
.\{ousom, (1983). 36, 3, 137·341 .

551.557.5 : 551.588. 2

Effects of mountain barrier on a barotropic jet"
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ABSTRACT. In the present pa per effect of mo unta in ba rr ier which is very steep on a airflow ha.. been studied.
The intensity of blocking effect depend s en thc steepness of'a mo unta in as wellas on (he height. A smoo th moun ­
tain docs not block the flo w a nd hence the stretching and shrinking effect o f vorte x lube produces sta tionary pla ne­
cary waves, while a steep mountain blocks the flow and (he waves a re not produced . For this. purpose wcsterlv
jet has been studied to sec the dynamical effecl of the moun tains 011 its ..tructurc an d movement over the
eastern A. ia.
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block the 110w and hcnce the stretching a nd shr inking
effect of vor tex tube produces sta tio nary planeta ry waves
while a steep mounta in block s the flow a nd the wave~
are no t produced . It is interest ing to investigate the
possibilit y of th is mechan ism. It is also important as a
problem of num erical mode lling of the effects of moun ­
tains, because it is usual to incorporate smoothed
mountains in the general circulat ion models and numeri..
ca l pred iction mod els in order to avoid the possi bility
that steep mou nta ins may have large truncat ion errors.

2. Model and muuntain"

. We con sider a westerly jet and stu dy wha t llow patte rn
IS esta blished as a steady sta te (if it exists), when a
mountain is placed in the jet. We assume for the sake
of simplicity that the at mosphere has a sta ble st ra tifica­
tion in the ver tica l bu t has no tempera ture grad ien t
in the horizontal direction in the basic sta te. The re is a
force which ae.tsto bring the llow to a barotropic equilib­
rium sta te which ha s a Jet With a prescrib ed profile.

ell ol'
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and

I. BLOCKI~G EffECT A)o;IJ STRhl ClI lNG A)o;IJ SHRI N­
KING ErFOCT of VORTEX TUllE

In the above cxplanati on it is assumed implicitly
that the wester ly flow always crosses ov~ r a mountam.
However, if a mou nta in is very stee p. ai r. ftow cannot
climb it and may be blocked by the mounuun. In such a
case the mechanism menti oned abo ve does not work.
Instead there may occur a flow which g,?es around the
mountain. There is a possib ility that this flow III turn
makes a stat ionary trough in the leeside of the moun-

tain ,

where ."~ . r, and T, a rc the. " and r-cornponcuts o f
the Wind and temperat ure 111 the eq uilibrium sta te,
a and p are con stants assigned to be 1/10 da y. ", . ",
and T~ a re assumed as

II, <</» = II" s;n' 2</> and \',= 0
Th e intensitv of the block ing effect depends I n the. hi ' I It where li n = 50 m/s. and T. is expressed by

steepness of a mountain as well as on t e. icrg u ,
may be specu lated that a smooth mount.1Il doc s not T.(</> , : ) = T<, (</» - r z
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One of the ccntral problems about the dynamical
effects of mo untains on large-scale motions of the at­
mosphere is the production of stationary planetary
waves by large-scale topography. The generally accep­
ted explanation for the gene rati on of stationary plan e­
tary waves is based on the conservation of the a bsolute
potential vorticity. When a westerly flow climbs up
a mountain slope a vortex tube on the flow shrinks
and gains anticyclonic vorticity. while it st retches and
becomes cyclonic when the westerly flow slides down the
slope. Thus the vortex tube changes its position from
the ori ginal lat itude sim ultaneously. It must be res­
tored to the original lat itude by the Ii-cffcct so that the
absolut e po tent ial vortic ity is con served and hence
an osc illation occurs in the downstream of the moun­
tain.
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