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METHODS AND RESULTS OF DEFINITIVE AIR-PRESSURE MEASUREMENTS 
By DR. H. KOSCHMIEDER, Director 

[Staatliches Observatorium, Daneigl 

(Translated by W. W. Reed) 

I. HISTORICAL 

Tlie following air-pressure measurements were 1na.de 
on the Schneekoppe (1,604 nietersj. The history of air- 
pressure measurement,s on mountains reaches far into 
the past and furnishes much t,liat is worthy of cote. 
Hence there will be given at, t8he outset a brief historical 
review, which will best make clear to those who are not 
meteorologists the dficulties and problenis in air-pressure 
measurements on mountains. 

Soon after Torricelli’s famous experiment in the year 
1644 there followed the first air-pressure nieasurenient 
on a mountain, which was niade by Pascal, through Pe,r- 
rier, on the Puy de Dome on Sepkniber 19, 1648. The 
observation gave the result espect,ed by Pascal, naniely, 
that the barometric height decreased with increasing 
elevation of the point of observation and again reached 
its former reading when the barometer WRS returned to 
the original elevation. Through this result Pascal had 
at hand a new proof of t,he iucorrect,ness of t’he ((horror 
vacui” and proof of the correotness of his view on pres- 
sure-“it is certain that very milch more air lies at the 
foot of a mountain than at its suniriiit ”-as writt8en bo 
Perrier in ti letter published not long ago. The boldness 
of Pascal’s view appears from tlie same let,ter’ in w1iic.h he 
eniphasizes t,he words ((we must not light81y set aside 
fundaniental principles held from early times unless we 
are forced t8hereto by convincing and irrefutahle proof .” 
Through the experiment Pascal was now in possession 
of the proof. The significance of his results is best shown 
by the improvement niade in t81ie, physics of measurenient 
in t,he decades following and t8he resultant laws of gases. 

The hypsometric formula was derived by Halley in 
1686, but consideration was first given to tlie influence 
of the temperature of the air by Iiast,ner in 1775. In  
substance, Kastner’s formula. still serves in practical 
reckoning. The final step in bhe development was tlie 
hypsometric, formula derived by Laplace in 1805. Lap- 
lace proceeded from the basic equation: 

in which p indicates the pressure, p the density, CJ the 
acceleration of gravity, and e the vertical coordinate, 
positive upward. Herein Laplace introduced the density 
as a function of the teniperature t ,  the pressure p ,  and 
the vapor pressure e .  An approsimation to tlie integral 
is : 

This relation permits the calculation of: 

21- zo, when p l ,  po, t,, and e ,  are measured. 
po, when 21- zo, p l ,  t,, and e ,  are measured. 
t,, when 21- zo, p , ,  po, and e ,  are measured. 

(Case a.) 
(Case C.) 
(Case c.) 

and, indeed, this formula has all three applications in 
abundant measure. 
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I n  the years following, the formula was taken over by 
those who have to deal in a professional way with air 
pressure measurements, thus chiefly by meteorologists. 
The formula came into daily use in the reduction of the 
barometric height to sea level (case C)  as soon as there 
was a daily weather service, that is, as early as 1863, 
when LeVerrier established the first weather service. 

As the first mountain observatories began to function 
there were found in the observations collected from mom- 
tain and valley stations many marked departures from 
the relation shown in formula (2). Their cause was 
recognized to lie in the fact that  as tlie niean temperature, 
t,, required in reduction there was necessarily employed 
the arithmetical mean of the air temperatures observed 
a t  mountain and valley stations, which value is admissible 
only when the teinperature is a linear function of the 
height. It frequently happens that this condition is 
not even approximately fulfilled. 

It appeared that with very high 
wind velocities, such as occur for tlie most part only on 
iiiountfiins, but are abserved there very frequently, 
there are found regular departures such that the pressure 
a t  the mountain station is measured too low in relation 
to tlie pressure a t  the vallcy station. One of the first to 
verify this ((lowering of tlie varometric height by the 
wind” was Montigny (1851), who became well known 
through his labors in the field of atmospheric optics. It 
must be emphasized, however, that when the phenome- 
non becomes especially noticeable a t  mountain stations 
i t  is not a t  that time limited to those points. Although 
the phenomenon was the subject of frequent discussion 
in later years i t  first found its final confirmation as a 
fact of observation through several investigations by 
G .  von Tlie material for these investigations is 
found in the observations a t  several mountain stations, 
the Schneekoppe especially, and on the Eiffel tower. 

