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ABSTRACT.

The paper presents the results of a study of the daily precipitation, temperature

at 6 km and winds between 6 and 9 km a.s.l. over the Everest area during the months of May and June
for the period 1952 to 1962. Phe indications are that there is no well marked ‘monscon Iull’ or a “monsoon
onget’ over the Everest. The transition from the strong and steady westerlies between 6 and 9 km a.s.1. of
the pre-monscon season to the steady easterlies of the monsoon season occurs over a period highly vari-
ablein duration and can oceasionally extend over the whele of May and June. Winds over Everest during
this period can be moderate or weak westerlies or weak easterlies. With weak westerlies precipitation can
occur praclically every day and in most of the years it is not possible to distinguish the onset of the
monsoon rains as distinet from the ‘pre-monsoon thundershower activity’. The temperature of the strong
and steady westerlies at 6 km a.s.l. over Everest increases gradually from — 10°C in early May to about
0°C by the time the variable winds set in. From a consideration of the weather features that were
obtained by the suecessful and unsuccessful expeditions to the Mount Everest since 1952 it is considered
more profitable for future expeditions to get to the high reaches of the Everest by early May instead of

late May,

1. Introduction

There are three critical factors facing any
mountaineering expedition which sets out
to climb the highest peaks of the Himalayas;
they are the altitude effect on the human
system, the climbing difficulties of the slopes
and the weather conditions (Hunt
1953). With sufficient development of the
techniques in human physiology to over-
come the effect of altitude and in negotiating
difficult terrain and slopes one may be able
to meet successfully the first two aspects
but weather is something one has to put up
with, Since the first attempt at climbing
Mount Everest (Lat. 27° 59° N and Long.
86° 56’ E, 8848 metres a.sl) i 1921 by
Mallory no less than 12 major expeditions
have been organised with the aim of reaching
the top of Everest. Many of them reached
within 300 metres of the summit but were

forced back by adverse weather conditions.
Heavy snowfalls and strong winds that occur
at the time of the final assault of the peak
have been the main deciding factors for the
success or failure of such expeditions.

The activity of the strong sub-tropical
westerly jet stream in winter and the heavy
monsoon precipitation in summer permit a
successful assault on Mount Everest only
during the two*periods of transition. These
are the pre-monscon period May-June and
the post monsoon period October-November.
Koteswaram and Parthasarathy (1953)
studied the daily upper wind observations
over Everest area for 6, 7-2 and 9 km during
the months March to June and September
to November 1952. The winds in the post
meonsoon period were shown to be compara-
tively stronger than those in the pre-monsoon
period. The number of lulls with less strong
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Fig. 1. Disposition of chservaiories about
the Mount Everes

(Data of stations within the area enclosed by hat hing

are taken to represent vainfall in Evero st aven)

winds were more in the pre-menscon peried
than in the pest menscen, The pest nunscon
period was considered mere
weather conditions sinee the wintery sub-
tropical jet is dominated by lorae scale
subsidence. The short
passage of relatively weal jet maxima during
the ual-!l'l}' parts of this season mav bring
unexpectedly clear and calm weather on the

stable o its

bt weell
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wind-swept sides of the peak and the visk of

avalanches is greatly reduced during calm
periods. But towards the end of October and
early in November the westorlv gales hlow
with unceasing fury and chances for snecess
of a mountaineering expedition are  very
little. The only expedition which has suce eedl-
ed to climb a major Himalayan peak in the
post monscon peried s the 1951 Austrian

Expedition to Cho-Ovu (189 metres) ving

approximately 39 km to the northwost of
Mount Everest and the elimhing was done
during a shert pavse en I8 to 19 Oet s
which fell hetwosn two ot maxima, The
meteerclegioal  eonditions  which prevailed
during this expediticn have heen discussed
in detail in relation to the retreat of the
wonsoon by Reiter and Henbuger (1960,

The mest faveurable perind for an assault
on Mount Everest, therefore,
pre-monscon pericd when one iz ahead of the
monscen snow-sterms and avalanches. This

censidered to e a pericd when the westerly
jet - stream is  replaced over the Nepal
Himalava hy the relatively week casterly
st alr flow inasseeiation with th
There 15 the
menntaiineers

remaing the

£ IMeNSCen.
COmMME N Conceprion
that there 18 a peried of ull
Tte Tt davs hetween

