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ABSTRACT
This study focuses on waterand energv balance o!'erthe

Cen tra I Ana tolian's Lake Area. Analysis olmeteorological
parametais recorded in the atnrospherjc boundarr layer
with an instrumented aircraft (Vilga) during the measur-
ing campaiF between 29 and 31 Augusi, 1999 a.o prc-
sented in this project. This paper presents some dcfil€d
resu lts on 301i, August 1998. Measurements arecarried oui
over the Lake Egirdir (Latitude: 37'48 and 38" 26 N,
Longitude:38'18 and 31'22 8, Aliiiude:919m (msl))and
near vicinity of Central Anatolia. Sanpling interval ol
measurements is on€ s€cond. All flightand eteorologicaI
data isautomaticallyrecorded. Time variationsolpressure
(P),airtemperature(Ta),Surface temperature (Ts), relative
humidity (RH), turbulent fluxes ofheat (SH) and moisiure
(LH) measured over the lake area are analyzcd with rc'
spect to the distribution wiih height and horizontal scalc,
intercorrclation and relaiion to synopt ic wea ther sysiem s.

Air tpmFprdlure !dlue. ch..rnce ic rh. r.rne. o'lc'C,r'd
35'C. Lower values ofair temper.rture (25 "C)ar€ recorded
over the Lakc Egirdir during nreasuring campaign. Reli
ti!,e humidity valucs increases to40r'; over thc lakesurface.
Air pressure values are beti\ een 800hPa and 900hPa. Con-
vc.tiYe motions and turbulence are obser!,ed betwecn
'11:u0am and 2:00pm- Surface iemperature values change
betwccn 25'C and 35'C h latc nrorning. Their ran!:e is
treiween 30'C and 55'C afternoon. Dcviations ofiempera-
ture and relative humidiiy values from the averrgcs ara
higherover land area. Mean value of Iake surface tempera'
tlrrc is 17"C in the morning and 20.5'C in the afternoon.

Ef fects of spatial and vertical variation of meteorological
paranietcrsondry and wetconvection arepresented in this
study. During thc last mcaslrring campaign beginning
from 1100am developing convectivc clor.ls cause some
clecr€nsingtrend over tempcraturcvalLres. Flighimeastue-
lnents are reanalyzed iogether $ ith boat mcasurements
;rnd conventional surface data over the lake and near
licinity of it. Sp:tial and time rariaiioll of flux values.
Bolv€n Ratio (SH/LH), Ri Number and Monnr Obukhov
Length are analyzcd io define the lake surface effects on
convective activities over ihe s!udy area. The rol€ olfluxes
on moisture balance is discussed.

1. INTRODUCTTON
Flight and surfac€ measurements over complex topogra-

phy and a lake surface ar€ analyses in this paper- The
purpose of this study is to deline the basic and spectral

proir('rlrrs oithi.hol,nd.rr\ lrvrr 1n1:r.tr.rl p.rrt oiAf ltl,iir
Thcsun.LrDd jng moLrntnrn r.ni]ls ar(' l,)und toshclt(! tnr
lakc Lriisrn n'olrL rrosl i!ropii. \!inrls, th.rctr\ .1ll{\'nrg
k).ni.rn.j r.;.ii,r.rl tlrcrm.rih' g.nrr.rt.Ll cir.ulation to d.'
!r'lop nr ridgc hcighi, itfroxinlakl\' 150dnr .bo!r ih.'
surft)u1.iing l.rnclsc.rpe. During fax)rab le synopiic cond i
tlons tht k,cal l.k(' breezc hecolnes enrtedded s iihin thc
rcgonal vallel' win!t f.rrnring an cxi(.nded lake breezc

The Earih ' Aimosphe.e systcm is a closed system rn ih€
scnse thri it allows the (.x.hange oi enerB\' ( ith the spacc
whilc it is closed to inrport an.l expori of rnass. The sole
encrgt input io thc ti.rih-Ainrosph{r.e sysienr rs the
radiation emitted L,y tht Sun. tn ihr Enrth - Ahnosphcre
system, the transmission of energ)- t.rkes placc h thror
difterent modes. nanlelv conduciion, conlection a d rn-
di.ttion. The process of conYecti.'n involves the lertical
intcrchnnge oiair massoc and caf onlv o.cu r in liq! ids nn.i

