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SECTION I.-AEROLO GY. t ,. I 
REXARKS ON TgE NATURE O F  CYCLONES AND ANTI- 

CYCLONE S. 

[Commuaicdted to the JnIntsmrtIod YateorologJcaI Conghm at Chicago, Ill., Augwt, 
lam.# 1 

By Prof. Dr. Jmve HANN, Director. 
patea: K+. Zentralanetalt fUr Yeteorologie und Erdmsgnetlsmue, Vienns, Yay. 1890.1 

1Th-e not already familiar with the “convection theory” of the 
ongin and maintenance of cyclonee and other whirling storm BB set 
u by Ea and Ferrel, will find it expounded in the MONTHLY 
~ E ~ T H E B % V I E W ,  April, 1906, 84: 164-165.-c. A.] 

A distinguished American meteorologist, WilZiam 
FmeZ, haa devised and developed the foundation of a 
theory of cyclones. It gives me pleasure to know that 
it was my privil e (1) to be the first to make Ferrel’s 
theory generally%own in Europe in the German lan- 
r g e .  This theor deals principally with the laws of 

e movement of &e atmosphere in the complete well- 
of cyclones, i. e., the developed cyclone; 

source of the energy neede for the movement of the 
air in the cyclone is treated but incidentally or not at all 
in Ferrel’s fist memoirs. Subsequently, Ferrel intro- 
duces Es y’s views to ex lain the ori ‘n of the cyclone 
and in t%e last years of !m life he g o s t  passionately 
defended the so-called “convection theory” of cyclones 
although, so far  as I can judge, it lay far from his original 
ideas -which were based. upon the eneral circulation of 

thank him. .-’ 
” of cyclones, especially as 

e group of henomens is referred back to simp * Bf e 
mpression $at one can indeed hardly escape from 

sense of satisfaction well expressed by Ferrel when he 
calls the “convection theory’ a very beautiful and satis- 
factory theory. 

But after the *first incisive impression of this theory 
has given place to a more qui$ consideration, and as soon 
as one turns to the facts and mquires how they harmonize 
with the theory, he soon finds that the totality of the 
phenomena of our whirlwind storms is not to be brought 
lnto conformity with the “convection theory.” The great 
cyclones of the tropical oceans seem in most cases to 
find a satisfactory ex lanation in the “convection theory,” 
as indeed a thorou study of the cyclones of the Bay 

of these storms, Blanford and Eliot, to be its enthusiastic 
advocates. As re ards the origin of these cyclones, how- 

investigators, as I have espressly stated in the Zeit- 
schrift fur Meteorologie (3) where I have espounded 
certain views as to the origin of the cyclones of the Bay 
of Bengal based directly upon the admirable works of 
these Indian meteorolo ists. 

arrived at the opinion that agrees with the principle 
first developed by Espy and subsequently adopted by 

the ”‘fi” 

the atmosphere for the theory of w % ich we also have to 

presented b Reye (2) ma T e on me also a t  first a great 

physic it a l7!i laws so cearly f 

The ‘ I  convectional the0 

that one e-uperiences a livelj 

of Bengal has led t f e most accurate of the new students 

ever, I can  not s f are in the views of these prominent 

The meteorologists o f India, as is well known, have 

1 T h i g y  w a ~  written In May 1883. It WRBB translated by the Editor and prepared 
ion in December 1Wl: but hrur been delapad for the reawnn stated In t h i  for publ 

BEVIEW, February, 1914.4d Oa. 

Loomis, Buchan, Mohn, eto., that the cyclones of the 
Bay of Ben a1 owe both their origin and their con- 

tations that accompan 

barometric minima I have, immediately on the a pear- 
ance of Reye’s book, set f0rt.h the most serious anif as it 
seemed to me, most iniport.ant objections (4). In fact 
all henomena when they nre examined impartially, as 

haronietric de ression by precipitation. Even so active a 

Eliot could not refrain from the remark that the immense 
sunimer precipitation a t  Cherrapun’ee seems to have no 

