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Iiglre 1. The modcl layers. The layers that lie { iilrin
topogr!phy conlain a rc.l(.cd aimospheric volunre
Va and . surf.ce i.ea Sc For ea.h tayer ihe surfa.e
ar.. SG is characterized by albedo, soil heatint, and

\.,llF) lhF drn-o.pl-pric l,err Lrp-L ily ppr lJyer rnL rea.Fc
wil\ heiel,L. Tl rhF lnver volumc vrr .j w rh -ltrLude.he
em ,sL.rm lorer rlr Drooori,onalitv oI arcJ rr eherp\ rn
lrorc Jrers lor which lhe votume i" noi 10{17,. The

maximum day temperarti.e in
a mountainvalley can still be
estimated by the Cold method
if the volumL.rffcct rs.onsrd
ered. Asanleof thumbitwas
found for the Alps ihat the
maximum day temperature at
the bottom of the valley de-
creases by about 5'C if the
valley floor rises by 1000 m
(Truos,1979).

In order to assess the dy'
namics and ihe precise tem
poral evohrtion of convection
the use of computersbecomes
advisable, in partjcular if to-
pography should be consjd-
ered. This $'as the starthg
point f or the developement of
<<ALPTHERM>>. Apart
from dynamics the vlrrtical
exchange and nixjng of air
parcels canbe obtained quan-
titatively from a numerical
convection model. Such inf or-
mationis crucial inairqualiiY
issues. i,!!i!eD.aD3..Uealiz9d
rnitytrc.rl model (l'182)of ihe

ALPTHERM -A PGBASED
MODEL FOR ATMOSPHERIC

CONVECTIONOVER
COMPLEX TOPOGRAPHY

by O.Liechti, Analysen& Konzepte, Switzerland
and B. Neininger, MetAir AG, Switzerland

Presented ai tl1c XXIIIOSIV Congress, BorlanSe, Sweden(1993)

Forecasting soaring fl ightconditions in mountainous
areas is more conrplex ihan over Ilat terrain.lue to the
area heighi distributiol (AIID) of topography - imag,
inea mountainvalley shced jnto
horizontal layem of consiani
thickness ard plot the ratio of
iopographic to ahnospheric
surfaccarea versus hejght (IJig
rr€ I). lirst the ahrospherjc
volLrme f raction of the horizon
tal layers increases from the
bottom of thc valley (01, to ihe
iot (1001,) and remains con-
stant above the topography.
Sccondly, Lhe ALIDnrtroduces
a verLical disiribuiionof the at
nlospheric heatinS (and cool-
ing) since solar radi'riion hiis
the ground nt differerli alti
tlrdcs. In a vallev the aimo
sphcric\olune fractionandthe
su ace area are frnctions ot
heithi. Over a plain tire atmo-
sphcric volume ol the layers is
alwavs 100'/". This volume €f-
f ect (Stei nacker 1984 Nenringer
1982, 1983) is the reason rvhy
the appnrent inpui of scnsiblc
hcat is larger over mountain
!allcys tharl over flat ierrain.
Or, to put jt differently: in a
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\prrr.,l n,\ nq r' J \dllFY dlm"'Jl,,r' _.'d. or.lV d

do@
ronvectiorl modcl for complex topognpll{ilrii uses a

t9
\4odel ph)'i,': I opog'aphv. Rrdirtion..md Dlarrmi'

.,l. J t.f. B,.rpl,( m,f a r-E:.n. 'J ', r .0n lrr/ r,
chosen. In mountainoLls terrah the regiorl could typi
cally be a valley sectionoflenSthabout 10 kmdelimiic.l
by the ridtes on either side. Over hilis and plains it is
suffjcicni to choose a regionwitha represcntativc area-
heithi distribution. The aimosphere over the sclectccl
regionis sliced into horizontal lavers of constani ihick-
ncss (Figure 1). Each liyer has a surface area Sc ihat
musibe dedLlccd frotn thc map or from digjial topotra
phy daia. Given the surface area ofall layers the atnxl
spheric volurne Va of the layers can be computcd.
Above thc bpogLaphy no su rfa ces a re preseni any more
and ihe laycr volumc remains constani. Ilt_lc!!4q!ll
gcometrv <<ALPTHEITM>> is a t$'o-dimensional
inodel. V€riically the resolution is fixed (ic. 100 m),
horizonially the resolution is variable accor.ling b ihe
nurnber of layers rvjth topographic volumc paris (1

lay€r for a plain, iypicaily 20 lavers ln dre Alps). lach
!jt:u-1,..r- -nel ..nd.-.r-r-., i,l . .,|b..,.

