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TOPOGRAPHY VIRSUS AIR MASSES,
PART 1.

The following paper deals with the effects of the fZarth's
topogranhle features upon the physileal propertiesgof ailr mass;s.
The subject 1s an extensive one and no attenpt will be made at an
exhaustive study at this tine, but rather a general treatment will
be cutlined, the detail of which will be attenpted at a later date.

It will firet be necessary to list the general types of air
magses with whleh we shall deal before observing thelr trajectories
and investigating the changes which they undergo as a result of

pagsage over different types of surfaces. These general types

include:
1. TI'OpiQalo ‘ 2. ?Polar,
a. Tropioal Continental TC a. Polar Continental PC
Y. Tropleal Maritime ™ be Polar Maritine P

These two grouns are agmed ageording to the regions of the Zarth
# ere they obtain their initial proverties. Since the Earth's surface
e-nsists of land and water, substances having totally different thernmal
properties, we must differentliate between = ir masses obtaining thelr
initial properties over lind surfaces or over water surfaces, ag in-
dlicated by the sub-olagsifleations a. and b, under both the polar and
the tropiecal headings. PFurthermore we nust nake allowances for al-
terations in the properties of these ailr masses as they are transported
far over the Earth's surface in the generd atmospherlce clirculation,
We shall later add these go-called transitional air masses to our
clagsification, but first we must oconsider the properties of the
principal ty»es and discover how they move over the Earth's surface.
The latter entalls a discussion of the general circulation of the

atnmosgnhere,
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Tropleal Continental (TC) air obtains its initinl propertics
over dry hot land surfaces ag, for exanple, over the Sshara Jesert
or the desert reglons of Horth Amerlea, T 1s air 1 thus ldentifiled
at any tlﬁe of the year by 1lts extrenme dryness and hisgh temnerature,
the latter 2leo leading to a very steegp lapse rate., Thunder showers
do not occur in this alr however unstable it may be Jdue to its very
low moisture content although the instabllity often leads to whirlwinds
w ieh on occasions nay assume the proportions of minlature tornaidoes.

Tropleal faritime (TH) air on the other hand is very nmolst ond nlso
warn, a comblnation which invariably leads to a lipse rate only ¢one
ditionally stable, 1l.e. a lopsc rate lylng between the adlabitic lupse
rate for dry alr and that for saturated 2ir at the teqperature of the
alr in question,

| Polar o2ir nasseg orlginate ln hish latitudes as the none Ainplies,

therefore they are characterised by low tenperatures and low specific
humidities ecneci:lly durins the winter mont - s. This 1s true part-
leularly of the PC air masses, whilch are 21s0o identi~led by a very
gtable lapse rate 1ln winter, usually with o naried tenperature ine
vergsion, due elther to radlation coollns, subsldence in a senl-
pern-nent usnticyclone, or bhothe. In sumner the only distinctlve
charagteristic of this 21 nags is its dryness.

Polar Maritime (PM) alr is 10-¢ molst and warmer, at least in
the lower 1 -ers, thon the PC 2ir., This 1s evident from the fact
t'at the water surface 1s relatively nmuch warner than the land surface
at the sane latitude in the pol r reslons, purticultrly in winter.
This warnth of the lower l:yers leads to & less stable l:upse rate in
the pol:r maritime :ir than in the nolar continental,

Now that we have characterised the zeneral types of zir masgses
we wish to know how thev move over the Earth's surface and what effects

nmay be noted duc to thelr passage over the larpgest irresularities of
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thus abed In the sieter would be a coross-section of a unit solenoid.
The eiroulation of the systen 1s indleated by the large arrows and its
agceleration 1s deteriined by the number of solenoids enclosed in the
area ABCD, The directions V und G are norm:l to the 1sosteric and
lcobaric surfacces reapectively a2nd the tendengy of the elrculation
i1s to brin: thet: 1ato coincldence.

The circulation thus set up will be equator—ard helow and poleward
aloft. Thus under these concitions the g@ﬁeral at1oaph-oric circulation
would conslst of one large . irect eirculatlon systen between the equator
and eacr pole., . ateady clroulation would result wherein *he frictional
forees tendin~ to check 1t»wau1d require the performance of work by the
thernodyninic systenm in overconin-~ tiils resistaqce, This wonld result
in the consunption of a part of the exeesas heat reccived 1n the g0
watorial remions. If 4 1s thc excess of e fectlive insolational over
enltted terrestrial radlation in the equatorial half of the systen,
and ' 1s the cxcess of enitted terrestrinl over effective insolatinsnal
radl ation in the voler h2lf of the syste, the thernodynanic effeclency
of the systen would be iagf. Adially howaver the arth is rotating,

a faet wiilch results in the conmnslete breakdown of this sin~le direct
unifornm cireulation between equatorisl 2nd polar re-ionse.

iffects of Eapth' = There

are t wo general effects of the rotatlon of the fert’ upon atioagnherie
¢irgnlation wiich we nust conslder, nonely the sc-0alled horizontal
deflective forae 2nd the congervation of angular nomentun,.

The first of these effects 1s an apparent deflection in the irect-
lon offlow 1n»an sir current which deflectlion 1s in reallity due to the
totation of the plane of reference beneath the movins air. In practise
t:1s effect 1s represented by a fletitious foroe acgting always at risht
angles to the linear velocity of the n2ir current referred to the

fBarth's surface, It 1s evident from the faet tihat this fletitious force
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acts always at rizght angles to the velocity of the alr current that 1t
can never produce any linear accelerationcf the velocity but nerely
a change of the directlon of flow, Thus in the northern hemispherc -ir
flowing from hlgi: to low pressure wlill be continuously deflected to the
right until an equilibrium velocity (gradient wind) is reached narallel
to the isobars such thnt the oregsure ~sradiont force is just holonced by
the horizwmt- 1l deflectins Torce (frictl nless rectilinear flow), #hen
this state lg reac-ed all alr flow fwon hizh t» 1w pressure will cease
excent as the »1llinsT un of sir nasses in the equilibrium 2z ne steepnsns
the nressure ~radient, or e the retarding effect of friction near the
ground slows up the veloclity of flow =uffielently to nermit of a
certsin connoncat of the velocity dlrected across the isobars., It can
be seen t nt an eyuvatorward nmoving brsneh of the cireculation in the
northern henisphere will rapldly be deflected to a westward noving
current, and that any poleward moving branch willl he deflected to an
eagtwar: noving current. It 18 ~1lso to be noted that the horizontal
deflective force 1ls 2 maxinum nt the poles =nd decreases to zero at the
EguatH »r s'nce the Torce 1s a function v the 3ine of the latitude.

If the sec-nd effest of the Zarth's rotation held true, the
congervation of angular momentum, enornous eagt-west velocitles and
wegt-eaagt velocitles wouli be produced in the eagse of lorse latitudinal
alr displacencnts, air noving fron the ejuatH r toward the poles would
goon acqulre tremendous west-east wveloclitleg snd 21r novins fron the
po’es toward th: Bguator would snon attain nsreat east-west components,
This effect actually 1s greatly nininized due to internal friction of
atmospheric strata, ~nd friction of the air with the Laprth's surface,
hen 1solated ~ortions of the atmnsbhere are conaldered the effect 1is
damped even n:re by the pressure forces exerted by the remaining
atmogphere, However, 1n the cage of re 1 r interzonal alr novencnt
of entire e¢ircumplanetary atn -pheric rinsg, as for example in *hec coge

of the trade winds, zonal acgelerations of a complete ring is Hossible
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wlthout the resistance of an opnosinz pressure foroé. In such cases,
however, it 1s z question whether the zonal velocities are to be
attributed entirely to pressure gradient acceleration and subsequent
deflection, or in part to the conservation of the angular momentum of
circumnlanetary = 1ir rings which are displaced latitudinally by the
prevalling pressure gradlent. The »nractical result in any case 1s the
same since the effects of the horizontal deflective foree and the conser-
vation of angular nonentum are lways in the same senss.

It can be seen from t .1z brief statenent of the effecta of the
rotation of the Earth upon moving air partioles that the single direct
cirgulation between the iquator and each pole as described above for a
non-rotatin- earth would he quite impossible on owr rotating ~lobe,
Instead of a zin-le direct circulation hetween equator and eifher pole,
there result several snaller z nal circulations, within eash of which
more or less uniforn east-west nnd west-east veloclties prevnil at the
Earth's surface, |

a) ~~~-The maxinum

effect of insolatlional heating is felt in equatorial regions, in
¢ongequence of which a 1lifting of the 1sobaric and a sinking of the
isosterlc surfaces 1s effected and the establishment of cireulatory
exchange of alr with more northerly latitudes, in accordance with the
e¢irculation principle., However, owing to the hoflzontal deflective
force of the Earth’s rotation, a deflection of the typleal northward
and southward moving air ocurrents takes place, so that the southward
moving current anproaches the Equator as a north, northeast, and
eventually cloae}:bc EQu#tor, an east wind and the northward moving
aurrcﬁt as a south, southeast and east wind. These are the well-known
trade iinda, These‘winds become deeper as they approach the £quator

(thermal), where they join as one great westward current of air ex-

tending to high elevations. At the Zquator, however, they rise above
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the Earth's surface, leaving the belt of calms at the surface known asg
the loldrﬁms. Thue at the Equator the atmosphere as a whole ig de-
ficlent in angular momentum relative to the Zarth's gurface, or in other
words, is rotating nmore slowly.

