DHADING DISTRICT

Performance of the District Econamy
Introduction

The economic parformances for the crops, livestock, and forest sectors of Dhading
district are discussed in this seclion. These performances were examined by
applying the historical data available from different sources. The historical data
presented in this section provide a basis for projecting the baseline trend to be
described in the subsequent sections. The overall performance of Dhading's
economy has, until very recently, depended heavily on its agricultural production.
The growth in productivity of the agriculiural sector, however, has remained fairly
stagnant and largely subsistence-oriented for various reasons. Given the limited
irigation facilities, the performance of the crop sector depends to a large extent on
the vaganies of the monsoon. The low use of modern inputs very weak extension
services, and other infrastructures have also severely constrained the growth in this
sector. The historical data on the cropped area and the yields of food and cash
crops, together with the fertiliser supply and use rata in the district, are described
in the following section.

Crop Area

Paddy, maize, millet, and wheat are the principal food crops grown in the district,
accounting altogether for over 95 per cent of the total cropped area in 1989, The
share of cash crops in the total cropped area is less than five per cent, with
potatoes covering about four per cent of the cropped area in 1989, Table 7.1
presenis the historical data on the area under these crops over the 1975-1990
period. The overall picture in general shows an increasing trend in the area under
different crops, despite the varying degree of annual fluctuations that can be
observed in most cropped areas. While estimating the average annual growth rate
of the cropped area for the 1975-1989 period, the highest annual growih rale is
obsarved to be 13 per cent in the case of wheal followed by potatoes (12%), paddy
(10%), and maize (2.4%). The fotal cropped area shows an increase at the rate
of about six per cent per annum during this period. A considerable degree of
variation in the cropped area is discernible, with the highesi degree of vanability
being cbserved in the case of wheal, followed by polatoes and paddy as indicated
by their respective coefficient of vanation. The drastic reduction in the area under
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som@ crops in some years cannot be explained readily, but, in the case of monsoon
crops, such as paddy and maize, adverse monsconal weather could be a plausible
reason. Another pattern that can be noticed is the declining trend in the area under
paddy and maize, especially after 1985,

The crop composition also changed considerably aleng with the expansion in the
croppad area over the period, For example, the share of maize decreased
considerably from 60 per cent in 1975 to 40 per cent in 1988, whila the share of
paddy and potatoes increased. The share of wheat and millet, on the other hand,
remained more or less constant over the same period.

It is important to emphasise that there is considerable uncertainty regarding these
statistics reported by DFAMS. These time-series’ data should therefore be treated
cautiously. The overall frend in the cropped area, based on the historical data,
suggests the relatively higher annual growth rate for most crops which cannot be
directly applied to plan future frends, Experience and review of available information
reveal that cropping inlensity and expansion in the area under cultivation in most
hill districts have already exceeded the limit of sustainability under the current state
of technology. Further expansion in the cropped area in the district, therefore,
saems to be limited, unless at the cost of environmental degradation. The cropped
area has to be projected, nevertheless, for the policy exercise discussed below.
Hence, a semi-log regression model was fitted to the historical data in order to
forecast the cropped area.

Crop Yield

Despite expansion in the cropped area, the productivity of most crops in general
has remained fairly stagnant over the past decade. The historical data on crop
yields and their average growth rates cver the 1975-1989 period are given in Table
7.2. The yields of both paddy and maize, which account for 83 per cent of lhe total
cropped area, declined at the rate of one per cent over 1975-1989. The yields of
polatoes and wheat however, increased by an annual rate of 2.3 per cent and 1.3
per cent respectively. The paddy yield declined, consistently, especially after 1982,
and it started to pick up marginally from 1988 onwards. The maize yield shows
considerable fluctuation and declined drastically in 1983. A considerable degree
of variation in yield can be observed as indicated by the coefficient of variation
given in Table 7.2. No salisfactory explanation exists for such extreme variability
in crop yields, although adverse monsoanal weather may be the reason.

