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The influence of The Terrain on The
Monscon Climate in Kathmangu and
Darjecling Regions of the Himalayas

-Will Kiesewciter®

Introduction

In this article the influence of terrain on the monsoon climate is
depicted in an exemplary mannzr on the basis of areas in the Himalayas,
The regions are situated south of'the high Flimalayas which, asa climatic
divide, separates tie dry Tibetan plateau in the rain shadow {rom the south
tlank at the edg: of Southzrn (monscoa) Asin. The examination of the two
areas is espacially attractive onthe one hand bzcause ol the Lict that tocy
represent the transition type of south-east Asion monsoen chmats and
on the other hand beeavse of the dilfering surface forms, Duriog the
European sumumer, the moist SW monsoon prevails in Southern  Asia
which, North of the 1TC, which iiself is situated above the Ganges
plain, is reversed to SE winds. On the other hand, during Furopsan winter
both of the areas examined lic within the areas of influnc: of the
extra-tropical Westerlies. 1 For bath of th: areas under  insesbgsiion.
thercfore, thare is no typical seasonnl coitrast between the 5% winsoon
with its heavy rainfall aad the relatively any N2 monsoon.

The arsas uader iovesiigation

The Darjceling reaion {Fig. t, profite Fig. 7t

was examised whicl,
stretching from the Terai to the central parts of the Himalayas, includes
all pirts of the Himalayan system with the excention of the upp-r Him-
alayas, Due to the Teesta and its tributaries the North Seuth strikeline
of the Va'leys and mountain chaios is Jominani. The second mosupie o
the Kubmandu region {Ifig. 1, profife Fig. & which «iso strctehes [rom the
Terai fo the central parts. fn this region the Nathnwndu basin i3 ¢ sep-
erate natuval resion in a rickly divided terrain, It has a diameter of ap-

[CE —

* Dr. Kiesewettcr is a research scholar associated with Johaunes Guiens
berg Universitat in Mains, Germany

1. 1. Flohn, “Comments on a synoptic climatology of Scuthern Asio,”
WOM-TN, Vol, 68 (1965}, pp. 245-252,
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Darjecling Area

Kathmandu Area
L. Lachen 2. Gangtok 3 Darjee- 1. Kath. Airport 2. Kath, 1. E. 3, Khu-

iing 4. Kalimpeng 5. Kur- maltar 4. Godavari 5. Tokha6, Kakani
seong 6. Siliguri 7. Nagarkata 7. Dhunibise 8. Markhu Gaun 9. Hetaunda
8. Jalpaiguri 10, Amelkhganj 1}, Simra Airport

Fig. 1: Topography of the Darjecling Area and the Kathmandu Area.
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proximately 20 kms and is surrounded by mountains on al} sides. Apart from
this this basin, the valleys and mountain chainsin the area examined run
mainly in an East-west extension, The relief allows one to expect a variety
of climatic conditions.

Climatic observation, data and method of examination

The density of the weather statiens in both areas examined {compare
Fig. 1})is normal when compared with the Indian Subcontinent. In addi-
tion, the spatial distribution of stations is uneven; the plain und the edge
of the mountains are characterized by a greater density than the mountains,
The density of station reflects the contrast between a lower density, and
high densely populated areas with a correspondingly areater station density,
At each of the stations there are two measurements daily: 8,40 NST
(Nepal standard time) and 17.40 NST or, respectively, 8.30 IST (India
standard time) and 17,30 IST by a ten minute time difference belween both
countries. For the examination in question only climatic dats from the
official stations of thz Nepalese, or, respectively, the [ndian weather service
were used. The unpublished observation data available from tea plantations
in the Darjeeling area could net be obtained, as this area was closed
for foreigners.

The 30 year meteorclogical standard peried from 1931 to 1960 forms
as far as possible —the basis for representative climatic observatin. However,
the observation periods were in part shorter than the stendard period or
were oxtwith this period or did not correspond fully with this,

In order to depict the climatic conditions in both of the areas
under examination, the mean values of the climatic clements were
caleulated and, moreover, extreme values and frequency values and also
climatic observations in the field were evaluated. As all climatic cle.
ments were not recorded at all stations, it was nécessary to diaw
smnirical conclusions.

Surface Winds

From December Lo May westerlies dominate at Darjeeling (Fig. 21,
tfrom June to Septzmbher easterlies, while in Octobsr and November
Wastarlies und Easterlies occur in almest equal proportions.
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Fig. 3: Monthly distribution of wind direstions at ilathmendue Awpori, mn

%, averase 1971-75.

the winds generaliy biow from opposite dircctions i tie mornisgs and
r s in both o the

afiernoons (Fig. 4. Tuis indigates thatin the n
arens examingd a syatem of loval winds can be wssuoed, pamely the mountain
and vallcy winds causcd by the deily ireediatior e nighdy rodiatien. Of

1 slidions

course, the moamiain wed vidlzy wiad 5w alenoccrs at G Tk

of Dasrjccting and Kaimpong in ibat ibe morning (U or. respectively, NW)
and afternoon W or, respectively. SF} winds aimoest olways blow from
opposite duections A1 Darjeelirg. the valley winds (W) aie svppressed im
July and August by the gencizl Host winds, the calculation  of  the
average values shows that, in the monscon petiod, the Nornh winds at
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)

di Yalley, the lees! winds dominate comolstely from

1

June tu Seateminer {desoribed 1o the lo.Imn as fhe monscon pesicd) as

opprend o the meoerat surface winds, The vailey winds, which in the ares of
ton Hosthmaedy Ao Blow Dom the “.’f"si, ci-‘-;:-r ¥ suppress the Lasterly
HIFACITE i

