2 A IR 1 2 S i R PR S e T LLI LR TP R
4, 6.7 6.4 S R
T 10, 6.7 5.1 .4
12, L N O
12, IR 2 P P
13, 9. 8.1
14, 3. 4.7
14 . D S N O P R P LT TE T PR T R
18 .90 . 6.2
8, 2.6 230 4.3
2.1]....408 [... 2.5
6.51:...125 R -7 1 POt R P
P O T O D S PO P P T Ll LR
4.4 199 5.0 219 4.6 259 3.9 1.
....................................... C.349 2.9
.- 6.8 161 6.2 214 4.7 249 4.0
12.0 |- 80 12.5 137 7.3 159 6.3
9.3 127 7.9 176 5.7 187 8.3 |hoeiaasdiiinia,
7.8 147 6.8 146 6.8 183 5.5 |
1.1 99 10.1 129 7.8 147 6.8
6.6 - T8 N S DN JRp e P T
9.6
9.0
6.4
5.8
. 8.8% 157} 6.4} 159 6.3 292 - 3.4 li..iceiifieacnanas
2.5 e ) P
CLOUDY.
May " 1,a. 4.2 245.1 " 4.1 304 F: 2 2 R P R PR RN IR PR
] . 7.5 7.1 . . e
. 9.5
. 6.7
. 5.4
. 3.4
N 7.4
. 4.9 |
. ©5.6
. 6.8
. 2.5
. 2.7
. 5.3
). 4.8
. 4.0
24,p.m .9 5.6 .
25, 8. m..... 185 5.4 214 4.7 |.
26,a.m..... 126 7.9 146 6.8
27,a.m..... 224 4.5 1" 193 5.3
28,a.m..... 682 1.5 1,259 0.8
28, p.m ... 146 6.8 182 5.5
3l,a.m..... 180 5.6 157 6.4
“"June. 4,p,m .... 212 4.7 308 3.2
A28 (+ R R 283 3.5 .
10,a.m..... 248 4.0 173 5.8 .
14,a.m.....| 809 1.2 -1,021 |- LO x
14, Do eeseleemennas]encnnens 4.3 4.6 . .. ..
LU P P ERLIT ) ~130 7.7 152 6.6 735 1.4 1,208] - 0.8 [ceaeenn. [P I
S
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Tempcruturc—Cloztderontii;ued.

1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet, - 4,000 feet. - 5,000 feet, Mean.
Date. Gradi- Gradi- -| Graai- Gradi Gradi- Gradi- | Gradi-
Rate. | "y, | Rate. | Yepe | Rate.”| Yot Rate. | “p4 ARate. ent. | Bate. | “et Rate. | "ot
July &p.m 1751 5.7 142
9,a.m. 278 3.6 469
9, p.m 143 7.0 148
11,p.m 156 6.4 129
Aug. l,a.m 209 4.8
4,a.m. 183 5.5
4,a.m. 96 10.4
23,a.m. 256 39
23, p.m 121 2.4
Sept. 10, p.m 206 4.9
LT £. m Ceegl 4a
16,p.m 108 9.3
Oct. . 3,8 Mueensforassinefonnnne” 215 4.7
- 3,p.m . 110 9.1
~ 9a.m.. 219 3.6
9,p.m . 126 7.9
15,p.m 164 6.1
15,p.m 251 4.0
16,a.m 232 4.3
16,p.m 112 8.9
20,a.m. 150 6.7
24,2.m 166 6.0 202
, o ' ‘SUMMARY.
CLEAR.
Morning......-.. 6.2 |ieennnnn 5.0 |.eanuran 4.5 |sancnnnn 3.9 |eanereen 4.2 )iiaaa..n 5.1
Afternoon . /0% ) I 7.0 ceaunnn. 5.9 [iaeeanss [ 8 PR, 5.5 fawnanans . 6.7
Mean...... . 6.9 |eaerennn 6.3 |onenenes 5.4‘ ........ ’ 4.6‘ | 48 [ -.‘- 5.8
CLOUDY. - >
Morning.eeeu---- 4.9|..... J I P 8.5 hecerias 3.1 {oeliln 4.2
Afternoon . 5.9 eeennn. 5.4 [vaevaann 5.0 jeaernnn. 3.8 |cenians 5.3
Mean .en.eens Y 5.1 eeeennns 1 4.3 1 ........ 3.4 |oeicnnn. 41 ], 1.7
COMBINED.
Morning..cce.... 6.2 | aienens 5.7 |vieannn 4.8 |.ciaa.. 4.2 fooeeaian 3.7 leaeenann 4.2 4.8
Afternoon . 7.3 leeeecans 7.0 [cenenns 6.6 |.o...... 5.7 |cacnnnns 5.0 jeeen-. 5.3 6.0
Mean ........ 6.8 |iceuanns 6.5 |seeeenns 5.9 |ieeeenn. 5.2 |eeenennn 4.4 loveennn. 4.7 |eienen 5.6
: INVERSIONS.
600 feet. 800 feet. 1,000 feet. 1,200 feet 1,500 feet. 2,000 feet. | 2,500 feet. | 3,000 feet. | 3,500 feet.
[ [CN &~ &} =] €] = & = o] 5] & =1 ] = &) < A ]
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 OMAHA, NEBR.
TEMPERATURE

