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Rainfall in Nepal

-Janak L. Nayava**

Rainfall is a most important climatic clement for agricultural
development. Conventional 30 year rainfail data are available at only
a few places in Nepal. Therefore, a study has been undertaken to
find the average norma!l rainfall period compared to a 38 year normal rainfall
in Nepal, and the available rainfall data has deen standardized for
a large number of places. The nature of {he rainfall-its amount, seasonal
distribution, intensity, frequency of occurrence, variability and areal variation
is a major factor affecting agricultural potential, To understand the nature
of the rainfall it is essential to have an understanding of its general causes,

General Features of the AMmespheric Circalation over Nepai

Studies of lower and upper traposphecic  atmospheric circulation
in Mepal surgest rhat sl drsfribution can be analysed with (our
distinct seuasops ! pre -Monsoosn (March to May): summer monsoon
(Ture to Saptember); posi-monsoon {October); and winter November to
bebruary).

In the pre-mensoon seasen, maderate to strong  westerly winds
prevail throughout Nepal, Scattered raintall occcurs during this period

* This paper is based upon the suthors unpublished doctoral thesis
entitfea “Climutes of Nepal and {heir implications for agricultyral .
development’”  submitted to the  Australisn National University,
Canberra in 1930,

** Janak 1. Nayava is 8 senior Meteorologist in the Department of
Irrigation, Tlydrology and Meteorology, RBabar Mahal, Kathmandu.

1. J. L. Nayava, “The summer monsoon in Nepal and Southern
Asia” Unpublished M. Sc. dissertation, Birmingham University,
(U. K.) 1974,
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and there is marked increase in femperature of about 3-4° in the monih
of March. Due to the outhreak of warm air and the atmospheric
instab:lity, the subiropical westerly iet-stream weakens over Nepal. As
summer approaches, [ogs become less frequent in the Valley and haze
pr.domingtes from the southern to the 1lilh Regions of Nepal,

The summer ionsoon is the mosi  important season 11 Nepsl
for agriculture with nsany 60 to 90 percent of anpual precipitation fall-
ing  between Juns wud  September (Fig. 1h The wuthor, in an  earlier
study of the summer nonsoon in Neps! ami Soulh  Asiz was able fo
detect tle basic types eof monsoenat crculation puiterns  wiich allow
the summer monsoon to he genmally ciassivied sccording to {a) aviive

or normal (b} verv active and (¢} weak,

{a) During the sdinnier  monsoon,  the easterly Wive
deminates  the upper level of the atmosphere and the subtropical wes-
te:ly jet siream shifts to the northern side of the Tibetan plateaw, ar-
ound an anticyclone called the Tibetan lligh produced by the thermal
eflect of this bheat source.? At the suriace, an elonvated zone of low
pressure  develops along the Indegangciic plains of North india, which
lies northwest to southeast., This area of low pressure is known as the
monsoon trough ov equater.al trough, which, of course, advances northwards
in the summer monsoun months and retreats soulhwards o the post-mousoon
period. Therefoie the oaszt and withdrawal of moensoons are associated
with northward and southward movement of the equatorial trough®

Generally, depressions form in the Bay of Rengal twice per month,

2 P. Koteswarms “The Asian Summer Monseon Circulation over ihe
Tropics” Monseens of the World { New Delhi: ludia Met. Dept., 1958),
pp. 105-119; YL Poobn, “Coatribations to the mstenrology of the
Tibetan Highlands™™ Atmos Sci, Paper No. 130, Dept of Atmos. Sci,
Colorado State Uni., 1968,