heaviest rainfalls is in general rather an increase than a 
decrease of the atmospheric pressure (5), exactly 8s i 
have already demonstrated (6) for Batavia, Java. In 
regions near the E uator where, on account of the absence 

no great atmospheric whirl can arise, the heaviest and 
most extensive precipitation remains without any in- 
fluence on the larometric pressure. If no great atmos- 
pheric whirls exist then there is no local deep barometric 
depression. In  one of his h t  pioneer works Ferrel 

omted out that the mean value of the nonperiodic 
Raronietric fluctuations increases with the geographic 
latitude and in fact nearly in proportion to the square 
of the latitude, while the deflecting force of the earth’s 
rotation is proportional to the sine of the latitude. 
Ferrel (7) showed that the observations agreed very well 
with this theory. The deep depressions in the storm 
areas are a consequence of the whirling movement of the 
mass of air and not uf the precipitation that occurs as a 
art of the train of phenomena of the whirl. No one 

gas demonstrated this inore clearly than Perrel himself. 
The fact that the whirl and the barometric depression 
caused by it, are almost invariably connected with more 
or less abundant precipitation, is the natural consequence 
of t.he ascending moveiiient of the air in the whirl. 
Wherever air ascends it cools and the associated aqueous 

artially condensed, this is one of the sim lest 
results vapor is o i) generally known physical laws. Ther e! ore, 
where lar e whirls arise a tendency to precipitation must 
occur. & conclude that cyc1ones, especially those of the 
tropics arise from the accompanying heavy precipita- 
tion, that the latter is the cause of the barometric de- 
pression and of the whirl itself, is therefore an evident 
c.onfusion of the effect with the cause. 
In order to aroid misconceptions and to protect myself 

against the suspicion of adopting a narrow standpoint, I 
would right here remark that in my opinion, also, the re- 
cipitations that me introduced [into the depressionf by 
the ascending whirls of air favor and further the main- 
tenance and partly also the increase of the ascending 
movement of the atmosphere iu the whirl. Since 111 
consequence of the condensation of aqueous vapor and 
the latent heat thereby set free in ascending masses of 
moist air, the dynamic cooling is diminished, therefore 
the ascensional force of the masses of air in the interior of 
the whirl is assisted and the eventual lateral overhead 

tinuance to t 5 e process of condensahon and the precipi- 

As opposed to the i c9 ea them. that precipitation can produce 

we1 P as theory itself, speak against the origmation of a 

defender of t R e so-called “condensation theory” as Mi. 

influence on the pressure, that in d eed the effect of the 

of the deflection o ?r air currenta by the earth’s rotation 
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outflow of the ascended air is made easier. This favors 
the continuation of the whirling movement when it is 
once established. 

The “ convection theory ” of cyclones places the funda- 
mental conditions of ‘their esistence in the lower strata 
of air, by whose relatively high temperature and large 
content of aqueous vapor the ascending movement IS 
started. Then the latent heat of condensecl aqueous 
vapor and the deflecting force of the earth’s rotation 
come into play and carry the work further. The “con- 
vection theory” seeks the cause of the origin as well as 
the direction of pro ess of cyclones rinqpally in local 

air at or near the earth’s surface. 
If we transfer the fundamental originating conditions 

of vortices to the upper strata of the air-aa frequently 
has been done of late by defenders of this theory because 
’it is no longer possible to ignore the convincing force of 
the facts and consideratioils against, the oriwiation of 
whirls in the lower strata-then in fact the “:onvection 
theory ” of storms is fundamentally abandoned. 

If, with Ferrel in his latest publications, we locate tho 
seat of the cyclone at an altitude of about two miles or 

