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t.1

t.1.1

APPENDIX I
SOCIOECONOMY

GENERAL BACKGROUND OF NEPAL

Location and Natural Features

Location

Nepal is a small landlocked country, the greater part of which lies

on the southern slopes of the Himalayan Hountains, Located bvetween
northern latitudes of 26022' and 30027' and eastern longitudes of 8004!'
and 80012t it is bordered by the Tibetan region of China to the north and

India to the south, east and west. Its rectangular shape covers a length
‘of roughly 350km_and a width varying from 130-240km, with a btotal land
area of 111,000kn? (Location Map).

1.1.2 Natural Features

(1) Ecological Zones

The country can be broadly divided into three ecological
zones stretching from east to west; namely, i) Mountain Zone, ii)
Hill Zone and iii) Terai Zone., The Mountain.Zone is situated at an
altitude exceeding 3,000m including the Himalayas of Nepal which
conprise eight mountains of 8,000m height, about forty mountains of
7,000m and an unknown number of mountains of 6,000m, This Zone

accounts for 3U% of the total area but only 5% of cultivated land.

The Rill Zone lying between 300-3,000m is a subtropical belt
and occupies Y43% of cultivated land. This Zone is formed by the
Siwalik and Mahabharat mountain ranges. The valleys of various
widths and altitudes known as the Inner Terai are enclosed between
these two ranges. This Zone is covered by more than 80% of the

country's forest,

The Teral Zone, lying below 300m, forms the southern belt
extending along the Indian border and accounts for 23% of the total
area and 65% of cultivated land. This Zone produces the bulk of
the country's food grains. FIG, 1-1 provides the outline of the
three ¢cologlcal zones,



{(?) River Systems

There are thres najor r1Ver systems in the country namely,
i) Karnali' iti) Gandaki “or Navayanx, and i{ii) Kosi. In addition,
there are other small systems which .do not constitute an integval
part of the major systems mentioned above. Some of the important
stall systems include; i) Mechi, Kankai and Kamla in Eastern Nepal
ii) Bagmati in Central Nepal, and iii) Rapti, Babai and Mahakali in
Far Western Népal Of the majov.riVer systems, the Kosi system
drains the Eastern Develépment Region and parts’ of the Central
Development Region. These three major rivers and their trlbutaries
constitute over 80% of the drainage area in the country. There are
over 6,000 rivers which are the tridutaries and sub-tributaries of

the three major and seven minor river systems noted above,

1.2 Administrative Divisions and Development Reglons

1.2.1 Aaministmtive Divisions

For admlnlstrative purpeses, the eountry is dlvided 1nto 1% zones
which are comprised. of 75 districts, Eaeh administrative zone is made’ up
of 4-T districts eomprised of town and v111age panchayats., A village
panchayat is the smallest administrative unit consisting of wards. There
are a total of 1U zZones, 75 distriets, 29 town panchayats and 4,023
village panchayats at present in the country (TABLE f=-1).

At the national 'levél, the Government fdrmulafés, directs and
evaluates all national poiieies and programs of economice dévélopment. The
Zoénal Commissioner is responsible for maintaining law and order i{n the
zone while a Chief Distriet Officer (CDO) is similarily reSpOnsible at the

district level,

1.2.2 Development Regions

From the viewpoint of balanced economic growth and proper attention
to regional planning, HMG established in 1973 four Development Reglons,
each having a primary growth center. - They areé Eastern, Central -Western
and Farpr Western DeveIOpmént'Regions. The Far Hestern Development Region
was divided into the Mid Hestern and Far. Western DeveIOpment Regions in
1980. '



Mechi, Kosi and Sagarmatha zones as the basic development unit have
been grouped to form the.Eastern Development Region. The BRegion has 16
distriets in all, and Dhankuta is ‘the growth center of the same,
_Janakpuv, Bagmati and Narayani zones ha?e been grouped to form the Central
DeVeIOpmenb Region, The ﬁegion has 19 distriets in all with Kéthmandu as
the growth center. Gandaki, Lumbini and Dhaulagiri =zones have been
- grouped to form the Western Development'Region composed of 16 distriets in
all, Pokhara is the growth center of the same.

Karnali, Rapti and Bheri zones have been grouped to form the Mid
Western Development Region. The Region has 15 districts, Birendranagar
being thé grohth center of the same, The Far Western Development Region
is cdmposed.of the Seti and Mahakali zones. The Region has 9 districts
with Dipayal as the growth center, TABLE 1—2_presents the names of the
distriets in each zone, while FIG. 1-1 provides a general picture of the

five Regibns.

These Regions are responsible for the development activities of
their respective area under the guidance of the National Planning

Commission,

1.3 Population
1.3.1 Population Statistics

in Nepal before 1951, the only reliable information available came
from population counts taken in 1911, 1920, 1930 and 1941. After that,
population censuses in Nepal were taken in the years 1952/54%, 1961, 1971
and 1981 (TABLE 1-3). According to provisional data of the 1981 census,
the total population of Nepai now exceeds 15 miliion, of which 94% is
estimated to live in rural areas. The annual pate of population growth is
now estimated at 2,7%:and population density is 106/km? of surface land
and 472/km¢ of cultivable 1land., Age and sex composition, regional
distribution of population and economically active population are
presented in TABLE 1-4, 1-5 and 1-6,



1.3.2 Migration

Populatlon has been growing at a much faster rate in the Terai Zone
than in the Mountain and Hill Zones which. 1ndloates the p0331bility of
migration from the Mountain and Hill Zones to the Terai as shown in TABLE
1-7. The reasons for the relatively high rate of migration to the Terai
Zone is mainly economic. The push factors are: ihcreasingly_high man-
land ratio, declining food availability, steadily deteriorating ecological
balance, lesser opportunities for employment, and natural calamities which
cause inoreaSing damage because of environmental degradation in the

Mountain and Hill Zones.

1.3.3 Population Préjections

Population pbojection for Nepal to the year 2030 was carried out by
the Population Commission based on the results of a 1971 census and
pOpﬁlation statisties in other yeéars. As a reéult the population of
Nepal is estimated to reach 26.8 million in 2005 and 30 i m11110n in 2010
according to the medlum variant {TABLE 1-8).

1.4 Economie Structure

1.4.1 Agriculture

Agriculture is the mainstay of Nepal's economy; in 1980, this
sector accounted for about 60% of GDP, over 90% of émbloyment and nearly
80% of export earnings. In the agricultural sector, food grain production
is the most important cOmbonent, which anmounts to about 60% of total
agricultﬂral output. The main food grains prodﬂced are rlce, maize, wheat
and millet. Paddy is the most important food grain in Nepal, occupying
627 of total production and 50%f of the total croppéd area as showan in
TABLE 1-9. Except for wheat, the production of food grains has not shown
any significant increase in the last five years (TABLE 1-10).

Major c¢ash crops are olilseeds and potatoes in the Hill Zone, and
jute, sugar cane and tobacco in fhe Teral Zone. 'Major agricuitural
exports include jute, hides and skins and a number of minor commodities
(TABLE 1-11).  Rice export declined from a high level of 160,000t in
1975/76 Lo 36,000t in 1981/82 and no exports were recorded after July 1982
when HMG imposed restrictions on export of the same (TABLE 1-12 & FiG. 1-
2},



In spite of the importance of the agricultural seéctor in Nepal's
economy, the national resource base for crop production is . severely
liﬁited due to tOpogréphy. Only 223 of ‘the total physical area of the
country is used for crop cultivation (TABLE 1-13). Despite an abundance
of water, less than 15% 6? the cultivated area has irrigation facilities,

and these are of varying qualities and standards.

As discussed in APPENDIX V, there is a slight increase in total
crop production, while the pboduotiviby of some of the crops is found to
be decreased, Hence, production increase is obviously due to increase in
the cultivated area. HNow, Nepal has exhausted nearly all vibgin land and
virtually no additional 1land is available as new cultivable land.
Therefore, Nepal ~must increase agricultural productivity of the land
through intensive cultivation, The productivity of agriculture can be
increased -only through irrigation facilities, greater application of
inputs such as chéemical fertiliZers and pesticides, and 1increased

knowledge of modern technology awong farumers.

1.4.2 Industry

The role which the manufacturing industry plays in the national
economy is marginal. The industrial sector {manufacturing and mining)
acecounts for only 4% of the GDP and provides employment to 1% of the
working population. Agro-processing units such as rice husking, wheat
milling, oil extracting, jute processing and sugar refining predominate in
the industrial sector. O0il and grain mill products occupy more than 80%
of the total grdss output in the counbry. Among agro-processing
industries, rice mills exist in almost all the important production

centers.

TABLE 1-18 indicates the distribution of industrial units, number
of personnel employed, the amount of capital invested and the annual value
added in all the four Development Reglons in the 1976/77 fiscal year, Out
of 3,528 industrial wunits, TI5 or 213 were located in the Eastern
Development Region, 1,787 or 51% in the Central Region, 665 or 19% in the
Hestérﬁ Region and 331 or 9% in the Far Western Region, The Eastern and
Central Regions dominated industrialization because of thelr distinot
advantage in transport and communication facilities and access to an
materials from local as well as forelgn markets.

1-5



1.5  Economic Situation

t.5.1 GDP Gr Grouth

GDP growth rateé during the Fifth Plan (19?5/76 19?9/80) showed an
annual average rate of only 2.1% against the target of 5%. Compared with
the annual population growth rate of 2.66% during the same pericd,
performance of the economy during this period was hnfavouréble (TABLE
1-15), The cause of the slow GDP growth rate was a decline in total
agricultural production by 5.3% during the period.

The performance of thé econoﬁy in the first two years of the Sixth
Plan was favourable. OGDP - inéreased by 5.6% in 1980/81 and 3.8%1 in
1981/82, In the third year of i982/83, hDWever,' production in the
agvicuiturél sector declined by 9.7% and this had an adverse effect on
prices, foreign trade, balance of payments and foreign exchange reserves.
Thus, GDP in 1982/83 registered a decline of 1.3%. Details on".GDP and
‘main economic indicators for a five year period are givea in TABLE t-16.

1.5.2 Foreign Trade and Balance of Payments

Since Nepal is landlocked, India has thaditionally:'beén the main
outlet for Nepal's expdrt of surplus food grains. It has also been the
main source of imports of consumer goods, The neéd for earning
cotvertible currency for lmporting maehinery and other development goods,
and reduc1ng its dependence on a 31ngle source has led Nepal to embark
upon a policy of diversification of trade. This policy has brought a
dramatic change in the direction of Nepal's trade as can be seen from
TABLE 1-17. N

Rice, raw Jjute and jute products were the most important export
items and accounted for about three-fourths of the total export value.
Other agriéultubal exports included méize, potatoes, pﬁlses, oilseeds,
tobacco, timber, pigs, éattle, putter, hides and skins as well as ginger
and gardémom. Nepai's impobts of agvioulfural products, food and 1ive
animals, tobaeco and beverage, and oils and fats inereased from 33.269
nilllon 1n 1975775 to Rs. 633 & million in 1981/82. Furthermore, Nepal
st 1mport all its chemical fertilizers and pest1e1des as well as a ma jor

rart of all agricultural equipment.,



In spite of the huge trade deficit, Nepal has had a surplus in
balance of payments mainly because of a favobable_position in the services
and transfer account and an expanding flow of foreign assistance (TABLE

1-18).