3. R. Ananthakrishnan snd €. I, Rajagopalachacr *-Patierns of Monsoon
Rainfall BDistribution Over {ndia and Neighbouthood™. Prec. of Sym-
pusium on Trop. *eteor. (Wellington: New Zealand Met. Scrvice,
1964), pp. 192-200,
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during the summer monsoon season corresponding 10 a period of about
17 days.! Depressions usually move WNW and cease activity as they move
over the Indogangetic plain. On rare occasions, a depression may move
duc north from the Bay of Bengal and Assam at the height of the
monsoon season, bringing heavy rainfall to the north and northeast of
the monsvon depression. The recurvature of such a depression is of-
ten found to be due to the effect of a wosterly wave moving easf,
north of latitude 30 N. Recurvatores of monsoon depressions are co-
mmon towards the end of the symmer monsoon. »

(b) During the period of very active monsoon, the westerlies
occasionally move south to the Tibetan plateau and even as far as
Delhi and the easterly j:stream oftes shifts northwards. The ecasterlies
are very strong up to 20°N. During that time, Pacific anticylone circu-
fation extends up to the northwest of Burma and the mid-latitude
Saudi Arabian Subtropical high extends a ridge ecustwards even to the
northwest of India. Hence, Nepal finds itself in the col position (Fig2)
If the Saudi Arabian ridge pushes more towards the east, 1e. WNW
{200 mbs! wind dominates western Nepal, then rainfalls are heavy to-
wards the central and the eastern part of Nepal. If the Pacific ridge
pushes more towards the west, higher inlensity of rainfall  occurs all
over Nepal. At that time, the monsnon through lies over 230N latitude.
FExamples of three dimensional circulation over Nepal are shown in
Figs. 2 and 3, During sach poriods less rain falls in central lmdia,
heing instzad  concentrated either in part or  the whole of Nepal de-

4,4, R, Miller anl! R. N, Keshavurthy, *Structures of an Arabian
S8 Alnimar moasyin sistem” Eastwest centre, Honolulu, Intl. Indian
(lecean Fxp. Metzoral, Monogr., 1965,

5. %, Parathasaratby, CSome asnects of the ruinfull in India during sou-
thwest  moansoon s2asen”, Manseons of the World (New Delhi; india
Met. Dept 1953%), np. 135-194; (. 8. Ramage, ““Monsocon Mcteorology™
Int’l. Geophy, Series, 15 {London Academic Press, 1971), pp. 296:Y. P. Rao
and B.W. Desai, “The Tndian Sunmer Monsoon” Met, Geophys. Rer,
Vol. 4, (1973), pp. 1-18: J. L. Nayava, “Ileavy monsoon rainfall in
Necpal”, Weather, Vol 29 (1974}, pp. 443-450.
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pending upon the mid-latitude anticvclones. Under these conditions, one
part of Mepal could be drier and the othsr part may be much welter,
Actuallty, such a pertod 15 koown as a “hreak o the monsoun” In
India,

{¢) During a weak monsoon over Nepal, easterlies are weak and
lie over 15°N in the Indian Subcontinent. The fluctuation and intensity of
ihe monsoon are vary much related to variations in  the easterly
current.

The post-monsocon season is the harvesting season of the main
crop, paddy. Strictly spzaking, this is the tran:itional period from one
sgason to  another and at this time the subtropical westerly jetstream
reteeats from Lhe northside of the Tibetan Plateau to the southern side
of ths Ncm{c;e tHlimuayas. PFrequent  fogs aziin unspear over  the
Valleys,

In the winter season the lower tropospheric wind blows mostly
from the west ~north- west in the western Nzpal and ecast-north-zast
in the zastera Nepal, Thev are continental, dry and the wind is calin
and brings settled and dry periods in Nepal. On the other hand, in
the unper troposphere, the subtcopical westerly jslstream  les over the
southern side of the ilimalayas, Almost daily mosrning fogs appear  in
most of ths Valievs in Nzpal. Occasionally, the westerly disturbances
bring cold spells wad rain, particularly to the noceliwest corner of Nepal,

Rainlall Dafa

Conventional 30 vear mean rainfall data are available at only a
few places in Nepal, There are, however, 65  slations  covering  the
different regions with o minimum of twenty vears ol records.® To .-