8as.s.Thr.rtmosdlercne..th.'earih s surface nla) .liobi.
physicaUl displ.rced {,hilc'it is fld\ nrg o\ crobsiacicsrThls
is called iorced or mechanicrl con\r.tion. Brsicall\', ri
deperlds upon ihe roughness oi lhc surface and the iFced
ol th. horizontal - airno( olcr it. Ofien, fr.e and rorc.'d
cofvection coc\;st, gi!ing mixcd con\1ction. Con\..iion
transports energy as both sensilric hcnt nnd 1.rk!1t hori in

Som€ studies closcly rchtcd (.ith this pnFcr nre sunlnrJ
rized as belo$: Water nrcl lirnd brorzes arc urdolrlricdl'
thc mosi rcsearched oI all lcrnrnlli (ln\.'n circul.rtion rs
shown b)' nun1crous enlpirical, theoreiicnl .rnd numeric.rl
studies dealing r\ith then in m.i.orologi.nl ancl clilnnto
logical penodicals, (H.rmish ct.rll, (5)) It..lnnnctric sur
iacc telnperniures, dcri!od lron nrcrsurcmcnts b! ihr
AVHRR instrlrnrcnt abo.rrd the NOAA q nnd N()A^-ll
pola. orbiting satL'lliiL's, werc uscd if conrbinatrcn \\ itli
wind !elocit| nnd trniper.rturu prolil.s nrcnsurcd b\ r.r

diosondes, to cnlculnt€ surfacr flu\es ol scnsitrle he,ri,
(Brursaeri and SuSita, (3)). Thc bulk trnnsfc..oefficicnt tirr
laient heai llu\ (Ce) has b€en estlmated oler thc n.rbian
Saa fronr thc nroisture budgi't during the pre monsoon
sc.rsons of I9s8 (S:,clhuranl, (l.l)). Thc nroisturc ls iv.rillblo
through .r dccircr ntmosphcric ln!er when ridging anti.v
clores support uplifi nt the i(+' ol ihc boundrD l.rver (lurv
ct .1., (7)) The inland pcnetr.rtion oi nroisir,rc deternlincs
wtreih€r subsc.luent co.!cctilr riins arr limiti'll to thr
coastorbe.ome widespr r.]d o! crthc intcrn)rplitrau. Such
diff€ren.es in b{,undrr}-l.r}cr char.ctcristics irre !ihl to
the ngri.ultLrnli\' - bnscd c.ononl\ of ihis ir.rnsjtion zonr.
along ih€' southc'astc'rn cci.rsi of Afri.n. \'i.nsuri'mcnis nrr.
preseni€'d .'f the ctcvelopnlent ol thc corl\.rciive bourdrry
layer in the trnnsition zonc from ihe Uppcr lthine \ir lli')' to
the No.them Black Forest cluring one spe.i.rl obs€.\ ation

TRACT campaign conductcd in Sepienrber '1e92,

(Kossmann, et all, (9)). The dnta used in this siucly $.ere
obtained fromairbome instrumentsas wellas fronl ground-
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based st.rtions. The ana lysis bou nd a ry lay€r structu re shows
a strong influence of the underlying terr.rin. Using a sur-
face-lay€r model. Fluxes ofheatanci n]omentum havebeen
c.rlcul.tud for fl.rt rcgions with regularly spirced step
ch.rnges jn surf.rcc roughness and siomata resisinnce,
(Kiairssen, (8)). \,1nhrt (12)exinlircs problems with appli-
caiiolr of thc LrLrlk aerodyll.rmic method to sprtirlly .1vcr-
.geLi llurcs over hcteroS€ncous surface.

rhc nccd lor (rl1-defined lo\r'er bound:rry conditions
nt :rtmosphe.ic lrumcyical rnod€ls is rvcll doclrmented
(Bosilo! ich and SL,n, (2)).

This papcy dcscribcs the lormulntion of a l.rn.l surface
pnrnmeterizntion, rvhich s,ill beused in atmosphericboun.{-
ary Iayer and meso sc.rle numerical models. These simula
tions sholv that the modcl is able to reproduce observed
surface energy budgets and surface temperatures reason
ably lvell.

Some experimental and theoretical results of dynamic
and thermodynamic structures at the lake/1and boundary
laycrs are presented in this paper.( Aslan, et al (l) and
Laiif(10))

2. MODELLING TOOLS AND METHODOLOCY

Study Area
Flight m€asurements are carried out in and n€ar vicinity

of lsparta (Laiitude: 37"18 and 38' 30 N, Longitude: 30'02'
an.l 31'33'E, Altitud€: I000 10s0m (msl)) and Lake Egirdir.
The flight path is shown in Figu.e 1.

