
638 MONTHLY WEATHER REVIEW. DECEMBER, 1922 

.... 

.... 

FIGURE 7.--Oscillation rireuit for comparatire audibility tests. 

az To illustrate, the values of I - - obtained for the aver- 

ages of seven consecutive sets of rcadings were 0.059 x 
0.065 x lo+; 0.0573 x 0.067 x 0.0556 x 
0.055 >: lo-': 0.053 x The greatest differ- 

ence in t.hc values obtahod is between 0.067 >\' and 
0.053 x and assuming 0.067 x to be the 
correct value we have an error of 30.8 per cent, in tfhe 
reading 0.053 x as the amount of variation clue 
to the ear. If tho mean value of these readings is taken 
(0.0588 x we have 0.0096 x lo-' as the greatest 
error, which gives a per cent of error equal to 14.6 pcr 
cent as the greatest variation. Since the human ear 
ie extraordinarily sensitive a t  times and just as sluggish 

ab 

a t  other times, it would seem that the mean record 
should be the standard. 

During the same period Arlington audibility was as 
follows: 4, 1, 32, 0, 3, 5.5; showing a fluctuation of 
audibility from 0 to 23 as compared with a fluctuation 
in the constant circuit from 0.0573 X 10 to 0.067 X 
for the same dates. Or comparing the first two in each 
set of readh s, constant circuit ratio 59:65, Arlin ton 
rat,io 4:1, ani  any two consecutive readings on t % ese 
two could bo compared with like showings. Results 
show that while local noises or personal physical condi- 
tion might have been tlie cause of the small variations 
in the audibility of the constant circuit, tlie same causes 
could scarcely have been the cause of the extreme 
rariat.ions in the carefully calibrat,ed receiving circuit. 
Audibility of static for thcse seven clays could be com- 
p a r d  in t,he sanie way. It was 300, 500, 1,000, 300, 
400, 200, 150. 
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THE CONNECTION BETWEEN PRESSURE AND TEMPERATURE IN THE UPPER LAYERS OF THE ATMOSPHERE. 

By W. H. DINES, F. It. F. 
[Bcnson, WalUngford, England. bug. 30,1922.] 

The large number of observations that have been made 
over Europe on the tem erature of the air at  heights 
reachin up to 15 or 30 lilometers have shown that at 

atmosphere, the ressure and the temperature, are most 
closely connectex with each other. In  the following 
remarks the nature of this connection is set out as far 
as possible in nontechnical lan uage, and a su gestion 

about by the ordinary physical laws. 
The careful statistical examination of the records 

obtained from the ascents of many hundred registering 
balloons in the British Isles and on the Continent has 
disclosed the facts given below. Let us use P, to denote 
the pressure at a height of n kilometers above sea level 
and T, for the corresponding temperature, also T,,,. for 
the mean temperature with regard to height between .n 
and m kilometers. Let 6P denote the departure of P 
from its mean for the geographical position and the height 
and 8T the corresponding quantity for the temperature. 
Then at  the surface there is found to be no connection 
between 6co and aT,, if the barometer is high so that 
8Po is positive there is no tendency for the temperature 
to be either above or below the normal value. At 1 
kilometer, however, a bias is beginning to ap ear, if 
SP, is positive there is a distinct tendency for 8 8  to be 
positive also and if 8P, is negative 6T, is probably nega- 

certain B eights the two most important variables of the 

is made as to the way in which t % e connection is %rought 

tive also. This tendency strengthens with increasiii 

6T will almost certainly have the same sign and will be 
almost strictly proportional to each other. Above 6 
kilometers the connection between the quantities falls 
off rapidly until at  about 10.5 we et back to the condi- 
tions that prevail at the surface. f! here is no connection. 
But above 10 kilometers the conditions change and the 
ST,, changes sign, so that a t  11 kilometers and upward 
the positive SP,, are associated with the ne ative 8T 
and where the pressure is above its norrnaf value tg; 
temperature is below, and vice versa. 

height until over the layer from 4 to 8 kilometers 8P an % 

TABLE l.--C'orrelntion coejicients. 

