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l.INTRODUCTION
Thc vertical aDd regional varia tiolrs o f sorne meteoro-

iogica I paramcters itra convective bor.rncla ry Iayer)rave
been e\perimecr,'ll) JId tlreorcl.c-lly .,nJi\ /,.1 

' 
llrF

.lud) tl,ec^nv(crr\c.,(irvrlrF.whi,l,rn ob.en-d rn
In..on\ecir\e boundarl Lr', r .,re or impun.rn,, f,,r

tl o IrEdnd dl.o l, r.ll-er.pnrtirFfligl-r. ll..,,on\e.
lr\c J\rrvrl'e- rre gcner:lly.'L,,"ned ir, rh ..1.' , , l

li,'J.. Js tl,Frm,rl.;nJ plume.. n,rrmJ1".,,,.,,'J'\,JL,"l
air masses and coniinually rise from heatcd surfaces.
Plumes are characterizedbvconlinuoussourcesof heaied
.r -tdce". l h, ir rnili.,l rrdiir. mry v.,r\ frorn lp ) n,Flrr.
r. ,, 'cw lrurrdrFd rneters. Tl,err srrenSt\ ,. rlir(,lly
proportilnal io radius. Whilc ascending thermalsexpc,
rience turbulent lateral entr:inment of ;urrounding ; jr,

rprr moi.l, r'.. untej,t d d l.mpc'.,1, rj e bc. omF modi-
lied. lr Jrder to JF- ribc thi. \if \ er t,on \ Fr ti.,rl t'u
files of iemperature, moisture, and wind are nee.ied.
llr pro{rle. rre. h.rngud b) .) noptr. nro,...(- .,,,', J-
L,rde :c.rlF .ub.id.ncc or J.. enl, hori,,. tJl , J\ e, tror,
and convection its€lf.

Precisc measurements of structlrre and dynanics of
rl'(rm..l. drc dirfi, rlt be, "u.e,,r tF, . izu "i .'n..,,r.d
columnheights tobe scanned tluouqh in the relativelt. ,orl lir,rimcofr thermdt hlr(lrm.i) beor lh, ,.d,.r.,t
20" 10rllrule". \.idtr.$,r de., r:fri,,r. r r' Jp, !nd
!rL 'ihof lhermJl,,.'nL.ulnbutet. tl,,,t. ,'.'l rrph
on their characieristi.s that have been me.rsured by

,rdenrnrr r o78t.
Sailplarre ilights, surface observntnnr an.i the iher

r".'l tr,rvc,.,r..rnJly,,"d L'i Ln.l., y \ o-01 I lre.rr, llr.u
d.,t.r coul,l produ, e wcrtlrwl-r c -..ult" Lr..{ul in f^rc,
c.tstint 1ow lcvcl iurbulence, thc lv.ves nnd their rcla-
tion to clear alr turbulence. Variolrs cltrractcristics of-'..rlrrrg 

Llre tl'ermJ . J d imrro\ed ,,rfirn,crt.,ti,r,
, . r,^l^r\ h.,\pb.c,,F',-.rl;oh) \4.,., ,.J.,\,t. u..

T\^() basi. types of ih€rmals arc discovercdionewith a
single core of m.rxinum ! ertical lelocity and onc s'ith
scveral cores of Konovalov (1e70). ll; avcrase and
extremc soaring conditions fi, thrcc widely separ.rt(:d
soarnl8 arens have bcen invcstigited rn th.'USA b)'
T-esier (I976). Thc characterjsiics ofdry thcrmals txrder
t.,ti"u trrl or 'lor-r..rl. "r!l . r.l,,\e,"pIre..,rJ,J
-.rJ dn.'lr,,l ,n -,irLl, AU-lrJl,., h1 11, ,1 rto-r ,

H ,,lr J ., rd ),\,,,*(l.b t);., ,vc.trerred J h ilt, l

lim^(on!.r}]prn./vrerv.t .' -rrl;1. , rr r",rrl-,,.-
.niorJJo A. . L,,. ri., 1,1r rrn", l, '...1 rncd, t,vhi. lr srr e.
lh. lrne.,-l\ rr rprp,,lJr, i ."'.i ..'t. ,.t 