There were eons1dered of the Omahft series of observatmns 185, obtamed from 61 ascensions;
and the greatest altitude attained was 7,243 feet.

The general mean decrease of temperature with increase of altitude was at the mte of 4.10
for each 1,000 feet. The average decrease up to 1,500 feet was 5.4°; up to the other elevations it
was as follows up - to 2,000 feet, 4.9° per thousand feet; 3,000 feet, 3.6°; 4,000 feet, 3.2°; b, 000
fret, 3.5°; 6,000 feet, 3. 80 aud 7,000 feet, 4.1°. " (See plate 1 ) There is the usual decrease up to
4,000 feet, and a steady increase thereafter The change is most rapid between 2,000 and 3,000
feet. . :

The morning gradients averaged 3.6° per thousand feet, 0.5° less than the mean.” The curve
fairly parallels the mean curve, the greatest difference being found at 2,000 and the least at 6,000
feet. Thé afternoon mean was 5.9° per thousand feet, and from 4,000 feet upward is very close to
the trne adiabatic rate, averaging 5. 30 per thousand feet The greatest gradient was up to 1 500
feet, where it was 7.1° per thousand feet. The clear-weather gradients were naturally greater,
than the cloudy ones, particularly up to 2,000 feet, where the difference was 1.4° per thousand
feet. An exception occurs up-to 5,000 feet; but as there was but a single observation made at
that height during clondy weather, a fair comparison ean not be had.

Cloud effects were much the same as at other stations, though not in so marked a degree as
at some. There would be a sudden check in the temperature fall, and often a change to a rise,
amounting at one time, August 19, to 5° between 1,500 and 2,200 feet of altitude. Other slight
rises were noted, and there were still other cases in which the clouds, while not of sufficient
influence to cause & rise in the temperature, would hold it steady untll the klte emerged No
cases of inversion due to clouds were noticed.

The ‘inversions of temperature were very. few, on account of the time of day at Whleh the
major portlon of the observations were taken. :

WIND.

The wind directions conformed to the usual rule, being practically alike above and ‘at the
surface. There was the usunal deflection of the k1te toward the right, but to a lesser degree than
‘at Dodge' ity or Washington, There were very few deﬂeetlons in the 0ppos1te direction, and
none was at all marked.

-
t

RELATIVE HUMIDITY AND VAPOR PRESSURE

The ehange in therelative humidity with elevatlon was qulte decided, a steady decrease being
the rule up to the highest elevations reached. At 1,500 feet the relative humidity was 4 per cent
higher than at the ground; at 2,000 feet it was 1 per cent lower; at 4,000 feet, 12 per cent lower;

5,000 feet, 19 per cent lower; at 6,000 feet, 28 per centlower, and at 7,000 feet, 34 per cent lower.

_Olouds and the close* prox1m1ty of raln, either before or after the ascensions, exercised a very
pronounced effect upon the humidity, the rise being rapid and decisive. At times it amounted to
as much as 30 or 40 per cent, and on one day to 51 per cent. On this day, September 20, there
was a belt of cloud at an altitude of about 4,500 feet, and as the kite reached it from above there
was a rise in the humidity from 83 to 86 per cent, followed by a steady fall after the kite emerged.

