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Climate change is basically about unintended changes that have taken place in the
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implications since 1974. Since his articles were published in different National and
International Journals, the Nepalese readers seemed not aware of all those publications.
This is high time to communicate those research papers to Nepalese readers. To meet this
gap, Dr. Nayava has presented his sixteen papers into a book form. His efforts to
communicate about the subject matter are timely and praiseworthy.
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Preface:

This preface is especially for general readers: the defination given here under may help them to understand
better. It is understood that the climatic parameters, such as global solar radiation, maximum temperature,
minimum temperature, precipitation, wind and potential evapo-transpiration are integral parts of climate,
understanding of which in relation of this country’s climate are very essential.

Radiation: The ultimate source of energy and the solar radiation received at the earth’s surface consists of
two parts: direct solar radiation and diffused sky radiation. The sum of these two radiation components
is known as the global radiation. It is understood that the intensity of solar radiation reaching the earth’s
surface at different slopes and aspects has enormous impact on crop production and management: such
as engineering design, natural resource management, cold storage, building, road, canal, alternate energy
and air conditioning. The duration and intensity of radiation are important for photosynthesis, which plays
a vital role in plant growth. The global solar radiation on different aspects with cloudless sky as well as
average conditions of sky at Kathmandu have been presented with figures. Please refer paper no. 3.

Temperature: Temperature is important in all biological processes and it is hazardous in extreme
temperature. When temperature is below 0°C, frost might occur and as a result, plants are damaged
due to freezing. The unexpected occurrence of frost in agricultural is serious. The study of climatology
and topographic data can help to predict the zone of frost free area. At high temperature, above 40°C,
serious damage might occur in plants and crops due to thermal stress. Below 15°C, crops productivity
will be decreased and tropical crops usually cease to grow at 15°C, between these two extremes, there
is an optimum temperature, say 20°C to 30°C which favors rapid growth. Development of models on
temperature and the temperature patterns of the hottest and coldest week have been presented in paper no.
7 and the 30 year trends of temperature at a few places have also been presented in paper no. 14, 15 and 16.

Precipitation: Water plays very important role in aspects such as town planning, agriculture, natural
resource management and industry. Intensity of rainfall should be well understood in constructing
roads, bridges, flood forecasting and sewerage installations. The seasonal rainfall plays a vital role in
water conservation. The intensity of the summer monsoon rains in Nepal and the date of the onset of
the monsoon are both important factors in the country’s economy, because it is the main season for the
country’s major crop. A case study of post monsoon rainfall on paper no.l, the general feature of the
atmospheric circulation over Nepal, mean and annual monsoon rainfall over Nepal on paper no. 5, areal
rainfall in the Kathmandu valley on paper no. 6, temporal variations of rainfall in Nepal in paper no. 10
and finally probable maximum temperature were dealt on paper no. 11.

Wind: wind plays crucial role in the development of various projects, such as wind speed direction being
useful factors for transmission lines, construction of bridges and it is a crucial factor in choosing the site of
a runway. Wind is one the main factors in the study of air pollution and in locating new sites for industry
and town planning. Knowledge of wind profile is necessary for the construction of tall buildings and
television towers. The choice of best sites and best design of wind power installation is to a large extent a
climatological question. Wind breaks and shelter belts can be made to reduce the serious damage of wind.
The transpiration and carbon dioxide assimilation of plants depend upon the wind velocity. Wind is also
a crucial factor for success in mountaineering expeditions in Nepal Himalayas. Mean wind speed values
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the Western Nepal have been studied and the spatial variations of wind at each month have been tested.
These mean maps of wind speeds will give the general pattern of wind at the study area. Refer to paper
no. 13

Humidity: Humidity will indicate whether climate is dry or moist which will help to find suitable to find
suitable crops according to humidity index. Humidity is used to measure the comfort of the human index
and humidity is measured in many sophisticated factories to avoid the corrosion and damping effect.

Evaporation: Evaporation from soil and plant surface is a phenomenon of greatsignifi cance in
agrometeorology. As a matter of fact, evapo-transpiration is one of the main parameters in water balance
and energy balance studies. These studies are very necessary for irrigation planning and practices, water
conservation, water supply and agricultural planning. The estimation of evapo-transpiration by climate
models for western Nepal is presented in paper no. 12.

Others: Certain extreme meteorological conditions bring severe hazards such as drought, flood, cold
waves, heat waves, storms and hurricanes, which directly affect our daily lives and loss of property and
lives. Timing of occurrence and duration of fog are both important factors to aviation for better planning
of their schedule. The best location and routing of motorways can be determined from climatological data
on the frequency of fog, frost, high winds and drifting snow. Climatological investigations can provide
information on their likely frequency, magnitude and duration. Thus topoclimatology, monitoring and
evaluation of crop yield and production and finally climate change and its impact on economic perspective
are also dealt. Now the study of applied climatology is related to many fields (refer paper no. 3, 8, 9,
14, 15 and 16). These types of studies involving close cooperation between climatologists, engineers,
agronomists, economists and planners help to obtain the maximum benefit from the weather and climatic
factors related to their projects.

These studies are of course tips of the iceberg. To find out the information of work accomplished is very
important for researcher to begin their work. Any comments and suggestions are most welcome for the
further development. Thank you.

Janak Lal Nayava Shrestha
drjanaklal@hotmail.com
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About the book and author:

In early 1960’s Nepal felt to initiate to establish the meteorological service in Nepal, due caused by necessity of
aviation route forecast for International flights and meteorological facilities needed at International Airport at
Kathmandu as per International Civil Aviation Organization (ICAO) rule.

In 1964, Mr. M. Gilead, Director of Israel Meteorological Service (IMS) was deputed to Government of Nepal
as an advisor by World Meteorological Organization (WMO) to advice for the establishment of Meteorological
Service in Nepal. Under this venture, Department of Hydrology and Meteorology (DHM) was established
in 1966 and the same year DHM became the member of WMO. During his tenure in Nepal, I was awarded
WMO fellowship and went to Israel in 1966 and I had a very individual, intensive operational course covering
basic foundations of meteorology. I still feel indebted and thankful to Mr. Gilead and the Israel Meteorological
Service.

1967-1971: Meteorologist, DHM, Kathmandu

1971-1972: Acting Deputy Director, DHM, Kathmandu
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1977-1980: Australian National University (ANU), Canberra, ACT, under the ANU Fellowship for Ph.D.
Candidate

1983 and 1987: Attended WMO congresses, Geneva.

1983-1988: National Project Coordinator in Agrometeorology and Meteorological Instrument ProjectWMO/
UNDP-NEP/78/019

1986-1988: Coordinator for SAARC Region in climatology and agro-meteorology

1988: received a medal from Prime Minister for working in SAARC Region.

1982: promoted to Class I Officer as Chief Meteorologist

1988-1992: FAO Technical Adviser in Agrometeorology for the National Early Warning System for Food
Security, Ministry of Agriculture, Malawi

1995 to 1999: Executive Director of the Center for Climate and Agrometeorological studies
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1993- at present Resource Consultant in various firms
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2009: Sun Kosi High Dam Multi purpose Project during June to September, 2009.

2009-2010: National Coordinator for Strengthening Capacities for Disaster Preparedness and Climate Risk
Management in Agriculture Sector, FAO.

2008-2011: Chief Editor, Journal of Hydrology and Meteorology, Kathmandu

Countries visited: Israel, India, UK, Australia, New Zealand, Phillipines, Thailand, USA, Canada, Sweden,
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Working experience with WMO experts: Mr. G. Steinitz, (1967-69), Dr. Venho, (1967-69), Dr. V. Zirovsky
(1969-73), Mr. R.Rannaleet (1969-73), Mr. G. Shak (1974-1978) and many more.

When [ joined the DHM on 2nd day of my return from Israel in 1967, I had an opportunity to work closely with
Mr. G. Stenitz. Since Nepal had to start meteorology from foundations, we had to perform different actions in
the steady balance. Installations of meteorological net-work, spot training, designing, preparing form, quality
control, computing data, preparing, processing and publishing climatological records. In this connection, I had
visited more than 50 districts of Nepal for site selection and installation of meteorological stations.

Since India Meteorological Department (IMD) had established 104 hydro-met stations during 1940’s and 1950’s
in Nepal and IMD had a supplementary meteorological Office at Kathmandu airport. For continuity of data,
DHM installed meteorological stations very close to all IMD hydromet stations within 1971/72. At the same
time DHM started Main Meteorological Office at Kathmandu Airport. This was one of the challenging tasks in
the beginning of our professional career in meteorology. In this way I was one of the active founding members
of meteorological service in Nepal.

When [ became Chairman of Society of Hydrologists and Meteorologists-Nepal in 2005/2006, 1 had
delivered a several talk programs on Challenges facing Nepalese Agriculture, based on cereal crops in
the following places: Department of Statistics, Department of Agriculture, Department of Irrigation and
National Planning Commission (NPC). The talk lasted nearly 2 hours in each places. In the NPC, the then
Vice Chairman Dr. Shanker Sharma was present and very co-ordial discussions were taken place.

I have a quite a passion of going through the meteorological data and wrote several articles and now presented
as a book from my collected papers for readers. This book contains collected papers of mine, mine and et al in
chronological order based on climates of Nepal and their implications to various development issues, written
in different time and space and published in the different national and international scientific Journals as well
as the papers submitted in International Congress and workshop, which were also published. Though some of
the papers were published in late 1970’s and early 1980’s, but it seemed that their importance and audiences
are increasing more and more in the recent time in Nepal due to global warming. I hope that this book on
collected published papers on Climates of Nepal and their implications might be useful for diverse users,
decision makers and planners. In addition to those articles, which were published earlier, a few updates with
recent activities and references have been added for further information.

In the begining of this book, the first rainfall map of Nepal which was hand drawn in 1966 by Mr. M. Gilead,
WMO expert in Nepal. This map was especially digitized using GIS for this publications.

I sincerely once more thanked to the Australian National University, Canberra for their support in my research.
Finally, I would like to express my humble and sincere thank to my late parents Mr Ratna lal Shrestha and
Mrs Dhana Laxmi Shrestha and my family for bringing me in this world and led light of education as far as
they could. I thank to my wife Mrs Ganga Devi Shrestha for her sacrifice as an Officer in Nepal Industrial
Development Cooperation to be hand with me in Australia.

Janak Lal Nayava Shrestha
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Heavy Monsoon Rainfall In Nepal*

J.L. NAYAVA**

Department of Irrigation and Meteorology, Kathmandu

In Nepal, 80 percent of the annual precipitation
falls between June and September under the
influence of summer monsoon (Table 1, Fig. 1),
so the monsoon rainfall is very important from
the agricultural point of view. Thus, the intensity
of the summer monsoon rains and the date of the
onset of the monsoon are both important factors
for the country’s economy, because it is the main
season for planting rice. Consequently knowledge
of the date of onset of the monsoon can help
farmers to optimize the rice harvest, i.e. farmers
can grow their rice seedlings which can be easily
transplanted. If they plant too early, the seedlings
might be seriously damaged and the production
will be poor. Normally, in Nepal, the onset of
the monsoon occurs in the second week of June

(see Fig. 2). However, in any one year farmers need
to know the probable date of the onset at least three
or four weeks ahead so that they can plant the seed
in time. Hence, the prediction of the onset of the
monsoon is one of the challenging problems for
the Meteorological Service. The date of onset and
retreat varies from year to year.

The rainfall in Nepal varies greatly from place to
place due to sharp topographical variations. As
the rain bearing winds approach Nepal from the
south-east in the summer monsoon season, most
rain falls over the foothills of the lower Himalayas,
increasing with altitude on the windward side and
sharply decreasing on the leeward side of each
successive range.

TABLE 1. Seasonal rainfall in Nepal (1965-69)

Elevation Winter Pre- Monsoon Monsoon Post-Monsoon Annual
Station
(m) Nov. - Feb. Mar. - May. June - Sep October (mm)
(mm) (%) (mm) (%) (mm) (%) (mm) %

Barakshetra 146 39 2 191 2231 86 120 5 2581
Butwal 263 33 1 90 4 2141 92 62 3 2326
Dhangarhi 280 50 4 45 3 1290 93 6 0 1391
Okhaldhunga 2103 23 1 230 12 1549 82 93 5 1895
Kathmandu 1323 39 3 131 10 1082 83 55 4 1307
Pokhara 918 61 2 315 9 2798 85 26 4 3301
Silgarhi-Doti 1360 113 11 136 13 783 73 30 3 1062
Namchebazzar 3450 49 6 85 10 635 76 65 8 834
Jumla 2387 61 10 98 16 438 71 21 3 617
Jomosom 2165 39 16 55 12 114 45 43 17 251

* This article was published in Weather, Vol.29, 1974, pp. 443-450
** On study leave at Birmingham University under a WMO Fellowship.
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Fig. 1. Key map for rainfall at selected stations in Nepal - see Table 1

Summertime rainfall varies diurnal and the
mountains are usually covered by low clouds
for much of the day. Rainfall over Kathmandu
shows a marked peak in the late night between
2310 and 0310 local time and low in the late
morning between 0910 and 1210 local time
(Dhar 1960). At Barakshetra, two maxima and
two minima were observed during the study
period. Marked maxima occurred between 1310
and 1410 (local time) and between 2310 and

0410. Two minima occurred between 0810
and 1010 hours and between 1910 and 2210
hours (Dhar 1960). Intensity of rainfall is
very important for constructing bridges and
sewage installations and for flood forecasting.
Maximum rainfall in 24 hours, date and
number of rainy days are given in Table 2.
During the period 1965-69, Gumthang (Fig. 1)
recorded the highest daily rainfall in Nepal
505.2 mm on 25 August 1968.

TABLE 2. Maximum rainfall in 24 hours during the period 1965-69 in Nepal

Maximum rainfall in 24 hours and date

Average number of

Station where known rainy days per year
Amount (mm) Percentage of mean Date (over 1 mm)
annual total
Barakshetra 313 12 21 July 1967 110
Butwal 402 17 Aug. 1968 93
Dhangarhi 168 12 17 Sep. 1968 55
Okhaldhunga 130 7 July 1965 119
Kathmandu 134 10 9 July 1967 106
Pokhara 261 8 July 1965 136
Silgarhi-Doti 135 13 6 June 1967 72
Namchebazzar 115 14 4 Oct. 1968 116
Jumla 91 15 15 July 1969 64
Jomosom 72 28 4 Oct. 1968 32
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Fig. 2a. Normal dates of onset of monsoon
(after Das 1972)

In winter, more precipitation falls in northern
Nepal than in the south and much of this falls as
snow. There is also a decrease from west to east.
This precipitation originates from disturbances in
the westerlies.

The Pre- and post-monsoon rains are more intense
at higher altitudes and much snow falls in the
great Himalayas in the pre-monsoon season. Pre-
monsoon rain in Nepal is associated with thermal
convection combined with orographic effects,
resulting in strong thunderstorm activity leading
to heavy precipitation over narrow bands within
the region.

THE HEAVY RAINFALL

In 1968, post-monsoon rainfall over Nepal was
much above average, with many heavy (more
than, say, 50 mm) daily falls, particularly over
eastern Nepal where it was the heaviest and most
widespread for at least 20 years. As a result,
eastern Nepal was flooded badly in various

Fig. 2b. Normal dates of retreat of monsoon
(after Das 1972)

places with much loss of life and damage to
property.

The present study discusses the three-dimensional
circulation in the region 60-110°E, 10-50°N and
associated rainfall in Nepal during the period 28
September to 7 October 1968. The main agents
of precipitation over Nepal are poorly known.
However, orography and cyclonic disturbances
known as ‘monsoon depressions’ are likely to
have important roles in the formation and release
of precipitation.

During July and August, a series of depressions
form in the Bay of Bengal and move in north-
westerly direction, causing heavy precipitation
along their tracks (Ramage 1971). Heavy rainfall
extends about 250 km from the depression track in
the left sector (Mooley 1973). Many investigators
have studied these depressions, but so far only
Koteswaram and George (1958), Ramage (1971)
and Rao and Desai (1973) have mentioned the
occasional noth-eastwards recurvature of some
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depressions and their subsequent movement toward
the Himalayas. On rare Occasions, a depression
moves due north from the Bay of Bengal to north
Bengal and Assam at the height of the monsoon
season, producing heavy rainfall to the north and
north-east of the depression centre. A recurvature
of depressions over India has been related the
movement of waves in the circumpolar westerlies
near 30° N. Recurvature tends to occur most often
in September.

Synoptc evolution
The formation, intensification, movement and

decay of a depression in the Bay of Bengal and
associated rainfall over Nepal were studied using
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surface, 500 mb, 200 mb, relative topography and
wind data extracted from German daily weather
maps.

On 29 September, a small low appeared over the
Bay of Bengal at about 10°N, 90° E (Fig. 3a).
During the next two days, the circulation of
this low expanded as it moved north-eastwards
into central India (Fig. 3b) and intensified into
a depression. By 3 October, Nepal and much
of India had come within the circulation of this
depression (Fig..3c). Later the depression moved
northwards and weakened considerably (Fig. 3d)
until 7 October, when satellite and conventional
observations indicated that the depression had
disappeared.

e e—=125] 00 GMT
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Fig. 3. Surface charts - 29 September to 5 October 1968



As soon as the low formed over the Bay of
Bengal, an anticyclone at 500 mb over central
India, northern Bay of Bengal, and south-east
China disappeared as a low formed over southern
India (Fig. 4a). At 200 mb, an anticyclone shifted
eastwards towards south-east china (Fig. 5a). As
the low intensified and moved north-westwards, a
new low appeared at 500 mb over northern parts
of the Bay of Bengal (Fig. 4b). The anticyclone at
200 mb became more elongated covering central
India, northern Bay of Bengal and south-east
China (Fig. 5b). During the next two days, a sharp
500 mb trough passed through Nepal and central

5

India (Figs. 4c and d) as the polar westerlies
at 200 mb intensified and moved equatorwards,
bringing the subtropical westerly jetstreams ever
closer to Nepal (Fig. 5c). As the depression
moved north, the anticyclonic circulation at 200
mb over the depression intensified and became
orientated in a south-west-north-east direction
(Fig. 5d).

Associated with thes developments, widespread
rain fell in most parts of Nepal except in the north-
west. A westward extension of the area affected
by heavy rain is clearly evident in Figs. 6a-d. In
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Fig. 4. 500 mb charts - 29 September to 5 October 1968



Fig. 5. 200 mb charts - 29 September to 5 October 1968
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Fig. 6. Rain areas in Nepal - 29 September to 5 October 1968



particular, rain fell heavily over eastern Nepal,
because of strong orographic lifting of moist warm
air. Table 3 shows that 10-20 percent of 1968 total
rainfall fell at several stations on 4 October 1968.
Rain also fell heavily in central northern parts of
Nepal. For example, at Jomosom (28°47 N,83° 43 E)
which is situated in the driest (under 250 yr?)
area of Nepal, a record 200mm (58 percent of the
annual rainfall for 1968) fell during the period
1-7 October 1968. Over 300 mm were recorded
at a number of places (Table 4).

This widespread rain, which caused serious
flooding and loss of life in eastern Nepal, produced
one of the wettest post-monsoon weeks ever
recorded in Nepal. The total rainfall recorded at
some stations during the first week of October is
listed in Table 4.

DISCUSSION

Some tentative conclusions may be made from this
study:

(1) The exceptionally heavy rain recorded in
Nepal during the post-monsoon season of
1968 was caused by a depression moving
north-westwards and then northwards from
the Bay of Bengal. Troughs at 500 mb over
and near the country also appear to have an
important effect on intensity of rainfall.

(2) Findings by other workers are supported in
this study. Synoptic features which are most
marked below about 500 mb seem to have
the most direct effect upon distribution of
rainfall (cf. Raghavan (1973)). Although

TABLE 3. Daily rainfall at selected stations in Nepal on 4 October 1968

Station Rainfall (mm) % of 1968 Station Rainfall (mm) % of 1968 rainfall
rainfall
Taplejung 134 6 Kurleghat 83 9
Pangthandoma 160 9 Dhulikhel 221 12
Wallunchungola 159 8 Namchebazzar 115 1
Nepalthok 125 14 Pakarnas 135 6
Dhankuta 166 17 Kathmandu 80 6
Bhojpur 140 9 Jomosom 72 21

TABLE 4. Total rainfall at selected Nepalese stations during the period 1-7 October 1968

Station Rainfall (mm) % of 1968 Station Rainfall (mm) % of 1968 rainfall
rainfall
Taplejung 263 12 Kurleghat 188 20
Pangthandoma 307 17 Dhulikhel 240 13
Wallunchungola 313 16 Namchebazzar 219 20
Nepalthok 306 35 Pakarnas 281 14
Dhankuta 369 37 Kathmandu 132 9
Bhojpur 284 18 Jomosom 200 58




here data are few, convergence below 500
mb superposed by divergence at 200 mb
would appear to be the main mechanism by
the heavy rains, The circulation in the upper
troposphere contributes to the generation and
intensification of the depression as well as to
its movement (Koteswaram and George 1958);
the life times of major rainfall- producing
features are of the order of four to five days
and their horizontal scale is about 1000-3000
km (Murakami 1974). Orography and local
convection are also important determinants
of rainfall (Ramage 1971).

(3) Precipitation release by depressions is more
marked over eastern and central Nepal than
in western parts of the country. The paucity of
rainfall over western Nepal during this study
period is difficult to explain because of a lack
of data.
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Introduction

This is an attempt to classify the climate
of Nepal on the basis of Thornthwaite's
classification of climates. Among the various
climatic elements, temperature and precipitation
are of prime importance in classifying the
world into climatic zones. Many writers have
classified the world into different climatic
zones using various climate elements. Among
these Koppen's and Thornthwaite's classification
have been widely accepted. Broadly their
classifications are both based on average values
of temperature and precipitation, but Koppen's
classification leaves undecided the problem of
when the mountain climate exists. As Nepal
is predominantly a mountainous country (Fig.1),
Thornthwaite's first classification is used to
delimit climatic zones in Nepal. Temperature
and precipitation data for Nepal for the period
1965-1969 have been used to produce a series
of different climates zone. A longer period of
data is not available.

Theoretically, Thornthwaite's first classification
of Climates is based on the following principles.

Janak L. Nayava **

@ Thermal efficiency ratio: T/E ratio = T‘T32
when T is the average temperature for a

particular month. (°F))

(b) Thermal efficiency T/E index = Sum of the
twelve monthly T/E ratios.
(c) Determination of P/E index for stations
without evaporation data
. 12 P % .
PIE index = 2. 115(ﬁj when T is the
temperature in °F and P is precipitation in
inches.

These two ratios give a series of climatic zones as
shown in the following Tables 1 and 2.

Table 1. Temperature Province and the ratio of
thermal efficiency index.

Temperature Province T/E index

A’ (Tropical) 128 and above
B' (Mesothhermal) 64-127

C' (Microthermal) 32-63

D' (Taiga) 16-31

E' (Tundra) 1-15

F' (Frost) 0

* This article was published in the Himalayan Review, Vol. VI, 1975

** The author wishes to thank Dr. E. T. Stringer of the University of Birmingham for going through
the manuscript & offering his friendly advice. Thanks to Act. Director General, Mr. B. K Pradhan,
Department of Irrigation, Hydrology and Meteorology for giving me a permission to publish this article.

1. CW. Thornthwaite, "The climates of North America according to new classification," Geogr. Review,

vol, XXXI (1931), pp 633-655.



EOEOQOEDMJOUM

Great Himalaya &

[F Land ovar 3000m [=—] Trans-Himaiayan [ Mahabhoret Lekh E-—-] churiya Ronge

Range

Fig. 1. Map of Nepal

Table 2. Humidity Province and value of the
precipitation effectiveness index.

Humidity P/E Characteristic
Province index Vegetation
A (wet) 128 & above rain forest
B (Humid) 64-127 forest
C (Subhumid) 32-63 grassland
D (Semiarid) 16-31 steppe
E (Arid) Under 16 desert

The following results were obtained by computing
the data* for 15 stations in Nepal using
Thornthwaite's first classification (Table 3).

In the graph below, /_ index plotted with respect to
altitude for each of these stations (Fig. 2).

From the above table and graph, one can deduce
that Nepalese low lands about 100-500 m above sea
level experience a tropical climate; this covers all

parts of Tarai, Bhitri (Inner) Tarai and the lowlands
of pahar (Hill) zones. Summer months (March-
September) are very hot with average maximum
temperatures exceeding 30° C. Winter (December-
February) temperatures are about 18°C. The
average rainfall in these areas is 1000-2500 mm.
Due to orography, rainfall increases with altitude
on the windward side up to the snow line. On the
leeward side, rainfall sharply decreases due to the
subsidence of air passing over the mountain range.

Between 500 m and 2700 m, a mesothermal
climate prevails; i.e. the upper zones of Churiya
range, Mahabharat lekh and Pahar zone. Summers
are hot, with maximum temperatures well above
25° C and winters are cold.

Average rainfall varies from 250 mm to 6500 mm
on the leeward and windward sides respectively.
At Lumle, near Pokhara annual rainfall exceeds
6500 mm, whichis purely orographic. The Mustang

* The data have been obtained from the H.M.G. Dept. of Hydrology & Meteorology published
Climatological Records of Nepal in 1968, 1971 and 1972 and H.M.G. Dept. of Irrigation, Hydrology &
Meteorology, Climatological Records of Nepal, 1973.
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Table 3. Results of Thornthwaite's First Classification

No Station Elevation (m) T/E index Thornthwaite’s P/E Index Thornthwaite’s
Temperature Province Humidity Province

1 Barakshetra 146 131.6 Tropical 142.5 Wet

2 Butwal 263 137.8 Tropical 124.9 Humid

3 Khudibazar 823 110.6 Mesothermal 186.6 Wet

4 Pokhara 918 112.5 Mesothermal 200.3 Wet

5 Pusma Camp 950 115.4 Mesothermal 86.3 Humid

6 Gorkha 1135 108.3 Mesothermal 90.7 Humid

7 Kathmandu 1329 98.5 Mesothermal 747 Humid

8 Taplethok 1372 102.5 Mesothermal 158.7 Wet

9 Sallyan 1457 102.7 Mesothermal 51.3 Subhumid

10 Bhojpur 1524 91.3 Mesothermal 774 Humid

1 Taplejung 1768 85.9 Mesothermal 129.2 Wet

12 Okhaldhunga 2103 87.1 Mesothermal 127.3 Wet

13 Jomosom 2615 66.5 Mesothermal 479 Subhumid

14 Wolangchungola 3048 36.0 Microthermal 172.8 Wet

15 Thyangboche 3867 26.1 Taiga 89.7 Humid

area (Jomosom) in the northern part of the Great
Himalaya, although falling in this mesothermal
climatic zone, has a peculiar dry climate, and it
looks like semi-desert. The annual rainfall is
only about 250 mm. This dry region is due to the
alignment of the neighbouring mountains which
prevent a large inflow of moist air into the region.
A dry upper wind and the high temperatures both
help to prevent precipitation.

5000 |

(36.0]
IMICROTHER
AL CLIMATE

3000

_ . . 2000 F
Similarly in the altitude zone 2700 m-3600 m, MESOTHERMAL (g5.9)
there is microthermal climate which lies mostly in CUMATE (a3 \ L
the northern side of Pahar (Hill) zone. Maximum .o | o s
temperatures in summer are 15-18°C and minimum {m) tﬂﬁ;? & '
temperature in winter fall well below 0°C. The height
average rainfall is 1000 mm to 3000 mm. | il _nm._y.\\‘m'e,’

o 20 4Lo 5Lo 80 100 120 140 160
The zone from 3500 m to 4100 m is the Taiga

province which is mainly in the Great Himalayan T/E INDEX

range. Summers are cool and winters are severe

with an average temperature of -10° C. The Fig. 2. The classification of Climate of Nepal by
average precipitation is about 1000 mm. Finally Taking Thermal Efficiency Index and Altitude

the zone from 4100 m has tundra type of climate
(Fig. 3)
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Fig. 3. Classification of the Climate of Nepal
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The above mentioned heights for the climatic
boundaries are very tentative. The practice of
locating the boundaries of commonly recognized
climatic types by referring to distribution of
vegetation, soils and other natural features
in no way argues against the reality of the
types or of boundaries. If the classification
is to extend to the microclimatic scale, as it
must be of practical value in agriculture and
biological problems, it must also take into
consideration of the variation with height,
diurnal march of temperature and frequency of
precipitation of varying intensity and amount,
evaporation from soil, atmospheric moisture

MICROTHERMAL (Y * *|MESOTHERMAL

and wind velocity in the zone where the
plant actually live.? Additionally, Thornthwaite
(1948) emphasized that evapotranspiration is an
important climatic factor for the classification
of climatic zones.?

Conclusion

This paper shows that it is possible to derive
a classification of the climate of Nepal using.
Thornthwaite's model. This result so obtained
suggests that further research along these lines
could be of economic value for the execution of
Nepalese five-years plans.

2. CW. Thonthwaite, "Problems in the classification of climates," Geogr, Rev., XXXIII pp.233-255.
3. CW. Thornthwaite. "An approach toward rational classification of climate, Geogr. Rev., XXXVIII

(1948), pp.55-94.
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Topoclimatology of the Kathmandu Valley*

JANAK L. NAYAVA — Department of Geography, Australian National University, Canberra, ACT.

This study of topoclimate is concerned mainly with the Kathmandu valley. The region was selected because
of the existence of a relatively dense network of meteorological stations, namely, one synoptic station, five
agroclimatological stations, six rainfall stations and one radiosonde station. The location, elevation and date of
establishment of the meteorological stations are shown in Table I. In addition to the existing stations, there were
a few meteorological stations operating for short periods from which the data has been published (Department
of Irrigation, Hydrology and Meteorology 1977 b.) The climate of Kathmandu Valley has been studied by Malla
(1968), Department of Housing and Physical Planning (1968) and Binnie and partners (1973).

The topographic relief of the study area (Figure 1) is based on 35x35 grid points, extracted from the Nepal
1: 63360 scale map published by the Surveyor General of India, 1957. The grid points which are separated
by 900 m, were analyzed by the computer programme CONOMAP to produce a weighted second degree
polynomial surface. The program was written by Ingram for the CDC 6400 and Benson Lehner plotting system
at Mc Master University. Canada and was converted to the Univac 1108 and Calcomp 565 plotting system
by Bryant at Australian National University (Ingram and Bryant 1974). The boundary line of the catchment
area of Kathmandu valley was determined from the 1:63 360 scale map with a contour interval of 100 feet
(30.48 m). The catchment drains the valley through a small gorge (Chobhar) in the south west. Use of the map
based on 35x35 grid points has resulted in the exclusion of a small area in the west. Most of the results of this

topoclimatological study are mapped using the grid line intersections.

GENERAL FEATURES OF THE ATMOSPHERIC
CIRCULATION OVER NEPAL

Studies of lower and upper tropospheric
atmospheric circulation in Nepal suggests that rain
falls within four distinct seasons (Nayava 1974) ;
pre-monsoon (March to May); Summer monsoon
(June to September); post monsoon (October);
and winter (November to February). In the pre-
monsoon season, moderate to strong westerly
winds prevail throughout Nepal. Scattered rainfall
occurs during this period and there is a marked
increase in temperature of about 3-4° C in the
month of March. Due to outbreaks of warm air and

atmospheric instability, the sub-tropical jetstream
weakens over Nepal. As summer approaches
fogs become less frequent in the valley and haze
predominates from the southern to the middle
regions of Nepal.

The summer monsoon is the most important
season in Nepal for agriculture with nearly 80
to 90 per cent of the annual precipitation falling
between June and September. During the summer
monsoon, the easterly wave dominates the upper
level of the atmosphere and the subtropical
westerly jetstream shifts to the northern side of the
Tibetan plateau, around an anticyclone called the

* This article was published in Proceedings of Tenth New Zealand Geography
Conference and Forty-Ninth Anzaas Congress, 1979, pp 33-38.
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Tibetan High produced by the thermal effect of
the heat source (Koteswaram 1958; Flohn 1968).
At the surface, an elongated zone of low pressure
develops along the Indo-Gangetic plains of North
India, which lie northwest to southeast. This area
of low pressure is known as the monsoon trough
or equatorial trough, which, of course, advances
northwards in the summer monsoon months
and retreats southwards in the post-monsoon
period. Therefore, the onset and withdrawal of
monsoons are associated with northward and
southward movement of the equatorial trough
(Ananthakrishnan and Rajagopalachari 1964).
When the monsoon trough lies over the foothills of
the lower Himalayas, approximately 25° N latitude,
the heaviest widespread rainfalls occur throughout
Nepal. The rainfall in Nepal varies greatly
from place to place due to sharp topographical
variations. As the rain bearing winds approach
Nepal from the southeast in the summer monsoon
season, most rainfalls in the foothills of the lower
Himalayas increase with altitude on the windward
side and sharply decrease on the leeward side of
each successive range. Ultimately, the foothills of
the great Himalayas receive less rain than the other
areas. At the same time, rain increases eastwards
and decreases westwards.

The post-monsoon season is the harvesting
season of rice, the main crop of Nepal. Strictly
speaking this is the transitional period from
one season to another, and at this time the sub-
tropical westerly jetstream retreats from the
northside of the Tibetan plateau to the southern
side of the Nepalese Himalayas, and frequent fogs
appear over the valley. In the winter season, the
lower troposphere wind blows mostly from west-
north- west in western Nepal and east-north-east
in eastern Nepal. They are dry, continental, winds
associated with stable conditions. In the upper
troposphere the subtropical jetstream lies over
the southern side of the Himalayas. Morning fogs
occur frequently in most of the valleys in Nepal

and the westerly disturbances bring cold spells and
rain, most intensive in the west.

=5 B
I _ 1
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Figure 1. Topography of the study area
THE VALLEY CLIMATE

Radiation: Computed values of daily total solar
radiation at the top of the atmosphere over
Kathmandu vary sinusoidially from 505 to 979
langleys per day over a twelve month period (List
1954). During November to February, Kathmandu
receives on average 58 per cent of the total solar
radiation at the top of the atmosphere in each
month, whereas it only receives an average of 45
per cent during the period from June to September.
In June, when the solar radiation at the top of the
atmosphere is greatest, the percentage of solar
radiation which reaches the surface is relatively
low due to high levels of scattering and reflection
by the constituent of the atmosphere. This is
largely result of low cloud which prevails during
this period. The highest monthly mean value
of solar radiation, 476 langely per day, occurs
during May, just before the onset of the summer
monsoon.
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Table 1
Current Meteorological Stations Operating In Kathmandu Valley

No. Elev. Lat. Long Date Type of
m Deg. Min Est. Stations
1052 Bhaktapur 1330 2740-8526 May 1971 Rainfall
1022 Godavari 1400 2736-8523 May 1952 A/C*
1030 Tribhuwan Int’l Airport Kathmandu 1336 2742-8522 Sep 1967 Synoptic
1014 Indian Embassy (Kathmandu) 1324 2743-8519 Oct 1879 AlC*
1039 Pani Pokhari (Kathmandu) 1335 2744-8520 Apr 1971 A/C*
1029 Khumaltar 1350 2739-8520 May 1967 A/IC*
1043 Nagarkot 2150 2742-8531 May 1971 A/C*
1035 Saankhu 1463 2745-8525 Sep 1970 Rainfall
1012 Sundarijal Power House 1364 2745-8525 May 1940 Rainfall
1013 Sundarijal Reservoir 1576 2745-8525 May 1940 Rainfall
1015 Thankot 1630 2742-8513 Sep 1966 Rainfall
1056 Tokha 1790 2747-8521 Dec 1972 Rainfall

* Agroclimatological station.

Insolation:  Solar radiation is  estimated
for 394 selected gird points by using the
computer programme developed by Fleming
(1971). The programme is designed to use
the district average data for variables such as
sunshine hours, precipitable moisture, latitude
and longitude. The necessary average data
are used from a single representative site,
Tribhuwan International Airport, Kathmandu.
At each selected grid point, the slope, aspect,
and azimuth are determined and used in the
programme. Fleming (1971) estimated solar
radiation by adopting Monteith (1962) and ldso
(1969, 1970) models combined wih Goodspeed's
(1970) solar position programme. Goodspeed's
defines solar position as a vector and Fleming
defines slopes in terms of the normal incidence
vector. The combined programme of Fleming
(1971) estimates mean monthly value of both
clear day and average solar radiation for the
horizontal and inclined surfaces. The value of
solar radiation is calculated for the middle of
each month which is considered as the mean
value for a particular month.

Calculation of clear day radiation follows the
model of Idso (1969, 1970). The transmittance
of an atmosphere which plays an important
role in solar radiation calculation, is caused by
scattering by water vapor, scattering by dust
free atmosphere, absorption by water vapour and

BN BT 57 50

Figure 2. Clear day global solar radiation
(ly/day) January.
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absorption by dust. The cumulative transmittance
is made up form separate calculations for each of
the above components. The principal effects are
derived from water vapour and dust. There are at
present no precipitabler water data for Kathmandu,
since regular radiosonde ascents only commenced
in 1977. The annual cycle of precipitable water
was estimated by linear relationship proposed by
Spencer (1965) for Australia as follows:

u=pe @

Where u is precipitable water content in mm; e is
surface vapour pressure in mb: pisalocal constant.
Spencer suggests that p=1.0 for Australian data
and in this programme p=1.0 is used although p
and e can be evaluated by further experimental
evidence.

ﬂS‘I'.S' L) Loy ]

Figure 3. Clear day global solar radiation
(ly/day) July.

Atmospheric dust factors can be derived from
atmospheric turbidity measurements which also
were not available. However, the monthly dust
factor was estimated by comparison with the
observed and estimated global solar radiation at
Kathmandu.