'r, 
,t .1."'a p,-,n

eters such as cloLrd temp€raturc, vcrtical velocity and
water vapor contcnt has been studied by Baker and
Jensen 0987). UsinS lhe parcel mcthdd a sirnple
lagrangian modcl lras bcen constrLrcted in ordc, to
invesii8ate ih(' rclatj\'e imporiancc of different paraln-
, lcrs. EorFfl '.nE 

l\, .L, r.r. h -r-lr. Jr dr! ., r\, rt .,r, oy
(rlof'* r (l qilT).

This moclel shows thnt thc initial acceleration of a
ll,ern,.,l i, , r'l r, li dLre to rlr, r, r.n, r.,rure orff"rerr. 

'helw,' n ll! rlr rn, .r, i rl,e.uI. ;.,1.18.,r. re.rr o.l
rloa )l.F prprp red. Br it,lL.lI.tl o.1r.r^r, (, Illr.
thermal cluracteristics such as convective lnycr dcpth
and thermal strcngth.

Thi,u.,r.r r.J,llen.plt,,in.ti.,r, rlr'. rn,ulL.,J|
vc. ri"n .l.rdj.' b\ rnFJrr .i ll,*l,l . L " r\.'lro.r rr l .| -
k€y.Theprevi(nrsstudyhasbeen carrie.l ouiinFskischir
/I bru)b lh,,r,ld\.rd.o.-'(\ F\.,^ L r, lir,.,,
.,rd 

^d.,ll 
1n87. T1,eL,.rB.,.' .. rl pr,,err5ru.l):

io rnvestitnie ihc micro physical nnd drrrmical stru.
iure of thermals nnd phrmcs belorv cLrmulus cloLrds bv
u.ir )Jr l.re.'trn. ..r,,r'8.\.t. rn.,rrrr ,or, lr,., r.,.1.
e . rh- p'. ft f., n ..F b.,,.b

r) To Irv. ,.ri.,r, lt,llrr'rr IJ., nlr., . J lr,. , .r,
in norl.,rl,r'url. I i rr^,. .lll! .;.,....ili,.r
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Turkey,
ii) To develop a forecastnrg mod€l for predicting
therD ic convection vis-a-via optimal tlightplan.

2. MATERIAL AND METHOD
In order to accomplish the objcctives of the study,

so,ne melporulogirdl pJrJm,r,r r 5u. h Jr dr) dnd wer-
bulb lemper.iLurF .rnd ni8l,r dJr , -ur h rs flrglrt 5pFeJ
altitude and vertical velocity of the glider wcrc mea
surcd h and around the thermals and cunlulus clouds
by means ofWilsa airplanes or Puchacz-SZD-50 gliders
in Eskisehir Turkish Air I-eague Fljght Training Centcr
between th€ 14th of Septcmber and October 2, 1992.
Ground measuremerts at Eskisehir and radiosonde
observations of Ankara werc also considered.
2.'I SOARING THERMAL FORECASTING METHOD

It is a graphical method which gives the thcrmal
*he,,Atl, ror h{lrdnJ conve, ti\ c IJreidepth by tea rson
{ loo I 

' 
Th. modcl r,\ e-rr8rte- lh; mel6roluBrcJl ( on

drlion. from thl. point ol vieB ot .oaring. lhc rnput
parameters arer early morning soundings of ajr tem-
perature, at three succcssive levels vi2.,1800,2700 and
3600meters above MSL, the expectecl maximum surfacc
iemPerature and difference betw€en maximum and
rnrnirnun\ dir lemper,rtun of the prpvioLs da). l,,u'
<J irrrr.n t n"mogra'ph. hdvF been ,,1, d fo' d,ffe;pnt te
riods of $e yeni. Thc rorecasi trigger temperature,
triSger time associated with forecast trigger tempem-
ture, predicted maximum flight altitude and lerticai
velocity (lift) are defin€dby using a nomogram (Pearson,
laol). A, a.eshrd) relat(d h itl' rh'. mptl\oJ r.Erv.n rr
lhc iolloh ing \ecl'or The re.ult" rh . ,'mf.,rcd wrtlr