’ 3,200meters (8 )  then [weremarkthat] all the hysical bases 
of the “convection theory” fad at this altituc P e. At a tem- 
perature of about - 1 0” or -2OoC., such M revails at this 

fre uent and intense, and in middle latitudes (my 40” in 
theknited States and 45” in Europe), even air saturated 
with aqueous vapor contains but 1 or 2 gram of aqueous 
vapor per cubic meter, e d  the rate of diruinut.ion of 
temperature with altitude in this mass when it is ascend- 
ing can scarcely be distinguished from that of dry air. 
The vertical temperature gradient even at the beginning 
of theascent amounts to 0.S”C. or 0.9”C. per hundred 
meters, whereas, even in perfectly dry air, as i well 
known, it amounts to about 1°C. per 100 meters. If now 
the air has ascended but 2,000 nieters in the whirl then it 
must have cooled to - 36” or - 40°C. and its aqueous vapor 
has practically all condensed. Therefore a whirlwind cor- 
respondin to the “convection theory” formed even under 

ineters or more, can attain no considerable intensity and 
in no way have the power that Ferrel assunies, to ump 
up the lower cold an strata 3,000 meters dee 1, fy. its 

Even in the moist, warm, marine chmate of England’s 
summer, according to Glaisher’s balloon observations, the 
quantity of aqueous vapor in the air at altitudes of 6 or 
7 kilometers 18 infinitesimal. 

Therefore the ,“ convection theory ” of cyclones is forced 
to locate the place of origin and development of the 
atmospheric whirl in the lowest strata 01 the atrnosp ere 

‘because these +one hold so great a quantity of aqueous 
vapor that by its condensation the dynamc coohg of 
the ascending air in the whirl is so far diminished that one 

. may suspect that the whirling mass of air has a higher 
mean temporature than that of the surrounding atmos- 
phere. For this latter condition is a necessarv assum - 
cyclone mu$ to a certain extent have a higher temper- 
ature than its surroundings; it must experience an u lift 
[due to buoyancy]. This assumption is certainly {est 
fulfilled by the great cyclones of the Tropics, for esample, 
by those of the Bay of Bengal that ori inate during the 

seems to be inappropriate; at least it does not appear so 
regularly and to such an extent as that a theory of 

conditions, in the c r iaracteristics of t i e  s lower strata of 

altitude, especially in winter when the cyc P ones are most 

the most f avornble conditions at such altitudes as 3 kilo- 

suction or to set them in rotation by means o / friction. 

rat 

tion of the “ convection theory.” The iiims of air in t f e 

transition eriod from one monsoon to t a e other. In the 
cyclones o F middle and higher latitudes this assumption 

c clones can be based u on it. The cyolones of the Bay 
monsoons (May and October) may originate in the ower 
atmospheric strata. The two followin circumstances 

Ocean, generally in the southeastern art of the Bay of 

This characterizes them as formatsions that are located 
principally in the lower strata of the atmosphere. In  sup- 
port of Faye’s theory of waterspouts and tornados, H .h  
very properly calls attention to the dificulty of a s s u m  
that powerful whirls arise in the lower layers where the 
movement of air once initiated toward a center is p . t l y  
enfeebled and will certainly soon be destroyed by nction 
even before an intensive whirl can be formed. For it is 
only when large masses of air are drawn from a distance 
into the whirhg movement that a owerful whirl can de- 

propcrl conceivable in the lower strata of the atmosphere 

contradiction assume it for the cyclones of the Bay of 
B e n d .  The whirls of the “convection theor ” must 
bre& up and dissolve when they encounter hi mom- 

their source of energy from the lower strata of the atmos- 
phere, but lose thelr vital principle in the higher, cold, 
vaporless strata. Precisely this does occur with the great 
cyclones of the Bay of Ben a1 the generally come to an 
end as soon m they reach Le’land: and notwithstanding 
their extraordhia intensity are unable to ass over 

Tipperary Hills, etc. In this respect these cyclones in 
fact show properties that we must assume to characterize 
the whirls of the “convection theory.” 

The cyclones of the season of the southwest monsoons, 
on the contrary, are of much feebler intensity, but pass 
entirely across southern India and show all the charac- 
teristics of the whirlwinds of higher latitudes, as clear1 
follows from the thorough investigations of John Eliot (9{ 
In the upper strata there occur whirls that move with the 
general currents of the air and that certain1 can not be 
explained as to their origin and nature by &e “convec- 
tion theory” alone. These are, like the cyclones of our 
latitudes, whirls in a general great air current from which 
they derive the principal part of their energy and which 
in general determines thcir progressive movement. Of 
course the “convection theory” has apar t  to play in thls 
process, as indeed could not be othemse in consideration 
of the high temperature and the abundance of vapor in 
the atmosphere in these latitudes and the season of the 
year (June and July). 