1.5.3 Eneéergy Situvation

The struéture of energy consumption for fuel in the country is
-indiéated in TABLE 1-19. In 1978/79 ﬁon-commeréial_ sources of energy
accounted for about §i4,4¢ of the fuel consumed. Consumption came from
firewood (91.8%4), vegetable waste (1.9%) and animal dung (0.7%).
Commercial emergy sources accounted for 5.6% of the total consumption with
peiroleum products as the main source. In reécent years, alternative
sources of energy, e.g., biogas plants, hydraulic turbines, etc. have been

developed.  However, the supply from these sources is minimal.

The hain' use of fuel 1is for domestic purposes. 'Although the
overall demand for fuel for agricultural use is very small, the use of
energy for agriculture has been steadily increasing in recent years on
account of the modernization of the sector. In addition to fuel for
running.farm equipment and processing, the agriculture sector's need for
energy and energy-based products include production inputs such as
fertilizer and chemiecals, So far locally produced manures still account
for the major part of fertilizer 1inputs, but the use of chemical
fertilizers has béen increasing rapidly.

Nepal has abundant water resources, If these wWater resources are
properly controlled and developed, theoretically, they could provide for
the total 1irrigation needs of Nepal and generate 20,000-25,000MY of
hydroéléetricity. Full utilization of the poteéntial requires surface
water storage which would SﬁbStantially'increasé opportunities for large
acale year-round irrigation and flood control as well as hydropodwer

genecration for domestie consumption and export,

The Sixth Plan gives high priority to power generation with the
objectives of! 1) meeting'the growing demands of the different sectors,
i) ihcreasihg domestic use of electricity to reduce the need for fuelwood
~ and resulting depletion of forest resources, iii) promoting electric
transport systems aimed at reducing the use of petroleum, and iv) creating



a surplus for generating forefgn exchange earnings via export. The Plan
enphasizes nultipurpose development of water resources for .pOWeP and
irrigation where possible, and development of small hydropower projects to

serve the needs of the Hill areas.

1.6 Economi¢e Developuent Plans

1.6.1 Development Performance

Nepal launchéd its initial development plan in the mid-1950s with
the inauguration of the First Five-Year Plan in 1956/57. Sinee then, the
country has continued with planned devéiopment efforts through -the
formulation and implementation of four five-year plans and a three-year
plan, Data on plan periods and dévelopmenb expenditures and the amount of
foreign aid received are given in TABLE 1-20. Despite more thah two
decades of development efforts, the country has not been able to make any
significant' progress in raising doumestic output. GbP during the last
three Five-Year Plans has risen only by an average annual rate of 2.2%, as

against a population growth of 2.66% beb annum,

1.6.2 Sixth Plan
The objectives of the Sixth Plan, {nitiated in 1980, are: 1) to

increase production at a Faster rate, 1i} to increase productive
employment opportunities, and -iii) to meet the minimum needs of the
people. In ordér to achieve these objectives, the folIOWihg development
strategies have béen laid down: 1) according priority to agricultural
development, 1ii) emphasizing the development of cottage and small
industries, iii) laying stress on export téade and develaopment of tourisnm,
iv) laying stress on the conservation of natural resources and wealth and
development of water resources, v) esphasizing full utilization of
infrastructures already created, vi) increasing the absorptive cabacity of

the economy, and vii) controlling pdpulation growth,

To help attain the Plan's objestives, real GDP growth rate has been
targetéd for an average rate of 4, j%!year with agrioulturai GDP growing
at 3.2%/yéar. The allocation of development expenditure in the Fifth and
Sixth Plans . 1s presented in TABLE 1-21, It is noteworthy that the
'1rrigation subsector and power subseotor showed substantial inereases in
the Sixth Plan compared to the Fifth Plan,



1.6.3 Developuent Sxpenditures and Foreign Aid

Nepal launched its initial development plan in 1956 and foreign zid
supported the whole of the government's develﬁpment expendituré during the
First Plan (5956/57-1960161). Gradﬁally, as the country bullt up its
capacity to raise_domestic resources, the ratio declined to 564 dﬁring the
Third Plan period_(1§65166-1969/70} and further to 46% during the Fourth
and Fifth Plan periods (1970/71-1979/80). However, as the rate of gréuth
in Government revenue has been slow in comparison to the growth in
development expenditure, the ratio is projected to increase to 61 during
the Sixth Plan period (1980/81—1'98.11/85) as presented in TABLES 1-20 and
1-22.



2. SOCIORCONOMIC CONDITIONS IN THE STUDY AREA

2.1 Administrative Setup

.The Study area is situated in the sastern part of Nepai,_occupyiﬁg
about 30% of the total land area and about HO% of the total population in
the country. Administratively, the Study area eonsists of 24 distriets,
out of wnich 4 districts belong to the Mechi zone, 6 distriets to the Kosi
zone, 6 districts to the Sagarmatha zone, 6 districts to the Janakpur zone
and 2 districts to the Bagmati zone. The total physioal area of 24
districts is 41,674kn2 with a population of 5,94 million in 1981 (TABLE
1-23), FIG. 1-3 presents the administrative divisidns within the Study

area.

Each district is dirécted by the Local Development Officep (LDO)
who is an official of the Ministry of Panchayat and Local DevelOpment
~The LDO occupies the position of the Seeretavy to the distriet panchayat
and 13 respon31ble for maintenance of law and order and coordination of
development activities of different departments. Each distriet is dlvided
for admlnlstratlve and political purposes into about 50-90 village (gaon)
panohayats and each of these 1nto nine wards (consisting of between 8 and

150 households),

2.2 Demographic Cdnditions

2.2.1 Population Distribution by District

Populatlon of 24 distriets in the Study area is estimated to be
5.9% million in 1981, with 2.63 million in the Mountain and Hill Areas and
3.31 million in the Teral Area (TABLE 1-24), The population inereased
from 4.51 million in 1971 to 5.94 million in 1981 with an average growth
rate of 2.78% per annuM, Population growth rate of the 16 distriets in
the Mountain and Hill Areas was 1.37%/amium during 1971-81, while that of
the 8 distriets in the Terai Area was H.OB%/annﬁm during the same pertod,
The higher rate of popﬁlétion_grpwth in the Teral Area is mainly because
of migration fron the Mountain and H111 Areas (TABLE 1-25).

2.2.2 Population Density o |

The Study area {is 'dividéd_ into three major topographic and
ceological areas: Mountain Area in the north, Hill Area in the mid-land -
and Terai Area in the south,  The population density {s

I-10



143/km2 of - physical area and RNl persons/km? of cultivable land in the 24.
distriets of the Study area. Eight districls in the Terai with 10, 864xm2
of physical land occcupy 7,281km? or 51% of the total cultivable land in
the Study area. Details of the Study arca including population are shown
in TABLE 1-23.

2.2.3 Population Projcction

According to the population. projection made by A?RCSC, the
population of the. Eastern and Central Deve1opment Regions is estimated to
grow to 6.77 and 8.15 million, respectively (TABLE 1-26), Based on this
estimate,'the pOpuiation of the Study area (24 districts) is estimated to
grow at an average annual rate 6? 3.1% to 11 million by 2001 (TABLE 1-27}.

2.2.4 Demography in the 8 Teral Districts

The Study area for irrigation aﬁd agricultural deﬁeIOpment.planning
is the Terai Area between Bagmati- and Kankai rivers which consists of the
8 districts_ of Jhapa, Moﬁang, Sunsari,-SSaptari, 'Sipaﬁa, Dhanusha,
Mahdttard. and.Sarlahi. These 8 districts are divided into two parts;
namely, the western area of the‘Sapb Kosi and the eastern area of the same

river.

The 8 districts have a population of 3.3 million {1981), about 22%
of the whble'country, with a population density of 303/kn? of physical
area and U54/km2 of cultivable land. About 81% of the families are farm
households with a family size of 5.67. The details of demographic
conditions in these distriets are presented in TABLE 1-28,

2.2.5 Labor and Employment

According to official statisties, about 66% of the population of 10
years and older is considered to be economically active. Based on this
estimate,_ the economically active population in the Study area is
estimated to be about 2.7 million in 1981 and is expected to grow to about
5 million by 2001.

~Employment patteéerns at national and regional levels was surveyed by
the National Planning Commlssion in 1976/77. It was found from survey

I-11



results that 79% of the economically active population is ewmployed as
farm/fish workers followed by 6.9% as pfoductiou labor wprkersi 5.9% as
alerical workeré,_3.5% as salées workers, and 2.4% as service workers and
others at the national level. At the weglonal leével, Farm/fish workers
constituted 85% of the economically active population in rural areas and
354 in urban areas 6? the Eastern Development Region and 844 and 30% in
the Central Development Region (TABLE 1-29).

Persons falling into the. economically active population category
(age 10 and above) but without participation in any main or subsid1ary
occupation are defined as unemplcyed. At the national level, 5.3% of
males and 6% of females fall into the unemployed eategory. For both
sexes, unemployed constitute 5.63 of the total labor force. At the
regional level rural unemployment_ for both sexes is higher than the
national average percentage (5.6%) of the Central Development Region and
lower than the national éverage in the Eastern Development Hegion._ Urban
unemployment for both sexes is higher than the national average (6%)_f0r
both the Eastern and Central_Develbpménb Regions.

Based on the survey report mentioned above, about 85% of the
economically aetive population in the rural areas and about 35% in the
urban areas of the Study area are estimated to be employed in the

agricultural sector.

2.3 Agriculture and Industry

2.3.1 Agricultural Situation

Out of the gross land area of 41,700km in the Study area, about
I3,H79km? is estimated to be uander cultivation. The sixteen distriets in
the Mountain and Hill Areas which have a gross_lénd area 0?'30,816km2
occupy only 6,198km2 of the cultivable land. The”éighb districts in the
Terai Area on the other hahd which have a physical area of only
10, 890km2 oceupy T, 281km2 or 674 of the cultivable land in the Study area
( TABLE 1 23) ' '

The'Stu&y area contributes significantly to the national economy in
supplying about 36% of total food grains and about HO% of total cash crops
in the bountry._ Food grain produétion in the Study area in 1982/83 was
689,710t paddy, 195,540t wheat, 254,760t maize, H4,110t millet and
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3,270t barley which correspond to 37%, 3%, 35%, 36% and 16% of the total
production in Nepal, respectively. Major cash crops in the Study area are
ollseeds, potatoés, sugar cane, jute and tobacco. Approximately 60% of
oilseeds, 72.1% of potatoes, 68.3% of sugar cane, alnost 100¢ of jute and
94.9% of tobacco are produced iﬁ the 24 districts of the Study area.

The present situation of agriculture in the Study area is discussed
in detail in APPENDIX V.