The vapor-pressure results follow. It will be noticed that there is a rapid diminution above.
2,000 feet, corresponding to the marked decrease in the relative humidity with increase of altitude,

DIMINUTION OF VAPOR PRESSURE WITII ALTITUTE, -

VALUE OF %’FOR "EACH RESPECTIVE 1,000 FEET OF ALTITUDE:

l 1,500 feet.| 2,000 feet.| 3,000 feet.| 4,000 feet.| 5,000 fept.| 6,000 feet.| 7,000 feet.)

‘_0.83 l 0.80 } 0.68 l 0.56 0.39 | 0.23 0.15
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Temp\erature— Cloudy—Continued,

1,000 feet. | 1,500 feet. 2,000 feet. 3,000 feet. i- 4,000 feet. l 5,000 feet. | 6,000 feet. | 7,000 feot. Mean.
- Date. ':'; ?S . 'E ?7 E ’ g : ‘ % E E
M <] SRR = & 4 < & . Moo =1 ¢ [=ENI&] Aol o
Sept.. 14,a.m...|.. N . N . I 1
7 16,2.m. . .- . ) 3. g . <L I
20, p. ... |- -
Oct. 19,a.m. ..
o 19a.m...
L20,a.m. ...
21, a.m... [}
27,a.m... 1
29,a.m... . 6.1 1|.. cuoe . :
30,8. M. f eeecnfoonans b I TN O O O N I aeaealuoeanes | ..........................................
SUMMARY.
CLEAR.
Morning....... . 4 4.6 |eeiiend] 3.0 0L 2.6 {eemncen 2.9 |.een-. 34 |amuenn 41 feeeeen 3.6
Afternoon .- - . 6.5 f.ioamnn 6.9 [iecennt 5.5 |sacaean 5.0 eennnn 5.3 [cemuen]rarens]eauens] 6.0
Mean «.ecfuceuse]rananan PRI B ¢ PR 5.3 ceeames| BT iaiiun. A 2 T PR, 3.4 |eceaa]| 3.8 [ueenen BT N PO 4.2
UV - ' |
CLOUDY
| . |
Morning..eeaew ceeenaferacanloannan 4.2 | anenn 3.3 liaceans 3.2 leeeenns
AfLernoon .c.ee cieoefomaceafosians 7.0 [eenaaee 6.0 |cceanns 4,0 [caeunn-
Mean....l..... l ............ 4.8 |ereeniel 3.9 |oeeeeas E
|
COMBINED
Morming.:-nuesleeceiefeiennslocenns 46 |einn. £2 (e 31 [l 28 2.9 e 84 {ei| 4L 306
AftErnoon ..o jececeeeesacalicanan Tl |eeannes 6.4 |sevicas 6.0 |vecunnn 5.4]... 5.2 feadean 5.3 e LR cesner| 0.9
' Mean -.caf-eeuee ; ............ 504 [cecuens | 4.9‘ ....... \ EX) 3.2 3.5 |eeunen 3.8 [reenen 4.1 l4.1
——— . .

PIERRE, S. DAK.
. TEMPERATURE.

Tour hundred and sixteen observations at altitudes of 1,000 feet or more were considered
in computing the temperature gradients at Pierre; the number of ascensions was 134, and the
highest altitude attained 6,059 feet. The mean gradient was found to be 4.6° for each thousand
feet of ascent, 0.50 greater than that at Omaha, 1.0° less than that at North Platte, and the
same as that at Dubuque. S c ' v

Contrary to the usual experience at stations in this district, the decrcase with increase of
elevation disappears above 3,000 feet instead of above 4,000 feet, and is again resumed above the
latter elevation, the minimum gradient being found up to 6,000 feet. '

The inversions of temperature were for the most part confined to the usual conditions in such
" cases, namely, clear mornings and the radiation effects resulting therefrom. None were decidedly
arked except in the month of September. On the 20th of this nonth there was an inversion of