6. Depattment of Hydrology and Meteorology: “Climatoiogical Records of
Nepal, 1966”7 [Kathimandu: HMG of Nepal 1968); “Climatogica) records
of Nepal. 1967.68” (Kathmaadn: HMG of Nepal, 19 < Climato-
logical Records of  Nepal 1969 (Kathmandn: HMG of Nepal,
1972);  Department  of  Irrigation, Hydroloey & Meteorology,
Climatological Record of Nspal 1970 (Kathmandu. 1IMG of Nepa!
1973); “Climatological records of Nepal, 1971-75" Vol. 1. (Kathmandu:
HMG ol Nepal 1977); ““Climatological records of Nepal, 1921-75", Vol, il
(Kathmandu: TIMG of Nepal 1977).
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ablisi: whethier any bias is introduced by using 20 vears averaged data
instead  of the normal 30 vears, the mean ruinfail 2t Kahandu for
5.4 15 0 yews sturilag frem 921 were caleuinted. The perceniages-
deviziions of these meons from the lons derpr mzan are plotied against
time as shown o Fig 40 This informaion tnadicates  that 20 years
average rvainfall is close to the 30 years normat rajntill Therelore, the
vears 19961975 inclusive were closen as the peried to investigale the
me:n, mentthiy and apoual rainfall in Neval, T addnioon, there are o
hunsired stations whose records cover only purt of this period and the
missiny date for 006 stations heves been estimaied by Hnoo regression
bawwd on ithe nearest station wioh Lws a lorger  cericd ol record to
deveiop o4 complete record for the 168 statinns fer 1476 1975 The
andardizad mean monthly values have heen need o siudy the mac-
roscule wariution  and distribution ol rainfall over
time,  the szasoual rainfall  at selected  places

SAmec

been
showin  for betler idlustration  of seasoni! raindali oo MNepal, Thix
show~ that the percentage of seasonal rainfall is broady waniar eveept in
the fvrwertern Mountain Regions, where the percentoye of rairfall difiers

greatly from other places, for example, famla rece

el o percent of

its ruunall  from  the summer monsoon, whereas the other repons
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Fig. 4. Percentage deviations from the availgble tong
term mean against time.

7. Mean monthly and annual rainfsll standardized to 19561965 for
168 stations and their locations are under publication (sec kev Fig,
5 for 168 meteorological station network).
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regeive 80 to 90 percent {rom the summer monsoon raintall.  Mean
monthly rainfall at the selecled places has also been presznted to show
the pattern of rainfall by fig. 6. [Chis demonstrates that the rainfail
falls mostly in the summer monsoon season and this vuries greatly
from place to place within a smali distance. In other words, Nepal
has distinct wet and dry scasons.

Analysis
Mean Monseon and Apnual Rainfajl

Mean monsoon rainfall and mean annual rainfall are shown in bigs,
7 and 8. The rainfall in Nepal varies greatly from plice to place due
to sharp topographical vasiations. As the rain bearing winds approach
Nepal from the southsast in the summer monsaon season, hecavier
rainfall falls in the foothills of the Chiuriya  range increasing  with
altitude on the windward side and sharply decreasing on the leeward
stde., The heaviest rainfall falls on the Hill Regions, specially in  the
Pokhara region, Ultimaicly, (he foothills of the Great  Himalayas
receive less rain than the other  arcas (Fig.7).