Von Elsner compared the air pressure values observed 
on the Schneekoppe (barometric height 1,610 meters), 
p s  in the following table, with the air pressure values a t  
Arnsdorf (barometric height 454 meters) and Zillertal 
(barometric height 397 meters) reduced to the level of 
the Schneekoppe, p (reduced). He then obtained the 
amount of the lowering of values measured in the Schnee- 
koppe relative to the values reduced to that level, and 
this lowering clearly increased with increasing wind 
vdocity as is Show11 in Table 1. 

’ 

But this was not all. 

TABLE l.-Wind velocity a n d  loii~eritig of pressure o n  the Schneekoppe 

Wind velocity in meters per second 

0 1 11 I 15 1 18 1 22 1 27 1 32 
____--__-- 

Difference in pressure, observed- 
reduced, nim ..___..___.........__ 

Number of observations __.. . . - - -. - -. 

In  order to mee.t, a t  once the objection that t,he derived 
departures might be a result of insufficient determina- 
tion of the mean air teinperat’ure used in the reduction, 

1 Author’s abstract of Methoden uud Ergebnisse drlinierrer 1,uftdruckmrssiiuRzn. 
Forschungsarbeiten dcs Steatlichen Obserratoriurns, Uanng. Heft 1. Danzig, 1926. 

* Abhandlungen des Preussischen Meteorologischen Instituts, Bd. IV, Nr. 8. 1913. 
Neteorologische Zeitschrift, 1926, p.  201 and 1927, p. 99. 
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von Elsner compared the corresponding values a t  two 
elevations on the Eiffel Tower 50 and 313 meters, respec- 
tively, above sea level, and found the fully concordant 
result given in Table 2. 

TABLE L.--Wind irelocity and lower ing  of pressicre on the Ei f fe l  
T o w e r  (314 meter.s a b o w  wa level) 

I Wind velocity In meters per second 

___ ____ 
Difference in pressure, observed- reduced, 

Number of observations-.. . -. . . - - -. -. - ..- _ _  . mm ....................................... 1 06; 1 4; I -0; 4: I -0.9 
3 

_____.-___ 

Now the values here given are mean values, whose 
origin is always difficult t,o discover. Therefore, Von 
Elsner adduced esamples of convincing individual cases, 
one of which is given in Table 3. 

TABLE 3.-Wind re loc i iy ,  prcssrrre, a n d  lerriperuture on the Schuee- 
kOp]Jf,, -4 1IgllSt r'y, 1322 

?4 

tl+to-t'm. 2 -. . . -. . . . . . . . . -. . . . . . - _  ~. I 3 .81  4 . 1 '  4 .91  1 1 q  10.41 5.6 

In the foreyoing table t', is the calrulated mean tem- 
perature. (Case c.) The values in the last line are 
the error? that would he made by using the arithmetical 
instead of the true mean of the temperature, provided p s  
is correctly measured. According to our present know- 
ledge of the thermal structure of the atmosphere such 
temperature errors are to be considered out of the ques- 
tion. 

By these investjigations the loweriny of the bnromet- 
ric height by the wind" was verified as a fact of ohser- 
vation. There remained the question of its explanation. 

Von Elsner expressed the opinion that the suction 
effect of the wind on the building housing the barometer 
appeared to be the most probable cause. A theoretical 
explanation of this phenomenon was given by another, 
but I was able to show that in i t  the integrals of the 
equations of motion which relate to a stream line were 
erronneously related to the vertical. Thus far we have 
considered the historical mnrch of development, LO 
which I will now add m y  investigations. 

11. DEFINITIONS AND PROBLEMS 

For the sake of convenience some definitions may 
well be introduced. 

The pressure may be designated briefly as static pres- 
sure ji when the pressure decrease in the vertical is deter- 
mined only by the distribution fo air iiiasses in the verti- 
cal, This is the case in quiet air or in air lrloviiig with- 
out acceleration, horizontally, and in a straight line, irre- 
spective of the values that the wind velocity may have 
in the different stream channels. Here p is a function 
of the height ( 2 )  alone, and there holds the equation: 

p,,=, 
8 Meteorologische Zeitschrift. I9?6, p. 246. 