16° at an elevation of 1,677 feet, or at the rate of 9.50 per thousand feet, at 8.16 a. m., and at 3,500
feet at 8.37 a. m. there was still an inversion of 69, or at the rate of 1.7° per thousand feet. It did
not entirely disappear until after the 4,000 foot level had been passed at 9.03 a.m, On September
23, during a cloudy morning, there was an inversion of 15.4° at an elevation of 3,050 feet, or at
the rate of 5° per thousand feet, at 7.54 a. m., the excess above the surface temperature increasing -
with the altitude up to this point. The inversion was still 11.3° at 3,400 feet, or at the rate of 3.3°
- per thousand feet, and did not finally disappear until about 10 a. m., after the kite had passed up
beyond the 4,000-foot level. _ S : ‘
These ,iuvers'ions,' of which twenty-four instances w:ere found, occurred with but three excep-



65

.~ tions on- days when a low baromctrlc area was central to the northwestward, causing warm
' southerly winds which were usually brisk.

More than two-thirds of the observations were taken in the morning, and the average morn-
ing gradient was 4.3° per thousand feet, 0.3° less than.the mean, and 0.7° greater than that at
Omaha. There are no great dlvergences from the mean curve, the maximum dlﬁ'erence, 0.6° per
_ thousand feet, occurring up to 1,000 feet.

The rmf’cernoon average was 6 30 for each thousand feet 0.9° greater than the adiabatic rate.
The rate of decrease was greater at all elevations -than the adiabatic rate, and ‘was 2.1° greater
up to 1,000 feet. The clear weather gradients were greater than the cloudy ones, the mean differ-
ence bemg 0.9° per thousand feet. The afternoon means show the least difference. The greatest
difference occurred up to 4,000 feet, where it was 2.6°, and the least up to 1 ,000 feet, where it was
0.5 per thousand feet. In both clear and cloudy Weather the greatest gradlents were found up
to 1,000 feet,. and the least up to 4, 000 feet. ‘An extremely large gradient was noted during the
afternoon of September 26, When lt was 139 up to 1,000 feet, and 10.5° per thousand feet up to
1,500 feet.

The clouds at times appeared to exercise cons1derab1e effect, and at others little or none.
The usual result was a retardation of the tempera,ture fall.. On one date there was a fall of 40 as
the kite reached the clouds, the elevation remaining practlcally the same while the temperature
was falling, On June 22 theré was a rise of 12° as the kite emerged above the clouds, and a much

. slower rate of fall thereafter, amounting to but 5.7° in 2 ,600 feet of ascent. There is evidence of
a mmllar action on September 30 at 1,900 feet clevatlon, although no reference to clouds can be
found. * On October 2 the temperabure commenced to rise when the clouds were reached, and rose
82 while the kite ascended from 1,700 to 2, 700 feet, TFrom thence up to 5, 000 feet the usual
decrease took place. ,
~ : WINDS.

, There were very few cases of kite deﬂectlon toward ‘the left. Only two were noticeahle to

any extent, and rain fell shortly afterwards i in both instances. The amount of deflection toward
the right was also less than was usually observed ‘the dlrectlons above and at the surface being
practically the same. : :

rot

RELATIVE HUMIDITY AND VAPOR PRESSURE

The chan ges with altitude in the relative humidity were very slight, In hct ‘it may be sald
that there was practically none. The extreme range was but 8 per cent, the. hlghest humidity,
66 per cent, being found at 3,000 feet, and the lowest, 58 per cent, at 5, 000 feet. The percentage
at 6,000 feef was 64, but it is very probable that these comparatwely hlgh figures are due to the
) searcrty of observatlons at-that level and that a greater number would have shown a decrease in
the mean. :

As at North Platte, the upper-air humldlties ‘were umformly greater than ‘those 'xt the surface,
r the greatest differences being 15 per cent at 5,000 feet and 16 per cent at 6,000 feet, and- the least,

5 per cent at 2,000 feet.

The preponderance of easterly winds, Wlth their greater mmsture content, may have some
bearing upon this fact. - Nearly 52 per cent of the winds were from some easterly dlrecblon, and
30 per cent were from the southeast.

The proximity of rain caused a rise in the humldlty, as a-rule, to some pomt above 80 or'85
per cent, the surface humidity showing a less rise, and in some instances a fall. During the
summer months low humidities of course prevailed, and rain did not.exercise so great an influence.