FNST (Mg 4 Frem Coloher to Fobruary there are no mountain

pUat 84 NAT esthereds calm:son resulz of pround inversion.
{}me\v tions of Talla that 5 +nd 5% winds #v> prodominant is the monscon
a0t varifizd by the cbservations.?

nd velosoities ol Hwehmapdu Abrpert (Fig 5) are low, bot to

saueexient wvuriatle gnoihe Course of the venw. The niphest wind

ouserved stem Moreh to Moy whea the irradiation is
v the locst wivds attain their meximum i fzipy D‘.srinl* the
a dses v Inowird spacd f2oaeoted ok "c'n 1z afivibated to

dromen v obyrnlaad eorrrsseadingly the reduesedi-mdictaen. In 9 tober and
Movarhee thewind sore bidocreases further as the sua hus imeanwhile moved

fart S alndsl couree is {0 br found in Darjes-

. U, M. ndalla, “Clomatic Elements And Scasens in Kathmandu Valley™,
The Himalayan Review, Vol. T (1968), pp. 271-280.
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Fig. 5: Average monihly frequencies of calms relating te the number of days
{per month) and average monthly wind velocity at Darjeelng(1931- 601,
Kathmandu Airport (1970-75 calims 1970-77 wind velecity).

In accordance with the gemeral rule, that the freguency of calm
periods is less, the stronger the local winds are, the frequercy of calinis is
a mirror image of the wind velocity (Fig. 5}, The vuriatiens in ile ceimns i
the course of the year are relatively small  As arewuit, oorciatively greai
degree of rewularity can be wsuowed in the ocourence of the local winds in
the courss of the year,

Table. 1 Averaga mon ily wind veleeity ai Kathm adu Adrgort (185777 ko

L . e e S ——— o i, . = s e Coa e -

I K Mo MoOF S A RO N Yenr

- e rome 4 mm e AR i e E—— S [ —

8,40 NST 0 672 0.6 06 06 L5 03 1,9 1.5 i3 04 « 8
17.40 NST 2,4 37 7.6 ©,6 9,6 7.4 6154 52 43 35 24 “6

in thie d.ly course of the wind spacd, i cen be ssen that the afer. con
values are greater thaou the forenocon v
are nyie pProno:

lucs [ Fig. &, Tab. 1} 5¢ valley winds

eed {han meuntain winds, In peir ine fact ihat the
prevailing wind direclion either weakens or stremgthens the lecel winds

15 alsy to ba taksn into consideration.
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Fig. 5: Average monihly frequencies of calms relating te the number of days
{per month) and average monthly wind velocity at Darjeelng(1931- 601,
Kathmandu Airport (1970-75 calims 1970-77 wind velecity).

In accordance with the gemeral rule, that the freguency of calm
periods is less, the stronger the local winds are, the frequercy of calinis is
a mirror image of the wind velocity (Fig. 5}, The vuriatiens in ile ceimns i
the course of the year are relatively small  As arewuit, oorciatively greai
degree of rewularity can be wsuowed in the ocourence of the local winds in
the courss of the year,

Table. 1 Averazzmoniily wind velocity ol Kathm nd

W e e . e e A ——— - i .~

I ke Mo Mo

- e rome 4 mm e AR i e E—— S [ —

8.40 NST 0 €2 0.5 06 06 15 31,9 1.5 i3 0,4 ©2 8
17.40 NST 2,4 37 7,6 96 9,6 7.4 6154 52 43 15 24 ~6

in thie d.ly course of the wind spacd, i cen be ssen that the afer. con
Tab, 1} ns valley winds
are mure propouteed than mountain winds, In peinciple, ine fact that the
prevailing wind direclion either weakens or stremgthens the lecel winds
is uls2 to be taksn into conaideration.

JFie 4

values are greater thoy the forenocon valu
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Fig. 6: Number of days per month with wind velocities of 0 km/h and
20-61 km/h at Darjeeling and Kalipong (1931-60).
Precipitation
The average  aunual precipitation. In the Darjecling
area lhe totals of precipitation clearly prove a precipitation
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Fig. 7: Average annual rainfall and average annual number of rainy days
along a N-S profile across the Darjeeling Area,
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inversion® The more one nears the mountan the precipitation increases
constantly. The increase continues in the Mahabharat/Siwalik Himalayas.
However, from the level specified below onwards, in spite of increasing height.
the amount ol precipitation dscreases. The precipitation inversion OCCUTS
between 1600 and 2100m. The assumption and comment by Kraus that
thare is 41 evea dscrsass in nrecipitation moa southern direction in the
Eastern H'malayas is refuted with that.4

Pracipitation frequency was evaluated by use of wet dayvs, which
are Jdelined by more thin 2 34mm  of rain within 24 hours. In Dboth
argas, greater pracipitution frequency was accompanied by the high pre-
cipitation quantities and vice versa. It can, thereforg, he stated (hat In
respect to the annnil piceipitation [requency, the apnual course and the
influence of the terroin, the same results occur as o the ease of the
nracipitation guiatitics. Tncrais, however, one exception, that anove the
lovel of pessinitation inversion, the number of wet duvs ‘Fig. 7} increase.

In the Kathmandu basin also, itis determined that the cioser oue
comes to the Himalayas and in ths air mass barrier there 1s a cluar in-
cveasc 1a precipitation while in a northern direction in the les of the
mountain chain with dascanding winds the srecipitation decreases.