t-o dlr.,lr I.r'd.v.,p !-o! Tl " -t Jn.t r-r.r
varv slightly Irith ihc scasons.
Thc sun's clcvatiol € is a flrnciion of tatitude ii, of ihc
nrcliia )n I of thc carth's axis to dre eclipse, oI ihe
position D oftheearthiniis orbiiaround thesun, and the
position Ij' ol the earth in its roiatun about its poles:

sin(€)=sur(4,).sin(rr).cos(B) " cos((i).cos(n).cos(R)

(So = 1200 W/m2). S is illLrstraied for mid latitudes nl
Figure2 forvarious aliitudesandseasons. Theabsorbed
radiaiion Qk at aliiiudc z is compute.] as

Qk=S.(1'A)

P=Qk Qr

(4)

for a clear sky with A as albcdo or the l.yer. A typical
value for A is 15%,. The outgoing radiatiorr Qf is calcu-
lated fromtheblackbodyradiation an.l th ahnosphere
back radiaiion

Qr=o-(Tsa p-Tla) (s)

(]= 5.67 . 10SW/m2K4,TS = soil iempera iure, TA = air
tempel.aiurc at 2 m above tround. p reflecis the innu-
cncc of htrmidiiy on ihe atmosphere back radiation
tluough thc vaporprcssure e given in hPa:

p = 0.594 + 0 0.l1ar * e0.5 (6)

Jfrom Baur & Plilips (1931) in H;ckel, p. 154 ). The
radiaiion budtet P is oltained ns

Thc diffcrcncc bc tween the soil temperature TS used nl
(5) and the air tenrperature TA is chosen to be propor
tional b thc radiation budget P

TS TA=6.P (8)

w(h 6 = 0.005 K . m2lw. At dayiine a positive radia
tionbudgei P is divided inio fluxes ofground heat (1

G) . P,latentheat Ptar, and sensibh hcat P.crl.
.sin((t) + cos(0). sin(B).cos(.l) o)

( B) reprcscnis the a nn u al and o the dailv vaIiation of ihc
sdar elevation ai a given latitu.le O. Tlrc lontitlrde i" of
hp rFtr, n J.d 1 ,.lir. /u pent-rrnloLrFoff.elorD.
te rntglr'qlllbe-sel3r r3dEljll]lr c9
.p!qt!$!f4t 4!d_!!euglrq. rhese effects are
pj4l!4dl!rpg!4!j9r,eqre{i!!qsi!i9s at low el-

"1"t1.." 
f.r *hirh d "t 

p
f , lr -.1! ln lL, n ndrl th, , n.-plr.rrr Lr.r. "rni--ior,
T ai ihe altihrde z is obiaincd frorn the formulas

Ptat=Evap.(1 G).P

Psens= (1 -trvap). (1 -G). P

(7J

(9)

(10)

r(,) =expl - r. sh(Emax) / sin(c)l

r = rrnax . expl z // zr]

Typicalvalucs found for ihe Slviss plateau (laiiiLrde4T',
crdtjvatedland, heiBlrt400-700 mASL) areF.vap = 60%
ard G = 15'/".

