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Summary

Ci ty CoUege and Tribh uvan Univ€rsi ty scientists study-
ing air pollution transport in th€ Himalaya encountered
unusual soaring weather. A frequenL stationary line of
cumulus clouds formed during the afternoons in the
Kathmanduvalleyof Nepal.Thesubcloud updraftsvacu-
umed the valley of the ovemight accumulation of air
pollutants. In Tibet, dustdevils formed at 4300 m MSL Old
Tingri which is 70 km north of 8848 m MSL Mt. Everest.
Meteorological m€asur€ments confimed obs€rvations of
cumulus forming with bases of 8000 m MSL between Old
Tingriand Everest. Further, Ienticular clouds with assoc;-
ated rotorclouds were observed ov€r the Rongbuk valley
indicating mountain wav€ activity on th€ north side of
Everest. l he.eobsen dt'ons\uggectas esomesoaring poc-
sibilities for gliders launched from Old Tingri over the
nearby Himalayas once the significant diplomatic and
loBisiical obstacles ar€ overcome.
Introduction

During the author's sabbatical, he led a meteorological
e.p, dilior to Mt. f vpre\r'n the rdll ot loqc.rnd the,fr ,t
o11996. The expedition, conducted by City College of Ndv
Yak (CCNY)and Tribhuvan Universiiy (TU, Kathmandu,
Nepal) researchers, studicd air pollution transporr in the
Himalayas as described by Hindman and Upadhyay (1).
Du ring the studies, un Lr sua 1 soa ring wea ther was observed:
an atnrospheric'chimney" nr the KathmandLr valley, cliur
nal convcction in the nearby Himaiaya and 8000 m MSl.
cumuluscloud bases in Tibet. ln ihis paper these obser\,ir-
tions are detail€d an.l possible soaring opportunities ar.'
discusscd, one of which may lead to the summit of Mr.
Everest. Hindman and Engber (2) have studied sorring
opportunities of Everest irom Nepal and concluded a

soaringascentis feasible. In this papcr, a more lik€ly asccnt
from Tib€t is detailed.
Kathmandu valley

Soaring birds wer€ a common sight in the Kathmandtl
valley during the author's stay between Scptember 1995
and June 1996. For example, those wonderful creatures
were observed making lazy, ascending orbirs in the r{eak
mo.ning thermals which bubt led up thc sbpes ota hilltop
temple which overlooks the west side of the valley. While

'cadrngthe 
Kdthmnndu lo"t' rnll,ew.r'm.mornrnrj-un.

the author often observed the young eaSlcs who lived in
the tall trees across the street learning io soar under the
developing cumulus clouds. How, he envied thcm!

There were no sailplanes in the Kaihmandu valley io
explore the convection. So, an instrumenied STEMME S-
1oVT motorglider was being prepared h Germany to join
theexpedition in Kathmandu in ihe iallof 1995. Permission
was obtained to bring the aircraft into Nepal, but the
necessary turbo-charging of the.raft was only recenily
completed. The instrumented S 1OVT is expected to b.'gn1
flights in the fallof 1998.

Th€ authorbrought his newly acquireLl .irdio-contdled
(R/C) glider to Kathm.lrdu to rxplorc convcction nca. thc
ground. But, he r|ns unablc to mnstcl thcnri olR/Csoirring
in thcb.ief tinre a!,nilnblc; hc lo! n.l it N'.rs cnsicr hr l('.r m to
ily full size gliders. Thus, he hnLl h) rclv on ohs.r!.iti.ns dl
the soaring birds to ideniify .offectj\ c Lrpdr.rfts.