The clouds quite frequently caused a rise to total saturation as the kite reached them, At
other times . their effect was not so marked, but at all times was greater than at the remalnlng
sta,tlons in thls distriet,

Platte and Omaha,; and are even greater than those at Dodge Orty, except M, 3,000 feet, where
there is a difference of 5 per cent m favor of the labter.
5129—Bull. I‘—5
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" DIMINUTION OF VAPOR PRESSURE WITH ALTITUDE.
VALUE OF I% AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE: '
’ . \1,500 teet. 2.000 feot.| 3,000 feet.| 4,000 feet.| 5,000 feet.| 6,000 feet, . P
: g 0.90 | 0.86 | 0.75 | 072 | 0.69 | 0.69
PRI  TEMPERATURE.
CLEAR.
1,000 feet. 1,500 fect. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 fect. 6,000 fect. Mean.
Date . e - . . z . . -
. Gradi-| 1, Gradi- Gradi. Gradi- Gradi- Gradi- Gradi- Gradi
Rate. ent. Rate. ont Rate. ent. Rate. |. ent. Rate. | “o 4 Rate. ent. Rate. ent. Rate ont.
May 15, 146 6.8 168 6.0 [cevenaaloacnnnn
23, 162 6.2 147 6.8
24, S
25, 7.1
2 7.6
2 6.7
3.8
5.2
6.3
8.2
1
2Lham....|i..e. 0.6
23, a.m....| <7132 : T 6.8
26,a. M.... 173 5.8 228 4.4
e, pom....l +108 9.3 118 8.5
28 am....| 432 |. 23| 395| 25
29,a.m.... 98 |- 10.2 116 8.6
July 4,a.m....] 129 7.8 133 7.5
5,a.m.... 158 6.3 178 5.6
6,a.m..... 109 9.2 117 8.5
8, p.m.... b [ R P P
~10,am.... 1
f 1, pom.... 7
12, p.m.... 8.8 |eceencfocennnn

19,a.m....
20, P Maene 3
2ham.eeeenennilonnen [N PO P
22,a.m....
24,a.m....
25,a.m....
26,a.m....
27,a.m....
28,a.m....
29,a.m....

Aug, 1,p.m...
2,p.m ...
3,a.m.

J 4,a.m.
6, p.m
7,am....
8,a.M....
9,a.m....
10, a.m....
13,a.m....

15,a.m.... 8.7

16, 2. m.... 1.1 570 1.811,125] 0.9 11,178 0.8 jecueces]emmmace]omacarcfoncnnas|onmmeecfracnan

18,a:m.... PR 1 T T T A PSR PO ORI PRUIIIN PRNLIII POUIpy PRSRIRIY PRpeeps PP ELL DR T CETR T
20,a.m.... 9.0 118 84 144 ] 6.9 |eeemcoifoneedtlianeasecenrnefoaranratocaacad]iencnns]ecenanaloaaanad|s
22,a.m.... X R G I 0 3 P P PO ISP R P P S B P DL iidd LR
23,a.m.... 8.1 123| 81| 133| 7.5 227 | 4.4 280 | 3.6 235 43 |cceceii|ivcmeas]anecensficenens
24,p.m ... 8.3 135 | T 4 |eevcecufecmavne]|vecanvnlerecasc|onananc|ressnns|asmanetonmaaialocinias]ocemenrionnnmne]iacaaen
26,2.m.... T.91 162 | 6.2 2371 4.2 |eeceiceloancecalanccsectiasanac]aoacacciiiecaccfcisoncsloanncnnisaccnecloavenas

0
oo
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Temperature—Clear—Continued.