These figures am Inken from ffenphysieal Xmoira No. 13 M 0 . 2 2 0 ~ )  puhlished b 
tho hletmological i>f€lce, where many other rorrdation c o e f h n t s  are &en hi detail 
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This general relationship between the pressure and 
the temperature was discovered many years 
serence d'Bort. It is simply the statement t at  in the 
cyclone the troposphere is cold and t,he stratosphere 
warm and in the anticyclone the tro os here is warm 

it is the estreme closeness of the connection from 4 to 8 
kilonieters height. To those accustomed to deal with 
statistical data by means of correlation this is plainly 
brought out by the table of correlation coefficients iven 

vations made in the British Isles. Very similar values 
hold for the Continent and for Canada. The coefficients 
are uncorrected for the observational errors and are 
on that account about 5 per cent too low. Thus from 
5 to 8 kilometers the correlation reaches the very hi h 

cient is the measure of the influence eserted by one of 
the quantities upon the other. in this case if we take the 
variation of temperature as being due to the pressure 
changes i t  appears that four-fifths of the vnrintion is so 
roduced learin only one-fifth for all other causes coni- 

absence of cirrus cloud, etc. It may he added that 
except in the first 1 or 2 kilometers there is no correlation 
betmeen the temperature and the direction of the wind.' 

There is another connection between teniperature and 
pressure that must be noticed. The fall of tem erature 

ceases in latitude 50" N. a t  about 10.5 to 11 kilometers 
and the height at which it ceases is c.ominonly denoted 
by Hf. Thls height varies for England from 7.5 in n 
deep cyclone to perhaps 13.0 kilometers in an anticyclone. 
It vanes with the surface pressure but it varies much 
more closely with the pressure at 9 kilometers, the corre- 
lation deduced from many hundred observations in 
England and on the Continent bein M high as 0.81. The 

formula from the pressure at the surface and t e harmonic 
mean temperature of the intervenin air colunin, tind it 

is due to this fact,. 'rt is necessary, therefore, before 
seeking further explanation to exnmine this contention. 
Keeping the height constant and different.iating Laplace's 
formula we obtain an equation of the form 

"8" Teis- 

and the stratosphere cold; the remar K P  ab e point about 

above. The values are obtained from some 200 o % ser- 

value of 0.90. Since the square of the correlation coe ii - 

{ined, such as t E e direction of the wind, the presence or 

with height, the "lapse rate," as it is called in 8 ngland, 

i ressure at any height hs is c 3 culated b Laplace's 

has been contended by some that 5l t e high correlation 

6Pn = A6Po + b6 Tn.0 (1) 
In  this equation cb and b are constants which depend 

u on the height, n. kilometers, and the mean values 
o P P and T. Obviously for determining the pressure a t  
R small height it is the term involving a, the surface 
pressure, that is important, whereas for 
it is b that matters. Using millibars an degrees C. 
for units cb and b become numerically equal for a height 
lying between 2 and 3 kilometers, while for a height 
of 10 kilometers, b becomes five times as great as u.. 
The inevitable relationship shown in equation (1) 
ensures therefore that there will be a very high cor- 
relation between Pn and Tn,,.dess the height n is smdl 
and that the correlation wd1 increase with increasing 
hei ht;  it is apparent also that the coefficient b is essen- 

positive correlation. The term Tn is not directly in- 
volved in (1) but i t  is so indirectly because it is used in 
forming the mean value T,,,, but unless the air column 
is short Po alone is relatively unimportant.. Hence 
the relation (1) does produce some small correlation; 
that it is utterly incapable of causing the close connec- 

Tt 

tial P y positive and that equat.ion (1) must produce a 

I Ses Gcnphveical Memire No. 2, Y. 0.210b, 9.45, and R .  diel. 8. J., Vol. XLVII, 
NO. 197, Jan. ,1921, p. 26. 

tion shown by the observations the following considera- 
tion shows. 