AMOCILE
over Everest ares lasting
the westerly and easterly reonpes when
eonditions are mest favenrable for 4 sueeess-
_'\.1-.-]-.[,

menscem breaks over

ful assanlt on the summut of Everest.
ing to them the
Everest m a well marked manner 'u‘ there-
after the weather is charaeter .--‘! v leng
walls. thundering
thunder-

pericd of ernmbling jee
avalanche .
sterms and  preeipitation. It s
difficult to make out from the deseriptions of
nature

furicus scuall . heavy
hll\\t-\'l']'_

monntaineering expeditions the exacr
of the ‘menscon Jull” and “the burst of the
menseen’. faetors which are considered very
important for o suecessful esseulr on Moung
Everest, In the lest 10 to 12 vears a great
merease i the meteorclomen] ohservarions
i the neighbenrheed o Everest has been

effecred amnd it was copsidered  uvseful to

eximine the asvatlable dota fon hetter

nndsrstanding «f these aspects

2. Analvsis of daia

The main elimbing problems of the expedi-
tions arise only aheve 6 km as . The favenr-
able weather conditions for Everest elimbing
apparently are (/) winds shonld he wealk,
say 20 Iknots or loess, (i) little cr no snow
should be eeenrring at the time of elimbing
and (7) the slopes should be elear of large
accumulation of freshlv fallen locse snow, The
available observations are examined from
these aspects,

In the absence of |‘<-1|ri1| s observations from
the great heights o | Vorest ‘rv:'!. those of
teticns #s near todi « liwve heen
alken. Fioe. 1 ( ) she ws 1}11' relaiive [n-si?icv]]s
of the statiens Allahabed and Gauhati which
are only GOO km from Meunt Everest and
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TABLE 1

Weakening
of westerlies
from 40 50 kt
to 15,20 kt on

weal

1762
1961
1960
1959
1958
1057
1956
1955
1954
1953

1952

Jun
May 2
May
Max
Jun
May 27
Apr 24
Apr 30
May 17
Jun 10
May 26

21
37
30
20
33
(1]

Duration of

westerlies/
easterlies

33 days

Starting of
continuous or
heavy ppt. over
Everest area ap-
proximately on

Setting in
of steady
monsoon

easterlies

Jul 6
Jun 18
Jun 20
Jun 29
Jun 25
Jun 29
Jun 24
Jun 2¢
Jun 18
Jun 18
Jun 17

Jun 6
May 20
May 14
May 23
Jun 6
May 30
May 24
May 18
May 17
May 30
May 17

also Gorakhpur which is 350 km away. There
are sometimes observable variations hetween
the winds over these stations but on an
average they may be taken to represent to a
fair degree of approximation the winds over
Everest. Delhi lies about 1000 km to the
west and its characteristics of westerly winds
should, therefore, be related to those over
the Everest. The daily winds observed at
6-0, 7-2 and 9-0 km in May and June over
the above stations have been plotted for 11
years 1952 to 1962 in Figs. 2 to 12. Radio
wind observations mostly 00 GMT of Delhi,
Allahabad and Gauhati were used from 1956
to 1962 and the rest of the winds were
derived from pibals. Fig. 1(b) shows the
13 raingauge stations (average height 2500
metres a s.1.) situated in the area Long. 86° to
88°E and Lat. 27° to 28°N and which have
been functioning since 1952 for hydrological
purposet. The mean daily rainfall over these
stations have been worked out and given in
Figs. 2 to 12 as a step diagram and these
can reasonably be taken to represent at least
qualitatively the spells of heavy precipitation
in the high reaches of Mount Everest.

The weather forecaster for Everest expedi-
tions in India has to depend upon the tel -
graphic rainfall reports from stations in Sub-
Himalayan West Bengal (i.e., Darjeeling—
Siliguri area) to get an idea of the precipita-

tion over Everest. The daily mean rainfall
werked out from the records of stations in
Sub-Himalayan West Bengal (average height
about 1 km a.s.l) for May and June for
these years have also been incorporated in
the diagrams for purposes of comparison
with that over the foot-hills to the south
of Mount Everest.