In ths Kathmandu basia the precipitation in the centre ot this 15§
less than at its edges. In addition, the rainfall in the southern
part is less than in the aortheen part, which is proof of the Tact thet
the valley winds at the southsrs edge of ihe basin are wegtened by
the prevailing surface winds from the east while those at Lite northern
ed.z of the basin ace sirengthened,

In both of the areas under examination, the relative Mtribution of
the nrecipitation on an annual average corresponds to that in the monsocn
poiiod from June to September in which approximately 80%; of the nunual
painfall occurs (Tab. 2).

1 0. N Dhar D.C. Mantan, and B. C. Jain, “A Rrief study af Ruin-
fuil over the Te=esta Basin” Tndian Jonrzal of Meteoralogy ad  Gew-
physics, Vol. 17 (1966), pp. 59-66.

4. H. Kraus, Das Klima Von Nepal, Khumbu Himal, Vol. I {Munich @ n.
1964-1967), pp. 301-321,
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Fig.8: Average annual rainfall along a N-S- proiite ucross the Kath-
mandu Area,
Tab. 2 : Average seusonal distribution of rainfall. expressed in %7 of the
average annual rainlall at selecied sttions,

station  period elevation (m} dec-feb march-piay fune-sep  oct-noy

plain

Jalpaiguri 1931-60 83 0,8 14 ¢ 30,2 4,7
mountains

Kurseong 190L-50 1640 1,1 135 £4.0 4.7
Duarjeeling 1931-67 2127 0 2.7 40,7 a4
Gangtok  1957-58 1764 3,7 230 67.5 ERY
athmanda Vatlev

Kath, Airp. 1965-77 1336 2,6 13,2 79.0 52
Godavari 1960-76 1460 30 114 821 35

an monthly

The snnuul comrse of the precipitation, ibased on ike

fizure.}  Thaszre is little vainfall from Docember tr Fehraare: no station
hawevar is free of precipitation. From Mareh to b eoonrecipitation incicases
considorably The “Burst of the monsoon™ which i typicet for the Tndinn

monsoon climate does not occur in either of the regions under exrmination.

— e,
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The highest rainfall occurs in the Monsoon peried from June to September
which stands out clearly as the rainy period. In most of the cases, July
i3 month with the maximum precipitation In Octoher and November the
precipitation again decreases rapidly.

Fram the annual course of the precipitation, the year can te divided
Into 4 periods: T vary low sainfall from December to Februury, IL. constantly
fncre-sing rainfall from  Aarch to May, UIT. heavy rairfall in the monsoon
p:rs’o;_{ aad IV dzereisimg rainfall in October and November. Tlie pereontage
of ures peoiods fa the annual precipiiation is shownin Table 2

The penod from December tv February §s chaeacterized by drvness
¥ ¥ ]

03T aies

- Toe exglaaaiion far the low rainll s found in the

sUWastern disturbances seidom occur Tie Suhiropes! §ot Siream
whrse course s followed by the Waestern disiurbances with their
nin the Mediferraraan svea s esnbedded in the extra fronical Wegtwinds

Prevasiing tarougiout boith of s arcas vnder examination’ The very small
merease in precinitation from month to menth can ke explained by their
more frequent occurrence.

The obvious increase in the amount of precipitation occuring in March
cannol bz interpected on the basis of the Western disturbunces as their
Trequency romains eachanged, The convective type of precipitation is now
th: detsrmining factor, u fact which is espacially obvicus on the southern
slopes. These argcaused by ths inerzased irradiation which has its origin
M ihe fact that the sua js moving North. The increase in the precipitation
oo s exaduined by furéher incraase in convection rainfell, In April,
a aeat lunression furms over the souwtiiera Dekhan Platesu which ciuses South

wh seach

winds or, respeotively, South—cast winds aver the Gulf of Banggl -

the G .ngew-Tramapotta Delta laden with moistuce, Fiokn, e
E

croan of e lgvy precipuation now occering tn Novih

nsia Gosh (viient thunderstorms — Nor'wester) in ihw combiaatian of

. L mr——— b = e e e o e s R

5. M. [iohn, Bemerbusngen zor Hiatelogie Ven ilochosien, “Rademis
dor Wisscuschaften und der Literatur, Abhan dlungen der A1c:thena-
tisch-Natur Wissenschaftlichen Klasse, Mo. 14 (1939), pp. 1410-1430;
[. L. Singha, *Rainfall Distribution in Nepal”, The Rising Nepal

‘September 9, 1974); Malla, Op. Cit,
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these South winds with the trough of the upper troposphere. The Nor'wester
have an effect on the area under examination in Darjeeling in April and May
but do not have any cifect on the Kathmandu region. Gencrally, the heavy
rainfall in the monsoen period is caused by the moisture landen ST winds
from the Bay of Bengal. Genetically, it is above all a case of orographic
rainfull. In the monsoon period, monsoon depressions (Bastern  disturbances)
occur in the Nerthern part of the Bay of Beagal. They move 1n a Northwestern
direction along the monsoon trough and are guided by the upper troposphure.®
Heavy rainfall in the area of the monsoon trough in its normul position
and light rainfall at the edge of the Himilayis is known as the *active
monsoon”. It sometimes occurs that the conditions are reversed so that
there is heavy rainfall at the edge of the Himalayas while precipitation fugther
south is less. These situations are known as “break’ or monscon pauses.
A break is characterized by the movement of the morscen trough to rhe edge
of the Himalayas. Breaks are possible rain bearers in both areas examinad,

Influence of the precipitation cordition by a1 monsenn depressics
following the normal course is excluded The distance of M0 knpm 1o the
mouniain is, as Mooley confirmed, too great” In addition, most of the
precipitaticn  ceewrs in the SW osector of an Eastcen disturbaoce wiiie
those in the North are of little importance. The reduction of procaitation
in October and November can be attributed te the withdérawal of the S5W
monsoon aud the coriesponding replicemernt of the 2F winds, Comeciive
precipitstion becomes prevalent.