It has been proved above that the relation 6Pn= 
alpo + b8 T,,, produces (1) a gositive correlation 
(2)  a correlation increasing wit the height. The 
observations show a negative correlation in certain 
parts which is contrary to (1) and a decreasing cor- 
relation from 8 to 13 kilometers which is contrary to 
(2).  The connection between P and T can not there- 
fore be due to Laplace's formula. 

The second relationship between pressure and temper- 
ature is given by the equation 

8T 6P 
P -- T - 0.29- 

This is the well-known connection between small varia- 
tions of pressure and ten1 erature that occur when air 
espands or contracts un f; er circumstances such that 

present that no condensation is occurring and that 
the changes are adiabatic. 

The msum tion that air follows the rule of c h a y g  

t.he truth as mi ht at  first sight appear. For the rule 

is very small. Secondly t,he space where vapor is 
condensing compared with the atmosphere up to, sa 
20 kilometers is also small. If we take rain as t& 
index, rain occurs on the avera e perha s 1 hour out of 

lometers thick. 
This gives & of & or one-half per cent as the space in 
which the rule of the d y  adiabatic rate does not hold. 
If we take cloud as the indes, we may estimate as fol- 
lows. It has been held that half the sky is on the 
average covered with clouds and we may take the average 
thickness as 1 kilometer. This is 3 of & or 2+ per 
cent. Thus even supposing we consider the part of 
the atmosphere below the 10" kilometer level above 
the ercentage is still only 1 (in 20) or 5 per cent. Strict- 
ly t Yl e rate for dry air does not quite reach 10" per 
kilometer, it is 9O.84, but for ordinary air so lon as 
condensation does not occur the value of 10' per filo- 
meter is a sufficiently close approsirnation. 

In  equation (2) T must be measured from the absolute 
zero, but the ressure may be in m y  units. Taking P 
obtained by substituting the mean value of ?' and P for 
that height. The values for England at any exact kilo- 
meter height up to 30 so obtained are given below, 
6 P  being taken as 1 millibar. 

TABLE 3. 

10" C. per k' 1p ometer change of height is not so far rom 

a plies practical k y to all descending air since the amount 
o f water that air can contain without spilling it as rain 

20 and the rain cloud may be a 5 % ;  out 2 

in millibars, t K e value of 0.29 TIP for any height is 

_._____ - 

- 

_-_-_____ 
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The figures in this table express in another form the 
fact t,hat dry air rising adiabatically for 1 kilometer will 
fall 10" in temperature, for if 10 be divided by the deci- 
mal giving 6T for any height the quotient will espress 
the approxiniate change of pressure per kilometer in 
millibars a t  that height. But the change of pressure 
may be produced by any means, It is not necessary that 
the air should rise or fall. Change of position mthout 
chan e of level, if the air comes under a new pressure is, 

The connection between wessure and temperatuEe 

cally for each height in Table 2 tends toward a positive 
correlation increasing with height between P and T. 
The actua.1 connection as disclosed by some 200 observa- 
tions is set out below in Table 3. 

TABLE 3. 

equa fi y efficacious. 

changes shown algebraically If y (2) and set out numen- 

6TtFo.04aPO 6 Tt=0.42dPi 6 Ts=O.LldP" I 6 TIL- -0.116Pn 
&!r1.=0.196P, d Ts- 0.461Ps 8 T~0.31dP~o 6 T I P  -0.296Pir 
a T p 0 . w P r  B Tp0.49aPe 6 Tio=O.LlbPio d Tu= -0.2SdPp 
6 Tr0.396Ps 6 T1-0.47bP~ 

These fi res are obtniiied by the ordinary statistical 
method. %ey are, in fact, regression equations between 
P and T a t  each hcight, thus 6T,= .4SIP, means that 
taking the average of many observations where the 
pressure at 6 kilometers height is 1 millibar above its 
average vdue the t,emperuture nil1 be half a degree 
(0048 C.) above its average. The height is only crtrried 
to 13 kilometers because the observations above t,hhn.t 
height are not sufficiently numerous to give reliable 
values. 

