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ABSTRACT
In this paper, the mountairl rvave probabiliiy and

wave ciuracieristics have been studied over Darvas
(2635m) Mouniains ai the South$,estern Anaiolia. The
clima knogica I observations nr Isp.rrta bctwccn 1 990 and
1991 have been considercd. The radiosonde data
(0000GMT) in Isparta has also bccn used as an lnput
data for ihe Casweli Meihod io forecast ihe mountanl
wave characteristics. Cloud cover and height ofaltocLL
mulr.rsclouds havebeen analyzed by usint the statisti
cal methods. This stully is useful to understand the
probability of mountain waves in late aLrtumn. The
seasonal vrriaiiotl of mouniain wave char:rcicristics
h.1ve illusiraiccl ihe sxnilar trend behvccn 1990 and
1994.
'I.INTRODUCTI()N

\l. r t. .nt.,J .$prefir"tc,pl. r-Jb) r,, rn.,r,,o-r
in8 pilots h 1993. Clbscrvations show thai wave flow
o.cl,rs up to a height of 30 kn (100,000 ft). Several
sources of waves cnn bc riscd by sailplanes. The stron-
gcsti\javcs arc observed above dnd h ihc lcc ofmoun
rnnN, \'vMo (1993). Air streanr characrcrisiics, tupo-
g.aphic cllccts, ihe helghi of the tropop.rLisc, and the
nitureof rotorspLrynnportantrohs on thc fonnntion of
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mountain waves. Thc occurrence of momtain waves
varies from season to season. Obsen'aiion in the north-
ern hemispherc has established that mountain waves
are a cold scason phenomenon. There are two basic
types of mountain waves: one propagating iis energy
mosily vertically up and so called "verticallypropagat-
hg wave" and one propagating it mostly horizontally
downwind and so called "trapped wave."Whichof the
h{o types prevails depends on the vertical wind and
temperature profiles, and the shape and height of the
mountain range. This paper discusses the preliminary
results ofa study on the statistical analysis ofmountain
'lvaves over southcm Anatolia.
2. MATERIAL AND METHODS

Ispartn (Latitude: 37'45'N, Longitudc: 30'33'E) rep
resents the study arca. The climatological;nd acrologi-
cal dat.r havc bcen collected betil'een 1990 and 1994.
Forecasts olmountainwalc aciivity and related turbu-
lcnce are made routinely today, oficn as part ofa daily
avialion forecast. Wlile thcsc gcneral wave forecasis
are quite satisfactory, thc pred iction of details ofintcrcs t
tothe gliderpilotsuchaspr.'cise timing, waveand rotor
intensity etc. are extraordinar;]y difficult. The Casw€ll
Method has been us..l for thc predictior of h-ave chrr-

113



a
i

€
o
trs
i

12.0

10.0

8.0

6.0

4.0

2.0

0.0
0.0 ' 10.0 ' 2d.o5.0 ls.o 25.0

3d.o ' 4d.o ' 5A.o '
35.0 45_0 55.0

-WaveLaNh-WL(kn)..... 

o--.--c(kn) - --.0- - w (nvs)

Fisure l. Tine variation of rvave lengfi (rvl, kn), heighi ofmaxihum aDplihlde level {C,
km)and v..tical whd speed (rv,m/s) in lsp.rta (1990 1991).

acieristics in this study. The hput data for
the Caswell Meilrod are surface pressure
(Ps), surf ace tempcrature (Ts). air tempera-
iure at 700hPa level (T700), horizontal $'ind
spceds (V850. V700 and Vs00) at 850 hPa,
700 hPa and 500 hPa pressurelevcls, tropo-
pause l€vel, iernperature differences be,
rweensurfaceandT00hPa, and700hPa and
300 hPa pressure levcls.

Thc model outputs are wave lenBth of
leewavc (wL), maximum amplitudc lcvel
(C), vcrtical wind speed factor (D)and lhe
verticalwfid speed (1\, onthe top of mour-
tain, Aslan and Tokgozlii (1990), Wallington
(1986). The v€rtical component of wind
specd can be defined by using ihe follow-
ing equation, Wallingion (1986):

and May, minnnum one
is in December. Maxi-
mum value of vertical
rvind speed is observed
in Febrr.tart April and
March. Minimum one is
,n Jr.llv,Ianuary and sep-

Fiture2 shows thc fa-
vorable wind spccd for
sorncmountainwavesin
Turkcy and elsewhere.
The minim ur horizon
talwind speed associaied
withthemountainwaves
over Darvas Mountainis
approximatelyl4.5m/s.
The comparison of the
horizontal whd speed
for the other moultain
wavcsinTurkeyandelse

w-D, V700 x (j1.J.18lb000) (t)

D i vertical wnrd spee.1 facior, V700:
hori7,,nr..l h ind.ppeJ.t 7n0 hlJ prc r !
revel (m/t.
3. RESULTS

ThF mounlJin,vJ\ p..urJ, lFr.-t:,. (\v.' rr
lcngth, heights of m.ximrim arnplitu.:le level
rrd v-it c.r' $ rn.l -pecJ, t,,r t:ve vc. rs p,-
riod bet*'een 1990 and 199,1are illusirated
in Figure 1.

