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Generation of very high supergeostrophic winds using
a new form of oscillating eddy viscosity profile in
a barotropic planetary boundary layer*

v. V. samvAIKAR

BlmMa Atomic Research. Centre, Bm"bay
ABSTRACT. Observed diurna l vari at ion of wind ill t he plan et ary ooundar)'layer is cbnre cte rised b)' two (t..tures.

nt,. th e 'elliptical' pattern described by th e hori zonta l w~rl vect or and occurrence of s upergeostrophi c winds. In
su mmer , t hese rn3.)' exceed 1· j G where r; is t he gcostrophic wind. Theoreti cal work has produced qua lltattvely t he
ellipt ical pattema of wi nd vector, hut thp sTI )(>rg:oostrllphicwindll have been limited to 1·350. In thi~ paper, an ex­
pression based on the eddy cond uctiv ity dat a from C('dar Hill Tex as in a -134 m layer 1lI analysed to obtain a new ex .
pression for th~ ~dr vtscostty K C:-o ' ). Ilf-patt l.l~ from cO~ " ('n lion is made in t hat. F ourier anal~'sh~ is mad.c, oll I~ K
Ins tead of on 1\. ~IYIllg: an cxpres saon of 1)1*. l\ (:.t) = A' . (:) ('IF [at:) f"(N'I W [1_ (: )]] to give a ll positive vefues
of K. Numerical solution of l'fJUat! on of motion (for horizonta l wiud }in 11 barotropic plenete ry boundary layer are
obta ined u~in" the llbcwe fonn of K( : . 0 . Xed . an alytic sol ution Hf the momentu m equation is obta ined for the elm ­
p'leeL Conn of the above expression {or A- (: , r), riz. , J\= K. u ,. (II C"OS wI) where K. 111111 " am cons ta nts " It is shown t hat
if we use hlah values of II as shown by observed oscillations of K a t ~Ianor Texas. supergeostropic winds as high as
1· ; 6 0 can be obtai ned . Finally , using the sa me 3U31.,"tic solution method, dependen ce of th e win d oscillat ions 0 11

various para meters is d iscussed .

)[ent ion IllU. t a lso he made of E stoqllc . (196.1)
nOIHlIlalyt ical specification of K (z. I) wI,er" K ,
is given hy surface layer r~la tions up to n J1Cight
of 50 III which he la kes to bc t ho heiglJt of the con.­
tant fiotrcSoi i\urfacc la yer. F rom ht'rc onwardli
upto a n fll'IS,UllICtl hO~lndnry layer of 2050 m K
fa ll~ line.1r1y to ?ero.

where tho x-n xjs i!'t oriented in the gcostrophio
wind d irection a nd the terms have thei r usua l
mea ning , \Vhen (; i-, constant , it- is seen t ha t
t ho solutions a nd henc e the supergcost rophie
WilHI will depe nd only 0 11 the form of tile eddy
viscos ity K (z, I ).

Several forms of I, (:, /) have be en 11",,,1 ltv
earlier workers to study t he na ture of di uf lwl
va riations. The form- were generally separable
ill height a nd time, t';:. , I\(:. I) = y(z) " (I). Bun­
j itti unrl Blnckadnr (195i) a nd I'acglo (1 9iO)
used the simp'-"t form of " (/) = 1+ " co, w/ with
y(z) = const ., when analytic solut ions 'Were Nough t ,
H ere a. is t hl' nm nlitu do < 1 and w refers t o 24-h r
peri od . H alt iner (1959) used one more hnrm o­
nie but had to resort to numerical tec hn iques .
JIll modelled g(z) afte r t he Leipzig profi le (Lettau
IH50) a nd also gll\'o anot her expression for K
I>a ..,l on tho work oD Ion ri,]e (1960) and H alt incr
(1960 , 1961).

r. IntroductorJreview
Diurnal varia t ions of wind observed in t he

planetary boundary layer show the wind vect or
descri bing a n a pproxim ately ellipt ical pattern
(Wagner 1939; Blaekadar 195i : [Iuujit t i a nd
Illackadur 195i ). Tho size of tho 'ellip"" is la rgest
at a few hu nd red metres, Tho orienta t ion of t he
HCmi-ma jor axi s of ellipses observed by Bu uji tt i
a nd Blsckada r (lac.ci/. ) at Oklahoma City was
mainlv in t he d irection of the mea n wind. H owev er ,
the Iio.lographs of wind given by Wagner (lac. NI.)
for Houston, Texas do not show t his feature.

Another obser ved feature of the d iurnal \\illd
variat ion i ~ tho occurrence of preda wn wind maxi­
rna. in the vert ica l profiles, of magnit ude exceed ­
ing the geost roph io value G. At the Great P lain '
in USA where tho density of observationa l da ta
is large, tho prctln. wn supergeostrophiu wind
maxima, often called low level jets, atta in va lues
a . high a. 1.7 G. Some of the exam ples cited by
Blackadnr (195i) show wind maxi ma of a bout
1.56 G in autumn at 39° lati t ude (3[a ryla n,I,
USA) and 1.3 G in winter at 30° ill Texas. USA.
A most striking example is t ha t of the mea n jet
at For t La my in Afric« equal t o a bout three t imes
th '.) gCOKtrophic wind in \\; nter.

The equatio n of motion in a I.a rotropic pla­
neta ry bou ndary layer ii-

~=fv + .L[ K ( :, ' ) ~~
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• & sed on the Ph . U, Th esis by t.he aut hoI', Bomb a,.? C nh',
1971.
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