Month J F M A M J J A S
Dust factor [ 1.0 [ 1.5 (25 |30 |25 |15 |10 |10 |10

Month 0 N
Dust factor 1.0 1.0 1.0

Because of the necessity to combine the direct
and diffuse radiation receipt on inclined surfaces,
modification of the Angstrom formula is used,
based on the work of Hounam (1963) expressed as:

Q , n
= =a4(1-b)— 2
Qo N @
Where,
Q =  total global solar radiation received at

the earth's surface,

Q, = total global solar radiation on a clear
day at the surface,

n = actual duration of sunshine,

N = Maximum possible duration of
sunshine,

a =  constant (=ratio Q/Q, on overcast
day)

b' = constant (= ratio 1-a, since Q=Q_ on

a cloudless day)

The values of estimated global solar radiation
for horizontal and inclined surfaces for 394 grids
points on clear days over Kathmandu Valley in
January and July are shown in Figures 2 and
3. Insolation on a clear day in January varies
from 200 to 550 langleys per day depending
on slope, aspect and elevation. In July, it varies
only from 600 to 694 langleys per day on aclear
day, whereas average estimated insolation during
these two months in Tribhuwan International
Airport, Kathmandu are about 324 and 446
langleys per day.

Temperature: At Kathmandu, summersare hot with
the temperature occasionally rising above 30°C.
Winter are cold with early morning temperatures



frequently falling below freezing point. Mean
temperatures range from 9.4°C in January to
23.4°C in July, with a mean annual temperature
of 17.5°C which varied between 17.4°C to 17.9°C
during the nine years of records from 1968-1976 at
Tribhuwan International Airport, Kathmandu. The
diurnal range during the period from November
to May is greater than the annual range. Mean
daily maxima vary between 15.4°C in January
and 29.3°C in May. Similarly, mean daily minima
range from 1.9°C in December and 20.2°C in July.
The extreme maximum temperature during the
period of record was 33.0°C which occurred on 12
June, 1972 and the extreme minimum temperature
was -2.3°C on 15 January 1969 and 13 January
1970. During the summer monsoon, the mean
maximum and mean minimum temperatures are
almost uniform, between 26.0°C to 27.5°C and
18.0°C to 20.0°C (Figure 4).
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Figure 4. Mean monthly temperature and
precipitation at Kathmandu 1968-1976.

Comparing the above temperatures with the
Kathmandu Indian Embassy where data is
available for a longer period (1901-1975) mean
daily maxima are 3.2°C higher in January and
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0.2°C higher in May for the same period and the
mean daily minima 1.9°C falls in January instead
of December. However, comparing the nine year
data with the 75 year data at the same station,
mean daily maxima are 0.4°C higher in January
and 1.0°C lower in May. Mean daily minima are
approximately the same. The extreme maximum
temperature during 1901-1975 was 37.8°C on 2
June, 1958 and the extreme minimum temperature
was -3.9°C on 16 January 1964.

Thirsty-six meteorological stations, recording
temperature throughout Nepal were used to
develop equations to predict maximum and
minimum temperature at the gird intersections
in the Kathmandu valley. The period 1970-1975
was chosen to maximise the number of available
temperature records. Multiple regression was
used to determine the best equations to represent
the mean monthly maximum and minimum
temperatures. The dependent variables considered
were latitude, longitude, elevation and cloudiness
index. Three models were developed, all giving
satisfactory results. One model accounts for
latitude, longitude, elevation and rain as the
cloudiness index, the second model considers
latitude, longitude and elevation and the last
model, elevation is the sole dependent variable.
The percentage of variance expressed by the
regression are not significantly different among the
three models except in the case of the regression
between elevation and minimum temperature in
the winter months, where the variance explained
is slightly lower. Since the latitude and longitude
are not very different in the Kathmandu valley,
the last model was adopted for further study of
temperature distribution in Kathmandu valley.

Annual mean temperature decreases by about
5°C per kilometer with increasing elevation in
the Kathmandu valley. It is well known that
temperature varies not only with altitude, but also
with many mesoscale factor such as slope, aspect,
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Table 2
Per Cent of Seasonal Rainfall In Kahtmadu (T.A)

Year Pre-monsoon Monsoon Post-monsoon Winter Total
rainfall Rainfall rainfall rainfall
1968 180.4 1000.3 160.4 38.6 1379.7
1969 161.9 965.0 40.3 12.0 1179.0
1970 154.6 1081.6 56.2 67.9 1362.3
1971 318.9 1101.7 81.2 9.5 1511.3
1972 160.8 968.0 86.1 46.5 1261.4
1973 154.9 1454.0 119.3 716 1799.8
1974 162.2 983.2 45.6 34.0 1225.0
1975 119.2 12211 34.2 56.0 1430.5
1976 222.0 1199.0 24.3 447 1490.6
181.7 1108.3 72.2 42.3 1404.4
(13%) (79%) (5%) (3%)

Figure 5. Mean annual precipitation (mm) 1968-1976.

exposure and wind. Though the temperature
distribution for the valley is estimated froma linear
regression model based on elevation, the estimated
temperatures are in good agreement with most of
the observed data with the exception of the valley
floor where estimated minimum temperatures
1-2°C higher than the observed values.

Precipitation: Mean annual rainfall at Tribhuwan
International Airport, Kathmandu, during 1968-
1976 was 1404.8 mm. Monthly and annual totals
vary considerably from year to year as can be seen
in Figure 4 and Table 2. However, 79 per cent of
rainfall occurs in the summer monsoon which
normally begins in the second week of June and
retreats in the third week of September. The annual
mean rainfall at the Kathmandu Indian Embassy
during 1968-1976 was 1500.6 mm but 50 year
records from 1927-76 shown that the mean annual
rainfall is only 1372.2 mm. The mean annual
rainfall at Kathmandu valley varies from 1400 to
3000 mm due to the sharp topographical variations
(Figure 5).

The rainfall at Kathmandu valley was analysed
by Body's (1973) computer programme which
provided a good estimate of area rainfall, althouth
there was a sparse network of gauges in the
investigating area. The programme considers the
effect of orography which is an important factor
in areas like Nepal where sharp topographical
variations occur within small distances. There
is very little difference between the observed



station rainfall and the rainfall interpolated from
the computer produced isohyets, with the one
exception of the rainfall station at Tokha, althouth
the quality of the observed rainfall data here is
poor. The highest daily rainfall recorded during
the last 56 years was 173.2 mm on 27" July, 1954.
Snow has been observed only on the surrounding
peaks of the Kathmandu Valley. The average mean
snow line in Nepal is about 6000 m above sea level.
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Figure 6. Relationship between rainfall solar
radiation and evaporation at Kathmandu 1968-1976.

Cloud and sunshine: During the summer monsoon
period, skies are cloudy with less than 45 per
cent of possible sunshine. The mean monthly
percentage of sunshine during 1968-1976 is
shown in Figure 6. During the premonsoon and
summer monsoon seasons convection type cloud
predominates over the mountain tops in the valley.
However, conditions of complete overcast are
not usual in the day time. During the end of the
pre monsoon and summer monsoon afternoons,
the cumulonimbus clouds form as a result of
the instability of warm humid air masses, often
leading to thunderstorm. Stratus and nimbostratus
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cloud are observed when the monsoon trough lies
near Kathmandu.

More than 70 per cent of possible sunshine occurs
during the post-monsoon and winter periods.
These periods are almost cloudless except for fog
in the morning. Fog occurs mainly from October to
February, there being about fifteen days of fog each
month during that period. The highest frequency of
fogs occurs between 0540 and 0840 local standard
time and only rarely does fog persist until noon.

Humidity: At Tribhunwan International Airport,
Kathmandu, during 1968-1975, 80 to 100 per cent
relative humidity was recorded for most mornings
through the year. However, in the afternoon,
humidity falls to 40 to 50 per cent during October
to February and 20 to 30 per cent during March
to May. During the summer monsoon season
humidity remains at 70 to 80 per cent throughout
the day. Monthly values of relative humidity during
1968- 1975 are shown in Figure 7.
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Figure 7. Average monthly relative humidity at
Kathmandu 1968-1975.
Evaporation: At Kathmandu, monthly mean
evaporation from a class A pan during 1968-
1976 and the rainfall for the same period are
compared in Figure 6, which shows that November
to May had more evaporation than rainfall. The
rest of the year, June to October has abundant
rainfall and low evaporation. The distribution
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of potential evapotranspiration is also studied
using a single representative site, Tribhuwan
International Airport, Kathmandu, which has
fully equipped meteorological station. Potential
evapotranspiration for 1975 was calculated by
Penman's method. The linear regression model
between calculated potential evapotranspiration
and calculated global solar radiation is derived
for the representative site and gave a correlation
coefficient for the regression of 0.91. The derived
model is used to obtain the variation of potential
evapotranspiration using calculated global solar
radiation for 394 grid points in the Kathmandu
Valley, assuming wind speed to be constant at all
the points.

The computed distribution and variation of average
potential evapotranspiration over Kathmandu
Valley in January and July are shown in Figures
8 and 9. The potential evapotrnspiration in
January varies from 0.0 to 90.0 mm depending
upon slope, aspect and elevation. In July, potential
evapotranspiration is relatively constant over the
whole valley with values in the range from 80.0 to
96.0 mm per month.
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Figure 8. Potential evapotranspiration (mm) January.

CLASSIFICATION OF CLIMATE

The major climate elements of monthly average
global solar radiation, precipitation and maximum
and minimum temperature were selected for
the same 394 sampled grid points to provide the
basis for a topoclimatological study of the valley
and adjacent slopes by the computer programme
TAXON. The classification program MULCLAS
was used to sort out the most similar points in
group to produce a dendogram showing the relative
degree of similarity between individual points and
groups of individual points. Detailed information
on these techniques can be found in Williams and
Lance (1968 a,b), Williams (1976), Austin and Nix
(1978) and Dale et al. (1978).

A dendogram of 15 groups, as shown in Figure 10,
is developed using the MULCLAS classification
of 394 grid points with 48 attributes (12 attributes
each from mean monthly insolation, precipitation,
maximum and minimum temperature). Four major
groups can be separated from the dendogram to
classify the climates of the Kathmandu valley
(Figure 11). The valley floor and mountain top,
the south facing slopes , the north facing slopes,
and the north facing steep slopes can be classified
as humid, subhumid, wet or wettest zones of the
Kathmandu valley. It is interesting to note that
global solar radiation plays a dominant role in the
classification of the climates of Kathmandu valley.

CONCLUSION

The monthly mean insolation, precipitation,
and maximum and minimum temperature were
estimated for a grid net using a large number
of grid points, (394 in most cases) to study the
topoclimatology of Kathmandu Valley. Each grid
point, therefore, is representative of approximately
1.5 km2, whereas the official stations cover larger
areas. The estimation procedures used regression
methods and theoretical models as described earlier,



and took into account all available data. The main
source of observed data was from the Department
of Hydrology and Meteorology (Department of
Irrigation, Hydrology and Meteorology 1968,
1971, 1972; Department of Irrigation, Hydrology
and meteorology 1977 a,b,c).
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Figure. 9. Potential evapotranspiration (mm) July.

Considering global solar radiation to be the primary
factor, the climate of the slopes can be studied by
an examination of radiation distribution on slopes
of varying aspect. Wind is also an important
factor because it affects the distribution of rainfall
as well as temperature. Basically, the valley is
calm and less windy than the surrounding peaks
and ridges, where with an increased wind speed, a
greater proportion of the available radiant energy
is used for evaporation and heating of the air.

This mesoscale classification of climate and the
grid point data will be used further in crop model
studies in the Kathmandu valley. On a broad scale,
these analyses will assist in understanding climate
and crop relations, so that better agricultural
planning and implementation can be achieved in
Nepal.
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ABSTRACT

A limited set of observations of total global radiation at Tribhuwan International Airport has been used to

estimate the parameters in a computer model of radiation input to sloping surfaces. The computer model separates

direct, diffuse and circumsolar diffuse components, and derives clear day radiation estimates for horizontal and

sloping surfaces using efficient vector methods. Direct and diffuse components are combined with sunshine-hour

data to estimate average or mean monthly insolation on horizontal and sloping surfaces. The relative merits of

extraterrestrial clear day, and average day radiation indices are discussed. Topographic data for the Kathmandu

valley were used to estimate average slope and azimuth at a grid of 394 points. These slope data were input to the

computer model and mean monthly isopleths of clear day and average day insolation plotted and discussed.

INTRODUCTION

The global solar radiation received at any surface is
the primary factor entering the heat budget of that
surface, whether it be a field, a region, a continent,
or the whole earth. The radiation received varies
with latitude, time of day, aspect, slope, and time
of year, as well as being influenced by variations
in the transmissivity of the atmosphere. As solar
radiation is measured over only a limited network
world wide, and usually only on a horizontal
surface, there are many techniques used to
extrapolate radiation data. In Nepal there are only
limited global solar radiation data for one site,
Tribhuwan International Airport.

The spatial distribution of mean monthly total
global solarradiation over Nepal has been estimated
using correlation with sunshine hours, cloudiness
and precipitation (Nayava, unpublished paper). At
the mesoscale, local differences in solar radiation
due to slope and aspect become important. There

are no observations of solar radiation input on
inclined surfaces available in Nepal, however, and
so methods of extrapolating the single horizontal
surface observations are required.

This paper reports the results of applying a simple
computer model of the atmosphere coupled with
variants on the Angstrom equation to derive
monthly indices of radiation on slopes relative to
total global solar radiation on a horizontal surface.
The indices are then used to transfer the single set
of horizontal observations to a grid of points in the
Kathmandu valley.

RADIATION ON INCLINED SURFACES
RELATIVE TO HORIZONTAL
SURFACES

The ratio of radiation input on an inclined surface
to that on a horizontal surface, integrated over 24
hours, is termed the radiation index. The simplest
index to derive is that from simple slope geometry

* This article was published in the Australian Meteorological Magazine Vol. 28, No. 2,

June 1980, pp. 79-95

** Currently at the Department of Irrigation, Hydrology and Meteorology, Kathmandu, Nepal
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in the absence of an atmosphere. Calculations for
such simple indices were discussed by Kondratyev
and Manolova (1960) and Lee (1963).

Position on the globe does influence the attenuation
of the direct solar beam so that the intensity of the
direct beam varies relatively over the day. Ohmura
(1968) and Garnier and Ohmura (1968 a, b)
proposed a method using observe atmospheric
attenuation coefficients and integration of the
direct component only to derive radiation indices.
These indices were then applied to actual total
global solar radiation observations on a horizontal
surface to map variation in solar input. There are,
however, problems of systematic bias if simple clear
day transmission factors are used, particularly if
the diffuse component is ignored, as was pointed
out by Basnayake (1968). Schulze (1975) took a
further step and derived empirical formulae under
cloudless conditions that took into account both
the direct and diffuse components.

Fleming (1971) has developed a computer
program, which will be described in greater detail
in the next section, aimed at overcoming most
of these objections, for clear day conditions. A
simple atmospheric model based on the work of
Monteith (1962) and Idso (1969, 1970) is used to
derive instantaneous values of direct, circumsolar
diffuse, and uniform diffuse radiation on clear days
and integrates them for horizontal and inclined
surfaces. Later developments of the program then
further modify the clear day data for average
conditions using avariant of the Angstrom equation
and assumptions as to the relative proportions of
direct and diffuse radiation. The program can also
account for horizon cut-off effects, and foreground
albedo. The Fleming technique is believed to
represent a practical limit in realistic modelling of
the differences in input to inclined and horizontal
surfaces at mesoscale. Certainly, more detailed
atmospheric attenuation models are available,
e.g. Dave (1977) and Klucher (1979) and the non-
uniform distribution of diffuse radiation has been

described in more detail, e.g. Steven (1977) and
Steven and Unsworth (1979, 1980).

In this paper clear day values of radiation input
and index were calculated for the middle of each
month and considered to be the mean for that
month. Average values for the month were then
estimated from mean monthly values of sunshine
hours.

THE BASIC COMPUTER MODEL

As the computer model has not been formally
reported in the literature, and in particular the
adaptations to estimate average radiation input, a
detailed description will be set out. The computer
program uses the vector methods for the description
of solar position described by Goodspeed (1970),
together with vector definition of any inclined
surface in terms of a vector, normal to its face.

The clear day atmospheric model

The atmospheric attenuation model of Idso (1969,
1970) is used to calculate the direct and diffuse
components at the surface, and recognises four
component processes that are set out below with
their equations.

(M absorption bv water vapour:
a(u*) = 0.77u*3 w1

where a (u*) is the absorption in the water vapour
column u*, and u* = u. m;

where m is the relative geometrical air mass and
has value 1.0 for a solar elevation of 90°,
u is the precipitable water content of the
atmosphere in mm of water.

(i) scattering by water vapour:

t. (u*) = 0.975u* 2
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Where t (u*) is the transmissibility of the
atmospheric column, taking water vapour
into account.

(iii) Rayleigh scattering of dry air:

t. (A)=0.9™+ 0.026(m™ -1) .3

Where m* is the equivalent dry air mass and is a
function of m, local atmospheric pressure

p, and the standard atmospheric pressure,
p,, i.e. 1013 mb;

thus m*= m.p/p,

t. (A) is the transmissibility due to
molecular processes.

(iv) Scattering by dust:
t (D) = 0.95m° .4

Where D is a normalised dust factor that is
extensively discussed by Idso (1970), who
shows that in arid and semi-arid areas it
is a function of mean daily wind speed.
Fleming (1971) showed that by matching
attenuation rates with the data of Rao and
Seshadri (1960), D = 2.0 can be equated
with a dust concentration of 300 ppm;

t. (D) is the transmissibility due to dust particles.

The attenuated direct beam component, |, is then
calculated as Eqn 5

1, =1 (1-a().£ (%) (A).£(D) .5

Where | is the extraterrestrial direct beam
intensity, i.e.

I.RR ?where |_is the solar constant, 1353 Wm?,

R, is the mean sun-earth distance and R is

the sun-earth distance on the day in
question.

The clear day diffuse radiation associated with the
three scattering effects is assumed to be produced
by a 50 per cent forward scattering modified by a
solar altitude factor so that for a horizontal surface
Eqn 6 holds

I =0.5(1, (1-a(u*))-1,,). sin alt ...6

dif. hor

Where alt is the solar altitude.

The direct component is, of course, 1, =1, .sin
alt.

In the case of an inclined surface it is assumed
that a proportion of the factor (I (1-a(u®)) -1) is
to be considered ‘circumsolar’ and so is associated
with the direct component for slope effects. The
circumsolar percentage in this paper is taken to
be 0.25. For the inclined surface the appropriate
equations are 7 and 8 for the direct and diffuse
components.

Idir.inc: (Idir-'-o'z‘iz_> (Idif..hor))'(n"—r) el

where n is the normal vector to the surface;
r is the solar position vector;

and (n.r) is the vector dot product.

| =0751_ . cos?(0/2) .8

dif.inc dif .hor

Where 6 is the angle of inclination of the inclined
plane.

The program also allows for foreground reflection
to be taken into account for steep slopes using a
simple reflectivity and view factor calculation.
Horizon cut-off the direct solar component can
also be taken into account but was not used in this
study. Daily totals, Q, and Q_, . are determined

oinc

by summation of values calculated in zone mean
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time at 12- minute or 0.2-hour steps, commencing
at midnight.

The estimation of average radiation

Average or mean monthly radiation is calculated
from the mid-month clear day radiation estimate
using a correlation with sunshine hours.

0] for horizontal surface:

the basic equation is that of Angstrom (1924) and
Hounam (1963)

QQ, =(a+(1-0).n/N) 9

Where Q is estimated mean monthly total daily
global solar radiation,

Q, is estimated mid- monthly clear day
total global solar radiation on a horizontal
surface;

n is the mean monthly observed sunshine
hours;

N is the maximum daily sunshine hours,
i.e. total theoretical duration the sun is
visible above the horizon plane;

and a is a local parameter related to the
average diffuse radiation level when
the sun is obscured by clouds. Values
in the literature range between 0.3 and
0.5.

(i) for inclined surfaces:

from Eqgn 9 it is apparent that when n/N equals
zero all radiation must be diffuse and slope
correction factor in Egn 8 should apply, i.e. for

n=o,

Qinc = a.Q_cos? (6/2). In the case of n/N = 1.0 we

have a clear day and the previously calculated clear
day value, Q. obtains. By analogy with Eqn 9
a factor 'B' equivalent to 'o’ but applying to the
inclined surface, can be defined.

Q.. = B+L-PN/N)Q,,., .10

From the limiting cases show above, therefore,
we can define B as equal to a. cos? (6/2).Q /Q,;,..
In the case of steep slopes, or where there are
significant horizon cut- off effects, the value
of B becomes large and may even exceed 1.0,
and Egn 10 becomes of doubtful validity. An
alternative method of calculation is available
in the program. The diffuse component on
the average on a horizontal surface Q. is
assumed to be Q-Q ... N/N, where Q is
calculated from Eqn 9 and Q .., is the direct
component on a horizontal surface on a clear
day. Thus Eqgn 11 is derived.

Qinc = Qodir.inc n/ N + Qdif.hor COSZ (6/2) w11

Where Q.. ;.. is the direct component on the
inclined surface on a clear day;

Quit 1o 1S the diffuse component on the
average day on a horizontal surface as
defined above.

For steep slopes a component for foreground
reflection is also usually calculated.

PARAMETER DERIVATION

To apply the computer program to the Kathmandu
valley it is necessary to derive or justify the
adoption of appropriate monthly values of the
model parameters u, p, D and a. Unfortunately
there is only limited total global solar radiation at
Tribhuwan International Airport, and no data on
the direct component at normal incidence or the
diffuse component.
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u, the precipitable water content

Regular radiosonde ascents at Kathmandu only
commenced in 1977 and no reliable estimates of
precipitable water are available. Spencer (1965)
showed that a simple linear relationship to surface
vapour pressure was valid in Australia and this
was adopted here.

u=ke
Where u is precipitable water in mm;

k is a local constant, perhaps varying
seasonally;

and e is surface vapour pressure in mb.
Spencer's value of k = 1.0 was used.

p, atmospheric pressure

Altitude is the overriding determinant with respect
to atmospheric pressure and simple scaling based

on altitude and the standard atmosphere was
used.

D, the normalized dust factor

There are no turbidity measurements in Nepal and
no direct observations even of surrogate factors.
The existing daily records of solar radiation at
Tribhuwan International Airport, however, were
examined and estimates of clear day radiation
for the fifteenth day of each month made. The
computer model was then run for the same dates
using the adopted values of precipitable water,
u, and values of D= 1.0, 2.0 and 3.0 and
compared with the previous estimates. From the
comparison an annual pattern of values of D
was adopted, and used in all further calculations
(see Table 1).

Qualitatively, the values in Table 1 seem
reasonable with values of 1.0 adopted through
the monsoon season and rising to a value of
3.0 at the end of the dry season of the Indian
sub-continent, when simple observations confirm
greatly increased amount of smoke and dust haze.
Mani, Chacko and lyer (1971) have confirmed
that atmospheric particle concentrations increase
in pre-monsoon months to three of four times
the winter values.

Table 1 Mean monthly climatic parameters and average radiation data (1976)

Vapour Sunshine Day length Observed Observed
Month Dust factor presstire hours (N) Q Q

(mb) (n) (hours) jm2(10%) jm2(10%)
January 1.0 8.3 6.8 10.33 1356.5 1303.3
February 15 7.9 8.2 11.11 1747.2 2031.8
March 25 7.0 8.7 11.58 2081.5 1825.5
April 3.0 11.8 8.6 12.49 2232.6 1930.5
May 2.5 171 8.1 13.31 2215.0 1992.0
June 15 211 5.6 13.53 19234 1769.0
July 1.0 23.6 51 13.44 1865.6 1849.3
August 10 229 34 13.08 1611.3 1665.7
September 10 220 5.2 12.21 1675.3 1700.8
October 10 15.3 8.6 11.32 1860.2 1794.1
November 1.0 139 74 10.48 1431.8 1499.1
December 1.0 8.2 8.0 10.24 1375.7 1418.4
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a = the Angstrom coefficient

While direct estimates from the observational data
of Q, were made and already used in the derivation
of the dust factor D, and computer model estimates
of Q, were also available, a semi-independent
estimate of awassoughtthroughtheextraterrestrial
radiation version of the Angstrom equation.

Q=(a+bn/N)Q,
Where a and b are constants;
nand N are as previously defined;

and  Q, is the extraterrestrial daily total of
radiation on a horizontal surface.

Q, is also calculated by the computer program
but is also available in many tabulations such
as McCullough (1968). All available data at
Kathmandu were processed to derive values of
a =0.31 and b = 0.40. Brooks and Brooks (1947)
examined sunshine hour recorders and showed that
the Campbell- Stokes recorder ceased burning at a
solar elevation of less than 5° so that even wholly
clear days show a maximum sunshine hours ratio
of 0.95. Thus Q, may be considered to equate to
0.68Q,. The value of Q at n/N =0 is 0.30Q,, and
the substitution of these two values in Egn 9 gives
a derived value of o of 0.44.

Table 1 sets out observed mean values of vapour
pressure (mb), sunshine hours, the adopted values
of dust factor D, and observed values of mean
monthly radiation and the computed value using
the full atmospheric model and « equal to 0.44.
Overall, the value of o = 0.44 is confirmed.

APPLICATION OF THE MODEL TO
SLOPING SITES

The computer model was first applied to graded
set of slopes and azimuths for each month, and the

patterns of interaction of atmospheric factors, slope
and azimuth investigated for both clear days and
for average, or mean monthly values of sunshine
hours. Then the average slope and azimuth for a
grid of locations over the Kathmandu valley were
determined form a topographic map and the model
used to derive the spatial variation in radiation.

The graded set on clear days

Table 2 set out the clear day results form January
and July with azimuth and angle of slope advancing
by 10° From the full set of monthly data, Fig. 1
was derived and shows the annual variation for five
azimuths, N, NE/NW, E/W, S, and SE/SW, and six
slope angles 0°, 10°, 20°, 30°, 40° and 50°. There
is a slight annual asymmetry derived from the
variation in atmospheric factors altering the direct
and diffuse components and their combined total. It
is obvious, however, that monthly radiation indices
would not be very different from those derived by
Lee from extraterrestrial radiation alone.

The data in Table 2 for January (i.e. winter) show
most markedly the effect of slope and azimuth.
Steep slopes close to zero azimuth receive no direct
radiation at all and as the slope angle increases the
contribution of the foreground reflection exceeds
that of the diffuse radiation from the clear sky
obscured and so the received total increases to a
secondary maximum.

In the Table 2 data for July, even north-facing
vertical surfaces receive some direct radiation
component in the morning and evening and so the
effect of foreground diffuse radiation is concealed.

The graded set under average conditions

Figure 2 shows the equivalent plots to Fig. 1, but
taking into account the actual sunshine hours,
and so the altered proportion of direct and diffuse
radiation. The patterns are, of course, dominated
by the very asymmetrical annual curve for a
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NAYAVA: SOLAR RADIATION IN THE KATHMANDU VALLEY, NEPAL
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horizontal surface. Increased cloudiness during
the monsoon period increases the diffuse radiation
relative to direct radiation and so the differences
between slope and aspect are greatly reduced. In
the south and southeast/southwest, patterns that
exhibit crossing curves on the clear day figure
still do so but the time of year at which cross-over
occurs is significantly altered.

The monthly radiation index values are obviously
very different from those derived for clear days,
and so the application of indices derived from
extraterrestrial or clear day data to mean monthly
observations are obviously subject to considerable
bias.

SPATIAL DISTRIBUTION OF RADIATION
IN THE KATHMANDU VALLEY

A topographic map of the Kathmandu valley
at scale 1:63 360 was available with a contour
interval of 100 feet. The valley has a flat floor and
is surrounded on all sides by steep ranges. A grid
of interval 300 m was placed over the valley and
394 gird intersection points defined within the
region of agricultural and human significance.
This region is bounded by the dashed line in Figs
3 to 6. At each grid intersection average values
of slope and azimuth were determined and the
point allocated to a classification matrix. For
each combination of slope and azimuth occupied
in the matrix the computer model was run using
the parameters set out in Table 1 and elsewhere in
this paper. Values are therefore available of mean
monthly radiation and clear day radiation for each
of the grid intersections. These were analysed, and
are shown in Figs. 3 to 6.

Figures 3 and 4 are plots of clear day radiation for
January and July and Figs 5 and 6 the corresponding
plots for mean monthly radiation. Significant
spatial differences in insolation occur particular
in the two plots for the winter month of January.
South facing slopes, i.e. equatorwards facing,

show values as high as 550 langleys per day, 23
MJ m2, while the flat floor of the valley receives
400 langleys per day, 16 MJ m2, on a clear day or
320 langleys, 13 MJ m?, on an average January
day. Conversely northward-facing slopes receive
as little as 150 langleys, 6 MJ m2. In the summer
and monsoon month of July the whole valley shows
remarkable uniformity under average conditions
with a range of 410 to 450 langleys per day, 17 to19
MJ m?2, and even under clear sky conditions the
range is only 600 to 700 langleys, 25 to 30 MJ m2,

CONCLUSIONS

It has been shown that a simple computer model
of atmospheric attenuation processes can be
developed to separate the significant components of
the radiation input, direct, diffuse and circumsolar
diffuse radiation. When these components are
integrated for horizontal and sloping conditions,
and the ratio expressed as a radiation index, the
results are significantly different from simple
geometrical indices.

The computer model requires the estimation of
parameters related to precitpitable water, dust
content and air mass, but the results of application
of the model in Nepal suggests that even limited
data on total global radiation and vapour pressure
can be used to arrive at a reasonable array of
parameter values. Having determined a reasonable
array of parameter values the model was applied
to a graded set of slopes and azimuths and also a
grid of actual average slope characteristics for the
Kathmandu valley.

The results from the graded set of slopes and
azimuths, taking into account actual sunshine
hours, showed a much more limited range of daily
totals than the extraterrestrial or clear day models.
This was confirmed on a topoclimatological
basis when isopleths of radiation were plotted
for the Kathmandu valley. The maximum range
of insolation differences exists on clear days in
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winter when equatorwards facing slopes in the
Kathmandu valley received up to 50 per cent extra
insolation.
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Estimation of Temperature over Nepal*

JANAK L. NAYAVA**

Temperature is a significant factor limiting plant growth. Knowledge of the characteristics of the seasonal
distribution of temperature and the extreme occurrence of high and low temperatures are important factors for

agricultural planning.

REVIEW OF EXTRAPOLATION METHODS

Nepal has only a few temperature recording
stationst with a long period of data. The
variation of temperature over a region, given
a few point observations is often achieved by
multiple regression methods. Hopkins studied
least square regression of mean monthly air
temperatures in central and southern Alberta
and Saskatchewan with latitudes, longitude
and elevation from 44 stations as independent
variables?. Later Hopkins used 206 climatological
stations to further investigate the spatial
variation of temperature®. He remarked that
linear equation could be used to interpolate

acceptable estimates of climatological averages
for points between stations. Based on 22 years
climate data, Hopkins Jr. estimated mean
monthly maximum and minimum temperatures
in New England and New York with elevation
and latitude as independent prameters®. In
Newfoundland and Labrador, Solomon et al
estimated mean monthly temperatures using
latitude, elevation and distance from the coast
as the independent variables®. Lee estimated
mean monthly and mean annual temperatures
from elevation and latitude within a uniformly
humid temperate climates in northeastern
USA, based on 30 years monthly and annual
means of temperature®. Thompson revealed

** Mr. Nayava is the Chief Meteorologist, Department of Irrigation, Hydrology and Meteorology.
* This article was published in the Himalayan Review, Vol. X1V, 1982, pp. 12-24.
1. Department of Hydrology and Meteorology, Climatological Records of Nepal, 1968, 1971, 1972, 1973,

1977, Vol. I, Vol. I, HMG, Nepal.

2. JW. Hopkins, Agricultural Meteorology: Correlation of air temperatures in central and southern Alberta
and Saskatchewan with latitude, longitude and altitude, Can. J. Res.Vol. 16 (1938), pp. 16-26.

3. JW. Hopkins, Correlation of air temperature normals for the Canadian Great Plains with latitude,
longitude and altitude. Can. J. Earth Science, Vol. 5 (1968) pp. 199-210.

4. C.D.Hopkins, A method of estimating basin temperatures in New England and New York. J. Geophys.

Res., Vol. 65 (1960), pp. 367-377.

5. S.I. Solomon, and et al, The use of square grid system for computer estimation of precipitation,
temperature and runoff, Water Resources Res., Vol. 4 (1968), pp. 919-929.
6. R.Lee, Latitude, elevation and mean temperature in the North East. Prof. Geogr., 21, (1969). Pp. 227-
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that maximum and minimum temperature
distribution over the tableland stations around
1000 m elevation in northeastern New South
Wales, Australia, was primarily controlled
by the relief variation and slope orientation’.
Thompson used mesoscale classification of
airflow to study the mesoscale variation of
temperature and rainfall in the same area®.
Johnson, Kalma and Caprio estimated mean
air temperatures from elevation, latitude and
distance from the coast from the 22 stations
network for south eastern New South Wales®.

DERIVATION OF EXTRAPOLATION
MODELS

Thirty five meteorological stations recording
temperature throughout Nepal have been used
to develop an equation to predict maximum
ant minimum temperatures at different places.
The period 1970-75 was chosen to maximize
the number of available temperature stations
as shown in Fig.l, but still gap is occurred
in the north west of Nepal, due to the non
existence of temperature stations on that area.
Maximum and minimum temperatures from
the six year period together with and 55
year mean (1921-75) from Kathmandu (Indian
Embassy), 15 year mean from Butwal and 19
year mean from Pokhara were compared (Fig.?2).
On average, the annual march of temperature of
the six year period and the long term 15, 19, and
55 year means have a difference of less than 1°C
for the maximum and minimum temperature.
Hence the network of recent six year mean
temperatures of Nepal is acceptable as the base

for the estimation of the average mean monthly
maximum and minimum temperatures for the
168 station network.

Three models have been developed, all of
which give satisfactory results with regression
coefficients usually greater than 0.9.

(@ One model takes account of latitude, longitude,
elevation and rain as the independent variable;
the latter is considered to be a measure of the
mean cloudiness.

(b) a second model considers latitude, longitude
and elevation, and

(©) inthe lastmodel, elevation is the sole dependent
variable.

The coefficient of coreelation explained by the
regression is not significantly different between
these three models as shown in Table 1, except
that correlation shows a lower value in winter
months, particularly in model 111 and with mean
temperature as the dependent variable.

These three models have been run to select the
most suitable variables for the different months
for predicting the best mean monthly maximum
and minimum temperatures for the 168 stations.
Model predicted temperatures were verified with
the observed temperatures in order that suitable
variables might be chosen. Finally, the first
model was chosen for January to November to
predict mean monthly maximum temperatures.
When the first model was used for December
to predict the monthly maximum temperatures,
the predicted value was much higher in a few

7. R.D. Thompson, The influence of relief on local temperatures: Data from New South Wales, Australia,

Weather, Vol. 28, (1973), pp.377-382.

8. R.D.Thomson, Some aspects of the synoptic mesoclimatology of the Armidale district, New South
Wales, Australia, J. App. Meteorology, Vol. 12 (1973), pp. 578-588.

9. Johnson, J.D. Kalma and J. Caprio, The spatial distribution of mean air temperature in southeastern
New South Wales, Aust. Met. Mag., 24, (1976), pp. 73-84.
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places. Therefore, the second model being closer
to reality was chosen to predict mean monthly
maximum temperatures for December.

Similarly, the first model was chosen for March
to October to predict mean monthly minimum
temperatures. The second model was considered
a most appropriate for November to February
to predict mean monthly minimum temperatures.
The coefficients used to predict temperatures are
shown in Tables 2 and 3.

Finally, after having established a set of
estimated mean monthly maximum and minimum
temperatures for the station net work, the
estimated temperature was replaced by the
observed temperature records of the 35 stations.
The combined observed and estimated mean
monthly maximum temperatures are shown in
author’s thesis’®. This broad picture of variation
of mean monthly maximum and minimum

temperatures and extremes are shown in a few
selected places (Fig. 3).

For comparision, predicted and observed mean
monthly maximum and minimum temperatures
for January and July for 35 stations have been
studied which shows that there is no fixed pattern
nor trend which can identify positive or negative
increments of temperature either in Tarai, the
Hill or the Mountain Regions of Nepal.

Generally, either the four months January, April,
July and October or the two months January and
July are the months selected to describe the spatial
variation of temperature elements, but in this
study, mean maximum temperature of the hottest
weeks and men temperature of the coldest week
have been chosen. This represents the range of
temperature during the year and this is the most
useful information for the selection of different
species of crops.

Table 1: Coefficient Correlation of Temperature Model

Model Jan. Feb. Mar. Apr. May Jun. July. Aug. Sept. Oct. Nov. Dec.
T Max: Lat. Long. 0.96 097 098 0.97 097 098 097 097 098 097 095 0.95
| Elev. & Rain
T Min: Lat, Long, 089 0.84 083 090 09 098 097 097 097 096 085 0.79
Eiev, & Rain
T Max: Lat. Long. 0.96 097 098 0.97 096 096 097 097 097 096 095 0.95
| Elev.
T Min: Lat, Long, 085 0.84 083 090 096 098 097 097 097 096 084 0.75
Eiev
Il T Max: Elev. 095 096 098 095 092 094 097 097 097 096 094 0.94
T Min: Elev 080 081 079 089 096 098 097 097 097 096 082 0.75

10.J.L. Nayava, The climates of Nepal and their implications for agricultural development Ph.D. thesis
submitted to Australian National University, 1980, Canberra.
11. M. Hutchison, Interp 5 and Interp 3, Division of Land Use Research, CSIRO, 1979, Canberra

(Private communication)
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Table 2: The selected Regression Coefficients used to predict Minimum Temperature

Regress Coefficients for minimum temperature (C)

Month b o -dx10- e a R2
January 3.40 1.45 5.94 0.95x10* -207.70 0.86
February 3.33 112 571 0.13x1072 -174.35 0.84
March 4.35 1.26 5.26 -0.93x102 -209.84 0.83
April 0.37 -4.11x10? 5.98 1.60x10? 14.00 0.90
May -0.52 -0.28 5.86 8.15x10* 62.25 0.96
June 0.37 8.48x1072 5.64 -1.14 x10°® 8.73 0.98
July 0.31 9.16x1072 5.32 5.94x10- 9.87 0.97
August 0.62 0.14 5.44 0.94x10 -2.82 0.97
September 0.53 0.17 5.50 -2.02x10* -4.71 0.97
October -5.15x102 9.01x102 5.78 2.12x102 15.59 0.96
November 0.50 0.25 5.31 5.46x1072 20.26 0.84
December 4.03 1.25 5.55 -0.15 -193.59 0.75

N.B. Each equation is of the form T=a+ b (X 1) + ¢(X 2) +d (X3) + e (X4)

Where T is the mean monthly minimum temperature; X1 is the latitude; X2 is the longitude; X3 is the
elevation (m); X4 is the rainfall (mm); and b to e are the appropriate regression coefficients for the month
and a is the appropriate constants for the month.