Fartiliser Use
Although the actual use rale of fertiliser by crop in the district is not known, the
historical ferfiliser sale data reported by the Agricultural Inputs’ Corporation (AIC)

can give some indication about the extent of fertiliser availability per hectare of
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cropped area in Dhading. In Table 7.3, time-series' data on ferliliser sales over the
1983-1990 period and the estimated sales per heclare of cropped area are given.
Feriliser sales in the district increased from 153 metric tonnas in 1583 to 528 MT
in 1890. This level of fertiliser sales seems o be quile low compared to Sindhu,
Kabhre, and Nuwakot, and it also indicates a low level of sales per cropped area.
For instance, the sales’ rate in the district ranged from six kg per hectare in 1983
te 17 kg'ha in 1988. The modest increase in the fertiliser sales' rate over lime
implies that the growth rate of fertiliser supply in the district is higher than the
growth in the total cropped area, excluding millet for which fertiliser is not assumed
to be used.

Our estimate, based on the crop specific fediliser use rate as reporied in the
Imigation Master Plan, indicates a shortage of feriliser only in 1990, and thereafter
the district shows no shortage, given the low level of use rate which is driven solely
by the growth in cropped area under the constant dose assumplion.

In order to forecast the fertiliser supply in the disiricl, a double log linear trend
equation was fifled to the historical data on fertiliser sales, The estimated resull is
presented balow.

Log (Fertiliser Sale) =5.07 + 0.53 Log (Time) R2=092
SE (0.06)

Livestock

The historical data in the livestock population and livestock products (meat, milk,
eic) reported by DFAMS over the 1984-1988 pericd are presented in Table 7.4,
The overall picture shows an increasing trend in all types of livestock population
with the exception of milch cows and cattle (their population declined at the rate of
2.7 % and 1.03 % annually). The annual rate of increases in livestock population
is amongs! the highest for sheep (29%) and the lowest for buffaloes (1.1%). The
share of milch buffaloes (22%) and cows (14%) in the total buffalo and caitle
population remained constant over the period. This constant share over lime raises
doubts about the reliability of DFAMS data on the number of milch animals. Table
7.4 provides time-series’ data in livestock products over the same period.

Land Use Changes

The detailed breakdown of land use statistics reporied by the LRMP periaining to
the year 1978 was updated and projected by using simplified assumptions
regarding the magnitude and direction of inter-class land transfers. As indicated in
the methodological framework of the study, land use changes in most hill districis
result from deforestation assumed to take place at the annual rate of one per cent
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over the past few decades (Master Plan). Table 7.5 presents the projected land use
changes in Dhading district by ecological region over the 1978-1990 period,

The overall land use distribution in the district shows that over two-thirds of natural
forests and 92 per cent of the cultivated land lie in the mid-mountain region where
over 91 per cent of the district's population is concentrated. All the natural forests
in the mid-mountains are accessible and are of immature type (72%), predominantly
hardwood (66%). Only 84 per cent of the natural forest in the high mountains is
accessible with a relatively large proportion falling under crown density class 2 and
maturity class type-matured. All the accessible forests in the district are projected
to decline at the rate of one per cent as slaled earlier. Since a major portion of the
deforested areas is assumed lo be converted into shrubland, the area under
shrubland will expand more than other categories of land use such as grass, non-
cultivated inclusions, and net cultivated land.

As is evident from Table 7.5, the share of accessible feresls in the mid-
mountains{high mountains) declined from 32 per cent (47%) to 28 per cent (41%).
The share of accessible forests in the district as a whole declined from 35 per cent
in 1978 to 31 per cent in 1990, whereas the per cent of cultivated and increased
from one per cent to 20 per cent during the same period. It should also be noted
that over 52 per cent of the net cultivated land in the mid-mountains, which covers
over 90 per cenl of the district’s cultivated land, is under level terraces, 37 per cent
under sloping terraces, and the rest under lower foot slopes,

Economic and Natural Resource Conditions: Baseline Scenario

This section deals with the baseline results generated by the multi-market model
in order to examing the economic and envirenmental status of Dhading district over
time under the current state of technology and infrastructure in the district. The
baseline results are imponant, because it is against these resulls that verification
of the extension economic and environmental situation of Dhading can be made.
Moreover, the baseline results are important for valuating the changes over time
when shocks are given to the model. The first section provides an idea of the past
economic performance of the district. The capacities of land in terms of food,
fuelwoaod, and fodder.