Atihisponrt some assumptions arc naLie inorderio
assess ihe dynamics of vertical motion. The model is
based on aconstani time step ofAt = 12U sec. Cliven thc
flux of sensible heat Psens, thc tinc skrp At, and ihe
surface ar€n Sal ofthe layer the sensible hcat Hsens fcd
into the lay€r's surface ail is

(2a)

(2b)

€max is the sun's clcvation at noon. fmax = 0.323 =
1n().71) afd zr = 2333 nt arc consranis obrained by
fiiiing cl^i.lIound in Hackcl. Thc iniensitv S oflncoming
radiation depcnds u1 thc sun's elevation and on ihe For ihe dynarnics ii is cmcial io know ihc tcmperatlrre

dif ference ATbetq'een theheated air parcels and the fi ee

atrnosphere. Reasonable liftrates are obtained 1\,ith thc
follownrg method that distinguishes behveen two rc-
gimesl

Ilsens=Psens.At.SG (11)

s=so.snr(e).T(z)

TECHNICAL SOABING



AT = ATo . l'sens/Po il P..rrr < ]',o

-\T .\To if Pscns : Po

( 12a)

(12b)

Ior snlrll ilL,xes ols.nsilrlc ltcr t the l.mpcratLIrc cliller

. Lr'. \"{.'l"r P..I
'l' 1., -c !\' h I F t . 'p r',1 ,. I lt-, r'.' -

lim i||d to,]To = 0.5 K. Tt should bc ponltecl out, that tltis
is the n! eragc iemp€rat!re diffcrcncc of the hented air
.icross ihc full depth az of a la)'er, ie. 100 n.
Supt:Ladiabaticgradicnts cbse to the ground may show
nuch largc'r teorperaillr..liffercnces beilvccn the air
nrnpcraturelneasurc.1at2rnardthe tempcratureotthe
nrixe.l lrcc ahnosphere extrapolaic.l dorvn along ilrc
.lr,v.(ljabat h) the s.lme hejght. a;ivcrr the sensiuc hcai
(tl).nd ih. i(rper.th,re dillcrcncc (12)itis stl,righLnI-
waLl ti) c.rlculate thi' nlass of ihe hented air Parctl:

nrp : Il.ens / Cp / dT i13)

(CD = r{)05J / ks / K). Thc antourt ofevaporaie.twater
is;hianrcdbY

m111111=H1ni/I (14)

$'jth L = 2500 kl / kg,I Il.t = I'lat ' .\t Sc. So radiatior-r
prodrrurs air parcels ofgivd mass nr e.ch 1.yc. lviih an
ir1.r cast.t terrpernlur c an.lhurridity n ith ri:spc.tto the

DLre to boyancy thesc air parcels !vill movel'erticallv
]l€ir il.rnr ol cnergy per urlit nlass dE / lllp on a

i,nnsitior fronlayernto thc nert ]rither layer n + 1is

.lt o,..:.\/.' rlrr ll oo' 1, , I orlnl,
) t {lr)

'.1' r"Jt.r'ln-Jrel ',1 -.rrl'PIr.' rr'pl r
..-., 'ri ,r p.,i;r.;;n*uir\ lL; \ , r ir "'r
p. rccl at ihc ncwLl,vermustbcconPtlted Lrndcrconsi.l
€r.tjon of colr.lcns.rtbn (!loucl turnation). As long as

the sDn ofall transition encr:ies

E/m = I (cltr / mp)n -> n + 1 (16)

is posiiir.e ihc parcel is allolved b rise. The vertical
!cloci5, v of the air parcel at a Siven layer is simply

v=(2.tr/nl)05

rvith Fn. = Deo = 0.02 (n/s) ldu,nlsa.ccl.raLiofan(l
Fno = Dco = 0.08 (m/s)-1 durnrg slot'ing clorvn.

Fr!]I]jlidi|!&(jgknor!n iha tlt(,rizort.l r{'irl.ls rcducc
the lift rat.rs. A roll8h pa r.nretri/ation of tliis rcduciioll
is nnplem€rte{l in <<AI-PTHlltM>>. Horjzontrl rvinds
n1 ihe convection laycr are likely to affeci ihe entrain
r. l lrlr "r , L..I'r',r''r J-".-T.".'pr,.,7
pler approachis Lrse.l in <<ALPTH|ltM>>. Thc ganr in
LLp..p .rdl ,l(,i,I r..rf eobr.rti , i,.,,n\,rr,r

fkin=1 r'u2 (1e)

r' .,1-.p I ,, l,-.,vF fFlro r/ '. L s.,d/r - 1..q,

I lr lrtlr. 1. '' I n l,'i.rh li i .'r'',r-
sion fnctor is rc.luccd to 0.4 and verticalvclociiics v arc
reLluccd k) 63"/. ol the valucs obtaine.l for calm condi
tjons. Thc form of (19) nnplies thLlt lithi winds do
prnctically not affect lift raies. Thc value used for r is a