The fact that the cyclonic storms of middle and higher 
latitudes fre uently pass unhindered over mountain 
ranges severa ? thousand meters high proves that, in these 
cases a t  least, the true seat of the atmospheric whirl is to 
be sought a t  far greater altitudes. At such altitudes, 
however, the “convection theo ,” as before explained, 
loses its applicabilit since the p T ysical forces themselves 

In general, the method of progression of the large 
atmospheric whirls is in contradiction to the “convection 
theory,” which demands a much greater dependence on 
the local meteorological conditions than is actually the 
case. The direction of progress of the whirl shows a 
much greater dependence on the general air currents in 
the upper strata of the atmosphere than on the tem era- 

The “convection theory” must needs attach great weight 
to the rapid vertical temperature decrease in the regions 

o P Bengal, that occur a t out the time of the c h y  of 

favor this view. These cyclones form a f ove the Indian 

Bengal and dissolve rapidly as soon as t R ey reach the land. 

velop in a previously quiet atinosp i! ere. But this is not 

above f and surfaces, although one map without smous 

tains, both for mechanical reasons and because t $ ey derive 

even the relatively ’s ow mountain chains of the 8 hate, the 

on which it is base C P  can no morebe effective. 

ture and moisture conditions of the lower strata o P .air. 



frequented by the paths of cyclone centers. A more or 
less unstable vertical equilibrium in the atmosphere ex- 
traordinarily favors the continuance and intensity of the 
whirls of the “convection theor .” But in those regions 

stability of the vertical e uilibrium in the atmosphere; 

the differences of temperature between the upper and 
lower am diminished. At the same time the aqueous 
vapor of the lower strata is condensed, the potential 
energy accumulated in the heat of the higher strata and 
in the greater vapor content of the lower strata is used up, 
and a‘ new precipitation can not be a t  once initiated 
sim ly by ascending convection currents. Therefore 

advancing over those portions of the earth’s surface where 
a cyclone was active shortly before, or they must dissolve 
there. 

over which they move these w K irk strive to restore the 

the lower air strata are coo 1 ed, the higher strata warmed, 

cyc P ones of the “convection theory” must either avoid 

Eastern Seas” says: “It is a well-known fact that baro- 
metric depressions are drawn toward those regions over 
whichanother depression has just passed.” Now, this lat- 
ter peculiarit of the greater atmospheric whirls is in com- 

Soes this fact show that this theory pla only a subordi- 
nate role in the mechanism of these wcrls and that the 

lete contra (9 iction to the “convection theory.” Rather 

greater atmospheric whirls depend 
in and progress are not to be sought 
of these whirls. This peculiarity 

undoubtedly indicates that it is the general relation of 
the distribution of atmospheric pressure and the distur- 
bances in the eneral atmospheric circulation, to which 
the origin and t 5 e progression of our storm whirls must be 
attributed. 

An additional fact that stands in notable contradiction 

tinuance are of all others most unfavorable? In winter 
the vapor-content of the ah- is very small and the vertical 
thermal equilibrium of the atmosphere extremely stable. 
Over the continents the lower strata of air are, a t  that 
season, not infrequently colder than the strata above- 
the temperature increases upward. The vertical temper- 
ature decrease is slower than in asce!iding air currents, 
even when these become saturated with aqueous vapor 
b the lowering of the temperature. Ascending masses 
o r air, therefore, experience no uplift by reason of colder 
surroundings. How can one assume that under such 
conditions the atmospheric whirls of the “convection 
theory” can penetrate to the interior of Siberia where the 
aqueous vapor in the air is reduced to almost absolutely 
nothing a t  atmospheric temperatures of - 30’ to -40’ C. ? 

h d  why are the great atmospheric whirls relatively 
rare and much less intensive in summer, when every 
condition for their origin and cont#inuance is so much more 
favorable, if they really can be esplained by the “con- 
vection theory”? Tho fact that in the course of their 
annual periodicity cyclones attain their maximum of fre- 
quency and int.ensity in the winter season, does therefore 
stand in very decided contradiction to the “convection 
theory” of storms. 