Kaihmandu is at.Lrout 25N 1a titud(', so tllc'slnr is high irr
the sky even in th( $ int r. ns n r.suTt, con!.'ctire cloudrt
were observcd to fornr ilnrost !lnil\. Du. io Knihnr. du's
ele!,ation oi I +00 nr MSI- ( 1600 i(\'t), its lllrfLl loc.rtion.rrrd
the high'clcviii(rr I linr.rL.r\.rs .rfJ I il){ l,rr] pl.rn!! rrr nr.
d;rtely kr the norlh bll'.king lhr I tu ti( .r r, it hni .r "g.ntl{,
climntc": a nr)isl, \\.!nr sunrnr.rrn'j r !lr\..(!, \ j,rlrr
Th€ author.rri!( Ll .t Ihc c rl()l tlr. (.t. iL nr,rrr, I jrr,\rnl
in early September 1995.

The author madc mafy lrips t(, thr rooiiof pntio ol his
apartment attempting k) gel glirrpsrs of ihe Himninrn
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Figure 1.. Kathmandu "chimney" cloud,1fl5 NST,10 S€ptember 1995, photographed from rhc Nepat Research Centcr.



the center of the valley because th€ valley is sufficiently
widetopermiirisingair. In anarrowervalley, likethosein
th€ nearby Himalaya, air sinks in the ccnter of the valley
suppressing cloud formation (Figures 2 and 3).

Th€ subcloud updraf ts vacuumed the valley of ihe over-
ni8ht accumulation of nir pollutants: th. pollution was
lo$csi in ihe earl) nrorning $'h€n, il se.nrc.l, cverrbody
1! as slc'.'pir1g .nd ihe pollLrlion $ ns lolvcst at noo'r rvhcn,
it sccm.{, everybo(lv !r'ns d rl!lng i \.hi.l{'h.lchj.g blick

rigure 2.,\ s.itu.f cc,)l of viLk,\' f hi,to6rrphs,)n 25 Novcmbcr
lr95 f,()n lh. Hotcl E!!.rst Vrcw (llLV), Khumbu Hinraliyd,
N.p.lat (.r) 0{100 NSI, (b) l20ll NST and (.)1500 NSI illlstraiing
!i.rultan.ons do!el()Pln.rlt ol cuntl!s al low and h,gh clcva
tnns aL(nrg thc rallrl sid{vills.

through ihe post'mons(u1 clouds thatobscured ihe range
to th€north. Asa resu lt, he observed a freqlren t, stationa ry
line of clrmulus ciouds io form during the aftemoons
(Figure 1). This cloud line aiso was clcarly visible from
spaceas dctccted by an USA polar-orbitingmctcorological
satellite. Thc cloud line was distinct from the cloud cov'
ered Himalaya to thenorth and thecumulus formingalong
the foothills of the valley to the south. The line formed n1
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FiBu re 3. Thc conrpani(nr scq uence { )i dos n vi I le} ph( )i{ )s fronl
the HEV on 25 Nov.mb.r 19.15 at (.r) 0!0tl NST, (b) I200 NS l.nd
(c) 1s00 NST showing haze driwn ink, th. vallcy (() .nd ho*
clouds from on ihc sl,)pcs r$.iving Llir..t sun.



lji6ure1..\Ln(l'lh,*.urhrr,'mUllIr'qr.. lrbrr"nlu \t |.l l i Ji '(r\ \ql.

risinI nir ,rr ih( ''ullrir.ing. :n{i\-ire., surr'
s.rrnrrLJ \ L,ffs,'lr'l0l nl
T.tr,\ lri. I \ L'r..r pol.\
,\ rr thr \ !ftso n,rll.rnJ
I hi'r! tL,lh..irhl.ri lh.
h..r'l i,t lllr Nrll, rr
n|irr( I I l,,u11 lrt ri riiJ
,,11\r nr 1 r.r L).rl.l.rfr .rl
rr. I l,' r ,',irr.Li, lh,
I I I.1,,,.,1,r
r\ l',, . 1,, r,rli,.t,,lnrL\1
1,., , , .! I .rn.1 th. ul
!rl r't $ |,1 hrs tllsi be.

smoke. The larg€ pollution peaks at the morning and
cvening rush periods wereexpected but not theclean.stair
it noonl The clean air was due to disPersal by ihe siSnifi
..ni conlection- The author called the con!ectn'r thc
"Kathnlnndu .tmospheric chimn('y" ancl encoura,tcd his
Nepalt,se colleagues to bum th.ir trish nt noon i,) t.lke
.rd\.antrgc of the 'chimncy" and not in the t!ening.nrd
errl! nrorninF as !tns thcir cust,Jn].