8ucss. No aitempts io vcrify ihis value of r have been

F.ach air parcel wjll evcntually ftrd its eqLriljbrium
laycr into wtich it is mixed.Its mass anLl watcr conicnt,
iLs latcnt and sensible hcatare added io tlre equilibrium
laycr. Theftral result jsanupward iransporiof all thcse
clunniitics. At the Sround thc mass delicit nLrst be
compensaie.l by sobsidence of the free atmosphere. -^i
thisfointit is also possible to ireai synop t ic changes of
the temperatue and humidity Profilc duc ti:dvP.tlon
or large scale subsidcnce. This cycle of heating, iurbL,
lentvertjcal motion and subsidence js rcpeated for the
fidl clay.
Representa ti ve pro files

The qrqdglrnLFt qe,lla4ediltllt 4lladv 4!Ini8
teqtperlt,'r9 !l4l!!r!.r4-rtM9!l!lhs:Ese!."1!4!""
Jq' tb.q*gq!. qldg!!s@!]|19n. In s('itzerl'nd ther.l

are tivl, sources of data availabler radiosounding daia
takcn at 02 a.m. (local iime) and data from a national
feiwork of grolrnd stations (readjngs ai sunrise, sta-

tions at altitudes between 200 and 3600 mASL) Thc
follo$,hg superposiitun of both data Proved to Sive
gooLl results: within topograPhy, the grornd stations

withnr the region are givcn fixed !veigh t and the wciglrt
ofthe radiosoLtndingdata decreases fron the ioP down
io the bottom of the toPograPhyt above tlic toPotraPhy,
the radiosounding data are given fixed wcighi and the

station diia are tiven individual weights accordhg tcr

their djstance to tlle retjon (Table l, Fjgurc 2).

Model Results
l,e lrlt rat€) ior 5.lltotJ_.c v lf rn rP Irrr rt .,

pJrltul-hlrir', le"rFob-!t -i"l amt ;'"rrg,d\erIre,'ir!eE: 19! !!!P'"tgl"ll

.,i"r,].=I.-l1q!""d!f f .'.1JFrc€Ts-crossinsilia

(17J

It is im portani k) allow for entrainnentand cletrainmcnt
durnrt the t.ansitions in or.ler to obtain reasonablc
moti(nr. The eDtrainmcnt/detrajn ment facioIs Per trnn
sition are proportiotl to the velociiy:

rtres of rll ;ir pJrcels crr)ssjrrs thrs rltriude

-l ;.r.. r,;ar -,'araf lle-Dlm(t Nhile
cr$sing dris altiiude

nn=Ene. vl

Dc=Deo. v

VOLUME XVIII, NO.3

(18i)

(18b)

!!!!q lle !!k ralg 0e-1rus tl.e si'1k ;rte G. I ---/t of itie-Flanca ir
Sl-ti"g. t" "aaititl. to time irei ghiiroislscctjons of 1if t
raies (FiSure 3) the model also Provides qrrantiiative
results on convec tive clouds: the base and bPhciShiof
cumulus clouds rnd the cloud cover nr each layer. The
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RADIOSONDE 02H PAYERIiE
HF]ICHI'IT' ]TD

0500 r +09
0400 l+13
1500 r+09
2l0A | +06
3000 I +00
4200 I -09
4800 I -11
5000 -r2

| +06
r07
) +02
t-18
| -!2
I 15
| -22
| -22

STATIONS
HEICqT T I Td I I'I STATION

400
800

110 0

1400
1,600
2000
210 o

2300
3600
4240

08
111

L2
r 11
I 9.5
l1
l5

4.5
| -5
l-9

6

6

5
4

r1
I -1
| -1
t1
r-8
r -15

1

1

1

1

1

5

5

5
1

Table 1.Input data foi <<ALPTHERM>>: radiosonde and

point is instruciive in cases of dry upper level air as ii
shows ihe mixing down ofdryak superimposed on thc
evaporation of water at ih€ Sround.
Example 1: Formation ofCumutus Ctouds under Sub-