The daily temperatures at 6 km a.s.]. during
the same period over Delhi, Allahabad and
Gauhati were examined (for the years 1956
to 1962) to find out their relation with the
winds and precipitation. Daily temperature
plots for some typical years, vz, 1962, 1957
and 1956 shown in Fig, 13 serve to illustrate
the nature of the temperature variations.

3. Resulis

The salient features of winds and precipi-
tation of the different years have been
mentioned in the legends of Figs. 2 to 12. The
approximate dates of the more marked
changes of wind and weather are also collected
in Table 1. The following provisional conclu-
sions have been drawn from a scrutiny of
these.

(7) Before the arrival of the monsoon
re2son, the prevailing steady westerlies
40/50 knects over Everest decrease to 15/20
knots fairly rapidly within a period of 1 to 3
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Fig. 2. A well-marked and rapid weakening of velatively strong and steady westerlies occurred over Everest
area at about 3 June. Though similar weakening took place at Delhi also west winds were oceasionally strong there
tillthe end of June. Marked increase of precipitation eommencing from tlJune may be noted.
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Fig. 3. Note the rapid weakening of steady strong westerlies by 28 May and the setting in of fairly steady
and weak casterlies by 18 June over Everest area, Rainfall activity increasced markedly from 20 May.

Explanation of Figs. 2 to 12

The step dingrams show the daily average rainfall over the Everest area. The continuonsline shows the averago
rainfall over Sub-Himalayan West Bengal. The winds are plotted with the usual convention, one barb indicating
10 kts and a pendant indicating 50 kts. The dotted lnes separate Easterlies from Westerlies. A dot () indicates
that no observation is available.
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Tig. 4, Note the marked weakening of steady westerlies over Everest by 14 May and the simultaneous increase
in rainfall activity. Westerlios luctuated in speed thereafter and reached even 50 kts at times till 20 June after
which fairly steady easterlies set in. Strong westerlies persisted over Delhi till about 20 June.
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Fig. 5. The weakening of the steady strong westerlies over Everest by 30 May may be noted. Rainfall activiby
increased markedly from 23 May. After a spell of alternating weak westerlies and easterlies steady westerlies pre-
vailed over Allahabad and Gauhati from 18 to 28 June.
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Fig. 9. Upper air ob ervations available are few. Though strong steady westerlies had weakened over Everest
even before the beginning of May, 30/46 kt w2 starlies continued till about 9 June. Note the porsistent rains which
started by 18 May over Everest were associated with steady moderately strong westerlies,




M. K. NEDUNGADI a5 T. R. SRINIVASAN

3

INERRNERARAR G BRI
f
%
=
FFF

nNo

GHT

WA ONO N ONY WY x

F’H
4

GRK

ALB

~

F
4
r
ol f

O O ORO ONG RGO

RAINFALL(Cm) DLH
o
(=]

EVEREST AREA

24

x a 8 0 8 28
]-c*mm‘ 954 — +¥ —— JUNE 1954 — _,‘_.,\{

Fig. 10. Noobservations of winds over Ganhati are available prior to 1935, The strong steady westerlivs weak-
ened markedly by 14 May. Daily precipitation started by 17 May. Rains became very heavy from 6 June even
when moderately strong westerlies were prevailing over Everest,

, GRK

TTTTT —

ALD
L AU gy OO

DLH
ONO ONG ool

EVEREST AREA
RAINFALL(Cm)
Now
o Q o O
=) MTTTTT

Lt
T .."III!' ]
24

I‘—-—MA\‘ 1953 JUNE 1953

Fig. 11. Note that strong steady west winds persisted over Everest till about 10 June and fairly steady
easterlies set in by 18 June, Heavy precipitation occurped commencing from about 30 May,