Crop Area and Yield

The histarical trends in the area under different crops and crops yields in Dhading
over the 1975-1990 period have already been described in the preceding section.
The forecasted baseline results regarding the crop area and crop yields over the
1985-1991 period are examined in this section. Data on the forecasted area for
differant crops, based on the semi-log lime trend fitted to historical data, are
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presented in Table 7.6. Similarly, Table 7.7 provides the respeclive crop yield
projections, based on the assumption of non-constant crop prices and variable
inputs.

The forecasted crop area indicates almost negligible growth rates in Dhading. The
highest positive growth rate is for cilseeds (3.5%), followed by wheat (1.9%), and
the lowest for maize (0.50%). The total cropped area in the district also does not
appear lo change much over lime (1.2%). Expansion of the total cultivated land in
the district seems to be limited, unless more forests are brought under cultivation,
which is possible only at a high cost, i.e, environmental degradation. Increasing the
cropping intensity is possible, but more investment will be required.

The available data indicate thal about 26 per cent of the district's cultivated land is
under year round (10%) and monsoon irrigation (16%), and the potential area that
can be brought under irrigation is estimated to be 10,839 hectares. The year-round
imgated area is assumed lo grow over time at two per cent per annum (Table 7.6),
and in 1991 it covered 7,583 ha or about 73 per cent of the potential irrigable area.
Given that a large part of the potential irrigable area in Dhading is already under
irrigation, agricultural development will have to focus more on productivity and
increasing the cropping intensity, as well as efficient use of irmigation water,

The availability of chemical fertilisers is another principal constraint to increasing
both the cropping intensity and crop yields in the districl. Ferliliser sales are
expected fo flow at a rale of 4 4 per cent, based on the time trend equation fitlted
to the historical fertiliser sale, data reported by the AIC. The projected fertiliser
sales in the district, according to estimates, met 90 per cent of the fertiliser demand
in 1991. Howaver, the fertiliser deficit in the district is expecled lo decline over
time, especially after 1994, bacause the projected sale, of ferliliser increases at a
faster rate than the fertiliser demand (1.25%), based on the results(Table 7.6).

Data on the forecasted crop yields in Dhading are given in Table 7.7. This is based
on the assumplion that crop technologies will remain the same over time. The
forecasted crop yields are nol encouraging. All crops considered show fairly
stagnant or negative yield rends over time, with the annual rate of decline ranging
from 0.03 per cent for millet to 0.18 per cent for paddy. Given the fairly low crop
yield growth rates, any increase in the food grain total in the district in fulure is
expected to exert additional pressure on forest lands, if the produclivity and
cropping intensity are not increased.

Crop Production

Crop output or production is determined by the area and yield outcomes discussed
in the methodology sectlion. Table 7.8 indicates that the resulling growth in
production of all crops is positive with the highest growth observed for cilseeds
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(3.45%), followed by wheat (1.7%), and the lowest for maize (0.43%). The positive
growth observed in production is due lo an increase, although small, in the
cultivation area rather than an increase in yield.

Gross Margin

Table 7.9 presants the projected gross margins and cost of cultivation per hectare
of cultivated crops. It should be noted thatl the gross margins were derived by
subtracting the projected variable cost of cultivation from the projected value of
crops, including the value of crop residus.

The results indicale positive gross margins for all crops, except for millet, as crop
prices are assumed to grow at about seven per cent per annum. As in the other
districts of Bagmati zone, potlatoes appear (o be the most profilable crop in terms
of returns (currently estimated to be over Rs 27,000 per heclare). Qilseeds rank
sacond, followed by paddy and wheat in terms of per hectare gross margins. Since
the per hectare gross margin of paddy reflects a possible increase at a faster rate
{18.5%) than that of potatoes (7.3%) over time, the relative conftribution of potatoes
o the total crop income, however, declines (from 44% in 1991 to 28% in 1998),
while that of paddy increases (32% in 1991 to 43 % in 1998). The maize gross
margin also increases at a relatively higher rale despite lower returns, According
to the results, the millet gross margin, estimated to be negative in 1991, has shown
an improved trend, especially after 1993,

Liveztock

The gross margin from the livestock seclor was estimated, based on projection of
the livesiock population and products. Table 7.10 indicates that the estimaled
livestock population in terms of LSU is expected to remain more or less stagnant
from 1980- 1998, Any changes in the livestock population, parliculardy grazing
animals, are assumed to be driven by the land use and cattle population changes
as descnbed in the methodology section. The E*JEF&&B LS holding per household
declines over time because the number of households increases at a faster rate
than the LSU population.