2.2 ONE DIMENSIONAL PLUME MODEL
The ,er^nd m.'d,l pre-ented rn llr:. prp,r i, J . urn

puter model called "One Dimcnsional I,lume Model."
nrp \ dfldtion. ol nri, n, pl,y-i Jl J,,J d),)umr parJm.
eters such as watcr vapor content, t€mperahrre and
vcrtical velocity below con\'ective clouds are.liscussed.

Snnpson:,nd l.illy (1983) pres€nted a cunulus modcl
incorporating the effec t of m ixint throuth a steadyjet at
ihe cloud base with thatofentrainment at the sides of thc
cloud. The entrainment rate can be computed as,

1 dM 2t
Entrainmcnt rate = . ='-

Mdz
(1)

where M is nuss of th€ plume, and o the entrainment
parameter with a value of 0.1. For thermal theory, it is
around 0.25. The energy released in the plume or a
thermal musib€ relaied to the mass inflow at the bnse.
Thccquations forihe model areconsidered in twosteps:

i) Equations Ior environmental air,
ii) Equations inside a plume.

The mod€l assumes a steady sinlila.iiy plLrme. Inside
the plume:

- *:= ..""" v. s'n k' .'r

,dwtr) t\our.P dl.e lu cr)lrdr m|nl: --------- J.dr tr )

. 2rw(r) r
r{r)

This, thc basic eqL,ation governhg the plumc,cnvi
ronment intera.fion is:

. 2T* rr.- - I (s)

Tenrperature gradient is givenby:

!l= -o rA=-Erdl -''c ' I'l

A = 
((--!f- -0.61) q"c.r) P' trt

Ha Tu. Pr - es

1").1"( qT-q")l 
(8)

'pd I.

* dr

e = 
[z " 

rr. -

dra
dr 5

do 2- ,^
dr

q= ( l, Cpv - qvc) / Cpd.

Vertical air velocity gradient is:

dw - 9(Tv"r"--Tv.^,) -d:

':'--_-::_- (e)

2n * rlol

Vertical variation ofa Dlumc radius is:

Water vapor contcnt gradient nr a plLtme jsl

(11)

(12)

Tc(i+1)=Tc(i)+(.lrldz)Dz 03)

Wherc Dz is the layer thickness. The total wniercon
tent (qtc), veriical velocity ($r, plume ra.lius (r) ancl
pressure (P) eqL'aiions are giver as below:

Tc: plume temperaiure,

Tvc: vjrtual temperaiure of plume,
(l: entrainment parameter (.[ = 0.1),

Ter €nvironmenLrl temperatLrre,

Q=qvc qvrwater vapor content nrplume,

.l€: total lvat€rvapor contcnt of environncnt,
cpd: specific hc.t of dry air at constant pressure,

cpv: specific heat ofhumid air,

rrradius ofa plunc,

Tve: environmental temperature.

I,orevery Dz=20 met€rs air layer, all the observaiions

Vertjcal variation ofthe temperaiureinsidea plumc is
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qt.(i+1)=q tc(i)+(dqtc/dz)Dz (11)
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22,9,92 T€MPEFATUFE TIM€ ALIIIUOE LIFT
cROUNo Cc) {m, Msl) (d

IGGER 19 1IZ5
FOFECAST 24 15.AA 2250 2.3
ACTUAL 23.5 15.00 1a00 1.5

FIGURE 1- Measurem.nts and Mo.lel Resulrs, September
22.1992.