011 comparing Tables 2 and 3 it will be seen at  once 
that they do not agree. The obsei.vat.iond results 
shown in Table 3 prove t,hat above 10 kilometers a high 
pressure is usually associated with a low temperature, 
over an anticyclonic region the stratos bere is cold, 
whereas dynamic. warming as shown in !F able 2 should 
produce a high temperatmure, for a high pressure at  the 
round level remains a high pressure up to about 20 f ilometers. 
But Table 3 is founded 011 t3he asslim tion that the air 

found a t  any level had originally, i. e., gefore the changc 
of pressure, the temperat.ure m c l  pressure correspondin 
to that level mid this assum t.ion is not warranted? 
Take the particular values n t  G filometers as an esample. 
The mean pressure there is 469 nib. and t,lie mean tem- 
perature is 348". If these conditions held and the 
pressure then rose to 459 mb. the tepnperature in conse- 
quence would rise to 351". But if instead of a chan e 

at  G and 7 kilometers hncl remained the same, but air 
for some reason had been forced down from the 7 to the 
6 Kilometer level, t,he rise of temperature would be 10"; 
and since the niean a t  7 kilonieters is 241", on reachin 
the level of 6 kilometers it.s temperature would be 351 , 
as before. Similarly for other levels. Thus, without, 
im ugnin the truth of equation (2) which, since it ,is a 
m e r l 5  -estab ished law of physics, we may not do, we can 

of pressure occurring at 6 kilometers the pressure bot B 

Q 

explain the observational results by assumin 
motion in the atmosphere dependent on the 
on tlie clistrihuhn of pressure. 
effect upon the tempemture of 
nent in t.lie motion of the air 
little tttt,ention from meteorologists. H a m  niore than 
20 years ago esplained the warmth of high Al ine peaks 
durin anticyclonic weather in this way but l i s  sugges- 

because t:he fact that rain is due to the dynamic cooling 

It is 

tions f ave not been followed up. It is the more cunous 

of an ascending current is emphatically stated in most 
modern textbooks on meteorology. 

It is stated that rain is due to the "cooling" of the 
air, and yet the cooling of an ascending current is not 
considered except in the special case when rain is 
produced. All air that ascends in one lace must come 

gut with a small vertical component also so that they 
are blowin at a small angle to the horizontal plane. 

the temperature is equd to that due in a south or north 
wind to the change of latitude; and yet this small in- 
clination even in a thick, rapidly-moving current would 
hardly produce a measurable quafitity of rain in an 
hour. 

The above statement refers to England where the 
change in temperature with latitude is small and is the 
result of a simple cdculation. 

The change of temperature from E uator to pole is 

distance of 232 kilometers. The la se rate of tam er&- 

rate is 10" per kilometer for dry air, hence air rising 
250 meters will find itself 1" C. colder than its new 
surroundin . Thus a south wind with an upward 

sents an inclination of less than 4', will on the average, 
if no vapor is condensing, find that the two causes 

cancel each other and it will show no sign of ita pace just for a temperature different to its surroundings 

of origin. If then we have vertical motion in the 
atmosphere, we have a cause of change of temperature 
a t  least as powerful IIS an equatorinl or polar wind and 
it seems certain that currents with an inclination to the 
horizon much over 4' me quite common. The rate 
at  which cyclonic rain falls proves this because at the 
ordinary temperatiire of the rain- roducing strata for 
central Europe, say 0" C., at 2 k ometers hei ht, the 
water can not be provided unless there is a fair y rapid 
upflow of saturated air. 

roduce the 

a current of saturated air at  5" C. blowing up a slope 
of 1 in 100. Consider a cube of 1 cubic meter volume 

assing up 1 kilometer of such a slope. Usin Hann's 

sequence condense about 0.025 grams of water. The 
water will be spread over 1,000 square meters of ground 
and will provide 2 . 5 ~ 1 0 - ~  mm. of rain. We have 
therefore to allow for lo8 cubic meters er hour passing 
over each square meter of round. Ify a s s m n  the 

to 5 x 10'' and the velocit of the current required is 
50 kilometers per hour. &e can hardly take the ve- 
locity as much over 50 kilometers per hour or its thick- 
ness as more than 2 kilometers; even if we took a thick- 
ness of 4 kilometers it would not add much to the rain- 

much moisture. R n c e  the slope of rain-bringing wm 7 s 
fall because the u 

can not be much less than 1 in 100, and the cooling or 
heating effect of the rise or fall of air in such a wind is 
some 10 times as great as that due to change of latitude 
in a north or south wind. Since ascendin currents in 
one place must be com ensated by descen d ing currents, 

direct proof of vertical motion in the atmosphere suffi- 
cient to explain all the temperature anomalies that 

down a ain somewhere else and dou E tless there are 
lenty o 7 air currents with a rapid horizontal component, 