The pressure may be designated briefly as dynamic 
pressure j when the pressure decrease in the vertical 
is not determined by mass distribution in the vertical 
alone. This is the case just so soon as the rectillinear, 
unaccelerated moven!ent of the sir is disturbed by any 
obstruction whatsoever. Then in geiieral j is a function 
of all three coordinates niid tlicre holds the equation: 

In general, rec t ili ]:Par, unaccel erat ed wind movement, 
and, with it, stativ pressure within the limits of the 
accuracy of pressare iiieasurenieilt, may he assuined over 
n plain. Bcccleratetl inownlent and with i t  dynamic 
pressure efl'ect.:  TI' brouelit shout (or shown in the 
record-Trarisiator) (1 ) by all mountain harriers, (2) by 
the building that homes the barometer, and (3) by the 
pressure-mensiiri;i~ apparatus arid even by the pressure- 
decreasing apparatus. The disturbances of the pressure 
and rc!oc.ity iield5 prodiiced (or iiiclicated--Tra3slat,or) 
by llirsc t!lr'cr. 1:i.idiwicw will be designated as orographic. 
hu ilclin g , :I I I (1 ins t rii ni e11 tal. 

Tht. ix~ti.unie!it:i! disturhnni.~~ ncceasitat,es the use of 
pressure-decrease apperatus in addition to the barometer. 
K i th  tlie aid of this it is posFihle to eliminate the instru- 
inent:d disturbance. Through a further following of 
this idea the disturbance caused by the buildiiig can be - 
segregated. 

The disturbance due to the building is of immrtance, 
since u p  to the present the nieasureni<nt of pressure has 
always been made with a barometer suspended in a 
building. While in the absence of tlie building the pres- 
sure in n space about ten times the size of the building 
is (even on niountains) evidently a function of the height 
done,  through tlie building disturbance it evidently 
beconies a function of all three coordinates in the vicinity 
of the building. 

The pressure measured in the building itself is plainly 
a mean value; this is due to the fact that there takes 
place R I ~  equalization of pressure through every opening 
of the rooni in which the barometer is esposed. The 
greater the amount of opening Ap permitting an equaliza- 
tion of pressure, the greater the weight of the pressure 9 
a t  the point Ap in determining the mean, so that the 
pressure nieasured in a room ps is represented by: 

in which the qiini is to he taken over all openings per- 
mitting erj ualizatioii. Naturally, such openings are 
always present, but the geonietricd arrsngeinent is 
entirely a matter nf chance and can hy no means be 
taken into the calculation (windows, doors, chimneys, 
etc.). The geoiiietrical arrangement changes from one 
observatory to another; indeed, a t  one observatory it 
will not be the same through the year (deposit of silver 
thaw, etc.). From what precedes it is seen that so soon 
as the building disturbance becomes noticeable the pres- 
sure meawrement in R room gives a mean value that is 
in general not correctihle; that is, it is 710 longer deJindive. 
There is further complication due to the fact that a given 
geometrical arrangement can give very different effects 
with different wind directions. 

I n  contrast to the first two disturbances the orographic 
disturbance can not be eliminated. As the result of this 
disturbance the pressure in a widely extended region, 
many times as large as the area covered by the mountain, 
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is a function of all three coordinates of space. There are, 
perhaps, marked pressure differences between windward 
and leeward sides and more or less periodic pressure oscil- 
lations to leeward. However, the processes on the lee 
side are to be given notice merely as regards charact,er- 
istic features, so it will be well to pass over this nistter of 
uncertaint'y. By pressure on a. mounta.in summit the.re 
will be understood that pressure which is measured a t  
the earth's surface, on the win,dward d e ,  and in closest 
proximity to the summit. 

There is now t,he two fold problem: (a)  To indicate a 
practicable niethod of measurement which will perniit 
continuous definitive measurement, and (6) to determine 
quantitatively the building and the orographic dis- 
t urbances. 

111. M E T H O D  OF M E A S U R E M E N T  

After several futile attempt,s I solved the first problem 
by recourse to a very simple pressure-decrease, apparatus. 
A flat, c,ircular plate, 28 cm. in diameter, was perforated 
at the center and into the perforatmion there was carefully 
inserted a sniall tube 3 inni. in diamet,er; the plate was t,hen 
placed on the ground over a water drain. The opening 
of the plate was connected through a tube S nini. in diam- 

Fro. 1.-Pressure-decrexse apparatus 

eter and about 60 111. long (inside a drain pipe) wit,h the 
interior of an aneroid box place,d in the haroniet>e,r room. 