Ih. 'rhinn.I" cloud mry trt ('\plor(d $ith thc ifslru-
nr.nierl S'10V I following..rreful xir'ir.rffic cdntrol t)lo..'
(lu.cs su.h .\plornlions \ ould nlrp out thi' disp( rs.)l oi
lhe tollUL is Lry thr cloud. Furthor, th. "chinrncy" .loud
Dri! \e^ c is,l iunrping off point lor explornti, ofs, r iIg
iri th.' nearby t limnl.ryas.

Bet\! cen Scpiember 1995 .rnd lhe author's di'piriLrtc n]
jone I t)r)6, hc observc.l an ir\ erag('oa78",, ofthe dn) r in th.'
Knthm.rndu vrlley b bc soarablc, ranging from 1(10",, in
( )ctoberand Deccmberto 62"" inJune. A soarablediv sar
one 

'vith 
high-basi'd cumulus forming in thc afte.noon/

liood !isibility and no prccipitation. The maximum cloud
h,r'e (H m A,;L) q,F,\trnr,rlpLl from lhc nr.r\imun' J'-
icmpollrturc (T, C) and corresponding dew point (Td, C),
.rssuminB a d.y ndinbatic nscent, using the f(nlor! nlg cx

H = r25 (T Td) 0)

Iletr!.en lu and 23 October 1995. th('nraxinrun I nnd
nliIlrrrun, I,t \,r.r,,\\rerr:q( .IrJh( tr.,du.rnB.r L..i
nrum ck)rd b.rse rnlue of2750 nr AGL. Lik$t ise, br't\r.'er
.r and 6 April 1996, the T lnd Td vaiucs lvere 28C nnd lC
producing a ma\iDrum cloud bnsc of3,625 nr ACl. Thesc
bases nre certiinly high cnough k) conduct so.rring ilights
in the Knthmandu valley. The spring nr.ty be thebcst time
because of the highest cloud bascs but regional h.rzi'rF
duces the visibility to 8 to 12 km at this time (l ).
Khumbu Himalaya

In November1995, an almostdaily con vectivc cycl(' !vas
observed from the 3876 m MSL Hotel Evcrest Vieiv (HEV)
located 28 km south of 8848 m MSL Mt. Everest nenr
Namche Bazar (FiSure 7). At 0900 Nepal standard Time
(NST), as seen in Figur€ 2a, the first cumulus formed in the
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figure 5.28 April 1996 L!crcsl c!nulri pho|F run R)ntbul
MoDasierl, Tibet: (a) 06(X) NST, (b) 09(l{) NSl, (.) l2(l(l NSI, (d)

1500 NST and (e) I800 NSI
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Figur. 6. 23 April 1996 wave .loud photos looking north from
Ronsbukdonaste.y:(a)0600NST,(b)0900NST,(c)1200NST,(d)
1500 NST and (c) 1800 NST.

gun transporting both moisture and pollutanis into the
valley in response io th€ air rising up the warm slopes. At
I200 NST, as seen in Figure 2b, Tawechie continued to have
the warmest slop€s and iis cloud grew larger. The up'
valley i{ind was now blowing 10 knots. At 1500 NST, as
seen in Fisure2c, themaximumsolarheaiinshad occurr€d
and ihecloudsreachedtheirmaximumdevelopment.The
slopes ofAma Dablam were now warm causinS clouds to
form. Looking south from the HEV down the Dudh Kosi
valley, the companion sequence of photos (Figures 3a,3b
and 3c) shows clouds formed on the warm, east-facing
slopes in the moming, both faces at noon and the wann,
west-facing slopes in the aftemoon. A tempe.ature inv€r
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sion caused the cloud tops tobe flai. The ciearcenter of th€
valley was caused by the sinking air-