If this ange Y be only three minutes of arc its effect on 

close to 45" C.; that is, 1' C. for 2" of ? atitude, or for a 

ture is 6" per kilometer height anz the  adiabatic f apse 

gradient o ff" 0.25 in 222, or say 1 in 900, which repre- 

f P 
Let US estimate the slope necessary to 

quite common rate of rain of 2.5 mm. per E our. Take 

Hgures it will fall 0.06' C. in temperature an li in con- 

current to be 2 kilometers t B ick the factor is re % uced 

er part would be too cold to c 

bringing down an.equa Y mass of air elsewhere, we have 

occur. 
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The dependence of the temperature upon the ressure 
can be readil explained if we admit the vertic a? motion 

is the right one, but it fits in with all the known facts 
of the case. 

If, in the laboratory, we arrange an endless tube 
with two vertical parts and warm one art, continuous 

air in the vertical part that is being warmed would be 
rather warmer than the air in the other parts. But 
suppose we could perform the experiment in the open 
air with the vertical branches some few kilometers 
instead of some few meters in height, the result would 
be quite different. Unless the heat supplied were very 
considerable, continuous circulation would not set in. 
About half the heat su plied to one branch would appear 

the mean tem eratures in the two vertical parts would 

Shavy calls the resilience of the air. This resilience 
resists any vertical motion, and is due to the fact that 
the ordinary lapse rate of temperature is some 4’ C. 
per kilometer less than the dry adiabatic rate. 

Let us take, then, an imaginary tube A B C’D with its 
walls impervious to heat, suppose A and C to be vertical 
parts of a few kilometers len th and B and D to be hori- 

air inside to be a t  the mean atmosphenc temperature for 
the corresponding height. Suppose now that the air is 
compelled by some external force to shift b 250 meters 

,4 ori inally will come to u., a point 250 meters above A, 

below C. “he resu t on the temperatures will be that 
save near the corners the temperature in the column A 
will be 2’ C. below that in the colhmn Cfor points at the 

of the air; t K ere is no rigid proof that the explanation 

circulation of the air in the tube woul B set in and the 

immediately as sensib P e heat in the other branch and 

both rise equ aE y. This result is due to what Sir Napier 

zoital branches of 50 or 100 fl - lomete?, and suppose the 

round the tube in the direction A B C D  so t rl at the air at  

and t f e air at C ori ‘nally to c, a point 250 millimeters ? 

to cease; 
will rise and the 

initial condition of the same tem erature at the same 
height on both sides will be restore:. It is not necessary 
to postulate an force at all. Starting from the initial 
conditions, if c y any means the air in one vertical 
branch becomes hot or cold, the resultin circulation 

mean temperature in the two vertical branches is at- 
tained. 
The force that has been supposed to act may well be 

due to the distribution of pressure and i t  has been shown 
that if a suitable external force is acting on the air differ- 
ences of temperature at the same level may be maintained 
but that if no force save ravity is actinp heat applied a t  

at A but will, owing to the circulation that wii  ensue, 
also warm the air at the sanze level within a moderate 
distance of A. 

ound, vertical circulation can not 
readily occur and we E d ,  as a matter of fact, that near the 
ground there is no appreciable correlation between pres- 
sure and temperature, but in the upper half of the tropo- 
sphere, where vertical motion is least impeded by prox- 
imit to the boundaries, the correlation is closest. 

d w  suppose a tube of flow like A B C D to be moving 
with the eneral air current and to be so placed that its 
horizont 9 branches more or less coincide in direction with 
the line of the isobars. There is not likely to be any 

which sets in under gravity continues unti P equality of 

a point A will not have t % e sole effect o warmin the air 

If A be near the 

appreciable force due to the pressure distribution to cause 
circulation. Hence, as already shown, there should be 
e uality of temperature for points at  the same height. 
T%at is to say, since the points are approximately over 
the same isobar, at  points a t  the same pressure, and this 
is the first requirement to produce a high correlation b e  
tween pressure and temperature. 