MONSOON ONSET AND EVEREST EXPEDITIONS

km . . LR W g . NP
0 AR S § Tl R TINRE R PO N e
%ZS L \...,..‘\_L(‘,::kl.kkku.._\g l..-...w,'yr."\) j:‘.-\.,
T 5 .rz" ...........
@29 AW N A e e T I e I,
Z'g.o_,. PO U WS ‘-‘-‘-"-‘“'..u.,f"‘-‘w‘—.""-—""“- i [ "in.sl:r -
ol AT . W L e Py B K%Y R .. R
3?.2_:L .5 e \n.:\p. b ‘l(I-.k. § - t F . ;' F ST .R;,__.% .
060 e e mw e _.,k.t (N Y ; e . : g i \'Eq-kwl
< E 40T U\
a2
< 3 30
par |
» [
§12‘0~ ! \ I
z
w = " |
HM RN~ AV N (R -
| Il LAN ullitliue I EuE ay
1 4 a8 12 16 20 24 28 1 4 8 12 16 20 24 28
]-—————MAY1952 { JUNEI‘BSZ——“)_{

Fig. 12. Strong westerlies continued over Everest till about 26 May and casterlies sot in by 17 June. Note
t_vhe moderately strong westerlies between these dates. Precipitation occurred practically daily throughout May and
June. The difficulty in indentifying the monsoon onset as distinct from pre-monsoon thundershowers is obvious.

days. The time of this occurrence is widely
variable from year to year and can be on
any day between the end of April and 10
June. More often this weakening occurs in
the second half of May or the first week of
June (see years 1962, 1961, 1959 and 1958).

(it) The strong and steady westerlies are
followed by a period of weaker winds which
lasts for about 30 days on an average and
may extend even to as much as 60 days
(1956). The winds during this period are
westerly or easterly 5/10 knots (1962) or
moderately strong and steady or unsteady
westerlies.

(#77) At the end of period (i), fairly steady
easterlies set in. The earliest this has oceurred
is 17 June. These easterlies may, on rare
occasions, get temporarily replaced by weak
westerlies in association with feeble troughs
in the high latitude westerlies extending to
the Kverest area during the monsoon season.

() The rapid weakening of the strong and
steady westerlies over Delhi occurs fairly
simultaneously with that over the Everest
area but whenever westerlies reappear later
they would be strong>r at Delhi than over
the Everest. This feature is to be expected as
the monsoon season generally commences
at Delhi only after it commences over Everest.

(v) Precipitation occurs over Everest in
spells both in pre-monsoon and monsoon
seasons. As the pre-monsoon season progresses
the rain-spells gradually increase in duration
and intensity and the spells are of high
intensity during regular monsoon period.
There is no sudden increase in precipitation
during May and June which can be termed
as the ‘monsoon onset’ in most of the years.
A general increase in precipitation activity
either simultaneous with or even a few days
earlier to the weakening of the strong and
steady westerlies and also its persistence can,
however, be observed in many years.

(vi) Spells of heavy rain can oceur through-
out the period of relatively weak winds
mentioned in (1) above. Heavy precipitation
oceurs even in association with  steady
westerlies 25/30 knots (1957, 1953).

(vi7) The average rainfall amount: over the
Sub-Himalayan West Bengal lying to the
goutheast of Everest are higher than those
over HEverest area as should be expected in
view of the higher elevation of the raingauge
stations which have been used to represent
precipitation over Everest. Rainfall increase
in the Sub-Himalayan West Bengal is
accompanied on many occasions but not
always with a corresponding increase in the
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precipitation over Everest area, This aspect
has to be kept in mind by weather forecaster
who, while catering to the neods of Everost

expeditions, have to judge the intensity of

<

precipitation over Everest from the
gl‘;l-]lhic reports of svnoptic date received from
stations in Sub-Himalayan West Bengal.