Table 3: The Selected Regression Coefficients used to predit Maximum Temperature

Regress Coefficients for minimum temperature (C)

Month b c -dx10® -e -a R?
January 114 0.40 5.60 1.76x10°? 41.45 0.96
February 2.05 0.57 6.43 3.77x107 77.69 0.97
March 2.18 0.60 6.92 5.03x10? 77.87 0.98
April 2.47 0.41 7.36 2.91x102 64.93 0.97
May 2.54 0.21 6.99 1.34x10? 49.30 0.97
June 2.20 0.21 6.31 0.60%102 41.21 0.98
July 1.39 0.31 5.61 0.19x1072 29.81 0.97
August 1.25 0.31 5.40 0.10x10? 26.81 0.97
September 1.60 0.37 5.75 0.33x10? 41.54 0.98
October 1.48 0.49 6.01 0.86x1072 49.24 0.97
November -0.19 0.22 5.79 -15.62 0.95
December -0.29 0.28 5.26 -0.17 -12.49 0.95

N.B. Each equation is of the form T=a+ b (X 1) + ¢(X 2) +d (X3) + e (X4)

Where T is the mean monthly maximum temperature; X1 is the latitude; X2 is the longitude; X3 is the
elevation(m); X4 is the rainfall (mm); and b to e are the appropriate regression coefficients for the month
and a is the appropriate constants for the month.
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INTERPOLATION OF WEEKLY DATA AND
DERIVATION OF EXTREME MEAN VALUES

In the coldest month, January, monthly mean
minimum and maximum temperatures over Nepal
range from -9.7°C and to 10.8°C and from 3.8°C to
23.4°C respectively. The lowest monthly minimum
temperature was recorded in Tengboche, 3857
m above mean sea level. Generally above that
elevation, the monthly mean minimumtemperature
will be much lower than -9.7°C.

In the hottest month, mean monthly minimum
and maximum temperatures range from 0.9°C to
23.9°C and from 11.9°C to 39.3°C. The records
show that the hottest month generally lies in the
month of May in the Tarai, the Inner Tarai and
the river valleys of the Hill Region, slowly the
warm air from the low land affects the Hill and
Mountain regions in the following months and
ultimately the hottest month lies in June or July
in the Hill and Mountain Regions. The extreme
maximum temperature was recorded 46.0°C,
which occurred on 9™ June 1966 at Karnali, in
Far western Nepal, and the extreme minimum
temperature was -17.9°C on 15th January, 1974
at Tengboche.

Mean maximum temperatures for the hottest
week and mean minimum temperatures for
the coldest week are derived from the six
year (1970-1975) monthly mean values using
Interp 5.  Generally estimated weekly values
were derived using fourier techniques but the
opportunity was taken to use a more recently
developed technique, which further reduced bias
and error.

These derived values of mean maximum
temperature of the hottest week and mean
minimum temperature of the coldest week
analyzed. The spatial variation of isotherms for
the highest weekly maximum temperatures and
the lowest weekly mean minimum temperatures
are shown in Figs. 4 and 5. The highest weekly
maximum temperature varies from 16.0°% to
38.0°C. In the Eastern Tarai, the temperature
is 4.0°C lower than the Far Western Tarai. The
distribution of temperature is complex due to the
complexity of landscapes. The coldest weekly
minimum temperature varies from -10.0°C to
10.0°C respectively (Fig. 5). In contrast to the
hottest month, the minimum temperature is
highest in the Eastern Tarai exceeding that in the
western Tarai by 2.0°C.
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Figure. 4. Mean maximum temperature, hottest week
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Figure 5. Mean minimum temperature, coldest week

By analyzing highest and lowest temperatures,
extreme temperatures, which are hazardous for
certain crops for maximum production can be
determined. In other words, it helps to classify
the temperature regimes in Nepal. Fig. 5
demonstrates that even in the coldest week, the
mean minimum temperature is generally 8°C
in the Tarai Regions. From this observation, it
seems that that the Tarai could be a frost free
zone, this is a vitally important consideration
for many crops, especially tropical crops, which
are frost sensitive.

DISCUSSION

The mean monthly temperature values for
168 locations in Nepal will be further used to

investigate the temperature regimes and crop
growth studies. In addition, mean monthly
maximum and minimum temperatures for 168
locations can be used individually to discuss the
temperature pattern at each location. Furthermore,
if its geographical coordinates are known, mean
monthly maximum and minimum temperatures
can be predicted in any place in Nepal, but caution
should be taken in extrapolating data, because,
for example, the minimum temperature on the
valley floor could be higher than the ridges due
to valley air drainage. This error is due in part
to the omissions of temperature inversions, slope
aspects, cloud incidence and vegetation. However
the major factors are inversions which are common
in the winter months, resulting in nocturnal air
drainage and radiation fog.
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ABSTRACT: The mesoscale variation of rainfall in the Kathmandu valley and surrounding regions have been
estimated for 1225 grid points by computer program, which considers the effect of orography, an important factor
in areas like the Kathmandu valley where sharp topographical variations occur within small distances.

1. Introduction

The Kathmandu valley lies in the hilly region of
Nepal where a number of mountain ranges extend
generally east-west parallel to the Great Himalayas.
The east-west and north-south axis of this valley
are about 30 and 20 kilometers respectively. The
catchment area is approximately 607 square km.
The valley floor which lies at between 1280 and
1400 m, issurrounded by hills and mountain ranges
rising steeply on all sides completely enclosing the
valley. The most prominent peaks rising from the
valley are Sheopuri (2689 m) in the north and
Phulchowki (3132 m) in the south. The Kathmandu
valley is situated at Lat. 27° 32'-27°49' N and Long.
85° 12'-85° 32' E.

The mesoscale study of rainfall in Kathmandu
valley and surrounding regions has been
undertaken. Rainfall is the primary data for
hydrological, agricultural, forestry and water
management studies. Generally, areal rainfall data
are required rather than single point observations.
It is mainly done by drawing isohyets in the
data field, considering terrain features. Here, the
mathematical approach has been taken to generate
the areal rainfall data and analyse the patterns.

2. Methods for areal rainfall analysis

The variation of rainfall over a region that has few
observation sites can be estimated by computer
analysis. Cressman (1959) introduced the
technique for determining a regular scalar field
of grid values for an irregular field of observation
to analyse the pressure in the atmosphere at
various levels. Since then, this technique has
been widely developed and extensively used in
the numerical prediction in synoptic meteorology
and in climatological studies. Gandin (1963)
modified the above technique by the direct use
of the distance autocorrelation function and fields
of mean and standard deviation of the element
being nanalysed. Maine and Gauntlett (1968)
presented the application of this procedure to
the determination of grid point field for monthly
rainfall. The ideal behind these techniques is to
successively adjust a first guess field, so that the
grid point values are consistent with the station
observations in their vicinity. The error which
is determined between the first guess field and
observed rainfall, is applied at the grid point in
accordance with the following influence function.

I=(2- ) /(2 +P) )

** This article was published in Mausam, 1981. 32, 4, p.p. 343-348

* This work has been done in the Australian National University, Canberra.
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Where, r is the radius of influence adopted to grid
scale units and | is the distance of the subject grid
point from the station in grid scale units.

Body (1973) developed an approach to estimating
areal rainfall distribution, considering the
orographic influence on rainfall. A regression
relationship is determined between the rainfall
observed at a station and two parameters related
to the station's cartesian coordinates. Initially
eight possible terms are supplied namely X, v,
Z, X%, Xlz, ylz, x/z?, and y/z2. The terms proved
to be the most appropriate set for a study of
monthly rainfall conducted by Body (1978) for
the South Coast region of New South Wales. Their
transposition to the Kathmandu valley was not
tested but would appear reasonable as rainfall is
affected by orography normal to generally east-
west air flow in each case. For each station, two
relevant parameters are selected automatically by
the program as those which provide the smallest
deviation from the individual station value. Within
two parameters, the first plays the primary role
and second as secondary. This is noted here as
an order of preference. The number of terms in
the equation is limited to two because at higher
orders, the field is distorted to fit individual stations
and, therefore, contains spurious relations which
give incorrect estimates in regions away from
observations or in orographic conditions outside
these encountered in the data field. Then Body's
(1973) program was used to study the rainfall in
the Kathmandu valley. The data required by the
program was first, an estimated elevation at points
in grid net. In this case, the grid net contained
35x 35 points (1225), each separated by 900
metres. The others were the observed rainfall data
and the location of the stations according to the
adopted grid net. The elevations of all grid points
have been extracted from Nepal, 1: 63,360 scale
map, published by Surveyor General of India,
1957. The main procedures of programs are as
follows.

The program estimates fromthe multiple regression
equation using elevation (z), x and y values, the
rainfall at each grid point, thus giving field A.
Therefore, field A gives preliminary rainfall
values for each grid point, which are further
adjusted to get the best fit value in grid pints by
series of selected radii 25.0, 11.0, 5.5 and 2.0 which
are chosen for subsequent passes. The program
computes interpolated value for rainfall at each of
the observation points from field A on first pass
current value at all subsequent passes. For each
observation point, the program determines the
error, E, between the interpolated and the observed
value and for each grid point (X, y). The program
determines the correction factor:

Cy.y :;EiWi/;Wi @)

Where, W, = (I-d. /p)?

Where d. is the distance between the point (x,y)
and i*" observation station within radius p.

The program computes a new value at each grid
point, i.e.

New ralnfall(x’ 9= old rainfall value(x’y)

+(1-Mv)) C,,

Where My, is the multiple regression value
determined in regression analysis.

This whole procedure is repeated for the number of
passes selected and adjusts the value at each grid
point and finally the program draws isohyets of
given intervals, which are supplied by the program
user.

3. Data and constructing the isohyets maps

The basic rainfall data has been computed and
checked and missing values have been estimated
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by linear regression based on the nearest Station.
A complete mean monthly rainfall records for 11
stations for 1971-76 has been standardized. The
basic data, the rainfall stations are shown in Table
1 and 2 and their locations are shown in Fig. 1. The
analysis was based for the six year period (1971-76)
rather than the conventional 30 year period. The
hydro-meteorological observation network in
Nepal was expanded in the beginning of 1970,
providing eleven stations representative of the
different altitude and aspects in the Kathmandu
valley and surrounding regions. In comparison
with the longer period data for 56 years (1921-76)
the recent six-year data, for Kathmandu (Indian
Embassy) shows 13 per cent higher rainfall. The
contour map of Kathmandu valley based on their
grid points is shown in Fig. 2.

Fig. 1. Operating meteorological stations in Kathmandu
Valley

Maps of mean monthly, mean monsoon and mean
annual precipitation for the Kathmandu valley
and surrounding regions have been studied based
on the grid point values as calculated from the
computer program (Body 1973).

1

Abeli
1

Fig. 2 Topography of the study area
(Kathmandu Valley)

During the analysis of preparing the prelimiminary
field A, the multiple regression value determined
in regression analysis and selected two relevant
parameters out of eight possible terms in each
month are also produced, which isshown in Table 3.
The table shows that the percentage of variance
accounted for is very high during the summer
months compared with the winter months. Itis also
interesting to note that the two terms considered
in the analysis mostly differ from month to month
(see Table 3). The rainfall in winter months
(December, January, February), and rainfall in
the transition season (October), does not relate
with the elevation factor. On the other hand, the
rainfall from March to August is strongly related
with elevation. There is very little difference
between the observed station rainfall and rainfall
interpolated from the computer produced isohyets
with the one exception of the rainfall station
at Tokha, although the quality of the observed
rainfall data here is poor. The rainfall values
in independent data, namely Sundarijal power
house has been compared with the interpolated
values, which are in a good agreement with actual
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Table 1
Mean rainfall (mm) from Kathmandu valley and surrounding regions (1971-76)
Station Elev. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des Mean
(m) (mm)

Bhaktapur 1330 18.0 233 34.6 66.1 122.1 320.4 340.3  335.0 235.7 86.2 53 19 1588.9
Godavari 1440 19.5 235 32.2 63.2 123.9 400.7 564.2 4076  345.0 88.5 4.9 21 2075.3
Indian
Embassy 1324 18.3 19.0 28.5 68.1 1237 325.1 392.7 312.7 218.8 67.8 53 16 1581.6
Kakani 2064 15.6 22.8 51.8 719 171.9 521.6 701.0 703.2  502.6 139.4 5.3 1.8 2908.9
Khumaltar 1350 195 19.8 21.0 57.0 95.0 235.4 3285 2324 178.0 65.4 2.9 21 1257.0
Nagarkot 2150 17.2 26.0 48.0 74.4 143.6 456.6 5694 566.5 3579 1246 9.0 27 2395.9
Saankhu 1463 18.5 23.2 43.8 64.5 123.3 376.4 4895 4755 3114 109.0 6.9 2.2 2044.2
Sundarijal
(water Res- 1576 134 18.9 40.4 67.0 173.5 3911 556.7 5791  360.9 91.2 18.6 3.0 2313.8
ervoir)
Thankot 1630 23.5 25.4 33.0 775 187.4 425.0 539.5 4058 3739 103.0 6,4 2.3 2202.7
Tokha 1790 127 16.9 36.0 84.4 183.0 464.1 6356 7339  316.5 737 20.4 0.5 2571.7
Tribhuwan
International 1336 176 18.3 314 60.9 97.3 284.4 3754  299.2 195.7 65.1 59 19 1453.1
Airport

Source: Climatological Records, Nepal,1975, Published by Dept. of Irrigation, Hydrology & Meteorolgy, Kathmandu

Table 2.
Seasonal rainfall (mm) in Kathmandu valley and surrounding regions

Station

Bhaktapur

Godavari

Indian Embassy

Kakani
Khumaltar
Nagarkot
Saankhu

Sundarijal (water

Reservoir)
Thankot
Tokha

Tribhuwan Intl.

Airport

Average percentage

Elev.

(m)

1350
1400
1324
2064
1350
2150
1463
1576

1630
1790
1336

Winter
(Nov-Feb)

(m)
485
50.0
44.2
455
443
54.9
50.8
53.9

57.6
50.5
437

31
2.4
3.0
16
35
2.3
25
2.3

2.6
2.0
3.0

2.3

Pre-monsoon

(Mar-May)

(m) %
222.8 14.0
219.3 10.6
220.3 13.9
295.6 10.2
173.0 13.8
266.0 111
231.6 11.3
280.9 12.1
297.9 135
303.4 116
189.6 13.0

12.3

Monsoon
(Jun-Sep)
(m) %

12314 775
17175 82.8
1249.3 78.9
2428.4 83.5
974.3 715
1950.4 81.4
1652.8 80.9
1887.8 81.6
1744.2 79.2
2150.1 82.5
1155.0 79.5
80.5

Post monsoon

(October)

(m)
86.2
885
67.8
1394
65.4
1246
109.0
91.2

103.0
737
65.1

%

54
4.3
4.3
4.8
5.2
5.2
53
3.9

4.7
2.8
4.5

Annual
(mm)

1588.9
2075.3
1581.6
2908.9
1257.0
2395.9
2044.2
2313.8

2202.7
2571.7
14531
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observation occurs. Similar studies of monthly
and annual rainfall for the period 1968-76 for the
Kathmandu valley have been studied and these
also gave a similar pattern (Nayava 1979). For a
matter of convenience, the observed rainfall of the
11 stations in the Kathmandu valley is given in
bold number in rainfall maps.
Table 3.
The relevant terms for the rainfall analysis

Month Multiple regression  Two relevant

value (Mv,)) terms
Jan .59 XY
Feb .61 X2, X
Mar 71 X2, Y/Z?
Apr .53 XI1Z2,YIZ
May 73 Y/Z%, X
Jun .78 X122, Y[Z?
Jul .83 Y/ YIZ?
Aug .93 X2, YIZ?
Sep .68 X3z
Oct A7 X3, X
Nov 46 X2, Y/Z
Dec .30 X2, X
Annual rainfall .86 X2, YIZ?
Monsoon .86 X, Y/Z?
rainfall

4. Distribution of rainfall in the Kathmandu
valley

Generally there are four distinct rainfall seasons
in the Kathmandu valley. Pre-and post-monsoon
rains in Kathmandu are associated with thermal
convection combined with orographic uplift and
the seasonal shift of the large circulation over Nepal.
In winter, precipitation falls as snow on higher
peaks of Kathmandu valley. This precipitation
originates from disturbances in westerlies. In
the summer monsoon, as the rain-bearing winds
approach Kathmandu from the southeast, most
rainfalls on the windward side, increasing with
altitude and decreasing on the leeward side.

4.1 pre-monsoon

Rainfall during this period, March to May, is only
12 per cent of the annual total in the Kathmandu
valley. Most of this is due to scattered thunderstorm
activity in the afternoon and late evening. Due
to the outbreaks of warm air and atmospheric
instability, the sup-tropical westerly jet-stream is
weakening over Nepal.

4.2 Summer monsoon

In Kathmandu, 81 per cent of the annual
precipitation falls between June and September
under the influence of summer monsoon. Fig.
3 shows the mean monsoon rainfall in the
Kathmandu valley. The rainfall in Kathmandu
valley varies greatly from place to place due to
sharp topographical variations. In the summer
monsoon period, generally, Sundarijal is the
windward side of the Kathmandu valley. The
intensity of the summer monsoon fluctuates year
by year. A delay in the arrival of the summer
monsoon and any weakness in its circulation
has a significant effect on agriculture. Generally,
the average dates on the onset and retreat of the

Fig. 3. Mean monsoon precipitation (mm)
1971-1976
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monsoon for the period 1948-1975 are 12 June
and 21 September respectively (Dep. Of lIrrig.,
Hydrol.& Met. 1977)

4.3 Post monsoon

Rainfall during October is only 5 per cent of the
annualtotal and is dueto the scattered thunderstorm
activity in this transitional season from summer
monsoon to winter.

4.4 Winter

The period from November to February is almost
dry. Western disturbances account for only 2 per
cent of the annual rainfall total.

4.5 Mean annual rainfall

Mean annual rainfall (Fig.4) has similar patterns of
distribution to that of the mean monsoon rainfall.
Mean annual precipitation varies from 1300-2800
mm as shown in Fig. 4. The observed rainfall
data and computer produced isohyetal lines based
on rainfall interpolated are as expected in good
agreement. The percentage of seasonal rainfall

Fig. 4. Mean annual precipitation (mm)
1971-1976

in Kathmandu Tribhuwan Airport (T.A) is also
shown in Table 4.

Table 4.
Variation of seasonal rainfall (mm) in Kathmandu
(Tribhuban International Airport)

Year Pre-mon- Monsoon Post Winter Total
soon monsoon (mm)
1968 180.4 1000.3 160.4 38.6 1379.7
1969 161.9 965.0 40.3 12.0 1179.2
1970 154.6 1081.6 58.2 67.9 1362.3
1971 318.9 1101.7 81.2 9.5 1511.3
1972 60.8 968.0 86.1 46.5 1261.4
1973 154.9 1454.0 119.3 71.6 1799.8
1974 162.2 983.2 45.6 34.0 1225.0
1975 119.2 12211 34.2 56.0 1430.5
1976 222.0 1199.6 24.3 447 1490.6
1817 1108.3 72.2 423 1404.4
13% 79% 5% 3%

5. Conclusion

Each gird point is representative of about 0.81sq.
km which contrasts with the distribution of
official stations which may be separated by many
kilometers. The monthly mean precipitation is
estimated for a large number of grid points in a
grid net for studying the mesoscale variation
and distribution of rainfall in the 936 km area of
Kathmandu valley and its surrounding regions. The
advantages achieved from examination of rainfall
on the close grid net are clearly seen in the diagram
in which sharp variations in the topography of
Nepal are associated with a large rainfall.
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Rainfall In Nepal*

Rainfall is a most important climatic element for
agricultural development. Conventional 30 year
rainfall data are available at only a few places in
Nepal. Therefore, a study has been undertaken to
find the average normal rainfall period compared to
a30year normal rainfall in Nepal, and the available
rainfall data has been standardized for a large
number of places. The nature of the 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 ATMOSPHERIC
CIRCULATION OVER NEPAL

Studies of lower and upper tropospheric
atmospheric circulation in Nepal suggest that the
rainfall distribution can be analysed with four
distinct seasons' pre-monsoon (March to May);
summer monsoon (June to September); post-
monsoon (October); and winter (November to
February).

In the pre-monsoon season, moderate to strong
westerly winds prevail throughout Nepal.

- Janak L. Nayava**

Scattered rainfall occurs during this period
and there is marked increase in temperature of
about 3-4° C in the month of March. Due to the
outbreak of the warm air and the atmospheric
instability, the subtropical westerly jet-stream
weakens over Nepal. As summer approaches,
fogs become less frequent in the Valley and
haze predominates from the southern to the Hill
Regions of Nepal.

The summer monsoon is the most important
season in Nepal for agriculture with nearly 60 to
90 percent of annual precipitation falling between
June and September (Fig. 1). The author, in an
earlier study of the summer monsoon in Nepal
and South Asia was able to detect the basic types
of monsoonal circulation patterns which allows to
the summer monsoon to be generally classified
according to (a) active or normal (b) very active
and (c) weak.

a) During the summer monsoon, the easterly wave
dominates the upper level of the atmosphere and
the subtropical westerly jet—stream shifts to the
northern side of the Tibetan plateau, around an
anticyclone called the Tibetan High produced
by the thermal effect of this heat source.? At

* This paper was published in the Himalayan Review, Vol. 12, 1980
* This paper is based upon the author's unpublished doctoral thesis entitled "Climates of Nepal and their
implications for Agricultural Development" submitted to the Australian National University, Canberra

in 1980.

** Janak L. Nayava is a Senior Meteorologist in the Department of Irrigation, Hydrology and Meteorology,

Babar 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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the surface, an elongated zone of low pressure
develops along the Indogangetic plains of North
India, which lies northwest to southeast. This area
of low pressure is known as the monsoon trough
or equatorial trough, which, of course, advances
northwards in the summer monsoon months and
retreats southwards in the post-monsoon period.
Therefore the onset and withdrawal of monsoons
are associated with northward and southward
movement of the equatorial trough.®

Generally, depressions form in the Bay of Bengal
twice per month, during the summer monsoon
season, corresponding to 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 due
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 monsoon
depression. The recurvature of such a depression is
often found to be due to the effect of awesterly wave
moving east, north of latitude 30°N. Recurvatures
of monsoon depressions are common towards the
end of the summer 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 jetstream often shifts northwards. The
easterlies are very strong up to 20°N. During that
time, Pacific anticyclone circulation extends up
to the northwest of Burma and the mid-latitude
Saudi Arabian Subtropical high extends a ridge
eastwards even to the northwest of India. Hence,
Nepal finds itself in the col position (Fig. 2). If
the Saudi Arabian ridge pushes more towards
the east, i.e WNW (200mbs) wind dominates
western Nepal, then rainfalls are heavy towards
the central and the eastern part of Nepal. If
the Pacific ridge pushes more towards the west
higher intensity of rainfall occurs all over Nepal.
At that time, the monsoon trough lies over
25°N latitude. Examples of three dimensional
circulation over Nepal are shown in Figs. 2 and
3. During such periods less rain falls in central
India, being instead concentrated either in part
or the whole of Nepal depending upon the mid-
latitude anticyclones. Under these conditions,
one part of Nepal could be drier and the other
part may be much wetter. Actually, such a
period is known as a "break in the monsoon"
in India.

¢) During a weak monsoon over Nepal, easterlies
are weak and lie over 15°N in the Indian

2 P.Koteswarm "The Asian Summer Monsoon Circulation over the Tropics " Monsoons of the world

(New Delhi:India Met .Dept.,1958), pp.105-110; H Flohn, "Contributions to the meteorology of the
Tibetan Highlands" Atmos Sci. Paper No.130, Dept.of Atmos Sci., Colorado State Uni., 1968.

R. Ananthakrishnan and C .J. Rajagopalachari " Patterns of Monsoon Rainfall Distribution over India
and Neighbourhood ". Proc of Symposium on Trop . Meteor . (Wellington: New Zealand Met.Service
1964), pp.192-200.

F. R. Miller and R.N. Keshavmaurthy, "Structures of an Arabian sea summer monsoon system" East
west centre, Honolulu, Intl. Indian Ocean Exp. Meterol ,Monogr., 1965.

K. Parathasarathy, "Some aspects of the rainfall in India during southwest monsoon season", Monsoons
of the world (New Delhi; India Met. Dept. 1958), pp. 185-194; C.S. Ramage, "Monsoon Meteorology"
Int'l Geophy, Series, 15 (London Academic Press, 1971), pp. 296; Y. P. Rao and BW. Desai, "The
Indian summer Monsoon" Met. Geophys. Rev, Vol. 4, (1973), pp. 1-18; J.L. Nayava, "Heavy monsoon
rainfall in Nepal", Weather, Vol. 29 (1974), pp. 443-450.
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Fig. 1. Monsoon rainfall as a percentage of annual rainfall.

Fig. 2. Three dimensional atmospheric circulation
over Nepal and adjacent countries on 30" June 1975,
00 GMT

subcontinent. The fluctuation and intensity of the
monsoon are very much related to variations in the
easterly current.

The post-monsoon season is the harvesting season
of the main crop, paddy. Strictly speaking, this is
the transitional period from one season to another
and at this time the subtropical westerly jetstream
retreats from the northside of the Tibetan Plateau

Fig. 3. Three dimensional atmospheric circulation
over Nepal and adjacent countries on 22" June 1975,
00 GMT

to the southern side of the Nepalese Himalayas.
Frequent fogs again appear over the valleys.

In the winter season, the lower tropospheric wind
blows mostly from the west-north-west in the
western Nepal and east-north-east in the eastern
Nepal. They are continental, dry and the wind is
calm and brings settled and dry periods in Nepal.
On the other hand, in the upper troposphere,
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the subtropical westerly jetstream lies over the
southern side of the Himalayas. Almost daily
morning fogs appear in most of the valleys in
Nepal. Occasionally, the westerly disturbances
bring cold spells and rain, particularly to the north-
west corner of Nepal.

RAINFALL DATA

Conventional 30 year mean rainfall data are
available at only a few places in Nepal. There are,
however, 68 stations covering the different regions
with a minimum of twenty years of records.® To
establish whether any bias is introduced by using
20 years averaged data instead of the normal 30
years, the mean rainfall at Kathmandu for 5, 10,
15 ...... years starting from 1921 were calculated.
The percentages deviations of these means from the
long term mean are plotted against time as shown
in Fig. 4. This information indicates that 20 years
average rainfall is close to the 30 years normal
rainfall. Therefore, the years 1956-1975 inclusive

10—|

were chosen as the period to investigate the mean
monthly and annual rainfall in Nepal. In addition,
there are a hundred stations whose records cover
only part of this period and the missing data for 100
stations have been estimated by linear regression
based on the nearest station which has a longer
period of record to develop a complete record for
the 168 stations for 1956-1975". The standardized
mean monthly values have been used to study the
macroscale variation and distribution of rainfall
over Nepal. At the same time, the seasonal rainfall
at selected places (Table 1) has been shown for
better illustration of seasonal rainfall over Nepal.
This shows that the percentage of seasonal rainfall
is broady similar exceptinthe far western Mountain
Regions, where the percentage of rainfall differs
greatly from other places, for example, Jumla
receives 69 percent of its rainfall from the summer
monsoon, whereas the other regions receive 80 to
90 percent from the summer monsoon rainfall.
Mean monthly rainfall at the selected places has
also been presented to show the pattern of rainfall

0

_10-

—20_

% of deviation from mean

=30 T T T T

Fig. 4. Percentage deviations from the available long term mean against time.

6 Department of Hydrology and Meterology; "Climatological Records of Nepal, 1966" (Kathmandu:
HMG of Nepal 1968) ; ""Climatological records of Nepal 1967-68" (Kathmandu: HMG of Nepal,
1974); "Climatological Records of Nepal, 1969" (Kathmandu: HMG of Nepal, 1972); Department of
Irrigation, Hydrology & Meteorology, "Climatological Records of Nepal 1970" (Kathmandu: HMG
of Nepal 1973): ""Climatological Records of Nepal, 1921-75", Vol. Il (Kathmandu: HMG of Nepal,

1977).

7. Mean monthly and annual rainfall standardized to 1956-1965 for 168 stations and their locations are
under publication (see key Fig. 5 for 168 meteorologial station network).
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by Fig. 6. This demonstrates that the rainfall falls
mostly in the summer monsoon season and this
varies greatly from place to place within a small
distance. In other words, Nepal has distinct wet
and dry seasons.

ANALYSIS
Mean monsoon and Annual Rainfall

Mean monsoon rainfall and mean annual rainfall
are shown in Figs. 7 and 8. The rainfall in Nepal
varies greatly from place to place due to sharp
topographical variations. As the rain bearing
winds approach Nepal from the southeast in the
summer monsoon season, heavier rainfall falls in
the foothills of the Churiya range increasing with
altitudeonthewindwardsideandsharplydecreasing
on the leeward side. The heaviest rainfall falls on
the Hill Regions, especially in the Pokhara region,
Ultimately, the foothills of the Great Himalayas
receive less rain than the other areas (Fig.7).

There are a few isolated rainfall maxima
exceeding 2500 mm i.e. Dharan. Barakshetra,
Num, Harihapur-Gadhi, Gumthang, Butwal,
Pokhara, Lumle, Rukumkot and Chispani Karnali.
In particular, Lumle near Pokhara receives about
5180 mm rain, whereas Pokhara Hospital in the
valley floor, receives an annual total of only 3584
mm-a reflection of sharp topographical differences
over short distances. In similar situations of heavy
rainfall at Cherapungi, Assam, simpson (1921)®
remarks that heavy fainfall is due to the rapid
rise of warm saturated air blowing with a great
velocity so heavy precipitation falls on the top
of the hills.

On the other hand, in contrast to the heavy rainfall,
thereexistvery lowrainfallareas, suchasJomosom,
273 mm, annual total on the northern side of the
great Himalaya in a rain shadow area. This lower
rainfall is due to the alignment of the neighboring
mountains which prevent a large inflow of moist
air into the region.
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Fig. 5. 168 Meteorological Station Net-work.

8 C.G. Simpson, "The south west Monsoon" Quart. J. Roy. Meteor. Soc., Vol. 47, (1921), PP. 151-172.
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THE DATE OF THE ONSET AND CESSATION OF
MONSOON

The monsoon rainfall is very important from the
agricultural point of view. Thus, the intensity of
the monsoon are both important factors for the
country's economy, because it is the main season
for planting paddy. Normally, in Kathmandu, the
onset of the monsoon occurs on the 12" June
and retreats on the 21 September respectively
(Fig.9) (Department of Irrigation, Hydrology and
Meteorology, 1977). Confidence can be placed in
these data as they are consistent with the broadscale
analysis by Das (1979) on the onset and retreat
of the monsoon over the Indian subcontinent
(Figs. 10 to 11).

INTENSITY OF RAINFALL

Since most of the rainfall falls in the summer

monsoon, the general rainfall intensity is
estimated by calculating the ratio of rainfall
and wet days (1.0 mm) against altitude in each
monsoon month (1971-75) as shown in Fig. 12.
These average values of rainfall intensities show
that the rainfall is always decreasing or increasing
slowly with increasing altitude. This may be due
to windward and leeward effects accompanied by
the complex nature of topography in Nepal. In
other words, this does not show any fixed pattern
of trend from which specific conclusions can be
drawn.

In addition, the maximum rainfall in 24 hours
and average number of rainy days per year
(over 1 mm) for a few selected stations from
Nayava (1974) have been shown in Table 2. This
shows that, generally the intensity of rainfall is
much higher in lower elevations than in higher
elevation.
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Fig. 9. Normal date of the onset and retreat of summer monsoon.

9. P.K. Das the "Monsoons", (London: Edwart Arnold Ltd., 1968), pp. 162.
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Elevation Winter Pre-monsoon I\allé)r:stgg; Post Annual
(m) (Nov.-Feb) (Mar-May) Monsoon (mm)
Stations (June-Sep)
(mm) % (mm) % (mm) % (mm) % (mm)
Bhairawa 120 8 1 41 3 1183 92 59 5 1292
Dailekha 1402 103 6 121 7 1470 83 87 5 1780
Dhankuta 1160 28 3 115 14 646 75 68 8 867
Jiri 2003 28 1 247 11 1831 83 94 4 2199
Jomsom 2744 17 6 29 11 212 78 15 5 273
Jumla 2300 80 11 103 14 504 69 46 6 733
Khajura 190 58 5 68 6 968 84 62 5 1155
Khumaltar 1350 34 3 136 12 883 80 48 4 1101
Lete 2384 134 14 141 14 636 65 62 6 973
Mugu 3803 151 17 177 20 483 55 62 7 873
Okhaldhunga 1810 41 2 294 15 1488 78 85 4 1907
Parwanipur 115 33 3 104 9 1031 84 55 4 1223
Pokhara 918 72 2 519 14 2831 79 162 5 3584
Surkhet 720 83 4 90 4 1938 88 92 4 2204
Tarahara 200 0 0 136 8 1419 86 104 6 1659
Tengboche 3857 40 4 86 9 784 80 72 7 982
Trisuli 595 81 5 166 11 1260 80 62 4 1568
Table 1. Seasonal rainfall in Nepal at selected stations
Maximum rainfall in 24 hours and date where known
Average number of rainy
Amount Date days per year
Station Percentage of (over 1 mm)
mean annual total
(mm)
Barakshetra 313 12 21July 1967 110
Butwal 402 17 Aug. 1968 93
Dhangarhi 168 12 17 Sept. 1968 55
Okhaldhunga 130 7 July 1965 119
Kathmandu 134 10 9July 1967 106
Pokhara 261 8 July 1965 136
Silgarhi Doti 135 13 6June 1967 72
Namchebazzer 115 14 40ct. 1968 116
Jumla 91 15 15July 1969 64
Jomosom 72 28 4 0Oct. 1968 32

Table 2. Maximum rainfall in 24 hours during the period 1965-69 in Nepal, after Nayava (1974)
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DISCUSSION

These mean monthly rainfall data, standardized
for 168 places in Nepal, will be further used to
investigate the distinctive feature of rainfall regimes
and soil moisture studies which are one of the
basic data to find out the potentiality of agriculture

in different regions with respect to availability of
weekly rainfall amount. These standardized mean
monthly rainfall data are one of my contributions
to climatic analysis and agro-climatology. This
makes possible a more detailed description on the
macroscale variation and distribution of rainfall
over Nepal.
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Environmental Impacts on Agricultural Development*

Background and Approach

For the past fifteen years, the Nepal Meteorological
Service has put most of its efforts in providing
basic day to day information for the aviation
industry as prescribed by the World Meteorological
Organization and the International Civil aviation
Organization. Along with this service, general
public weather forecasts for twenty four hours are
issued for Kathmandu and other regions. Recently,
special weather forecasts for mountaineering
expeditions are also issued. In addition to these
existing facilities, there is need to encourage
the applications of meteorology and climatology
to other fields, among the most essential being
engineering and agricultural science as they
appertain to the economic development of the
country. Since Nepal’s economy is based on
agricultural productivity, it is essential to study
the role of climate in relation to crop production.
Research should allow a more informed judgment
to be made when selecting different crops,
appropriate to meeting the demand for food of the
increasing population. Furthermore, when a new
crop is being introduced to developed areas or a
developed crop on new areas, one has to explore
the weather and climate of those areas in order to
maximize productivity. Climatological analysis
can save years of easily trial and error.

Recognizing that climate and weather play a
dominant role in the crop strategies, a study for
Nepal has been attempted to demonstrate how
using a model approach, much climatic based

Janak lal Nayava**

information relevant to regional agricultural
planning can be generated (Nayava, 1980). Due
to the mountainous nature of the country, a study
of topo-climatology (Nayava, 1979) has also been
considered in order to obtain a more detailed
understanding of climate as a basis for assessing
the potential for agricultural development at the
meso or regional scale.

Climate

Although Nepal is a small country, it has a great
variety of topography which plays an important
role in creating a diversity of weather and
climate. Nepal experiences tropical, mesothermal,
microthermal, taiga and tundra climate (Nayava,
1975). The highest mean maximum temperature
of 39.3°C was recorded in far western Nepal and
the lowest mean minimum temperature was -9.7°C
at Tengboche meteorological station at 3857 m.
The extreme minimum temperature was -17.9°C
at Tengboche. The highest mean annual rainfall
during 1956-1975 was 5180 mm at Lumle and the
lowest 273 mm at Jomosom.

In Nepal, 60-90% of the annual precipitation falls
between June and September under the influence
of the summer monsoon. The rainfall varies greatly
from place to place due to sharp topographical
variations (Nayava, 1974, 1980). As the rain
bearing winds approach from the southeast in the
summer monsoon season, more rainfall occurs
over the foothills of the Churia Hills, increasing
with altitude on the windward side and sharply

* This article was published in Nepal Nature's Paradies, Edited by T.C.Majupuria, 1984-85
** Dr. Janak Lal Nayava, M.Sc., Ph.D., Dept. of Irrigation, Hydrology & Meteorology, H.M.G., Kathmandu
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decreasing on the leeward side. The heaviest
rainfall falls on the Hill Regions, especially in the
Pokhara Valley and ultimately the great Himalaya
receive less that the other areas. There is also a
longitudinal gradient in total monsoon rainfall; it
is heaviest in the eastern part of Nepal. In general,
the distribution of rainfall follows the rainfall and
model produced by Hagen (1961).

In winter, most precipitation originates from
disturbances in the westerlies, precipitation, then
greatest in the northwest, decreases in amount
in both southerly and easterly direction. At high
elevations (i.e., above approximately 3000m) most
of the precipitation at all seasons falls as snow. The
pre- and post-monsoon rains are intense at higher
altitudes than the Tarai and much snow falls in
the great Himalayas. Pre- and post-monsoon
rain is associated with thermal convection
combined with orographic effects, and results in
the strong thunderstorm activity leading to heavy
precipitation over narrow bands within the region.