2.3.2 Industries

The industrial sector in Nepal accounts for about 54 of the GDP and
provides employmént to only i% of the working population. About 70% of
industrial output comes from formal manufacturing which mainly consists of
publie enterprises, The other 30% derives fronm ¢cottage and small

industries.

According to the census of manufacturing éstablishments conducted
in 1976/77, there are 1,289 manufacturing establishments in the Study
area, of which 1,040 (83% of the total) were oil and grain mills (TABLE
1-30). Activities of other mentionable establishments include baking,
sugar fefining, tea packing, yarn and textile, carpet and rugs, footwear,
sawnills, printing, soaps, jute processing, 1ice, furniture, cigarette
factory and bricks. It is also observed that about 33% of the
manufacturing establishments in Nepal are concentrated in the 8 Terai
districts of the Study area and that 3 out of U large establishments with
more than 1,000 ﬁorking persons are situated in this area, one in Janakpur
and two in Biratnagar (TABLE 1-31). Number of manufacturing
establishments with and without a power supply are presented in TABLE
1-32.

Major public enterprises in £he Study area are Janakpur Cigarette
Factbry'Ltd. (Janakpur), MNepal Tea Development Corporation Ltd. {(I1lam),
Raghupati Jute Mills Ltd. (Biratnagar) and Chandeswari Textile Industry
Ltd. (Kavrepalanchok).

2.4 Infréstructure

2.4.1 Roads

Transportation in the Study area depends mainly on road traffic.
The East-West Highway runs through the Terai Area, providing all weather
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access along the proposed irrigation area. This highway is well
maintained and plays a major role in transport of both goods and
passengers. There are some other highways eonneating major towns in the
“Terai Area such as the Biratnagar-Dhankuta Road, and Jaleswar*-‘Janakair
Road {FIG, 1-11.). However, the transgét'tation system in the Mountain and
Hill Areas is very poor. Most of these areas have not been cavered by the
national transportation network system, except for the Kathmandu-Kodari
Road along the upper ' reaehes'“ of the Sun Kosi River. Typical
transportation in these areas is by f‘odtpath and people spend days in
walking, sometimes fording rivers to reach their destinétion.

In order to improve the phese'nt limited thanSport'ation system in
the Mountain and Hill areas, the HMG :.lntends. to construct an east-west
highway along the Sun Kosi and Tamur rivers. However, it may take quite
some timé to complete the road due to the substantially large construotion

cost,

2.h.2 Airgorl;s ' -

Air travel seems to be the only praetlcal way to reach many hilly
aveas, The . nurber of airfields serving the Hill Ar'ea is almost doubdle
those serving the Terai Area, However most of the airt‘ields in hilly
areas are seasonal and all airf‘ields in the hill areas are of the STOL and
consequently can not accomodate large a1rcraft.s. There are twelve (12)
airfields in the Study area as of Aug. 1980, out of which only two

airports, namely Biratnagar and Janakpur, can accomodate large aireraft,

2,4,3 Railways _ 7

Nepal has, at present, only two z"éilway lines: i} Raxaul (a border
town of India) to Birganj and i1) Jayanagar (India) - Janakpur. A major
portion of Nepal's imports from overseas are consigned f‘rom Caleutta to
the railheads nearest the Nepalese border on Indian railways, and from
there on trucks to towns on the Nepalese side of‘ the border'. The nore
important of these transit links are: 1) Jogbani (India} - Biratnagar,
11} Raxaul (India) - Birganj, 1il) Nautanawa (India) - Bhalrawa, and iv)
Rupaidiyah (India) - Nepalganj.
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2.4.4 Ropeways _

_ There is a 42km long ropeway between Kathmandu énd Hetauda having a
capacity of 22t/h. Until the early 19505 the ropeway played an important
role as the only means of transpoft othér than porters in carfyihg trade
between India and the Kathmandu valley. At present, the ropeway is a
poorly utilized transport facility in Nepal. It has been the policy of
the.HMG to develop fiorth-south ropeﬁays operated by eleetric power. Some
feasibiliﬁy studies have been undertakken for ropeways in the different
Regions which include Dhankuta-Bhojpur Ropeway in the Bastern Development,
Region. '

2.4.5 Haterways (Havigation)

Possibilities of navigation on three of the large rivers of Nepal,
i.e., Kosi, Marayani and Karnali, to the Bay of Bengal are planned to be
further expiored and studied as they‘wbuld greatly reduce costs involved
1n:tﬁansp0rtati0h of goods to and from fndia. At present, these and other
rivers are being used only to a ‘very limited extent for local
tranéportation. Possibilities of navigation on the Kosi River are
discussed in detail in APPENDIX VI,
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3. ECONOMIC ANALYSIS

3.1 Introduction

Projects or schemes are generally evaluated from various aspects
such as technical, 1nstitutiona1 social firancial, economic and others.
Thls_chapter primarily deals_ulth the methodology and basie assumptions
for the economic evaluation of the schemes identified in the Master Plan.

3.2 Methodology
3.2.1 General

The benefit-cost analysis of projeets or schenes is uswvally based
on the economic benefits and costs to identify those projects which would
make greater contributions to the averall economy of a country. _ The
project which gives the maximum net vreturn to invested capital is
generally given the highest priority. This approach assumes, bheréfore,
that capital is the 1imit1ng factor to acaelaratlng econonic development
and growth. The beéenefit-cost analysis method was exten31ve1y used in: the
Study for comparing the alternative schemes,

3.2.2 B/C and B-C Criterlia

There are three methods commonly used in benefit-cost analysis of
development schemes financed by 1ending agenoies, These analyses are the
Benefit/Cost Ratio (B/C), the Net Present Value (NPV or B-C) whieh is
sometimes referred to as the Net Present Worth, and the Internal Rate of
Return (IRR}.

B/C ratio is caleculated by summing up the present values of costs
over the project's life and comparing these with the sum of the present
value of benefits and expressing the comparison as a ratio. A general
definition of B/C ratio is: ' '

Sum of Discounted Tangible Incremental Benefits

B/C = : , _
Sum of Discounted Tangible Incremental Costs

According to the philosophy of this eriterion, any projeet with the
'higher_discounted sum of benefits than the discounted sum of its cost is
profitable and deserves Lo be carried out, In principle, thefefore, all
projects having the ratio of greater than i may be' earried out, Priority
glven to projects with the highest ratios.
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The B-C (NPV) of a project is the sum of all expected benefits over
| time less the eipeeted costs, discounted at a glven discount rate. As
with the B/C ratio, a rate is normally chosen which is thought to be olose
to the opportunity cost of capital. It is normal practice to calculate
the B-C at discount rate betwecen 8-154, 12% being a frequent cholce. With
the B-C method, no ranking of nbn—mubually exclusive alternative project
is possible, as B-C is an absolute, not a relative measure.

The IRR of a projec£ is the discount rate wnich when applied to the
¢ost and benefit streams, will make the B/C ratio 1:1 and the B-C equal to
zergp, It is a measure, expressed in percentage terms, of the return to

capital employed on a project.

In the Master Plan Study, economic. viability of each project was
assessed by caleulating B/C ratio. B/C ratio was treated as the main

indicator to determine the economic viabiiity of each project,

3.2.3 Basic Parameters for Benefit-Cost Analysis

(1) Appropriate Discount Rate

Before discounting the benefits and costs streams, it is
necessary to chose the diseount rate on rate to apply.
International lending insiitutions generally favor using a real
discount rate of 127 per annum. In view of the fact that numerocus
other development studies in Nepal have utilized the rate of 2%,
the basic economic analysis in the Study utilized the same discount

rate,

(2) Econonie Life of Proposed Projeat

The economic life of each project was taken to be equal to
the assumed life span of the major works to be constructed, 1i.,e.

50 years after the completien of the construction works,

(3) Exchange Rate and Price Level

The monetary measurement used for the evaluation of benefits
and costs is Nepalese Rupcées at the end of 1983. A foreign
exchange rate of NRs. 15,60 against US$1 was fixed based on the
official exchange rate at the end of 1983,
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(1) Eeconomic Priéeé of Farm Input and Output

Economic prices of farm inpdt {chemieal fertilizers) and
output {paddy, wheat, jute and maize) were caleulated on the basis
of world market price projections estimated by the World Bank in
1982, World market price of each item was adjusted to the rarm
gate price taking account of quality, finternational shipping and
handling, inland transport cost, processing ratio and other related
factors (TABLE 1-33). '

{5) Economic Labor-Cost

Economic cost of farm labor was estimated to be 50% of actual
market wage rate considering the status of employment opportunities
in each of the project areas. Economic 1labor cost of the
construction works was assumed to be the same as the aetual wage

rate,

(6) Construction Period

A1l construction periods of hydropower schemes kere assumed
to be 5 years. The disbursemeht schedule was assumed to be'ioi for
the first year, 20% for the second year, 30% for the third and
fourth year, and 10f for the fifth year. The construction periods
of irrigation schemes were assumed to be 5 years and 9 years

depending on project scale.

3.2.4 Economie Costs

Preliminary cost estimates were prepared for all schemes considered
in the Master Plan based on 1983 price levels. It was assumed that the
schemes would have an economic 1ife of Fifty (50) .years from the
commissioning dates and that at the end of their economie life, they would
have no residuwal value. The components of eeonomic.costs are presented
below,

Hydropower Schemes

a) the capital cost of construction in constant 1983
prices less dutiés and taxes; The eapital cost consists
of ‘direct constriction cost, engineering service and
government administration costs, compensation cost and
physical contingency;
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b) the annual cost of operation and maintenance assumed at
1.5% of the capital cost; .

¢) the cost of replacement of electrie and mechanical
equipuent assumed at 50% of the construction cost, to
be disbursed in the 26th year after the completion of
the construetion works; and

d) no allowance made for price escalation and interest
during construetion.

Iyrigation Schemes

a) the capital QOSt “of construction in constant 1983
prices less duties and taxes;

b) the annual cost of operation, maintenance and
replacement assumed at 3% of the direct construction
cost; '

¢) no allowance made for price escalation and interest
during construction.

3.2.5 .Economie Benefits

| Ideally the economic benefifs should ineclude both tangible and
intangible benefits, However, only direct tangible benefits were
identified for caléulation of the B/C ratio from the accounting viewpoint,
Effects of indirect and intangible benefits are considered in the priority

evaluation system,

(1) Economic Power Benefit

Economic benefits to be derived from the hydropower projects
were estimated on the basis of the least-costly alternative power
cost criterion. The coal-fired thermal plant of 100MW unit
capacity was selected as the best alternate source of power
(APPENDIX IV), Economic power benefits consist of capacity benefit
{kW-value) and energy benefit (kWH-value), which are also estimated
in APPENDIX IV.

The total power benefit of each hydropower scheme is
calculated by the formula on the following page.