In the periods from March to May und Qctobsor/MNovembe cowvooiae
precigitation must lead to heavier 1atnfail sbove tha Sovthorn siepo-ihon
the valley bottams. The topo-climatic conirast hetweoy the slopes wer oot
aowith dittls i i

R TR R )

ratafall aaad ths valis

chujecivrnly for thesy meriads gepd

Foattivererdu fnasin,
6 chaviigheit 0 o0 e s b

dshroaabschaittor” oo Lo e

Vol wi ""-‘3“"!,” it

7. 8. AL Mooley, “semz Asprols ol
the Associaied Ralnfali”, Monthly Wesibor Seview. Yol HO0 (0750

pp. 274280
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Fig. 9 : Average rainfall along a N-S profile across the Kathmaindu
Area during the monsoon period

In the monsoon period pracipitation increases as a resalt of the
barrier effect the nearer it comes to the mountain {Fig.9). In addition Staiion.
in lee side positions (descending air/Markhu Gaun, Dhunibesi’t veceive light
rainfall, whereas Kakani on the windwarg side {nccending air) receives heav'er
rainfall. In the Darjseling resion, the monscon precipitation also increaves
the nearer it comes to the mountain (Jalpaiguri 2686mm{Siliguri 2946 mm®.
Since monsoon pracipitation determines the annual precipitation patters,
an empirical conclusion may bs drawn as o a nrecipitation inversien in

the Durfzsling area wf eximination in ths monsosn period,

Tha more vroscvaced the local winds o

Git thiz presimitarioa

P
FEET ¥ 1 R B P,

leaward diifc enci v

Godoonch v e Bewlivra Sl tne

leavesr, Todiemsi Lo the meiaenn Hi

Lativeiy  Coavy

the prevadin:
novturaai

ai the waddze wead

mrtsend o suricoe windy (¥

Wil Biigs ae arectaitatiog

as the le: sidr situsiion canuot he chiminatsd by this as appesed o
this, ths val

¢y winds promote the windward positian on ihe Northern 2dge
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Fig. 10 : Averge rainfall along a NW-SE profile across the Kathmandn
Valley during the monsoon perind

of 132 Basin (Tokht. During the day, the winds ascend at the edse of
the Busin while descending wind is experienced in the centre of the Basin,
This supported by the daily precipitation course isee below )and by the
fact that in the period of the year in question Kathmandu Alirport, which
is situated in the centre of the valley, can he reached by plane as this
is eften free of cloud®

Influence of the terrain on precipitation causcd by Western distur-
owve cannot bs determined. Howsver, pracipitation North of the Jet axis
(277 N) is wreater than South of this( compare Lachen in the North with
Kurseong and  Jalpaigurt o ths peried from  December to Febroary).

Dry months and dry periods, A dry month wzs defined as a month
with fess than 90mm of rainin order to be able to wmake a comparison
of the resuits within the Indiau Subcontinent.® The moaths of December
to February are, witaout exception, dry months for almost 2ll stations.
vorm March to May, their numbur decrzases, inthe Darjevling area( 1
dry month on average 1 more than in Kathnsandae ( 2 dev months ) In the
monzaan pacind ther: s no dey manath ot any station in cither of the
ares ader eouninacion, fa the pariod of Octaber / November the nuin-
ber of dry wmonths agun increases. The reljef has no  effect on the
aumbzr of the dry months. Tt does, however, ialluence the am~unt of
precipitation, buat not to such an extent that this could have aneTect on

.

8. H J. Lengerke, The Nilgiris, Weather and climate of a =micuntain area
in South Iadia (Wiesbaden; n, 1977).
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the number of dry months. For this purpose, compare in Tabie 3, Kath-

" mandu India Embassy in the centre of the Basin with Godavari at the

edge of the Bisin or Jalpaiguri in the flat land or with Darjeeling.

Tah. 3 Average seassonal and annual numb:r of dry menths,

station / p=riod /elevation | average nunaber of dry months / ave / maxiann.
(m) ann.no, ne. of
uf dry dry

dec—{eb mar-muy jun-sep cet-nov mouths  months

plain

Jalpaigurt 1921-5G6 83 3 1 0 i 5 7
mountains

Kursceng 1921-50 1640 3 1 0 1 5 7
Darjeeling 192150 2127 3 ] 0 ] 5 6
Kathmandu Valley

Kath I.E 1947-75 1324 3 2 0 “ 6 B

Godavart 1960-76 1400 23 2 t] 2 [ 7

The caculation of the dry months does not exclude the possibi-
ity that a moist wmonth caa farce its wiy 1n haitwaen two dry months
For this reason, dry perinds ars calenlated, i. e, pzriods in which such
an intetruption by a moist moath are exciuded, A dry period isa period
of at least three consccutive months in which in each individual month
less than 76.2mm of rain may fall.