Figure 1.

Flight daia in atmospheric boundarylayer is listed in
Table 1

Table l.
Second data sets of meteorological parameters are re-

corcled a t meteorological stations (Yalvalc (La titude: 38"1 8',
Longitude: 31o11'8, Altituder 1100m (msl)), Egirdir (Lati-
tude: 37'52, Longitude: 30'50'E, Altitud€: 950m(msl)),
Senirkeni (La iitude: 38'06 , Longitude:30'33'8, Altitudel
I000m (msl)),lsparia (city center) (La titude: 37"48', Longi
tude: 31o22'E, Altitude: 1000m (msl))). These parameters
are P, Ta, and RH. T5 recorded by using conventional
ground measuring systems. Radiosonde data over city
center of Isparta is also analyzed. Table 2 shows ground
measurements on 30fh of August 1998.

Table 2.

Sv oplic Stalian awl Uppcr Layer Maps:
Study area is effected by warm air nlass (warm advec

tion) beiween two frontal bands. Westerly winds ar€ ob-
sen ed overstudy a.ea.Thereare two lo$-pressurecenters
and fronial systems over northern part of Russia and
Creece at 00-00 CMT. A trough line is observed over

VOLUME XXIV, NO.2 Apnl,2000

European part of Turkey countries- Central Anatolia is
effected by warm advection. Northerly winds increas€
ov€r Eagean Sea and Mediterranean S€a. Upper layer
winds are southwesterly.

Methodology
L .rgv P,uLlgt:t nnd Strface LaVcr Fll.rics

The energy balance equation of the earth's surface in-
cludes the fluxes of energy between the surface element
and surrounclinB spacc. The diurnal cycle of solar radia-
tion reaching thc surface drives d iurnal variations in tem-
perature values of land surfaces and in turbul€nt fluxes of
latent and sensible heat which are essential featurelJ of
surface - air energy exchnnges. These lluxes include the
radintive llux ofheat thesum ofwhich gives theradiation
balan.c, (Brutsaert,(a))

Accord ingly, the energy ba lanc€ equa iion for the ea rth's
surface is giv(]n by,

C=R.LH SH (1)

where C is storage rate oasensible heat,It, net radiation,
LH,lat€nt heat and SH, sens;ble heat. Sensible heat fluxes
can be calculated by using th€ following equation:

SH=pCptK2v(r -r )l/tln(10/Zo)1'? (2)

where, p isdensityof air( p = 1),Cp,specificheat of moist
air (C =10041/ Kg"K), K*, Von Karman constant (C =0.4),
V, thd surface wind speed, (T - T ), difference bEtween
ground and air temperature, afid, Zo roughn€ss height.

For the rougtmess heights for study area, the valu€s
from NOM Data Archive Center have been considered.
For the surface wind speed and air temperature, hourly
a verage va lues have b€€n taken into account. The ground
temperature is the value observed during the nitht by
using fast thermal infrared themom€tersystem. The sen-
sible heat flux is normally directed upward during the
day, when the t€mperaturedifference (Ts,Ta) between the
surface and overlyinS air ispositive.In atmospheric mod-
els the surface fluxes ofmomentum (1), sensibleheat (SH)
and laient heat (LH) are often expressed as (Holtslat, et
ar,(6)).

r=pc u ': (3)

SH='pcpcru, (e,-e,) (4)

LH p).C U (q-q) {51

Where p is density of air, C is the specific heat and I
lhplarenr hpJrof \dpofl,,drron lhp"ymool<.1,0.,ndd
nrc wind \oepd. potentidl rcrp^r.r'u re .rnd ipe( irrL hu.
-ridir) ,rr lnm. € dno q dre rhe .ule<pondrng 2m. (
C ,C Jre tr.,n"rer(oerri. ienls for nomentum.he.irdno
.'{5tstt,'e.
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Fipre 1, Fli*hl palh.

Date August 30,1998
Flisht Period 8.10 between 9.35 Local time
Samole rate 1 sec.

Ta (oC) Vaisala Thermocouple

Ts (oC) TIR( Infrared thermometer)
RE(%) Visalia humidity-meter
P(hPa) Pressure transducer

Table t. Fiiqht dala nnd t ?tsr rii.q' sysi.rrs.