Population and Agriculture

Nepal is predominantly an agricultural country
where over 90 percent of the population is engaged
in agriculture. The census of 1981 indicates that it
has about 15 million people with an annual rate
of growth of 2.6 percent in the period 1971-1981.
After making allowance for double cropping, the
area under agriculture is 2,326,000 hectares or
16 percent of the total land area. The importance
of agriculture to Nepal is further emphasized by
the fact that 65 percent of gross domestic product
(GDP) is derived from agriculture.

Present Land Use

The present land use including a brief statement of
agricultural activities in Nepal is reviewed herein
order to understand the cropping patterns and crop
yields.

Each of the present five development regions of
Nepal are divided into three sub- regions, Tarai
(Plains), Hill and High Hill. The latter region is
referred to as the Mountain region in this study.
About 80 percent of the total land lies in the Hill
and Mountain Regions with remaining 20 percent
is in the Tarai. The major land use categories are
shown in Table 1. Land is divided roughly equally
between forest, land cultivation, pasture, and land
not used.

Table 1. Land use 1974/75 in Nepal

Use Area Percent
(Hectare)

Forest 4,823,000 34.20
Waste land 2,629,000 18.64
Cultivated 2,326,000 16.49
Land under perpetual snow 2,112,100 16.49
Pasture 1,785,700 14.97
Water 400,000 2.83
Residential area and Roads 30,000 0.21
Total 14,105,900 100.00

Source: Department of Food etc., Kathmandu, 1977.
Regional Variation of Agriculture

When one tries to examine the relationship
between climate and agriculture, it is important
to know the present crop yield. The areas under
annual cultivation and production of a variety
of crops for each of the 75 agricultural districts
have been published in the Agricultural Statistics
of Nepal, 1972, 1977, by the Ministry of Food
and Agriculture and Department of Food and
Agricultural Marketing Services, Kathmandu.
For each crop, area, production and yields under
cultivation are averaged over the period of data
availability 1968-1977, for each of the district
regions of Tarai, Hill and Mountains of Nepal and the
general distribution of cultivated land, production
and yield in three distinct geographical regions
are tabulated as show in Table 2. Significantly,
agriculture is most important in the Tarai where



Janak Lal Nayava 63

two thirds of the available land is cultivated. In
the other regions, a small percentage of land is
cultivated e.g 30 percent in the Hill Region and 6
percent in the Mountain Region.

Paddy cultivation occupies over half of the
agricultural land. Other major crops are maize
(19%) and wheat (11%). Small areas of millet,
barley, potato, mustard, sugarcane, jute and
tobacco complete the main agricultural pattern.
Besides these crops, tea, cardamom, pulses,
varieties of vegetables and fruit are grown on a
small scale.

As shown in Table 2, yield per hectare does not
vary greatly from region to region, and one has to
examine data at the district level to find appreciable
variations. The crops are grown over a wide range
of environments varying in altitude from 100-
4000 m. traditional crops are grown, no matter
how small the yield.

Despite the importance of agriculture in Nepal,
crop yields are per unit area have remained static
during 1968-77 (Table3). However, Shahi (1976)
claimed that a yield of 3-4 tonnes per hectare of
paddy can be produced by improved HYV in the
Tarai. Similarly, the annual report of the National
Wheat Development Program, Nepal 1975-1976,
mentions that technology for producing more than
three tonnes per hectare in the Tarai is available,
but has not been implemented.

Seasonal Cropping Patterns

There are two cropping seasons in Nepal. One is
the wet season including the summer season which
generally begins in April and ends in October, but
the main intensive agriculture period lies only in
July-September due to summer monsoon rainfall.
The wet season crops are paddy, maize, millet and
Jute. The other is the dry season crops which are
wheat, barley, mustard, tobacco and potato. Potato

is considered here as a dry season crop in the
Tarai Region and a wet season crop in the Hill and
Mountain Region.

Figure 1 shows the seasonal cropping pattern
in 1968-1977. This has been generalized from
the available district-wise crop data. This study
indicates that the Tarai Region is more cultivated
than the other regions. The dominant features of
the cropping pattern are wet season in agriculture
in the whole of Nepal except in the far western
Mountain regions of Nepal, where dry season
agriculture is also dominant in the cropping
pattern. This is mainly due to high altitude and
lower rainfall in the far Western Mountain Region,
where barley or wheat is cultivated which takes
nearly ten months for maturity.

Land Tenure Characteristics of farming and
Irrigation

Many owner farmers and tenants utilize an average
of less than one hectare per family (Table 4). The
annual crop production provides a major portion
of the total farm family income. Over the ten year
period from 1968-1977, there wasageneral increase
of cultivated land due to the pressure of increasing
population in all regions. The highest increment in
agricultural land use has been achieved by forest
clearing in the Tarai, an area previously regarded
as unsuitable for settlement due to extremely high
temperatures and the presence of malaria. The
latter has now been controlled to a large degree.
Only after the 1950’s more people began to settle
in the Tarai. Hjort (1975) shows the population and
land area in the main region of Nepal, noted as
follows in Table 5.

Irrigated land area in Nepal accounts for only
7.7 percent. As most agriculture is rain-fed, this
7.7 percent seems to be made up of both canals
and casual hill-side system. The percentage
of irrigation is a crudely approximation
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Table 2. The distribution of cultivated land, production and yield in three distinct geographical regions of

Nepal, 1968-1977.

Regions Crop (H:g;g?es) P{?gﬁﬁteisn Yield (Tonnes/Hectares) ;ﬁg&;‘i‘%ﬂ]
Tarai Paddy 996,110 1,802,991 1.81 43.89
Hill 184,037 457,881 244 8.12
Mountain 19,888 45,189 2.23 0.87
Grand Total 1,200,035 2,306,061 52.88
Tarai Maize 136,178 218,896 157 6.00
Hill 263,706 497,079 1.88 11.62
Mountain 40,572 75,351 1.82 179
Grand Total 440,456 791,326 19.41
Tarali Wheat 152,427 155,294 1.01 6.72
Hill 85,313 98,027 113 375
Mountain 24,609 26,482 1.05 1.08
Grand Total 262,349 279,803 0.90 11.55
Tarai Millet 18,992 16,961 0.90 0.84
Hill 83,073 96,874 116 3.66
Mountain 15,034 18,040 1.20 0.66
Grand Total 117,099 131,875 5.16
Tarai Sugarcane 12,292 207,928 16.38 0.54
Hill 2,130 28,778 13.53 0.10
Mountain 119 1,514 2.86 0.00
Grand Total 14,541 238,220 0.64
Tarai Barley 7,224 5,052 0.07 0.32
Hill 10,046 9,744 0.96 0.45
Mountain 9,263 9,445 1.00 0.41
Grand Total 26,533 24,241 1.18
Tarali Potato 11,889 77414 6.62 0.52
Hill 26,730 150,401 5.56 118
Mountain 10,814 52,726 4.86 0.48
Grand Total 49,433 288,541 2.18
Tarai Mustard 78,832 45,662 0.57 3.47
Hill 25,608 12,730 0.49 112
Mountain 1,641 670 0.42 0.07
Grand Total 106,081 59,062 4.66

measurement. The authorities have been raising So, research has to be promoted to find what
questions as to why the yield is low in Nepal can be done to maximize production. As far
and what can be done to improve the yields. as the author can ascertain there has been no
Hagen (1976) discussed many constraints to research in the efficiency of irrigation in Nepal.
achieve agricultural production goals in Nepal. Further studies should examine the optimal use
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Table: 3. Variation of major crops in area (million hectare), production (million tonnes) and yield (tonnes/

hectare) in 1967-68 to 1976-1977.

Paddy Maize Wheat

Year Area Prod Yield Area Prod Yield Area Prod Yield
1967-68 115 212 1.84 0.41 0.75 1.83 0.19 0.20 1.05
1968-69 116 2.18 1.88 0.42 0.76 1.81 0.21 0.23 1.10
1969-70 117 2.24 191 0.43 0.79 1.84 0.23 0.26 113
1970-71 118 2.30 1.95 0.45 0.83 1.84 0.23 0.19 0.83
1971-72 1.20 2.34 1.95 0.44 0.76 173 0.24 0.22 0.92
1972-73 114 2.01 176 0.45 0.82 1.82 0.26 0.31 119
1973-74 1.23 2.42 1.97 0.45 0.81 1.80 0.27 0.30 111
1974-75 1.24 2.45 1.98 0.46 0.83 1.80 0.29 0.33 114
1975-76 1.26 2.60 2.06 0.45 0.75 1.67 0.33 0.39 118
1976-77 1.26 2.38 1.89 0.46 0.80 174 0.35 0.36 1.03

Table 4. Farm holding and distribution by size after land

Size of Holding

Household in percentages Area in percentages

Less than 1 ha 63.5 10.5
1-3ha 195 18.0
3-5ha 71 12.0

3-10 ha 5.8 21.0
10-15ha 21 11.0
15-20 ha 0.9 7.0

20-30 05 55

30 and above 0.6 15.0
Total 100.0 100.0

Source: M.A. Zaman, Evaluation of land Reform in Nepal, 1972.

Table 5. Distribution of population and cultivated area

Region No. of districts Population percentage Total Land area Cultivated area
percentage percentage
Mountain 16 9.6 33.0 438
Hill 36 47.2 435 273
Tarai 20 38.0 230 65.6
Kathmandu valley 3 5.2 0.5 27

of water and the implications of irrigation with
regard to yield. A doubt has been expressed
about the efficient use of irrigation facilities.
The problem is not the scarcity of water in
irrigated areas, but the lack of knowledge of
its best utilization (Karmacharya and Pyakurel,

1976). The researchers remark that this is mainly
due to lack of irrigation experts at the field
level. The irrigation service should be extended
beyond the construction of dams and canals for
the supervision of the efficient use of water in
farm lands.



Janak Lal Nayava 67

Agricultural Extension Program

A number of reports have been published about
the impact of the agricultural extension program
on agricultural production in Nepal (Ministry of
Food, Agriculture and Irrigation, 1974, 1975).
Similarly, Nepal Rastra Bank (1972) has discussed
at considerable length, in selected districts, the
potential changes in cropping pattern and net farm
income that might result from the availability of
credit at existing levels of technology. However, the
impact of climate on crop variety and production
for the different regions was not mentioned.

Crop Weather Analysis

Recently, considerable attention throughout
the world has been devoted to crop-weather
relationships and in particular to exploiting the
potentialities of the climate for food production.
WMO and FAO in both the national and
international arenas have considerably increased
their studies of the meteorological role in global
food production as part of their early warning
system on possible food shortages (WMO, 1975).
Modified Crop-Weather model (Fitzpatrick and
Nix, 1980) suitable to Nepalese thermal regimes
have been developed (Nayava, 1980). At Present,
crop yields are uniformly low and do not reflect
environmental gradients. This suggests that a
considerable scope exists for greatly increased
crop yields in the more favourable environment
(Nayava, 1981).

A Detailed Study of Topo-Climatology of the
Kathmandu Valley

Due to the mountainous nature of the country, topo-
climatology of the Kathmandu Valley has been
studied (Nayava, 1979). This valley of 585 kmZ in
area, is a basin the rims of which rise to as much
as 2765 metres from a relatively flat valley floor at
1300-1400 metres. Data for rainfall and maximum

and minimum temperature were estimated for
1225 points on a 900 m grid. Global solar radiation
and potential evapo-transpiration were estimated
for 394 points (Nayava, 1980). Finally the major
climatic elements of solar radiation, rainfall,
maximum and minimum temperature provided
the basis of topo-climatological study of the valley.
The varieties of climatic regions associated with the
Kathmandu valley were identified as follows using
numerical taxonomy. Broadly, the Kathmandu
valley can be divided into four mesoscale climatic
zones: (1) the humid valley floor and mountain top
(11) the subhumid south facing slopes (111) the wet,
gentler north facing slopes and (1V) Wettest of all,
the steeper north facing slopes.

A study of the topo-climatology of a smaller
area is made in order to obtain a more detailed
understanding of climate as a basis for assessing
the potential for agricultural development on the
meso or regional scale. The Kathmandu Valley
was selected because it contained a reasonable
network of meteorological stations including one
synoptic station, five agro-climatological stations
and six rainfall stations.

This case study has broadened the understanding
of the natural climatic potentials prevailing within
short distance due to the mountainous nature of the
country. A similar sort of variation of meso-scale
climate may be expected in other parts of the hilly
regions of Nepal; this has to be taken into account
in the selection of crops according to climatic
potential for optimum production.

Due to unavailability of detailed agronomic data
and vegetation map of Kathmandu valley, the
yields for different aspects have not been worked
out. However, a few examples of crop yields
virsus aspects have been stated. Recent studies
of agricultural development in Jumla indicate
that the warmer condition of the south eastern
aspect of Jumla causes earliness in crop maturity
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and good yields (Whiteman, 1980). He further
remarked that Jumla received only 50 percent
of the normal monsoon rainfall during 1979. In
consequence of this low rainfall, the crops were
virtually a complete failure on the south facing
slopes and 90 percent of normal on the north facing
slopes. Klenert (1974) remarks that if sun-loving
plants such as the grape vines are cultivated in a
shady location, the qualities of new vines and the
quantities of grapes are badly affected. In this way,
climatic environment has a greater role to play in
Hill than the Tarai regions due to the complexity of
topography within a short distance. In other words,
ecological conditions vary widely from region to
region due to complexity of weather and climate
in the Hill and mountains of Nepal. Therefore,
climate and weather data should play a vital role in
any agro-ecological classification of environment.
Clearly fundamental research and the impacts
of weather and climate on agriculture must be
attempted to facilitate successful planning. This
type of research will have many years of trial and
error.

Discussion

The greatest potential area for agricultural
development is no doubt, Tarai, but so far the yield
per hectare in the Tarai is poor compared to Hill
and Mountain regions. During the last decade,
Nepal has implemented various agricultural
projects in Tarai to produce more yields per
hectare in the Tarai, but so far the results are not
satisfactory. It is probably due to environmental
or suitable cultivars or management or some other
factors. The questions is not fully answered under
these circumstances, one has to be very careful in
agricultural development due to the complexity
of weather and climate in Nepal. If development
is sought, the selection of suitable crops with
respect to agro-climatic conditions in an area
is vitally important for optimum production,
otherwise, it would be impossible to make reliable

recommendations if the nature and extent of
environmental variations in the hills are not
understood (Whiteman, 1979). Therefore, clearly
fundamental research on the impacts of weather
and climate in agriculture must be attempted to
facilitate successful planning. Whiteman (1979)
makes the following remarks in Hill agriculture
development project in Nepal.

It should be remembered that the farmers have
been practicing arable agriculture for centuries in
the Jumla district, and in order to survive in their
marginal cropping environment they have fund of
knowledge in managing their arable resources to a
high degree of efficiency which resulted in adapted
cropping systems. Dramatic improvements are
neither obvious nor easy. It is for this reason that
a rather more fundamental approach has to be
adopted by examining the environmental resource
base for production as a necessary prerequisite
to generating improvements. There is always the
danger when under pressure to fulfill prematurely
set targets to push an innovation which is merely a
novelty and not an improvement, and so jeopardize
credibility with our client farmers.
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Monitoring and Evaluation of Crop Yield and Production in

Nepal*

Janak Lal Nayava Shrestha
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Abstract

Since last more than three decades of (1961/62 to 1996/97) assessments of crop yield and production were mainly

based on expansion of agricultural land through clearing of forest; unfortunately the expansion is almost saturated.

Therefore, it is conceived that the introduction of modern agro-technological package is most essential to have the

optimum yield from the same parcel of land; and at the same time monitoring of crop yield must be strengthened

under proper agencies. During the past decades, evaluations seem to poor. It is esteemed that Crop Estimation

should be conducted along with the monitoring and evaluation headed by the member of Planning Commission

who should be the Chairman of Technical Committee.

Introduction

At present, there are 33 Branch Statistical Office to
take care of all the 75 districts of Nepal to survey
crop area, yield and production. Statistical heads
these offices with a number of supervisors and
enumerators to conduct the crop and livestock
survey. This survey will take place twice a year
during November/December and April/May for
summer and winter crops. The data collected
by Branch Statistical Offices are sent to the
Central Bureau of Statistics (CBS, Katmandu),
who is currently authority to estimate crop data.
Ultimately, CBS publishes all crop data by district
as well as national basis. It is interesting to point
out that the Ministry of Agriculture still forecasts
the crop area, yield and production as national
basis during September/October. This forecast is
mainly based on reports from District Agriculture
Development Officer. When the Department of
Agriculture and Marketing Services (DFMAS)
used to estimate the area, yield and production,
the DFMAS began a close collaboration with

Department of Irrigation, Hydrology and
Meteorology to incorporate water balance studies
during 1984/85. Atthat time DFAMS had operating
Early Warning Project for food security which is
funded by FAO. It seems now that it is rather not
followed up after the termination of Early warning
Project in DFMAS during 1987/88. FAO mission
was here to revive the project during 1996/97 and
so far it has not implemented yet.

Crop yield and production in the national level

Since first five year plan, there has been a top
priority given in agricultural development in
Nepal. Now, we have been running 9th five year
plan (1997 -2001). Do we think that the targets
have been achieved? If it is so, which factors had
not played a good role and what had been done
during that time to solve the problem? Is that
problem solved or partly solved or new problem
raised? Recently, since the last fiscal year (1997-
1998) the Government of Nepal has been running
the 20 year’s plans and programs for agriculture

* This article was published in Royal Nepal Academy of Science and Technology, Proceedings Vol.1,

1988-1999, pp 720-734
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development in Nepal as shown in Agriculture
Perspective Plan in Nepal (APROSC and JINA
1995). It is necessary to mention that until the end
of the 1970’s, Nepal was the exporting country of
the country of the agricultural products, especially
paddy Figures la and 1b). Now, Nepal has been
importing paddy either as a food for works from
donor countries or she has been herself importing
for consumption (Figures 2a and 2b). The growth
rate of production seemed to be mainly based on
expanding agricultural land through clearing the
forest. Now unfortunately the expansion is almost
saturated.
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When one study the trend of area cultivated land
for cereal crops (paddy, maize, millet, wheat and
barley) in Nepal during 1961/62 to 1996/97, the
cultivated land was expanded from 1,725,000
hectares to 3,261,860 hectares which was about
89% of the land expanded for cereal crops

Figure 2b. Food Aid in Nepal

production. At the same period, the cereal crops
production was increased from 3,139,000 metric
tones to 6,394,620 metric tones which was about
104% increase of cereal crops production (Figures
3a and 3b). The rate of productivity increment
versus the rate of population increment seemed not
equal and the later increment seemed to be 123%
and, therefore, the pressure in land use are higher
than before (Figure 4). Realizing these conditions,
the productivity should increase through vyield
from the same parcel of land and not from the
expanding the land through clearing of forest. In
general, the rate of yield of maize had significantly
decreased in Nepal as shown in Figure 5. A lot of
efforts have been taking place to increase the yield
(NARC 1977). On the contrary, the rate of yield
for paddy has been little increasing as shown in
Figure 6. Under these conditions, one has to think
twice why the yield was decreasing for maize and
only a little increasing for paddy during the last 30
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years and what can be done to achieve potential
or maximum yield to pace with the increasing
population. Concerning the yield for maize in the
beginning of 1960’s, the yield seemed to be over
estimated.

Sources of data

In case of crop data of Nepal from 1961/62 to
1996/97, one should know all those data were
previously collected and published either by
the Ministry of Agriculture and Department
of Food and Marketing Services. Since 1992,
the responsibility of collecting crop data was
transferred to the Central Bureau of Statistics,
National Planning Commission. In addition to the
above decision, there is also important point to note
that Agricultural Statistics of Nepal from 1974/75
to 1991/92 was revised by National Planning
Commission Secretariatduring May, 1994 andithas
been mentionedthatestimatedagricultural cropped
area and production were changed significantly
due to the recent availability of information from
cadastral survey and land resources mapping
survey. Therefore, the researcher should be aware
of those changes and thus further analysis is based
on revised data series. Revised cultivated areas
for cereal crops and subsequent production during
1974/1975 to 1996/1997 are presented in Figures
7a.and 7b. It is just to mention that the most of the
pronounced rise and fall of production is mainly
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due to active and weak monsoon rainfall as shown
in Figure 8a. Therefore, the relation between agro-
meteorological data and crop estimation are very
relevant to each other and crop yield assessment by
agro-meteorological analysis should be considered
for objective analysis for crop estimation.

Trends of Yields by eco-regional basis

When one study the development of agriculture
in Nepal, it is better to study along with the three
distinct ecological belts which are Mountain, Hill
and Tarai. The land area and altitude range of
three belts are shown in Table 1. The distribution
of cultivated land, production and yield in three
distinct geographical regions of Nepal during 1968-
77 has also described by author (Nayava 1985).

Furthermore, the development in agriculture is
also affected by the population pressure on land

and, therefore, the population in Mountain, Hill
and Tarai Regions during the last three decades
is shown in Table 2. At present, there are
more than 20 million populations in Nepal. The
Table shows that the population is decreasing
in Mountain and Hill Regions and on the other
hand the population is increasing in Tarai
Region.

When one tries to examine the trend of yield during
1974/75 to 1996/97 for paddy, maize and wheat
separately in Mountain, Hill and Tarai Regions,
the yield for paddy in Mountain and Hill Regions
during 1974/75 to 1986/87 were decreasing and
later the yield has been slowly recovering and
however, the previously achieved yield have not
yet regained. On the other hand, the Tarai had also
decreasing tendency initially and after 1980/81
the yield has been increasing and now the yield is
higher than the other Regions as shown in Figure
9. On the other hand, the yield for maize has been
decreasing in the Mountain and Hill Regions and
whereas the yield for maize in Tarai has been slowly
increasing (Figure 10). At the same period, the
wheat yield for Mountain, Hill and Tarai Regions
have been increasing (Figure 11). The general
tendency of decreasing yield in Mountain and Hill
Regions are mainly due to soil erosion. In each
and every year of the monsoon rain, the topsoil
has been washing out and a very little fertilizer is
used in Mountain and Hill Regions. In addition to
that, the increasing yield for paddy in Tarai may
be due to complex inter-relationship causes such as
using new seed varieties, irrigation and fertilizer.
The cultivated area of paddy, maize and wheat in
Mountain, Hill and Tarai Regions during 1996/97
are shown in Table 3.

Fertilizer and irrigation facilities for crop
production

The fertilizer in Mountain, Hill and Tarai Regions
is used less than 20 kg per hectare and this is the
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Table 1. Percentages of land area in different regions

Regions land Area (%) Altitude Range (Meter) Suitability for Cultivation (%)
Mountain 35 4877-8848 2
Hill 42 610-4877 4
Tarai 23 100-610 All

Source: DFAMS

Table 2. Percentage of population in different regions

1970/71 1980/81 1990/91
Regions
(%) (%) (%)
Mountain 10 9 7
Hill 52 48 46
Tarai 38 43 47
Total 100 100 100
Source: Central Bureau of Statistics, 1994
Table 3. Cultivated land for major crops
Regions Paddy Maize Wheat
Hectare (%) Hectare (%) Hectare (%)
Mountain 41,820 3 62,410 8 41,470 6
Hill 365,240 25 556,040 70 242,600 37
Tarai 1063,120 72 174,750 22 381,090 57
Total 1,470,180 100 793,200 100 665,160 100

Source: Central Bureau of Statistics, 1994
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lowest in SAARC Regions. The use of chemical
fertilizer and use improved seeds during 1963/64
to 1996/97 are presented in Figures 12 and 13.

The extension of irrigation facilities during
1974/75 to 1994/95 are shown in Figure 14. Land
under irrigation increased significantly between
1981/82 and 1991/92 from 583,900 hectares to
882,400 hectares. It seems that over one third of
all agricultural land by 1991/92 was irrigated.
Though the lot of efforts and financial inputs
have been providing for Irrigation, a very little
work has been done about an efficiency of uses of
water and their relation to yield and productivity.
After the democracy in Nepal during 1991/92, the
first irrigation policy 1992 has been published by
HMG, Ministry of Water Resources. After that
initiation, farmer’s level water user’s committee
has organized at a few places. But, until now, the
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contribution of irrigation for increment of yields
in farmer’s fields has not recorded. Thus, we can
say that the evaluation of irrigation projects for
water managements have not taken place. This is
due to engineers are oriented in construction rather
than the proper water management to the needed
areas. The whole concept of establishing and
infrastructure of Department of Irrigation should
be reviewed in terms of proper water management.
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Similar remarks on irrigation were raised by author
in 1985. So far, the progress in this direction is very
little (Nayava 1985).

The number of area of farm holdings, farm size and
land tenure are better described in National sample
Census of Agriculture, Nepal 1991/92 (CBS 1994).
Average land holding size is less than a hectare in
Nepal. In 1991/92, 43 percent of all land holding
were less than 0.5 hectare in size (CBS 1994).
Small holdings are often disadvantages in terms of
use of inputs and modern agricultural technology.

Main factors for an increment of yield

There are many complex factors to have the
potential yield in parcel of land. These factors are
as follows:

a) Soil fertility; b) Agronomical practices; c) seed
development and availability; d) Good laboratory
for Pathology and Entomology; €) Climate and
weatherrole inagricultural activitiesinrain-fed and
irrigated conditions; f) Management and training;
g) Availability of fertilizer and distribution h)
Availability of financial resources; i) Pricing
policy and market; and j) Road accessibility and
storage facilities.

From the above mentioned components, one can
easily feels the complexities involved in increase
the yield. Therefore, one should try to understand
all the components and should discuss among
the professionals who directly involved in these
endeavors. Since the writer of this article is an
Agro-meteorologist, it is his duty to mention
that the development of crop species should be
tally with climatic factors to have the optimum
production. Nepal is one of a unique country in the
world where the agricultural practices have been
doing even in high slopes, where the slope and
azimuth play a very important role in receiving
solar radiation in the different seasons due to

change of season. It is necessary to mention that
the quantitative measurement of solar radiation
may assist to predict the rate of photosynthesis,
evapo-transpiration and potential growth of crops.
Nayava (1980) has estimated the solar radiation
in slopes and aspect in the Kathmandu valley.
According to his studies, significant spatial
differences in insolation occurred in the month
of January. South facing slopes, show value as
high as 550 langleys per day while the flat floor
of the valley receives 400 langleys per day. On
the other hand, northward facing slopes receive
as little as 150 langleys per day. Nayava (1980)
has also studied mesoscale variation of rainfall in
the Kathmandu valley. These types of mesoscale
studies are very important tools for plant breeders
and agronomist.

Realizing those factors, the Agronomist should
develop the species or cultivars, which is suitable to
proper agro-climatic condition in order to achieve
optimum production in a given environment
with modern technical facilities. In addition one
should be aware of impact of EI Nino event for
crop production, global warming and their effects
on climate change to develop the new cultivars in
Nepal. It is also a quiet an important phenomenon
to study the inter—relationship between agriculture
impacts and the recent persistent of cold waves
in Tarai Regions in the winter months of 1998
and 1999. Considering all those factors can we
achieve the optimum production? Are we talking
these optimum productions in the experimental
farmland or farmer’s farmland? Are we talking
these results in rain-fed or irrigated conditions?
How much ordinary or high improved seeds are
available? How much fertilizer is required for
optimum production and how much we used in
different species for different districts? How much
yields one could expectinrain-fed orinanirrigated
condition in different districts? Did it achieve the
expected yield? If so why it could not achieve the
goal and what are the reasons behind this?
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Regarding this matter, National Agriculture
Research Council (NARC) and Department of
Hydrology and Meteorology should work closely
together for future development of agriculture.
Realizing the large variation in topography
within a small distance, the importance of
agro-topo-climatology is conceived. Since the
beginning of 1960’, Department of Hydrology
and Meteorology has established the agro-
meteorological stations in most of the agriculture
farms, but the utilization of those data in
agricultural farms are very meager.

The meteorological and agro-meteorological
networks provide the information on rainfall,
temperature, sunshine, wind, class-A-pan
evaporation and solar radiation. Eventually these
data will be used to estimate solar radiation, potential
evapotranspiration that are the main factors for crop
water requirements and crop water efficiency. The
study of the above mentioned climatic parameters
and standard methods of estimating solar radiation,
potential evapotranspiration and their application
are described in Nayava’s Ph.D. thesis (1981).
Furthermore he has studied the existing climatic
potential prevailing over the country. The climatic
potential is an essential ingredient in many applied
studies such as engineering, agriculture, water
conservation and management and forestry etc.
In his study, the author has attempted to apply
those climatic data to enhance in agricultural
development.

(The main factors for an increment of yield are
the Climate based availability of improved seeds,
management of water, manures and fertilizer. Of
course marketing and road are also basic factors
to sustain the potential yields).

Recommendations

The present system of monitoring and evaluation
are based on field reports, which are subjective,

and it depends upon the individual judgement.
Here in this article, the writer wants to mention
about strengthening the monitoring and evaluation
of crop yield and production in Nepal At the same
time, new methodology of crop reporting system
should be introduced and this system is not
only because of its obvious general application
to crop monitoring., but also because it can
provide field reports on time of planting, crop
growth stages, overall crop conditions and other
factors essential for the practical application of
the crop water balance model. Introducing agro-
meteorology and remote sensing application to
crop yield forecasting should provide invaluable
tools in the future. Thus, objective assessment
of crop yield will verify the present subjective
methods and will support for better estimation
of crop yield. Since Nepal’s economy is heavily
based on agriculture, timely, accurate and
easily accessible information on the current and
projected food and agricultural information is
invaluable to government decision makers and
on the other hand, unavailability of accurate
information can lead to marginal decision.
Considering this matter, the strengthening
the Crop Estimates may result in significant
economic benefits.

There are more than eight thousands Junior
Technical assistants (JTA) working on 75 districts
of Nepal under the Department of Agriculture.
Each and every district should be divided into 20
sub-divisions and select one JTA as enumerators
at each divisions and they are responsible for crop
monitoring activities in their respective areas and
send their weekly crop varieties, area of planting
and date, crop phenology, crop condition, time of
manure and fertilizer application and approximate
quantities of different fertilizer, time of weeding,
occurrences diseases, the expected yield and other
critical weather events which may damaged the
expected yield. In addition to that rain-fed and
irrigated areas as well as quantities of irrigated
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water should also be mentioned. Based on these
reports, ADQ’s are responsible to aggregate the
reports of sub divisions and send a final copy to the
Department of Agriculture as well as Department
of Hydrology and Meteorology. Based on these
reports, ADQO’s are responsible for preparing pre
—formatted quarterly reports. They should submit
these reports in Crop Estimation meeting, which
will be held four times in a year in the month of
January, April, July and October.

At the same time, the Agro-meteorological
Division under the Department of Hydrology and
Meteorology (DHM) should have a collaborative
working plan with the Department of Agriculture
(DoA) to perform the agro-meteorological
studies at district level. The DHM should receive
weekly crop reports from District Agricultural
Development Office and they should incorporate
those weekly reports with water balance studies to
assess the crop yields. The Ministry of Agriculture

ACTUAL

CROP DATA

WEATHER
DATA

® POTENTIAL YIELD
® FARM INPUTS
® TRENDS '

should take initiative to coordinate DHM and DoA
to rehabilitate the program.

Recently, FAO (1986) has also developed the yield
assessment by an agro-meteorological analysis.
This schematic diagram for yield assessment model
can be presented as shown in Figure 15. These
methods provides a first qualitative monitoring
of crop condition by successive weekly steps of
water requirement, water surplus and water deficit
during the cropping season and also allows the
preparation of quantitative yield assessment. This
type of work in Nepal is very important to see
whether the expected yield is achieved in each
district. Realizing this matter of interest, recently
Gerald J.Gill et. al. (1998) mentioned that the
co-ordination of DHM and DoA should work
closely to take the responsibility of this matter
and proposed a few short term and longer term
measures. Some of the points are mentioned as
follows:

.@iiﬁ DATA SOURCES
[ ! DaTA TYFES
D DATA FROCESSING

RG/AGROMET

PARAMETERS

WATER
BALANCE

# HORMAL WEATHER

VEGETATION
INDICES

AREA AVERAGING

DISTRICT
TIELD

Figure 15. Operational Crop Yield Forecasting (FAO, 1991)
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Short term measures

“The condition with respect to both the rainfall
situation and the state of crop in the ground
should be monitored very closely at the district
level over the coming months, so as to give
the earliest possible indication of looming
problems. This requires close co-ordination of
the work of the two HMG agencies responsible
for collecting this data, namely the Department
of Hydrology and Meteorology and Department
of Agriculture”.

Longer Term measures

The monitoring situation with respect to
agricultural meteorology must be improved with
increased co-ordination and collaboration between
DoA and DHM. The possibility of establishing an
agro-meteorology Unit should be explored so as
to institutionalize this collaboration....”.

Finally, the Ministry of Agriculture should held
a meeting with all the seventy five District
Development Agriculture Officer for the Crop
Estimates meeting. The member of Planning
Commission should chair these Crop Estimates
meetings. All the other concerned Government
agencies, such as Central Bureau of Statistics,
Department of Hydrology and Meteorology
should be invited to participate in these meetings.

Those meetings will highlight the following areas
as follows:

a) expected or actual planted area in rain-fed or
irrigated conditions;

b) expected or actual yield;

€) expected or actual production;

d) remarks on timely rainfall and its distribution,
presentation of effective rainfall on all selected
sites, presentation of water balance studies on
all selected sites;

e) availability of seeds;

f) availability of fertilizer and utilization;

g) incidence pest and diseases and control; and

h) schedule and quantities of irrigated water and
any other problems.

Those district-wise data and discussion can
help to provide for preparing the food balance
sheet of the country. This balance sheet contains
domestic production, total domestic availability,
apparent consumption, carry over requirements,
total requirements, surplus or deficit, exports
for marketing year, imports for marketing year,
stocks at the end of year, closing stocks. For
Nepal, the food balance sheet for the district
level is utmost importance, because most of
the districts in the Hill and Mountain Regions
have always been the food deficit area and the
Tarai has always been a food surplus area.
From these balance sheets, the government can
plan how much the food can be bought in the
different districts of Tarai and then subsequently
transferred in nearby districts.

Those data can help the pricing policy for
decision- makers and also plan for the agriculture
policies in regional and district basis. We should
not forget that agriculture is one of the most
important areas to absorb the manpower of
Nepal and without agricultural development in
Nepal, poverty alleviation program will never be
successful. Once you have all those data, one can
easily find out what are the government targets
for crop production, how much so far we have
been achieved. If there are any problems not
achieving the goal, one can identify the causes
and effects in district-wise and try to solve the
problem immediately or the further work has
to be identified, so that the goal of production
can be achieved. These types of monitoring
and evaluation of crop production will help the
agriculture perspective plan. This will also help to
evaluate all the activities of District Agriculture
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Officer including seed and fertilizer availability
and efficiency of irrigation facilities.

Nothing is easy in this world. Therefore, one
has to have a sound and viable planning for any
kind of work whether it is small or big. Since the
nature of the agriculture program is longer-term
measures, the special attention should be taken
whether this program is sustainable or not in
the Nepalese context. Otherwise, a failure of the
project may take place and consequently causes
a financial crisis. To avoid these problems, one
should study well in advance in each and every
angle of the project’s design for smooth and
successful running of the project and care should
be taken in advance for sustainability of the
project after the termination. In addition to the
planning, the success of the project depends upon
the Government’s policy and decision and their
staffs who take the responsibilities of to run the
project.
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Abstract

The framework of the hydrological study for Western Nepal (part of the Nepal Irrigation Sector Project), prepared
for the Institutional Development of Hydrology and Meteorology (DHM), Ministry of Science and Technology,
includes the determination of the probable maximum precipitation (PMP) of 77 basins. The paper presents the
study that was undertaken for the purpose of point and areal PMP determination in Western Nepal, including
presentation of the Hershfield Method (1961) adapted to point PMP having durations longer than 24 hours. The
analysis is based on rainfall data available in 109 rainfall stations in that part of Nepal during the period 1956-
1998. Based on the point PMP depth values thus obtained, a map of equal PMP depth values is presented for

Western Nepal.

Keywords: PMP, point rainfall, areal rainfall

INTRODUCTION

The framework of the hydrological study for
Western Nepal (a part of the NISP Project),
prepared for the Institutional Development of
Hydrology and Meteorology (DHM), Ministry of
Scienceand Technology, includesthe determination
of the probable maximum precipitation (PMP) of
77 basins.

WMO (1986) defines the PMP as “the greatest
depth of precipitation for a given duration
meteorologically possible over a given size storm
area at a particular location at a particular time
of the year with no allowance made for long-term
climatic trends.”

It also states “procedures for estimating PMP
cannot be standardized as they vary with the
amount and quality of data available, basin size
and location, basin and regional topography,
storm types producing extreme precipitation and
climate.”

The preferable meteorological approach presented
by WMO (1986) cannot be applied for Western
Nepal because of the scarcity of the synoptic
information that is required for the application of
such a procedure. Therefore, having a sufficient
network of daily rainfall recorders in the studied
area, it was recommended to determine the
required PMP depths by the application of the
statistical method proposed by Hershfield (1961).

* This paper was published in Proceedings of the Second International symposium on Flood Control/

Beizing/China/Sept. 10-13, 2002, Vol 1, pp 537-544
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Following is a brief presentation of the study
that was undertaken for the purpose of PMP
determination in Western Nepal.

DATA

There are a total of 148 daily rainfall stations
in Western Nepal. Out of these, 109 stations
with sufficient data were selected for the PMP
study. Because it was required to establish

24-, 48- and 72-hour PMP depths in the
region, the annual maximum rainfall for these
durations was tabulated for the 109 selected
stations from the time of their establishment
up to the year 1998. The areal distribution
of the selected rainfall stations is shown in
Figure 1. Figure 2 presents the mean annual
precipitation (1967-1996) in Western Nepal.
Table 1 presents basic information on the
selected rainfall stations.
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Figure 1. Location of the Rainfall Stations for the PMP Study
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Figure 2. Mean Annual Precipitation (mm) 1967 - 1996 in Western Nepal
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Table 1. Basic Information on the Selected Rainfall Stations

Number of Rainfall Stations with Data for Period of Available Data
Period More Than
40 years — 30 1956 — 1998
30 years — 25 1960 — 1998
25 years — 48 1970-1998
15 years—6 1980 -1998

DETERMINATION OF 24-HOUR POINT
PMP DEPTH VALUES

As mentioned above the Hershfield Method (1961)
to determine the 24-hour PMP depths was applied
inthis study that following the procedure presented
by WMO (1986).