Lo both areas, a maximum dry period of 8 months can be attained
whereas the minimum duration normally exceeds the minimum pericd of 2
manths, These long dry periods with their far-reaching consequences for the
agricultural econemy highlight the importance of such abservations. A further
complication is that, with the exception of the Gangtok station where heivier
rainfall is experienced from December to February (compare to the sbovel,
the dry periods occur with a 1009, probability, i.e. they accur each year
without exception. Dry periods generally last throughout the whole period
from. December to February and extend furilier, to a greater or lesser extent.
into the adioining periods of the vear. In no case whatsoever does the dry

9. 1hid.
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period extend into the monseon period from June to September. The unifor-
mity of the data in Table 4 shows that the ferrain has no efTect

Tab. 4: Average duration,extremes and percentage probability of a dry period.

station { period [ elevation / duration of the dry period in months / percentage
(m)  average  maximium minimum probability of
the occurrence

plain

Jalpaiguri 192150 83 5 7 4 100
memmtains

Kurseong 1921-50 1640 5 7 3 100
Prarjeeling 1921-30 2327 5 7 4 100
Kalimpong 1922-5G 1209 6 8 4 100
Gangtek  1957-66 1750 4 S 3 55
Kathmandu Valley

Kuth. L. E. 1947-76 1324 7 4 160
Godavarr 1960-76 1400 ] 3 7 100

- P

Dry spells. A dry spell is 2 period of 5 consecutive days fn which
less than 2, 34 mm of rain fulls each day, In addition to the annual course of
events, the months of June to Septembor, in which the mansoon prevails.wers
examined as in this peciod aecither dry months nor dry periods were experien-
c:d. The influsnce of the terrain can bs clearly seen in the Kathmandu Valley,
where the station Kathmandu Indian Embassy cxperierces a grecter number
ol diy spells in the centre of the Basin than the Godavari station situated
ot the edge of the Basin which hasa greater ameunt of precipitation.

There 15 cbviously a  csrtain connection botween the amount of
poseipitation and the number of dry spells, It s, thersfore, empirically
pessible to conslads that thore is a windward-leeward dependence with a
gre-ter number of dry spells on the lreward side.

The dry speils generally exceed on averapge the minimum length of
5 days and are, in extreme cases, 12 daysin length ( Teb. 53). This observa-
tion, however, is modified when the proportional probability of occurrence
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of 1 dry speil is considered. Asarule one dry spell occurs in far less
than half of the years observed in the individual months of the monsoon
period. The probability is less in the case of the occurrence of 2 and
3 dry spells per month. In this case also the above menticned econ-
trast between Godavari and Kathmandu Indian Embassy, i, ¢, hefween
edge of the Basin and the centre, is apparent. 4 dry «nells are never
prescut.

Tab, &: Average number of drv spells per year, percentage probabitity of the
occurrence in the monsoon period and average and maxinivm duration
in davs.

station/period/average number/percentage probability/rercertoge probability
ol dry spells of 1 dry spell of 2 dry spells
per veas june july aug sep juns july aug sep

Devjeeling 193160 10 37 0 15 44 0 0 6 4

lalpaiguri 1931-60 9 25 21 39 54 4 0 4 7
Kath. I. E. 1948-75 10 64 11 18 64 18 0 4 39
Godavari 1953-76 9 33 7 7 60 7 0 ¢ 7

Station | percentage probability [ average duration / maximum Juration

of 3dry spells in deys in days
June July Aug. Sept. JuneJuly Aug. Se-ye-June Juiy Avg.Sc- ve-
pt.ar nt. ar
Darjeeling 0 0 0 0 70 7 7220 11 0 2 i 2
Jalpaiguri 6 0 0 0 7 6 o 723 8 8 It 14188
Kath LB 1t 9 0 1 7 7 6 723 12 41 7 191
Godavari ¢ 0 ] 0 6 5 6 1! 134

The daily course of the precipitation:

Due to the lJack of data, except for Kathmundu Alireori, only
empirical eanclusions ean be draxn @ Ap ufternoon maximum  cun be
assumed only in the case of convective precipitation.

The daily course of rainfall at Kathmandu Airport has been
examined from June to September. The mean values (1971-1975) for
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July are as fallows :

86 mm - 1-6 NST
36 mm - 7-12 NST
66 mm - 13-18 NST
10l mm - 19-24 NST

(the same results are shown by DHAR 19631 Tuese figures show
guiie clearly that the nocturnal precipitation domin.tes The dady course
of the precipitation confirms a.cending air at nizht wunove the centre of
the Basin and descending air during the course of thue dov.

The average precipitation intensity and probability

The intensity of precipitation was computed i dividing  the
amount of precipitation and the number of rainy days while the pre-
cipitation probabitity was calculated with the aid of a “‘constant nre
cipitation amount analysis”. In both instances thers wos poraliel annuel
course to  that of the precipitation zmounts, L e in the case of in-

Ceasing precipitation, intensity and probability increases, aned viee vere,

Windwui d-Teeward differcnces with biolker wilves i the leeward
pisitions exis! during the monsvon period in  ressect o INtenstiy
probability and in the transition periads of March : May and Ociobers
November. it was possible by means of the convection precipitation
to determine a difference betwsen the valley centie with its lower
intensity and probuability. The leeward position in ihe South is cancelled
out by local winds so thut there in the period from June to Septm-
ber differences between the edge of the Basin and thc centre also exist
with lower values.

Snew. There arc no details available about the amount of spow for
the Darjeeling area but instead there are only quantitative values which
state on how many days per month snow or sleel [ell.