1,000 feet. 1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet. 6,000 feet. Mean.
Date. . . . . . - . . .
- Gradi- Gradi- Gradi- Gradi- - | Gradi- Gradi- Gradi- Gradi-| -
Rate. ent. Rate. ent, | Late. ent. Rate. ent, Rate. ent, | Bate. ent. Rate. ent., | Rate. ent.
Sept. 4,pom...| 89| IL5[......feci.... 115
5,a.m.... 147 172 . 179

6,a.m....| 934

8.7

5.6

486 2.1
8.1

5.6

~ l4,p.m ...
16,a.m...
18,p.m . ..
19, 8. m...
20, a.m...
22,a.m.... 1 g
24, a.m....0 109 9.2 13 7.6 144 8.9
26,p.m .. 777 13.0| -~ 95 10.5 112 8.9
28,a.m....| 325 3.1 261 3.8 256 3.9
IO () D RS N €55 L5 |eieeafoaianns
Oct. 4.7
3.8
5.2
5.5
. 6.7
7.0
27, a.m.....| 257 3.9 230 4.3
28,p.m....] 171 5.8 153 6.5
2%,a.m..... 602 1.7 | 2568 0.4
May 13,p.m.ic.feenancfonnenn. 225 4.4
J L T D PN [ PN
16,a.m... 376 2.7
17, p.m... 316 3.2
18,a.m.... 196 5.1
20,a.m.... 193 | 5.1 feeeeoifeaacnan
2L.a.m.... 6.1
26, a.m... 2.9
26,a.m... 5.7
28, a.m... 7.9
29,p.m... -

June 3,a.m...
- 3,p.m...
4,a.m....
9,p.m....
12,a.m....
12,a.m....
4,a.m....
15,a.m....
22,a.m....
24,a.m....
30,2.m,...

July. 1,a.m....
2,a.M....

PN A
S S Gt

2,0 | 593 L7

.............. 1, 696 0.6 596 1.7

Sept. 8,a.m....| 254 3.9 290 3.4 32¢ 3.1
13, p.m....[ 146 6.8 167 1+ 6.0 Juceeee.|ecmanan

2%, a.m....| 278 3.6 306 | . 3.3 246 4.1

Oct.
4.5 .
7.8 6.
5.3 5.
23, p.m....| 155 6.5 141 7.1 174 5.7
- 24,8.m....0 170 | 5.9 192 5.2 247 4.0 S D P T LTI Frppe
SUMMARY.
CLEAR.
- Morning........ ceeeees| 5.5 [cenaen. 6.0 leeaue| 4.6 ...... .
Afternoon ......l..... eof - Ted|oileel] 65 |ellll 6.5 faeeaatt )
Mean .vuanun ceveeedf 6.0 ieieeclt 5.3 \ 50 ... 8.9 |ieeen. 4.5' ....... 4.0 [eaeon. ‘ 4.7




68

" Temperature—Continued.

CLOUDY.
1, 000 feet. 1,500 feet. 2, 000 feet. 3,000 feet. -{: 4,000 feet. 5, 000 feet. 6, 000 feet. ‘Mean.
Date. T . R N - -
Gradi:l o, o~ | Gradi- Gradi- Gradi- 5 | Gradi- Gradi- Gradi-| . Gradi-
. Rate‘.‘ “ent. 'Ratve..” fent. 3ate. Al Rate. | Ty, | Rate. | Vo, Rate, | 0ot | Rate. | g | Rate. - ent.l
Morning’ 4.5 adli.. 3.9 - 13 UUUCH - 5 R 8.5 fevenen SR ISR B ¥
{\fternoo P ERRE A A VRN I X I PRRP . 5.8 . p .| 6.1
© o Mean LUl 5.3 loweeias] 48l 44 4.1
i e -
. COMBINED. :
" Morning.. 5.3 |iennn I3 a3l el 8.5 [ind agta.. 20}, 43
i Afternoon b T P 6.4 |eeeannn 6.2 [ceeenen R K P 5.7 {evnanas 6.0 |veananefeceaanefovanats 6.3
! Moan..oe.. ' 5.9 |.ounns 5.1 Jouennns 4.8’ ....... Y K 3.7\ ...... G SRS X Y 4.6
X . . ] ‘ )
INVERSIONS.
o " 1,000 feet. 1,200 feet. '|' 1,500 fees. 2,000 feet. 2,500 feet. 3,000 feet.- 3,500 feet. 4,000 feet.. |’
*-* Date. - I - . . N . . 3
. A Gradi. Gradi- < 1Gradi- o |Gradi- Gradi- Gradi- Gradi- Gradi-|"
tate: | "ot | Rate. |“ens | Rate. |Ceng, Rate. | “gnt. | Bate: |“ent, Rate; Tt | Rate.\Wer¢ | Rate. ;:t.l‘
AN
06
0E]
ey
1.8
0.7
L3

wopom
comaw

Ny

©

<
oW oM
Qoo

TOPEKA, KANS.

ol S . TEMPERATURE.