Total annual benefit = {maximum output x kW-value) x
{annual energy output x kWh-value)
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3.3
3.3.1

(?) = Economic Irrigation Benefits

Economic benefits' to be derived from the irrigation schemes
were estimated by the “with" and "without" comparisons. The costs
and benefits .that will arise "with"  the pboposed ﬁrojeot' are
identified and compared with the situation as it would be "without"
the project, The difference is the incremental net benefit arising
from the project investnent, The net incrementél benefit is
measured by comparing the net production value of aévieultural
output under future "with" project situation against i thout"
project situation, Net production values of agricultural oubbut_
under future "with" and "without® situations are presented in TABLE
1-34,

The net ineremental value of production of various erops
would arise from the inerease in: _ _
a) CPoﬁping7intensity Prom'j31;7% (wést_area) and 135.6%
(east area) to 216% (both aréas with project); and

b) erop yields, resulting from lmproved seeds,  impﬁ0ved
Farming practices and irrigation. :

Net incremental value oF prdducEiOn per ha, l.e. net annual
benefit per ha, was calculated as follows {see also TABLE 1-35 and
1-36):

- Sapt Kosi east area: NRs 12,445 or US$798.40/ha
- Sapt Kosi west area: NRs 13,046 or US$836.28/ha

The _annuél benefits_ of an irrigation scheme are measured
multiplying the above figures by the irrigation area.

Schenes Proposed in the Master Plan

Objective of the Master Plan.

As defined in the S/W, the objective of the Study is to prepare a

comprehensive water resources developnent plan for the Kosi River Basin
taking 1into consideration hydroelestric generation, irrigation, flood

control navigatidn and other potentials including inter-basin development
‘schemes,  The ultimate objective of the Kosi Master Plan is optimum
utilization of water resources in the Kosi River Basin for the purpose of



econdomie growth and social improvement of the pecople in Nepal, To achieve
this goal, the Study has been carried out to 1nventory the resources of
thé' Basin,  and to ascertain the needs and the possiblities for Basin

dévelopmeﬁt in order to meef those needs.

3.3.2 Planning Procedure

For the fbrmulatioh of the Master Plan; the planning procedure as

set in below was adopted.

{1) Clarification of Development Strategy and Needs

The development strategy in the fields of water resources
development covering hydroelectric generatioh, irrigation, flood
~eontrol, navigabidn and other potentials was examined and the
development needs for -each sector were clarified after careful

review of the existlng data and information.

(2) Identification of Possible Projects

Based on the existing data and information, site
identification study was conducted and possible projects for each

sector were identified for further detailed field survey.

(3) Field Investigation and Project Formulation

‘Field investigation was conducted on the identified projeckt.
sites and alternative schemes ecovering hydroelectric generation,

irrigation and other potentials were formulated,

(i) Master Plan Formulation

The identified alternative schemes were compared and
evaluated considering technological and economic aspects. From all
the identified schemes, the plans which are consistent with sound
engineering énd economic principles and the policies of HMG were
selected as priority schemes (APPENDIX 1IV). Among the priority
schemes, priority schemes to meet immediate needs in Nepal were
finally selected for early construction. The implementation
schedule of top priority schemes was examined and formulated taking
into consideration balanced and orderly development of the water
resources in the Basin.



3.3.3 Sectoral Devélopment Schemes

{1)  Hydropower

‘As mentioned in APPENDIX IV, 52 hydropower schemes were
formulated in the Kosi Basin and 2 hydropower project sites were
identified in the Kamla basin for possible multipurpose schemes,
The 52 hydropower .schemes include 5 project “Sites for possible
multipurpose schemes in combination with other compénents such as
irrigation and flood control. Hydropower schemes identified in the
Kosi Basin are listed in TARLE 1-37.

A1l the  identified hydropower schemes in the Basin were
compared and ' evaluated based on the prdjeet pbiorlty system
(Priority Evaluation Table in APPENDIX IV), As a result, the
following 13 - schemes were selected as prospective hydropower
schemes for the forpulation of the Master Plan.

HYDROPOWER PRIORITY SCHEMES

_ . _ ‘ _ Construdtion
No. Scheme Evaluated Instalied Cost Inecluding Remarks
Point Capaeity Access Reoad
(M) (mill, US$)
1. Sapt Kosi 371 3,489 2,721 For Export
2. Arun No,3 336 240 268
3. Arun No.2 331 239 292
Y. Sun Kosi No.i éiﬁ 1,357 1,051 For Export
5. Sun Kosi No,3 313 536 582
6. Sun Kosi No.2 312 1,110 1,027 For Export
7. Arun No.i 307 146 277
7. Bhote No,1 307 ol 89
9. Tama Kosi No.3 301 123 206
9. Tanur No,i 301 696 846
11. Tama Kosi Neo,2 299 196 245
11. Khimte No.1 299 49 66
13, Dudh Kosi No,1 295 227 49
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(2) Irrigation

As a result of optimization study (APPENDIX V),.the following
3 irrigation systems were determined as optimum irrigation
development plans in the Master Plan. Considering that the Study
is definéd in terms of erfective developrnent of the Kosi River,
‘irrigation schemes which afe not based on diversion ffom the same

were not included in the Master Plan,

Schemes Command Area Water Source
(ha)
Sun Kosi Diversion 175,100 Sun Xosi River diversion
' ' to the Kamla
Sapt Kosi West Irrigation 17,100 Sun Kosi River diversion

to the Trijuga

Sapt Xosi Rast Irrigation 59,350 Tamur River diversion for
the Bapt Kosi East Area

As shown in TABLE 1-38, the Sun Kosi Diversion Scheme was
given the first priority in terms of irrigation development given

its high economie¢ return.

(3} Flood Control, Navigation and Others

No definite schemes were identified in terms of flood
control, navigation and other potentials due mainly to the limited
data base available, Potential studies, however, were conducted
for flood control, navigation, inland fishery and tar irrigation to

provide suggestions for further investigations,

3.3.4 Multipurpose Development Schemes

For the integrated uée of water resources, bthe potential for
multipurpose schemes was studied (APPENDIX I¥ and APPENDIX V). As a
result, the Sun Kosi Multipurpose Scheme was formulated as one of the
priority schemes in the Master Plan., The Scheme consists of the Sun Kosi
Diversion Scheme (Phase I) and the Sun Kosi No.3 Scheme {Phase 1I).



3.3.5 Beonowie Evaluation of Each Prierity Scheme

Priority schemes proposed in the Master Plan consist of 10
hydropower schemes for domesiic power 'supply, 3 hjrdrop:ower schemes for
powei* export and the Sun Kosi Multipurpose Schéme (f’hasé I). Economle
evaluation of each s'ch'eme is surruﬁarized in TABLE 1-39 (see also APPENDIX
IV and APPENDIX V). |

I-24



TABLE 1-1% NUMBER OF ZONES, DISTRICIS, VILLAGE _
PANCHAYATS AND TOWN PANCHAYATS BY DEVELOPHEHT.REGIOHS

Village Town

Developrent .

Region Zone District Panchayat Panchayat
Eastern 3 16 907 8
Central 3 19 1,242 10
Western - ' 3 16 896 5
‘Mid Western 2 ' 15 581 3
Far Western 2 9 397 ' 3

Total 14 : 75 - 4,023 _ 29

Sourcé: . Ministry of Panchayat'aﬁd Local Pevelopment
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TABLE 1-2 ~ DEVELOPMERT REGIONS, ZONES AND DISTRICTS OF NEPAL
Region Zone District
EASTERN Mechi 1. Taplejung 3. Ilam
2. Panchthar 4. Jhapa
Kosi 5. Sankhuasabha 8. Dhakuta
6. Bhojpur 9. Sunsari
7. Tehrathum 10. Morang
Sagarmatha 11. Solukhumbu 14. Udayapur
12. Okhaldhunga 15. Saptari
13. Khotang 16. Siraha
CENTRAL Janakpur 17. Dolakha = 20, Phanusha
18. Ramechhap 21, Mahottari
19. Sindhuli 22, Sarlahi _
Bagmati 23. Rasuwa 27. Lalitpur
2li, Dhading 28. Bhaktapur
25. Nuwakot 29. Kavre
_ 26. Kathmandu 30. Sindhupalchok
Narayani 31, Makwanpur 34.Bara '
32. Chitwan 35. Rautahat
33- Parsa )
WESTERN Gandaki -36, Manang 39. Gorakha
37. Lamjung o, Kaski
38.'Tanahu Lt, Syangja
Lumbini 42.Gulmi _ 45, Nawalparasi
43, Arghakhanchi 6. rupandehi
44 .Palpa §7. Kapilvastu
Dhawalagipri HB8.Mustarng 50.Baglung
49, Myagdi 51. Parbat
MID WESTERN Karpali 52. Humla 559. dumla
53. Mugu 56. Dolpa
54. Kalikot
Rapti 57. Rukum 60.Fyuthan
. 58, Salyan 61, Dang
59. Rolpa
Bheri 62.Dailekh 65 .Banke
63. Jajarkot 66, Bardiya
64. Surkhet
FAR WESTERN
TREGION Seti 67. Bajhang 70. Achcham
68. Bajura 71. Kailali
69, Doti
Mahakali 72, Darchula 74, Dandeldhura

73. Baitadi

75. Kanehanpur

Note: The Study area of the Master Plan is included in the Mechi

Sagarmatha, Janakpur and Bagmati Zones.

Source: Nepal Agricultuve Sector Strategy Study, Vol, 11,

1-26
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TABLE 1-3 POPULATION GROWTH

Average

Census Year Population Annual Crowth (%)

1911 5,638,749 -

1920 5,573,188 -0.14

1930 5,532,574 -0,08

1942 6,283,649 1.16
1952/511/ 8,256,625 | 2.51

1961 | 9,412,996 1.65

1971 11,555,983 o 2.07

1981 15,020,151 | 2,66

Source: Central Bureau of Statistics
1/ The population=census was conducted in two stages; the eastern

part of the country was enumerated in 1952 and the western
part in 1954,
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Total

1981

1976
Male Fenale Total ‘Male Female

{Percentage)

Total

AGE AND SEX COMPOSITION OF POPULATION

1971
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TABLE 1-7

POPULATION CHANGE BY ECOLOGICAL ZONES

2. Population census 1981 (Preliminary)
3. Population Increase in Nepal 1971-1981,

Dr. Harka Gurung, March 1982

I - 31

Population Population Annual Population
in 1971 in 1981 Growth Rate (%)

1. Western Mountains - :
and Hills 1,748,305 2,002,926 1.37

2. Central Mountains _ :
and Hills 2,277,831 2,652,298 1.53

3. Eastern Mountains
and Hills 2,036,240 2,283,687 1.15
Sub-total: 6,062,376 6,938,911 1.36

4. Western Terai 697,995 1,262,216 6.10

5. Central Terai 942,520 1,158,513 TR

6. Eastera Terai 3,234, 181 4,593,991 3.57
Sub-total: 4,874,696 7,314,720 i, 14

7. Kathmandu
Valley 618,911 766,820 2.17
Nepal 11,555,983 15,020,451 2.66

Source! 1. Population census 1971



TABLE 1-8 POPULATION PROJECTIONS TO YBAR 2030

Unit: '000

Year Very High Medium Low Very Louw
(1) (2) (3) ()