The basic relationship used in this procedure is
represented by Equation (1):

PMP = Xn + Km*Sn @

Where in Equation (1) Xn and Sn are the mean and
standard deviation of a series of maximum annual
rainfall depth of certain duration. Km is a factor
that is dependant on the mean annual maximum
rainfall and varies between 5 and 20 for durations
between 5 minutes and 24 hours.

Application of the Hershfield Method (1961) to
the selected 109 rainfall stations in Western Nepal
enabled the determination of the point PMP depths
for these stations. The results of the computed point
PMP depths were presented elsewhere (TAHAL,
2000-2002).

The relationship between Point PMP Depth and
Rainfall Station Elevation for Western Nepal is
presented in Figure 3. The relationship is expressed
by Equation (2):

PMP = 1077.3%exp (-4*10**-4*ELEV) @)

Where in Equation (2), PMP is in mm and ELEV
(rainfall station elevation) is in m. The correlation
coefficient was found to be about 0.78. It should be
pointed out those 7 points (presented in Figure 3 as
series 2) being too far away from the relationship
line was omitted from the correlation.

It should be mentioned that similar relationships
and correlation coefficients which are not
presented here, were established between the
maximum 24-hour rainfall depth and rainfall
station elevation, the mean 24-hour rainfall
depth (Xn) and rainfall station elevation, and
the standard deviation of the 24-hour depth
series (Sn) and rainfall station elevation. The
relationship between the Km values and rainfall
station elevation showed an increase of Km
with elevation. A linear regression was found in
this case to represent this relationship, with a
correlation coefficient of about 0.76. The different
behavior of Km from the above-mentioned rainfall
series patterns with elevation can be understood
through its inverse relationship with Mean
Annual Maximum Rainfall (RMAX), the latter
having an inverse relationship with elevation. The
isolines of the 24-hour point PMP depth values
for the selected rainfall stations are graphically
presented in Figure 4.

DETERMINATION OF 48- AND 72-HOUR
POINT PMP DEPTH VALUES

It was required to determine 48- and 72-hour PMP
depths for the large size watersheds that had a
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relatively long time of concentration. Because the
Hershfield Method refers PMP with time duration
of not more than 24 hours, it was necessary to
developinthisstudy the Km—-RMAXrelationships
(similar to Figure 4.1 in WMO, 1986) for the two
new durations in this study. The procedure to
determine the above-mentioned relationships was
as follows:

1. Kmvalueswere read from Figure 4.1 in WMO,
1986 and then tabulated for an each PMP
duration (1 hour, 6 hours and 24-hours).

2. A relationship was determined for each Km
relatedtothe same RMAX. All therelationships
had the format of Equation (3):

Km=a*LN (T)+b (©)

Where in equation (3), Km is the coefficient for any
RMAX and T is the PMP duration in hours. Table
2 gives the values of the ‘a’ and ‘b’ parameters of
equation (3), the high correlation coefficient values
obtained, and the results of equation (3) application
for the new Km value determination.

Table 2. Equation (3) Parameters and the 48- and 72- Km Values

(IT'nM)A X a b Correlation Coeff. - r (48E(r?c])ur) (725(rr\Tc]Jur)
50 2.2473 10.644 0.9968 19.3 20.3
100 3.2296 5.2167 0.9965 177 19.0
150 3.5591 2.5374 0.9999 16.3 17.8
200 3.4559 0.9417 0.9998 14.3 157
250 2.9452 1.0210 0.9799 124 13.6
300 2.6868 0.4490 0.9687 10.9 119
350 2.3472 0.1782 0.9162 9.3 10.2
400 2.0642 0.1804 0.8958 8.2 9.0

Two linear relationships were separately developed
between the values in Table 2 of Km (48-hour) and
Km (72-hour) and the values RMAX in that table.
These relationships are represented by Equations
() and (5):

Km (48-hour) = 20.985 - 0.0330*RMAX
r =0.9982 @)

Km (72-hour) = 22.319 - 0.0339*RMAX
r=0.9972 )

The above two relationships expressed by
Equations (4) and (5) are presented in Figure 5

and Figure 6, respectively, and may also be used
for RMAX values beyond the presented range of
these figures.

The above mentioned Hershfield procedure was
applied to determine the 48- and 72-hour point
PMP depth values for the large size basins, using
now the new Km — RMAX relationships in Figure
5 and Figure 6.

The 48- and 72-hour Point PMP depth values thus
obtained where presented elsewhere (TAHAL,
2000-2002).
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Table 3. Areal Basin PMP Depth Values

. . . Catchment Area PMP
Basin Station No. Location -

(km?) Duration (hours) (mm)
Chameliya 120 Nayalbodi 1,150 24 482
Surnaya 169.8 Gujargaun 154 24 389
Tila 220 Nagma 1,741 24 387
Sinja Khola 225 Diware 790 24 328
Tila 230 Serighat 3,320 24 413
Karnali 240 Asaraghat 18,256 72 567
Chham Gad 245 Gitachaur 241 24 552
Karnali 250 Benighat 23,480 72 607
Budhi Ganga 255 Kakarsant 1411 24 593
West Seti 260 Banga 7,460 72 939
Thuli Gad 262 Khanayatal 775 24 745
Thulo Bheri 265 Rimna 6,866 72 561
Bheri 270 Jamu 12,310 72 678
Karnali 280 Chisapani 45,390 72 695
Sharada 286 Daredhunga 795 24 700
Mari 330 Nayagaon 1,920 24 505
Jhimruk 339.3 Chernata 653 24 560
W. Rapti 350 Bagasoti 3,675 48 794
W. Rapti 360 Jalkundi 5,086 48 858
Myagdi Khola 404.7 Mangla Ghat 1,112 24 302
Modi 406.5 Nayapul 647 24 650
Andhi Khola 415 Borlangpul 195 24 845
Badi Gad 417 Rudrabeni 1,961 24 608
Kali Gandaki 420 Kota Gaon 11,345 72 855
Mardi 428 Lahachok 142 24 863
Madi 438 Shishaghat 830 24 702
Khudi 439.3 Khudi Bazar 136 24 799
Dordi 4394 Aambote Bagar 289 24 779
Chepe 440 Garam Besi 302 24 736
Daraundhi 441 Naya Sanghu 376 24 712
Budhi Gandaki 445 Arughat 2,546 72 770
Phalankhu 446.7 Betrawati 152 24 636
Tadi Belkot 448 Belkot 650 24 553
E. Rapti 460 Rajaiya 574 24 1,047
Manahari 465 Manahari 427 24 1,131
Lothar 470 Lothar 167 24 1,235




J.L. Nayava & E. Simon 89

It should be pointed out that the 48-hour and
72-hour point PMP depth values had a similar
relationship with the rainfall station elevation to
the one demonstrated in Figure 3 for the 24-hour
point PMP depth values.

DETERMINATION OF THE AREAL BASIN
PMP DEPTH VALUES

The procedure to determine the areal basin PMP
depth values was as follows:

1. Ineach basin the Thiessen polygons procedure
was applied in order to establish the sub-basin
area that was represented by any one of the
basin rainfall stations.

2. Using the Depth-Area Curves presented in
Figure 4.7 in WMO (1986) the point PMP
depth value of each rainfall station was reduced
accordingly.

3. The areal basin PMP depth value was finally
determined based on the reduced step 2 values
and the sub basin area fraction of the various
participating rainfall stations determined in
step 1 above. Table 3 gives the final area basin
PMP depth values.

CONCLUSIONS AND DISCUSSION

The above is a brief presentation of the study that
was performed in order to determine the point
and areal PMP depth values in Western Nepal.
The procedure applied in the study to determine
the 24-hour point PMP depth values was the
Hershfield Method (1961) as described in WMO
(1986). For the longer 48- and 72-hour point
PMP depth values, part of the above-mentioned
procedure was updated to obtain new Km-RMAX
relationships.

The 24-hour point PMP depth reduction with
rainfall station elevation may be clearly seen

from Figure 3. This conclusion may be justified
although there is a relatively high scatter around
the fitted curve in Figure 3.

A possible explanation of this phenomenon is
the general mean annual rainfall reduction with
elevation (the elevation in Figure 2 increases from
south to north), and the reduction with elevation
of the rainfall series patterns: 24-hour maximum
rainfall depth, mean rainfall depth (Xn) and
standard deviation (Sn) values (the relationship
between these three variables and elevation
mentioned earlier). Bearing in mind that in
Equation (1), Xn and Sn decrease with elevation,
where Km increases, it may be concluded that
the Km increase has a lesser effect on the final
computation results than the reduction effect of
the Xn and Sn.

Furthermore, in Western Nepal, 78 percent of
the annual precipitation falls between June and
September. The rainfall in Nepal varies greatly
from place to place due to sharp topographical
variations. As the rain-bearing winds approach
Nepal from the southeast in the summer monsoon
season, most of the rain falls over the foothills of
the Churiya Range or the first foothill slopes of
the southern parts of Nepal. Similarly, the rainfall
intensity and point PMP depth value have a
tendency to increase in the foothills of the Churiya
Range as well as at elevations of around 1,400 m in
the southern slopes of the Mahabharat lekh, where
the rainfall intensity and point PMP depth value
are high relative to the regular decline of these
variables with rainfall station elevation. Above the
elevation of 1,500 m, the rainfall intensity and point
PMP depth value decrease, as presented in Figure 3
showing PMP behavior with elevation. This shows
thatthe moisture-bearingairismostly concentrated
within 850 to 1000 mbs (low level land of Nepal, i.e.
in the elevation range between 100 m and 1,500 m).

It is interesting to note that there is a series of
troughs located in Figure 4 that follow the patterns
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of the major river valleys of Kali Gandaki, Bheri,
Karnali and West Seti. This phenomenon may be
explained by the windward and leeward effects of
rainfall together with topography.
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ABSTRACT

A preliminary study has been undertaken to find the impact of the recent global warming on the rainfall patterns
in Nepal. The study has been selected at a few rainfall stations in Nepal during 1971-2000. There seemed to be no
fixed trend in annual rainfall in Nepal except in the Far Western Nepal, where there seemed to be rather slightly
decreasing trend in the annual rainfall. During the monsoon months, the rainy days seemed to be decreasing and

the intensity of rainfall appeared to be increasing.
1. INTRODUCTION

At present, there are four seasons in Nepal. These
are Winter (November-February); Pre-monsoon
(March-May); Summer monsoon (June to
September) and Post monsoon (October). Among
these seasons, 70 to 90 % of rainfall occurs under
the influence of summer monsoon (Nayava, 1980).
At the same time, most important agriculture
activities have been taking place during the
summer monsoon. Therefore, the onset of the
monsoon rainfall and its amount, frequency and
distribution in time and space are all important
factors. Therefore, the preliminary studies for a
few rainfall stations have been attempted to see the
annual variations of rainfall and their trends
during 1971-2000.

Similarly, the rainy days and the amount of rainfall
during the monsoon months have also been studied
to find out whether these trends of annual and
monsoon rainfall have been affected by the present
climate change.

2. DATA

At present, there are more than 150 rainfall
stations, which have the thirty years (1971-2000)

of rainfall  records in Nepal (DHM, 1999, 2000,
2001). Among those stations, 17 rainfall stations
have been selected representing the Mountains,
Hills and Terai Regions (Figure 1). These
physiographic regions fall in the Cool Temperate,
Warm Temperate and Tropical Climates categories
respectively (Nayava, 1982). The time series
rainfall data for the 17 selected rainfall stations
were tabulated for the period 1971-2000. Data were
checked and verified. The long term mean rainfall
for those thirty years were calculated. These
selected rainfall stations and the mean monthly
rainfall data were shown in Table 1. Similarly, the
observed rainy days for the each and every month
from 1971 to 2000 were computed for a few places.

3. METHOD
3.1 Analysis of annual rainfall in Nepal

The temporal variations of annual rainfall at
each station were plotted during 1971-2000 and
studied. At the same time, the trend analysis
of annual rainfall has been performed for all
those selected places. The rainy days and the
mean monthly rainfall during the monsoon
months were also analyzed. To do this statistical
analysis of rainfall, ‘EXCEL’ from the Microsoft

* This paper was published in Journal of Hydrology and Meteorology, 2004, pp 24-33

Journal of Hydrology and Meteorology, Vol. 1, No. 1

SOHAM-Nepal
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Figure 1. Selected rainfall stations in Nepal
Table 1: Mean monthly rainfall (mm) at the selected rainfall stations in Nepal during 1971-2000
Index | Station Name Elev. (m) | Jan Feb Mar Apr | May |Jun | Jul Aug Sep Oct | Nov | Dec | Annual
102 Baitadi 1635 | 45 57 59 52 140 209 326 288 166 47 9 32 1429
104 Dadeldhura 1848 | 43 61 61 54 86 193 332 307 173 40 8 27 1384
106 Belauri Shantipur 159 | 21 32 20 20 51 227 496 454 271 49 5 20 1664
303 Jumla 2300 | 31 41 59 44 58 7 178 181 103 37 10 16 835
Chisapani  Kar-
405 nali 225 | 36 38 24 27 76 285 664 637 376 57 9 22 2251
406 Surkhet 720 | 34 35 29 31 79 256 448 418 198 49 10 21 1609
601 Jomsom 2744 8 11 23 19 17 24 40 44 37 31 9 6 258
605 Banglung 984 | 20 22 30 50 146 319 530 451 268 60 10 16 1922
705 Bhairhawa 109 16 15 18 22 66 261 549 377 258 68 7 15 1673
804 Pokhara 827 | 23 32 60 121 369 699 941 850 637 175 21 24 3952
814 Lumle 1740 | 32 46 62 103 317 877 1441 1369 854 | 207 30 23 5361
902 Rampur 256 17 14 21 49 151 348 555 431 300 84 8 18 1996
909 Simra 130 14 15 17 55 125 263 547 402 272 76 5 13 1804
1030 Kathmandu 1336 14 18 30 57 116 263 357 320 187 57 8 15 1440
1206 Okhaldhunga 1720 | 12 13 25 52 153 316 458 391 234 63 13 15 1744
1319 Biratnagar 72 11 13 16 48 164 321 534 368 305 89 11 8 1887
1405 Taplejung 1732 | 18 26 52 141 249 305 427 383 283 86 18 12 1991

Source: DHM (1999a-c: 2000)

Journal of Hydrology and Meteorology, Vol. 1, No. 1 SOHAM-Nepal
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software has been used. The detailed analyses
are follows:

a) Starting from the Far Western and Mid-
Western Regions of Nepal, Jumla was selected as
representing the Mountain Region. Dadeldhura,
Baitadi and Surkhet were representing the ridges
andvalley inthe Hilly Region. Similarly, Chisapani
Karnali and Belauri Shantipur were representing
the Inner Terai and Terai. The inter-annual
variations of rainfall from station to station were
quite different. The extreme highest and lowest
of the annual rainfall also varied from station to
station as shown in Figure 2. Generally, the annual

variations seemed to be very high in Karnali.
Since past 3 decades, the recent (1991-2000)
decadal variations of rainfall in Jumla seemed
much different compared to 1971-1990. The trends
of annual rainfall during 1971 to 2000 in almost all
of those places seemed to be decreasing as shown
in Figure 2.

b) Similar study was attempted in the Western
Region of Nepal. The selected places were
Jomsom as representing the Mountain as well as
rain-shadow area; Lumle, Pokhara and Banglung
as representing ridges, valley floor and river valley
in the Hill Region and Rampur and Bhairhawa
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Figure 2. The temporal variations and trends of annual rainfall at the Far western and Mid Western
Regions of Nepal
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as representing the Inner Terai and Terai region
respectively.

The inter-annual variations of rainfall from
station to station were also quite different in
Western Region of Nepal. However, the inter
annual variations of rainfall seemed to be higher
at Pokhara compared to the other stations. Among
the six selected stations in Western Region of
Nepal as shown in Figure 3, the extreme highest
annual rainfall seemed different from one place
to other places and however the extreme lowest
annual rainfall seemed to be in 1972 except two
places at Jomsom and Lumle. Among those places,
Jomsom and Rampur showed either increasing or
decreasing trend of annual rainfall and rest of the
places such as Lumle, Pokhara, Banglung and
Bhairhawa showed the increasing trend of annual
rainfall as shown in Figure 3.

¢) A similar study was done in the Central and
Eastern Regions of Nepal. Taplejung, Okhaldhunga
and Kathmandu were representing the ridges and
valley floor in the Hill Region and Simra and
Biratnagar as representing the Terai.

The inter-annual variations of rainfall seemed
quite different in all those places. The extreme
highest and lowest annual rainfall was also
varied in all those places in the Central and
Eastern Regions of Nepal as shown in Figure
4. The annual rainfall trends at Kathmandu,
Okhaldhung, Simra and Biratnagar showed a
slightly increasing trend where as the annual
trend of rainfall at Taplejung showed slightly
decreasing as shown in Figure 4.

June-

3.2 Analysis of monthly rainfall,

September
It seemed that the most of the researchers have
analyzed the annual trend of rainfall in terms

of either regional or national scale. Of course, it
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depends upon the application in mind. This analysis
of rainfall is made particularly for its application
in agriculture activities in local scale. Therefore,
the number of days of rainfall and distributions
are equally important. Since, Nepal’s agricultural
activities depends upon the monsoon rainfall which
accounts for about 70 to 90% of annual rainfall,
the monsoon months of June to September were
selected for the trend analysis of rainfall for Jumla,
Surkhet and Bhairhawa in Nepal. At the same
time, the uses of rainfall and their implications in
agriculture will be highlighted.

The monthly information of rainfall and agronomic
data are not adequate for proper analysis to find
their relationship, say as monthly rainfall may
be quite enough, in the contrary the rainfall
occurred only either in the beginning or the end
of the month and the prolonged dry spell may had
occurred between those spells, the serious damage
or loss of yields in crop may have happened and
therefore, while studying the interaction between
the weather and agriculture. Food and Agriculture
Organizations of the United Nations (1986) has
considered the ten days of weather data and ten
days report of agronomic data. This period is
most reasonable period for collecting the
required information on weather and agronomic
in national and international scale. Those data
will be used in Water balance model developed
by FAO (1986), which compared available water
and water requirements of a given crop for each
decade of the growing season. A shortfall or
large excess of later in any decades will result
in a reduction of “crop index”, which the model
generate as a means of monitoring crop condition
and forecasting yields.

3.2.1 Jumla
The number of rainy days (greater than 1.0mm)
and the mean monthly rainfall for Jumla at each

month from June to September during 1971 to
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Figure 3. The temporal variations and annual trends of rainfall at the Western region of Nepal
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Figure 4. The temporal variations and trends of annual rainfall at the Central and Eastern Regions of Nepal
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2000 have been analyzed as shown in Figure 5.
The trend of number of rainy days and the mean
monthly rainfall in the month of June seemed no
change, but the trend of rainy days in the month of
July was very much decreased and to the contrary
mean monthly rainfall at the same month seemed
to be a little increase. It showed that the intensity
of rainfall has increased during that month of July.
The trend of rainy days as well as the mean monthly
rainfall in August slightly decreased. At the end,
the trend of rainy days in the month of September
rather increased and the mean monthly rainfall in
September also observed slightly increase.

3.2.2 Surkhet

The number of rainy days (greater than 1.0mm)
and the mean monthly rainfall for Surkhet at each
month from June to September during 1971 to 2000
were analyzed as shown in Figure 6. The trend
of number of rainy days and the mean monthly
rainfall in the month of June seemed to be a little
increase as shown in Figure 6. On the contrary, the
trend of number of rainy days in July increased
and the mean monthly rainfall in the month of July
seemed no change. Similar to Jumla, the intensity
of rainfall has increased during the month of July.
During the month of August, the trend of rainy
days as well as mean monthly rainfall seemed
increase. Similar to Jumla, the trend of rainy days
and the mean monthly rainfall in the month of
September seemed a little increase.

3.2.3 Bhairhawa

Similar to Jumla and Surkhet, the number of rainy
days (greater than 1.0mm) and the mean monthly
rainfall for Bhairhawa at each month from June
to September during 1971 to 2000 were analyzed
as shown in Figure 7. During the month of June,
the trend of rainy days as well as mean monthly
rainfall seemed a little increase. The trend of
number of rainy days in the month of July seemed
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no change and the trend of mean monthly rainfall
seemed a little decrease. At the same time, the
trend of rainy days in the month of August seemed
to decrease, where as the trend of mean monthly
rainfall seemed increase. At the end, the trend of
rainy days in the month of September seemed to
be quite decrease and it seemed that the last ten
years the pattern of rainy days have shifted in a
very much lower side. On the contrary, the trend
of mean monthly rainfall also seemed to be a little
decrease.

4. RESULTS

There were no fixed trends of annual rainfall in
the Mountain, Hill and Terai Regions of Nepal.
However, it is quite interesting to note that the
particular cross-section in the Far and Mid-
Western Regions of Nepal, the annual rainfall in
all the places such as Jumla, Dadeldhura, Baitadi,
Surkhet, Chisapani Karnali and Belauri Shantipur
showed decreasing trend.

The trend of number of rainy days decreased in
the month of July at Jumla and the contrary mean
monthly rainfall have increased during that month
and this showed that the intensity of rainfall may
have increased. The trend of rainy days as well as
mean monthly rainfall have decreased during the
month of August at Jumla.

Similarly, the number of rainy days seemed
decreasing in the month of July in Surkhet and the
number of rainy days seemed decreasing in the
month of August in Bhairhawa.

During the month of September, the trend of rainy
days have very much decreased and it showed that
the last ten years the pattern of rainy days have
shifted in avery much lower side.

During 1971-2000, the year 1973, 1975 and 1984
seemed to be generally much more rainfall than
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Figure 5. The temporal variations of rainy days and mean monthly rainfall during the monsoon months and their
trends at Jumla
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Figure 6. The temporal variations of rainy days and mean monthly rainfall during the monsoon months and their
trends at Surkhet

normal throughout the country and on the
contrary, at the same period, 1972, 1982
and 1992 seemed to be much lower rainfall than
the normal throughout the country. Due to the
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longitudinal difference of 80 from the east to
west and 30 from the south to north in Nepal, the
country had experienced not equal distribution of
rainfall in the west or east in the same year. For
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Figure 7. The temporal variations of rainy days and mean monthly rainfall during monsoon months & their trends
at Bhairhawa.

example, the western parts of Nepal had observed
much lower rainfall than the normal in 1979 and
agricultural activities were badly affected in those
areas. It has been noted that 1992 had also dry
year throughout the country and the government
of India had declared a drought in Bihar state of
India and monsoon rainfall was very
much delayed in the western part of Nepal. The
western parts of Nepal had suffered a drought in
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1992. It has been strange coincidence that along
with the other years every ten years after 1972,
Nepal seemed to have observed significantly
below normal rainfall either in the Eastern or in
the Western regions.

5. DISCUSSION

Shrestha et al, (1998) have also studied the annual
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rainfall data on Nepal over the past three decades
and they have remarked that the annual rainfall
data show large inter-annual and decadal well as
regional within Nepal. They have also mentioned
the lack of long term increasing trend in the
rainfall records and the model by Meehl et al.,
(1994) suggest an increase of 5-15% in monsoonal
precipitation with green house gas — induced global
temperature increase.

This is a very preliminary analysis to come up
with definite conclusions, but it clearly showed
that the number of days of rainfall seemed to be
very much decreasing on the month of September
at Bhairhawa as shown in Figure 7. The normal
rainy days of Bhairhawa during the monsoon
months is 59 days. Altogether, there are 80 rainy
days inayear. If number of rainy days is reduced in
Bhairhawa during the month in September, there
may be water stress in paddy crop and consequently
reduced the yield of paddy at Bhairhawa. It may
be necessary to mention here that the onset of
summer monsoon in Eastern Region of Nepal
falls on 10th of June and slowly it advances in
the Western Regions of Nepal and it takes about a
week to cover the whole Nepal under the influence
of summer monsoon. Similarly, the withdrawal of
summer monsoon takes place on 21st of September
from Nepal. Therefore, the influence of summer
monsoon over Nepal is only about 101 days. The
nature of these kinds of study was very essential
realizing these important issues.

Gerald et al. (1998) have analyzed the connection
between past El Nino events and summer rainfall
and rice production in Nepal, paying particular
attention to last major El Nino event in 1982 when
theintensity of the eventwasaboutthe sameasinthe
current year 1998. They found strong relationship
between these three parameters. They have made
recommendations that the concerned authorities
should address this scenario while formulating
national plans and policies in agriculture. They
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further recommended to adopt necessary measures
to monitor the state of the crops in relation to El
Nino and summer rainfall variations and come up
with some methods to forecast the looming problem
in advance. The monitoring situation with respect
to agricultural meteorology must be improved with
increased coordination and collaboration between
the Department of Hydrology and Meteorology and
the Department of Agriculture (Gerald et al., 1998).

Similarly, this study have also suggested that
the present systems of yield assessments are
subjective and, therefore, the objective method
should be introduced in the monitoring and
evaluation of crop yield and production in
Nepal and this process will lead to much
better assessments of yield and any impact
of weather will also be evaluated (Nayava,
2000). When the impacts of weather and
agriculture studied in wider areas, Food and
Agriculture Organization of United Nations
(FAO, 1986) recommends that ten days
(decadal) of meteorological data and ten days
of crop conditions should be considered along
with other relevant information. Now, it is high
time that such a system should introduce to
find out the weather impacts on agriculture.
This will support the future climate and
agriculture scenario based on the past and
current knowledge of weather, climate and
agriculture inter-relationship. If we have these
systems, we are in a better position to evaluate
the past, present and future crop yields data in
a very systematic and scientific manner.
Thus, to do any future forecast, one should have
the present and past status of concerned data and
should test those data and understand the trend and
behavior of those patterns.
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The estimation of evapotranspiration by climate models for

Western Nepal*

J.L.NAYAVA
Society of Hydrologists and Meteorologists

ABSTRACT

Evapotranspiration values are used in many agricultural and engineering applications. There are many empirical
formulas to compute evapotranspiration. In Nepalese conditions, Penman and Monteith method is the best to
estimate evapotranspiration. All the climatic parameters required to estimate evapotranspiration by Penman and
Monteith method for all the rainfall points were not available. Therefore, various models were developed to expand
the climatic parameters for all the rainfall points and thus evapotranspiration were finally calculated.

Keywords: Western Nepal, Penman and Monteith method, CROPWAT

1. INTRODUCTION

One of the important parameters in calculating
the crop water requirement is evapotranspiration
(ETo). Meteorological data are the main inputs to
estimate evapotranspiration. The “CROPWAT”
computer program developed by FAO (1998)
based on the modified Penman and Monteith
Method has been used in this project to estimate
evapotranspiration. The project's objective was
to strengthen the institutional development of
Hydrology and Meteorology and to study the
water availability of 77 basins of Western Regions
of Nepal. The following data are necessary in
calculating ETo: Minimum Temperature (0C);
Maximum Temperature (0C); Relative Humidity
(%); Wind speed (Km/day); and Sunshine (Hours).

In Western Nepal, the above parameters required to
compute evapotranspiration have notbeenrecorded
inall the meteorological stations. For example, only
15 meteorological stations have recorded all these
parameters to estimate evapotranspiration. This
Project intends to estimate evapotranspiration for
all the sites of the meteorological rainfall stations.

Therefore, regression programs have been used
to extend climatic parameters to the places where
observed data are not available.

2. DATA AND METHODOLOGY

Here, in this article, data, methodology, analysis
and discussion of each above-mentioned climatic
parameter have been separately described as
follows:

2.1 TEMPERATURE

At present, there are 54 climatological stations
at the Study Area in Western Nepal. The period
of record varies from one station to another. All
available mean monthly maximum and mean
monthly minimum temperature values from 1982
to 1996 were compiled for all the 54 stations.
Among them, only 38 climatological stations
have complete temperature records from 1982
to 1996. The recorded mean monthly maximum
and minimum temperatures used to develop the
temperature models are shown in the Meteorology
Technical Report No. 4 for the Institutional

* This paper was published in Journal of Hydrology and Meteorology, 2005, pp 16-23

Journal of Hydrology and Meteorology, Vol. 2, No. 1

SOHAM-Nepal



J.L. Nayava 103

Development of Hydrology and Meteorology
(TAHAL, 2002).

Multiple regression analysis was performed in
this study by considering the data of 38 stations
for fifteen years. The multiple regression equations
considered latitude, longitude and elevation as
independent variables and temperature as the
dependent variable. Equation (1) is given below and
the variables for each month and the coefficients
of determination value (R?) are given in Tables 1
and 2. The multiple regression formula used for
estimating the mean monthly maximum or mean
monthly minimum temperature was as follows:

Y=A + B*(X)+ C* (X1) +D*(X2) ......(1)

Where Y = mean monthly maximum
ormean monthly minimum
temperature in °C;

X = latitude;

X1 = longitude;

X2 = elevation in meters; and

A/B,CandD = monthly constants.

Latitudes and longitudes are given in degrees with
minutes converted to decimals.

Table 1: Constants for the
Maximum Temperature Model

MONTH A B C D*10° | R?
January -90.95 177 0.78 -5.8 0.93
February -78.62 157 0.74 -6.7 0.96
March -27.08 0.82 0.44 -7.0 0.96
April 45.63 0.07 -0.13 -14 0.97
May 70.32 0.38 -0.52 -6.9 0.95
June -6.63 161 -0.02 -6.4 0.93
July -85.39 2.29 0.67 5.8 0.90
August -86.21 2.04 0.77 -5.8 0.92
September -76.17 2.05 0.63 -5.9 0.93
October -39.44 131 0.43 -6.3 0.95
November -41.99 112 0.49 -6.3 0.95
December -52.17 118 0.53 -5.5 0.94
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Table 2: Constants for the Minimum
Temperature Model

Month A B* 102 | C* 102 | D* 10+ R?
January 40.20 -75.0 -11.3 -38.2 0.76
February 41.23 -68.1 -12.6 -41.1 0.78
March 63.94 -97.6 -25.2 -42.3 0.79
April 144.42 -209.1 -79.4 -44.4 0.82
May 141.49 -164.7 -86.0 -53.3 0.93
June 90.36 -77.8 -51.2 -51.8 0.98
July 35.29 -10.7 -14.4 -51.3 0.99
August 37.19 -2.8 -12.1 511 0.98
September | 45.90 -32.8 -13.9 -52.7 0.98
October 79.39 -1309 | -26.3 -51.0 0.93
November | 77.99 -132.7 -31.2 -42.0 0.80
December | 61.18 -114.4 -21.8 -38.0 0.76

Using those equations, the mean monthly
maximum temperature and mean monthly
minimum temperature values for all the 12
months have been calculated for all the sites of
the 110 rainfall stations in the Project study area.
The estimated mean monthly maximum and mean
monthly minimum temperature values for all
the 54 climatological stations were replaced by
the recorded temperatures, where available. The
recorded and estimated temperature data were also
compared and studied.

The recorded maximum temperature was found
to be generally 1°C lower than the estimated
maximum temperature except in the valley area
where an observed maximum temperature was
generally 0.5 to 2°C higher than the estimated
maximum temperature. On the other hand, the
observed minimum temperature was found to
be generally lower than the estimated mean
minimum temperature in the hilly region as well
asinthe valley area. Specially, 3to 4°C differences
occurred in the winter months. This is purely due
to inversion in the valley floor. These errors are due
to the omission of slope aspect, cloud incidence,
vegetation and inversion in the regression model.
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The regression coefficient for the maximum
temperature model was generally higher than
0.9. On the other hand, the regression coefficients
for minimum temperature in the winter months
were generally less than 0.8. This is mainly due
to the omission of the inversion factor in the
model. It should be pointed out that the estimated
temperature values were not corrected further as
the variations did not cause a major change in the
final computed ETo value, which was the purpose
of this study.

Nayava(1981) has developed multiple regression
equations to estimate mean maximum temperature
and mean monthly minimum temperature
considering 35 climatological stations in Nepal
of which only 14 stations were in Western Nepal.
Similar studies for extrapolating temperature data
were done by Kenting Earth Science Ltd (1982).
These studies have considered only elevation as
an independent factor. ICIMOD and DHM (1996)
have also used the multiple regression method to
estimate the mean monthly maximum temperature
and mean monthly minimum temperature and
have used those data in preparing the Climatic and
Hydrological Atlas Map of Nepal.

2.2 RELATIVE HUMIDITY

Average mean monthly relative humidity for 0845
and 1745 NST have been tabulated for the periods
from 1985 to 1996 for all the 54 climatological
stations. The daily average relative humidity
for 0845 and 1745 and the daily average relative
humidity for 0545,0845, 1145, 1445 and 1745 were
compared at Jumla, Surkhet and Bhairhawa and
the relative humidity of those two periods are very
similar to each other. Therefore, relative humidity
for 0845 and 1745 NST have computed for the above
mentioned period for all the 54 climatological
stations as shown in the Meteorology Technical
Report No. 4 for the Institutional Development of
Hydrology and Meteorology (TAHAL, 2002).
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The average of the relative humidity taken at
the above-mentioned hours is taken as the mean
relative humidity. Several statistical methods have
been tested to expand the relative humidity data for
other points where recorded data are not available.
None of the methods gave satisfactory results.
Ultimately, mean monthly relative humidity were
plotted and analyzed for each month in separate
maps. The mean relative humidity for other sites
are interpolated where actual observed data are
not available. The interpolation was based on a
set of preliminary monthly maps of equi-relative
humidity lines prepared for this purpose.

2.3 WIND SPEED

During the end of 1970's, there were only 12
climatological stations, which observed wind
data in Nepal. Out of these only 3 climatological
stations fall in the study area. Due to the limited
data, wind was classified in three groups as
light, medium and strong winds (Nayava, 1981).
McDonald (1982,1992) used similar three groups
(Medium Irrigation Project, Design Manual,
Hydrology and Manual in Irrigation Design and
in Agrometeorology and Hydrology). Recently,
WELINK (1998) has used only light wind in all
the ET, calculations in the Gandaki Water Basin
Study.

There were 24 meteorological stations in which
wind data have been recording in the study area.
The Department of Hydrology and Meteorology
has published wind data only up to 1990 and
almost wind data up to 1998 were obtained from
the Department of Hydrology and Meteorology
(DHM). The period of record varies from station
to station. It is very difficult to consider the
same period of data for all the stations. All
the available wind data from 1967 to 1990 are
computed as shown in the Meteorology Technical
Report No.4 for the Institutional Development of
Hydrology and Meteorology (TAHAL, 2002). It
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should be also mentioned that the data have been
recorded at different heights. After computing
mean wind speed data for each station, wind
data have been converted to the standard 2
m height by using a proper conversion graph
(McDonald, 1982).

There are many theoretical methods to study
the wind profile at different heights. Various
methods were tested to simulate the wind speed
values where observed data are not available. In
this study, all the available statistical approach
were tested, but only the polynomial analysis was
found to be appropriate to estimate the wind speed
values for all the twelve months at all rainfall
stations below altitudes of 2500m. Wind data
from Chisapani Karnali, Mustang (Lomangthan),
Kangiroba, Annapurna and Langtang stations
were not included due to unsatisfactory results.
The wind equation developed is given below
(Equation 2) and its constants for each month and
the coefficient of determination (R?) are given in
Table 3.

A, Al,and A2 = appropriate monthly

constants.

Wind data have been generated for all the rainfall
station sites for all the months. The estimated data
have, however, been substituted by the recorded
data where available. While checking the recorded
and estimated wind values at higher elevations, it
seems that the estimated wind speed is much higher
in higher elevations. Therefore, the mean wind
speed for Annapurna-Machhapuchre Base Camp,
Langtan-Kyanggin and Kanjiroba meteorological
stations have been tabulated for each month and
used in the stations whose elevations are above
2500m. Considering the above criteria, the
following wind speeds are considered for all the
months and for all the areas in the range of 2500m
to 4000m (Table 4).

Table 4: Mean Monthly Wind Speed Values
(km/ day) for Sites
having Elevation at the Range of 2500-4000m

JAN FEB MAR APR MAY JUN
Table 3: Constants for the Wind Model 269 214 264 265 267 239
JUL | AUG | SEP ocT NOV | DEC
Month A -A1*102 | A2*105 | R? 220 203 220 244 246 244
January 48.065 5.00 6.0 .95
February 63.517 4.89 6.0 .96 2.4 SUNSHINE HOURS
March 81.228 3.87 6.0 93
April 110.140 5.33 6.0 .87 There were 16 meteorological stations, which
May 123.060 8.56 7.0 85 have records of sunshine hours in the study
June 120.530 14.33 100 91 area. Sunshine data are available only up to
July 107.020 1572 100.0 93 1990 and all the available sunshine hours data
August 93.747 14.44 10.0 95 have been tabulated for the study area as shown
September | 71.655 10.44 8.0 .96 in the Meteorology Technical report No. 4 for
October 45.370 492 6.0 96 the Institutional Development of Hydrology and
November | 39.642 4.48 6.0 97 Meteorology (TAHAL, 2002)
December 41.476 4.63 6.0 97
Nayava (1981) had established a relationship
Y = A+ AI*E+A2*E2 ... 2 between the ratio of recorded sunshine hours (n)
Where Y = wind speed (km/day); and possible sunshine hours (N) and related it to
E = elevation (meter); and the monthly rainfall. There are 16 meteorological
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stations. These data show that more sunshine hours
are observed in the Terai. The amount of sunshine
hours slowly decreases in the Hill and Mountain
Regions due the greater frequency of clouds in
those Regions. Empirical relationships have been
tested considering the ratio of n/N and rainfall at
each of the sixteen places. While doing so the data
of Thakmarpha Station did not give satisfactory
results and therefore it was omitted from further
consideration. As a result only 15 stations have
been considered for the determination of constants
for Equation 3. This empirical method is suitable
to derive sunshine hours in the absence of real data
for the Western Nepal.