Subsjdence js a crucialparameterfor the formation of
conveciive clouds. Siarting with identical idtial profiles
(FiSure 3, highpressrirebuildingup, dry air'h^vF I son

nASL) <<ALPTHERM>> was run with 4 differcntval-
ues for fie subsidence rate: 0, 5, 10, and 20m/h (Figurc
4). Without subsjdence, perfect gliding conditions de-
velop with I 2/8 of shallow cumulus clouds. Even a

small value of 5 m/h is sufficicnt to clearly redLlce the
vertical extension of cumuli and to reduce the cloud

figure shows the evolution of the vertical profilcs of
tcmpcrature and hLlrnidjty during ilic clal, and to ob
ser!c ihe predicted time series of g.ound icmpcrature
and dcw pohi. Characterisiic pojntslike thebreakingof
jnversions can be identified wiih temperaiure. The dew

.ooo- .- /=

Figure 3. Diurn!l evolution ol the verti.al profllts of te!!
f'r.r',-",d,lp^t i.r.rc, l_,c^' tl '. i'.''p, t
dav (left). Timc'hclsht cross seciion (right) of lifl mte! [0 5
n/sl, .uftrl$ clouds, and cloud .ovcr to.tasl. Cround
!.lues (upper rjght) ofiemperature T and des,t]()int Td.

/l

/
z

co\,.r h) 0 ' 1/6. At.l subsidence rate of 10 n/h clouds
form shortly aroun.l 1pm and again afhr 4 pn. At
s_rL!9rdc!.eqter-a!0 &lll!!d r]]gh.SLnSsrale.liF
c.. u. .d, trl.'-.ltrlre' rb-iJincdr\., .rl,'hi.J. . r ttr-

";" r'.' i;"i. .,,'" i"v',-iordbo\etl.pn. r,:..,1r
top hcighi of dry thermals and ihe lift rat(ls wili also be

Examde 2: Euhancement oI tn Invers;on jn n Valley
ln air q!nlit) issucs ih.r brcaking of ]o1v lyjng inl.er

snrns is oi grent jmporian.e. The folloh'jng ex.nlple
sho\^'s thatf ille] invcrsions arc tcrnp orrril)' enha nce(l
by conleciion if thc t(rP of the nlversion ljes wjlhin
n)fo8Laphy (lilgrrre 5). Thc prcs.artrd cxample shows
ar1 arca -hcight .listrjb u tjon a I tlre nor thcr n border of the
Srviss pre Alps. It js Lypical n)r thelowerpartsofilJlpor
ta n t alpine l,allevs. The n rca-11c iSlti distrib Lrtion exterlcls

lnAsl) 
., 

",_l

I

""". 1,.

Fi8ur. 2.1l.pr.sL'ntiti\'. f r.,Iilcs(ir 11, tl, i.k Lif es).s r!eight.d
{Pertositions of radiosonde rnLl grrD .Lati. Abovc io
pogr phv thc highcr alpnr. sintions are glven h igher * eight
nl this.rse.s thev ill shors hisi,er.lerv points

TECHNICAL SOARING
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Iigu re 4. Elfcc ts of subsjd€nce of th e lonn 
^ 
iion of cunulus .ldds. Subsi.len.e ra tes of 0, 5, I 0, ,nd 20 m/h were applied fron

lcit toright. Cloull cover [oc(.s]lslndicrt.d.t rh€ botton oI the iime heighicrosssr.tion.