On the other hand, this fact is in complete a reement 
witjh the view that the great atmosphelrc whir ei s derive 
their existence and their energy from the upper general 
c.urrcnts of air which control the circulation of the atmos- 
phere between the equatorial and the polar regions. The 
energy of these upper air currents is greatest in the winter 
senson when b d i  the teniperat4ure gradient and the btlro- 
metric grttdient of the upper and u permout atmospheric 
strata between the Equator and t 1 e poles are recttest. 
Fcrrel has shown that in the Northern Hemis %ere the 
temperature gradient bet.ween the ole and the P qutz.tor is 
twice as great in January as in Ju r y; and that the corre- 
sponding upper west-t o-east current must theoretically 
have lrom 3 to 4 times greater velocit,v in winter than in 
summer. 

Therefore, when we assume that the great atmospheric 
whirls are to be considered as disturbances, RO to speak, 
in the retlt current.s circulating between the Equator and 

the annual period of t,heir freqiiency and intensit... The 
upper-uir oleward prossure gradient is much steeper in 

tion. Therefore, if disturbances of the dynamic e uilib- 
rium occur, the forces t,liereby respectively ctnnu il ed or 
roused t.o rtct.ion must he much more powerful in winter 
than in sunimer. MoUer has shown most thoroughly (IO) 
t h t  t$e r:ipidl-y moving uppor layers of air must f r e  
quently produce a conclit,ion of unstable clpnamic equi- 
hlirium that then leads to the forniation of cyclones and 
an t,icyc.lones. 

The movement. of fluids in streanis never goes on as 
“steady motion” but a1wa-p partially resolves itself into 
whirls. It is cerftt.inZy not to b f  imaqind ihat the powrrjirl 
and rapid w p  et. cwwn.fu of air sho.rrM flow w n  the Equator 

elmholtz, also, 
has suggest,ed that t.he reason why estmordinarily g e a t  
velocities, such as thi. masses of a.ir flowin from t-he Equtl- 

ing to the lnw of consermtion of areas, actuallydonot 
a p e ~ r ,  i s  to be sought in t,ho fact that vortices must arise 

Therefore t.he source o the enc~gy of our storms need not 
be the first tshing to he sought after. 

If, now. ina.iiy other facts also show that t.he cttmos- 
pheiic whirlwiinds of the midclle ailid higher latitudes must 
originate in the 
nobe how simply observed in the storms 
of our latitudes when we refer them 
hiick t.o their origin-then it is certainly not8 evident why 
we do not dro the useless eBort. t.0 esplaiii them by t.he 
“convection t eory” and apply the latter to those 
nomena only that it actually cnn most naturally exp mii. 

In niost recent t h e s  [i. e. about. 1S93] another class of 
observations has come to oin tlio previous arrtij- of fncts 

the storms of our latitude by the “convection theory.” I 
nieiition t.his class in the last place intentionally, in order 
to show that the ‘‘convection theorv” of the cyclones of 
middle and higher latitudes can not be saved even by the 
attempt to deny the importance of these observations. 

the PO f es or sre dissolved by them, we a t  once explain 

wi.nt.er an< P causes n. much stronger atmospheric circula- 

to the poll* wit w .out t h  fomur ion of u2h?a. 

tor to t,he pole niust at.tain in the higher f atitudes accord- 

w f ‘ch absorb or dissi ate a great part of t,he energy. ;P 

atmosphere, and if we 

R phe- 

that testify most decidec i ly ngainst the esplnnation of 
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Moreover these facts are of higher interest because 
they show the most beautiful agreement wit$h the physical 
t8hheory of cyclones. 