1975 12,840 12,840 12,840 12,840
1980 16,640 14,640 14,640 14,640
1985 16,710 16,510 16,360 16,240
1990 19,270 18,630 18,110 17,700
1995 22,450 21,010 19,840 18,930
2000 26,410 23,650 21,420 19,710
2005 31,220 26,830 23,320 20,670
2010 36,920 30,410 25,360 21,640
2015 13,700 34,370 27,430 22,490
2020 51,790 38,720 29,440 23,120
2025 61,480 43,530 31,390 23,520
2030 72,950 48,930 33,160 23,930

Source:

Population Commission, 1982
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PRODUCTION AND CROPPED AREA

TABLE 1-9
FOR MAJOR CROPS IN NEPAL
(1978/719-1982/83 AVERAGE)
Crops | Production % of Food Cropped % of Cropped
p {'000 mt) Grains Area {'000 ha) Area
Food Grains
Paddy 2,251.2 62 1,270.8 50.0
Maize 701.9 20 466.0 18.4
Wheat 51i.5 14 4§03.0 15.9
Millet 123.3 3 123.8 4.9
Barley 22.5 1 26,0 1.0
Sub-total: 3,610.0 100 2,289.6 90.2
Cash Crops .
Sugarcane 495.0 - 24.3 1.0
Oilseeds : 75.9 - 121.5 1.8
- Tobaceéd . 303.2 - 7.7 0.3
Potatoes 303.2 - b2, 1.6
Sub-total 932.8 248.8 9.8
Total eropped area: 2,538.4 100.0

Source: FEconomic Survey 1982/83, Ministry of Finance, 1983
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TABLE 1-12 RICE EXPORT

Year Qu?;gw " :iv:l;afii . Ex(lﬁ){nt V;Sl)ue ggagz; ;:g

| (Rs/kg) ' (%)
1975/76 164,901 ERTEE 518.1 96
1976777 135,802 2.66 361.1 95
1977/18 62,915 2.68 168.8 29
1978779 . 67,598 3.08 208,14
1979/80 12,216 2.0k 35.9
180/81 45,1453 3.12 41,7 88
1981/82 61.711 I, 24 261.9 59

Source: Trade Promotion Center and Nepal Rastra Bank.
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TABLE 1-13 LAND USE PATTERNS

1975 1980

Type of Land Use : ‘
' ' Area in % of the Aprea in % of the

Sq. km, Total 3q. km, Total

Forest Area 48,230  34.19 40,997  29.06
Cultivated Area 23,260 16.49 31,268 22.17
Land Under Snow 21,121 WM.97 21,121 14.97
Pasture 17,857 12.66 17,857 12.66
Water 4,000 2.84 4,000 2.84
Residential Area and Roads 300 o.21 300 0.21

Others (Waste and Barren Land, etec.) 26,291 18.64 25,516  18.09

Total 141,050  100.00 141,059 100,00

Source: Facts About Nepal, Department of Information.
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TABLE t-14 INDUSTRIAL UNITS BY DEVELOPHMENT REGIONS
{1976 777)

Devlopment Regions

. Far- Total
Eastevn. Central Western Restern Nepal
3 2 3 4 5 6

Number of Industrial Units 45 1,787 665 331 | 3,528

Number of Personnel Employed 15,561 22,134 7,864 4,561 50,120

Total Amount of Capital 339 1,358 694 51 2,u42
Invested {(million Rs.)

533

Annval Value Added 12 2ug 82 60
(million Rs,) : :

Sourcet Census of Manufactubing Establishments 1976/77,

National Planning Commission, 1981,
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TABLE 1-15 ACTUAL PERFQRHAHCE oF
NATIONAL DEVELOPMENT PLANS

Third Plan Fourth Plan Fifth Plan

1965-70 - 1976-75 1975-80
1. GDP Growth Rate . : 2.6 (3.8) 2.0 (4.0) 2.1 (5.1)
2. Increase in Food Grain
Production (%) . 1.0 ' 1.8 -2.8
3. Agricultural | :
Produetivity (Ton/ha) 1.92 1.85 1.78

4. Share of Agriculture _
-~ in GDP (%) 60 68 60

Sourcet NPC and MOF
Note: Figures in parentheses indicate the target.
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Table 1-20 FOREIGN ATD FINANCING OF PUBLIC SECTOR
DEVELOPMENT EXPENDITURES DURING DIFFERENT PLANS

(Unit: 10% NRs)

Development Foreign Aid
Period Expenditure {Gross) %
First Plan (1956-1961) 382.9 382.9 100.0
No-Flan Year {1961-1462) 86.2 70.6 81.9
Second Plan (1962-1965) 614.7 478.3 77.8
Third Plan (1965-1970) 1,639.1 919.8 56, 1
Fourth Plan (1970-1975) 3,356.9 1,509.1 45,0
Fifth Plan (1975-1980) _ 8,832.6 4,240.8 18.0
1975776 | 1,238.9 505.6 40.8
1976777 1,496.3 556.9 37.2
1977/78 1,808.0 818,14 46.9
1978779 1,978.8 g89.1 50.0
1979/80 - 2,308.6 1,340.5 58.1
Sixth Plan (1980-1685), 21,150,0 13,260.0 61.0
(Planned)
1980/81 (actual) 2,731.1 1,562.2 57.2
1981/82 (revised estimate) h,073.8 2,059.0 50.5

Source: Nepal Agriculture Sector Strategy Study, 1982

Note: Foreign Aid includes grants and loans.
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TABLE 1-21 ALLOCATION OF DEVRLOPMENT .

RAPENDITURE IN THE PUBLIC SECTOR

Unit: 100 NRs

Fifth Plan Period

Sixth Plan Period

1975-80 1980-85
Amount y 4 Amount %
1. Agriculture, Irrigation _ _
and Forest - 2,349.7 26,5 6,600.0 30.4
a. agriculture {969.4) (10.9) (2,300.0) (10.56)
b. irrigation {864.0) 9.7} {3,060.0) (1, 1)
¢. others (516.3) {5.9) (1,2U40.0) (5.7)
2. Industry, Mining . : _ .
and Power 1,679.2 18.9 5,600.0 25.8
a. Industry & Mining (538.0) (6.1) - (1,700.0) (7.8)
b. Power . (1,049.9) {11.8) {3,800.0) (17:5)
¢. Commerce & Others {91.3) (1.0) - {100.0) {0.5)
3. TranSport and _ ' _ . ‘.
Communications 2,380.6 26.8 4,210.0 19.4
_a. Transport _ (2,299.1) {25.9) (3880.0) (17.8)
" b. Communications (81.2) (0.9} {350.0) (1.6)
. Social Services 1;027.7 1.6 1,660.0 7.6
Total | 8,870.6*  100.0 21,750.G**  100.0

% : at current prices
%% : 3t 1979/82 constant price
Source: NPC and MOF
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TABLE 1-22 . GOVERNMENT BUDGET
Unit: million NRs
1980/81 1981/82 1982/83 1983 /84

Actual Actual Estimate Estimate
{. Expenditure 4092.3 5361.3  6949.1 9522.6
“a. Regular 1361.2 1634.4 2140.6 2429.3
b. Development 27311 3726.9 4808.5 7093.3
2. Receipts | 3288.1 3672.8 4450.3 5972.0
a. Revenue - 2419.2 2679.5 3055.6 4306.0
. b. Foreign Grants 868.9 993.3 1394.7 1666.0
3. Deficit -8on.2 -1686.5  -2498,8  -3550.6
4. Sources of Financing 9u3.3 1229.9 2141.1 3550.6
a. Foreign Loan 693.3 726,90 1181.1 2334.6
b. International Loan 250.0 . 500.0 1000.0 -1216.0
C. Cash Balance o ' Co
{Surpius -) =-139.1 i58.6 357.7 0

Source: Economic.Survey 1982 /83, MOF
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TABLE 1-23 POPULATION DEKSITY PER SQUARE KILOMSTER OF PHYSICAL AREA

AND CULTIVABLE LAND IN THE STUDY AREA (1981)

- _ Population Persons per
i Physical Cultivable - Density per _ ki
District Area(km?) Land (km2) Population - km? {Cultivable
: {Physical Area) Land)
Mountains .
1. Taplejung 3,020 150 116,884 39 779
2. Sankhuwa :
Sabha - 2,510 135 129,513 52 959
3. Solukhumbu 2,930 80 87,44l 30 1,093
4, Dolakha 1,980 90 150,494 76 1,672
(10, 440) (455)  (484,335) (46) (1,064)
Hills | | |
1. Illam 1,370 930 177,442 130 191
2. Panchthar 1,370 505 153, 342 112 304
3. Terhathum 820 - 591 93,305 114 158
4, Dhankhuta 1,680 852 128,568 7 151
5. BhoJjpur 1,840 243 192,789 i05 793
6. Khotang 1,726 141 212,108 123 150
7. Udaypur 2,470 700 159,313 6h 228
8. Okhaldhunga 1,270 129 137,920 109 107
9. Ramechap 1,370 674 163,470 119 243
10. Sindhu- | |
palchok 2,600 130 232,30H G0 1,790
i1. Kavre 1,270 579 307,604 242 531
12. Sindhuli 2,590 269 188,232 73 T00
(20, 370) (5,743) (2,146,897) (105) (371)
Terai
1. Jhapa 1,480 1,191 480,056 321 403
2. Morang 1,814 1,092 531,490 290 489
3. Sunsart 1,360 813 343, 007 252 a2
5. Saptart 1,250 1,086 381,277 305 351
5. Siraha 1, 140 957 376,390 330 393
6. Dhanusha 1,190 738 332,51] 363 42
7. Mahottari 1,250 815 363,975 291 hut
8. Sarilahi 1,380 529 398,397 89 753
(10,86Y) {(7,281)  (3,310,103) (305) (455)
Total 41,674 13,479 5,901,335 03 m

Source: Nepal Agriculture Sector Strategy Study, Vol. II, 1982

I - 48



TABLE 1-24 DISTRIGT POPULATION CHANGE
IN THE STUDY AREA FOR 1971—31

: Population . Annual Growth
Districts 1971 1987 Rate (%)
A, Mountains and Hills
1. Taplejung 84,119 . 116,884
2. Sankhuwa Sabha _ 114,333 129,513
3. Solukhumbu 105,324 87,44y
i, Dolakha 130,022 150, 494
5. Ilam 139,538 177,442
6. Panchthar IU5,809 153, 342
7. Terhathum 119, 307 93,305
8. Dhankuta 107,649 128,568
9. Bhojpur 194,506 192,789
10.- Khotang . 163,297 212,108
11, Udaypur . 112,622 159,313
12, Okhaldhunga 122,862 137,920
13.. Ramechhap 157, 349 163,470
1, Sindhu Palchok 206,381 232,804
15. Karve Palanchok - 245,165 307,604
6. Slndhull 47,409 188,232
Mountains and Hills Total (2,296,271) {2,631,232) {(1.37)
B, Terai .
1. Jhapa 247,698 480,056
2. Morang 301,557 534,450
3. Sunsari 223,434 343,007
4, Saptari 312,565 381,277
5. Sipraha " 302,304 ' 376,390
6. Dhanusha _ 330,601 k32,511
7. Mahotari 324,831 363,975
B. Sarlahi _ 175,543 398,397
Terai Total (2,218,533)  (3,310,103) (4.08)
Study Area Total: 4,514,80U 5,941,335 (2.78)
Source: Population Census data in 1971 and 1981. The boundaries for