117

. 122
l1l1

912 l5 lS2t

froni'l{)0 t]tASL b 1800 mr\SL, theaverateheightbeing
..'.o, tc0.'r,q\T.At ,r i, tIr,t,utr
tuLuiLl arornd 1100 mASi, wjth a mnximLrn tempcr.r-
tUrc of 12 "C. B! lo1v 1100 mASL the lipse rate is 0.55'C
/ 100rrt, alrovc 20{)0 n,\SL it is 0.65'C / 100n1. A lil-st
obseNution after slnrise is the lormation of th'cl
tlecouplcd conr,!.rtivi , cEiln !:: 9JL,qr4 !9!l lylltaj+ oi
f,-r' \pr.r. A.F.o d,,l -"r,..ti.rr I Jtrt,erenppr.,
h r re above the inversion incrca ses an.l thai ihe wa rinest
point in the profile graduallv risesio 1300 mASL ihe
.r' ' rll;lr 'i'r=nr.'.!vtl,e. orr.. r., 

".re|rod,L.ilillg nr|ersion. Bctween 1100 and 1900 nrASL this en,
hancemeniis hdicaicd by the hatched pari t(r ihe righi

Exanple 3: r{slsrgEgggt
In ordcr to dcnonstraie the \-olLlmc effect

<<ALI'T]IF.RM>> may be applied b an isotherrul
profile o!cr dirlereni topographies. The apparent in
crease of sensible heat as deduced Irom the skew T -
altitude diaSran is Llue to ihe volume eff€ct (fiBure 6).
The clcpth of the mixed layer is larter over complcx
topography. Again ihc convective lvarming at high€r
altitudes tetnporarily tra ns forms the isotheflral stratifi-
cationinb an inversion.

The operatjonal use of <<AL]'THIRM>> as a fore-
casthg tool for gliding was tested duing the Swiss
Na )nah h May 1993. Ai the daily brieljng forecast

of the lnitial tem

Evcn !uilly the

push ihroilgh the

.louds ai 2300
DrASI- aficr2 pm.
With thclow lapse

lertl thc clouds
.gro( .apidly to
more th.n,1000
nr ASI-, clou.:t
cover I 3/8. The

clq' rir to ihe val-

l:30 pm.

ijnre-hejtht
crossseciions of
ihernals (Table 2)
h'ere presented by
tllcnaiionalweather
seNice for the three
contcstregions Pla
teau, lura, and pre
AlDs. Cont€stants

1*sse nigLly-nGr
eelcdi!q_!e4{r
p"r",i ,'Ib"l..l!y
lindi,rarn hrrr
g-I;a!a! ry94!qr
aep(t!!iwith inflt
maiionon lift rai€s,
alouo' co-.ei-in4
hejglii-dTafbra66i-
as nnciic,nofday-
trmE-ar-ritffi.
Analtrsis ofthe daia
is in proccss. The
iJnporiance of sub-

I
I

.t

./

Figure s. Enhancenent of a valley in! e.sjon ihrouth corveciion. The eaily onset
of.o^vc.tion ab.ve th. stabh layer (n,p about 1100 D Sr.)addssersjbleheat
io the unsialrl. layer atrove 1100 mASL. Thc.onv..1ion in the l{ner pat of thc
valley is.lecoupled lrom the upperconve.tion uniil2p m (folmaiionofclouds
by th. hunid vall.y air).
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lirr rare t0 5 n/3r. cu ll

Table 2. <<ALTIHERM>> 8lidfi g f or.casi.

sidence on ihc formation of clords was clearly recot
nized (Example 1). For the contesi director the model
providcd important informaiion aborit take-off time
alrcl thc cnd oI convectiol il1 the differcni contest re

tions. Underunsiable concliiions the iolvernlg up of ihe

convectivc cloilds could
be estimated for thc dif-
ferent regions and the
tasks set accordingly.

Tooo!:nphv is a ker tl-
e;e;t j.' r !-doLn;ed
;r; '.s_tqeiG iE a-
tailed consideration in
modelling atrnospheric
convection is possible with
bdays personal compur
ers. The presented PC
bascd model <<ALIL
THERM>> produces re-
gionalizedforecastsof the
parameiers jmportant f or
gliding.Used asa simula-
tor <<ALPTIIERM>> il-
lusiraies effccis like the
convective enhancement
oflow lyint nlversions in
mountain valleys and the
volume effect. Quantita-
tive information of th€
mixing process in the

boundary layer is also obtained for co tPlex topoSra-
phv.
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