The upper branch of the subtropical cilrculation has 1ts source
in the upper levels of the strong westward current of sir whish has
initially been fed in by the trades, at the seme time that it was
heatinz and rising. Under the influence of the pressure gradient the
air aloft gradually flows out towards the poles, the current on the
North Hemisphere belng defleocted as it moves poleward first towards
the north and evemtually toward the easte This current 1s known as the
anti-trades, Already at approximately 30° N, or S, tals current
appears as an eagtwarc flow, whlch has cooled sufficlently to be sinking
t0 the Zarth's surface in the hipgh pressure belts at these latitudes.
From these high pressure belts the descending air of equatorial origin
may feed into the general west winds to the north, or into the trades
to the south {North Hemlsphere) and work back toward the Equator.
This southward movinz branch oloses the pat: of the sub-tropleal link
in the general circulation between equatorial and polar regions. Only
that part of the anti-trades which continues poleward from the sub-
tronieal HIGHS with the general westerlles of mlddle latitudes may take
part in the complete circulation. The high vressure belts of the
Horse Latitudes are essential to the 1link in the general airculation,
which exists in the sub-tropies., Dynanlcally the existence of sush a
closed.link 1is nqcesa&fgtdd by the deflecting forge, which checks the
“northward movement of the equatorial outflow at about latitude 30° and
pernits only a very salight northuard'prograsn of the alr from that point,
due to frioetion. Consequiently in these latitudes a pilins up of air
magses ooours, Or a high pressure belt is formed, such that a gradient is
established towards the ¥quator at the ground, the gradlent whioh is

nnaclaary for the exlstence of the trades.
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execess polar oir masses 1ato the prevalling westerlies occurs. 1hils
effects a2 danmlng up of twe normal air flsw and establishes loncitudinal
prescuregradients agounteracting the horizontal deflective force., Lhis
in turn pernits the outflow of ailr fron the arctic re-ins to nove far
gsouthward and eventunlly to pass Into the trade wind clrerlatlon. It is
to be noted that these outbrecizs of polar ir are not to be enasliderad
as t%e nornal state of affalrs but rat er as the irres:laritiecs in the
circunlation of nmlddle latitudes which perait of the exchange of alr
between pol r nnd e uatorial resions at the surface. These southward
moving curr-ats invarisbly lead to northward moving currcats to thelr
east as will e dlscussed presc tly under the circulation of the nmiddle
latitdes.

s~==BFpon the sub-t-onileal

belts of high pressure to the polar troushs of low pregsure there 1is
normally a press :re gradient at the gromd which makes the intervening
reslons one of prevailling westerly winds. Thesc are, thercfore,
practically speakins, gradient winds. Sinee thls surface flov 1s jusﬁ
the reverse of that of a thermodyn:nieally direct circulation between
northerly and southerly latitudes, 1t 11y bhe sald th:t the circulation
of middle latitudes 1ls & reverse clrenlation m-intained by the two
direct circulations boundin~ 1t to the north snd to the south. In
other words, 1t 1s a forced cilreulation, the force being applled by the
sub-tronical belt of high pressure and the sub-polar bhelt of low
pressure which are malintained by the two dlreot linits in the meneral
rciroulation. The source of these westerly ourrents 1s tobe f:und in
the westerly currents of sinking alr of equatorial origin in the sube-
trspical hlgh pressure belts, As already mentioned part of these
sinking masses feeds into the trades and returns equatorward while part
feeds iInto the general westerly winis of middle latitudes and findsg its

way gradually northward. At the polar front the pradnal northward
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progress of these westerly currents takes ploace primarily in the
upper levels, as the colder surface easterly winds are sverrun by the
warner wegt winds above, The fact of the existcnee of a volward
pressure gradient in middle latitudes to the helrht of 18 kms. or
more ralges the gquestion as to how the equatorward flow of 2ir to
grmpensate the poleward flow in the previiling westerlies tikes place,
The ex»l-nation ieg to be found in the pgreat irresular outbreaxs of air
from the uretlc resions, 1n the munner described in th: preceuin~ section
When 2n excess of - ir hasg accumulated in the arctic, eventuazlly a general
e uatorward movenent of the polar z2ir nasseg occurs at s-me point.
The establishment of cuch an outflowing current fron the polar resions
invariably favors the establishient of a northward movine currcnt of
warn alr on 1ts east slde, with the existence of a troush of nininum
pressure hetween the two, the nressure gradlent counteracting the
ddlective force. In such a trough betwsen two opnositely direated
air currents occur the interactions whieh constitute a cyclone fanily.
In mentioning a cyclone £ nily & word of expl nation is inorder. Ve
cannot dwell upon this import:nt subject in detall at present but refer
the reader t> the well know papers by J, Bjerknes and H, Solbergz. It
must suffice here to brilefly describe the phenomenon and to include a
sketoy of an ldenlised cyclone f:nily to which reference may be nade
later.

The formation of the mother ayclone 1s due primarily to heating
and collin~ of adjacent areas and 1s perhuaps best explained at pregent
by Exner's” barrier theory. Agcordinz to thils theory the cold air
outbreaik towards the sonth takes place freely hetween a eyclonie and
westward-lying antieyclonic center of uaction, the normal westward
movenent which a0 13 result from the Zarth's deflective force being
checked by the eastward pressure gradient. DSince the warmer air to

the south normally conastitutes a westerly 5ir current with a slight
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northerly eomnoncnt, the “reaking :ut of the cold ~ir alonsg the polar
front into tnis warn air f1.w effects o certaln obstruction or danmilng
up of the current. In the lec of the cold 2ir mass a partial vacuun
regnlts, 8o tiv't the warm olr 1s drawn in fron the sonuthweat or sonth
arsu:d the cold +1» mass, the troush of lowest pressure lying bhetween
the two currents. This low pressure 1s caused both by the lee effeot
of the ¢o0ld ~ir barrier, :nd by the n rrnal 1i-htness of the overlying
warn =ir. The followins hlsh pressure, or antlcyclone, is czused both
by the ~rester deansit- of the cold &ilr of the polar oufflbw, nd by
the daming un and consequent nilling up of the westerly curreant. This
eonstant foree of the westerly curreat, exo ressed in the strong eaast-
ward pressure ~radlcnt, imparts an eagtward novement to the cold 24r
barrier at the sume time that 1t 1ls spreading southward and sinkinge.
Thus both the cvclone ~nd anticyclone move first southeastwurd then
eastward fromn the positlion of the initlal thernally eaused low ~nd
high, beconing in thils way the normal migratory ceyclone »nd antilerclone
of the lower atnosphere., Between the warn nd cold current there is
a discontinuity surface of the cold front tyne, while further to the
e gt, wecre the nortiward moving warn air current neets the cold 2ir
at the pol'r front, there 1s a dilascsntinuity of the warm front tyne
(see Fig., 2). These discHntinuities are less clearly nnrked in the
prinary cevelone thmn in the secondaries, thercfore the secondarlies
are usually characterised by a more intcnse interaction between the
nir masses. The kinetio energy of the strong cecirculation set up during
such a developenent 1s suppnlled by the potentilal energy of the initisl
vertical nmass distribution, or the adjacent war: and cold air nasses,
Ag the process co atinues, the eold 1r sinke and gpreads both southward
and eastward, evc.tually displacing entirely at the ground the warnm alr
current to thc east o the cold oultflow, 1l.e. an occlusion h-s token

place, From t-is point the Jlsturbrace ciminlishes in intensity, but
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the gonthward troasasort oo gold 2ile In the antlevelone hoa usunlly
eastatli-hed 2 veny =bront teaperatusc discontinualty or front ot the
sonthorn 1init o” +hs gold »ir outbreak, Fronta establi-ned in this
way oro much 1o e abrant than thorge whileh groaw o throush heating
wnd cooiin: of udiaceat 21 nagseg. Uiless the condition of statlonary
exullibriun 1e ri-l0 v folfilled 2t this abrunt fr:nt, a secon nry
distovh e 1o ©oung to develope, whlch vunder favorable cgonditlions
begonmas 1yvs Intease than the weakening »uimary,.

If du: to instabillity a new outbreak occurs alony this front a
gecondary lg forneds Hdow 1f the outbreak 1ls sich that ocelslon also
tikeg nltce In thls‘cyclone the front 1s displaced still furthcr gouth
to o new equilibrium position, This process nay be rencated until
finally an o ‘tnouring of ¢ola :ir into the trades clirculuation oc:urs,
When thig transnort of conld «1r directly from the nolor tn the tron-
1e2l ren~lons hes been effected, the polar front w lch hasg hee1 noving
gouthward 1s te morarily broksea, and ls subsequently rc-forned for
to the north on the cessation of the ontflow of cold nlr. The whole
sequenace of distur sinces, from the Tlrsgt thernnlly fornmed cgyclone and
antleyclone In the far north, the ocelvusgion of the primury cyelone «nd
congequent accentuation of the nolrr front with the subgeauent secHrniary
disturbances, down through the final oceluding disturboanee »hich terain-
ates the gerles with the outflow of colid air into the trades, J. Sjcrimes
has called a cyel ne fanily. The oatire serles occurs on one ¢ ntine
uous section of the polar front separating a vagt warm current of
tronlenl orlgln on the e side fron the cold curreat of polar orisin
on the other slde, Usually these two currents move eastward nt the s ¢
tine that the cnld outflow, ond conseaquently the »nolar front 7ith its
successive disturbinces is mo~ing southward. The polar front itsclf lics
alim> the trouch of minliun pressure between the two alr curreats., The
sketch (Fls 2) shows guch a cyelone fanily in horizontal ::nd vertileal
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clrouits, Thisg has heen proved by observation with resnect to the
trade-antitrade circulation and 1t 1s probably also true for the por-
tially elosed polar circult. However, the circulation of the niddle
latitudes in lﬁsebviolant, the polar outbhreaks heinm nilder as indic-
ated by the less severe winters of the southern henlcoohere. This may be
directly attributed to the laek of land surface in thlis henmisphere,
This may be made to zppenr even ore striking when ne considers thot
the southern hevlsphere ghould have 2 nore severe winter than the
nortrern hetlsphere, agtrononieally gpeaking, aince winter in the
soutnern hemispherc occurg when the zarth is farthest fron the Sun 2
congequently traveling slowest thus noking the winter season on the
southern henisphere longer thon winter on the northorn henisphera,

The way 1n whieh the actual distribution of land ond water and
consequent variations in surface tenperature on the northern henisphere
in winter wor't out in the mean 1s excellently shown by the following
schenntic representation taken fron Eergerona (Fiz. 4)., This schene
repregents the nrincinal Teatun-esof the normal 2ir novenents of the
northern heni-phere in winter. The most inportant "scaters of aetion”
1.6., seni-permanent cyelones and antlcyclones of s&@h nerslgtence th;t
they are to he found on pressure charts r oresentins ean cgonditions ©op
the season, srec indleated by L and H respectively, Theae 2re the oyclones
and antioyclones, best n rked in winter, whicb forn over relatively
worn ogean ~nd cold eontinental resions, The contin-ous lizht lines in-
dicate llnes of fTlow, the direction belng indicatcd hy the arrows, It
will be noticed how the alr novenents tnke place arsund these centers of
action ag Af they were two sets of interlocking wheels, and how the
air currents of tronieal or polar orisin are brou-ht Trom southerly to
northerly or fron northerly to sgsoutherly antleyclonie and cyclonie
¢ireulations., Tn t-is way the irresulsy dlstribution of land and water

helps to effect the Interchange of air masses hetween equatorial and
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polar reglons, It will be notlced th:t t here are certain narrow zones,
indicated by the heavy lines AA and BB, where currents of polar and
troplcal origin are brousht together. These are regzions where there
18 a tendenoy to the formatlion of very steep poleward tenperature
gradients and consequently atmospheric discontinuitles, or fronts.