Milk, ghee, meat, and wool are the main livestock products, The average yield per
head of animal, derived from the historical data on different types of livestock
population and their respective produce, was assumed lo remain constant over
time, These average yield figures were applied 1o the forecasted livestock
population to project the livestock products in the district. Table 7.11 presents the
projected trends for different livestock products in the district, The average annual
growth rate of all livestock products, except buffalo milk, goat meat, and mutton
show a positive trend with the highest posilive growth rate being observed for pork
and wool (over 6%) followed by chicken (5.9%), and the lowest for ghee and milk
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(less than 1%). Given the fairly stagnant trend in meat supply from buffaloes, which
constitute a large proportion of the livestock population in the district, the aggregate
meat supply in the district is expecied to grow at less than one per cent per annum.

The forecasted gross margin from livestock, which was estimated by subtracting
the livestock-raising cost from livestock revenua, is given in Table 7.12. The resulls
indicate that of the total gross margin from livestock, that from buffaloes is among
the highest followed by sheep and goats. The tolal gross margin from livestock in
the district was estimated to be Rs 101.3 million in 1991 out of which over 62 per
cent is accounted for by meat (36%) and milk production (26%) from buffaloas
alone, and the rest by sheep and goats (18%), cows (9%]), and pigs and poultry
(11%). I can be estimated from the resulls given in Table 7.12 that the gross
margin per head of milch buffalo is presently 2.3 limes greater than the gross
margin per milch cow (Rs 580), because of the higher milk yield of the former
compared lo the latter, despite the higher cost of raising buffaloes. On the whole,
the total gross margin from livestock in the district is expected to grow at an annual
rate of 13.2 per cent per annum,

Food Avallability and Demand

The total cereal availability (edible form) in the district is derived by subtracting
different waste, loss, and sead allowances from the total production of four cereal
grains (rice wheat maize and millet). Further, the per capita availability was
derved, Similar exercises were camied our to obtain the per capita domestic supply
of vegetablas (assumed fo be polatoes only), meat (mutton,buffalo, pork, and
chicken), oils and fals (derived from oilseed and ghee production), and milk. Per
capita availability of the forecasted food Hems is presented in Table 7.13. Similarly,
the forecasted per capita demand for thase food calegories and the total food
balance situalion in the district over lime are given in Tables 7.14 and 7.15.

The results given in Table 7.13 indicate a declining frend in the per capita
availability of types of food, except for cils and fats. The average annual rate of
decline in the per capita availability is the highest for milk (1.5%) and the lowest for
vegelables (0.19%). This indicates that the population growth in the district
exceeds the growth in net food production over the projected period.

The per capita demand for all forecasted food ilems, by using the demand response
function (determined by relative food prices and per capita income), also shows a
declining trend over the 1991-1398 period. The highest negative growth is observed
in the case of meat (2%) and the lowest for cereals (0.2%:). The projected food
balance (Table 7.15) indicates that the district has a net surplus in all food items,
except for milk and oils and fal. The results, however, show a declining trend in the
per capita food items, with the exception of vegetables, which shows a positive
growih of 6.6 per cent over time. The vegetable demand declines at a faster rate
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than supply, whereas it is vice-versa in the case of cereals. Since the magnitude
of balance in cereals, vegetables, and meat is large enough to compensate for the
resulting deficit in other food items, the district has a net surplus in food balance
from an aggregate point of view. But this does not necessarily mean that the
district is self sufficient in terms of calories, because a district could be producing
enough food in terms of the calone requirements but people may be denied access
to food items due to price and income constraints. This issue will be discussed
later,