There are a “2w isolated  rajafall maxima eiceeding 250G:am e,
Dharan, Buarzkshetes, ™um, dartharpur-Gadly, Guniihang, Butwal, Po-
khara, Lumle, Rukumkot and Chispani-Karnali, 1n partcuinr,  Lumie
near Pexhara reciives about 3182mm rain, whzreus Pokhara Hospital in
the vallev ioor, reecives an anaual total of only 3384 g reflection of
sharp topogravhicul diifersnces over short distansss, In shmilar sifuations
of heavy rainfall ut Cherapungi, Assam, Stopson {19209 remarks chat

-

heavy [aintull is due (o the id rise of warm  satuiuted air blowing

with o preat veloeity so heavy srecipitatisn {alls on the top of ihe

hiils,
Un the other hand, :n contrast to the heavy  raiafall, there
T73mm, ansuval total

on the northern side of the srext Himalava in a2 rain shadow area,
This lower rainfall is dus to the alignment of the neighbouring moun-

avist wvery low rainfull areas, such as Jomosom,

8, C.G. Simpson, “The South-west Monsoon fdaari, 1. Roy. Meteor,
Noc., Vol 47, (1921), pp. 151-172.
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tains witich prevent a large inflow of moist air into the rezion,

The tiate of the Onset anmd Cessation of Munsoon

‘The moensoon rainfall is very important from the anriculturel
point of view. Thus, the intensity of the summer monsocon rains and
the date of the onset and cessation of the monsoon are both impor-
fant factors for the couniry’s economy, because it is the main season
for planting paddy. Normally, in Kathmandu, the onset of the monsoon
occurs on the 12th June and retreats on the 2lst September respectively
(Fig. 9) {Department of Irrigation, Ilydrology and Meteorology, 1977),
Coofidence can be placed in these data as they are consistant with
the broadcale analysis by Das (1979} on the onset and retreat of the
monsoon over the Indian subcentinent (Figs. 10 to 11),

Inteasity of Rainfall

Since most of the rainfall fails in the summer monsoon, the
general  rainfall intensity is estimated by  calealating the  ratie of
rainfiil and wet days (1,0mm} against altifude in each monspon  month
(1971-75 as shown in Fig. 12. These average values of rainfall intens-
ities show that the rainful is not always decreasing or increasing
slowly with increasing altitude. This may be due to windward and
leeward elfects accompanied by the complex nature of topography in
Nepal, In other words, this dees not show any fixed pattern of trend
from which specific conclusions can be drawn.

In addition, the maximum rainfallin 24 hours and average number
ol rainy days per year jover lmm} for a few selected stations from
Nayava (1974} have bcen shown in TFable 2. This shows that, genera-
lly the in teasity of rainfali i3 much higher in lower elevalions than
in higher elevation,

Discussion

These mean monthll rainfaly data, standardized for 168 places
in Ncpal. will be further used to investizate the distinctive feature of
rianfall cegimes and soil moisture studies which are one of the busic

9. P.K. Das, the “Monsoons”, (London: Edwart Arnold Ltd., 1968)
pp. 162,
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Raiufs:ii in Nepa! iy

Maximum rainfall in 24 houvrs end
date where known

Station Amount Percentage idate Average number of

of mean rainy days per vedr
{mm) annual total fover lmim)
Barakshetra 313 12 21 Jaly 1307 11y
Burtwal 402 17 Aue. 1968 Y3
Dhangarhi 168 12 17 Sept. 198§ 55
Qkha'dhunga 139 7 July 1945 119
Kathmandu 134 10 9 July 3967 106
Pokhara 261 g July 1965 136
Silzarhi-Coti 1353 13 6 June 1967 72
Namchebazzar 113 14 4 Qct, 19953 116
Jninla ai 15 15 July 1969 64
Jomosom 72 28 4 Oct, 1968 32

Table 2 - Madimum raintall in 24 hours during the period 1965-69 in
Nepal, after Nayava (1974).

doti to find o1t the ootentinlity of sgriculture v dillerent regions with
sespect io avoilchility of weekly raopfili smonnt Fhese stundardized
mein nenibkly aiefall data sre one ol v conimbubions o climatic
anulysis and agraclimazelozy. This makes possiz e 4 more detailed des-

criprica on  the cuacrascale variation and  districution of rainfall over

Nepal.
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