Next sup ose our imaginary tube of flow to lie with its 
horizontal i! ranches more or less at  right angles to the 
isobars or to the current of air in whch it IS moving. 
There is now a pressure gradient along both horizontal 
branches and it seems quite likely that integrating round 
the tube there may be an effective force causing a shift of 
air. Su )pose it to cause such a shift in the directjon 
A B C d; then, as has been shown, the air in the vertical 
branch A will be colder than that in the vertical branch 
C and will continue colder while the force causing the 
shift is in action. Suppose A to lie inside so that it is 
nearer the cyclonic center than C. Then we have lower 
temperature combined with lower pressure and hence a 
positive correlation. 

If we could esperiment with an actual tube, it would 
not matter in what part of the tube the force was applied, 
but the tube is only a convenient mathematical concep- 
tion. If, however, the circulation will occur in the tube, 
much more will it  occur in the free atmosphere, and it is 
ob\-ious from what has been said that if a force acts hori- 
zontally in the atmosphere so as to shift air from a 
region A to a region B, A and B not being too near the 
earth’s surface, the result is a tendency to cool the air 
under d and over B and to warm the air over A and 
under B. This follows because the deficiency of air at 
A caused by the flow must be made good and the exce9s 
at B disposed of. Remembering the p e a t  disproportion 
between the vertical and the horizontal scale that any 
representation of a cyclone on paper must present, we see 
that t.he deficiency as well as the excess would natural17 
be compensated by a vertical component of the airs 
m o  t,ion. 

Now the distribution of temperature, we have to 
esylain, is a high temperature in the stratosphere over 
a cyclone and a low temperature in .the troposphere, 
most marked in the u per part: that is to say, a high 

ring with very great certaintv from 4 to 8 h ometers and a 
lorn temperakure, butnot so certainly, from 1 to 4 kilo- 
meteis. These conditions, which many hundred observa- 
tions in Europe have shown to exist beyond dispute, are 
fully esplained dynamically if we suppose the upper winds 
to produce a sort of sucking action 011 the air at  about 9 
kilometers height., so as to take the air from the upper 
part of the troposphere; for this motion, as already 
shown, produces the required temperatures. This also 
explains the fall in height of the boundary between the 
tro osphere and stratosphere which occurs over every 
we{-marked cyclonic area, for as the column of air falls 
its lapsc rate remains comparatively uiialtered, all the 
temperatures being raised by about the same amount, so 
t,hat the usual inversion at  t,he boundary still remains an 
inversion, hut at  a higher teiiiperaturc and lower level. 

The strttenient made above with regard to a cyclonic 
area refcis wit.hbeclual truth to an anticyclonic area if the 
ternis “ high” and “low” be interchanged. The hori- 
zontal flow of air at 8 or 10 kilometers height toward an 
aiiticyclons will press up the upper boundary of the tropo- 
sphere aiicl cause cold above in the stratosphere. It will 
also press down the air under the locality where it ends 
and cause warmth in the troposphere. 

Y temperature above 10k # ometers, alow tern erature occur- 
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east components of the wind and the temperature. This 
is the case if the actual surface wind, the gradient wind, 
or the drift of the balloon which c.arries the instruments 
be used. Doubtless, as Ca t. C. K. M. Douglass urges 

of ori ‘n of the air, not its temporary direction that mat- 
ters, r u t  in view of the absence of coi-relation between 
wind direction in the upper air and temperature It does 

(R. Met. S. J., Vol. XLVII, !k 0. 197, p. 23), i t  IS the place 

not seem possible to me that cyclones should be caused 
by the action of polar and e uatorial currenh. On l;he 
other hancl there can be no 2 oubt that the mild winters 
of western Europe are due to the prevalent southwest 
and west winds coming from the warm waters of the 
north Atlantic. 