Lele-

Tewperatures—The  studv  of the daily
temparature variations  at 6 ki over
Delhi, Allahabad and Gauheti shows that
temperature fluctuations have no one-to-one
correspondence with the changes in wind or
precipitation over Everest, However. it is
seen that (#) the temperatures are genevally
higher at Gauhati and lower ot Delhi then
at Allahabad during May and June, (h) =
temperature of about - 10°C over Everest
during early May, when strong and steady
westerlies prevail, rises gradually to about
0°C in the pericd of weaker winds. This
higher temperature is maintained even in the
monsoon easterlies. As can be scen in 1962
the rise mentioned ahove can take placs
even when westerlies are strong (sce Fio,
13), () temperatures remain 6" to — 107
m the steady westerlies over Delli and
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Allaliabad but strimg steadyv west rlies over
Gauhati with  higher
temperaturss (1937), (4) the temperature over
Evorest was about 0°C evel ot the |I|"..!ill]|ill£
of Moy in 1936 as a result of early weaken-
g of the strong westerlies in thot Year,
Over the >|"[n-.‘- of the Everest Tl'lll!"‘?"ltl“'l'
must he lower than the free air temperature
doserthed above during night on aeeount of
the Ligh radiatinal losses from the snow

can  be associated

surface,

4. Discussion of the results

The arvival of the monsoon over the Indian
sub-continent has been disenssed by Rama-
nathen and Ramakrishnan  (193%). In a
detuiled studv, Yin (1949) hes shown that in
assteiation with the onset of the menscon in
the Indian  sob-continent the sith-tropical
high pressure belt shifrs rapidlv nerthwards
th @ pesition Lat. 30 33
the north-south treueh line in the westerlios
it the 504 mbh :

N. Simultanecusly

l.vl]‘_’.
westwards  to a
Longitude 72K, This westward shift of the
trough is what is seen as the rapid woakening
of the steady and strong westerlies above
6 ki asl over the Everest ares deseribed
Lere and shown in el 2 of Table 1. The
trough apparently fluctuates in an cast-west
divection in the neighbourheed of Long,
5K ol temporary
strengthening of the westerlies over Delli
even after they weal:en over Evercst, The
sub-trepieal anticyelenie coll migrating woest-
wards from over China brings in the high
level easterlies of the monsoon season over
the Everest. From the results presented here
it is clear that a relatively long pericd exists
hetween the weakening of the westerlios and
the  setting in of the steady casterlies. The
monntaineer  should normally  expect  the
pre-menscen strong westerlies above 6 km to
weaken fairly rapidly by about the last week
of Moy or the first week of June, Weak
westerlies or easterlies will provail thereaftor
for about a month before the fairly steady
casterlies of the menscon set in, Very wide
divergence from the above situation can,

level  viowg
rapidlv  slifts

nesy

N39R

aceounts  for the




MONSOON ONSET AND EVEREST EXPEDITIONS

however, occur during individual years as
exemplified by the highly eontrasting years
of 1957 and 1956. In 1956, the strong and
cteady westerlies weakened before the begin-
ning of May and varieble winds prevailed
till the end of June. In 1957, cn the
other hand, steady westerlies though with
diminished speed continued till the end ef
June. The period following the sudden
wealcening of the strong westerlies is asscei-
ated with frequent and scmetimes heavy
precipitation. It appears, thercfore, that a
‘monscon lull” with little precipitation and
weak winds and which lasts for a week as
commenly elaimed dees not exist. Spells of
precipitation, at times heavy, often start
over Everest simultaneously or even earlier
to the wealening of the main steady wester-
lies. The arrival of the steady easterlies is
not a criterion for commencement of heavy
monscon precipitation.  The pre-monsocn
thundershowers  (or the Chotta Barsal as
the mountaineers call them) apparently
merge into the mensoon rains in most of the
years.

From the mountaineer’s point of view it
appears that so long as the westerlies are
strong (say 40/50 knots) the sncw that accu-
mulates on the slopes resulting from conti-
nuous precipitation gets blown off and he
will still have a chanee for making continued
attempts at climbing. If, however, heavy
cnow oceurs in association with weak winds,
loose snow accumulates over the slopes in a
deep layer and this would result in avalanches.
It will be hazardous to make any further
attempts at climbing thereafter. The deserip-
tions given by the Everest expeditions of
having been caught up by the ‘monscon
onset’ eannot be always relied upon to fix
up any date of monsoon onset over Everest.
With the advance of the season and increased
moisture incursion in the plains to the south
of Everest the frequency and violence of the
thunderstorms over Everest increase. A
mountaineer while trying to reach the top
of Everest by mnegotiating the last few
hundreds of metres is in such a high state
of fatigue and tension that he is apt to take
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any large scale build-up of clouds, snow and
squall, even if it be of a temporary nature,
as ‘the burst of the monsoon’. Instances have
oceurred when immedistely after the expedi-
tion gave up the summit attempt, due to the
so called ‘monsoon onset’, spells of very little
precipitation in association with weak winds
recurred,