Mixnnum wave length is observe.l in
\piil-r' rO, l, b<r.n :,ri,nr. rrorrr.i Lrr.Lr

ary and lr!'bruary. Hcight or nraximrim
anplitlrdelevelis obsen edinApril,N,lnrch

h(lD)
r,r$aJ. (Elbrtlr,lA33), UssR

AlpLr0,,lT. Blnd,tt())

sl. . rb.d. 0r0r0.{T. wfiitry,44t4

lbnh.l0d. AFLriMICd,3?54)

F rln .|.r(Mddh. !4&). l3prlyr)

,p€lnlJ G.5 srro,29k) ll.tyd
DrvB d4'(b{q2&9n}rbr
Ulud.E{Art.,25{ttU*hr

^ldrl0!pl' 
112?t6fU*br

F;sure 2. Favorat,le horizonial rvjnd s

lbldr LFi Eldr.d-r,crrriliyry'r, rf'$
flrfDll

ldtn (Eq is.ii., 1333) Tilrxy.

r (a/r )

d f()rmo,nrfiin wn!.s
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whcrc is iliustrated in thc s.tme figure.
ln this study, ihc corrclation coefficients bctwccn

ivavechrrncteristics (WL,Candrv) and horironial wind
speed for thrcc diffcrent levels (850 hl'a, 700 hPa, 500
lJ:'.r) are clefurcd. The highest conelaiitD .d.ffi.ient
(0.6.1) ls beilvec,1 v crtical wind speed and horizontal one
.,. 7001'f, p . 'rr' l,r"l ll'elnerrrrl.rr:cn,'qiventn
I.tuation 2.

l{'= 0.311 x v700 - L221 (2)

tteliability of rclationsllip is greatcr than 951; and
regrcssion error is less than 0.02.

Equntjon 2 is dcfined with ihe clata recorded at 700

hl':r behLeen 1990 1992. Thc correlaiion coefficicnt bc'
twccn the veriicnl \'.,locity defined by the Casrvcll
M€thod and thc ]ntear regression cquation is 0.95lorlv
> 1.5 rn/s. The crror of ihe retression is 0.69"1,. The
equaiion is testcd for ihe datn observcd h 1993-1994.

Itelative error is in thc range of 0.1 and 0.2. An cxample
of thc reLationshjpbeirveen vcrtical and horizontal wind
conponcnis is given in Figure 3.

Thc correlation coeffi
cient be iwec'n vertical
velocity (w) and horizon-
tal wlnd speed ai850 hl'a
(V850) and at 500 hPa
(V500) are 0.003 and 0.32
respectivcly. The correla
iiorl cocf f icient between
$'avelen8th, maximum
amplirude level andhori
zorltal $,ind speed are in
the rnnge of 0.00-1 and
0.34.

It has bcen concluded
that ihe ijncar equation

tiven above can be used
to predict the availablc
vcrtical wind speed over
Darvas Mountain in
Isparta.
ACKNOWLEDC-
MENTS

The anthors ihank the
alrthoritics of the Stileyman Dcnirel Universiiy, the
Kaftas University and the Natbnal MeteoroloSical
Organization for iheir suppori in ihis study.
REIERENCES
(1). Aslan, ,.., and A. Tokgijzlii, 1990r Dag DalSalari ve

l'lan6r Ucuslari, Ucantiirk, p. 6-10, Haziran, TI IK.
(2). Cruette, R., 1976: Experimcntal StudyofMourrtain

Lee-wavesbyMeans of Satellite PhotograplE and
AircraftMeasurements. Tellus,Vol. 28,499523.

(3). fochum, A.M., et al, 1991: Mcasurements in ihe
hrhomogeneous Corlvcctive Boundary LayerUs-
ing1]ueePowered Clidcrs, DLR FB91 30,p.223-
228.

(4). Lindem.rtur, L., 1985: "Dic l'rovence Mochts
Mdglich," Aerokuricr. No. 6.

(5). Walhgto& C.E., 1986: Meteorology for Glider
|' ul .pp tjl J Muri-\ ltd.. london.

(6). lVMo, 1993: Handbook of Meteorological Forecast
ing for Soaring Flight, WNlO-No.49s, pp. 83,

Geneva.

VOLUME XIX.