To use Bergeron's term, they are regions of frontogenesis. Lven the
surface ocean currents tcnd to favor the sharpening of poleward tenper-
ature ~radients in these two zones. To the north of the zone AA there
flows 1n general from the northeast the oold Labrado>r current, on the
- oovosite side from the southwest the warm Gulf strean, corresponding
to and perhaps in part the gsonsequenge of the prevziling nir flow,
Simil:rly, to the northvof the zone BB there flows from the northe
east the cold ocean current from the Bering strailts and o1 the oppocite
slde the warm Japanese current fron the southwest, These rezions are
therefore the ones most favorable for the development of the nmigratory
cyelones and antlcyolones, and the rapid movenent of the fornmatilons,
The regions AB and BA on thecontrary are regions of dilvergent air
flow, hence of front destruction or to use 3ergeron's term frontolysis.
They are there "ore regions of degenerating or f1illing cyclones, and of
dl ow movement. Thls scheme agrees perfeotly with the ohserved cyolonie
and antieyolonie activity of these regions. The equatorial zones DD
and CC represent reglons of eclosely eonverging trade systems, of well-
nariked @oldrums, favorable for the development of tronical hwrricanes.
‘The regilons CD and DC are characterised rather by weak divergende, or
probably almost parallel flow of the two trade systenmsg, therefore pre-
vailing east winds whish are unfavorable to the genesis of tropleal
hurricanes.

'In the summer tinme conditions are essentilally different due to the
fact that the land 1s the relatively warn surface now Instead of the

ogean, The low pressure areas over the ococean disappear or are greatly
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weakened whereas the hishs are strongthened, wile the hishs over the
1213 surfaces zlve wav to low pressure, This of courge reduces the nole=
%ord tenperature ~radients whilch in tur: diminish the intensity of the
ocnersl cirenlation. Thie 1e the explaonation of the relatively weak
nolar outhbreaks In sumer witii the resulting weal cyclonle activity.

Anothrer 1aportant consequence of thls reverssl »f cooiiltions over
the oceans and eoitinents with the changlng seasons is the estoblishnet
of the monsorn =vstens w:lch result. 4As can be egecn fron the Figure we
ghzll have a flow of ~1r frsa the continsnts townrd the seenns in winter
g'nee dug to friction s-me air 1lg diverted across thce iAgobars fron high
towrd low nressure., In sunner when relatively l:w pressurces nrevall
over the l'nd sorfacesg Jue to insolatlonal heatinsg the alr flow will
he frot the Heeans toward the contincnts. The classicenl exainle of
thls gea~nal reversal in 2d» flow 1s, of course, the Indiz nonsoone.
However thils Influcnce nay be traced in 211 parts of the world as
observations have ghown., Land snd sea hreezes arise fr i the gane
cauges on & snaller scale thelr period bein~ 2iwrnsl in contrast to the
gseagmal perlod o0f the noasoons.

Irs onal Ty of iy Jla3888e~-=Now that we hove develoned the

general cireculatlon we nust next discuss the chanwes vwileh the initial
polar or tronleal air nasses nust undergo during thoir jonrneys to lower
of hisher 1l titudes rdpeotively. This 1s necessary so th:t we nay

know the »nropertics of the 2ir nasses with which we s-a’ll deal in
studying in sonme detall the effect of minor irresularitics in the

Gnrth's surface on the air currents passing over thei, for exainle

we shnall 1lnvestizate the effects of a nmountain barrier upon oir of

volar orisin that has perh:ps noved far south or uvpon 2ir of troniecal
orinin th:t h:s woved far t> the north etes 4As we shall see, th. effects
in *he two cases are ulte .1 ferent.

Ag we hove seeén the two naln types of nir masses (Polar ond



Tropleal) nmay sequire their initial properties over land or over water

k- &

i

surfacss, thus we nuest consider the trajsctorles of both these air
In addition to thls we nmust differsentiste between

z to whether the 1isz over land or watler surTnces.

2310 1le gombinatlons we hove the following meneral
types of transitionsl oir nassges:
1. Trangitional Troonieal Continental. WTC

8, FPropertics nodifled by paasage over water rfage. NICm
b, Properties modifled by passage over land surface. NTCe

na
*

Tranaitional Trooiesnl Yaritine, N7

as fropertles mo-ifled by passage over water surflace,
Be PFPronertieg mo 1fled by passase over land g@??a@@.

3. Transitional Polar Continental, NPC ,
a, JLYroperties modified by prassage over waler suwfage. HPCn
be Froperties modifled by passage over land surface., NPCe

P

4e Tronsitional Polar ”“ritiﬁé. s |
Be Iroperties modified By pagsage over water surface.

5

Be Pronertics m3 1?%@@ by paas@g% over land surface,

In deternining the propertles of the transitional ailr nosses we
shall assume a northerly component in the nmotlon of the tropieal air masses
and 2 southerly conponent in the motlon of the polar nir nassesa, which

is in agreenent with our schenme of the general e¢lireulation in & broad

HTCa 2ir 18 inltially wvery dry znd 18 charaecterised by an unstatle
lapse rate, If t 18 alr passes over the sgean Tor consliderable distances
the lapse rate in the lower levels will bhe stablised due to the ceooling
effasct of the water surfacs, In pagsing far to thenorth this zir w»ill
have had sufficlent time to aegulire ernslderable molsture and will for
thls reason bee me "foggy”. In this respeet 1t is sinmilar to WTlMn air
whilech has traveled ;ar northward over the ocean,

HTC¢ air will be modifiled sonmewhat sinilarly to UTCm and WTHn
only to a lesser degree, at least in winter. If this alr passes far to

the north it eventuvally passes over land covered with vegetation and may
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aciuire large atounts of nolsto e duc to its r. latlively high tenperatore,
The 1ower 1 yers arc¢ nlso cooled thus tendine to stabllise the luoge
raite. In the summertite the lower luyers may plex up eonsideranle
molsture without being eooled nueh and consequantly sive rise to
thunder showers 23 is nttested by observati:ng of the 1iar novins out
of the degert resgions in the gouthwestern portion of the United Stotea.
“hen thlg 21r hus passed for sone distance over leess arid country 1t
ple8 up enough molsture to bee me quite showery.

NTMm alpr differs from NICm air in that the fornmer was oricinally
very nolst and had a lapse rate only conditionally unstable. Fov thls
reason the lanse rate of this air becomes stabllised nmuch sooner on its
Journey north than thot of the NICm alr and thus ~lves rise to fog
much sooner. This tryne of air is obsgerved very freguently on the
weat goast of Zuwvisre, often asg far north as orwaye. 4 nethnd for
detcrnining elther of these types of alr is to eminnre the air tenp-
eratures with those of the ogean over which they are nassini. The air
temneratures should be slisfly hisher than those of the adjacent ocean
ginee the alr was orisianlly very warn 2nd hag only been cooled by
pascage northward over a continually cooler surface. Az can he readily
gseen this test 1s also apnlicable to polnr 21r w-ich hag traveled far
to the southe In thisease the alr tenmeratures should be lower than
those of the ocean. Yince NTCm and NTMm air nmasses whilch have
pagsed far to the north have begone stable we shoild olso e hect
to recognlse then by neans of thelr condensation forms, 1l.2. elther
foz or stratified oloud forms, both of which indicate stahle strat-
ification of tberair.

NTHMe air 1s initially very warn and moist and usutlly only
conditionally stable. In winter 1f this 2ir nagsecs 1o the nort!: and
then over 1nnd 1t quieXly becones stable and may eve: nive rl ge to

dense fog or stratus clouds. Thls type of air is a frequent visitor
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socountas Tor the

ever with a long pagsag

the o it would begole

to acquire congide ¢ molsture and would then be truly HPim air,.

2ir.

outh ag Texas the upner air observations in t

temnerature inversions. Thils alr nass is very due

to the Barrier set up by the Sierra Hebada | but is very

gonnon in the the Zastern states., It 1ig freguently

agaccinted th o the well tnown ¢old waves, ich are nothing more than

nagsazes of cold fronts in a oyelonie disturbs In the guaner nonths

ound thile 2ir nage loses itsg orisginal
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over the Great BEasin rvegion., If this 1s the ease zir flows from the
Great Basin out over Californis as a egold dry current. It may be

ES

mentioned that thnis air maseg plays a very lmportant role in the formation

g

of dense winter fozs in the @reat Valley of Uslifornia, 2 phenomenon

which will be dlescussed 1n some detall later, this event occurs
during summer Californiz is vieited by a very hot dry current sinee the
Great Pasin region 1s very hot during this season and the acurrent is
dynamically heated as 1t paseses down from the reglon whileh has an

FH00 Teet,

average altitude of about

It ean be secn from thle bref sunncory of the transitional air
nagseg what a profound effeet the type of surface over which the ailrx
passes may have upon 1lts properties, at least in the lower layers, and
after all 1t le uswally with the lower laiyers that we are concerned, 1.e,
the troposvhere.

PART 2.