TIlwE ISPARTA SENIRKENT ECiRDiR YALVAC
T(.C) RIICh) T(df') RII(%) Tao'Cl RII('^) P(tP.) T(oc) Rllr7.,

&00
.GMTI 903 23 60 907 20 52 910 21 70 893 20 60

9,OO

TGMTI
903 26 53 907 23 47 910 25 50 893 25 46

10.00 903 29 go7 26 45 910 26 55 893 27 39

Table 2. Surface data (Augusl 30,1998).
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3. PROIICT R[SULT

Tnt k'3 prrscnls s,nne siili\ti.s of night d.rta o!er lnnd
ind Lrl.,rrcr St.nr(i.)rd dc\ i.rlnrr \ rlues o\ (.r Lr ke nrc.r.rre
lo\ or lhi'f thc \ nlLres obs.r\ rd over l.nd nre.r. l\1ern .rir
t.'mfcr.rl! rr. t nlLrrs ortr l.rnd .rl{ hjghcr lh.r oLlscrvniion

Saturnt.rl \rfo, frcssurc ( ),.r.tu.rl (rt) nnd satur.rtrd
-t . iri I'rr- lr'\ ,.t \,flU.,' r. rr,n ' I ' tl':l . k ',.1,

l, r,l -n,1, (l|\ ,-, JJ , r.l ,, ,r rJ ,- I]
ri.rli..n.r*v \ iltl(\ o\ (J l.rrrd,rrrd like.rk.r rrc presentr.d
in Tnl'le .1, S.rturnl{rl \ rpor prossure Actral I apor pres-
sure,\i unltenrf.nrlurc\.rlursoverlnndnrogrcnicrth.rn
th.'ot)srr\'.rtiolrs o!1r Lr ke.

Tit'l{'i \hos s n1,i('l output\ b.rscd on Nlonin OLrukho\
Simil.rrii\ Theor\ {Ll rfriction\clocity(m/s),t;,rt€mpcrn
tur. s.,rle ( 'K), q,: hulnidit! scilr (s/kg)i MII:nromi'nhrnr
h.at llu\ (N/m2), Sl lse,lsible hcni flux (w/nr:); LH:l.tcnt
heirtllu\ (\\ /nr2)r l.:()L'!khov l.cn8th(m); RN: I<ichnrdson
Nunrbo' BR: Bo1\ cn l.tntio (SH /l-H)). DurinB Flighi I ovcr
lind bctwe.n first nnd l062nd scconds Bowcn Ratio valucs

gen€rnlly positivc which trigged the convective activity.
Spatial variation of parameter

FiFur'l and Figure 3 show spatial variations of air (T )
nnd s!fLrce tempcrnture (T ) va lues respectively. Standnrf
cle! lntion of surl.rc(' tempeiaturc values over land area is
high('r lh,rn thc ot)ser!ation vnlue ov.'r lak€ area. Ai.
lelnp.rnlure dc\ i.rtions:re sinriLrr o\ er lnk€ and 1and.

l igLrr. I prcs.nts !ertical !.rri.riion of !irtual tenrp('r.r
torc (rrr land (l..rg I beh\c('n lst ancl l(l62nd ). Vli\ing
Lrver heighi is afnfti\inral0l\ l50l)m .rbofc mls.

figLrr 5 shor!s Vcrlic.rl \dri.rtn)n oi rclnii!e hlnridil\,
o!1. lnnd Lrg I Lretw('en lst and l062nd .

Verli.il v.rrjition oi tenlpcraiur.'in nr i\ing la|cr cup tl)
-l100 rr. Air iemprrature \ nlues.r re in thc r,]ngeof292-291
('K). It is not obsrn cLl an impoftnnt !,nriatn inthisl.r\,ol
,b.'\!ll f mi\ rn,nt.- 11, ! J(r(1,.p. BUt. !. rr',.,1 \.,1.r
t'on of rclati! e hunliditv !nhes chnng€ nr thc rangc o{ 22",,
and {2",, rclative humidity vnlues would b!' considercd .s
an indicntor of convective mdtions.

50

40

630
F 20

10

0
518 1035 1552 2069 2586 3103 3620 4137'(65{(il

Fig rc 2. Spnti rariation al Air Tenpmture out land and l,.ke area. (Au&ust 30,
1998:8:10 - 9:35local tintc).

Fi:l re3.SNttu i\Diati.,l trl Swfi,:t Tutl,u at h oi'tr l,lndand lntu nrca.l/\ r|:t
30, 1998: 8:1n 9:35 lacll tittr').
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0
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Figwe 4. Vettical wialion ofVirhtalTenryiahm olrtr land (August 30,199it:8:10
- 9:35locsl titne).