Snow occurs in the Darjeeling area during the cold season from
Dergember to Aprii in the mountains only, but not in the ilat linds
Trers ure ne saow records available for the Kathmandu region as the
Nepalese weather stations convert snowfall immediatelv to precipitatien

]."3-.-0... N. Dhar ~The diurnal variation of r;uufali-a:>li'”_}-3;f‘;lﬁ(‘suﬂct1‘a ;Lnd_
Kuathmandu during Monsoon months,” Indian Journal of Metercology
and Geophysics, Vol. 11 (1960), pp. 153-156.
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amotnts. In respect to the snow conditions in the Kathmandu Valley,
Malla stated that each year in January and Fehruary snow covers the
moumntain peaks around the valley. ' This snow is due to Western disturbances,
Sometimes snow may also fall in the Basin itself, however, this happencd
according to reporis the last time in January 1945,

Table. 6: Average numbsr of days with snow {period: 1957-661 1n the
Darjeeling Area,

station eievation (in) ROV dec Jan feb mar apt
plain
Tilpaiguri 83 u 9 { 0 n 0
mountains
Kalimpong 1209 W 4 0 o 0 0
Darjeeling 2327 {1 0.2 0.3 2.1 0.1 0
Gangtok 1755 ¥ U 0.1 0 0 0.}
Lachen 2697 0 0.7 1.7 4.0 1.5 0
Caxjewlizg Lallapnny
ok o
. FE
N r\/\ N
[ 2 1 i #!
of L el "
djtmam;jasan djptmamyyasan
T Jalpaigurs ohdns Eathoandy L9 rjest e
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e SR rommnd 5
¢itmamjjagsan ditrer ) jzsen

Fig, 14 : Average maaothly cloud amounts at Darjeeling <1531 a0, Kali-

F [N
mpong (1931-00), falpuiguri {1931~60) and Kathmandu Airport
(1968-77)

11. Malla, op. cit. f. n, 2,
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The anpual and daily eourse of clondiness

Independent of local conditions, all ststions have a strongly varying
annual course and, us such, correspond with each other iFig. 14}
December is the month with the minimum value and Julv is the onc
with the maximum valee. From June ta September moist winds from
a southeasmern direction occcur which are coupled with heavy precipit.-
tion and which as a matter of course necessitate 2 high  dergree ol
cloud. From: December to February cloudiness occurs in conjunction
with the Western disturbances only infrequently. Convective precipitation
and Nor'wester in the Darjecling region cuuse the ascending rate of
cloudiness [rom March to May.

It can be concluded from the precipitation and wind conditions in;
the Kathmandu basin, that, asa result of the sirong convection and in the
rainy season from June to September as a result of the influnce of the io-
cal winds. a greater degree of cloudiness can be expected at the edge of
the Basin than in its centre in hoth of the annual transition prriods.
Similarly, the empirical conclusion can be drawn in respect (6 the windward-
lzeward diflerances in the latter named period of time wiih higher valies
in the windward position. In the stations situaled in she nouniains the of
noow values of the cloudiness are kigher than the forenoon values{Fiz, 12%,
This s not trus of Jalpatguriin the flat land. The didlerencas hers ars
than greatsst when convection dominates.

Vi

The goueal and daily course of vieibilioy,

The aanust course of visibility +

(b 14 Ratheeandy Alrpert (Fig, U oiffers Troa 1.
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]
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4otk

Basin and to a higher degree ut the edye of the Basin
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Fig. 12 : Average aonual course of daily cloud amount at Darjeeling
(1931-60), Kalimpong {1931 60), Jalpaiguri (1931-60), and Kath-
mandu Airport (1968 77}, oktas
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Fig. 13 : Average oanuoual course and diwrasl course of visibility at
Kathmandu Airport (1968-78)

The topographical situation of Kathmandu Ajrport is also depicted

in the daily course of visibility (Fig. 13). The greatest dilferences are caused

from December to February by the mist blunkel oecuring cach morning
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days

_ <1 km

- = -1 - 20 km

Crenes )20 i

gt )
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Fig. 14 : Average annual ceurse of visibility at Darjeeling, expressed by
wmber of days per month of different visibility ranges, 1931-60

whereby these diminish as the frequency of the mist occurrence diminish,
The afternoon valees remain approximately at the same leve! throughout the
vear while the alternoon values have a pronounced aunual course. The
situation in the cantre of the valley make it possible to have approximately
the same values from April to September.

Radiation mist, During jicld work in the Kathmandu Basin in Novem-
ber and December of 1978, 1t was posaible to undertake observations of
radiation mist. 1t wis nat so common in November as it was in December

Wi

it ocsured olmast svery morning, The conditions of clear, calm nights

were aiven aind as a reasult of cooling and {alling betow the dew points, a
Bionket of mist was fermed which Tillcd the whele Basin and dispersed

souns tiare afrer son

riga inomaimem of 210 3 hours), depeading upon the

sl i ndividual dave, dispersion being cuused by the

ap eng warmad Duriag the aborc maatioved period of tiie the maximum

Jorak o the oo mist owas drieravined as betng 82 . Malla rocorded

- 2 o .
ST oeieensy e el

Berrmda o 7Y day oper o2

It can be concluded that the occurence of  mist in the valleys,
bisins vl dopressions cccurs in the poried from November to February,
lts occurrence is interrupied by Western disturbuances.