We have heretofore only been concerned with the effects of land
and water surfaces taen ag 2 Whole upon the various sir nasses, How
we shall add to this discussion some of the effecte due to lurge

irregularities in the land gurfaces such as nountains, canyons, valleys

lon~--In dealing with the passage of
1y magesesg over large obstacles saé% a8 nountain ranges it will be ade
vanlageous to Znow whether the alir wlll resist vertical motion and
curve around the object or wlll rise and pass over it., This property of
an air mase is largely dependent upon its lapse rate,

If, for exanple, the sir mass in question has 2 lapse rate equal
to the adiabatie lapse rate for dry alr any partiele of air transported
throush a given height for any reason will find itself a2lways at the

tenperature of its surroundings, providing the progess takes place

adiabatieally 2nd without condensation. Thus the particle is in equil-



ibrium with tenda to renmain st any
leval to w-ieh 1t 7= he transported, The entire 21y masgs in auention
ig then 8214 to he in neutrsl equilibrion,

BE o 11 o e A o3 s 4 - R P sy = 1
Now let ug congldsy an air ns whizh hog a lznge rate leas than

[
)

the adiabatle for dry 2ir, 1In this ecase any narticle

to a2 new level wlll have a temmerature Jiffesrin~ Pron

in such a2 way thet 4t will iomedlately seer 1tg inttis

.1
ot
n
e
4
.l
ia”;

it regiete any verilezl motlon, If the nortiele in cueatio:
norted to hisher lesvels 11 w111 he aolder thoo

the gane leve?l and w1l sinkk: if 11 be transnor

at

e

than its init1 1 oosition it wlll be warner th
be Toreed t0 argsin asgend 1f nllowed 1ts freedon, In thisc ease then the
atmogpheres 1s 8210 to e in gtable eaullibriun,

Finslly let us consider an air nass hoving = luopge rate greater

than the adiabatic for dry air., A nmarticle of air Jleplaced upward »ill

Jod

Ting ltgelf in colder surrsundings and will thus he forecedis rise gtill

nlage adds still nore inmpetun 4o the

farther; any o wud

rise dus to the
partieles wiieh 1s Jdlsplaced downward in thie oir nase Tor any reason

o % E % - 2 Son 3 o
esrroundingg nnd will thus tend to

will he cnlder than

forther, Thus an ~1ir mass having a lapse

adlabatic will faver vertieal novements onee initiated. 1his air nags
1s 814 to ne in unsiable eguilibriunm,

These renaris noy be sum rized ae foll wa:

1. Loealized portions of an 2ir mags in neutrnl equilibrium tend

ain 2t eny level ¢2 whiech they may be transported,.

to ral

N
¢

Lngalized portions of an air maegs in gtable equilibrium resist
any vertical morion in nroportion 1o the gtability of the
alr nags in guestion.

%, Loecolized porticns of an air nase In unstabls equllibriom when
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v ileh followe the rellef,

Front,

a fringe

around the Boy,

hank on the hillae 4o

o move

A

e covered.

nggenroy

gtable air nmasses can never anount to nud

of onetable

zir great amounts ne added to the pure orogra-hical nrecinitation

ginece any initial ard impulse given to the oir will

fayored, If,

for exanple, 2ir over the sca nagsss inlsnd and

enammters an ext nalve mour n range larcs anounts of precipitation
may be reaorded in fthese reglons,

. - 6
‘Bjerknes nnd Solberg have glven sone good gquantitative data on

thig problem, They find that in reglons alonz the western coast of

o Ae

no raln sgcurg along 4 narrow coastal gsiris the maxinmun

24 houpr precipitation in the nmountaing to the east never exceeds 5 i,




e Ty | s e s g A e v
the ghowers arc retard

he

1. Unon pags
gtonned by the mountsin burrler, hence allovwling nueh nore precls]
to foll in the renlon of glowest nroogress than over the onen 86t The
mutunl digtoacsg of ghovers nasgsinzg in of f the sea will also be dea
ereaged and a piling up asainst the =aouitaing will regrlt. 1he zZoneg

of maxinmun precipliation will, in general, be 1located in the arens e

the showers for topographleal reoncons are obl

ey
e

zed to nove nost glﬁwlg,

e thut the Intensity of the te undininl-heg,

%

2. Tne alr w-ich was showery over the sea nmnst have
eonditionally unstable, Thus 2ay vertlenl noveents initiated Dby the

T

s}
Yy

mountalng are favored by this alr -ivins »ise 1o nuch nore raly n

)

in the ea=zc of gtable ailr which would hive resisted the vertienl dig.

placenent and enrved around the nmountains ag best 1t could, ~iviamg yewy
little precinitntion, as in the case of the nure orograniiecnl raln to the
south,

Of further inter st 1c the fact thot the zones of hish anomts e
nreclpitation ore interrunted =t the mouths of the lave r £lordg, in.

dicating that the alr hag heen 2ble to enter horizont:lly slong the

flords cad starte 1ts ascending notlion firsgt at the eogtorn end oF +pe

fiords. The hilshest ansuts of precinit tlon are 7 Tound Torthen

-

v & larsc fiord cxlasts,.

inland
Corrcanonding to the tendency of stable uilr currents o curve

around ohgtaclea, stoms windg will blow arund the terninus of

monntain roage, ond 1t scens even as 1f the of alr pigsgins




around the corner 1teelf, nust lead to a sort of orographlesl nreciplta-

tion. Thils effsct hos eanecially been observed In eangterly currentsg

paesing around the southern corner of Worway at the southern extrenity
of the Seandinavian ronses. Here the currents glve rise 1o strong local
gales accompanled by elizht raln or snowfall without any rclation to
ecyelones or their secondarles.

A pood exanple of orographical precipltstion in unstsble alr pas-
sing over high mountains 1s offered by the Indla Honsoon during the
gunaer montge. Ihis air blows in off the Indian Ocean a&nd 1s very warn
and molst with a2 lapse rate only conditlonally etaobls. Upon paseane
inland 1t is heated from the sround and becomesg even nore unstable.

Then 1t reachcs the Himalaya nmountains it ls forced to ascend and favors
the motlon, ~lving rise to large anounte of preclpltatlon. sue to its
initial warnth and hish moieture content 1llttle coollns 1s necessary

to relieve it of great quantities of molgture. It nust clinb so high
in surmounting thils lofty nmountaln nass thot by the tine 1t reaches the
plateaus of Tibet 1t 1s too dry to slve any nore precipitation, If the
parrier presented by these mountains were renoved the aridlty of these
rezlons would be greatly diminlehed.

iffect of llountain fange upon Aporoaching vold front-- Another

1afluence of nountain ranges upon precipltation ig the foct that thelr
pregence often provokes prefrontal rains at the annroach of a cold

front in 2 eyelonie disturhance, Fron PMoure 2 1t con be seen that

the eold front 1s the surface bounding the cold polar air on the one

gide ~nd the warn t%cyical aipr of the warm gector on the other, This
surfaoce has & negntive slope and propagates ln such a nmanner 2s to displace
the alr of the warm seetor., This tropleal alr escapes %srizsﬁ%ally
everywhere except in the lower levels jJust lia advones of the front. Here

the oncominsz front dlgplaces the warm alr vertlieally causing the squally
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the warnm

finueg an ¢ncy escope Trom the oo

ize simoly by curving around the mountains

cours all over the

tovosranhy 1a favors le and 1a nors or lesa acceeent

conditions. Lo~ exanple, on the west coast of

is well marked dus the lofty aountzlin ronmes near the coagt

defined eold fronte are

DQCUPTENAC, anne effoaet iag orodaged on

old fronts are

I
()

usnally to o lesser degree glnee the

developed, and the hish aountaing are further inl:

from Fls. 4 the Pacilic const 1ls o repglon of frontolysis

re reaching the nalinlaad,

rgtion of

a nmountain ranme upon & warn front althoush gisllar to nhenomenon

preciolt+ilon 1s »rovoked functions guite

differently, esents 2 vertieal section throun

Pront surfacs pas

warn Tront ler inclination

than 5 1ts passgssg

eold

willes =t111 &

mass wlll have no opportunity to eseupe as nountaln

ridaze s 2lre: blocked by the overlying warm alr. The lower part of

the warn fromt sorfoee will accordingly bBecone sgtatlionary, sunnorted by

the nountaineg, and the corresponding raln zone will sersist at

plage for a long time, ~lving rise to conslderable nrecinitation.  “he

upper part of the nmoving warnm front surface with aopertlinent unoer

¢louds will, however, pags over the nountaln ran-e without

hindraonce,
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The lee side of the mountalns may consequently recelive raln from elouds

over the ridge., Frequently even this rain

mags, may also guek down the the cloud cover 1n that
air must diesolve. Arrviving afterwards over plain country the descend-
inz motion cesasesn, and the cloud systen of the warm front regenerates,
This type of thing occurs in Lalifornia when rain of the warm front
tvpe occre, which 1lg not very frequently since nmogt of the fronts nas-
sing over Galifsrnle are occluded and of a feeble cold front mature,
However, during the winter 1931-1932 geveral rains of the warn front
tvpe were obgerved. It was noted that on the windward slopss of the

%
:

coast r nges and the Slerra Nevadas long continued precinitation oceurred

whereas in the Great Vall.y the precipitation during these periods wag
not steady and the anounte recorded relatively amall., It is to be
emphaslized that t-1s precinitation can 1n no way be orograshlesl sinece
the cold alr, as mentloned above, has no means of escape over the
mountains. This phenomenon 1g comnmon to all regions of similar 1opo-
granhy whieh are vislted by cyelonle dusturbances with well defined
warmn Tronts.

Manner in which lountaln wnces Provoke Tormation of Segondary

Cycloneg-- The damming effect of mountalns upon approaching alr nasses
(stabple) will alwsys tend to oeelude a eyclone more rapldly since it
will 21low the cold front to cloge up the warnm gector nmore qulekly than

is ordinarily the ocase; over the ocdan, Tor example., The ountains

gtop the warm front untll the cold Tront arrives and cute off the warn
seator entirely. Ihis phenomenon often gives rise to a secondary eyclone
at the southern extrenmity of the mountalns. At the nmoment when the warnm

sector of an old cyeclone is cut off, two branches of the eyclonle bound-
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ary join south of the place, wheres both sides of the warn sector have
eloged tomether, In our case this will bhe just south of the mountains
and if a segondary cyclone Torms it will at onge have the structure of a
wellaghapned voung denression: a large warm sector projecting into colder
reglons, This process 1s 1llustrated diagramaticslly by Flgure 7.