Land Use Changes

Land use in the district is comprised of agriculture, forests, shrubs, grassland, non-
cultivated inclusions (NCI), and cthers. The manner in which land use changes in
the district are projecled over time has already been described in the methodology
saction. I is, however, important to note that the land use stalistics reported by the
LRMP for the year 1978 were updated to reflect the siluation prevailing in 1591.
While projecting the land-use changes over the 1978-1990 period, the accessible
forests in different regions of the district were assumed to be deforested at an
annual rate of one per cenl (Forestry Master Plan), and the deforested area was
assumed to be converted to shrubs and agricultural lands depending upon the
assumption of the magnitude and the direction of inter-class land transfer
(described in the methodology section). For 1981 anwards, the deforesled areas
in different regions of the district were determined endogenously by the model on
the basis of projected fuelwood deficit (which has to be met largely through
deforestation).

The simulation results indicate that deforestation takes place only in the mid-
mountain region of the district where over 80 per cent of the district’s population is.
concentrated. The high mountain region contains less than eight per cent of the
district's population, but it contains about 33 per cent of the district's total forest
area and hence no deforestation is assumed to take place in this region. As a
rasult, the area under all land categories in the high mountain region will remain
constant over the projected period (1991-1998). Table 7.16 presents the changes
in land use over time in Dhading.

The results show a declining trend in the area under natural forests (annual decline
of 0.2%) because of a net decline in the accessible forest area in the district
(especially in tha mid-mountain region). While natural forests in the mid-mountains
are all accessible, only 84 per cent in the high mountains fall in that catagory. The
accessible forest area in the mid-mountains is expected to decline at the rate of 0.3
per cenl per annum, hénce, land-use changes occur in this region also. As can be
observed from the Table, shrubland is expected to grow at the rate of 0.5 per cent,
while the average annual growth rate of other lands is even lower,
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As in the case of Kabhre, Nuwakot, and Sindhu districts, significant discrepancy
exists between the cullivated area reported by the LRMP and the area estimated
on the basis of DFAMS data, In the absence of time series’ data en the cultivated
area, DFAMS data on the cropped area were used and the near cultivaled area in
the district was derived as the sum of non-competing major crops(paddy and
aize).

Forest Products

Fuelwood, fodder, and timber are the main forest products for which the demand
and supply projections were made under the constant yield assumptions as stated
in the methodology section,

il

Fuelwood is assumed 1o come from different sources, mainly accessible forests,
shrubland, grassland, non-cultivated inclusions (NCI), and farmland. The fuelwood
yields from these land resources vary, as indicated earlier and, under the constant
yield assumptions. The forecasted growth in the supply of fuelwood from these
sources depends primarily on the projected changes in area under these categorias
over time. Similarly, the projected demand for fuelwoood (constant per capila
consumplion of fuelwood) increases over time with the growth in population.

The supply of fuehwood from different sources (Table 7.17) indicates that currently
about 68 per cent of the total fuetwood supply in the district is estimated 1o come
from accessible forests, 12 per cent from shrubs and grasslands, and the rest from
non-cultivated inclusions (13%) and farmlands (6%). This clearly indicates that
foresls are the major source of fuelwood. Farmlands contribute a negligible
proportion (less than 7 %) of the supply. Over lime the share of forests in the
supply of fuetwood declines at the an annual rate of 0.2 per cent due o the decline
in the accessible forest area, whereas the share of shrublands increase slightly.
On the whole, the projected fuelwood supply in the districl decreases at an annual
rale of less than one per cent.

The total supply of fuelwood in Dhading already falls shor of the demand (Table
7.18). Currently, the tolal supply of fuslwood in the district is estimated to meet 99
per cent of the total requirement, but this balance erodes over time al the rate of
1.5 per canl per annum.

Timber.
Table 7.19 shows a surplus in limber in Dhading district. Foresis are the only

source of timber and currently its supply is estimated to be 1.16 times greater than
the timber demand. Under the constant yield assumption, the timber supply in the
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district decreases marginally over time due to the decling in forest area, while tha
fimber demand increases along with the growth in population,

Fodder.