The Syangboche airstdp, near the HEV, is a possible
operations base for a rugged, powerlul motorglider. Two
ultra light a ircra ft exped itions h ave flown from th€ sirip as
documented by Hindman ind Engber (2). AIso, th€ strip is
a location to explorc thernrals rvith an instrumented R/C
glider in the strong mornnlg upslope flow and afiemoon
up valley florv.Such R/Csoaring flighlsmaypave ihe way
lor motortlider flights hun the sLrip. The flights wiU have
to be coordinntecl with ihc Plitlrs iurbo-Porter and thc
Russinn helicopt€rs $ hich fly.lnily io ihcstrip. Further, thc
flighis n ill have to cease bi e.trly nftemoon to a!.oid the
clouds ih:ri often fill ihe \'.ll€\'.

Cloud bascs in thc rcgn)n $ ere estilnat€d usingT.rn.t Td
Jn€.surements with lqLr:riion l B.irvcen 29 October rn.l
27 Nov€mber 1995. thc n.rxinllrn T:rn.l mini um ld
! alucs wcrc I 3 and-23c pro.lucing n n\r\inrunr.louLl base
of -1500 n1 ACL. Bctsren 2l Aprjl.rnd 9 M.ry I 996, thcTand
'l d !?lues were 12C .lnd-:C ProducinS a nrn\iJnum bds.-of
2125 m ACL. It appenrs the ti11 is thc Lrcst tinrc lor so.rring
flighi duc to thc highest cloud bis€s.
Tibet

In ihespriJrgofl996.thenuthor h i!clcd irom Kathm.ndu
tr) ihc forih sicle ol Ijv€rest vin thc ljricndship highway t(l
studytr.rns-Himalayantollution tr.rnsport h ith his( CNY
.n.l I U colle.rgucs stationcd on thr souih sjLl. of I-yrrestnl
ihc HIV and Lhe lt.ll.rn l'\'r.rn)lcl sl.tiolr.rt 500{) nr \1S1.
nenr thc bnsc of Evcrcst Thc iif in I lbei $.rs tour)d to br
cleiner th.n ihe air at thc sanrr ek\2innr in ih. Khumlru
Hinril. This rvas most lik€ly duc t., ic$.'r pollLrt(nr sorrc.s
in Tibci. Also, siSniln:ant dilution ot nir pollui.r is nd
vected into Tib€t from NcPalin th{r aftcrnoon i.ans Hima
layan air flo$'occurred in the.'xir.'mely dceP.rftcmoon

FigureT. Possible flighttrack(plan view) from OId Tingri
io Mt. Evcrcst. Allelcvitions ar. in brte.s MSI-.

I

I



- - 15: l- - -r=

.so or"

"9 "+
lo

o' e"

o5

27O /7Okt.
270l50 kli
Voriobl6 /LlOhl
Vo riob l6 / LlOhl

E

-.l5Oo

Tibetan conv€ctive boundary lay€r.
Dudng the author's 18-19 Apdl 1996 acclimatizaiion

period at 4300 m MSL Old Tingri (Figure 7), he observed
dust devils formingeach aftemoon in thestrong westerly
surface air flow. The Tibetan villages were compounds
surrounded by high walls io diminish thes€ winds. Using
surfaceTand Td measurementsand Equation 1, a reason
able assumption according to Tao et al. (3), the cloud base
wasestimated tobe2400 m ACL. A possible flying locaiion
at Old Tingriis illustrated in Figure4. It may be possible to
construct a basic air sirip and shelter aor a motorglider,
such as theS'i0VT,onthe flats visiblein the foregrouncl of
the figure and to conduct exploratory flights to the awe
some Himalaya looming nl the background: 88:18 m MSL
Everestis to the left with a dustdevil rising from the valley
in ihe ioreground and 8200m MSLCho Oyu is to the right
with the Choughs slope-soaring in the strong afternoon
breeze on the slope in ihc fo.cgrouncl. As described by
Hindman (a), Choughs have ascend€d tonearthesummit
of Everest in soaring flight.