This type of segondary ceyelone foras very often in Califorala at

the southern extrenity of the Slerra Hevada mountains when a warn front

ot

1fomy

ia. The high Siervas retard

o

e pm e
pagdeg over Wi even ston the warm

front and allow the c¢nld Tront to close up the warn ssctor 211 along the

-,

mountains. +8 pointed out by SPyers this type of Californils occlusion
can therefore be res-onsible for the Tormation of a type of eyelone

which has long nuz-led thoce who have analyzed the situation on the basis
of nreag-ure alone, Thig tyne of LOYW 1g what i senernlly known in this

suth Pacific eyelone, which, of c¢ourse, should not be

#

confused with the desert "hest LOW which persists in these resions dur-
inz the hot sunner nonths,

This sane type of secondary eyclone has been refered to by 2jerknes
and Solberg as forming at the southern end of Seandinovia, therefore
at the southern extrenmity of the Scandinavisn nountoin rances., In Norway
thie 18 known ag 2 ’Sga@@r“k ﬁyclaﬁ§” derived from the body of water off
the smoutheastern c¢oast of MNorway of éhe same nane,

Foehn Windg-- The desgending motion on the leeward slopes of
mountain ranges ag shown in the situation deoleted by Figure 6 brings us
to the next topic for discussion, the Foehn. This interesting phenomenon
wag Tilret noted in the Swiss Alps over Tifty yeams ago and has slnce been
obssrved In other nmountainous countrieg throughout the globe., It is
cha Gt%”i&ﬁa by very low humiditiee and high tenperatures. For this
reason 1t was Tlrst Delieved by the Swiss meteorologists and others to
have ite oriszin in the Sahara Jesert., Thls theory was, however, soon

exnlodsd since the “oehn winds were found to be nost nronounced
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during the winter seasgon when even the tenmperatures of the Sahara
would be relatively low, and the effect was alsc found to exist in
Greenland, a loeallity whileh eurely could not be influeneed by & region
ag far distant as the ©Sahara Degert, Finally 1t was discovered that
the winde only occured when excesslve gradients existed over the mountairg

10 gttibuted the

shi&flg during cyelonic disturbances, and then Hann
Foehn to the dynamleal heating of the air as 1t rapidly descended the
leeward slopes of the mountalins, an explanation which 1ls today generally
accented,

From Flg. 6 1t can be seen that the alr moving down the leeward
slopes of the mountaine 1s alir which is retreating from the approaching
warn front, in response to the prevalling pressure gradient, This air
thus relin ulshes 1ts place to the new alr pourins down the slope, After
the upper part of the moving warn front surface passes over the mountain
range even the warnm upper air 1s sucked down by the retresting cold
wedpge and the cloud cover on the lee side of the mountzin is dissolved
to the crarscteristic forn of Foehn el uds, alto-stratus lenticularis,
With the arrival of the cold front the Poehn will immedistely cease,

The original retreating cold wedzme and the warnmer air whieh moves in
after the upper part of the warn front surface passes over the nmountain
are both stable currents and thus tend to follow the vallevs down which
they flow, For thils resson the gtreanlines m:y be constricted by
narrow, steep slded valleys and the wind velocities attain high values,
The =ir moving rapildly down sueh valleys thus has no chanee to lose heat
by radiation and taxzes full ad%aat&ge of the dynsmieal heating which
it undergoes., In the Swiss Alps researches huve shown that the irm resse
in temperature in the deseending alr very closely approximates the
adiabatic rate for dry air, l.e., 1° C, for every 100 meters descent.

The fact that the Foehn 1s more pronounced in the winter season nay

be aceounted for by the lapse rate usuvally prevailing in the atnmosphere
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during this tl'e of year. Norm:1lly the 1 pse r-te 1ls much less in
winter thon in sumner, therefore alr descendihg from a gilven helight
willl show a greater 1lncrease in tecnperature over.the origin2l surface
air in winter than in suntr, In the Swiss Alps .1 ring summer foehn
winds it has been observed that a descent of 2000 meters ylelds to the
air only a temperature about 6° C. higher than the ailr -hich 1t displaces,
whereas in winter the difference amounts to 12° or 14°, The Foehn occurs
nost frequently in winter and has higher velocitles, bheo:use the cyclonie
activity 1s nost prevallent during t is season.

The effect of the foehn winds at Innsbruck on the northern slopes
of the Alps durins the winter months 1s sufficient to increase the nmean
te perature to such i4n extent thot 1t 1g comp . rable with mean tenperatures
of repglons 3° in latitude farther south,

Foehn winds are conmon to all reglons of the f£arth where the
gradients and topography are favorable, but often receive names ooined
locally. For example, in the Unlted States the foehn winis occurring
just east of the Roeky Hountalns are galled Chinooks, while similar
winds occurring in South Amerlea at the eastern foot of the 4ndes at
San Juan in the Argentine Republic are called Zondas,

The similarity of these two winds was brousht out long ago by
Davisll. The Zonda waé attributed to voleanic activity in the <ndes by
the natives but was recognized as a foehn wind from a desoription given
by Nathaniel H, Bishop (Boston 1869) in an aecount of a remarkable
journey--"AThousand Mile Walk Across South America.” The following is
a portion'of the description of the Zonda as glven Qy Bighop.

"During the latter part of Auzust (winter on the ®» uthern hemlsphere)
ag I ﬁaa standing upon the saline deasert, a2 few miles east of San Juan, o
my attention was attracted by a aloudof dust that appeared to roll through
the air as it approached me. I stated for a shelter, and had hardly
reached it when the Zonda aswept past, filling the air with fine yellow
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gand, The tenperature of the previously sultry atnosphere suddenly
roge many degrees, and the ocgupants of the nelghboring huts were
affected with severe headaches. I noted with a compass the course of
the wind, whieh wns west. A4ll ni~sht and through the following day and
nizht, the wind continued blowing with uniiminished force., Z2ach hour
the vane beside the hut was ¢->nsulted, and the same course as at first
was 2lways observed. 5 few hours before the wind ceased the sand
showers were exhrusted. The greatest heat was during the Tlirst few
hours; and this 1s always the case if the Zonda commences d:irlng the
day. After continuing thirty-six hours the chonge cane. It was
instantancous. The h>t wind seenmed cut off at right angles by a cold
WLndirram the o uthe The change would not have occupled more than forty
sec nde., Tue south wind lasted twenty hours and was as violent as the
hot Zonda,"

This 18 entirely analagous to the Chinook winds of the eastern
slopes of the Rocky Hountains, the hot wind belng lmmedlately shut off
with the passage of the cold front in the cvolonle disturbance which has
givcn rise to the foehn, In the northern hemisphere the cyclonle
center lles to the north and the cold front wind has a strong northerly
component while in the s-uthern hemlsphere the cyclonle genter 1s to
the south 2nd the ¢old front wind has a southern oompcneht.

Foehn wimi s are quite oommon in California but the dyn:mics of
the phenomenon ure easentlally Jifferent fron the cases just clted,
belng more of the nature of a Bora, a topie to be taken up shortly.

Forn n of Seg ary Cyal a_due Foehn Winig---Due to the high

teoperatures assoclated with foehn winds 1t 1s coneelvable that some sorf
of a dieaontinulty surfice might arise between this air and adjacent
colder air. If such is the case a c¢yelonic disturbance nay earily he

generated. As & matter of faot thls actually does occur quite often,

as the following example will serve to 1llustrate,






=35~

12 in 8 dlsgeusgssion of the foehns of Ureenland attributes

Sehnieder
the formation of Labrador secondary cyelones to this action. This type
of sezeondary often obgerved forming from a deep Labrador IOW 1s guite
different from ordinary geco ndary cyclones whiech are obgerved in that
it forns to the north of the primary and noves north. Usmally
gsecondariecg forn to the syuth of the primary cyelone and nmove eagtward,
Sehnieder pointe ocut that when a4 deep depression le present in the Labrado;
region a great amount of alr moving around the northern portion of the LOW
is deflected around the south end of Ureenland at Cape Farewell (Fig. 8 a)
Some of the alr is carried over the southernmost part of the great Greenla
lce nags and in descending the western slopes is dynanleally heated,
arriving at the coast as a warn ourrent. This 1s 2 southerly current
whereas the air to the west 1g a coldnortherly current thus glving rilee
t5 a diseontinuity swface between the two alr masses. It ls to Dbe
noted that this effect 1s created by the fact that the Ureenland anti-
evelone and ice mass extend ag a wedge into the Labrador 10OW and erowd
the isobars at the southern end of Oreenland gliving rise to the high
wind velocitles necessiry to transnort mone of the alr over the high lece
platesuse. A cyelonie disturba ce readily developes along this discon-
tinuity thus formed since equilibrium along such a swrface is rarely
attaired. The evelones Tormed in thles manner travel northwerd because
regearcheshave shown thit cyclones propagate in approxlmately the
direction of the alr movenent within the warnm sector, whieh in thle
case is northwest,

The intensity of these secondaries 1ls dependent upon the energy
received at the bhegimning dur to the temperature contrast developed by
the Foehn, Figure 8 b, shows the various stages in the development of
gge& a secondary from the initial establishment of the discontinuity

to the final oeelusion and death of the eyelone leaving only a northerly
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gurrent along the coast, Since the air 1n the warnm gector of this
depression ls extrenely dry no preelipitation ias to be expected,

The Borg-~~This 1ls a nane given to winds w iech often blow down
ateep slopes that separate high, snow-cov.red plateaus or mountain ranges
from adjacent bodlies of relatively warn water. Thus when an antleyclone
govers sugh a region, during wilnter, the surface alr becones very cold
and gorregpondingly dense until, unlessg othervwise dissipated, it
over lows regiraoining ridges, or dralns away through pfgses snd gopge In
nuny inetonces the 2lr as 1t leaves the snow flelds, 1g 8o cold that, in
epite of dvnanieal heating, 1t reaches the sea at freezing tenperatures,
Sueh a currvent must aleo be verv drvy as 1t alwoys occurs in PC, HPC or
HPMe air, all of whileh are very drv. The WPHMe air may be initially
fairly molst, but nost of ite moleture will bhe forced out on 1teg asecent
to the hizgh reglons where the bora origlinates,

Such currents occur over Lalifornia at nost zny tiie of the year,
In the winter 1t frequently occurs that NPlMe air descends from the Great
Basin t5 the ezst. This air upon its arrival at the cgoast 1s sonmetines
colder that the air it dlsplaces In splte of 1ts dymamleal heating in
the descent and represents a true bora, In the spring or fall such a
current 1s nuch warnmer thon the alr which it replaces and repregents a
foehn tvne wind after 1t hes made its way down into California.