Figu/c 5. Vartiutl L,atiatior ofrclatii.l ltut nli\ olr) /dnd l^r,,{,rsl Jt/. 199f, Sjlll
9:35local tit,t).

Figurc 6. Vltialion o.f (SH) scrsir/r' ,rdl./4xr lnlllr's i|rst! lt tt'cnlt '| Iilth tt.6
bcl.oct:I sutacc and air tcntrcratun:s, (SH = -5.216(T- T ) + 13.822).
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AUCUST
30,1E,8

MEAN MAX MIN Stud.rd
It€virtion

Start
Time:E.10
l.Flight

(overland)

P(hPa) 870 76 945 748 61.28
Ta{oC) 22 64 28. I 15.9 2.45
RH(%) 34 71 44.4 23.5 6.23
T( C) 28.09 34.59 t5 86

2.Flight
(overkke)

P(hPr) '165'73 8'79 735 35 9',1

Ta( C) 17.6 261 15 2't I
RH(%)_ 30 85 35 1 243 1.47
T! ('c) 2f 99 35 a2 22 97 1.34

3.night
(ov€rlend)

Finish
Time:9.35

PahPa) 843 ',t1 930 816 26 92
Ta(oC) 23 29 21 .6 2t.2 L5
RII(%) 26.7 5 40.3 2la 246
r("c) 14.27 42.6 24 61 353

Table 3. Stfltistics ol jlilhl
dita (A S st 30,1998: 8:10
9:35ltnl ttl t).

AUGUST
30,199E

Parameter Mf,AN Mtx MIN Stendrrd
Dcvir{on

ln Flight
Ov€rlar|d

T CK) 295 80 301 26 289 06 2.t5
27.69 3't 94 t8.03 LE0
0.o2 0.03 o.02 0.002

q 0.007 0.0091 0.0045 0 0014
T. 292 25 296 54 246.44 2.14

z 1502.951 2176.17A n8.94 6t8.{2
Sed 3l t893.28 I lEEl4.85 306160 57 39'19 4l
Sen 12901! 51 3332a9.78 t25222 lI22 08

2"d Flight
Over Lak€

T fK) 290 76 299 56 288 t6
20.16 14.35 t7.02 4.03

q. 0.0164 0.o25 0.014 0.0023
q 0 0050 0.0071 0 00.13 0.00052

T" 247 a1 295.09 245 6 2.27
z 2576.E99 291{ 33 1391.I I 380 85

S€d 3\1347.7 119396 3t3343 ll50 2
Scn 329956.7 112886.6 3268't9.6 883.96

3d Fli8ht
overland

T fK) 29615 3W.76 29136 t.22
28.61 i6.86 25 13 2.23

q, 0.021 0.o25 0.0t9 0.001

q 0.0057 0 008,r 0.0(X8 0 0008

T. 292.61 296 l8 290 99 1.03

Z 17i8.97 202t.t 897ll 26i 8.1

S.d 114856 I 311226 3t t0961+ l.l t566 a7
Sen 128919 a 132961 9.r 325705 E7 971.06

ln Ll dltil 1nk, ( A|S st 30, 1993:3i1al 9;i51.,.d1in,r).
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UI T- a. MH SH LH L RN BR

Mean | 0 21462 {.31m 414111 o o8a{2 6 6587(X 6 A97G4 ,5m.5 o.06l6 1.8236
Mar 0 43252 o.1728 o 35366 o7tJE7 148 31 2€a.2m 5731 6A 0_ 12013 944.0665

Mir 0 04241 -2 Z3S 1 6592 om2213 ,g) sGa -128 324 -9470 56 o -25.m
sD. 0.16073 o 564&B o 283205 o 045513 4676iE2 56Sa 2556.(I]1 o.m4311 a.gT7

Table 5. Motlel s outpltts based on Manin Obukhot) Sit iLaiLv tharry.

Figure 6 Shows the linear relationship b€tween the dif'
ferences ofai. and surface temperatures and (SH)sensible
heat flux values (W/m2). The linear regiession coeffici€nt
(r)between SH and t€mpera ture di fferences at flight laS l'
b (350 seconds and 700 seconds) is 019.

4. CONCLUSION
This paperis related with a theor€tical and exp€rimental

pilot study over th€ Lake Egirdir area in central part of
Turk€y.lt presents some results on lake and land interac-
tions in summer months. Near the airport over partly
orographic and bare area has a favorable convective condi
tion. The forthcoming study will cover the more detailed
analyses of observaiions and model reslrlis.
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