© The m}aan" gradient at Topeka was 5° per thousand feet, as d§’germined from 319 observations
made during 81 -ascensions. - The highest altitude attained was 5,892 feet. The gradient is
_ greatest up- to-1,000 feet, and decreases steadily up.to 4,000 feet, above which height it rises

slowly. - The decrease up to 3,000 feet is quite rapid. v o _

The average morning gradient was 0.5° less than the mean, and decreased at about the same
rate with increasing altitude.. The average afternoon gradient was 10 greater than the mean, and
tho decrease with inérease of. elevation wasless decided than in the morning. . The clear weather
gradients were greater than the cloudy ones at all elevations, but the differences were not marked .
except up to 2,000 and 4,000 feet, where they were 1.3° and 1.4°, respectively, per thousand feet.
' Wind directions and the relative positions of high and low barometric areas did not appear
to have liad -any-effect upon the gradients. Cloud effects were confined to a suspension of the
temperature fall, changing frequently to a rise, and followed by a fall as the kite descended below
the clotids. There were no-records of any ascents above. the tops of ‘clouds.” On October 3 the

temperature rose 6° while the kite was rising from 1,700 feet elevation to 2,250 feet at the clouds;



69

then there was a fall of 6° as.the kite descended below the clouds to 1,600 feet. A second ascent
"to another cloud at 2,000 feet resulted in a rise of 4°, followed by a fall of 50 as the kite descended
to 1,400 feet. 'On October 9 the tempemture fell but 1° in rising from 2,900 to 4200 feet on -
account of the presence of clouds.

There were several cases of temperature inversion that are worth yof notice. On May 24 there "
was an inversion of 110 at 2,400 feet elevm‘mon, and of 7.5° at 3,650 feet.. On August 3 there was
an inversion from 7.13 until 10 02 a. m. up to 3,250 feet elethlon, amounting to 10° at 1,500 feet
at 9.56 a. m. This inversion was due to cloud formatlon shortly after sunrise, and still contmued«
after the kite had broken mmy at 10,05 a. m. On October 5 there was an inversion 'of 3°in the
early morning up to 3,000 feet as the clouds cleared ¢ 'uvay, thus permitting unobstructed radiation
from the surface of the earth to.the lower air laydrs.

SRR " WINDS.

The:defleetions: of the kite due to winds were invariably toward the right, but the general
dlrectlons above and below were at all txmes almost cxaectly ahke, a deflection of as much as 90°

The rela,tlve humldlty changes with increase of elevation were Very small, the only differences
of consequence occurring at 1,500 and 2,000 feet, where they were 8 and 5 per cent respectively,
the upper air humidity being the higher. Above 2,000 feet the values are practically equal, the
only differences being 1 per cent. ' o

The approach of rain within a few hours was sometimes indicated by a rise in the upper air
bumidity without a corresponding change in that below, the rise usually bringing the humidity.
above 90 per cent. Quite frequently,‘ however, the proximity of rain did not appea,r to exercise
* the slightest effect. ’

The cloud effects were not at all marked the only noticeable one being a shght rlse at times,

the elouds
The vapor pressure results as given below agree very nearly with those at ()mwha below 5 5,000

feet. - Above this altitnde the l'ttter are 0,13 smallcr At 2,000, 3,000, and 4,000 feet the two are
e‘mctly alike. . : .

.- DIMINUTION OF VAPOR PRESSURE.WITH ALTITUDE.

_VALUE OF f)pa AT EACH RESPECTIVE 1,000 FEET OF ALTITUDE.