While looking at the sunshine patterns in Western
Nepal, the whole region was tentatively divided into
10 sub-regions, each of which was characterized
by different sunshine hours patterns (Fig. 1).

Thus ten separate polynomial equations have been
developed for each sub-region. The polynomial
equation s as follows (Equation 3) and the variables
for each equation and coefficient of determination
(R2) are given in Table 5.

Y=A+AL*P+A2*P2 .o 3)

Where Y = ratio of sunshine hours and day

lengths (n/N) on a monthly basis;

P
AB,C

rainfall (mm/month); and
monthly constants.

Table 5: Constants for the Sunshine Model

Group A B*10° C* 10 R?
1 0.63 -05 100.0 0.85
2 0.74 -1.6 30.0 0.94
3 0.83 -4.6 0.1 0.91
4 0.48 -3.3 -’0.8 0.74
5 0.69 -0.9 30.0 0.90
6 0.79 -1.4 80.0 0.98
7 0.67 -0.5 10.0 0.94
8 0.66 -0.6 100.0 0.84
9 0.54 -5.0*10°¢ -70.0 0.77
10 0.75 13 70.0 0.95

2.5 EVAPOTRANSPIRATION

There are many empirical formulas to estimate
evapotranspiration, but for Nepalese Condition,
it is considered that Penman method gives the
best estimates. “A limitation to use of Penman
method in Nepal is the scarcity of meteorological
records required. However, this can be overcome
by the use of extrapolation models based on the
work of Nayava (1981). And the model derives the
estimates of temperature, dew point and sunshine
duration for sites where only rainfall record are
available” (MacDonald, 1982).

Figure 1. Sunshine hour groups in Western Nepal
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Finally, these observed and estimated data of
mean monthly maximum temperature, mean
monthly minimum temperature, mean monthly
relative humidity, mean monthly wind speed
and mean monthly sunshine hours were used
to compute evapotranspiration (ET) by the
‘CROPWAT’ software developed by FAO (1998)
for all the 110 rainfall stations at the 77 selected
basins under study. These all those data to
compute evapotranspiration for all the selected
110 rainfall stations in the Western Regions of
Nepal are given in the Meteorological Technical
Report No.4 for the Institutional development of
Hydrology and Meteorology (TAHAL, 2000).
The evapotranspiration values have later used to
estimate crop water requirements and this process
have done by multiplying the crop coefficient
factor and the evapotranspiration value. The crop
coefficient varies with the crop variety and also
varies at the stage of the crop growth cycle.

The evapotranspiration values were estimated
for all the 110 rainfall stations for all
the months in the Western Nepal. At each
month, the evapotranspiration values were
analyzed by SURFER program and here
only the evapotranspiration for the months of
coldest (January), the hottest (May) and mean
annual evapotranspiration were presented for
discussion.

In the month of January, evapotranspiration values
were estimated 51 to 55 mm at the most part of the
western Nepal and at the same time ETo values
were estimated 53 to 71 mm in the Mountain
regions of Jumla and Dolpo (Fig. 2).

In the month of May, ETo values were estimated
165 to 190 mm at the Terai, 130 to 185 mm at the
Hill and 115 to 165 mm at the Mountain Region in
the Western Nepal (Fig. 3).

30.0

28.594

29.0+

28.5

Latutude (deg. N}

28.0

27.5-

80.5 81.5 82.5
Longitude (deg. E)

Figure 2. Mean Monthly Evapotranspiration (mm) for the Coldest Month, January
in Western Nepal.

Similarly, Mean annual ETo values were estimated
1200 to 1350mm at the Terai, 1100 to 1300mm at
the Hill and Mountain and 950 to 1100mm in the
rain shadow area of Mustang areas in the Western

Journal of Hydrology and Meteorology, Vol. 2, No. 1

Nepal (Fig. 4). It is very interesting to note that
ETo were estimated 1200 to 1300mm in the Jumla
and Humla areas and this is due to high wind in
that Region.
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Figure 3: Mean Monthly Evapotranspiration (mm) for the Hottest Month, May

in Western Nepal
| 1
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Figure 4. Mean Annual Evapotranspiration (mm)
in Western Nepal

3. RESULTS AND DISCUSSION
Since the last two decades, the coverage of
meteorological stations is better than the earlier

and the models developed for temperature,

Journal of Hydrology and Meteorology, Vol. 2, No. 1

wind and sunshine are quite encouraging. The
estimated evapotranspiration are also compared
with the Class A pan data and the results are
very good and their relationships are shown in
Fig 5.
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Figure 5. Comparision of mean monthly Class A Pan values with ETo (Penman-Monteith) values at
selected places in Western Nepal.
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The Penman and Monteith equations are described
in all the standard textbook of agricultural
climatology and Cropwat, FAO publications.
Therefore, the equations are not presented here.

The higher values of ET_as shown in Figures. 4
and 5 in Mountain Regions are due to aerodynamic
effect. This phenomenon is better supported by the
following explanation. It is known that the Penman
equation consists of two terms, namely the energy
term Qn and the aerodynamic term Ea. Stanhill
(1962,B) explained the two terms are weighted
according to mean air temperature as shown in
Table 6.

Table 6. Weighting factors for the energy and
aerodynamic terms in Penman Formula

Mean air
temperature Energy term Aerodynamic term
0
0 0.40 0.60
10 0.56 0.44
20 0.69 0.31
30 0.79 0.21
40 0.86 0.14

It is to note that the sunshine duration data are
very sparse and very irregular and hope that this
will improve in coming years by the concerned
authorities.
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The analysis of wind speed values for the Western Nepal*

Janak Lal Nayava
Chairman, Society of Hydrologists and Meteorologists-Nepal

Abstract: Wind speed is one of the mostimportant parameter for estimating evapotranspiration(ETo).
ETo is applied in various applications such as crop water requirements and water management
studies. In Nepal, wind speeds required for such analysis are very scanty. However, wind speeds
were measured at 24 meteorological stations in  Western Nepal. Wind speed values were recorded
at the different heights and these values were converted into standard 2 m height. When this study
was undertaken, there were altogether 148 daily rainfall stations in Western Nepal. Out of that total
110 rainfall stations having sufficient data had selected for the hydrological studies. Thus, these
values of wind speed at standard height are necessary parameters to estimate ETo for all the 110
rainfall stations.

All the available statistical approaches were tested for this study. Polynomial relation was found to
be appropriate to estimate the wind speed values for all the twelve months at all rainfall stations
below altitudes of 2566 m. At the higher altitude from 2567 to 3863 m, a tentative wind speed values
were assumed for all the twelve months. At the same time, the observed and simulated wind values
were used to prepare the spatial variations of wind at each month. These mean monthly maps of

wind speeds will give the general pattern of wind at the study area.

Keywords: western Nepal, evapotranspiration, wind estimation

1. INTRODUCTION:

Wind speed and direction are applied in many
agricultural and engineering works. Wind is one
of the main factors in the study of air pollution
and in locating new sites for industry, aerodrome
and town planning. Windbreaks and shelterbelts
can be made to reduce the serious damage of
crops by wind. The knowledge of wind profile
and the maximum speed of gust and direction are
necessary for the construction of tall buildings,
television towers and installation of high-tension
wires from poles to poles. The choice of best site
and best design of wind power installation is to
large extent a climatological question. Similarly,

the wind speed values are one of the main
parameters to estimate evapotranspiration (ET)
which is the basic parameter for estimating crop
water requirements. In the past, water balance
studies were conducted for Western Nepal. In
those studies, wind data are one of the important
parameters to estimate ET . However, due to a
very thin network of wind stations in western
Nepal, the study was primarily conducted from
the wind data collected at few stations. Under the
present situation when wind data are quite sparse,
it is important to devise some methodology for
extending wind data from a particular station to
other stations for which estimation of ET_is to be
conducted.

* This paper was published in Journal of Hydrology and Meteorology, 2006, pp 60-67
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2. DATA USED:

During the end of 1970’s, only 12 climatological
stations used to observe wind in the whole of
Nepal. Out of these 3 climatological stations
were observed wind in Western Nepal. Due to
the limited data, wind values were classified in
three groups such as light, medium and strong
winds (Nayava, 1981). MacDonalds (1982, 1992))
used the same three groups in their documents
in Medium Irrigation Project, Design Manual,
Hydrology and Manual in Irrigation Design and
In Agrometeorology and Hydrology. Recently,
WELINK (1998) had used only light wind in
all their ET_ calculations in their Gandaki Water
Basin Study.

There are 24 meteorological stations in the study
area, where wind observations are made (Figure
1). Department of Hydrology and Meteorology
(DHM) had published the wind data up-to 1998.
The period of record varied from station to
station. It was very difficult to consider the same
period of data for all the stations. All the available

wind data from 1967 to 1998 were computed. It
should be mentioned that the data had recorded
at different heights. The wind speed values for
each station were converted to the standard 2
m height by using the proper conversion graph
presented by MacDonald (1982). The converted
wind speed values are presented in Table 1. The
equation for conversion of wind from different
height to the standard 2 m height is also given
by Allen et al. (1998).

In addition to the observed data, the author
conducted field survey, which included discussion
with field staffs. Following information was
collected during the survey. A strong wind prevails
from midnight to late morning at Chisapani
Karnali during October to March. At the same
period, wind speed values are generally lighter
in afternoon. During April to September, wind
speed values are generally lighter except on a few
occasions in April and May. It was also discovered
that wind speeds are calm during the overcast days
in Chisapani Karnali (see Wind data of Chisapani
Karnali in Table 1).
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Figure 1. Wind networks in the Western Nepal.
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Table 1. Wind data at 2 m height (m s%) in Western Nepal

Station Elev.
Index Name Lat. Long. (m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Period
°N) (°E)
707 Bhairhawa
27.53 83.46 120 0.48 0.63 0.90 1.42 1.72 1.52 1.45 121 0.88 0.51 0.43 0.41 1986-98
(Agri.)
728 Simari 27.53 83.75 154 0.58 0.70 0.96 1.47 1.48 131 1.23 1.00 0.88 0.53 0.39 0.45 1981-87
706 Dumkauli 27.68 84.21 154 0.20 0.50 0.80 1.00 0.70 0.50 0.30 0.20 0.10 0.10 0.20 01 1971-72
209 Dhanga-
28.68 80.60 170 0.61 0.75 1.01 1.26 1.42 1.37 1.04 0.77 0.63 0.46 0.47 0.48 1989-98
dhi
105 Mahendra
29.04 80.22 176 0.48 0.61 0.74 0.95 0.96 0.79 0.77 0.64 0.52 0.42 0.40 0.43 1977-98
Nagar
409 Khajura
(Nepal- 28.10 81.66 190 0.50 0.84 1.08 1.46 1.82 1.85 1.45 119 0.84 0.53 0.43 0.54 1976-92
gun))
419 Sikta 28.03 81.78 195 0.46 0.56 0.84 1.08 1.22 0.85 0.48 0.32 0.44 0.50 0.33 0.39 1981-98
405 Chisapani
28.65 81.26 225 2.07 1.98 2.21 2.35 2.07 1.47 0.91 0.98 116 151 1.95 217 1968-98
Karnali
902 Rampur 27.61 84.41 256 0.45 0.63 0.98 1.33 1.28 1.03 0.89 0.90 0.85 0.54 0.35 0.43 1978-98
815 Khairini
28.03 84.10 500 0.42 0.54 0.70 0.81 0.76 0.72 0.58 0.53 0.50 0.41 0.36 0.34 1977-98
Tar
218 Dipayal
29.25 80.95 617 0.26 0.44 0.57 0.82 0.94 0.94 0.70 0.47 0.49 0.54 0.41 0.24 1982-98
Doti
406 Surkhet 28.60 81.61 720 1.00 1.25 1.38 1.59 1.56 1.33 0.96 0.80 0.73 0.80 0.75 0.79 1975-98
804 Pokhara
28.21 84.00 827 0.59 0.82 1.03 1.07 0.93 0.73 0.68 0.64 0.61 0.54 0.50 0.5 1987-98
Airport
401 Pusma
28.88 81.25 950 1.05 1.37 1.86 2.29 2.30 1.42 0.74 0.66 0.78 0.95 0.92 0.88 1968-98
Camp
809 Gorkha 28.00 84.61 1097 0.72 0.88 1.08 110 0.99 0.66 0.52 0.68 0.67 0.69 0.65 0.72 1983-98
814 Lumle 28.30 83.80 1740 1.54 1.65 1.74 1.63 1.62 1.56 1.52 1.49 1.47 1.46 1.43 1.47 1970-98
715 Khan-
27.93 83.15 1760 1.94 2.21 272 2.87 2.52 2.21 1.89 1.66 1.80 1.68 1.70 179 1977-98
chikot
104 Dadeld-
29.30 80.68 1848 1.99 219 2.42 2.44 2.54 212 1.88 175 176 1.99 1.82 1.9 1978-92
hura
303 Jumla 29.28 82.16 2300 2.68 3.17 3.92 4.00 3.97 3.92 3.56 3.04 3.28 3.70 3.42 2.8 1978-84
604 Thakmar-
28.75 83.70 2566 4.25 4.60 4.32 4.03 4.34 4.76 4.68 4.39 4.06 3.69 3.79 3.89 1970-90
pha
612 Mustang,
Lomang- 29.19 83.96 3705 1.54 1.93 1.61 179 1.80 1.84 1.65 1.46 1.51 1.41 1.23 1.56 1984-90
tan
An-
napurna 28.54 83.95 3470 3.40 3.20 3.10 3.10 3.20 2.70 2.50 2.10 2.20 2.70 2.90 3.20 1987-96
(MBC)
Langtang,
28.22 85.62 3920 2.80 3.10 3.10 3.10 3.00 2.80 2.60 2.60 2.50 2.90 2.80 210 1987-96
Kyangjing
Kanjiroba,
29.12 82.60 3770 3.00 3.40 3.50 2.00 2.20 1.40 2.70 2.50 2.70 3.00 2.50 5.00 1992-96
Hurikot
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Similarly, a higher wind speed experienced from
afternoon to late evening at Dadeldhura during
December to March. At the same place, a lighter
wind prevailed during the summer months.

3. METHODOLOGY AND ANALYSIS

There are many theoretical methods to study the
wind profile at different heights. A study of wind
profiles for the adiabatic conditions had performed
by Prandtl (1932) and similarly wind profiles for
diabatic processes for natural conditions had
studied by Deacon (1949). Many studies in wind
profile had beenstudied by differentauthors (Monin
and Obukhov, 1954; Swinbank, 1964; Panofsky
and Townsend, 1964. For Nepal Conditions, it is
very difficult to have one theoretical formula to
cover such a vast range of altitude. However, the
available wind data have been analyzed with many
statistical packages to expand the wind speeds data
for other stations, where wind observations are not
available.
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Various methods were tested to simulate the wind
speedvalueswhereobserveddatawerenotavailable.
Polynomial equations were found to be the best
to estimate the wind at all rainfall stations below
altitudes of 2566 m. Wind data from Chisapani
Karnali, Mustang (Lomangthan), Annapurna,
Langtang, and Kanjiroba stations were notincluded
duetounsatisfactoryresults. Therelationdeveloped
is given in equation 1 below. Values of constants
and the coefficient of determination (R?) for each
month are given in Table 2.

Y=A+ALFE+A2%E2 oo o)
Where Y = wind speed (m s-1);

E = elevation (m); and
A/AlLandA2 = appropriate monthly
constants.

The relationship between elevation and wind
speed at the different months in Western Nepal are
shown in Figure 2a and Figure 2b.
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Figure 2a: The relationship between elevation and wind speed in months January to June in
western Nepal
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July
y = 1E-06x* - 0.002x +J.3961

0 - . .
0 1000 2000 3000
September
s 5 - i
w ° y =9E-07x* - 0.0012x + 0.9166
£ 4 R®=0.9784
T 3 -
]
8 2
7]
5!
: o T T L]
g 0 1000 2000 3000
November
5 y = TE-07%° - 0.0006x + 0.5003
4 - R*=0.9768

0 1000 2000 3000

0
Elevation (m)

August
5 1 y = 1E-06x? - 0.0016x + 1.1423
4 RP=0957
3 -
2 -
11 +
04+2 : : ,
0 1000 2000 3000
October
5 -
4] y=7E07¢ -0.0006x + 0.5961

R* =0.9633

0 .
0 1000 2000 3000
December
5 -
4] ¥= 7TE-07%* - 0.0006x + 0.5266
R* = 0.9805
3 -
2 .
1 -
0 T v )

1000 2000 3000

Figure 2b: The relationship between elevation and wind speed in months July to December in
western Nepal

In the above wind model, the wind stations up to
the elevation (2566 m) were considered and the
highest station considered in the analysis was
Thakmarpha. Therefore it is not recommended to
estimate the wind by this model at higher elevations
than the Thakmarpha. However, there are a few
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meteorological stations, which are higher than the
Thakmarpha and therefore the wind values have to
be assumed separately for higher altitude stations.
Therefore, the mean wind speeds for Annapurna-
Machhapuchre Base Camp, Langtan-Kyanggin
and Kanjiroba meteorological stationswhich are
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Table 2. Constants of the wind model for
Western Nepal

Month A -A1*10%| A2 *107 R?
Januar 0.6082 0.6 7] 0.96
Februa 0.7787 0.6 8| 0.95
March 0.9694 0.4 7| 0.93
April 1.3409 0.6 7| 0.84
May 1.5767 1.2 9 0.84
June 1.5629 1.8 101 0.91
July 1.3961 2 10| 0.95
August 1.1423 1.6 10| 0.96
Septe 0.9116 1.2 9 0.98
Octobe 0.5961 0.6 7| 0.96
Novem 0.5003 0.6 7| 0.99
Decem 0.5266 0.6 7| 0.98

situated at much higher elevation, are estimated
separately for each month and those mean
monthly values were used in the stations, whose
elevations are above 2566 m. These estimated
values are given in Table 4, which represents the
wind speed values used for all the months and for

all sites, whose elevation in the range of 2567 m to
3803 m, the latter being the elevation of the highest
climatological station, Mugu.

The observed and simulated wind speed values
for 110 rainfall stations in Western Nepal for all
the months were prepared and analyzed by the
SURFER graphical software. Here only the results
of January and July are presented for discussion.

In January as shown in Figure 3, the wind speeds
were generally more than 2.6 m s? at the High
Mountain Regions in the Western Nepal and at
the same time, it showed more than 4.25 m s? at
Thakmarpha. During that month, a few pocket
areas such as Dadeldhura, Chisapani Karnali,
Khanchikot and Daman indicated 2.0 m s In
Terai area of Western Nepal, wind speed was less
than 0.6 m s

Similarly, in July as shown in Figure 4, the
wind speeds at the High Mountain Regions in

Table 3: Mean monthly wind speed values (m s*) for sites
Having elevation in the range of 2567-3803 m

Jan Feb | Mar

Jul Aug | Sep Oct Nov Dec

308 | 323 | 319

259 | 240 | 259 | 286 | 271 | 2.82

805 81 815 82 825
Longitude (°E)

8 835 84 845 B85 855

Figure 3: Mean Monthly Wind Speed (m s?) for the Coldest Month, January in western Nepal
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Western Nepal were more than 2.2 m s except
Thakmarpha, where the wind speeds were
observed more than 4.68 m s*. During that month,
a few pocket areas such as Daleldhura, Khanchikot
and Daman observed more than 1.88 m s and the
Terai observed 0.6 to 1.0 m s,

4. RESULTS AND DISCUSSION:

Wind data have been generated for all the rainfall
stations for all the months. The estimated data
were, however, substituted by the recorded data
where available. This study was a part of water
resources studies in terms of irrigation planning at
Western Nepal. Generally, planning of irrigation in
very high altitude areas has very less priority and
therefore a very crude tentative wind speed have
been considered for the high altitude (2567 to 3803
m). For the other purpose, the tentative values may
not be valid and therefore further research need to
be done to solve the problem.

It was noted that the seasonal variations of wind
speed occurred in all the places. The highest wind
speeds were observed in April and May in all the

stations except High Mountain areas where the
high wind speed occurred during December and
January. During this time, generally sub-tropical
westerly jet-stream prevailed up to 500 mbs in the
Himalayan Region. At the same time, significant
diurnal variation also occured especially at wind
pocket areas. It is understood that river valley
of Chisapani Karnali, Bagmati at Karmaiya and
Butwal experienced very high wind speed during
the night time and in the contrary a very strong
local wind occured in afternoon at Thakmarpha,
Jomosom and Jumla. This type of local wind is
created by the results of difference of heating
and cooling between the surrounding mountains
and the valleys. During the day, the air over the
mountain heats up and in a narrow valley this may
sets up an up valley winds(known as Anabatic
wind) and at night the reverse occurs producing
down valley winds (known as Katabatic wind).

Wind speed data are very much localized and
its observation may not represent the area of
study as a whole. Therefore, investigation has
to be done in the study area to consider the best
possible wind speed, which represents the study

304

29.54

294

Latitude (°N)

28.54

28+

27.54

805 81 815 82 825

83 835 84 845 85 855

Longitude (°E)
Figure 4: Mean Monthly wind Speed (m s-1) in July at the western Nepal.
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area. Also the wind speeds play a secondary role
in the estimation of ETo by Penman and Monteith
equation and therefore the estimated wind values
are quite satisfactory for the present analysis.

5. USIONS AND SUGGESTIONS:

More wind stations (manual and automatic) are
necessary for better analysis of wind data in Nepal
due to extreme topographical differences within a
short distance. Sincere advice to the Department of
Hydrology and Meteorology, Nepal take necessary
initiate to process and publish their data regularly
within the subsequent year.
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Variations of Rice Yield with Rainfall in Nepal during

1971 - 2000*

Janak Lal Nayava
Freelancer Consultant in Agrometeorology
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ABSTRACT

This study attempts to show the relationship between rice yield and rainfall in Nepal during the period 1971-2000.
During the period, there was a shortfall in rice production in almost 10 years showing the crucial relationship
between rainfall and rice yield. The minimum deficit year accounts for 70,000 metric tons in 1997 compared to the
previous year and maximum deficit accounts for more than 800,000 metric tons in 1982 compared to the previous
year during the study period. In terms of monetary value, the deficit comes to US$ 13 million and US$ 120 million
respectively during the minimum and maximum deficit years. Since rice occupies an important role in the national
economy, a detailed study of rainfall and rice yield should be carried out.

Keywords: Rice yield, Rainfall, Nepal
1. INTRODUCTION

Water requirement of rice cultivation is greater
than that of any other crops of a similar duration.
It varies with the type of soil, climatic condition,
cultural practices and the duration of the variety
grown. On an average, the amount of water
required for rice is 500-650mm depending upon
the prevailing conditions such as solar radiation,
temperature, growth duration, variety, location
etc. Generally 4 to 5 mm of water per day is
needed for evapotranspiration. Rice is grown in
lowland as well as upland of Hills and Tarai region.
According to the 2001 Census of Agriculture,
the total cropped area under rice cultivation was
1.5446 million hectares. In percentage, it is 45.1%
of the total cropped area under cereal grains. The
land under irrigation is 1.1683 million hectares
in 2001/2002, but how much the rice area under
irrigation was not known. The rice is still the
most popular cereal grain being cultivated by

more than three-fourths of the total holdings. The
area under rice is still increasing.

The contribution of agriculture sector to GDP
is approximately 38% of which the rice weighs
20.75%. The dependency on agriculture in the
country’s economy is about 66% of the total
population engaged in this sector (MoAC,
2006). Nepal, topographically divided into
three ecological zones, namely, Tarai, Hills and
Mountain, which has been further divided into
Eastern, Central, Western, Mid Western and Far
Western development regions.

Nepal is one of the unique places on the earth,
where the land rises from 65 m to 8848 m, which
is the highest place in the world. Therefore, Nepal
experiences almost all types of climates owing
to the topographical differences within a short
distance. Generally 80 percent of rainfall occurs
in the summer monsoon during June to September.

* This paper was published in Journal of Hydrology & Meteorology, 2008 pp.93-102
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The low land Tarai extends up to 610 m covering
inner Tarai and foothills of Churia range. It
comprises 23 % of land area and accommaodated
48.43% of population in 2001. The Hills extends
from 610 m to 4877 m and covers 42% of land area
and accommodated 44.28% of the total population.
Similarly, the Mountain covers 35% of land and
accommodated 7.29% population of the country
as shown in Figure 1 (CBS, 2006). According to
the National Census of Nepal, 2001, population in
Nepal was 23,151,423 and the population and land
distribution at different ecological zones of Nepal
is shown in Figure 2.

60
50 H

@ % of the land area
® Population %

Mountain Hills Tarai

Figure 1: The distribution of land
area and population in different
ecological zones in Nepal
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Figure 2: Population distribution at different
regions in Nepal

2. RICEGROWING SEASON AND SUMMER
MONSOON

The main rice growing season of Nepal falls
during the months from June to October, which

also coincides with the summer monsoon. Around

Journal of Hydrology and Meteorology, Vol. 5, No. 1

70 to 90 percent of annual rainfall occurs during
the monsoon season from June to September. The
summer monsoon starts from Eastern region of
Nepal and after two to three days it reaches to the
Kathmandu Valley (around 12 June), which lies in
the Central region. Then onwards, and after a week
or so, it covers whole Nepal. The timely onset of
monsoon is very important as the transplanting of
rice seedling depends upon the arrival of monsoon
rain. The preparation of rice nurseries starts almost
a month ahead of transplanting. If the monsoon
is delayed or weak in nature, the seedling can be
damaged. During the time of transplanting, the top
soil should be submerged, otherwise transplanting
will not take place. Generally 100-200 mm of water
is required for puddling the wet soil. Therefore
it is not only the onset of monsoon, the rainfall
characteristics such as depth, frequency, intensity
and distribution in time and space are all the
important factors for the positive impact on growth
of rice and for that matter entire agriculture. Taking
into consideration the importance of monsoon
rain, this study attempts to cover whole of Nepal
both on regional and ecological basis with respect
to variations of rice yield with rainfall during the
period 1971-2000.

3. SCENARIOS

The rice cultivated area in different regions in
Nepal is shown in Figure 3.
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0
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@ Fice 2000 |
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Figure 3: Rice cultivated in the year 2000 at
different regions in Nepal
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The simplified mathematical model of growth
indices developed by Fitzpatrick and Nix (1970)
was calibrated in the Nepalese environment by
Nayava (1981) and the result is presented with the
example of Rice Research Centre, Parwanipur data
in Central Nepal (Figure 4a and Figure 4b). Due to
the prevailing climates, the country can have two
to three crops in a year in lower altitude. The main
crop is cultivated in summer monsoon during the
months from July to October; the second crop as
wheat is cultivated from November to March and
the third crop is cultivated from March to June.
The second and third crops mainly depend upon
irrigation application, other wise only one crop can
be cultivated in rain-fed condition with optimum
expected yield.

The growth Indices (G.l.) considers light (LI),
thermal (T1) and moisture regimes (Ml) intoalinear
function with a scale ranging from zero to unity.
In this analysis, growth indices (G.l.) have been
defined as most favorable G.l. (higher than 0.8),
fairly favorable G.I. (0.4 to 0.8) and least favorable
G.I. (less than 0.4). The most favorable is the
optimum climatic potential for cultivation where
all environmental indices such as light, thermal
and moisture have almost non-limiting condition
for growth. However the moisture index greater
than 0.9 is considered most favorable for rice
cultivation. Therefore the presented Figure 4a and
Figure 4b show that the three crops (two tropical
species (TS) as rice and one warm temperate
species (WTS) as wheat) can be easily managed if
irrigation facilities could be extended.

4. FOOD SECURITY

Rice is grown on 45% of the total cropped area
under cereal grains in Nepal. The success and
failure of rice cultivation has significant impact
on Nepalese economy as well as food security in
Nepal. Generally, Tarai region is self sufficient
in food but due to poor networks of road in Hills

Journal of Hydrology and Meteorology, Vol. 5, No. 1

Growth Indices

1 6 % 13 17 21 26 289 33 37 41 456 49
Week

Figure 4a: Growth indices in Parwanipur at
rain-fed conditions

Growth Indices

1 5 8 13 17 21 25 28 33 37T 41 45 4
Week

Figure 4b: Growth Indices in Parwanipur at
irrigated conditions

and Mountain, most of the districts of Hills and
Mountain have food deficit. National Agriculture
research Council (NARC) has developed 11
varieties of early rice and 38 varieties of main
season rice depending upon the local climate
(NARC, 2005). Traditionally, Nepal cultivates rice
even in high elevation located area, such at Jumla,
2300 m from mean sea level.

5. DATA

This study has used thirty years (1971 - 2000)
of monthly rainfall for the selected 170 rainfall
stations in Nepal. These data were made available
from Department of Hydrology and Meteorology
(DHM). Source of the rice data is the Department
of Food and Agricultural Marketing Services
(DFAMS), Nepal Planning Commission (NPC),
Central Bureau of Statistics (CBS) and Ministry
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of Agriculture and Cooperatives (MoAC). The
analysis has been conducted at three levels:
National, Development region and Ecological
zones level. However, in order to save the repetition
the analysis of Central development region and
Western development region has been shown in
one place and Mid-Western development region
has been merged with the Far Western development
region. In addition to consider the rainfall and rice
yield for thirty years, the other available data has
been considered up to the 2005/06. Initially, the
thirty years of rainfall and crop data were used for
the study. While the study was on progress, the crop
data were available till 2005/06 and rainfall data
were not published for that period and therefore the
available data were used for the analysis.

6. ANALYSIS
6.1 NATIONAL LEVEL

While observing the rice yield in Nepal during
1971 to 2000, there is clear indication of sharp
reduction of the rice yield in the years 1972, 1976,
1977, 1979, 1982, 1986, 1992, 1994, 1997 and
1999 as shown in Figure 5. At the same period, the
deficit of monsoon rainfall from the normal rainfall
(1450mm) was clearly shown in 1972, 1977, 1979,
1982, 1983, 1986, 1990, 1991, 1992, 1994 and
1997. This shows that there is a positive correlation
between rainfall and rice yield. Whenever the
rainfall is below normal, there is deficit of the rice
yield in Nepal. This phenomenon was prevailed
throughout the study period except in 1999, where
the rice yield was increased despite the monsoon
rainfall below the normal.

Similarly, the increment of yield is due to use of
high yielding seeds, which occupy 71% of the
cultivated area during 1999/2000 (MoAC, 2000).
The area with improved seeds has gone up to 85%
during 2005/2006 (MOAC, 2006). The higher yield
is also due to the improved management practices
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of cultivated land and smaller land holding size
with increase in population. The following Figure
shows a positive correlation between rainfall and
rice yield (Figure 5).

Rice Vield and Raimfall in Hepal

1000 i
TTTTTITT |

E 2E00 —— Raintan Sinls

= 2200 5 Rice Vield lat= ™| ™ IIT"

H -l. L] Tl I}" [ w| |
1800t i

| |+
= 1400 e oS o APEREL e * du
- ¥ ™ o) "l

1000

1471 1475 1979 1983 1987 19M 1885 1999
Wear

Figure 5: Rice Yield and Rainfall in Nepal

It is not only the increase of rice yield after 1995,
the area of rice cultivation has also increased after
1994/1995. During that period, the cultivated
rice area was 1,42,0920 hectares. This cultivated
area was gone up to 1,56,0044 hectares during
2000/2001. During those six years, the cultivated
area of rice has been increased to 139,124 hectares.
Recently, the rice area has been increasing, but the
reasons of increasing the cultivated area of rice
are not clear. During 1990/1991 the rice yield was
about 2400 kg/hectare and the rice yield was more
than 2700 kg/hectare during 2000/2001.

According to the Ministry of Agriculture and
Cooperatives and the Central Bureau of Statistics,
increased area of rice cultivation is due to double
cropping of rice, but Agriculture Census 2001/2002
do not tally their argument. This sudden increase
rice area is mentioned in Monograph, Agricultural
Census, Nepal, 2001/02. The report mentioned that
the increase of rice area may have come from non
—agricultural land, some may have come from land
under permanent pasture (CBS, 2006).

Itisinteresting to note that rainfall patternand yield
are very close to each other from the early 1970’s to
1986 as shown in the Figure 5. After 1986, the gap
between rainfall and yield are far more than earlier
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part. This may be the improvement of technology
of producing a better yield.

6.2 REGIONAL BASIS
6.2.1 EASTERN REGION OF NEPAL

Therice yield in the Eastern region of Nepal for the
period 1971 to 2000 was tabulated along with the
rainfall in the Eastern region for the same period
for 27 stations and plotted in Figure 6. This also
shows that the deficit of rice yield coincides with
the below monsoon normal rainfall.

The rice area, production and yield for the eastern
region for the last three decade and the latest data
on rice 2005/06 are shown in Table 1. The table
shows that the increase of area was noted during
1990/91 to 2000/01 and the increase of yield was
also observed during 1990/90 to 2000/01.

Table 1: Rice area, production and yield
in the Eastern region

Year Area Production (M tons) | Yield (kg/ha)
1980/81 460202 872109 1895
1990/91 463405 1045852 2257
2000/01 505514 1393288 2756
2005/06 508122 1421046 2797

6.2.2 CENTRAL AND WESTERN REGIONS
OF NEPAL

The rice area, production and yield for the Central
and Western regions for the last three decades and

the latest crop data 2005/06 are shown in Table
2. The area of rice in the Central and Western
regions during 1990/91 to 2000/01 was increased
and the yield in the Central and Western regions
was noticeably increased during 1980/81 to
1990/91.

The rice yields in the Central and Western regions
of Nepal were also plotted in Figure 7a and Figure
7b. This shows that the deficit of rice yield in the
Central region was observed in 1977, 1982, 1986,
1992, 1994 and 1998. At the same period the deficit
of rice yield in the Western region were observed
in 1977, 1979, 1982, 1986, 1991, 1992, 1994 and
1997.

The higher yield of rice was observed in the
Central region. One of the reasons may be due
to higher input of fertilizer use, which was made
possible by an easy access of road facilities in
Tarai, Hills and Mountain in the Central region
compared to the other regions of Nepal. During
2002/03, the sales of chemical fertilizer were 107,
19376 and 51263 M.Tons in Mountain, Hills and
Tarai regions in Nepal. The sales were 84%, 80%
and 32% respectively in Central Mountain, Central
Hills and Central Tarai (MoAC, 2003). The road
network has made possible to transport fertilizer
in this region manifested in higher sales compared
to other regions.

6.2.3 MID WESTERN AND FAR WESTERN
REGIONS OF NEPAL

The rice area, production and yield for the Central

Table 2: Rice area, production and yield in the Central and Western regions

Central Western
Production Production Yield (kg/

Year Area (ha) (M.tons) Yield (kg/ha) Area (ha) (M.tons) ha)
1980/81 436729 881336 2018 289801 556981 1922
1990/91 433778 1163961 2683 286063 664310 2322
2000/01 448340 1285108 2866 309550 798939 2581
2005/06 432740 1225238 2831 312209 789977 2530
Journal of Hydrology and Meteorology, Vol. 5, No. 1 SOHAM-Nepal
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Figure 6: Rice Yield and Rainfall at the
Eastern Region

and Western regions for the last three decades and
the latest crop data 2005/06 are shown in Table
3. The rice area was increased from 1980/81 to
1990/91 and also increased to 2000/2001in both
Mid Western and Far Western regions and similarly
the yield was also increased in both the regions.

Figure 7a: Rice yield at the Central region
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Figure 7b: Rice yield at the Western region

Table 3: Rice area, production and yield in the Mid Western and Far Western regions

Mid Western Far Western
Production Production Yield (kg/
Year Area (ha) | (M.tons) Yield (kg/ha) | Area (ha) |(M.tons) ha)
1980/81 128895 254357 1973 118443 208599 1761
1990/91 144757 336905 2327 124972 286583 2293
2000/01 157662 414080 2626 138978 325050 2339
2005/06 156094 427912 2741 140282 345106 2460

Therice yields in the Mid Western and Far Western
regions of Nepal were also plotted in Figs. 8a, 8b.
This shows that the deficit of rice yield in the Mid
Western region was observed in 1979, 1982, 1984,
1986, 1991, 1992, 1994 and 1997. At the same time,
the deficit of rice yield in the Far Western region
were observed in 1972, 1974, 1977, 1979, 1982,
1987, 1992, 1994, 1997 and 1999.

While looking at the trend of rice yield in
all the five regions of Nepal, the deficit of
yield occurred more in the Eastern and the Far
Western regions but the Far Western region

Journal of Hydrology and Meteorology, Vol. 5, No. 1

seemed more affected than the other regions of
Nepal. This could be because of the deficit of
monsoon rainfall below the normal rainfall in
1972, 1974, 1977, 1979, 1982, 1987, 1990, 1992,
1994, 1997 and 1999.

6.3 ECOLOGICAL ZONES

There are three distinct ecological belts in Nepal,
namely Tarai, Hills and Mountain. The cultivated
rice area, production and yield for three decades
and latest crop data during 2005/06 are shown in
Table 4.
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Rice Yield at the Western Region
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Figure 8a: Rice Yield at the Mid Western Region

Rice Yield & Rainfall at the Far Western Region
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Figure 8b: Rice Yield and Rainfall at the Far
Western Region
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Mountain has the decreasing trends of rice
yields (Figure 9).