As input parameiers for dre thcoretical one dimen-
sional plume model, thc slider measuremcnrs ar after
noon and Ankara radiosonde data are considercci. The
hitial radiusof apluneisassumed as40,50, 80, 100 and
200 meters.

for rerl lin F.JL UlJtion- them,.r,oroloerLatparrm-
plers Und(' J cumulu- cong((tu. .loud, ll;r iniriJl ! J I

uF. of \4 Jter \ dpor content. \ ertrcJl \ clu(it) JId tpm
p(r,tlurebaced.n lhe obserudlion. Jl lhp clouJ hr.e.r',.
lulen inl.Jccourrt. for progno,th , Jlculation.bJ{ d on
' J'ly nrofl,rnq AnLJTJ r.rdio5onJ(' dJtJ, tr e rniti.rl \.Jl-
ups ol w.l, r irpor.ontent vr-rtrcrlrelo.iry dnd tcm
perrlure.lrcJ\sumedn<o\ln-4la lA lm ..cJr d l'(
respcctively.
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3. ANALYSIS
T]1, b'rIrd.rn ldlFr .^ r'd a. .'re pe ,,rm,.i bp

rwep|l 7: ]u Jrd. :00,r.m. wrth J tot\ ,r rrr rjil. The \ er [.Jl
variation of temperaiure is mcasured with a thcrmo
couple morntcd on the frontal part of the air.rafr. The
lpml..'.rl ure \.,lre,dnd rltir, rdc.. 

" 
rp re. urd, il on., Lpe

for e!.ry 10 m.tr r- or h.iqhr rrr renenr. fhe.c mp..
.u', mc l..rre,orFid'rcd,i ir,pur n,rnm, t. r. t"ron.,,r
tl,e theorFrirrl m,del. n.rrinE rlF r rdcr fli8hr. tJe
tween 2100 and 4:00 p.m., verti.al air velociai€s and
availablc maximrm fli8ht hciShts are recor.icd. These
measurcmentsar€compared with the modcl res ults. To
compare thc temperature and vertjcal velocity varia
tions h and in the n€arvicinity of thermals, the program
of constantheiShtflightwith ihe Puchacz-SZD,50 giider
lvas carriedoutand thedatar€corded cvery30seconds.
Thur,.ur.r, ) oi lhediBil,rl lernpernturc n,.,.unr,8.)\-
lem i. q... All d,,tJ were re,ordL,J or - t.rp ioinp
details related with the flight path and other mcteoro
logical obserlatjons are also rccord€d on a tape cas

Thp f^rm olrh.rmr, forc, J-trn8 h r..d, rr rhe.,h,.r! J-
tior'. on 22n.1, sunterrbpr, lau2,r.hr, ld.rr-"rdnr.del
re.ult. are preserited in frgure L

Tn I iturF 2 rlr. lrm! \ Jrr.,tron\, 'l rir lrmfpr"tLrre rnd
verri..,l !! 1,\ rl\ .r.pprp.Fnled I lr. I' crFJ-ing r' mper.'
lu" \ Jl,re-, orre.pund r,, ihe jtre IIFr v. r r 1., | \ elo, ily
\ Jlues

Figure 3 an.l Figure '1 show thc Ireight varja tions of ihe
.rmult.,neou. !, r ri.J l J \ el.( iry ,J i, r perJturp b, -
neatlL n c(,n!c.irve .loLd

Observed maximun vcriicalvelocitv is 3.5m /son thc
)cth or c, ptpml-ur. ioo'dt inbnr.
4. RESULTS

Ac.ordinS to this stu.ly during a flight programwith
.on.iJrt.pppd.rnJ cur.lJnl.rllilLrde t.mper.rlure and
\ crli, al airv,loril\ \.rndtion. drc Jlmo-t..nr:b'. tsut In
the top ofthe convective laycr, the mixing rcgions of a
plume and thc laye.sbelow the cumulus alouas, varir
tions ofboth parameters are not playing arl important

I,O

E

9?

w(i+1)=w(i)+(dw/dz)Dz
r(i r1)-r(i)+(drldz)Dz
P(i+1)-P(i)+(dP/.lz)Dz

(1s)

06)
0n

TCC)
16, I

16. 4

9 r5

fr

IIGURE 2. Mcasurenenis ii
leYel. . .vcnical velo.ily,
1993,1,1:30- 15:00 (locil finc).