If there occurs in the room a fall or rise in pressure 
relative to the pressure at, the opening in the pla.t,e t,lien 
there follows a bending of t8he aneroid box, t,he amount 
of the bending furnishing a measure for the pressure 
deficit or pressure escess in the room. This bending can 
be rec.orded; and for this purpose I used an ordinary 
commercial pressure-difference recorder which was kindly 
placed a t  my  disposal by the Askania factory in Berlin. 

has two important advmt>:tges : 
(1) The pressure-decrease apparatus has no niov&le, ptlrts, 
a feature of importance in securing cont8hiuous fuackion- 
ing; find (3) t$e ope,ning is in the stratum of lightest' 
wind, a condition that is of import#anc.e in accuracy of 
measurement. 

t8here is disc.ussion in de.t.ail of 
six possibilities of error and it is shown that the total 
error in t,he measured pressure differences does not excee.cl 
0.2 mm., even with a wind velocity of 30 in. p. s. a t  the 
height of 2 meters above t,he ground. 

The syst.eni dewxibed 

In my full publicat.ion 

4 The pwibility of this system was pointed out, independent of myself. by 0. Gchrenk 
In the Meteorologische Zeitschrift, September, 1927. It was used in m y  measuremenbs 
84 aarly as April, 1927. 

des Staatlichen Observatoriums, Danzig. Heft. I. 1928. 
8 Ivlethoden und Ergebnisse detlnierter Lufdruckmessungen. Forsrhungsarheitcn 

IV. BUILDING DISTURBANCE 

The measurements show two cases: (a) With SSW. to 
SW. winds the building distiirbance is practically megli- 
gihle, with changing sign of departure, and there is no 
agreement with the march of vind velocity (fig. 2 ) ,  and 
( h )  with WSK. to NNW. winds it is, on the contrary, 
noticeable, the pressure difference between the room arid 
the circular plate (deficiency of pressure in the room} 
showing even in sniall details R c!iange from time to time 
paralleling the change in wind velocity (fig. 3, wind up 
to 7:30, SW.; thereafter, a change). 

With measiiring arrangement unchanged, case a 
changes to case b as soon as the wind changes from SW. 
to WSW.-NNW., nnd vice versa. Figures 2 and 3 give 
an example of this. 

T / M f  //NTfRVAL I O m m  

FIG$. 2 and 3.-Wind rc!ncity. building ~listurhanrt. and atmospheric pressure 3:30 to 
7 p. m.. and 7 to 10:30 p. m., respect.ivrly, on June 9, 1927 

The different, 1dia.vior of tile hiiilding disturbance is 
explained hy an observation which I owe to t.he observer 
at. t8he Schneelroppe, whose present>ation is reporduced 
unchanc.ed in Fiqures 4 and 5 .  

\TitheF$SW.-NNK. winds (fig. 4) t,he buildiny and the 
aneniomet,er ssposed on it,s roof lie t,o t,he windwe.rd of 
t,he niountnin in n st8eadily clirect,ed current,; on t8he con- 
t,rttiy, witth SSR.-SW. (fig. 5 )  winds tlie building now 
lie,s, in currmt so extreme,ly s h i f h g  that, there can be 
no thought, of ti real wind direction, while tlie anemometer 
is found in the SW. current,. S p e n i e n t  can not be 
expected het,ween the wind veloc.it>y measured in the 
st,ertdy SW. current and the huilding disturbauce pro- 
duced hy the alt,oget,lier unst,eady current. The fact 
thn.t with SSW-SW. winds t8he huilding distmhnnce 
remains sniall is readily underst'ood in vicw of the. .con- 
tinual c 1 i r . n ~ ~  in wind dir inn in t'he iniiiiediat8e vicmity 
of the building. 

Figure 6 shows the depe.nc1enc.e of t,he building dis- 
t,urbance on t,he velocity of bhe wind. I n  it we see that 
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FIG. I.-FOg circulation with N.-NW. winds: whirl found only at  W. In the space 0, 
wind direction mostly downioard, rarely upward 

PIG. 5.-FOg circulatidn with S.-SW. winds. in,the summer only: ronditlons in winter 
not clear. The limit almost always lies a t  the point marked by +. 