Four major expeditions have gone with the
definite aim to reach the summit of Everest
dnring the pericd 1952-1962.  The spell of
precipitation which occurred between 28
and 31 May forced the Indian Everest
Expedition of 1962 to abandon the summit
assault en 29 May on account of ‘monscon
onset’ after reaching within 250 metres of
the top. The summit party experienced winds
of gale ferce and driving snow. It may be
seen from Fig. 2 that scon after the party
abandoned the attempt a spell of little
precipitation with the weak winds prevailed
hetween 1 and 6 June. The strong westerly
winds that prevailed up to 2 June might
have cleared the snow that fell on the slopes
between 28 and 31 May and the party might
have succeeded if further attempts could be
made between 2 and 6 June.

A spell of heavy snow that occurred from
926 to 30 May caused the failure of the first
Tndian Everest Expedition led by Brig.
Gyan Singh in 1960. The summit party
gave up the final assault on Everest on 26
May. The statement of the party that heavy
snow more than the winds that defeated
them is supported by Fig. 4. The period 31
May to 10 June was one of little precipita-
tion and weak winds but it is doubtful
whether the expedition could have made any
further attempt at climbing during this
period. The westerlies were not strong enough
to sweep away the heavy snow that accumu-
lated on the slepes between 26 and 30 May.

The conditions under which the two success-
ful expeditions eclimbed Everest may be
seen in Figs. 11 and 8. Hillary and Tenzing
of the first successful Everest Expedition led
by John Hunt reached the summit on 29 May
1953. Though the progress of the expedition
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was hampered by daily fall of snow till the
middle of May, there was much less precipita-
tion but accompanied by fairly strong wester-
lies in the second half of May. The final
summit attempt on 29 May was successful in
spite of the strong winds. The slicht weaken-
ing of westerlies and the simultaneous
increase in precipitation would have con-
siderably decreased the chances of climbing
after 29 May. The success of the party indi-
cates that the climbing parties at these great
heights can withstand relatively  strong
winds. The heavy snow and blizzards consti-
tute a more serious danger to the climbers.

The second successful assault of Mount
Everest was made by the Swiss Expedition
(1956) on 23 May and again on 24 May. Luck
played considerable part in this venture. The
strong steady westerlies had weakened at
the end of April and it was a year of carly as
well as heavy monsoon over the Indian sub-
continent. Thongh heavy snowfall had started
even from the beginning of May, a spell of
30/40 knots westerlies or northwesterlies
prevailed from 16 to 23 May and this must
have made the slopes more climbable (see
Fig. 8). Weak winds and practically no
precipitation occurred on the days of the
summit assault. The heavy precipitation and
weak winds that commenced from 25 May
would have made any further attempts futile.

It is fully realised that the exact weather
features over the different slopes and valleys
at the Everest may deviate somewhat from
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the free air conditions for which wind data
are presented here. Nevertheless, there is
little doubt that the broad features seen in
the diagrams represent substantially what
actually obtain over Everest. In the light of
the features discussed above, it appears
desirable that mountaineers who want to
get to the top of Everest should reach the
greatest possible heights much before the
onset of the weak winds. The chances of
facing heavy snow and blizzards are very
high once the steady and strong westerlies
weaken. Success at climbing after the wester-
lies weaken will be too much a matter of
luck and a rare occurrence. The steady
westerlies in early May are generally only
£0/50 knots strong; brief spells of 25 30 knots
also occur within this stream occasionally.
It is suggested that expeditions should plan
to get to heights of the order of 8000 metres
a.8.l. by early May with sufficient equipment
to enable them, if need be, to wait there for
even 10 to 15 days. Theyv will then be eble
to take advantage of the short pauses in
westerlies unassociated with precipitation to
make one or more bids to the top. This sugges-
tion would eqnally well be applicable not
only to expeditions to the Everest but also
to other peaks nol far from Everest.
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