FIGURE3.l heheight vdriati(nN oftemperahrr and !erti
c.l air v.ldi ty (sePtennrer 2s, 1q92, 210 - 1200m 

' 
bov e lrcar

(x30s)
l20m abole me.n ground
temperaiurc, Scptcmbe. 28,
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I I(-URI 4. ll., n, ;\hl ,'nd r-r'p.r.rtur, r,' r 'l or'ot .,,..
..1 nir'.,cldity isolines b.n.ath a conle.tlv. .loud, (Set i
i.mber 25, l992, 240,1200m alroven.an gromd leret)

thermals, and thc cffects of wind dire.tion an.l wind
shearon thermals,more fl iglltmensuremenrs areneeded.
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role to definean updraft. As the flight level ofa glider is
n. red-|ngbFncrll-., cumulu.cloud. temperarure v.rr,,-
lion. do nul indi,Jte thcrm.,l .e(tors.6ut v(rrrr.,. Jlr
velocity varjations do.

WlNn rlre ea\tprly winds.rre not ob"ervod. e:pe.,.rlly
undc' rhe 

'rortlrerly 
$ r'\d condilion., rhe frrst rnodel

.dllpd 'conrints n;ermdl l-orLcJstin6 Method ir Jp
pli!d to predrcl Ihc thiclnc-- or conie(tire bourrdary
lJ)er and tlr{rm.rl 5trentslh (i.e.. vcrtrcdl dir velocity/
wilh confidercp TheplUmc modpl rp.Lrll.arr tl,e verir
.Jl v.rrialron,of lemper.rlure, verlicJl velocit) dnd l,,iJl
$ Jler r onlenr within r plume. RuJl rime AnlJrr rrd,(}
..ndu dJt.r (l200LMTi ind currd.c me.r\ure,nenrc or
lnonu a re, on-idered a* input pJ rJ.neter- rorth. modct.
Th i model Jlso rcouLres the inittul.ondrhotb riniriil
verlic,tlvclucrty le;pcrJture Jnd radiu.t of tlr. plume
nre l,prthl varidlior b of lpmperature, ! ej tic.rl di; \ pl(\-
itv rnd h.rler \ apor conte tb.r.ed on the model result.
.,re ir Aood.rsreem(.nt w jtl) the ob.ervrtion-. fhemprn
relalivc en nr' of re.rl l;rn. comprfl-o \ bFtwecn modpl

'e{rlt- .IrLl ob.e'vdtions dre 0.0c t^r r, nrper.rlLrre. 0 0q
lor wJlcr vJpor conlenl,0.558 for verLi. rlvel.cir). nre
correlation coefficieo ts between mo.lcl results and ob-
.enJtion. are 0oo for Lempe'rt re. 0.q7 for \Frt,c,rl
\,i1,,,rq Jnd 0.o8 for wJter vdpor.ontrnt.

\ /hen one.d;mcns'onJ I plu me model i. u-pd ror rore-
.a\ring the.rfternoon so.iri g condrrron. and plrrme
pJ ru meter..0{]00CVT AnlG rd rrdiosondedJt" rre Ldlpn
inro,rccour\t d\ modcl input pdrrmetFr\. n cLorJrnA lo
the comp.r' i\ons of toreca\linq \ Jlues, tlre ljnear.ofl,-
laiion coefficicDt betwe€n vertical velocity values is
0.4q. fte relaLive (rrors rmonest ob.errcd .,nd pre
d,.red v,,lue. of plume tempe;ture, verlic.rl vclo'(ity
nnd wJter vrporconlenl Jre 1.4';,14"" dnd ).1 ,,'c5pec
tivel]. TIre re\ull\ of the rwo models pre.cnled in tl,r.
pJper,er rcourage, further rnvesl iqalion,,f lhe"tudie. rr
$ennal potential forecas ting.

In order to have statistical results on the thickness of
the coDvective boLndary layer, size and strength of
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