WIND VEL OC/ 7 Y (m. p. s 
/2 14 /6 /8 2U 22 24 26 28 30 

Fro. B.-Building disturbance on June 8 and 20, 1927 

TIM€ ( /NTRVAL /hc )  

2 628 
b3 627 

2 626 
q 625 
\ 624 

. / D  

FIG. ‘i.--Pressurc and wind velocity on September 9, 1927 
A. Pressure in room (barograph) 
B. Pressure corrected for building disturbance 
C. Pressure reduced from Arnsdorf (static condition) 
D. Pressure in the undisturbed fleld ([rea air) 

WIND V€L 0 C/ T Y /m. p. s.) 
10 /4 /8 22 26 30 34 38 42 

9 JUN€ 6 

* JUNE 24-25 
+ am. 21 

CURR€C TED V€L. (m.p.s. 
FIG. 8.-Orographic disturbanm 

FIQ. Q.-Contour map of the Schneekoppe 
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this disturbance is practically unnoticeable for wind 
velocities up to 14 ni. p. s., but amounts to 2 mm. with 
a velocity of 30 m. p. s. (In the reproduction the details 
of the original have been omitted.) 

The fact that the building disturbance can reverse the 
sign of the pressure change i,s of special importance in 
meteorological questions. In  several instances it could 
be shown that witjh increasing wind velocity there was, 
after the elimination of the building disturhmce, a 
pressure rise, while the barograph in the barometer 
room traced a marked fall. 

V. OROGRAPHIC DISTURBANCE 
I 

An obvious proof of the esistence of an orographic 
disturbance is, strictly speaking, possible only when 
comparison is niade between pressure values on a iiioun- 
tain and pressure values actually measurcd in the im- 
mediate vicinity, a t  10 to 20 lin. distance, a t  the same 
elevation in the free air. A rather long time will pass 
before the meteorologist is given the opportunity to 
make such a comparison. I n  order to arrive at  results 
in this direction the question niust be approached in a 
different way. 

In  common with Von Elslier our first thought will be 
to compare the pressure observed on the mountain, 
now corrected for the building disturbance, with the 
pressure measured a t  a valley station, reducing pressure 
at the valley station to the elevation of the inountain 
station by means of Laplace's formula. But in order 
to do this i t  is necessary to know the mean temperature 
of the air column between stations, and, of course, in 
the free atmosphere. Now the temperature on the 
mountain peali certainly does not coincide with the tein- 
perature in the free air a t  the same elevation. This i.s 
proven by observations, and H. von Bicker6 made i t  
plain in a very full discussion. So then this method 
can not be pursued. 

The following method of consideration appear" to be 
the only way in which the questjon is to be discussed. If 
an orographic disturbance is present it must increase with 
the wind velocity, and then, too, the masinla and miniinn 
of pressure and velocity must occur exactly siniul- 
taneously and in opposite sense. If, on the other hand, 
there is a pressure disturbance which is caused by diq- 
tribution of masses and, thus, is not connected with 
the locality, but occurs a190 in the Undisturbed field 
(the free air), then the extremes of pressure and velocity 
must show a shifting of phase such th:tt the inasiiiia of 
velocity and the maxima of pressure change will coincide. 
(Of course the highest velocities are expected to be 
encountered during pressure rise and conversely.) 

Since the meteorologist knows of no relation between 
wind velocity and pressure, but knows of a very decided 
relation between wind velocity and pressure gradient- 
that gradient which, to give a first approximation, is found 
in the direction a t  right angles to the current direction in 
the horizontal plane. (C'ariolis' law.) The relation 
between wind velocity and pressure gradient is manif@st 
on every weather map; a t  the center of tbe low pressure 
region there can be found for the most part weak \finds 
and on the border, on the contrary, strong to stormy 
winds. Now, if we substitute for the conditions that are 
adjacent in point of space those that  succeed them in point 
of time, there results the statement expressed above. 

I n  this direction detailed investigation was iiiade of 
five individual cases, one of which is reproduced in 

6 Meteorologische Zehchrift, 1913, p. 278. 

Figure 7. This shows plainly that the pressure and 
velocity curves present the same phases and that the 
maxima of wind velocity coincide-with the minima of 
air pressure. In  this we have demonstration of the 
orographic disturbance. 