BDistricts in 1981 do not accord with those in 1971 because of
shifts of some village panchayats in 1975,
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TABLE 1-25

POPULATION 1INCREASE 1971-81
Area Population in'Thousands " Average Growth Rate
1971 1981 pet Annum (%)
. Nepal 11,555.9 15,020, 4 2.66
. Sﬁudy Area 5,514.8 5,9Hi;3 2.78
a. Mountain and Hill {2,296.3) (2,631.2) (1.37)
b. Terai Area (2,218.5) (3,310.1) (4.08)

Source: (BS
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TABLE 1-30 NUMBER OF MANUFACTURING ESTABLISHMENTS
IN THE STUDY ARBA (1976/1977)

Total No. of 0il & Grain Gross Output

Districts Establishments  Mill Prod. Others RS, 1000
Hountains
Solukhumbu Y 0 b 1,146
Dolakha 7 0 7 1,108
Hills
Tilam 3 1 2 1,866
Terhathum 2 0 2 -
Dhankhuta 4 3 1 324
Bho jpur 17 1 16 1,021
Udayapur 12 12 0 6,085
Okhaldhunga 3 0 3 202
Sindhupalchok 18 - 17 1 2,41
Kavre 50 43 7 19,626
Sindhuli T 6 1 -2, ul8s
- Terai =
Jhapa 207 159 48 227,859
- Morang 154 115 39 621,841
Sunsari a6 74 12 68,462
Saptari 124 115 9 356,267
Siraha 129 121 8 82,482
Dhanusha 160 131 29 145,845 -
Mahottari 137 123 14 40,395
Sarlahi 165 145 20 82,065
TOTAL 1,289 1,066 223 1,661,520
Nepal 3,528 2,637 891 3,939,955

Source: Census of Manufacturing Etablishments 1976777, CBS, 1981
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TABLE 1-32  CAPACITY OF POWER EQUIPMENT IN THE MANUFACTURING
ESTABLISHMENTS IN THS STUDY AREA

No. of Establishments Capacity of Power Equipment
' Without With Prime Mov- Electric
District Total Power Power . ers Except Motors Generators
Equipment Equipment  Generators . H.P, K.HW.
H.P, :
Mountains
Solukhumbyu l y - - - ~
Dolakha T T - - - -
Hills
Illam 3 3 72 53 71
Terhathum 2 2 - - - -
Dhankhuta b 1 3 - 60 -
" Bhojpur 17 16 1 AL - -
Udayapur 12 - 12 184 - -
Qkhaldhunga 3 3 - - : _ -
Sindhupalchok 18 1 17 69 : 33 :
Kavre 50 6 hy 55 686 10
Sindhuli 7 1 6 97 - -
Terai :
Jhapa 207 15 192 4,067 405 2,554
Morang 154 11 143 5,040 7,042 6,327
Sunsari 86 5 . 81 1,225 1,287 375
Saptari 12 6 118 1,652 291 i,112
Siraha 129 7 j22 1,464 264 . [
Dhanusha 160 1 146 1,561 1,61 1,106
Mahottari 137 10 127 1,524 325 -
Sarlzhi 165 17 148 3,057 1,609 50
Total 1,289 126 1,163 20,081 13,606 11,611
Nepal 3,528 388 3, 140 41,996 33,499 16,249

Source: Census of Manufacturing Establishments 1976/1977, CBS, 1981
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TABLE 1-33 UNIT PRICES OF AGRICULTURAL INPUT AND QUTPUT
(1 of 2)

Unit: NEs
Items ' Unit Econonmie Price
1, Inputs
Seed
Paddy, Improved ' kg 2.50
Paddy, Local ' " 2.30
Wheat " 3.00
Jute " 15.30
Sugarcane n 0.30
Maize n 3.00
Pulses " 7.00
Oilseéeds " 8.00
Tobacco " 806.00
Potato o 2.50
Fertilizar :
Urea . kg 5.50
TSP i §.10
Manure " 0.05
Farm Labor
Human Labour man/day 4.00
Animal Labour head/day 6.00
2. OQutputs
Paddy Improved kg 3.30
Paddy, Local - .o" 3.00
Wheat " 3.70
Jute n h.60
Sugarcane " 0.28
maize " 2.40
Pulse " 7.00
Oilseeds : " 8.00
Tobaceco " 80.00
Potato " 2.00

Source! (1) Price Projections by World Bank, 1982
{2} MOA
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TABLE 1-34- SUMMARY OF PRODUCTION COST PER HA
(2 of 2) .
. Unit : NRs
Crop Labour Iput Others Total
Cost Cost
{1) Future With Project
Paddy _
~ Improved 1,088 1,450 254 2,792
(Wet) :
- Improved 1,032 1,450 248 2,730
{Summer} .

- Loeal - - - -
Wheat - 980 1,435 2h2 -, 2,657
Jute 1,604 1,065 267 2,936
Sugarcane 1,692 4,475 617 6,784
Maize 956 675 10 1,539

_ Pulse 724 675 140 1,539
Oilseeds 568 119 135 1,482
Tobacco 808 1,524 233 2,566
Potate 1,508 3,700 521 5,729

(2} Future Without Project
Paddy : :
- Improved 836 1,175 121 2,132
(Wet)
~ Improved 834 1,175 121 2,132
(Summer) :

- Local 828 578 84 - 1,490
Wneat 716 1,085 106 1,876
Jute 1,356 565 115 2,036
Sugarcane 1,492 3,550 303 5,345
‘Maize 872 75 57 1,004
Pulse 504 420 55 379
Qilseeds sy 168 43 755
Tobacco 760 1,160 115 2,035
Potato - - - -
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TABLE 1-35 'NET PRODUCTION VALUE PER HA |
AT FULL DEVELOPMENT STAGE (SAPT KOSI EAST AREA)
Future With Project Future Without Project
Het Cropping Weighted Net Cropping Weighteéd
Prod.Value Ratio Value Prod.Value Ratio Value
(NRs/ha) (2) {NRs/ha) {(NRs/ha) (%) (NRs/ha)
Paddy
- Improved Wet 10,408 94 9,784 7,359 7.9 1,317
- Improved Sumner 8,820 25 - 7,399 4.5 331
- Local Wet - - - 3,391 "56.1 1,902
Wheat 8,443 35 2,955 3,472 13.7 476
Jute 8,564 5 428 5,660 6.2 351
- Sugarcane 1,616 i 16 828 1.} 9
Maize 2,516 15 377 2,382 12.4 295
Pulses y,061 25 1,015 1,471 6.3 93
Oilseeds 6,518 15 978 4,413 17.5 172
Potato 24,271 1 243 - - -
Total 216 18,001 (1) 135.6 5,546 (2)

Hote: Incremental Net Benefit/ha:

18,001 -~ 5,546 = 12,455 (US$798.40/ha)
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TABLE 1-36

AT FULL. DEVELOPMENT STAGE (SAPT KOSI WEST AREA)

NET PRODUCTION VALUE PER HA

Future With Project

Futurr¢e Without Projeot

Net  Cropping Weighted Net Cropping Weightod
Prod.Value Ratio Value Prod.Value Ratio Value
{NRs/ha) {%) (NRs/ha) (NRs/ha) {£) {NRa/ha)
Paddy ' 7 R
~ Improved Wet 10,408 97 10,096 7,359 17.9 1,317
- Improved Summer 8,820 25 2,205 7,359 4,5 331
- Local Wet - - - 3,391 56.1 1,902
W¥heat 8,443 35 2,955 3,172 13.7 76
Sugarcane 1,616 1 16 828 1.1 8
Haize 2,516 15 371 2,382 12.4 295
Pulses 4,061 27 1,096 1,471 6.3 93
Oilseeds 6,518 14 1,760 1,413 17.5 772
Tobacco 77,434 1 TTh 58,285 2.2 1,282
Potato 24,271 1 243 - - -
Total 216 19,522 (1) 131.7 6,476 (2)

Note: Incremental Net Benefit/ha:

19,522 - 6,476 = 13,046 (US$836.28)
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TABLE 1-37 © HYDROPOWER SCHEMES IDENTIFIED
{1 of 2) ' IN THE KOSI BASIN

; talle Nepal  Priority Mark
Type of Installed For Nepa riority Ma

Main ‘ N
Strean Scheme Generation C??gﬁj}”ty ngig':? (mog;,-s;han
Tamuy TM-1% PRR 696 N 301
~3 1t 186 " 301
-4 SRR 51 "
_5 it 70 n
-6 " ?6 1]
__7 n 101 "
KB-1 1] 15 11
-2 n 15 "
_,3 1] '12 L]
' {1,222) _
Arun AR-1 SRR 116 " 307
-2 oon 239 n ) . 33%
_,3 "o 246 . n 336
-h " 120 -
-5 " 202
-6 " 238
(1,185) _
Sun Kosi SuU-1* R 1,357 Export 315
-2 " 1,110 " 3t2
~3* " 536 R 313
—H*_ SRR 26 "
DD-1 PRR 228 " 295
-2 1" _ 87 n
-3 L] 48 ]
,_[l 1t "-!6 1]
-5 " 73' "
-6 n 36 "
~T "t 89 I¥
_,8 " : 93 "
-0 " 63 L]
-10 " g "
MA f 13 ]
LK_] tH 21 11
) " 17 1"
.__3 " 3 1 "
=4 L] 25 "
KM_I n [Ig " 299
_2 " 22 1t
TA-2 " 196 n 299
_,3 it 123 n 301
-4 " 126 "
-5 " 102 "
-5 " i1 3 i
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TABLE 1-37 HYDROPOWER SCHEMES IDENTIFIED
(2 of 2) IN THE XKOST BASIN

Installed For Nepal Priority Mark

Main Type of : :
Scheme . Capacity or Power {more than
Stream Generation (M) Export - 295 )
Sun Kosi  RS-1 SRR 10 N
_2 L } 3 u
‘_3 n 1 2 1]
-3 n 10 "
BH_“ it 6“ 1]
-2 " 69 ]
BA 58 f
ID-1 PRR 58 "
-2 SRR 33 "
_3 1] 25 [l
(5,013) -
Sapt Kosi  SAPT* - R 3,489 Export 371

Note: 1/ TM: Tamur, ¥B: Kabeli Nadi, AR: Arun, SU: Sun Kosi, DP: Dudh
Kosi, MAt Mawlung Khola, LK! LIkhu Khola, KH: Khimte Xhola, TA:
Tama Kosi, TA: Tama Kosi, RS: Rosi Knhola, BH: Bhote Kosi, BA:
Belephi, ID: Indrawati .
2/ Schemes with * mark are suitable for multipurpose projects
3/ R signifies Reservoir

4/ Two (2) hydropower project sites in the Kamla basin are not
ineluded in the table.
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TABLE 1-38 TRRIGATION DEVELOPMENT SCHRMES

IDENTIRIED IN THE MASTER PLAN
Construction Construction B/C
Scheme Cost Cost per ha Ratio
(106 0s$) (Us$) (12%)

Sun -Kosi. Diversion
a. Irrlgation sector only 470.9 2,689 1.33
(without hydropower)

b. TIrrigation and hydropower 550.7 2,368 1.54
Sapt Kosi West Irrigation 60.4 3,532 1.10
Sapt Kosi East Irpigation - 232.5 . 4,711 0.76

Note: (1) No allowance for interest, duties and price escalation was
made in the cénstruction cost estimate,

{2} Allocated cost of irrigation in Sun Kosi

is US$414.6 million.