A Bbora of sgpecial interest occurs frequently on the west coast of
Horway and has been described by S&ﬁdatrsm}B in one of hls interesting
atmogpheric gtudles, as follows: "In winter, ag one steanms 2long the
northwest coasgt of Horway, there 1; frequently opportunity to cbserve
& peculiar meteorol>sileal phenomenon. Fine weather prevalle over a
narrow etrio alonz the coast, while a'heavy bank of e¢loud is visible
out to seaward., Of couree, coagtwise traffic is greatly favored by this
fair-weather strip and tazes full advantage of it, Throushout this zone

of fine weather prevalls & cuttingly cold wind go stronzg that one c¢an
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sgarce stand against 1t when on deek. The maximwm veloelty of this
wind is attalined near shore, where the water lsz whioped upinto whirls
and miniature watersoouts. Hwidently the wind here plunges down upon
the water from above, and with great foree,

Unon lesving the steanmer and travelling inland up the zounmtain
slopes on sikls, stronz head winds opoose progress, 1Ihis easterly wind is
8t411 very strong on the great divide of the Sgandinsvian Peninsula,
But observations of the eloud eaps on the highest penks of the range
show that 2 westerly wind is blowing at those great altitudes, It ie
elear that a lively interchange of alr between the Worth 4Atlantie Cecean
and the continent ig taking place above the 3eandinavian highlands,
This exchange takes place along elther Ade of a glide swface whoge
altitude above the ground at the divide may be estinated at about
1000 meters, In fact, at the kite statlon Vassijaur 1t proved almost
fimpossible to raise the kites ahove that level, evidently because they
there encountered a glide swrface through whleh they cannot pasa, since
the wind hasg oponosite direstions on the two sidesofl thieg surface, and
therefsre calm must prevail at the glide surface itself, The altitude
of this zlide surface degreases to the Atlontic Ocean. The ailr below
this surface flowe toward the west, "nd above the surface it Tlows toward
the easgt."

?igué%s 92 and 9b illustrate thls bora as setually observed along

the coast of Yorway and in experiments carried out by gﬁaéstgﬁglg

in
the laboratory. Fig. 92 represents & trough of water with & warm
and 8 cold cource placed slimilarly to those glving rise to the bora,
4 eireunlation 1s set up exaetly analagous to that of the bora even to the
galn reglon between the oppositely directed eurrents.
This phenomenon 18 eonnmon to all regions of the Zarth and will,
of coursge, vary in intensity as the topoasraphy is fg?@rabig OF Uhe

favorable to it. I%t will be best developed in high latitudes where
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regions of 1lee and snow are abundant, for exanple, in @%mmﬁ a@ﬁ

Antarectiea. Observations have shown that cold %ﬁés, sonetimesof

hurricane foree, blow off of these latter lce covered reglons continuslly,

3.Log~~~Another important and interest-

formation of fogs in gonnectlon with a subsiding antleyclone in alr of

polar maritine origin.

It has long bes known that the ailr in stationary anticyeclones ls
d owly settling, This downwerd displagement of alr resvlts in a slow
tenperature incresase within a large part of the antieyclone which results
in a degreanse of the vertieal temperature lapse rate, General 1y one or

several well-marked teaperature inverslons develope, especlally along

the borders of the sibslding antleyclone. The formation of these

inversions has been treated analytleally by & number of writersld and
need not be dlscussed in detall here. The principal point to besr in

mind is thot the inorease in tenperature is due not only to a downward

movenent of the air in the antleyclone, but also to a simultaneous
spreading out which decreases the thilckness of the various layers,

reading out of the upper layers of a stagnant

antieyclone usually produces a series of subsidence inversions in the

free atmosphere above a resting layer close to the ground, and a sliding

out @f air along the periphery of the antleyclone. These layers have
been variously n:med--"subsidence inversion”--being the gsnerally
ish tern,

The foregoing diseussion explains the initlal formation of isothermal

aceepted =En

or inversion layers at higher levels but does not explain why fog forms

r does 1t explain why the largent

in the layer below these inversions, no
inversions are usually concentrated relatively elose to the g und,

&}‘1*@%&5 has investigated n fog in Lurope and finds that 1ts

formation is dependent upon the E%‘é’?iixg« history of the air mass, It
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ogecurs particularly in stagnant maritine polayr alyr outbreaks., This
alyr has pasgsed gufficiently far over the sea to have ag¢quired a moderate
anount of water wvapor in the lower luvers and hence a higher relative
huzldity than when it left its souree. Yhen this cold nmaritine air
reaches the conitinent its movenent will slow down or eease, and a
gradual subsidence will take place,

Below the level of maxinun subsidence, turbulence will tend to
maintain a fairly steep lapse rate. Turbulence will favor the transe
portation of dust, smoke and molsture upward to the haoge of the lowest
1n¥evﬁien layer, whieh will act as a blanket, effectively limiting the
height of turbulence. Thus the dust, smoke and nolsture are trapped
and there ls formed directly below the iﬁ?&féien layer a layer of alyr
which gradually lnereases in water content, dust, ete., In tvypieal easesn
over Zurope, the relatlive humldlty may vary fron 60-T70 per eent at the
ground to 90-100 per cent directly below the imwersion., 7The inversion
layer therefore becomes a welle-narked surfaceof discontinuity also
with respect to relative humidity. 3Below 1t i3 2 layer in whieh the
relative humidity is increasing, while above, the relative humidity
renain low and the skles clear,

During the nisht this molst layer beneath the inversion will
raplidly lose heat by radiatlion toward égase’gina@ the dry air above
the inversion is hlghly transparent. The zround below will likewise
rad ate towards space, but part of the heat lost will be retained and
re-radiated downward by the lowsr moist lavers, The effeetive rade
lating surface is thus displaced from the ground up to the top of the
nmoist layer 1lmmediately below the inversion, If the loss of heat at
thls surface lg sufflclently large, condensation will take place and
stratus or nlgh fog will form at the base of the inversion., ¥or fog

formed in this way the term "high inversilon fog" has been introduced,
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after sunrise, the high albedo of the new cloud layer will, to =
certain extent, prevent 2 nornal heating of the molst layers below and
consequently slow down or prevent the evaporationo f the foze +he fog
is also protected from mechanlexzl diseolution by the strong inversion

above, for, due to the high stabllity of this inv

o

region layer, the
turbnlence in the upper rasidly moving layere iz prevented from diffusing
downward. Selow the inversion, in the absence of high vind velocities
and espeeially in enclosed basins, turbulence 1sg Just sufficlent to keep
the ailr well stirred, and is thus less detrimental to the fog, If these
effects continue, the laver below the inversionis cooled to sueh an
extend that the fog, after a Tew days, extends down to the ground,

This tvoe of fom 1s prevallent during winter over w=ide areasg in
Europe, but 9illett points out in hls disgussion that this type does
not occur in Yorth America because the maritime z2ir sweeplng in off the
Pagific 1g alwovs relieved of its molsture before passing over the
Cogeade 2nd Slierra ‘gvada mountains. However, suppose that the topography
1g such that some of this originally molst alr 1z tranped in intranont
basinsg and never gZets over the mountalins. Thenif the zir which does
negotiate the mountaing stagnatee znd the accompanylng temperature
inversiong are developed streading over the airin these hasins every
escape for this aly W1 11 be cut off,

Thie is preeisely what happens 1in the winter in the Great Valley
of California, As polnted out by #.4, Lockharty' Lt. Comdr., U.S,0., the
phyeleal seclusion of the valley, surrounded asit 1s on all d des by
high nmountains, brings about almost o mplete freedon from ouvtslde
atnogpheric Influences gsﬁ reduces the number of controlling factors
to an extent seldom realized except in laboratory experiments.

He hag pointed out in a detziled dlscussion how the maritine air

1s trapped 1n the valley and remains there until subsidence be-ins

in the renainder of the alr mass which has passed over the mountains
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(NPMc). Once the inversion spreads over the valley there 1s no hope of
escape for the trapped air since the overlyling air is warmer. Turbulence
18 Just sufficlent below the base of the inversion to nmaintain a steepv
lapse rate and to bring about the situation described in the general
disapsslon above., This fog persists for days after once eetablishad and
is not broken until the HIGH over the Ureat irein nmoves east or a
cveclonlec disturbance moves in off the Pacific to the north,

Fizure 10 rcoresents a cross-seetion throush the Great Volley
of Californid showing the eoast ranges to the west and the Sierra
Nevada ranges to the east. The lapse rate in the air below the base
of the inversionl s represented as being equal to the adiabatlc for
saturated air at the prevalling surface temperature.

Mouptain nnd Valley Breezsg---These phenomena occur in any alr mass
and may be attributed directly to the topography of a region. They are
usually of daily ococurrence, the valley breezes blowing up the valleys
and mountain slopes by day and the mountaln breezes blowing down the
gteep ravines and valleys by night,

The v2lley breezes were first explained by Hannls ag due to the
difference in expansion of the columns of air over the valley and over
the adjacent mountain under insolatio-nal heating. He stated that since
the colunn over the valley would expand most due to 1ts greater helight
a flow of air toward the mountaln would result, which due to the top-
ograshy wo:ld be obilged to asoend the slopes,

liore recently this effect has been siiown to be insufficient to
agoount for most observed valley breezes. The explunation general ly
agcepnted now is that the valley bréeza 1s due tc the fact that the
mountiin sloneés are very much warmcf than the adjaeent free atnmosphere

19 The mountain slopes reccive thelr heat not only

at the same levels.
fron direct =dar insolation but also from the diffuse radiation of the

surround ing atmosphere. This agcounts for the fact that valley hreeges
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ocowr on the northern glopes of nmountains asg well ag on the southern,
From the circulationprinelple It is readily seen that the resulting alr
movenent willl have an agsgending tendeney on the mountailn slopes and a
desgending tendency over the lowlands., In summer, when this action is
a2 maximun, showers may easlly develope over mountainous reglons, the
discusslon of wrhich will be left to thenext section.