We come now to the question of the quantitative 
determination of the orographic disturbance p - p ,  that 
is, the determinat,ion of the difference between pressure 
in the, undisturbe.d field, the free air, p and the pressure 
on the mountain peak, building disturbance having 
been eliminated, p .  This deterniinat,ion is made here 
under two assumptions. The first assumption is that 
the pressure on the mountain peak is a t  the mostjust as 
high as the pressure in the undisturbed field. There 
were selectmen those velocity values a t  which the force of 
the wind is certainly too low to produce a noticeable 
orographic disturbance, a velocity of 12 m. p. s. being 
t.alie.n as the c.ritica1 velocity relative to orographic dis- 
turbance. When such (low) values were lacliing auxiliary 
values not too great,ly in excess of 12 m. p. s. were selected, 
and to the pressure values there were applied corrections 
previously obtained for the lower velocities and naturally 
small. At, the standard (low) and auxiliary values of 
d o c i t y  the pressure observed on the Schneekoppe (and 
corrected but little) is now obviously equal to the pres- 
sure a t  the same elevat,ion in the field undisturbed by 
t$e mountain. . 

The second assumption is that the course of pressure 
in t.he undisturbed field is rect,ilinear between the stsand- 
arc1 and the auxiliary values. This is the most obvious 
assumption and it leads to the clearest results. Another 
assunipt'ioii probably suggest,s ibself, yet it would bring 
ahout a much greater scatter in t,he final result. In 
txcldit,ion t,he assuniption of re.c.t,ilinear course. used in the 
eraluation leads to a good esplnnat,ion of simultaneous 
ineteorologicnl processes, which is not, t'he case with the 
other assumption. 

Under t,hese two assumptions t,he five different cases 
were evaluated for points of t,inie which satisfied the 
given conditions; for the wind velocity measured there 
was calculnt,ed t8he difference between pressure in the 
wdist,urbed field and pressure, on the mountain after 
the eliminat,ion of the building disturbanc,e, that is, the 
orographic disturbance was segregat'ed. Figure 8 shows 
t'he result,. It is seen that, the scatt,er IS extremely 
sniall, which argues well for the working hypotheses 
introduced. Figure 8 also show-s that under the assump- 
tion that 12 in. p. s. is the crit,ical .velocity, t,he oro- 
graphic dist8iirbance on the Schne,elioppe, with winds 
from SSW.-SW., amounts to about 1 nim. for a velocity 
of 18 111. p. s. and t'o about 2 nini. for a veloc.it8y of 25 
111. p. 8. 

There is yet a .word t,o be said wit>h reference to the 
relat,ion be.twe.en building and orographic disturbanc.es. 
with SSW.-SW. winds there occurs no noticeable build- 
ing dist,urbance, while t'here is a marked orographic 
clist,urbance. On t,he ot8her hand, with WSW.-NNW. 
minds t,liere appears no noticeable orographic disturb- 
ance, while t.here is a marked building disturbance. 
Wit,h n wind velocity of 30 m. p. s. the building and 
orogritphic disturbances differ by as much as 30 per cent, 
hut the order of magnitude is always the same. There 
is, t,here,fore, t,he inclinat,ioii bo suspect, some error. The 
question was debnt8ed care,fully, but' had to be answered 
in t8he ne,gative. 

The difference is to be e,splained by the topography of 
t'he Schneekoppe. (Fig. 9.) The steepest slope of t'he 
peali is that t80ward the southwest, therefore the oro- 
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graphic disturbance will be a t  the masimum with SW. 
winds. On the other hand the building then lies on the 
lee side and the building disturbance becomes unnotice- 
able. Toward WSW.-NNW. winds the peak present,s 
a slope that is considerably less steep, and the orographic 
disturbance becomes very small. On the ot81ier hand 
the building now lies to the windward and the building 
disturbance can become quite marked. 

VI. SIGNIFICANCE OF RESULTS 

In  conclusion something may be said relatipe to the 
Significance of the results. One who is not a nieteorolo- 
gist will very properly raise the question: Have these 
pressure differences of 1 to 2 mm.-that is, 2 to 4 per cent 
of error in observation-really such significance that a 
paper such as this should be devoted to them? The 
meteorologist will answer in the affirmative on these 
grounds. 