In the sugmested explanation of the correlation between 
pressure an$ tern erature nothing has been said about 
the time requisite P or the adjustment. If the explanation 
is to be feasible, the time required must be compara- 
tively short : otherwise radiation would prevent the 
changes of tem erature from being adiabatic. If we 

mentary clynamical considerations that equalization of 
temperature between places 200 kilometers apart would 
take about an hour. The time required varies as the 
square root of the distance, so that the equalization 
between two places on the ordinary weather chart is only 
a matter of an hour or two, in which time radiation 
would not have much effect. But the assumption that 
frictional resistances may be neglected is certainly alarge 
one owing to the eddy viscosity of the atmos here. 
However, the gradient wind appears to adjust itself with 
considerable rapidity to the distributioii of pressure not- 
withstanding the eddy viscosity, so perhaps the time is 
not greatly increased by the same cause. But the re- 
tardation due to eddy viscosity will vary as the distance, 
so that for large distances it may be very considerable. 
!This may explain why differences of mean temperature 
exist in winter between, let us say, England and eastern 
Europe a t  a few kilonieters height, though it may be 
noted t.hat such differences are far smaller than those 
found at  ground level. 

neglect frictiona F resistances, it can be shown by ele- 

AVERAGE FREE-AIR WINDS AT LANSING, MICHIGAN. 

C. L. RAY, Ohserver. 

[Weather Bureau, Iwnslng, Ylch., Oet. 14, 1922.1 

The finst pilot-balloon ascension at this station wm 
made June 10, 1919, and flighb have been made daily 
since that time, exc.ept when impossible through inclem- 
ency of the weather. Flights were made at 7 a. m. and 
3 p. m. until August, 1921. Beginning with the fli ht  of 
August 1, the morning asccusions were discontinue!, and 
the single flight daily at 3 p. rn. has been made since 
that t h e .  

The results set forth in this paper have been based on 
the flights made during the three-year period, June 1919- 
May 1922, inclusive. The number of flights obtained 
during that time, and listed by seasons and altitudes, 
follows : 

TABLE l.-Nwiirber. oJ pilo/-ballooii nsc&irs, .Jii.m 1919, to May, 
1922, 61rhwiT&. 

m. 
SurlurIaCo.. .......................... m ................................ 
500.. .............................. 
750.. .............................. 
1 m .............................. I 
1: 500.. ............................ 
2m .............................. 
2; 500.. ............................ 
3,m .............................. I 
3,600 .............................. 
4000 
4’ 600.. _- 
5’m ............................... 
6:oOO ............................. .! 

.............................. ......................... . ! 
231 
I94 
164 
13ti 
117 
103 
85 
52 

324 1 474 
324 1’47.1 
2sB 1’397 
0x2 1:zsa 
213 1,204 
170 1,047 
143 814 
127 ifA 
110 657 
$I 529 
76 457 
56 377 
40 277 
a7 213 

The percentage of winds from various directions .over 
this three-year period is shown in Table 2, and as w1u be 
noted shows over 50 er cent of the surface winds with a 

component. Bt, 4,000 and 6,000 meters elevation the 
pre onderant, direct.ion lies between west and northwest, 
an cr slightly favoring northwest. The detailed percent- 
ages are as follows: 

sout,h c.omponent ant P inore than 56 per cent with a west 

TABLE 3.-l-’errentage,fi . i i~n.~ qf i i ~ i ~ ~  observed from .various directions. 

The information wntained in this table has been used 
in the graphical representation (fig. l) ,  whichshows prob- 
ably to better advantage the results obtained. Above 
9,000 nieterw west to northwest winds generally prevail. 

In  Table 3 are given the mean free-air winds for the 
different seasons and the inean annud directions and 
velocities. Southwest winds revad at  the surface dur- 
ing the spring, sumqier, a n 8  autumn months,dving 
place to a west direction in the winter season. sur- 
face velocities are dose to three meters per second 