The mountain breezes are more easily explahed. At night the rather
dry clear air above mountainous areas leads to active terrestrial
radlation toward space with the remultant eooling of the su face layers,
These levels wlll be colder than the adjacent levels of the free atmos-
phere and thus the air will simply drain away to lower levels. Since
this alr is very stablelt will follow ravines, canyons andvalleys
in its journey to the lower levels andunder favorable topographical
gonditions maya ttain considerable momentum rushing out of the mountains
upon an adjacent plain with destruetlve forece,

Thege mountain and valley winds are conmmon to all mountainous
reglions of the globe and only vary with the topography and the gseason,
the valley winds being nore pronounced in summer and the mountain
winds attalning thelr sreatest strength and longest cduration in the
winter.

g---Showers developing ag a result of

ingolational heatingz are made to fall in "loeal zhowers" due to
detailed topography of land surfaces. Th;ae showers aré not to be ¢one
fused with the inastabllity showers formed over the sea during all
gseagons which, of course, can not be connected with any orographiocal
influences.

The local asceanding currents {(convective currents) givinsg rise to
local showers, will start where air magses have become warmer than their

surroundings in the same levels. The topography and natural disposition

of the ground for regelving sunshine heat will thus contribute to the
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deternination of the starting places for these currents. 4g to the
further maintenanee of gonveetive air currents, the gtabllity of the air
is of decisive importance.

Ag to the effects of conveotlive currente, their content of molsture
must be ééﬁﬁié@?@é; The greater the content of moisture, the greater
the rea 1ting amounts of precipitation will be. This loeal showers
in tropleal regions usually yleld mueh higher amounts of preeipitation
than thoge of higher latitudes, both due tot he higher molsture content
of the tropieal air znd to the initial high temperature of the air, a
gondition which requires only relatively slight cooling to provoks
heavy rainfall,

Mountainous topography 1s especially fitted for starting places
of strong aseending currents. Provided that the mountains are not
gnow covered the air will be heated strongzer at the mountain slopes
than in the free¢ atmosphere at the game level, Ihis heating gives
rise to the circulation mentioned as valley breezes in the pregeding
section and produces an additional ascending tendency over the higher
parts of a region, and a descending tendency over the lower rezions.

The reszult will be that the general aseending tendency will b e concentrat.
ed above the relatively higher parts of the country, over adjacent plains
and valleys even desgending currents may develope. The stability of the
ajir W ll determine the helzght of the loecal convective currents,

The strong aseending current leading to the formation of cumulo-
nimbug élﬁﬁé& will always be aceonpanled by descending currents beneath
in the ¢loudless space. In unstable atmosphere, thls current will reach
the ground with lower temperature %ﬁan‘%ﬁe gurrounding alr. MNore cold
air W11 be formed by the falling rain under the eloud and will join the
é@iﬁiﬁisééﬁﬁiﬁg air, The entire cold mass thus formed will tend to
spread underneath the neighboring air foreing it to asgend, In this

ageending ailr new oloud magses forn anmalpamating with the existing
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cumulo-ninbus inoreasing the cloud growth. On flat ground and in the
abgence of upper winds the cold air would spread symetrically in all
direactions and likewlge make the cumulo-ninmbus cloud grow symetrieally.
This ocase which is, of course, very improbable and perhaps even une
realizable will have no praetical importance,

In reallty elther the shape of the ground or upper winds will make
the oloud grow asymetrleally and determine the idireatlion of propagation.
On sloping ground the cold alr produced under the shower will tend to
flow downwards 1n the dlrection of greatest inclination. Later, w;cn
the ¢0ld mass has attalned some veloclty, the deviating forceof the
Zarth's rotation will also aoct upon it and give it a tendency to move
to the right (North Hemisphere) of the steepest gradient of the ground,
During 1ts propagation the cold air will displage all warn air lying in
ites way foroing it to ascend and share in the growth of the cumulo-
nimbus oloud. The encrgy for the maintenance of the moving shower may
in this case partly be derived from the potentlal energy of the inltlal
stag: of cold and heavy alr stored on the top of a slope. Under such
eonditions, the unstable stratification of the atmosphere which 1s
necessary for the maintenance of showers in flat country, may be dlspensed
with., So for instance, showers may develope stronzly over the mountains
and maintain thelr gtrengih during thelr movement down the mountailn
slopes, but then dissolve as soon as they reach flat reglons,

The upper wind whioh alone determines the propagatios of showers
over flat country alsc influences showers formed over mountains, A
ghower formed over a mountain peak or isolated block will have op~-
portunity to choose any direstion favored by the upper wind and moves
therefore downwards on the lee side of the mduntains. Showers formed
over sallient heighta of bigger mountains cannot choose all directions for
propagation., If the upper wind blows towards the higher mountains the
showers will have diffiaulty to follow up the slopes, 2nd the oconfllot

of °o+ ¢:o usually leads to the destruetion of the showers., It 1s thus
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a general rule that no looal showers form on the windward slopes of
mountains, On the other hand showers develope easily on the leeward
slopes. BEspeolally favored are such showers which by the upper winds
are blown towards the coast and there profit by the comwergence in
front of the sea breeze., 4Also on a flat country the most favorable
place for the formation of loeal showers 18 along the coast where upper
winds blow from the land towardas the sea, |

These upper winds are usually limited to the layers above the
height of the mountain ranges. If they reach down to the ground they
will produce orographiscal eloud covers or even orographleal rain on the
weather side of the mountains and Foehn phenomena on the lee 4 de. In
such situations no local showers have opportunity to develope on the
weatner sldeon account of the lacking sunshine and the conflicet of
propelling forces for local showers, on the lee side on acecount of the
dry descending Foehn air, which permits no formation of rain,

All these princinles are born out in extended studies of looal
showers whloh have been conducted in a very close network of stations
in Worway by J. Bjerknes and H. Solbcrggo |

In tropleal regions merely the arrival of the moisture laden sea-
breeze may provoke local showers if the topography lends assistance.

An admirable exampleé of Just this sort of thing was givenvlong ago by
Egpy in an account taken from a letter received from C, ‘illiams, of
Providence, R.I. {Fourth Het. Report, 1854, p. 202). From obscrvations
made during a stay of three weeks at Hawail, in the tropleal Pacifila,
in 1815, #lllamg says that every day, "soon after the sea~breeze set
in, say about nine o'elock, a cloud beg;n to form around the lofty
conleal mountain in that 1sland, in the form of a ring, as the wooden
horizonAsurrounds the terrestrlal artifielal globe, and it soon began

to rain in torrents and continued through the day. In the evening the

sea-breeze dled away, and the rain ceased and the e¢loud soon disappeared,
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and 1t remained entirely clear t1ll after the gsea-breeze set in the next
morning---1 was partlicularly struck with the phenomenon of the cloud
surround ins the mountain when none was ever geen in any other part of
thé g%y, and none thnere $111 after the sea-breeze set in in the morning,
whieh 1t d1d with wonderful regularity. The mountain stood in bold
relief, and from where the ship lay its top eould always be seen above
the ¢loud, even when 1t was densest and blackest, with the lightning
flashing and the thunder rolling ag it did every day. I passed up
throuzh the ¢loud once, and I know thereforehow heavily it rains, e
peaially at the lower side of the cloud. This rain never extends beyond
the bage of the mountaln, and all around there is sternally a8 c¢loudless
aky." |

2 34 nnugust ag ﬁaef%’.n%&t géfﬁi@g

appear in ocean currents whén a portion of a eoast jute far out into
the main current, © alasc do we find back-get eddies in air currents
flowing with considerable velocity over nountaln peaks or even gteep-
gided mountain ranges., In stronsz windg the presa re to theinmediate
leeward of such peaks is, more or less, reduced, z2nd the vresult is a
genfle flow of airup the lee ol de--a return or eddy wind--and there into
the main current, thus maintdning the eddy.

4n example of such a circulation is given in Figure 11. It
repregents the ailrflow over the Matterhorn, aa# of the high peaks of
the Alps, as indicated by K.i. ﬁbaglaﬂ?l

The phenomenon i1s sometines visible through condensation to the lee
of mountain peaks. The reduction of pressure to the lee of a peak
when the velocity of the airflow is sufflicient lowers the tenperature
of the aly below the dew-point, thus Torming a cloud. This type of
cloud hag been ealled a banner g¢loud since it regenbles a great white
flag floating from a high mountain peak,

An interesting example of thls baok~set eddy occurs in southern
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California duringz strong Foehn winds, known loeally as Santa Anag,
Hormally the so-oalled Great Valley of southern CGalifornia east of
Log Angeles ls proteeted from continental influences by the rather
nigh mountain ranges to the north, namely the San Gabriel and San

Bernardino ¥Yountaing, These are fault-bloek mountaine with very atesp

southern slopes. ‘nen a moderate gradient directed from the Great
reglion over these rangesinto Southern Califom ia exists, as 1s frequently
the cage in winter, a flow of alr takes plage which i1s usvally limited

to the passes, notably CGajon Fags, & rouzhly northesocuth pass between the
San Gabriel Mountaing to the west and the San Bernardino Mountains to

the east. This, of eourse, 1s due to the stabllity of the alr whleh is
usually HPHe air,

However, when the gradient ls dlrected straighti aeross the nountalns
and is suffleclently strong the air is earried right over the nmountains.
In this case the sections directly south of the San Gabriel Mountalns,
which @xt%ad'@aat and west, usually are not affected, but the wind ls
1ikely to appear =2t the surface about 10 miles gouth of the mountains.
Under thege conditions slow eddy currents earry heavy dust into the
districts near the mountains, which make 1t appear locally that a west
wind of 6 miles per hour or less 1s causing a dust which blots out
the sun and limites viglibility to about 500 feet.