It IS well known that. all obsorvations agree in showing 
that in cyclones the air is ascending while 111 anticvclones, 
on the contrary, a descending current prevds. Cyclones 
and anticyclones are the two menibem of the vert.ica.1 
circulation of the atmosphere.. In the ascending cur- 
rent of the c clonsa there occurs dynamic cooling. Jn 
this process $e a ueous vapor is condensed at  a certain 

cending masses of nir. 
adiabatic ex ansion of mist a.ir, lies between t e limits 
0.5’ and 0.9 C. per 100 nioters in our latitude. On the 
other hand, in the descendin branch of the vertical circu- 
lation the air warms up an % t,herefore can not form any 
precipitation; on the contrary, the air becomes relatively 
very dry. The rate of increase of temperature in de- 
scending air amounts to about 1°C. er 100 meters. If, 

cvclones and anticyclones, such that the air ascending in 
the oyclorie again sinlrs to the earth in the surrounding re- 
gion, then theory shows that in the ring of descending air 
with high pressure a t  the earth’s surface, the temperature 
of tho air is hi her than in the ascending current of the 

face. Such formations can, of course, ody be produced 
dynamically, in consequence of tmhe general circulat,ory 
currents between the pole and the Equator, or 
in the genern.1 currents of air of greater estent anc energy, 
as for example within the monsoon winds. 

“he “convection theory,” on the contrary, assumes 
that the mass of air constituting a cyclone has a h i g h  
average temperature than the air in its neighborhood. 
It is precisely the buoyancy experienced by the s eciiically 

explains the origin and continuance of the cyclone ac- 
cording to the “convection theory.” 

altitudes in the region of cyclones and anticyc ones 
should decide whether the cyclone and the mticyclone 
are at least in part purely dynamic formations or c m  be 
ex lained by the “convection theory.” 

&he temperatures registered at  the higher mountain 
stations in the Alps, on the Pic du Midi, etc., have 
recentl made it highly probable that the great mass of 
air in &e cyclone, at least up to altitudes of 3 or 4 kilo- 
meters, actually has a lower ten1 erature than the air 
mass of the anticyclone (11). $his fact speaks d e  
cidedly against the “convection theory,” but stands in 
complete accord with the theory that ascending currents 
of an in general must have a lower temperature than t,he 
descendin masses as in the anticyclone. 

Althoug B these observations hold good directly only 
u to 3 or 4 kilometers in altitude, still the absence of 
o % servations from greater altitudes does not favor the 
defenders of the “convection theory.” The whirls of 
this theory must draw their energy from the lower layers 
of air that are richer in moisture; the theory has no 
longer any application at  altitudes of 4 kilometers or 
more, be,cause the whirls of the “convection theory” are 
wall nigh impossible in this region of little vapor. 
As to the temperature that prevails at  very pea t  

heights (above 3 or 4 kilometers) in the descending 
mass88 of air of the antic clones, this can on1 be de- 
cided b observations in galloon sscensions. heo re t -  
ically, t& descending air warms at the rapid rate of 1°C. 
per 100 meters, but the actual tempmature of the air 

altitude, and this 2 iminishes the rate of cooling in the as- 

Y in the 
The rate of t8he cooh 

B 

therefore, we assume a cl8sed vertic 2 circulation of air in 

cyclone with a 5 arometric depression at  the earth’s sur- 

YU?. 

bghter warmer air in the ascending whirl t % at alone 

rat Therefore the observations of temperature up to 

depends upon how rapid1 the process of descent takes 
lace and how r t  is &e corresponding loss of heat 

Ev radiation. eveland Abbe (12) has given very inter- 
Gting computations and conclusions on this point, but 
the temperatures determined by direct observations in 
.mtic-plones up to altitudes of 4 kilometers are more 
decisive in reference to the theory of cyclones. 

Moreover, the ascending air within the cyclones ex- 
periences a very considerable cooling in contrast with the 
computed theoretical rate of vertical temperature de- 
crease. This is the cooling due to the fallmg products 
of conclansation, naniely, the rain, hail, and snow. This 
lowerin of the temperature of the body of air of cyclones 

barometric Low of July 12, 1890, that moved from the 
Gulf of Genou northeastward and partly over the Alps, 
the air was so greatly cooled that thick snowfall pre- 
vailed down to an altitude of 600 meters above sea 
level and the temperature at  altitudes of 400 to 500 
meters fell to 4” or 5” C., m d  this in the middle of July. 
At an altitude of 3,100 meters the tem erature was 

me very probable khat the air ascenrliiig in the region of 
cyclonic precipitation is cooled by the falling products 
of condensation more than the air descendmg in the 
anticyclones is cooled by the radiation of heat. 