1508 Fice "2 Vield at ecological bebt in Hepal

—— Mol sin
=— Hill

Tarnd ] |

J00@

2500

KgHectare
b
=
=
=

1500

1000

Figure 9: Rice Yield at ecological zones in Nepal

Looking at the trend of rice yield during 1971 to
2000, the yield seemed to be almost similar (say
as less than 2000 kg/hectare) from 1971 to 1986
except an abrupt decrease of yield when rainfall
was below normal in some years. From 1987 to
2000, thericeyield increased from 2000 to 2400 kg/
hectare. The causes of recent increment of yield is
attributed to the uses of high yielding seeds, which

Table 4: Rice area, production and yield in three ecological belts

Mountain Hills Tarai
Area Prod. Yield Area Prod. Yield Area Prod. Yield
Year (ha) | (M.tons) | (kg/ha) | (ha) | (M.tons) | (kg/ha) (ha) (M.tons) | (kg/ha)
1980/81 | 38177 | 72828 1908 | 339718 | 712269 | 2097 | 1056175 | 1988216 1882
1990/91 | 39727 | 83810 2110 | 345098 | 821085 2379 | 1068150 | 2592716 2427
2000/01 | 52892 | 103651 | 1960 | 379039 | 931442 2457 | 1228113 | 3181372 2820
2005/06 | 64676 | 128658 | 1989 | 381591 | 1011218 | 2650 | 1103180 | 3192024 | 2893

In course of the studying of the rice yield in the
different ecological belts, the Hills regions have
shown a distinct deficit in 1979, 1982, 1986, 1992
and 1994. Nonetheless, Tarai also shows a deficit
along with the Hills region in 1972. The Mountain
region shows a deficit in 1977. No change was
marked in the Hills region.

It is interesting to note that the rice yield
in the Tarai is in increasing trend, while in
the Hills the trends of rice yield had first
decreased and then increased after 1986. The
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has been confirmed by personal discussion with
the concerned authorities as has been mentioned
elsewhere earlier.

The rice production in Nepal during 1971 to 2000
was presented in Figure 10. During the deficit years,
the production shortfall of rice varies from 70,000
metric tons to eight hundred thousands metric
tons in Nepal. In terms of monetary valuation,
it varies from more than US$ 13 million (NRs.
837.5 million) to US$ 123 million (NRs. 8028.5
million) per year depending upon the severity of
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Figure 10: Rice Production in Nepal

deficit of rainfall compared to the normal rainfall.
At present Nepal produced rice worth of more
than US$ 789 million (NRs. 50511.4 million).
Therefore, the impact of rainfall on rice yield
and production is very important subject in the
present scenario. Thus, a detailed study of rainfall
has to be considered. The results will certainly
benefit the future planning and will save millions
of dollars.

7. DISCUSSION AND SUGGESTIONS

Despite the claim of the Government of Nepal
that one third of the cultivated land have been
brought under irrigation, rice cultivation in Nepal
is still very much dependent upon the rainfall.
Had it been so, the rice production in the country
should not have fluctuated with the rainfall as the
study has shown. Irrigation in Nepal is mostly
from the rain fed rivers, which tend to dry in case
of low rainfall creating problem in irrigating the
rice field.

It is very interesting to note that there is
association between weak rainfall in Nepal
and El Nino phenomenon, a periodic oceanic
event strongly linked to large scale atmospheric
oscillation. Various researchers have worked out
the variation of El Nino and rice production in
Nepal over the period 1960-1997 (Gill et al.,
1998). They have shown the years 1972, 1977,
1979, 1982, 1986, 1992 and 1994 are bad years in
terms below normal rainfall which also coincides
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with the low rice production years. Therefore
a collaborative work between the various stake
holders including Department of Agriculture and
Department of Hydrology and Meteorology is
necessary.

Therefore the study of rainfall and rice yield should
be studied in detail to see when, how and where the
rice yield had been affected and what measures
can be adopted to minimize the future loss of rice
yield in Nepal. Gill et al. (1998) also pointed out
that there is a low rainfall cycle in every ten years
which mostly effected the Eastern region in the
years 1962, 1972, 1982 1992 and 2002.

During those years the late onset of rainfall had
occurred and the planted area of rice especially
in the Eastern Tarai was reduced compared to
the previous year. Therefore, the future study
should not only be confined to rainfall but should
also consider the detailed relationship between
climatic parameters and rice yield at the district
level considering all the relevant information from
crop growth cycle. Under these conditions, the
effect of climate change on agriculture will also
be better understood and can be better planned
for better management of agriculture system in
future.

8. CONCLUSION

The study of rice yield and the monsoon rainfall for
the last 30 years from 1971 to 2000, through crude
analysis, showed that the rice yield in Nepal was
badly affected in tenyears, particularly, inthe years
1972, 1976, 1977, 1979, 1982, 1986, 1992, 1994,
1997 and 1999. During those years, the monsoon
rainfall was lower than normal. Therefore, the
impact of rainfall on rice yield and production is
quite evident. As such, it is a burning issue in the
present scenario. The general observations of the
rainfall, rice area and rice production in Nepal
during those years are given below:
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Year General Remarks

1972 Late onset and very weak rainfall during onset/ reduced area of rice in the Eastern and Central
regions. Finally lower production of rice was observed in those regions.

1976 Poor distribution of rainfall during September, especially in all the Western regions. Production
of rice was noted lower in the Western regions.

1977 Late onset and poor distribution of rainfall in September. Rice production is effected

Generally in the Eastern and Central regions.

1979  Late onset, early withdrawal and poor distribution of rainfall in the Western regions. Very badly
decreased the rice production in the Western regions.

1982 Late onset and poor distribution of rainfall during August in the Eastern region. Reduced area of
rice planted and lower production of rice was observed.

1986 Poor distribution of rainfall during August and September in all the Western regions.
Badly effected rice production in the Western regions.

1992  Late onset and weak rainfall during August and September in the Eastern region. Reduced area

of rice and lower production were noted.

1994 Over all very poor monsoon rainfall in Nepal. Reduced rice production was noted in Nepal.
1997  Weak rainfall distribution in the month of August in the Eastern region. Reduced rice

production.

1999  Poor distribution of rainfall in September in the Eastern region. Reduced rice production.

Recently, the El Nino events are predicted a few months ahead by World Meteorological Organization.
Seasonal rainfall forecast is also issued by different International agencies. Usefulness of this kind
of information to the agricultural activities in Nepal should be explored. At the same time the
collaborative works between the concerned Departments should be stressed to study the rainfall and

rice yield in Nepal.
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ABSTRACT

The relation between climate and wheat production in Nepal was studied for the period 1970/71-2007/08. Due to
the topographical differences within short north-south span of the country, Nepal has wide variety of climatic
condition. About 70 to 90% of the rainfall occurs during the summer monsoon months (June to September) in
Nepal and the rest of the months are almost dry. Wheat is cultivated during the dry winter period and therefore, the
supplementary irrigation plays a vital role in its cultivation. Varieties of wheat have been developed to suit the local
climatic conditions. Due to the availability of improved seeds, modern cultivation practice and a supplementary
irrigation; the wheat cultivation has increased substantially throughout Nepal. The national area and production of
wheat has remarkably increased from 228,000 ha to 706,481 ha and 193360 mt to 1,572,065 mt during 1970/71 to
2007/2008 respectively. Future planning to increase the wheat production in Nepal should give due consideration
to the effect of global warming also. The present rate of annual increase of temperature was 0.06°C in Nepal.
Trends of temperature rise were not uniform in Nepal. An increase of annual temperature at Bhairahawa during
1970-2008 was only 0.018°C. However, the wheat growing seasons at Bhairahawa, the trend of annual maximum
temperature during November to April was -0.0068°C during the study period. Though modern facilities such as
irrigation, improved seeds and fertilizers are available to some extent, weather and climate still plays an important
role in the increase of area and production of wheat in Nepal

Keywords: climate change, plain low land (phant), global warming, trend

INTRODUCTION climate and subtropics. Wheat is the third largest

cereal crop in Nepal. Now the country produces

For any crop grown in an area, it is better to have
description of physiographic, types of soils and
their field capacity and climates of the area. Due
to the topographical differences at the shortest
distance almost all types of climates prevail in
Nepal. In Nepal wheat is grown in the temperate

157 million mt and exports wheat to the other
countries.

It is desirable that the minimum and maximum
temperature during the wheat growing period
should be 3° C to 32° C respectively and the mean

* This paper was published in Journal of Hydrology & Meteorology, 2009 pp.1-14
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daily temperature for optimum growth is between
20°C and 25°C(Briggle, 1980). Knowledge of
genetic characteristics and particularly growth and
development pattern of wheat varieties is essential
for meeting the combination of various climatic
requirements for growth development and yield
formation. It is known that the upper limit of crop
production is set by the climatic condition specially
temperature regimes and the genetic potential of the
variety grown. The extent to which this limit can
be reached will always depend on how finely the
engineering aspects of water supply are in tune with
the biological needs for water in crop production
(FAO, 1979). For higher yields, water requirements
are 350-500 mm depending on climate and length
of growing period in Nepal. There should be
adequate water during the establishment period.
Water deficit during the filling period results in
reduced grainweight. However, during the ripening
and drying—off period, rainfall or irrigation have
negative impact on the yield. The area under wheat
cultivation in different regions of Nepal is shown in
Figure 1. For administrative purposes, the country
is divided into five Regions. Each Region has Tarai,
Hills and Mountain.
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Figure 1: Wheat cultivation in the different
regions in Nepal

2. DATA

This study has used thirty eight years (1970/71
— 2007/08) of crop data in Nepal. Weather data

Journal of Hydrology and Meteorology, Vol. 6, No. 1

were made available by the Department of
Hydrology and Meteorology (DHM). Source of
the wheat data is the then Department of Food and
Agricultural Marketing Services (DFAMS), Nepal
Planning Commission (NPC), Central Bureau of
Statistics (CBS) and Ministry of Agriculture and
Cooperatives (MoAC).

Taking into consideration the winter rainfall and
the growing season of wheat, this study attempts
to cover whole of Nepal and three ecological belts
and a case study at one National Wheat Research
Centre at Bhairahawa in Tarai, where the irrigation
facilities are available.

3. ANALYSIS
3.1. NATIONAL LEVEL

While observing the wheat yield and their
production in Nepal during 1970/71 to 2007/08,
the area was about 228,400 (Two hundred twenty
eight thousands and four hundred) hectare during
1970/71 and in 2007/08, the area has increased
to 706,481 (seven hundred and six thousand
four hundred eighty one) hectare. There is clear
indication that the area under wheat cultivation
has increased more than three folds in 2007/2008
during the study period. The wheat production was
193,360 (one hundred ninety three thousand and
three hundred sixty) mt in 1970/71 and now the
production is 1,572,065 (on average 1.57 million)
mt in 2007/08. The wheat production during the
study period of 1970/71-2007/08 has increased
more than eight fold. The wheat production during
2008/2009 will be much lower in Nepal compared
to the previous year due to the long period of dry
spell and warm period during this wheat season.
Especially, wheat depended on rainfall would be
badly affected in Hills and Mountain in Nepal.

National Agriculture Research Council (NARC,
1997) mentioned that performance in wheat
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production in Nepal has increased remarkable
due to wide spread cultivation of high yielding
varieties since 1972. Although attempts on variety
development were initiated since late fifties, the
systematic breeding works began only after the
establishment of National Wheat Development
Programin 1972. Infact Department of Agriculture
had launched a “Grow More Wheat Campaign” in
1965/66 with the introduction of Mexican wheat
varieties introduced via India. The new varieties
of seed were launched since then and now occupy
96% in 2006/2007(MOAC, 2006). There are
altogether 30 varieties developed for different
environment in Nepal (NARC, 2007). The
national wheat area and production from 1970/71
to 2007/08 are shown in Figure 2. Initially during
the first decade, the yield was almost constant
and in the later part the yield increased to more
than 2 mt per hectare as shown in Figure 2. This
is clearly due to improved modern technology
and adoption of high yielding varieties as well as
supplementary irrigation.
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Figure 2: The National wheat area and production

The Department of Irrigation have claimed
that there are more than one million hectares
was irrigated in Nepal during 2007/08 (MOAC,
2008). Traditionally there are a hundreds of small
temporary water channels managed by local
farmers since long before. It is estimated that as
of 2002 government agencies and farmers have
developed irrigation infrastructure covering
about 1,121,441 ha. Of this farmer managed but
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intervened by Department of Irrigation system
cover about 59%, farmer managed system(not
yet intervened) cover 27% and the rest 14% area
is irrigated by those farmer managed irrigation
systems supported by ADB/N (Sharma, 2004).

Recently available data reveals that net command
area of government assisted farmer managed
systems is 334,237 ha and area farmer developed
and farmer managed systems is 276,219 ha.
Furthermore, area under ground water projects
(most of them managed by farmers) is reported to
be 230,275 ha area irrigated by Agency Managed
Irrigation Systems (AMIS) is 280,710 ha (DOI,
2004). It will be interesting to find out that how
much different irrigation systems had all year
round facilities and how much irrigated systems
had a capacity of serving irrigation in winter
time.

There was the special program on Food Production
in support of Food Security In Nepal (SPIN)
implemented by the Departments of Agriculture
and Irrigation and FAO in several irrigation
systems of two hills (Syangja and llam) and two
Tarai (Nawalparasi and Jhapa) districts during
1995 to 1998. The study showed that the wheat crop
yield showed an increase of 110% over the base
yield with the introduction of improved package
of technology (Sharma 1998).

By the end of this century, the average increase
of temperature is either to be between 1.5°C to
4.5°C in the world (IPCC, 2007). It is interesting to
know that the annual warming in the Himalayan
region between 1967 and 1994 was 0.06°C. Trends
of temperature rise were not uniform in Nepal,
but the Himalayan region seemed to have much
more increase of temperature than the lower
elevation (Shrestha et al. 1999). Retreat of glaciers
and forming the new lakes are a fresh example
of global warming affect in Nepal. Bursting the
glaciological lake means flooding followed the
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disaster of that area. This is a really hot topic and
understanding the holistic system of Himalayan
water and their future role of water supplies for
agriculture and hydro power and so and so for.
There seemed to be no fixed pattern of annual
rainfall in Nepal except slightly decreasing trend
in the Far Western Nepal and the intensity of
rainfall appeared to increase (Nayava, 2004). The
inter-annual variation of monsoon rainfall and
their affect in rice yield and production are very
interesting and the lesson can be learnt for those
studies (Nayava, 2008).

3.2. ECOLOGICAL BELTS

The wheat area and production in three ecological
belts are as follows:

MOUNTAIN

In course of studying wheat cultivation in three
ecological belts, the Mountain region showed
that the increase of area has almost doubled
and the yield increased to the little above 50%
during the last 38 years. The gap of the area and
production showed a change after 1995 in the
Mountain (Figure 3). This can be attributed to
the improvement of technology of wheat farming
as shown in Figure 3. The production of wheat
in the Mountain region increased from 28,900
mt to 83,739 mt during the last 38 years from
1970/71 to 2007/08. During the wheat growing
season (November to May) in the Mountain
region, the rainfall is about 150 t0 250 mm,
but the nature of rainfall was very erratic. The
average annual temperature during the growing
season in Mountain was 6°C to 18°C. The annual
temperature trend in the Mountain region at
selected place in Jumla, 2300 m was observed
only 0.035°C during the 1977-2008. In fact
Mountain region as defined include only 7.6% of
the total wheat area and contributes 5.3% of the
total wheat production in the country.
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Figure 3: The wheat area and production in
Mountain

HILLS

During the wheat growing season (November/
December to April/May) in the Hills Region,
the rainfall is about 100 to 200 mm with higher
distributions in the Western Hills than the Eastern
Hills. Therefore, the cultivation of wheat area is
more in the Western Hills than the Eastern Hills
as shown in Figure 2. Mean annual temperature
during the growing period in the Hills ranged from
9° C to 24° C. The annual temperature trend in
the Hills Region at selected places in Surkhet was
observed only 0.028° C during the 1977-2008. The
Hills region showed nearly three fold increase of
area and the yield showed 100% increase during
the same period from 1970/71 to 2007/08. The
gap of the area and production showed a change
after 1988 in the Hills (Figure 4). The production
of wheat in the Hills region increased from 82,800
mt to 447,791 mt during the study period. In fact
Hills region as defined include only 34.57% of the
total wheat area and contributes 28.5% of the total
wheat production in the country.

In the mid Hills, there is significant area under
wheat that is very similar to Tarai in terms of
varieties grown. For example Tarai, Tars and
many river basin areas of mid Hills, Tarai varieties
are grown. If one sees wheat in the mid and
Far-Westen Hills districts, all good production
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Figure 4: The wheat area and production in Hills

comes from river basins and plain areas in the
foot hills (they call Phant such as Dipayal phant,
Sakayal phant, Bandungrasain phant etc. in Doti,
Dadeldhura districts). In general there are 57.8%
the area of wheat which lies in the Tarai and
similar environment contributes about 66.2% of
the country’s total wheat production. Rest goes to
Hills and Mountain.

TARAI

The wheat is grown during winter (November/
December to March/April) in Tarai. During this
period about 2 to 5 percent (less than 100 mm,
more precisely 30-90 mm) of seasonal rainfall
occur in the Tarai. These winter rains are very
irregular and erratic in nature. In Nepal, 70 to 90%
of rainfall occurs in the summer monsoon and the
rest of the months are almost dry. Distribution
of winter rainfall is more in the Western Tarai
than in the Eastern Tarai. The winter rain caused
by westerly disturbances originates from the
Mediterranean Sea. Annual mean temperature
during the growing period of wheat in Tarai is
15°C to 30°C. The annual temperature trend in the
Tarai Region at the selected place in Bhairahawa
was observed only 0.005°C during the 1977-2008.
In fact Tarai region as defined include only 57.82%
of the total wheat area and contributes 66.2% of
the total wheat production in the country.
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During the last 38 years period from 1970/71 to
2007/08 (Figure 5), the production of wheat in the
Tarai region increased from 81,600 mt to 1,040,535
mt. It is interesting to note that the wheat yield in
Tarai was initially lower. After the introduction
of high vyield varieties and irrigation facilities,
the yield increased more than those of the Hills
and Mountain. In Tarai alone area under wheat
increased by 350% and its yield increased three
fold. The harvesting of wheat is about a week
earlier in Western Tarai than in the Eastern Tarali
due to the temperature differences.
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Figure 5: The wheat area and production in Tarali

In terms of development of wheat at three different
ecological belts, the productivity is measured by
yield and therefore the yield at three ecological
belts are presented in Figure 6, which shows that
the yield is much higher in Tarai than in the Hills
and the Mountain region. In cereal production, the
progress in wheat has had remarkable achievement
in Nepal. Especially wheat in Tarai had very
much improved due to partial irrigation and use
of high yielding varieties. Due to recent global
warming, Tarai may be badly affected. The above
discussions were the general studies of climate and
wheat in three distinct Regions of Nepal. But one
has to go very much detailed study at a place for
the impact of climate constraints and their change
and therefore Bhairahawa has been considered for
ameso-scale study to find the relationship between
climate and wheat.
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Figure 6: The wheat yield at three ecological belts

4. A CASE STUDY: NATIONAL
WHEAT REASEARCH CENTRE,
BHAIRHAWA IN TARAI

The simplified mathematical model as growth
indices developed by Fitzpatrick and Nix (1970)
was calibrated in the Nepalese environment by
Nayava (1981) and is presented with data from the
Wheat Research Centre, Bhairahawa, a district
in Western Nepal (Figure 7a and Figure 7b).
Bhairahawa is a low land in plain area and
dominantly prevails with alluvial clay soil.

The growth Indices (G.l.) considers light (LI),
thermal (T1) and moisture regimes (MI) into a
linear function with a scale ranging from zero to
unity. In this analysis, growth indices (G.I.) has
been defined as most favorable G.I. (higher than
0.8), fairly favorable G.I. (0.4 to 0.8) and least
favorable G.I. (less than 0.4) are defined. The most
favorable is the optimum climatic potential for
cultivation where all environmental indices such
as light, thermal and moisture have almost non-
limiting condition for growth, say as growth index
higherthan 0.8. The Figure 7aindicate that only one
tropical species (TS) can be grown under optimum
condition during the week 25 to 43 (June 18 - 24 to
October 23 - 29) as rain-fed condition in summer
season. Figure 7b show that the three crops (two
tropical species during the week 11 to 44 (March
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12 - 18 to October 30 - November 5) and one warm
temperate species (WTS) as wheat during the week
44 to 12 (November 30 - December 5 to March 19
- 25) can be easily managed with proper irrigation
facilities. Cold temperate species (CTS) can not be
grown in rain-fed as well as irrigated condition.

Thus, only one crop as tropical species can be
cultivated in the rain-fed condition for optimum
yield during the summer monsoon as shown
in Figure 7a. The second and third crop can be
managed only by irrigation application as described
earlier and is shown in Figure 7b. However, wheat
sowing in Tarai can be delayed up to the second
week of December without significant reduction
in yield. Wheat seeds sown beyond these dates
resulted yield reduction of 30 to 50 kg/day/ha
(NARC, 1997). When weather and climate relate
with agriculture, one has to study the diurnal
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Figure 7a: Growth Indices at Bhairahawa, 109
m at rain-fed conditions
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variation as well as short term climate data such
as weekly and ten days mean with reference to
daily data are needed to see the relation between
climatic parameters with crop cycle. As a matter
of fact, the energy and moisture balance are very
necessary for crop under study.

The Figures 7a and 7b reveal that without the
supplementary irrigation, the present yield and
production in wheat yield is not possible in Nepal
especially in the Tarai region. Whatever one grows,
whether under rain-fed or irrigated conditions, one
should be aware of weather and climatic conditions
to have expected production. Without efficient
use of water, our target production may never be
achieved. It is high time to document the use of
irrigation facilities in Nepal in detail, so that one
should know how much water has been really used
and what strategy has to be considered in future.

It is very interesting to note that the wheat yield in
Tarai, Hills and Mountain justify the crop weather
model patterns as described earlier. According to
crop weather model, the Tarai is most favorable,
the Hills and Mountain are only favorable. The
results were tallied by yield pattern in different
ecological belt as discussed earlier.

The crop data are available only in district wise and
the Bhairahawa belongs to the Rupandehi district.
The development of wheat started from Bhairahawa
Agricultural farm in Rupandehi district during the
early 1970’s. Initially the area of wheat as well as
yield in Rupandehi district was very low as shown
in Figures 8 & 9 and only later the development of
wheat took place as already described.

Inthat present scenarios of climate change, detailed
study of crop and climate relation during the
particular cropping period are required, whether
that period has any changes from normal pattern
or possible departure which may affect the crop
in stand.

Journal of Hydrology and Meteorology, Vol. 6, No. 1

During the wheat growing season in November/
December to March, the normal rainfall during
1970/71-2006/07, the rainfall was 88.6 mm and the
number of rainy days was 7 days. Below normal
or less than 87 mm of rainfall was experienced
in 26 years out of 37 years. Only 7 years showed
more than 100 mm of rainfall. During those 37
years, 7 years had less than 25.0 mm of rainfall.
Though such a poor rainfall and a few rainy days,
the cultivation of wheat area has been increasing
as shown in Figure 8 and at the same time the yield
per hectare has also been increasing as shown in
Figure 9. It is purely due to the development and
uses of high yielding varieties as well as availability
and uses of irrigation facilities.

It has been mentioned that depending upon the
availability of water, irrigation in wheat crop is
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Figure 9: Wheat yield at Rupandehi
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recommended at the crown root initiation stage (25-
30 days after showing), at the heading stage and at
the grain filling stage (NARC, 1997).In general, it
seems that the increase of land area and yield were
both due to irrigation facilities. Otherwise, it was
not possible to get higher yield without irrigation.
A supplementary irrigation by ground water
project in Bhairahawa is worth mentioning. On
the contrary, the relationship between rainfall and
wheat yield is very complex due to non availability
of data on irrigation applications. It is certain that
rainfall distribution in February and March had a
very good impact on yield. There seemed that the
most of the up and down cultivation of wheat area
was a result of October rainfall and it helped as
residual moisture during planting time. In addition
to supplementary water, the improved varieties
of seeds may have had a role for higher yield in
Bhairahawa. From 1998, the wheat yield increased
from 1800 to above 2500 kg / hectare. The use of
HYV seeds can increase yield by 15 to 25% (Cox,
2000). This jump in wheat yield is partly due to
application of increased fertilizer inputs over time
too. The causes of recent increment of yield are
attributed to the uses of high yielding seeds which
have been confirmed by personal discussion with
the concerned authorities, however the concerned
authorities should take seriously this matter in
future estimation.

The production of wheat in Rupandehi district
was shown in Figure 10. It is very unfortunate that
when and how much water had been added by the
irrigation was not available. This is a matter of
study required in future. The production of wheat
in Rupandehi district was shown in Figure 10.

5. CLIMATE CHANGE AND THEIR
EFFECTS ON WHEAT

In the present scenarios of climate change, the
overall impact of agriculture has to be explored

and this is very enormous task and very complex,
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district

but the country should immediately start planning
and take action, before it is too late. The maximum
and minimum temperature trend during the wheat
growing season from November to April was also
analyzedasshowninFigures 11- 12. The maximum
temperature showed negative trends which was
-0.0068°C/yr during 1970-2008 at Bhairahawa as
shown in Figure 11. On the contrary, the minimum
temperature showed 0.030°C/yr at the same period
as shown in Figure 12. However, the mean annual
temperature during November to April showed
0.012°C/yr during 1970 to 2008 as shown in Figure
13. It showed that the increase of temperature
seemed more in the recent decade than the former
decade. Due to frequent cold waves in the Tarai as
mentioned before, the temperatures were dropped
considerably during winter months. Cold waves
had occurred during late December and January
and these have not much affected, but for wheat
yield and production are concerned, temperature
regimes from November to whole of March are
very important especially for the Tarai region
where as in the Hills, yield is more affected by
drought rather than temperature regimes.

It is interesting to note that after peak area of
wheat achievement in 1983, the decrease of wheat
cultivation was noted up to 1998 and latter the area
of wheat has been increasing trend as shown in
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Figure 8. Another puzzling factor, the yield showed
sharp up and down in different years. While
looking at the upward trend of yield in Figure
9, the sharp decreased of yield during 1976/77,
1981/82, 1984/85, 1987/88, 1991/92, 1992/93,
1997/98, 2000/01 and 2005/06 are note worthy to
discuss and find out the causes. It is known that the
temperatureisalimiting factor forany plantgrowth.
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The temperature regimes during post anthesis
are very critical. The minimum temperature
during February and March in Bhairahawa
was very critical and it affected the yield. The
weekly minimum and maximum temperature in
Bhairahawa Agricultural Farm during February
and March in 2000 to 2007 was observed. During
2006, no rainfall was observed during winter
months and the increased in minimum temperature
was noted and that affected wheat yield. Thus up to
60% variations of productivity of wheat depended
on weather fluctuation. This is a matter for study
in future at different temperature regimes in Nepal
and extensive field works are necessary to collect
the information on fertilizer application, irrigation,
time of weeding and their cultural practices.

The mean temperature during November to March
at Bhairahawa since 1971-2007 was observed to be
between 15.1°C to 22.7°C. During the occurrence
of cold waves in 1982/83, 1992/93, 1997/98,
1998/1999, the mean temperature in January was
observed to be 13.8°C, 13.7°C, 13.7°C and 14.5°C
respectively. The drop of maximum temperature
as much as 10°C was noted during the cold waves,
it seemed that those cold waves occurred mostly
during the vegetative period of wheat and therefore
that cold wave did not affect much in the wheat
performance significantly. But those cold waves
had much affected in the vegetables.

Recently the effect of climate change to agriculture
in Nepal was also studied by different researchers.
The latest report shows that the there is positive role
in percentage change in wheat yield in all the agro-
ecological zones. With doubling of carbon dioxide,
wheat production is likely to increase with adoption
of more heat tolerant varieties (Sharma, 2007). The
study of present variation of climatic parameters
such as rainfall and temperature in the crop yield
should be regularly studied and discussed. The
diurnal variation as well as short term temperature
such as weekly and ten days mean with reference
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to daily temperature are needed to see the relation
between climatic parameters with crop cycle.
Recently the trend of minimum temperature was
observed to have increased during February and
March in 2006 and the rainfall was nil during
November to February, 2006. This resulted poor
wheat yield in Bhairahawa. Similar study should
attempt in different places of Nepal to verify those
cases. Unless the full investigations of crop under
study, the adaptation and mitigation would be
premature to be prescribed.

6. MARKETING /VALUE CHAIN
APPROACH IN WHEAT CROP

Agriculture sector provides livelihood for more
than 80 percent of population and accounts
for about 36 percent of the Gross Domestic
Product. Among various crops and commodities
contribution from the cereals is significant. After
rice and maize, wheat is the third largest and
important cereal crop which contributes about
20 percent of the total cereal production in the
country. Besides developing and or capitalizing
on research, technology, extension/training, farm
roads, round the year irrigation system, credit
services, market oriented agri-business approaches
to each and every crop/commodity is a must in
order to secure competitive edge for Nepal. It is
more important under the regional and other world
trade regimes particularly governed by the World
trade Organization (W.T.O).

Nepal needs to take comparative advantage of
its ecological sites/belts to make its produce
competitive. One significant aspect which Nepal
shouldconsideristoseehowthe India’sagricultural/
economicpolicyisframedparticularlywhenviewed
in terms of porous open border with between these
two countries. It is generally observed that the
prices of India’s agricultural produces are low due
to relatively higher agricultural subsidies. India
provides both for activities associated with inputs
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and outputs. Also review of agricultural policy
in the SAARC region necessary in order to make
Nepalese produce competitive in these countries
as well. Overseas markets for niche products such
as tea, coffee, honey, cardamom are also important
where access to these products so far has been
due to their organic nature more by default.
This however, needs improvement supported by
research, supervision and creating international
standard laboratory facilities in the country.

Wheat crop is relatively new in Nepal. It basically
envelops cultivation of the exotic high yielding
varieties. Both area and production under the crop
are increasing over the years. Its production has
been more than quadrupled from 223 thousand mt
in 1972 to the present year’s production level. And
similarly the area has increased to a considerable
extent. Wheat tremendously helped in increasing
the food supply level vis —a vis the food security of
the country. In addition to that, wheat flour export
to Tibet and Bangladesh has remained significant.
However, there is a need to focus on the areas.
Such a variety selection to match the industrial
(processing) demand and secondly the production
concentration or the production area zoning,
thirdly meeting the consumer demand and fourthly
meeting the export demand. For this, production
and productivity level efficient networking of value-
chain stakeholders, sound marketing and or agri-
business approach has to be raised and developed
as well as enhanced together with enterprise
friendly related rules and regulations in order that
wheat crop remains as acommercially viable entity
in the national economy. During 2007/2008, the
total production of wheat was 1.57 million mt. At
present rate, Nepal produced wheat worth of more
than US$ 400 million (NRs.27272.5 million).

7. DISCUSSION

Nepal started preparing the ‘National Adaptation
Program of Action” (NAPA) on climate change
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about six years ago. However, nothing substantial
has been accomplished so far. The Nepal’s NAPA
seems to be focusing more on the effects on
tourism, biodiversity, abnormal rain, storm, rapid
melting of snow and glacier formation. Though
these aspects are important too, the most important
effect of climate change would be on agriculture
(food production). Therefore, the country should be
more concerned on the negative impact of climate
change on the agriculture. Shortening of winter
season, summer season getting hotter and erratic
rainfall patterns as a result of climate change could
have serious adverse impact on agriculture.

The issues of development of wheat yield and
production lie in the following main points.

1) one of the reasons for increase in wheat yield
is the use of improved seeds. About 97% of seeds
used in Nepal during 2007/2008 (MOAC, 2008)
was improved. There are altogether 21 varieties
of wheat developed for different environment in
Nepal (NARC, 1997). In previous years there was
general recommendation for seed rate of 100 kg/
ha. Recent experiments have shown that additional
seeds of 25 to 50 kg is required under late sown and
under farmers broadcast system (NARC, 1997).

I1) The other reason for improvement in wheat
cultivation can be attributed to better irrigation
facilities.

It seemed that the first irrigation used to provide
during the crown root stage, but how much water
had been provided, the records were not available.
As a second application, during the grain filling
stage of the wheat, it seems that very few farmers
used to apply, but this is the critical period for
water deficits in wheat. At this time the weather
is very dry and the rain-fed rivers are almost dry.
Therefore the occurrence of rainfall during that
period seemed to be very important for the wheat
production in Nepal. But due to the non availability
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of when and how much water had been added by
the irrigation and at the same time the wheat yield
and production data were just aggregated at district
level. In that circumstance, how much rainfall
affected in wheat production was a complex issue.
Therefore, It is very necessary to stress that it is
very important to have the data, when, where and
how much water had been added. If the irrigation
was available through out in Rupandehi, the
fluctuation of the cultivation of wheat as well as
the yield may not have varied as shown in Figures
8 and 9. Thus the collection of field observation
of irrigation application is very much required, so
that one can make the possible suggestions which
can be laid down for the future planning and
development.

It has been commonly observed that farmers put
heavy irrigation in their wheat fields during first
irrigation, that creates anaerobic situation for
wheat plants and wheat plants start yellowing.
This happens due to poor knowledge of wheat
agronomy among farmers and poor drainage in the
Tarai. After yellowing the wheat crop shows a fatal
illness for a period of at least one week which is
very important for yield attributing components in
wheat. Because just after first irrigation (after 25 to
30 days of planting, the spike initiation starts and
that decides the size and number of florets in the
spike). This has to be taught to farmers to improve
wheat yield and many farmers know this.

1) The third factor should be the fertilizer
application and their quantities. Modern wheat
varieties are very much responsive to fertilizer
application and require 100:50:50 kg/ha NPK
under irrigated conditions whereas in rain-
fed wheat the addition of 25 kg/ha K in the
previously recommended doses of 60:40 kg/ha
NP is beneficial. Experiments show that irrigation
provided a sizeable increase in yields (NARC,
1997). Itis understood that Nepal uses least amount
of fertilizer in this region.
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IV) The fourth factor is land fragmentation, small
land parcels and small landholdings scattered
across many places have been the major causes
for under utilization of ground water irrigation.
Moreover, marketing of commercial crops is
not organized so as to benefit small to medium
farmers, and the current high cost of crop
production makes the growers unable to compete
with similar products imported from India.
Winter crops only less than 30 % of projected
command area of major irrigation projects get
assured irrigation.

V) The fifth factor should be the better management
of the field due to training and publicity given
by extension workers from the Department
of Agriculture. The farmers are not oriented
towards maximizing the farm production, mainly
due to lack of integrated water management and
advanced agricultural technology and inputs.
Irrigation and agriculture sector programs are
not coordinated and theoretical ideas of crop
intensification and diversification in areas where
water is available for crops have not been put
into practice by the agencies concerned (Shah &
Singh, 2003). This is the serious comment which
has to be tackle for the future development in
agriculture.

8. CONCLUSION AND
RECOMMENDATION

The area of wheat cultivation in Nepal has
increased drastically, by three folds, especially at
the Tarai region as described earlier. Previously
area of cultivation was very limited and the yield
was less than 1 mt/hectare in Tarai. Now, with
availability of the high yielding varieties as well
as improved irrigation facilities in Tarai, wheat
yield has increased more than three times in the
Tarai. However, during the same period wheat
yield showed 100% increase in the Hills and only
50% increase in the mountains.
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Weather still plays a prominent role in crop
productivity, but the coordination with related
Departments is very poor. On the other hand,
Department of Hydrology and Meteorology was
focused only in aviation weather forecasting since
the establishment of their services in 1960’s. They
should expand their boundaries for their servicesin
agriculture. Department of Agriculture/ Ministry
of Agriculture and Co-operatives need a better
coordination with the different Department in
future for their challenging role of Agriculture
development in Nepal. The Ministry of Finance
and Planning commission Secretariat should pay
their attentions, if ever Department of Hydrology
and Meteorology requests for the extra budget
to play a supporting role for the development of
Agriculture in Nepal.

The Ministry of Agriculture and Cooperatives in
the Government of Nepal should be very serious
and immediately establish a Monitoring and
Evaluation Committee on climate change impact
on agriculture. A country can not wait until the last
minute and they have to fully prepare before any
catastrophic consequences. Nepal has very few
studiesonweather, climateandcroprelationstudies.
It is high time to study the variation and trend of
past climate data and their relation to crop in detail.
Any extreme occurrence of weather and climate
event may damage the crop. Now it is known only
that the global warming has been taking place since
1970’s and the global temperature may increase by
1.4t05.8° C during this century (Global Circulation
Models projection). This information is not enough
for agriculture and therefore one has to know, what
is going on at the different places in the country
and what can be done. The present study showed
that the mean annual temperatures were increased
0.0051°C, 0.0288°C and 0.035°C in Bhairahawa,
Surkhet and Jumla during 1977-2008, but the mean
temperature during the wheat growing season
in Bhairahawa, surkhet and jumla were 0.012°C,
0.0323°C and 0.0368°C during 1977-2008.
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To address all the above mentioned issues,
the concerned authorities i.e. the Ministry of
Agriculture and Cooperatives should immediately
take action and create a high level Monitoring and
Evaluation Committee, which should also consider
the objective method (i.e early agro-meteorological
crop yield assessment developed by FAO 1986)
of monitoring and evaluation of crop yield and
production in Nepal. The importance of objective
method was also discussed (Nayava, 1999). In
addition to subjective method of monitoring
and evaluation of crop yield and production, the
objective method of monitoring and evaluation
should be introduced. This will play a supporting
role to monitor and evaluate the crop yield
assessment in future. The high level Monitoring
and Evaluation Committee will also discuss and
assess the effect of climate change on crop yield
and production at the district level. Atthe same time
each district Irrigation Offices should also collect
the information of irrigation application and their
quantity and frequency. Finally, all the concerned
agencies should bring their information and
discuss and finalize the crop yield and production
for that year. These kinds of discussion should
evaluate whether each and every contributory
factors such as planting date, weather condition,
irrigation, fertilizer applications and any other
factors during the crop growth cycle. In addition
this will help to evaluate and pinpoint drawback
and achievement of agricultural activities in each
district. In other words, the integrated approach
from different supporting agencies as well as stake
holders will play a vital role in this present context
for the agricultural development in Nepal. Any
drawbacks to meet the target of that year in each
district have to be fully discussed and materialized.
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Impact Of Climate Change On Production And Productivity
In Nepal: A Case Study Of Maize Research And Development

In Nepal*

Janak Lal Nayava, Ph.D! and Dil Bahadur Gurung, Ph.D?