1,500 feet.| 2,000 feet.| 3,000 feet.| 4,000 feet.: 5,000 feot.] 6,000 feet.l ;

0.85 | 0.80 0.68 1 0.56 | 0.52 0.36JI'
"TEMPERATURE.
CIAEAR
o 1,000 feet. },500_fee_t. 2,000 feet.’ 3,000 feet. ‘ 4,000»feet. 5,000 feet. 6,000 feet. Mean,

""" Date. |Graai-

Rato. 8730} page, [Gradic| pogp [Gradi| oy JGradic

jiry Tad Tadi- Rate Gradi- Rate: Gradi- Rate. Gradi- Rate. Gradi-

°| ent.’ ent.
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Tehoperature;c lear—Continned.

1, 000 feet. | 1.500 feet. 2, 000 feet. -3, 000 feet. ' 4,000 feet. | 5,000 feet. [ G, 050 feet. Mean.
Date. . . . . . . R . ol
. Gradi- Gradi- Gradi- Gradi-| 1, Gradi- Gradi- | 1, Gradi- Gradi.
Rate. ent. Rate. ent. Rate. ent. Rate. ent. Rate. ent. Rate. ent. Rate. ent. | Rate. ent.
"

June 2,p.m.....
3,a.m.....
22,8.M.....

24,a.m.
23,a.m.
27, a.m.
28,a.m
2%, a.m.....
S 2% a.m.....
30,a.m.....

July lL,a.m.....
2, a.
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_Tgmpcrqtztre—Continue(i.
 CLOUDY.
- 1,000 feet. . ‘1,500 feet. 2,000 feet. 3,000 feet. 4,000 feet. 5,000 feet._ 6,000 feet. Mean,
pate. ‘Rate. G;?gi' Rate. (i!;ft'?i' Rate. Gg;fgi' Rate. G;:‘tdi‘ Rate. Gel;fgi‘ Ra.te. (gfgi' Rate. G;:‘gi' Rate, %’;f’gi'

May 2,a.m....
2, 8.

3l,a.m....

June 9,a.m....}

800

9,p.m.... 5
10,a.m.... 1,
10,a.m.... 4,
2L,p.m.... 5.
26,a.m ..., 3.
26,a.m.... 4
July T,am.... 241 | 41| 51| 40
Sept.13,a.m.... 205 4.9 5.
13, p.m.... 146 6.8 6.
16,a.m.... 314 3.2 5.
16,p.m.... 215 4.7
b N T ] I 218 4,6
2l,p.m....| 167 6.0 182 5.5 191 5.2
30, p.m.... 131 7.6 146 6.8 165 6.1
Oct. 3,p.m..... 13| 74| 187| 53| 3| L3
3,pom....] 1 7.6 148 6.8 399 2.5
Spm....l 120]- T8 |...... feeaal| 147 6.8 B B P LT EETT] PN POSEpYS PRI SO 4 femeunee
N SUMMARY.
CLEAR.
Morning.caueeeefeeannn- 6.9 |o.e.... 5.8 |eaannns 3.9 |eaaaaas Y- 35 IR 3.9 |eacu.en 3.9 |ceeaens 4.6
Afternoon ......}. e 8.1 }eun.... T2 |eeens 6.6 |....... 5.4 |eeen... 4.9 [...... PR N N R P 6,2
Mean...-.leeeen.. Tod feaannnn 6.5 [ceunnnn 5.0 |euue-.. 4.1 |eeenens 4.3 |..a..s 4.1 |....... 4.5 |een... 5.1
MOTDINg. aeeneerdenanenn 706 eenenns et a2 e, 2.3 [eeeennn C -1 U I (R 4.2
Afternoon ......|.e-... o 6.8 jeeeeii] 601 jaceiiill 49 |iiiill 6.0 |ll..l. L e P P 5.6
Mean -..c.ceemnn. 7.1 4.5
Morning.. 7.0 4.5
Afternoo 7.8 6.0
Mean.....|.cuvun. 7.4 5.0
C
(-
- .
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FiG. 1.—KITE WITH METEOROGRAPH IN PLACE.

FIG. 2.—KITE COLLAPSED.
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FIG. 4.—KITE REEL AND SUPPORT.

FIG. 3.—NORMAL BRIDLE.
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FIG. 5.—KITE METEOROGRAPH.

FIG. 6.—MARVIN NEPHOSCOPE.
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Kite Meteorograph Record Sheets.
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