Multipurpose Scheme

{3) Sun Kosi Diversion corresponds to phase I of Sun Kosi Multi-
purpose Scheme.
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TABLE 1-39 RCONOMIC EVALU&TION OF EACH PRIORITY SCHEME

Capital Cost Cost perr KW  Energy B/C
A6 or per ha : Cost Rati
(10%Us$) (US$) ($/KKR) | atio
Hydropower Schemes
for D0mestic Use
t. Arun No, 3 . 268 1,119 2.29 2.91
- 2. Aeun No. 2 . 292 1,222 2.65 . 2.u9
3. Arun No, i 277 1,897 5,03 1.66
I, Tama Kosi No, 3 206 1,675 5.77 142
5. Tama Kosi No. 2 24y 1,250 - 405 1.98
6. Sun Kosi No. 3 = 582 1,086 475 1.95
7. Khimte Khola No, 1 66 1,347 3.26 2.14
8. Bhote Kosi Mo, 1 89 1,388 3.38 2.09
9, Tamur No, 1 846 7,216 5.20 1.76
10. Dudh Kosi No, 1 - Lag 1,969 7.76 1.13
Hydropower Sehemes
for Power Export
1. Sapt Kosi High Danm 2,721 780 - 2. 74 3.03
2. Sun Kos! No, 1 1,051 175 3.83 2.59
3. Sun Kosi No, 2 1,027 925 3.65 2.1
Multipurpose Scheme
1. Sun Kosi Diversion 551 2,368/ha - 1.51

(Phase 1)
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APPENDIX I

METEOROLOGY & HYDROLOGY

1. METEOROLOGY

1.1 General _

The Kosi Basin is located in the Mountain and Hill Areas of eastern
Nepal, The area has two distinet seasons: dry season from Nov-May and
rainy season from Jun-0et. Prevailing winds during the dry season are
westerly while those in the rainy season are easteﬁly. Rainfall during
the rainy season has a cycle of about 10-15 days: however, rainfall does
ﬁot occur in every part of the Kosi Basin at the same time. Rainfall
conditions also differ according to elevation. Areas over 3,000m have a
high bereentage of drizzle while those lower than 2,000m are subject to

heavy dounpours.,

The Study aéea has a difference in annual average temperature
ranging from abd@t 5 to 25°C'(FIG. 2-1}. Daily temperature ehahge during
the rainy éeaéon is comparatively slight, With the eéend of the rainy
season and the éoming of strong westerly winds in November, temperature
drops rapidly ﬁeaching minimum temperatures in January. As temperatures
during the dry season rise with sunshine hours and decrease quite suddenly

with nightfall, daily fluctuation in temperature averages about 15-20°C.

‘Humidity during the rainy season has a rnonthly average of 90%, with
little daily variation in humidity. Dry season humidity, on the other
hand, varies widely during a one day period and is mueh lower than that of
the rainy season totaling only about 20% of the same, Water content near
the soil surface is likewise high during rainy season at 10%, dropping in
the dry season, '

The Team collected meteorological data at 107 meteorologicail
stations in the Kosi Basin, and on the basis of the same, carried out

among others the following analyses:

Annual rainfall
Annual Isohyet

- Probable rainfall
Evaporation

I
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To. understand the meteorological conditions in the Kosi Basin, the
Team selected some representativé meteorological stations presented in the
table below to illustrate the eclimatic characteristics of each area for

reference in this report.

TABLE 2-1 REPRESENTATIVE METEOROLOGICAL STATIONS

Average Average Referenced
Area ' Annual Annual Meteorological .
: Rainfall Temperature Station Elevation
(1871-80) (1971-80)
(mm) (°C} (Nos.) {(m)

Sun Kosi & Tama K031 2,189 9.2 1103 2,003
Dudh Kosi 1,898 th.2 1120 2,770
Arun - . 1,464 25.2 1303 - 1,329
Tanur _ 1,147 21.7 1318 158
Terai (near Janakpur) 1,263 29.8 1114 93

About 30¢ of the above mentioned annual rainfall takes place in the

monsoon season (Jun to Sep)

The Team derived the_ relation formﬁla between evaporatibn .and
elevation from coéllected meteorological data. Data compiléd from 15
observatioﬁ stations in various parts of Nepal shouw that the range of
averagée annual evaporation losé differs with altitude. The correlations
between helghts above sea level where evaporatlon reaches 960mm to 1,4980mm

yearly and the average annual evaporation loss is as follows'

y = -0.25774 x + 1611.9
¥y: Average annual evaporation loss (mm)

x: Height above sea level (m)
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FIG, 2-2 ELEVATION - EVAPORATION CORRELATION

1.2 Meteorological Stations in the Study Area

Location of meteorological stations in the Study area are as shown
in FIG, 2-3. There are 107 stations scattered over the area: 20 stations
in the Terai Area and 87 stations in the Mountain and Hill Areas {TABLE 2-
2). There are two categories of meteorological station: climatological
stations which observe air temperature, relative humidity and

precipitation, and precipitation stations which observe rainfall only,

As the majority of meteorological stations in the Study area were
established before 1970, sufficient rainfall data are available for study.
However, irrigation planning requires not only rainfall data but also data
on temperature, humidity, wind, evaporétion and sunshine. The latter data

are insufficlient as only a few stations have been collecting the same.
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1.3 Taohyet Ma

From the monthly rainfali.data collected in the-Study area, annual
rainfall was analysed for the period from 1971 to 1980 to obtain mean
annual rainfall for preparation of the annual isohyet map as shown in FIG,
2"“.

'The majority of préeipitatidn in fhe Kosi Basin is borne by _
airflows fréﬁ Baengal Bay during thé rainy season. These aiﬁfloﬂs cross
the Terai to the Mahabharat Range and the.Himalayan Mountains with heavier
rainfall in the Terai'plain'and the area betweén the 2 mountain rénges.

The Teral Area has an annual rainfall of only 1,000-1,500mm. From
the isohyatal map,'it can be seen that there are some barticular areas in
the Kosi Basin where rainfall is distributed in a concentric oireular
pattern includiﬁg the Sun Kosi and.ﬁbun. Riveﬁ basins, Maximum annual
rainfall in the Sun Kosi is 3,500mm with a minimam of 2,000mm and r-aiﬁfall
is particularly neavy in:the dpper_reaches of the Sun Kosi, the Bhote Kosi
basin where rainfall exceeds 3,500mm,

© Maximun rainfall in the Arun River basin is 1,000mm and the minimum
is 2,000unm, Hdweveb, Rain gaﬁge stations in those areas where rainfall
reaches levels close to 4,000mm are scarce, therefore further study by
installation of the s.tat.ibns would be 'béquired{ The Tamur River basin is
located in the east part of the Arun River basin and the maximum rainfall
is estimated to be reached about 2,500ma, '

2. HYDROLOGY
2.1 General _

The Study area 13 tOpographieally and climatically divided into two
majbr areas; the Kosi Basin and the Terai Area. The catchment area of the
Kosi River is approximately 61, 000km2 with 554 in Nepal and 45% in Tibet.
About 10% of the catchment area is covered by glaoier, ice and snow

througnout a year.



The Kosi River is composed'of 7 rivers, of which the main affluents
are from east to west, the Tamur River, the Arun Biver and the Sun Kosi
River. The tributariés of the latter include the Indrawati, Tama Kosi,
Likhu Khola and bPudh Kosi rivers. The relative proportions of each
catchment area and annual discharges of the 3 main. rivers and the Sapt

Kosi River are presented in the following table.

TABLE 2-3  CATCHMENT AREA & ANNUAL DISCHARGE IN THE KOSI BASIN

Catchment Avea Annual Pischarge Annual Average

River Discharge

. km? () 106m3 (%) (m3/s)

Sapt Kosi 61,000 (100) 50,900 (100) 1,630
Sun Kosi 19,000 (31) 22,400 - (4y) 770
Arun - 36,000 (59 18,300 (36) 600

Tamur 6,000 (10) 10,200 (20} 350

In the Teral Area, there are innumerable medium and smail rivers
originating from the Mahabharat Hange and Siwalik Hills.- These rivers
change their courses every rainy season due to lack of embankment and
.river protect;on works. Almost all of these rivers except ma;or rivers
dry up in the dry seQSOn. MaJor rivers among them are the Bagmatl Kamla

and Kankai from west to east.

TABLE 2-4 FEATURES OF MAJOR RIVERS IN THE TERAT AREA
River . Catchment Area Annual D1scharge | Recorded Year
(xn?) (106m3)
Bagmati 2,720 5,052 1965-68
Kamla 1,470 1,409 1956-69
Kankai 1,150 1,643 1964-69

Note: Catchment arcas are estimated at the outlet of rivers from the
Mountain Area to the Teral Area,
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2.2 - Gauging Stations

There are t4 gauging stations in which 13 are still active in the
Kosi Basin, the Sun Kosi, Arun, Tamur and Sapt Kosi. On -the Aruh River, a
new gauging station at Legwa Ghat Was established in 1979 and stopped in
1983, and the recorded water level was ‘processed by the Team to obtain
discharge data. Another gauging Station was established at Turki Ghat
upstream of Legwa Ghat in 1975 and the wéter level has been recorded.
These data were also proceséed by the Team to convert the sama to
discharge data. On the Sapt Kosi, the Barahkshetra gauging station
existed since 1949, The Team was only succ¢essful In collecting monthly
neéan discharge' data as this gauging station 1is controlled by the

Government of India.

In the Terai Area, there are altogether I gauging stations‘ two on
the Bagmati and one each on the Kamla and Kankai. These gauging stations
were established in connection with the on- g01ng 1rrigatlon projeats on
each river. The data obtained at these three gauging stations contain

monthly but not dally dlscharge.

~ During the Study,”the'Team conducted field suPVey'bf the existing
gauging station, particularly; oh‘the Arun Rivér, to prepare a néw rating
curve from gauging water 1eveis;discharges neasured by bIHM.sinee 1975 and
actual measurement of discharge by the Team in the middle of August 198%4
at Turik Ghat gauging station. The rating curve prepaﬁed_by the Team is
shown in FIG, 2-5,

For the clarification of the hydroiogical characteristics of the
Basin, average unlt discharge per 100km? recorded in the Kosi Basin and !
gauging stations in the Teral Area are tablulated in TABLE 2-5.,
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TABLE 2-5 DISCHARGE PER 100km?