It is also interesting to note that in the summer when the HPlg
air is very warm and usually with an unstable lopse rate tnis far south
it blows over the mountains in a2 similar zituation bDut never gets down
into the valley a&s it doesg in winter when it 1s stable, This is also
due to the faet that In the summer cooler NPMm air is usually present
in the ?alley below preventing the warmer air fron descending.

CliLf-idgleg---Another type of bagk-set eddy arimes when the alr
blows directly &gainst a c¢liff, In tiis case the streasmlines sre

obliged io separate gomewhat anslagous to %h% cage of alr passing an
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al rfoil, The upper brance passges over the ¢liff while the lower forms
a bagk-get eddy. When the air blows over & ¢liff the eddy Tormed to the
lee is similar to thebacke-set eddy described in the cage of a2irflow past
a mountain peak oOr range.

These ¢liff eddles have been well i1llustrated by Anlborn®> on a
model of the island of Helgoland which is situated off the German
eoast in the North Bea., He observed the flow of water past the model
and arrived at the gtreanlines reproduced in Fisure 12. The separating
of the streanlines on the forward silde with the resulting formation of
a gack-set eddy moy be noted as well as the ususl eddy formed to the
lee of the obsiruction. & crowding of the girean-lines over the top of
the model may be observed which leads to relatively high velocitles,
The flow near the top surface a8 can be sgeen from the flgure isg turbulent.
These observations were veriflled in the field by the use of no 1ift
balloons and by observation of ¢loud Torms over the island, Similar
investigations yield the same results in the case of alr flow over
Glbralter,

in Consiriated Areag---rhe mention of crowding of strean-lines

brings us to 4 digeussion of alr flow throusgh deep gorgesor canyons
where the stresn.lines are algo erowded glving rise to analagous
phenomeéna. As has besn mentioned this erowding of the lines of flow
leads to nigh velocitlies in the air current due to the faet that the
tendency toward the conservation of momentum nmust prevall, This 18
aot 8o notleable in unstable alr where st the entrance to a gorge some
air nay escape vertlieally, however, in stable air currents the effect 1is
very marked as the following examples will 1llustirate,.

Sinee the establishment of a Weather Bureau Statlion in the
Colunbia River Uorge, easterly gnles have been found to prevail in the

gorze during wioter whereas in adjacent areas guch as Portland, Oregon no
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gugh conditions are noted., We oan atribute this directly to the very
nature of the ROTBE.

‘When Lewls and Clark explored down the Columbla River in 1805, they
found a passageway fron the great interilor plains of comparative sim.
pllcity, with a few gections of raplds and narrows which required portage
of thelr canoes nnd supplies, By a water-grade route they made their
way through a mountain barrier which averages four to elght thousand
feet in height, with peaks W thin 25 niles to t henorthward and southward
rising to eleven and twelve thousand feet. The immediate slopes of this
great gorge tower three and four thousand feet directly from the
water's edge. While the river i1tself winds about to étma extent with the
gorge thegeneral direotion of this great cut in the Cageade Mountains is
easgt-west, This gorge offers passage from the 1nterior plains to the
coast not only to human traffic, but also to the air of the Gpreat Basin
and Colorado Plateau areasg when the gradlient is so direoted,

During late fall and winter antloyclones often stagnate over these
latter regions with the result that air movenent takes place toward the
wegtern coast. The air converges at the eastern entrance to the Columbia
Gorge and thus seeks a way to the sea through this ideal passage, IThe
stream-lines become restrloted in the gorge with resulting high
velocities in the 4 r ourrent,.

Records from Orown Pomt?4 a8 Weather Bureau station situated in the
Gorge about 24 miles east of Portland in the Cascades and at about 700
feet above the river, will give an idea of the tremendous veloocitles
attained hy this current of stable NFMa of NPCe alir. In November 1930
the NE wind at Orown Point averaged 33,2 miles per hour. The most
remarkable period was from the 22nd td the 26th inoclusive, when the
wind blew from the NE every hour of the 120 of the period and averaged
40.1 miles per hour! Velocities as high as 120 mlles per hour wers

regorded during this period. Zqually remarkable is the fagt that during
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thie period the wind at Portland, which 1s outside the Gorge and to the
wesat, avdragcd only 5.6 miles per hour from this direction. It may be
added that there are no mountaln‘rang-s between the two stationas to
interfere with the airflow,

Anothqt»ﬂaac of thls phenomenon ogours during the Santa 4na winds
of Southern California referred to in a previous section, These winds
attain velocslities of from 40 to 50 miles per hour in the Cajon Pass
during the winter months while no abmormal velocitles are recorded short
dletsnces on elther side of the main current.

Mirivindge--~Puring clear, ealm sunumer afternoons, particularly
during a dry spell when vegetatlon 18 parched and the ground strongly
heated, dust whirls ortch develope, and ogeaslonally travel considerable
diafances before losing their identity. The flatter the region, the more
baréon. the hotter the surfase, and the quieter the alr, the more violent
such whirls become. Hence, level degerts are especially frequented
by such winds, amounting at times to violent stsrms, though never more
than a few meters in diﬁmatcr. The developement of these storms in whiaeh
conveation is strong 1s due to extreme surfaee heating whloh leads to
instabllity of the atmcspheric strata, If, besause of any disturbanoc,
an unusuelly large volume of warm air breaks through the lower atratum
to cooler regions, then it rises ih eolumnar fora producing a chimney-
like draft, Once catabliéhed this eolunn nmay ritain its intetrity as
long as the alr that 1s foreed into ‘it from the base 1s warm and light,.

The inconming dir 1g almost eertain to be dirested to one side of
the genter of the rising eolumn, and, as the angular moméntun thus
cagabliahcd tends to remain sonstant, a eorreepondingly vigoroul whirl
1s developed ag the place of aua-ht is approaohod that gathers up such
loose materials as dust, strawa; lcavcs,‘ito. Furthermore, this
rotation remains the samc;;whethor alockwise or the reverse, though

the details of'how 1t does so are, perhaps, not fully understood.
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When thesge whirls pass on to reglons where the surfaee air is not
80 ztrongly heated--over bodles of water, for instance, or gresn
?sga%étian~~t%%y no longer =2re fed with alr relatively so light and,
ae a rule, quiekly cone +to rest, Haturally, too, thelr frequenecy varies
with topography, ground eovering, latitude, season, and time of day.
Thus they are most frequent of afternoons and lezst of early mornings,
moat likely to oecur during summer and fall and leagt during winter and
spring, mogt generally found in troplesl alr masses, are more numerous
cever barren surfaces; and, finally, more favored bv level reglions than
by irregular and brolien ground,

An interesting exanmple has been cited by ?ie@tgs who reports 0D
serving a dust whirl near Cairo, Egypt that began on a small sand mound,
renalined statlonary for nsarly 2 hours, then, in response to a gentle
breezse wandered away, but maintained ite sharnly defined outlines and
great altitudes until lost in the dletance, more than 3 hours later, or
about 5 hours afteri® incepntion.

A gtorm was deseribed recently in an lssue of the Monthly Yeather
Revi@w27 winich I gannot help but feel wag 8 very violent whirl of this
kind from the author's deseription. It was attributed to be a small
tornado and was described in part as follows: "An intense stornm
resembling & small tornade occurred at the Lean%ré Oreek Ranch,

Humbolt County, Nev., at about 1 p.m. July 24, 1931. The ranch is
located in a narrow canyon which agéﬁé into the northern edge of

the Blaeck Rocx Degert, a level arid reglon about 60 niles long and 15
to 20 miles wide. The country immediately surrounding the ranee 1ise
mostly very low hills with rather high mountains rising a2 few nilesg

%0 the north. The storm appeared to have a whirling motion snd wag of
gongiderabls violence along a short and very narrow path. It occurred
during the periond of warmest weather of record in the nmiddle Plateau

region.™ He algo zoes on to say that the stornm eanme from the South
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(from the desert) and seemed to break up immediately after leaving the
raneh {probably due to itas passage over ithe low hille mentloned in %he

desoription).

M~--In elosing a word might be s21d regarding the practieal
value of sguch 2 studye. Perhaps the most important results from such

regearches will be the nmore agourate determinstion o7 the propsrities

4

aof trangiiiornal aiyr nagses which are sgrentisl to zecurate weather

by

foresasting. TIo know just how much molasture an air mass agquires after
a certaln passage over the ocean and to know what temperature changes
take plage are of high importance in deternmining the Iinteractions between
this 2ilr nmase =nd one which has perhaps agguired totally different
propertles. These are all studies whieh are undsr way at the pressnt
tine, the resultes of whieh willl be of nmuch practical as well ag theor-
etical valuee. It can be seen from some of the toples discussed thot we
ean no longer rsly upon merely pressire and temperature values for
agoeurate weather forecasting, but must gonsider the propertlies of the
air magseg involved ag well ag the elfectis of the terralin over whieh
they are passing uoon them., Thersfore detalled researches along the
present lines should yield to the forecaster nuch informatlion regarding
the vagtors inbolbed in the determination of the interaetions of the
various 21ir masgses, the verybasgis of nodern meteorologye.

Another important ap-lication of such studles occurs in the field
of aviation. Ag we have geen, under certaln conditions eddies may be
formed a8 air pagees over & mountzin range the intensitles of which vary
ogeording to the wind veloelties involved, Sueh ourrents may prove
treacherous to the inexperienced pilot and well desgerve detailed in-
vestigation, The downdrafts aﬁdﬁgﬁf%fﬁ& agsociated with alr currents
vagsing over mountains should be avolded as much as possible 2t all times,
The updrafts may be made wisible by cumulus clouds, but the treacherous
downdrafts may be entirely invisible,

The present paper has merely seratehed the surface of the vast
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field of research avallable upon this subject and it is hoped that
at sonme future date the wvarious toples ﬁay be discussed in nuqh pore
dctaii, sinoé each one gonsidered herein is worthy of individual

detalled treatnent,
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