I may finally refer to (13) my “Remarks on the Tem- 
Rerature in Cyclones and Anticyclones;” also to my 

Studies on the Teniperature and Pressure of the Air on 
tghe Summit of the Sonnblick.” 

by the f alling rain and snow is very important. In the 

-5.3”, or about 6” below the average. P t appears to 

REFERENCE 8. 

(1) Ham, J., in Meteorol. Ztschr., Wien, 1875, 10: 81-88, 97-106. 
(2) Reye, Theo. Die Wirbelsttirme, Tornados, und Wettersiiulen in 

der Erdatmos hare. Hannover. 1873. XVI, 248 p. 8’. 
(,3) Ham, f., in Meteorol. Ztschr., Wien, 1877, 12: 308; 1880, 16: 

313. 
(4) Ham, J. Bemerkungen uber die barometer Minima in den 

Sturmcentren. Meteorol. Ztachr., 1873, 6: 102. 
Der Einfluss des Regens auf den Barometerstand. Meteorol. Ztschr., 

Wien, 1874, 9: 289. 
Luftdruck und Regen. Meteorol. Ztschr., Wien, 1875, 10: 11. 
(5) Eliot, John. Quarterly jour., Royal met’l. soc., London, No. 41, 

Janua 1882, 8. 
(6) in Meteorol. Ztschr., Wien, 1874, 9: 291. The Ameri- 

can reader W I  1 find some of these papers tsanslatui in 
Abbe, C. Short memoirs on meteorological subjects. Ann. rpt., 

Smithson. Instnit., 1878. Washington. 
(7) Ferrel, W. in Amer. jour. sci., New Haven, Conn., Nov., 1874, 

(5) 8; and Jan. 1861, (2) 31. 
(8) M6ller. in order to more sure1 overcome certain difficulties, 

thinks this altitude might be increasedrto 5 or 10 kilometers. 
(9 Eliot, John. Account of the southwest monsoon storms generated 

mem., Calcutta, 1885, 9, t. 6. See articularlyp. 437, ffg. 
(10) Mtiller, in Meteoroy. Ztsch,, d e n ,  Feh., 1891, 6: 72. Compare 

a150 the resentation by Rlippen in “Humboldt,” December, 1888. 
(11) gann, J. Das Barometermaximum vom November 1889. 

Denkschr., Wiener Akad. d. Wissensch., 1880, 67. 
Hann, J. Resultate des ersten Jah anges der meteorologischen 

Beobachtungen auf dem Sonnblickgip%l. Studien Fber die Luft- 
druck- und TemperaturverhBltnise auf dem Sonnblickgipfel nebst 
Bemerkungen uber derer Bedeutung fur die Theorie der Cyclonen 
und Anticyclonen. Sitzun ber., Wiener Akad. d. Wissensch., Rnner, 
1885,976; April, 1891, lo&. 

I first demonstrated the relatively high +? rature of the air in 
the region of the anticyclones In my memoir Geber daa Luftdruck 
Maximum vom Januar, 1876.” Met. Ztschr., Wien, 1876,ll: 129, fig. 

(12) Abbe, Cleveland. American journal of science, New Haven, 
1892, (3) 48: 364. 

See ako Hann in Meteorol. Ztschr., Wien, 1892, B7. Jh .: 259. 
(13) Ham, J. Bemerkunpn fiber die Temperatur in Z n  Cyclonen 

und Anticyclonen. Meteoro .Ztschr., Wien, 1890,BS.Jhrg.: 328344,467. 
Hann, J. Studien fiber. die Temperatur- und Luftdruchy- 

hliltnieae auf dem Sonnblickgipfel. Sitzungsb., Wiener Ak. d. W m  
ensch., April, 1891, 100, IIA: 40-51. 

in t h e Bay of Bengal during the years 1877 to 1881. Indian met’l. 