A sequence of photographs is shown in Figure 5 shot
from the5,000 m MSL Rongbuk monastery located 28 km
norih of Everesi. The photos illustrate 8,000 m MSL bas€d
cumulus forminSjust upwind of Everesi between 0600 and
1800 NST on 28 April1996. The surfaceTand Td measure
mentsconfirmed thebases of3,000 m ACL (8,000 m MSL).
Additionally, on 23 April 1996, Ienticular clouds with
associaied rotor clouds were obser!,ed to formnorth of the
monasiery hdicating mountain wave acft,ity (Figures 6d
and 6e).

Simultaneous T and Td measurements were made at
Rongbuk and at the same elevation on the south side of
Everest a t the Pyramid sta tion between 21 April and 9 M ay
1996. Using Equation l and the maximum Tand minimum
Td values at Rongbuk oi 13C and l8C produces a maxi-
mum convectivecloud base of3875 m ACL (8875 m MSL).
The corr€sponding values ai the Pyramid station were 7C
and -20C producinga cloud base of3,375 m. Thus, convec
tive cloud bases were hisher in Tibet than in th€ Khumbu
Himal in the spring of 1996.

These obseffations indicate awesom€ soaring possibili-
ties for motorgliders launched from old Tingri over the

30lqo5060
lkm
I

Zom'ikh

20to 701
I
I
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80
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Figure 8. Possible flight hack (cross-section view)fromOld Tingrito Mt. Everesi.

nearby Himalayas once the siSnilicant diplomaiic and
logistical obstacles a.e overcome. Bet$'een l8 April and 9
May 1996,73%ofthe days wcrc obscr!,ccl ii) bc soarable at
Rongbuk.

A first-approximation fli8ht path bet$,een Old Tingri
and Everest (Fjgurc 7) r,as calcl,laied using the author's
HP 14T sailplane polar, as describcd by Hindnran anLl
Clark (5), and meteoroiogical conclitions me:rsured and
observed. Rawindsonde nreasurenrents midebyCio (6) ii
the base of Everesi \^erc uscd for uppc.-ai. !r'inds. The
author's dust devil observations were uscd for ihcmral
spacingand LrpdraftstrengLh was assunrecl to b€ n conser
vative 5 m/s. This updrafi estimaic can bc.efined using
siandard rawindsondes from New Tingri with ihe clorrd
nrodel of Liechti and l-orenzen (7). The irssumed 70 knot
westorly winds at 8,000 m causc ihe signjfjcdnt eastwnrd
drift visible in the figure during thcrmal nsccnis.

A mrnimum of frve rl'erm.,l. p1... ,l^p, -.,t-nL rh l.,.r
few hundr..l mclcr\ ol lhc l-\ crL.1 p) ir.Ir.l,ft.,\ l.e rF
quired to summit Everesi as illustratcd in Figurc 8. Thc
strong upper air winds from thc west r€quirc thnt.rt leasi
two thermals be used to reiurn to Old Tingri. Hence, the
night appears to be a cross country flighi. lf operaiions
coulcl be conducted lronr Zemukll ancl a higher perlor
manc€ sa;lplan€ were uscd, thc llight s,olrld be local and
increase the possibilities of ascending E\'ercsi. Thc glide'
slope from the summit to C)ld Tingri is 16:1.
Conclusions

It appears possible io concluct soaring ilights in th€
Kathmandu valley of Nepal in ihe fall, winter and spring
and possibly into the nearby lligh Hinralaya beforc afier-
nooncloudsfiU thevalleys.Thcbcsisoaringopporiunitics
may existjust over the Khumbu Hinralaya in Tibet. Once
the sign ifica nt d iploma tic and logisticr I prob lcms .r re over-
come, soaring fli8hts to Everest from Old Tnlgri in Tibet
may be possible. This is an cxciting prospectl
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