' Co ' _ | 90% Dependable Annual _
Gauging Station Catchment Discharge Average Pericd of
No. & Name of River Area (Kn?) (m3/s5/100km2)  (m3/s/100kme} Record

Kosi Basin
610 (Bhote Kosi) 2,410 0.60 _ 3.07 1965—?81
620 (Balephi Khola) 629 1.84 9.06  196uL-78-
630 (Sun Kosi) 4,920 1 0.85 4,80 1964-75
640 (Rosi Khola) 87 0.21 3.44 1964-78
647 (Tama Kosi)* 2,753 0.74 5.94 - 1971-78
650 (Khimte Khola) 313 T 8.85 - 1965-78
652 (Sun Kosi) - 10,000 0,79 5.58 1968-18
660 (Likhu Khola) 823 $.35 6.52 1964-78
670 (Dudh Kosi)* 4,100 1.05 5. 41 1964 -75
680 (Sun Kosi)® 17,600 0.75 .17 1966-77
690 (Tamur)* 5,610 0.89 - 6.05 1970-78
695 (Sapt Kosi) - 57,000 - 2.70 1949-78
604 {Arun)2/ 34,904 0.40 1.53 1979-1982
604.5 (Arun)* 33,7606 0.38 1.30 1976-83
Terai | _ |
550 (Bagmati) - 585 - 0.69 196274
590 {Bagmati) 2,720 - 5.89 196568
Kamala (Kamla) 1,870 - 3.0l 1956-69
770 {Kankai) 1,150 - 4.53 196469

1/ no data in 1968
2/ presently not active

®  Gauging Station with automatic recorder

The locations of the above active pgauging stations are shown in
FIG, 2-6 and 2-7.

2.3 Reliability of Gauging Data

2.3.1 General

Studies. on the correlation between annual rainfall and
corbeSponding discharge at all the gauging stations were made utilizing
the collected hydrological data. At  some gauging stations analysis
results show over-discharge, 1ndicating more discharge than rainfall,
which ean not be properly exblained from an ordinary theory of water
balance,
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Possible reasons for such discrepancy may bei (1) simple errovs in
measurements refleoting inadequate measurement practice and 'faeiiities,
and (ii) actual discharge from glacier and snow.. It is suggested that
further studies, especially field survéy, should be conducted to raise the
accurancy of the data which are a major factor ‘for planning of water

resource development.

Far that additional data should be providéd in future by way of't
(i) -installation of automatic recorders on the Sun Kosi and Arun rivers, .
(i1) measurement of flood hydrograph during the rainy seasoh, and (111)
periodic measurement of river flow and cross-sectio twice a month and
after floods. Such data would be useful for studies in the future

including pre-feasibility and feasibility studies,

2.3.2 Discharge Balance Among Gauging Stations éh the Sun Kosi Basin

There ave 10 gaﬁging.stations=in the Sun Kqéi Basin. To check the
feliability of discharge data recordéd, the Team carried ‘oﬁt discharge
balance study among the.géuging stations as shown in FiG. 2-8. Average
annual discharges, average ‘August discharge (maximum discharge) and
average March discharge (minimum discharge) from i1971-75 which have comuon

records were used for checking and are tabulated in the table belaw.

TABLE 2-6 - DISCHARGES AT GAUGING STATIONS IN THE SUN KOSI BASIN

No. of C.A. Annval Discharge  August Discharge March Discharge

G.S. (km?) (m3/3) {m3/s) (m3/s)

610 2,110 16.6 216.5 15.8
620 629 55.6 179.4 9.5
630 4,920 249.5 7721 6.5
640 87.2 3.0 7.6 1.0
647 2,753 153.9 §64.9 23.6
650 313 271 81.6 4.3
652 1Q,000 526. 1 1,677.4 84.5
660 g23 55.0 161.4 10.6
670 H,100 227.4 678.5 37.2
680 17,600 706.5 2,253.0 147.9

IT -8



From review of the discharge balance study, it is concluded that
some diserepancies occur in the figures for No0.680 G.S and upstream

gauging stations on the Sun Kosi River as desecribed below.

(1) Annual average discharge of No.680 G.S is 101.7m3/s lower
than the total discharge of No.652, No.6h0 and No.670, despite
remaining catphment area (2,657Tkm?) between upstream gauging
stations and No.680 G.S.

{(2) August average discharge shows greater inbalance 264.3m3/s
bekuween upstream gauging stations and No.680 G.S. This indicates
that high water level discharge records are less than actual
discharge at No.680 G.S. The rating curve should be checked by
pericdie géuging of discharge particularly in rainy season and

several measurements of eross-section.

(3) The Maréh avérége discharge shows Ea normal balance or
slightly lower in No.680 G.S than in upstream G.S.

2.3.3 Runoff Coefficient Against Rainfall

The runoff coefficient 1is also examined to review collected
discharge data by the Thiessen method. All collected rainféll data in the
Basin was adopted to estimate the runoff coefficients at the discharge
gauging stations while annual rainfall in the Tibet area was assumed at

500mm/yr. The results are tabulated in the table below.

TABLE 2-7 RUNOFF COEFFICIENT

River G.S. ggggggcient Range of Coefficient Period
Bhote Kosi 610 0.62 0.49 - 0.72 1971-78
Indrawati 620 ¢.79 0.60 - 0,98 -~ 971-78
Sun Kosi 630 0.78 0.67 - 0.89 1971-75
Rosi Khola 640 0.77 0.61 - 0.95 1971-78
Tama Kosi 6l 0.98 0.81 - 1.20 1971-78
Khimte Khola 650 0.83 0.67 - 0.92 1971-78
Sun Kosi 652 0.82 0.72 - 0.94 1971-78
Likhu Khola 660 1.31 1.19 - 1,42 1971-78
Dudh Kosi 670 1.30 1.13 - 1.38 1971-75
Sun Kosi 680 0.72 0.36 - 0,81 1971-76

0.80

Tamur 690 1.01 - 1,22 1971-78
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Differential distribution of coofficient 1is shown in FIG. 2-9,

Review of the results includes the following itens.

{1) Genevally the normal ¢oefficient of_disoharge is considered
te have a range of 0.6-0.8. From this perspective, the discharge
coefficient of No.680 G.S. is reasonable,

(2) The discharge obtained for gauging stations No.6Y7 (Tama
Kosi), No.660 (Likhu Khola), No.670 (Dudh Kosi) and No,6¢0 . (Tamur),
are greater than 1.0 of the coefficient. Two possible reasons arel

a) D1scharge data were measured hlgher than actual
discharge.

b) Rainfall data in the Basin are_incorreet due to
large glacier areas for which there is no
rainfall data. - Actual rainfall may be greater
than adopted rainfall data.

~ Consequently further study is required particularly on rainfall in

the glacier arsas.

2.3.4 Rating Curve

_ Rating curves at each gauging station were ﬂfepared _by using
measured water levels and dischargés collected. Humber‘bf measurenents
was not confirmed but measuremehts of diséharge and oross section of
gauging station are thought to be made only 2 or 3 times a year at each
station. Measurements for high discharge in pérticular wefe not

conducted.

Based on Study results, the katihg curve equation formula at each

gauging station was calculated as shown in TABLE 2—8._

2.3.5 Hydrological Data

Collected discharge data in the Study area are shown in TABLE 2-9,

3. FLOOD_DiSCHARGE'

3.1 Statisbical Analysis

For estimation of Flood discharge by the statistical method, daily
diseharge on the Sun Kosi, Tamur and Arun rivers were extended to 15 years
{(1964-78), supplementing unrecorded data by the correlation study. The
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correlations of discharge at the upper reaches near the Sun Kosi No. 3
site, the middlé reaches near the Sun Kosi No. 2 site and the lower
reaches near the Sun Kosi No. 1 site were analyséd and the correlations
between the Sun Kosi, Tamur and Arun rivers are also analysed. These

correlations are shqwn in FIG, 2-11,

Daily discharge_data Were processed by the Hazen Method to estimate
the probable mean ‘daily discharge corresponding to the various
occurrences, The probable mean daily discharge must be extended to obtain
the peak discharge. The flood hydrograph (FIG, 2-12) shown in the
Feasibility Report on Sapt Kosi High Dam was used. The rate of peak and
mean discharges depends on the continuing hours and 'shape of flood and
start/end time of rmeasurement for mean daily discharge. The rate varies
from 1.7 to 1.32.

Probability curves of flood discharge on the main rivers were
obtained as shown in FIG 2-13. The probable peak disoharges'(H3,000m3/3}
which - ¢oincide with the probable maximum discharge for a 10,000-year

return period, were obtained and are tabulated below,

TABLE 2-10  PROBABLE FLOOD DISCHARGE

Return Sapt Kosi Sun Kosi Arun Taour
Period (CA=61,000kn?) (CA=19,000kn?) (CA=36,000km?) (CA=6,000kn?)

5 20,300 8,200 8,200 4,300

10 22,700 9,200 9,200 4,700

20 25, 100 10,300 10, 100 5,100
200 32,100 13,100 12,900 6,300
1,000 36,700 15,100 15,000 7,100
10,000 43,000 17,800 17,600 8,200
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 Further study for each site is required to accurately estimate
flood by measurement of flood and anélyses. In the Master Plan Sfudy, the
Team adopted the highest level of design flood of exlstlng and planned
dams in Nepal as data in the Kosi Basin was not available,.

3.2  Existing Data
3.2.1 Geaneral

Gauging stations éQuipped' with automatic recorders are listed
below: ' ' '

- No,.6U47, Busti G.S., Tama Kosi River

- No.670, Rabuwa Bazar G.S., Dudh Kosi River
- No.680, Kampu Ghat G.S., Sun Kosi River

- No0.690, Mulghat G.S., Tamur River

- No.604.5, Turik Ghat G.S., Arun River

At other gauging siations, measurements ahe recorded manually ‘without
automatic equipment. '
Hy&rogréphs of floods on the Sun'Kosi; Arun, Tamur and Sapt Kosi
rivers at Tribeni were available as described in the "Feasibility Study
Report on Kosi High Dam", Hdweveh,‘these data were collected in 1948 and

1950 with no recently recorded data,

3.2.2 Recorded Data

The Tean utilized flood data provided by ED. 'The:recorded_gauging
stations and recorded herioa are shown in TABLE 2-11 and TABLE 2-12,
Flood probability curve derived based on the said data is as shown in FIG,
2-14, '

TABLE 2-11 FLOOD RECORD

No. Gauging Station - - River _Availabie Recorded Period
630 Panchuwap Ghat  Sun Kosi 1964 - 1974

652 Khurkot Sun Kosi 1967 - 1974
670 Rabuwa Bazar Dudh Kosi 1964 - 1974 -
680 Kampu Ghat Sun Kosi 1965 - 1977
690 ‘Mulghat Tamnur 1970 - 1978
695 Barakshetra Sapt Kosi 1984 - 1978
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