Linder the constant vield assumplion, the supply of fodder in the district changes
in land use as in the case of fuelwood. Table 7.20 shows that during 1991 only 26
per cent of the fodder supply in the district was estimated 1o come from forests, 41
per cani from farmlands and the rest from NCI (7%), shrubs-grasslands (26%:).
Ower time the share’s of forests and shrub-grasslands also decline and that of
farmlands increase marginally due to some gains in land made by the latler
category. On the whole, the projected supply of fodder in the district meets only 96
per cent of the tolal fodder requirement and the gap between supply and
requirement narrows marginally over time. The guaniities available from different
SOUrces are given in Table 7.21.

Labour Supply and Use

Labour supply in the districl is determined by the size of the active population and
the normal duration of work. The nermal duration of work in the mountain regiomn
as reporied by the NRE is 240 mandays available per active member of the
household. This constant duration of work was directly applied to the projected
active populalion (Table 7.22) to forecast the todal supply of labour (mandays) in the:
district. While the number of labour days used in the crop and livestock seclors
were generated by the madel, the labour engaged in other non-agricultural activities
was projecied by using the information reporied by Nepal Rastra Bank.

Table 7.23 provides data on the forecasted labour supply and use situation in the
digtrict. Dwring 19281 over 85 per cent of the labour force in the district were
gainfully emploved, with about two-thirds of them employed in the agricullural sector
and the rest in the non-agricultural sectors. Since the projected labour force supply
in the district increases at a faster rate than labour use rale, the labour use rate
declines marginally over time,

Trade Secfor
Food.

The extent of food items exported (impened) in the district is determined by the
magnitude of food surplus (deficit) genarated by the model based on the estimated
food demand and supply forecasl. As indicated earlier, Dhading district has a
considerabla surplus in cereals, meat, and vegetables, but facas a deficit in other
food groups such as milk and gils and fals. But since the surplus position in
cereals, meat, and vegelables is large encugh fo compensate for the magnitude of
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deficit in other food items, the district is a net exporter of food in an aggregate
sense. Table 7.24 shows that the lotal value (nominal} of the food exporied from
Dihading will increase from Rs 52.8 millien in 1991 1o Rs 134 million in 1998, at an
annual growth rate of about 9.8 per cenl. The per capila value of food exported
from the district is forecasied to increase by 12.5 per cent.

Mon-food.

All non-food items are imporied by the district. The import demand for non-food
items is assumed to be influenced by the populalion growth, income growth, and
income alasticity of the non-food demand specified in the methodology section.
The average monthly expenditure on non-foeds reported by the NRE for the
mountain region were first adjusted to reflect the base year situation (1891). The
projected growth rate of the import demand was then applied to the base value of
non-food imports in order to project the tolal value of nen-feod imports in the
district. Table 7.24 indicates that non-food imperis in Dhading are expecied to
increase from Rs 261.49 million in 1981 to Rs 296,03 million in 1998, at the rate of
1.7 per cent per annum. The per capita value of non-food imports, however,
remains almost stagnant because of the population growth, indicating thal the
import demand increases to match the population increase.,

Income

Income is determined endogenously by the model. Gross marging originating from
the crop and livestock seclors and income accruing from different employment
activities were added to derive the aggregate income for Dhading. Tables 7.25 and
7.26 present the forecasted nominal and real income orginating from different
sectors and Table 7.27 provides dala on the share of income originating from
different sources,

The per capita nominal income for Dhading in 1991 was Rs 930 which is fairly low
compared to other rural districts of Bagmati Zone. The sources of income identified
in the study do not cover all the sources, and this partially explains the low per
capila income generated. There is no authentic source to verify the levels of income
in Nepal and the NRB Multi-Purpose Household Budget Survey was used as a
guidelime.

The per capita nominal income in Dhading is expected to grow at an annual rate of
over 11.2 per cent, which is relatively high compared to other districis of Bagmati
Zone. The per capita real income eslimated by using the weighted cereal grain
price index (deflator) at 1990 conslant price is expected to grow at an annual rate
of 1.6 per cent over the period.
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As is evident from Table 7.27, currently the contribution of the livestock sector to
the total income in Dhading is higher (39%) than that of the crop secior (33.5%).
The share of income originating from both crop and livestock sectors increases
while that aceruing from off-farm employment activities decreases over time. It can
also be noticed from the Table that the relative share of crop income increases at
a faster rate (2.4%) than that of livestock income(2.0%).