12, Ihid
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Heat is released in the formatien of mist and radiation frost occur
in the same period of the year. As a result, mist moderates the tempe-
tature drop and the corresponding intensity of the frosti or feven prevents
the formation of [Tost.

hours haurs
147 14
e "
104 o
6 -6

T B T L] ¥ T 1- L3 . L} L]
djfmamjjoeson
—— avEraGE nember of suashine howrs

- == mavimum  oumber of sunshine hours

Fig. 15: Average and maximum number of sunshine hours per day
at Kathmandu

The davation of sun-shize,

As opposed to the centrai latitudes the duration ef the sunshine
depends exclusively on the amouat of clond and not on the lenpth of the
day. The maximum possible duration of sunshine (g, 15) corrosponds
to the length of the duy and depicts uwa annual course coutrary o that
of the average duratisu ol sa.sizine, A& high degree of cloud v combines
with a short duration of sunshine and vice versa.

The avsrage annual daration of suashine s approximately at the
same level for all of the stations (Tab. 7), The valuss in the mountains are
not lower than those of the {lafland as ths barrier eilect at the time of
the SE. monsoon must be taken into consideration. As only cloud can
influnce the duration of sunshine, 'ocal cenditions must be of the great-

R —— ]
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est importance, i.e from June to September differences between windward
and lzeward positions are present and from March to May and ia Octo-
beriNovember diffirences between valley rims and the middle of the valiey
with highsr values in the? leeward position and the middle of the valley,
The womparison between Kathmandu and Khumaltar { Tab.7 ) shows difle-
renecs hetween the edges of the Basin and the centre of the JHasin for
the monsoon period also, whereby Khumaltar is not situated at therim
ol the valley but is situated nearer to it This is a result during the day
of the ascending air over ihe centre of the Basin.

Tah. 7: Average number of sunshine hours per day on a meonthly basis.

sation  elevation period 3 F M A M J J A S O Nyn

(m)
plain
Nagarkata 730 765 $.48.376797.1643733415375896,5
{x)

Kathmandu Vatley
Kath. airp. 1336 1968-75 7.6 7.3 8.5 8.4 8.1 8.36.24.7 5.6 5.07.7 8.2 7.1

Khwmaltar 8350 1968-75 7.1 6579 7.5 7.8 7.4 4.3 43 534266 7.66.3

(x} = Scurce: RAO and GANESAN 1972
33 = Miinimum

8.9 = Maximum

Temperature
‘The mean annpal temperature.

i can de reduoced from the annual temperatures in both areas that
there is aclear depsndence upon the altitude of the stalion; temperature
drnns with increasing zltitude. ( e g, JTalpaiguri - 83m above sea level —
240,C mz2an aanual temperature/ Kalimpoog - 1209m 18,07 Cf Gangtok -
1750m - 15,67 C/ Darjeeling - 2127m -i3, 3° Cf Jachen - 2697m - 9.5° C,

The annual course of temperature. January is the coolest month as
in this period of year, in spite of clear skies, the sun is low inthe sky and
the irradiation is low. Although it has moved somewhat further North in
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Sanumary the miningm occurs in this month as this follows the lowest position
Afthe sun. As the sua moves Purthsr North. this is accompanied by a constant
remperatuse inerease. The convection precipiation and Nor'wester in the
seriod from Mareh fo May are unable o stop the temperature increase but
do howaver, prevend the occurience of 2 maximum femperature. The tem-
peraturs only begin to fall alter the mousoon rains were stirred. [n the

cise of the masimum acsureing in August 1t can be assumed thal the precipi-
fationt ¢in oot lead to o reduction in temperature but does In any case retard
the increase. After the moasnoa rains have fintshed, the sun which has now
maved fucther South again, ie unable tn cause afurther increase in temperature.

As a result of the litile data available no windward— leeward dilferen-
czs cun be shown for the period of the monsoon, They can be caiculated
emnirically, however, with highar temperatures in the lseward positions, as
a dry adiabatic \:\rﬂrlhing ol the air takes place. Godavari at the edge of the
Lathmandu Basin and Kathmandu Airportin the centre of the locul wind
condiliens inthe centre of the Basin, higler {emperature prevail in the
perjods mentioned, This difference in tempersivre 18 also given in the periods
of the year with convsctive precipitation.

The average delly temperatuss ampiitade. From PDecember to Feb-
rnavy Digher amplitudes prevail as there 1s undisturbed irradistion duiing
the vay on theone hand and undisturbed radiation uat night on the other
iFiz. 135, Couvective precipitation and Nor’wester lead to a contniucus
Jecrense of the temparature amplitude unii! this reaehes its minimum in

the monsoon period. After cloudiness and precipitation have decreased,
the amplitude jucreases 1o the second half of the vear.

Jalpaiguori Darjesling Faithe Alrport Godavan

1931-19440 193 1-1941 R S 1671-1917
plain mountain centre of the fringe of the
Kath, Valley Kath. Valley

Fig, 16: Moathly averages of diurnal range of temperature at selected stations

¢
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Frost,
Darjecling area,

Quantitative data are avilable for the period 1937 66 in respect (o the
surface temperature. In the case of the stations in the flat land ground
frost does not occur at any time of the year. This is onlv recorded at Ganctok
(1756m) for the period from Dzecember to Febriary with a2 maximum of
2. 7. days in January on average. No grovnd frosi wis recorded in the cosa
of the higher situated Duarjesiing station (2127m). For t4ix the 1B0oErannicl
situation of the station must be taken into consideration. Simee cold and
therefore heavy air lows downward it is posstble that o lower Iving station
in the valley records ground frost while a station in 2 ridge position or upon
the valley rim remains frost-free. Ground frost is not widegsrread bt
is present in the form of cold air blankets. in depressions. vailevs and
basins. Tt isa case of radiation frost which only cceurs at might and in
the oarl};' morning,