ABSTRACT

The relation between climate and maize production in Nepal was studied for the period 1970/71-2007/08. Due to
the topographical differences within north-south span of the country, Nepal has wide variety of climatic condition.
About 70 to 90% of the rainfall occurs during summer monsoon (June to September) and the rest of the months are
almost dry. Maize is cultivated from March to May depending on the rainfall distribution. Due to the availability
of improved seeds, the maize yield has been steadily increasing after 1987/1988. The national area and yield of
maize is estimated to be 870,166ha and 2159kg/ha respectively in 2007/08. The present rate of annual increase
of temperature is 0.04°C in Nepal. Trends of temperature rise are not uniform throughout Nepal. An increase of
annual temperature at Rampur during 1968-2008 was only 0.039°C. However, at Rampur during the maize growing
seasons, March/April — May, the trend of annual maximum temperature had not been changed, but during the

month of June and July, the trend of increase of maximum temperature was 0.03°C to 0.04°C /year

Keywords: climate change, global warming, hill, mountain, Nepal, Tarai

INTRODUCTION

Ecologically, the country is divided into three
regions running east to west: Mountain, Hills and
Tarai (Plain). Based on the area, these regions
constitute 35, 42 and 23 percent of the total land
area, which is 147,181 sq. km. Administratively
the country is divided into 5 development regions
and 75 districts. The area of development regions
are shown in Fig.1.
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Fig. 1: Regional area of Nepal

Economic growth of the country has not improved
over time to cope up with the population growth,
which is 2.3 percent per annum. Around 68
percent of Nepal's population depends upon
agriculture and contribution of this sector to
the GDP is about 40 percent. Though priority is
given to agriculture sector, the crop production in
the country is not sufficient to meet the demand
of the peoples.

According to the Population Census 2001, the
number of agricultural holdings in the country
is 3.2 million and total cultivated area is 23.21
million hectares. Starting from 1995, Nepal is
implementing the twenty year long Agricultural
Perspective Plan (APP) to overcome the problems
of food insecurity and poverty. The population
distribution along with the administrative region
is shown in Fig. 2.
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Fig. 2: Population distribution in administrative
region

In Nepal maize is grown in the sub tropical to
cool temperate climates. For higher yields, crop
water requirement is 500-600mm depending upon
the climate and duration of the crop, there should
be adequate water during the crop establishment
period. Water deficit during the grain filling period
results in reduced grain weight. However, during
the maturity and harvesting period, rainfall has
negative impact on maintaining grain quality.

Knowledge of genetic characteristics and
particularly growth and development pattern
of maize varieties is essential for meeting the
combination of various climatic requirements for
growth development and yield formation. It is
known that the upper limit of crop production is
set by the climatic condition specially temperature
regimes and the genetic potential of the variety
grown. The extent to which this limit can be
reached will always depend on how finely the
engineeringaspects of water supply areintune with
the biological needs for water in crop production
(FAOQ, 1979). The area under maize cultivation in
different regions of Nepal is shown in Fig. 3.
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Fig. 3: Maize cultivation in the different regions
in Nepal

DATA

This study is based on data of thirty six years
(1970/71 — 2007/08). Climate data were provided
by the Department of Hydrology and Meteorology
(DHM, 1999, 2001, 2002, 2005, 2007 and 2009).
Source of the maize data is the then Department
of Food and Agricultural Marketing Services
(DFAMS, 1977), National Planning Commission
(NPCS, 1994), Central Bureau of Statistics (CBS,
1999, 2003, 2006) and Ministry of Agriculture and
Cooperatives (MoAC, 2002, 2004, 2005, 2006,
2007 and 2008).

Taking into consideration the growing season of
summer maize, this study attempts to analyze
relationship between rainfall and maize production
for whole of Nepal and three ecological belts
with a case study at the National Maize Research
program in Rampur, which lies in inner Tarai of
central Nepal.

ANALYSIS

NATIONAL LEVEL

Maize is the second most important cereal crop in
Nepal and is also staple food for Hills people. Area
under this crop is approximately 870,166ha with
an average productivity of 2159 kg/ha in 2007/08.
About 70% maize area is in the Hills. Maize
occupies 34% of total cultivated cereal crops and
contributes 30% as a total edible food in Nepal.
Maize is generally grown under rain-fed condition
in Nepal. Maize is an important crop for making
edible oil and is also significant source of bio-fuel
production in the world. Maize is very sensitive to
frost. The favorable condition of growing maize is
light to medium textured, deep well drained soils
free from water-logging. The cool temperature
delays maturity in the crop. Cold stress occurs
when temperature is below 10°C and development
of plant growth ceases. Similarly, heat stress
occurs when temperature is higher than 35°C.
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While observing the maize area in Nepal during
1970/71 to 2007/08, the area was about 445,750
ha during 1970/71 and the area has increased to
870,166 ha in 2007/08. There is clear indication
that the area under maize cultivation has increased
nearly two folds in 2007 during the study period.
The maize production was 833,318 MT in 1970/71
and now the productionis 1,878,648 MT in 2007/08.
The maize production during the study period of
1970/71-2007/08 has more than doubled and that
the increase in production was due to increase in
area.

National Agriculture Research Council mentioned
that performance in maize production in Nepal has
not increased much even though use of improved
seeds has increased substantially since 1972.
Although attempts on variety development were
initiated since middle of sixties, the systematic
development work began only after the National
Maize Development Program established in 1972
at Rampur.

The seeds of new varieties have increased since
then and now area under improved maize is 86%
(MOAC, 2008). There are altogether 23 varieties
developed for different production environments
in Nepal (NARC, 1997, 2005). Maize seeds are
planted with 25 cm between plant to plant distance
and 75 cm apart between rows to row. The ridges
should be made very nicely and maintained to
avoid water logging. In general, the first weeding
is performed when the plants are 5-8 leaf stage and
feeling up is done at the knee high stage

The national maize area and production from
1970/71 to 2007/08 are shown in Figure 4. Initially
during the first and half decade, the production had
been decreasing and only after 1986, the production
had been steadily increasing trends. In the later
part, the yield increased to more than 2 ton per
hectare showing progress in maize yields, which
is shown in Fig. 4. It seemed that the increase in

yield was mainly due to adoption of high yielding
varieties.
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Fig. 4 : National Maize area and Production
ECOLOGICAL BELTS

The Maize area and production in three ecological
belts are as follows:

MOUNTAIN

In course of studying maize cultivation in the
three ecological belts, the Mountain region
showed least increment among the three belts
The production of maize in the Mountain region
increased from 77,800 MT to 183,253 MT during
the last 36 years from 1970/71 to 2007/08., But
the yield has remained almost constant during
the last 27 years and only after 2000 the yield
seemed to increase in mountain as shown in Fig.
5. General maize plantation starts from March
to April and it is totally dependent upon the
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Fig. 5: The maize area and production in
Mountain
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rainfall. The average annual temperature during
the growing season in Mountain was from 18°C
to 21°C. In fact, area under maize in mountain
was 9.6% of the total maize area and contributed
10.3% of the total maize production in the
country. In mountain regions, maize matured in
around 180 days.

HILLS

The maize growing season in the Hills Region is
from March/April to July/August. Maize is planted
in rain-fed condition in the Hills and depends upon
the rainfall distribution. The land preparation
starts with rainfall. Maize is generally planted
from mid February to the end of April. Maize area
is more in the Western Hills compared to the other
Hills in Nepal as shown in Fig. 6. The maturity
period of maize in the hills ranged from 140 to
150 days.
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Fig. 6: The maize area and production in Hills

Mean annual temperature during the growing
period in the Hills ranged from 21°C to 27°C. Hills
regions showed nearly three fold increases in area
during the period from 1970/71 to 2007/08. The
gap in area and production showed a progressive
change after 1988 in the Hills (Fig. 6). The
production of maize in the Hills increased from
524,700 MT to 1312,254 MT during the study
period. In fact Hills region has about 70.4% of the
total maize area and contributes 69.7% of the total
maize production in the country.

TARAI

Maize is grown during April- July in Tarai. During
this period, about 500 to 800mm rainfall occur in
the Tarai. Annual mean temperature during the
growing period of maize in Tarai is 21°C to 33°C.
In fact Tarai region has only 9.1% of the total maize
area and contributes 20.4% of the total maize
production in the country.

During the last 36 years period from 1970/71 to
2007/08 (Fig. 7), the production of maize in the
Tarai region increased from 230,700 MT to 383,141
MT. It is interesting to note that the maize yield
in Tarai was initially low. In Tarai, area under
maize increased by 60% and its yield increased
only 71%.
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Fig. 7: The maize area and production
in Tarai

Maize is planted in all three seasons (summer,
winterand spring) inthe Tarai Region. The planting
of summer maize starts from April to May and
harvests on August to September. The growing
season of winter maize covers from November/
December to March/ April. Similarly, the growing
season of spring maize is in March/April and
harvests on June to early July. For the summer and
winter crops, farmers prefer to grow long duration
varieties, where as for the spring maize short
duration varieties are preferred. Winter and spring
maize is planted, wherever the irrigation facilities
are available.
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After the introduction of high yielding varieties,
the yield increased in Tarai comparatively more
than those of the Hills and Mountain. The yield at
three ecological belts are presented in Fig. 8, which
shows that the yield is higher in the Tarai than in
the Hills and the Mountain region.

2400
—+— Mountain -

2200 —=— Hills P
2000 - — —Tarai —.]_-I_,p
g1o00 a2 W S— A ﬂx,%!_

DYAN T A a '
el IRV & VA sas A

Vs Taai’

1200
1000 +—+——rr T

Fig. 8: The maize yield at three ecological belts

A CASE STUDY: NATIONAL MAIZE
RESEARCH CENTRE, RAMPUR

The simplified mathematical model known as
growth indices developed by Fitzpatrick and Nix
(1970) was calibrated in the Nepalese environment
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Fig. 9a: Growth Indices at Rampur in rain-fed
conditions

by Nayava(1981) and is presented with data from
the meteorological station, Rampur, 256m, a
district in Central Nepal (Fig. 9a and Fig. 9b).

The growth Indices (G.l.) considers light (LI),
thermal (T1) and moisture regimes (MlI) into a
linear function with a scale ranging from zero
to unity. In this analysis, growth indices (G.l.)
has been defined as most favorable G.I. (higher
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Fig. 9 b: Growth Indices at Rampur in Irrigated
conditions

than 0.8), fairly favorable G.I. (0.4 to 0.8) and
least favorable G.I. (less than 0.4) are noted. The
most favorable climatic condition for cultivation
where all environmental indices such as light,
thermal and moisture are non-limiting factor
for growth, in other words, the index should be
higher than 0.8. As a matter of fact, the energy
and moisture balance are very necessary for crop
under study. The Figure 10a indicate that only one
tropical species (TS) can be grown under optimum
condition during the week 23 to 42 (June 4 - 10 to
October 16 - 22) as rain-fed condition in summer
season. Figure 10b show that the three crops (two
tropical species during the week 12 to 42 (March
19 - 25 to October 16 — October 22) and one warm
temperate species (WTS) as wheat during the
week 43 to 13 (October 23 - October 29 to March
26 — April 1) can be easily managed with proper
irrigation facilities. Cold temperate species (CTS)
can not be grown in rain-fed as well as irrigated
condition.

Thus, only one crop as tropical species can be
cultivated in the rain-fed condition for optimum
yield during the summer monsoon as shown in Fig.
10a. The second and third crop can be managed
only by irrigation application as described earlier
and is shown in Figure 10b. Itis necessary to have
short period of data such as weekly or decade to
study the relation between crop and climate data,
because normal (Long Term Average) and monthly
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data may be equal, but the rainfall may had fall
within one or two days at the end of the month
and where a long intervals of three to four week
dry period may have wilted the crop. On the other
hand, a short period of squall or hailstorm will
just damaged the whole crop in the ground. FAO
suggests 10 days period would be just right for crop
weather analysis.

It is interesting to note that the maize yield in Tarai,
Hills and Mountain justify the crop weather model
patterns as described earlier. According to crop
weather model, the Tarai is most favorable, the
Hills and Mountain are relatively less favorable.
The results were tallied by yield pattern in different
ecological belt as discussed earlier.

In Nepal adaptation of modern farming technique
and varietal improvement Maize started from
Rampur Agricultural farm in Chitwan district
during the early 1970’s. A long time series of
area, yield and production data of maize are only
available at district level in Nepal. Rampur comes
under Chitwan district and therefore, Chitwan
district data has been analyzed and presented
here. The area of maize remained almost constant
throughout 1974 to 1994, but 1995 to 2003 showed
much higher in area and a later four years showed
less (Fig. 10). Why it was so, the reasonable
explanation was not available. Similarly the yield
showed decreasing tendency up to 1987 and later
showed the increased trend as shown in Fig. 11.
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Fig. 10: Maize area in Chitwan

The recent increase of increase of yield may not
be only due to introduction of high yielding seeds,
but may have been due to climate change factor.
Discussions are very much required to draw any
conclusion.

This increase in maize yield is due to use of high
yielding seeds which have been confirmed by
personal discussion with the concerned authorities.
While looking at the Figure 10, the cultivated
area seemed just jJumped during 1990’s and later
lower than the 1980’s and therefore the concerned
authorities should take note of this matter in future
estimation. The production of maize in Chitwan
district is shown in Fig. 12
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Fig. 11: Maize yield at Chitwan
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Fig. 12: Production of maize at Chitwan district

It is interesting to note that the shortfall of
production of maize was noted in 1974, 1975,
1978, 1979, 1982, 1985, 1986, 1988, 1991,
1993, 1999, 2002 and 2005. This shortfall is as
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compared to the preceding year. The 13 years
had shortfall of production out of thirty eight
years. The decade rainfall and number of rainy
days during that decade in the February to May
during those years was presented in Table 1.
The table indicates that the rainfall during the
emergence period in all those years was very
poor and therefore production may have been
affected. When one relates the rainfall data with
crops, the rainfall characteristics such as depth,
intensity and distribution in time and space are
all important factors.
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Fig. 13: Number of days of rainfall during March
and April at Rampur

Table 1: Decade Rainfall and rainy days >1.0 mm in
Rampur at the lower production year of maize

February March April May
Year Decade | Decade | Decade | Decade | Decade | Decade | Decade | Decade | Decade Decade Decade Decade
1 2 3 1 2 3 1 2 3 1 2 3
1974 0.0/0 0.6/0 0.0/0 0.0/0 0.0/0 71.3/3 3.8/1 0.0/0 8.0/1 21.1/3 45177 44.0/2
1975 10.0/3 4.3/1 0.0/0 0.3/0 0.5/0 6.4/1 0.0/0 0.0/0 21.1/5 0.0/0 65.8/5 66.3/5
1978 16.0/2 10.2/1 0.0/0 1.0/0 32.8/4 0.0/0 0.0/0 29.5/4 6.9/1 41.5/5 163.2/7 62.2/4
1979 7711 7.0/1 0.0/0 0.5/0 0.2/0 0.0/0 1.5/1 12.4/2 10.6/1 0.0/0 171 6.8/1
1982 7.8/2 0.5/0 0.0/0 51.0/3 0.0/0 0.9/0 3.4/1 47.1/5 28.7/4 0.0/0 15.8/2 5.2/1
1985 1111 0.0/0 0.0/0 0.0/0 0.0/0 0.0/0 5.2/1 0.0/0 6.2/1 21.5/4 89.9/6 83.0/6
1986 2.8/1 17.412 0.0/0 0.0/0 0.0/0 0.0/0 1.8/1 16.7/1 26.8/5 6.9/2 50.7/6 27.8/2
1988 0.0/0 0.8/0 191 12.2/1 26.0/3 0.0/0 0.0/0 53.7/3 38.5/3 16.9/3 69.9/5 133.6/7
1991 0.0/0 0.0/0 8.4/1 12.2/2 0.6/0 10.9/2 11.9/2 0.0/0 9.1/3 11.3/3 38.3/3 64.3/8
1993 0.0/0 9.1/1 0.0/0 0.0/0 0.0/0 49.4/3 0.0/0 55.4/3 27.1/4 48.8/2 73.5/6 63.2/4
1998 0.0/0 0.0/0 0.0/0 0.0/0 0.0/0 0.0/0 10.1/1 0.0/0 9.1/3 143.5/7 2.0/1 4.6/1
2002 0.0/0 13.2/1 15.1/2 11.2/1 0.0/0 34.4/2 10.5/1 0.0/0 40.0/4 104.4/5 168.3/7 119.2/5
2004 0.0/0 0.0/0 0.0/0 0.0/0 0.0/0 0.0/0 90.0/4 0.0/0 90.2/4 411 22.6/2 84.717
2005 2.211 141 1.2/1 0.0/0 35.6/3 3.3/2 0.0/0 0.0/0 28.712 36.1/2 83.6/5 13.8/3
The water requirement of crops at the different 200
stages, effective rainfall, water holding capacity Ik‘;ﬁfh i
of the soil and the crop coefficient are all 0 “ T\ -”
required.  Number of days of rainfall during E 100
those months of March and April and the 50 - “' wany Y '
amount of rainfall during those months are 0. '&Mf JL ﬂ”“a
also presented in Figs. 13 and 14. Similarly, e an B o TN e
the amount of rainfall during the months of

May, June and July are also presented in Fig.
15. If maize planted in May and June, this
shows that the amount of rainfall and the soil

Fig. 14: Amount of rainfall during March and
April at Rampur
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Fig. 15: Amount of rainfall during June, July and
August at Rampur

moisture will be quite enough for emergence
and vegetative period of maize, On the contrary,
the rainfall in March and April is erratic and
may not be sure to have enough soil moisture
for emergence period.

CLIMATE CHANGE AND THEIR
EFFECTS ON MAIZE

In the present scenarios of climate change, the
impact on agriculture has to be explored and
this is very enormous and complex task, but the
country should immediately start planning and
take action, before it is too late. The mean annual
temperature trend at Rampur during 1968 to 2008
is shown in Fig. 16. It showed that the increase
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Fig. 16: Trend of annual average temperature at
Rampur

of temperature seemed to be more in the recent
decade than the former decade and the trend was

0.039°C per year.

The maximum temperature trend at Rampur
during the maize growing season from March to
July was also analyzed as shown in Figs 17- 21.
The trend of maximum temperature during April
and May showed negative trend (Figures 18 and
19) and the month of June and July showed the
positive trend as shown in Figs 17 and 18.
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Fig. 17: Trend of maximum temperature during
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May

Recently the effect of climate change to
agriculture in Nepal was also studied by
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different researchers. The APN report shows,
when the temperature rises up to 1°C, there is
a positive role in percentage change in maize
yield in all the agro-ecological zones. When the
temperature rises up to 2°C and at the same time
carbon dioxide is doubled, the yield will decrease
in Tarai, Hills will not be much affected. On
the contrary, Mountain environment will have
better yield if the carbon dioxide is doubled
and temperature rises up to 4° C, the maize
yield in Tarai will suffer 25% lesser than the
present yield . Therefore the study of present
variation of climatic parameters such as rainfall
and temperature in the crop yield should be
regularly studied and discussed.

PROBLEMS ENCOUNTERED

OO0 Gray Leaf Spot is a great threat
00  Gray leaf spot, a new disease of maize is a

great threat in the mid hills of Nepal. Local
varieties are more susceptible to this disease
than improved varieties. Improved varieties
such as Manakamana-3, Shitala, Deuti,
Ganesh -1 and Ganesh -2 are less susceptible
and thus these varieties need to be promoted
in eastern and central hills of Nepal.

Post harvest losses (storage)

Post harvest losses due to diseases and storage
pests should be minimized. Grain weevils are
the major storage pest of maize in Nepal.

OO Climate Change (Drought)

oo

I Droughtis prolonging year after year in Nepal.
Development of drought tolerant varieties is the
answer to the drought problem. Adjustment of
planting season could help to escape the critical
stage of crops to escape from the drought.

I One of the drought tolerant characters in a
variety is having less anthesis and silking
interval (ASI) in maize. Shorter ASI will
escape drought in maize cultivation. Varieties
with long ASI are more vulnerable to drought.
In the context of climate change, development
of drought tolerant varieties is one of the
options to overcome the drought and answer
to the problem of climate change.

DISCUSSION

O Despite the importance of maize, the yield has
not been increased to satisfactory level. The
production seemed to increase due to more
land brought under cultivation he low yield of
maize may be due to the following reasons.

O Itis noted earlier that out of 38 years, 13 years
had poor rainfall during the maize emergence
period that affected maize production in those
years.
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00 The second possible factor may be
due to lower sunlight during the grain
formation stage of maize and thereby,
lower photosynthetic rate. Sunshine hours
at Rampur, Kathmandu, Okhaldhunga, and
Chialsa had low during July and August.
During those months there is highest rainfall
in Nepal. The long term average sunshine
hours at Rampur, 256m; Kathmandu,
1336m, Okhaldhunga, 1720m and Chialsa,
2770 of Nepal at the different elevations
are presented in Figure 22.
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Fig. 22: Sun shine hours at the different places

O During the maturity period, the high rainfall
and high humidity caused maize disease such
as BLSP and Turccicum blight resulting low
maize production.

Drought period is prolonging year after year
in Nepal and same as the onset of monsoon.
Planting of maize in rain-fed conditions depend
upon the rainfall, one need to rethink on maize
planting based on rainfall pattern. May to June
planting and October/ November harvesting
would be suitable for maize cultivation in
Nepal. For this, experiment of maize planting
on these months should be conducted.
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relation to pre-monsoon rainfall (March- May)
for the 1971-2008, through crude analysis,
showed that maize yield in Chitwan was badly
affected in thirteen years particularly in the
years, 1974, 1975, 1978, 1979, 1982, 1985,
1986, 1989, 1991, 1993, 1999, 2002, and 2005.
During those years the pre-monsoon rainfall
was much below lower than normal rainfall.
Therefore the impact of rainfall on maize yield
and production is quite evident. Maize planting
in the Chitwan should be adjusted according
to the change in rainfall pattern in the recent
decades.

According to the crop weather model show
in figure 9a, the most favourable condition of
tropical species at rain-fed condition lies in
June to October and therefore the maize should
be planted during that period.

The present system of monitoring and
evaluationof crop from Ministry of Agriculture
and Cooperatives should be strengthened by
updating the cultivated areas.
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World Meteorological Day, 2005 & SUEIHT QeH-A9TAH! AITHTT
T A AF A AT [TTHTRT o<

TR AT, AR THE Afqiasy, [geafaared dam aran (UGC) T Aeaersy,
fararirr weTieeTesa, AEdd e qdesE Iuedd Al HeTHEes Jiedl aa1 o=
AT T T FEHPT THATE TMaeh W@ TEg |

World Meteorological Day T STEEIHT I5 9768 dler I (47 TUHTHT ATATSTEH Tel TR
A AEEdTs aeETs & =Mewg | adaHT T GHRIEHT & a<hed (6 A0 aT S | 9]
Technical faea®T & el ater fa=me Teet fad, qrardese a9HT easily [T | @& gua
T I gRUTES Jha T STHb! TH G | THHT MEHT qA-HITY TUHT 7 AT =M, |

oot faea Araw feaa wargy faataerdn, fgva dreaw g quradr fGusr geman, a9
FA9a ¥ faed HAr@H fea@@dl a9 quUEl Theme : Weather, Climate,Water and Sustainable
Development 93 @Terl IR T |

TaugH favg ArEw a9 qArs+ eTHl Fa&l ATSIH! $937 &7 | Many many returns and this
type of happy day STHHTHAT AT HATH, T TETAY |

TITAHT U ST theme AT &TH T T RIS Fe9TA THATT TAGTT AT STAATY, (a1
faamT ST 1966 AT T3 U {997 T el a9 WMO %1 gg=0ar aiq qred el {93T |
R faamT full-fledged &7 el a9 &AT | I<h [a9TTeTs 2&al 1969 AT meteorological
authority in Nepal 5T % T IReRATE YT qURT F3T | SHTT FLT 9% ST &TH AT 1
T FET T | S9a aRitted A== =arifted gars Araranadrs HiaH briefing 9
Indian Meteorological Department (IMD) gRT &=fad Supplementary Meteorological
Office (SMO) aT¢ #TH &% ATTHT a1 | HMG & Tesbrelie fa9rTer afyed 2, 1970 |7 97
Prqae s=aRiftga faam=eae (TIA) BT Main Meteorological Office (MMO) & & fam
ARAeE F=Tieqd SMO w5 9T |

T AUTA ATRTSI R [afq= TITHe®AT ®Ra-wRa s 1950 3@ 104 aa7 Hydromet
station &% IMD aTa F=Te T FTH T4 ATTHT 19T | AT Fraew Fd-F TIA-= [T
Check post SETEAT 9 9E TFa high level AT THT FXE® Al 9T | TFaT T&@r 1970
f= qeebreir faammaT & Deputy Director %1 &f@adel T=TARTE (cabinet) AT THT TEaR

AT bl STAdEd AT e STHA Fl=asd 1 ASTHUSTIH qT S HIHT TR 9T |
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I FARA ¥ frepy ufg qopre faamrare 5T 1970/71 % 1971/72 71 FOTela! Fet-stat IMD
P FHEE G, Aol WHeEH] BT BTHT draete hadiel g M9l T+ HH -
AUHT T | IMD are IHE®d! 104 Hrses =g I T¥0 99 97 gard qiear | av o7 Y
P TFRB] ThATE dhraes WA AUHA IMD HI TEId TATH TRIIL AT ATTHRT T
Toute, faeaie avs 9T | a9 fefaware et AThRAT g 9T IIHET | ATRAT TERTSEHT Amehl
ARl FH gedl | TGHT FFAAT (AN (Haerh A7 Mehaare qHeael afd 7@ qiaer
TUF! TAHENT (&7 =ATEwg | e I IIWRIh $rae® o ®I Toq ATH T T TGATE
T The® 9Tl [afd= faereehl HIHAT TIRT g P! AU & Ficheg, | AT BT, TaTeTH
afe faeeaR =ifer TrgeRt faebreent ®T8 aTdiel TEET O 99 |

TuTee weather, climate, water AT AATIITF THFE® Gebeld I [AX=AR (BT
TGH! STAT BT AT LT TITIAT FhreAerd @l 1987 ¥+ WMO @ fH7=? Technical
Assistance FETIAT T ITEH TR TRSG |

T 1980 fax WMO &0 world circulation paper T WMO @I Technical Assistance AT
developing countries HT FTHT el AT TUTA AT BT qiH T {9237, qe@T Hearg T
HEE HUHT 1927 |

X faSFadT U3l & & § A A9raAr Department of Hydrology and Meteorology @feet
priority T 9%H, Project & I, Agency TIR WUAM IeTel ATSHTAT low priority o AT
faamTeT faepTaT 8% aTeT A= MRIAHT | ATaTF 9 T84T, project TEaT TUTA LA
T3eT Radiosonde 9t & AU |

HiCARTATSET @reETd Hraw Afasqarofier @rell GdesT eTararrel JaiE 977 o ddg 9w
AT [T I=MTee®HT ETaTehl G T a7, Pressure, a9, dewpoint temperature ScATIEeHh!
T ATILIF TagA | 9 Upper air station 2%dTe TTgrg | T&AT braas i ALEEH]
TIfeRTATTAT—9%, STATIITAT-%, ARTAT-39, SABTHT-¥, ATAGRIAT-q ¥ LT [GHebl 6T HHT
0 TTAEEAT G | AITTHT 9 |

T HAXTHT HIAH AfTaoiie J-Sq d9aesdrd 9 Te A0S G, dgd aREA T,
Fuf THTHATER aREdHR Hh dAETTF T |

TATTHT priority ITTHT fAINTEE JIRTE Theeare [ATHT TAFH GATTHT U HATIL AT 9,
TATAHT ATTATHR, HAIGE®, AAATAEEPT & FAA & HeATSHT T & | & AqTellehl qr
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T &G | AT [qgTadT | T MeRuR = T &1, &8 T &1 99, g qeare ATRAT
fafe=ra THzET H9fT Project #T monitoring and evaluation ¥ policy AT TSTHITE fard,
AR TaF FAT HIH T FFI=AT |

F-HITAT A0 A= WISAT | AT&qa™ priority ¥ low priority & FarerdT Hydrology ¥
Meteorology development &I aTdT, T FFA I¥RTIA &, THEATId HATAT T AN ATSAT
HATARTATE AGHT AT AT ATHUI RIS ATE |

TATCTehT ATETHT BTeAeh] TAary HIEH (a5 (a9t faammer gftaare a¥ qrer e qudr
qi AR T(H T ATATAAE @ TR AATAD] TAGA (b1 T H (qehTHT Aol
3T @ | IR AGATARE ATE ARGURT AAHIA Brageehl qAThee® AATA Tl AT
gl National Irrigation Sectorial Project (NISP) sI=i=3Ta 79 fa<mgwT Strengthening
the Department of Hydrology and Meteorology aT& &#T&HTS! af@ fy=rd 9O =ar Ffawar
Water Availability T Ha= g T IR qUHT 94T T &7 A9 T fqamare g&r 9fq
g (AT ATaeas G | T (B THB] ATITAE AU THhe® GHATHT h-hld HHART ST
A AT & i HH ATeAdd, TUHT Fraees Teal, d& qel = &l [F geants 9 foveroor
TRUHT gl T ATHed TR TGRAT ATILAF IREH AR EE I b RIS | AGHR
TATE A TeIell ARHT AT, ATA=ATHT T 76 @ 3 |

& faamer afayfea 98 1q 9 a9 @fs SOHAM-Nepal, Society of Hydrologists and
Meteorologists-Nepal TITIAT 4T | AT UIT f9975 ATAATHT qUTGEF FAT &, TIHAT
TATAHT AT TITTEEHT HIH Tgr aTd Jqrael I [gaefl Hqwewd! qHa T Hd 150
STHT Professional Hydrologists ¥ Meteorologists & &l fAUHT S |

41 SOHAM F=ITHT T AT T TATIATRA i, T4 (a9 qeaedl AT, AT,
ar=r T fgareedrg th-amaqd Communicate T SOHAM-Nepal @ Ta &\ a9 3@
talk forum ST 7T ATTHT T | ATSTeRT AT fast and dynamic age AT ATh-safwmHT o=
IRTT TET, TIAT HeATd ATRAT (a7 TEqeATE AHEF TARIAR T F9TRT AT Tor
farepTareT e AT T THEEEHT qHA-THAH] TAT=ATIT & STHH! g | T& faamare &
ferepTaraT HiaaRIATSITe TFaed [augdT #30 ATRAT (9979 understanding ¥ AfH=i=

THA qUHT Tk Comprehensive package & a1 91T Soham-Nepal #T Chairman &1
gfaader fafa=r gwafeaa faarmes T Fw@fad High level T donors BT IHT interaction
program aTE Talk program I& T4 ATTHT &, AT B AF &€, &8 & &3 |

TITAH] ATATATR] [THTAHT Teh ATSAHT A9l Td s&@l 1970/71 sf@ 2000/01 =&
TG T AUTeAR! LT AaATeTel (FHH) HAGA au7 HaTqR zal, 1972, 76, 77, 79, 82, 86, 92,
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94,97 T 99 IWRITh 10 TUEEHT TITAHT FTHTI FAHT T Tl HH I aal AT A
JHE AU ILhT (94T |

THHT ATATATHT HIF I AR TAT TAT HAHT TR T &1 GUAT & G197 TeaT dqel
T FUR goae sfawg | 9T Hiedrrersit, Hydrology &I T&d ead= =1 |l FFaedl
AT T FHT 10% AT ATl HH g AGUHT B TATH FS ToA A(he3, | & TXAT BIHHAT
THEIT SFREEH] AT ATEHE TH T |

JTEATHT TATAT FeA HIGARTGATATHT HBTH T (90, q& Mg TITAHT Teeh TTHS Frae T,
AT, HARTeTe, AIfaHe! [aaAiaard, EHuiaseedl O GHI-GHIAT [aERel qTR=IeT
TS TG T4T | @ T SEET 1980 T F9THAT quTerl Station design of First Irrigation
Manual, LRMP, Agro forestry®l SaHvag® TR Tl aar fazefl dcamesres T a¥
fehe Famde® AW qUAT U | % 9fF FiT Fa9RTeT &1 @91, Conference, I3 NARCHT
ST ETeiehl JATHd HATHT 9T fg qvqeh 98 QT 0 | 9% 8T 1988 T9=Te aTaey
FAH FFIP AT, FUH @A, THAT |

2@ Climate Change AT @9 T ®&l adaptation AT I& [&TaHET Al Predict T4,
past ¥ present scenario |T @¥ T agrometeorological aspect HT &THIel -1 practical
HAAT T T, &S, T ATHIAT TG AT T | TR Afgelebl ATATaehar e
gare T Weather and their impacts on agriculture FETa= T, IfH TR ATERAT AR
prediction T3t | Without proper understanding of present scenario, future prediction will
be uncertain @Il project for project AT TUHT T STETHT ARG |

7% WMO #T Secretary General @ & WMO Day AT F#1dH TH{HUH ATFEE Tl
"Another outstanding development is the seasonal prediction of phenomena such as
EL Nino and La Nino. Thanks to the enhance knowledge and network of facilities that
are available today it is possible to produce useful forecasts to such phenomena a few
months to a year ahead"

TITAHT HTHAT I geael daeeA SOHAM-Nepal &1 T8 9 Fo &9al &,I9AT 4T fad
HMG =T &1 Support =T(edl, TTAT AR 95 HF T9 TIR o |

¥, AT FgEAree World Meteorlogical Day 2004 &1 1st Journal of Hydrology and
Meteorology ®T faH=I BTl TET TAT FATAT e ATSTTHT (a7 TGqT Frafe HATeAZebT
aferasg ST =1 WIFH FAATTATE AUH TR T ATewg | AT AT 907 297 issue THIRTT
TH E39TTa YT TRUH {997, a1 a1 SAARC Countries ¢ IHT J@E® YT JUHT T
JEEE 12 T2 T | THHT ATIITE review TANEA T &l JHT [ATHT T, Ja TG
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JRITTA T 7 ATsH SOHAM-Nepal 7 a1 TardT 9o I HeT{ae® a0 AT
AL AMGUHT T | AGHT I@ee 65 TedNT 9 de contributers T reviewers TRIGT g1 I
TEAIewds g9 sg gvare fad =mewg |

F=a®T WMO &1 Theme A@R I faeT—Iepl FIHAT Tk 32T 9T UM I 9l &THT Felelg
Taafz fas ¥ FE1 W T TERIHS =A@ | GHEHT qreT JAT TR, AfaTar SrmaAt | afq
Il 35 TR Tl 2SS |

g are |
23 |1 2005 1. SHF AT Arael
FISHTS!, AT Chairman

Society of Hydrologists and Meteorologists-Nepal
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Further works and references on Climates of Nepal

Climates of Nepal were written during 1974 and this is my first article in my life. In this article, I had
described the very preliminary description of a climate in Nepal. Later, in late 1970’s, in my Ph.D. thesis
on “Climates of Nepal and their implications on agricultural development” the classification of rainfall and
temperature regimes of 30 groups (as shown in Fig. xx) have been determined using computer software
by Taxon methodology (1971). These regimes in groups yields homo climates which can be useful in
many ways, such as investigating the climate and vegetation interaction in transferring new high yielding
varieties (HYV) to similar sort of climates (rainfall and temperature regimes). The analysis of major
rainfall and temperature indicates that the first two regimes lie in Tarai and inner Tarai; the third, fourth
and fifth regimes lie in the Hill and sixth in the Mountain. Broadly the first two regimes lie in the “tropical
climate”, the next three in its “mesothemal” and the last in its “microthermal climate”. This analysis has
used the meteorological station only up to 3857 m, Tengboche. So, naturally, other climatic types dominate
above this altitude. Since snow line is subject to great local variations ranging from 4500 m to 6000 m
(Hagen, 1961), the altitude above Tengboche and below the snow line can be called the taiga and above the
snow line can be called alpine climate.

Barros, A. P, Joshi, M, Putkonen, J, and Burbank, D. W. 2000. A study of the 1999 monsoon rainfall in a
mountainous region in central Nepal using TRMM products and rain gauge observations, Geophy. Res.
Lett., 27(22), 3683-3686

Barros, A. P. and Lang, T. 2003a. Monitoring the monsoon in the Himalayas: observations in central Nepal,
June 2001, Monthly Weather Review, 131, 1408—1427

Barros, A. P.and Lang, T. 2003b. Exploring Spatial Modes of Variability of Terrain-Atmosphere Interactions
in the Himalayas during Monsoon Onset, Hydro-Sciences Report Series 03—001, Environmental Sciences
and Engineering Program, Division of Engineering and Applied Sciences, Harvard University, 51

Chataro Nakajima, Shrestha, M.L. and Basnyat, M.B. 1976. Synoptic analysis of the precipitation over
Nepal and India, Journal of the Japanese Society of Snow and Ice, Vol. 38, Special Issue, March, pp.50-58

Note: A study of climate and its changes have also dealt in Journal of the Japanese Society of Snow and
Ice, Vol. 38, Special Issue, March 1976.

CREH, Cryosphere Research in the Himalayas, 2001. Collected papers on Glaciers in the Himalayas,
CREH Published in 1994-2001 by members of Institute for Hydrospheric- atmospheric sciences, Nagoya
University

Devkota, L. P.2001. Climate variability over observation, forecasting modal evaluation and impacts on
agriculture and water resources, Ph. D. Thesis, Tribhuvan University, Kathmandu, pp. 180

Devkota, L.P. 2004. Atmospheric heating over sub-Himalayan regions during active and break phases of
summer monsoon, Journal of Hydrology and Meteorology, Vol. 1, pp. 45-54
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Devkota, L. P. and Quadir, D. A. 2006. Long Range Forecasting (LRF) of monsoon rainfall in Nepal,
August 2006, SMRC - No. 20.

Devkota, L. P, Baidya, S. K. and Quadir, D. A. 2008. Climate variability of Nepal, 2008, SMRC - No. 23.
Gill, G. J, Hobbs, P.R. and Shrestha, M.L. 1998. Possible Impact of the current EI Nino event on Nepal’s
1998 Paddy crops, His Majesty’s Government of Nepal, Ministry of Agriculture/ Winrock International-

Policy Analysis in Agriculture and Related Resources Management. Series No. 1.

Hydro Engineering Consultancies Ltd., 2004. Intensity of rainfall, Report for Department of Hydrology
and Meteorology
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Journal of Hydrology and Meteorology, Vol. 5, pp.95-101
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Fig. xx Dendrogram of 30 groups of MULCLAS classification of
168-meteorological station network
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