1 .  The investigation gives for the first time a measure 
of the accuracy of air pressure determination and shows 
that building and orographic disturbances in the cases 

here cited can amount to twenty to thirty times the prob- 
able error in daily observations. 

2 .  Building and orographic disturbances have the 
appearance of indications of a ‘pressure tendency in the 
undisturbed field (the free air) which can be opposite to 
the true pressure tendency. This knowledge is of sig- 
nificance in the explanation of meteorological processes. 

3. At present pressure observations a t  mountain and 
valley stations are used to determine the mean tempera- 
ture of the air column below the niountain stetion. 
(Cnse c.) Now on the Schneekoppe an error of 1 mm. in 
the pressure measurement-and this frequently occurs- 
corresponds to an error of 3’ C. in mean temperature. 
That  this is a rather large value is learned from the fact 
that through more than a decade there was carried on a 
controversy as to whether or not the temperature on a 
niountain peak is 1’ to 2’ C. lower than the temperature 
in tlie free ntmosphere a t  the same elevation; that is, 
whether or not the iiienn temperntures of the columns of 
air differ from each other by 0.5’ to 1.0’ C. 

Herewith there is adduced proof that considerable sig- 
nificance Ettache9 to the results. 

. 
THUNDERSTORMS IN THE LOS ANGELES DISTRICT 

.By CHARLES CLIFFORD CONROT, Ph .  D. 

(Author’s ahstrart) 

Since January 1, 1884, 164 clays with thunderstorm.: 
have been noted in Los Angeles, and 52 others have hwri 
recorded in the immediate vicinity. The monthly dis- 
tribution of these storms i< interesting. hlarch is the 
month of greateqt freqnency, followed in turn by April, 
January, September, February, May, Aiigyt, July, 
June, October, Novernber. arid Decwnber. beasanally, 
the minimuin belongs to the last three nioritlis of the 
year. There is a secondary niinimuni in June, arid a 
secondary maximum in late August and Septemher. 
By 3-nlouth periods, January, February, and hlnrc*h. 
have 36.5 per cent of all the storms; April, May, and 
June, 26.2 per cent; July, August, and September, 24.5 
per cent, and October, November, and December, 12.8 
per cent. The first half of the calendar year has 62.2 
per cent, and the second half has 38.8 per cent. 

The hourly distribution shows a maximum at 3 p. m., 
and a minimum a! 6 a. m. There is a secondary niasi- 
mum at 3 a. m., a fact soniewhat suggestive of oceanic 
influence. The yearly numbers of s t o r m  vary from 10 
in 1919 to none in 1891 and 1915. Periods of pronounced 
frequency occurred in the four years 1905-1908, the 
three years 1918-1920, and in 1926-27. On the other 
hand, no thunderstorms at all were recorded from Jan- 
uary 27, 1914, to September 30, 1916. The data at  
hand furnish no conclusive evidence of any progressive 
numerical increase of thunderstorm activity in the Los 

Auqeles a r m  Nor is there any evidence of 8 relat,ion- 
ship of l ~ ~ c d  thunder.;tnrm frequency to the sunspot 
period. 

Three types-not 1necha7iicn1, hut types of occur- 
rence-may !>e tlistiuquished : that of tlie winter, when 
the thumdewtorm takes plare tit the end of a pronounced 
disturhnnw, and d o n =  n ~-intfsIiift line, or when lorn1 
conrcrtioii occurs diiring a h a  vv winter rain. A second 
type depends upon the presence of a lom-pressure area 
whose center is on or near the hlesicen li!ie. Lns Angeles 
is then at n r  near tlie northern limit of such areas, and 
the barometer is unsteady. The third, or suninier type, 
depends upon the well-known ‘(Sonora ” condition, and 
is especially evident when the center of the Colorado 
River “low” is somewhat northwest of its usual place 
and when a second “low” is mapped over Oregon or 
southwestern Idaho. The temperature and humidity 
are often quite high, even after the storm. 

Of the entire list of 164 thunderstorm days, only 
some 20 afforded fairly severe storms, and only one-or 
rather the series of stornis on June 30-July 1,  1918- 
can be described as violent. Some minor damage has 
been recorded in the city twenty-five times. Of late 
years, however, petroleum tanks have been struck and 
destroyed in different parts of California, and this is a t  
present the principal problem in the prevention of 
destructive effects. 