Kathmandu Basin,
Tab. 8: Number of days with frost at Kathmandu Airpoert, ground
temperature, 8. 40 NST

Year Jan Feb Mar Oct Nev Dec

1973 X 5 0 0 x 26
1974 9 X X X X %
1975 ] Q 0 n 0 1
1976 X X % X X
i977 X x X X X X
1978 X X

X = no data

From 1973 onwards temperature st the grouad was meisured at
Kathmandu Airpert {Tab &), Due to the observations, ths

e OCTurYehice
of ground frost is limited to the period from December to February,
During this period there are generally ideal preconditions for radiation
t.'roa{: the air has a relativaly {1 low water vipour eontent, the shy
Is clear, the ground dry and there is no wind. By mears of lone
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wave radiation an encrgy loss occurs which leads te a cooling of the
earth. According tc the measurements of the Wepalese weather service,
the length of the period subject to ground frest is about 3 months.
The data show great variability in the occurrence of frost from year
to year. The minimum f{emperature reached in the individual months
‘daily temparature values) were : February 1973 (-1.8° C), December 1973
{-4. 8° C), Januvary 1974 {-3.3> C) and December 1975 (-1.2° C}. The jowest
creund temperature measured 2amounted to -4.8° C on December 24,
1973, Ground frost is possible on individual days but also day by day
over a longer period of time. Trost oceurs only at night while during
the day the temperatures are above freezing point,

15501

radhiafron Gir paet

Lod
g fong - wave r, RNEE
Arag e - faag?

SVJ 1500“ = ocold v flow o NE

Frg, 19 Proiite noross (lhe valley nrear sangn.

Deaene e eld o work g Noswowberd Doosnber 1978 00 the Koth-

i Basin RIMerous  obhseryaiiomns ey cd out o restect 1o
e nd rost, Dxamnpafions carricd weioin oo oeustore sty of e
Roeelvendn Basin, sonthioenay Y shr e 0 of N oo T oy
provedihe exictere of caold e anlapor i Dy wkile e apear s
wers Tres of fiost (Fig 1) The sosorurual Do of cold air led o the
formation of the ¢ild air nlanket. The by fengp o maled 8 <50 Lame

atter sunrise.

In the basis of the observations in ihe Kathmandu Basin §t s
shown that the greund frost cccurs pardy in small depressicns of only
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a few centimeters in depth, on other days these cold air pockets
had a dimension of a few decimeters or several metres depending upon
the radiation and the order of magnitude of the cold zir flow,

On those days in which these observations were carried out no
frost was measured at the Kathmandu Airport station at 840 NST at
height of 5 cms above the ground. Tt is obvious thata ground tempersture
measurement at a height of 5 cms above the ground is unsuitable for
determining if ground frost is present, Measurements must he made directiv
on the surface of the earth., These are available for a relatively short
period. The measurement time of 840 NST is too late as in a number
of cases the temperatures have already risen above O5C. In addition.
radiation frost occurs in deeper parts of the valley which is not recorded
by Kathmandu Airport. Finally it is not possible to record frost with
instruments only when the frost appears in part only in very small
areas., The pzriod in which frost occurs. is, therefore, probably longer
than the pround temperature disclose.

It can be deduced from these remarks that frost is limited to
depressions, valleys and basins while the surroundiny slopes are frost-free.
The occurrence of the frost is, therefore, to a great extent dependent
upan the relief, the possibility of occurrence upon the general conditions
which appear above all in the period from December to February.

The influence of the terrain on the climate. The previous observations
have shown that in both areas under examination the climatic condilions
are determined by the circulation is modified to a considerable exten:
by the influence of the terrain.

Valleys running ina West-East direction hsve the following cilzct
in the period from June to September in which the monsoon blows from
SE:the SE winds leads {o windward-leewurd Qdifferences, whereby the
South sides of the valleys are in the lesward position apd the Nurth
sides 1n the windward. Ascending winds 5n the windward and desc-nding
winds in the leeward sides lead to decisive effects on ihe climatic elements
in this pari of the year. These have already been discussed above, In
the periods fream March to May and October/November on the othe
hand the situation at the edge of the valley or in the centre of the
valley is decisive for the climatic differences determined by the terraii.
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The period from December to Februury is characterized by the occurrence
of mist and radiatien [rost in the valleys while the higher repions remain
untouched,

Valleys running in a North-Seuth direction were not examined due to the
lack of data,

The influznce of the altitade can b shown by a precipitation inversion
in the Darjeeling region in the anrual averasze and for the monsoon
period white the frequency of precipitation in this area under examination
increased with increasing altitude afier the zone of maximum precipitplion
had been crossed. From a certain altitude onwards snow {ell in  both
areas under examination in the cocler period of the vear, whereby the
exact altitude could not be determinzd. The temperature decrcases with
increasing altitude.

Windward-iceward differences were already discussed in connection
with the valleys running in West-East direction,

The valley or slope position is of great impocrtance {or the climate
espacially in the period from March to May but also in October/November
as the irradiation above the slopes {especially the South slopes)leads to
a coavective air ascent., The effects on the individual climatic elements
have already been described,

In the Kathmande Basin, a local wind circulation develops,
which reverses itself at night, and prevails over the general SE wind in
the period from June to September so that the leeward position at the
southern edpe 15 neutralized and, therelore, leads to differences between
the central arca and edges of the Basin. These differences between the
edges and the centre are also prcsent in the period from March to May
and in October/November (compare above), Mist and radiation frost are
typical from December to TFebruary while the higher lying edges of the
Basin are free of frost
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