Environment: Sustainability and Carrying Capacity

This section examines the performance of the sustainability indicators dealing
mainly with the pressure on the natural resource base in order lo assess the
camying capacity of the district in terms of calories and natural resource products.
Other simpler indicators are also examined,

Prassure on the Rescurce Base.

The performance of the district in terms of some selected sustainability indicators,
such as population density, agriculture-forest land ratio, and others can be judged
from the results given in Table 7.28. It should be noted that the net cultivated land
derived from the LRMP data was used to estimate the density of population on
agricultural land. As the cullivated land area derived from the LRMP source is
higher than the cultivated area derived from the DFAMS data, the density figure
reporied in the Table is underestimated in terms of magnitude, while at the same
time it is overeslimated in terms of growth, given the lower growth rate of cultivated
land cblained from the LRMP data (0.06%) than that from the DFAMS data
{1.03%). For example, the population density estimated from the DFAMS data in
1991 is about 1.33 times greater (9.81 persons) than that from the LRMP data,
whereas the annual growth rate of population density per area of cullivated land
according to DFAMS data is 0.48 per cent compared to 1,46 per cent according fo
LRMP data.

The density of both the human and livestock (LSU) populations per heclare of
cultivated land in the district is more pronounced than the density per hectare of
accessible forest area. Over time, the population pressure on accessible forests
is expected to increase at a faster rate than the pressure on cultivated land,
primarily bacause of the declining (increasing) trend in the accessible forest area
(cultivated land) in the district. Similarly, the human population pressure on forests
is more alarming than the fivestock pressure on forests in terms of both magnitude
and growth. Although the livestock density is more pronounced in the case of
grazing areas than forests, pressure on grasslands is expecied 1o decline due to
its gradual increase as a result of deforestation,

The population density per heclare of cultivated land is currently 7.4 per cent, and
this pressure is expected 1o increase at the rate of 1.5 per cent along with the
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population growth, whereas the population pressure on accessible forests is at
present estimated to be five persons per heclare and it is projected to grow by
about 1.8 per cent a year over this period due to the decline (increase) in forests
{population). This indicates that the per capita forest land in the disirict declines at
a faster rate than the per capita cultivated land over time. The livestock pressure
on cultivated land, on the other hand, remains more or less stagnant (or negative)
over time due to the faily stagnant growth in the livestock population. However the
density of the livestock population per grazing hectare is fairly high at about 10 LSU
per ha compared lo three LSW per ha of accessible forast,

One important function of forests in most hill districts is 1o provide forest litter for
compost. On an average, 3.5 hectares of accessible unmanaged forests are
neaded to sustain the fertility level of one hectare of agricultural field according to
an estimate made by Wyatt-Smith. This ratio in Dhading is below(only 1.48) the
recommended level of 3.5. Furthermore, this ratio does not improve but
deteriorates marginally over time, indicating a declining trend in agricultural
productivity. This ralio, however, does not reflect productivity improvements made
possible through the use of modern technology such as irrigation facilities and
fertiliser application, in which case the pressure on forest lands can be reduced.
This implies that adoption of improved agricultural technologies has a direct
negalive pressure on forests, besides increasing productivity.

The ratio betwean shrub and forest lands s another indicator explaining partially the
extent of forest degradation, since, as forests degrade, thay are first converted to
shrublands, The estimated shrub-forest land ratio in Dhading is currently not very
large but its positive trend over time suggests gradual degradation of forests,
primarilty as a resull of over-axploitation of accessible foresis to meet the fuelwood
demands.

Carrying Capacity

Thie camying capacity of land in terms of food, fuelwood, and fodder was calculated
separately on a per hactare basis,

Calories : Assuming that 2,410 calories are required by an adult, the carrying
capacity of one heclare of cropland was calculated. Table 7.29 shows that the per
hectare calorie supply in Dhading is presently 3,851,000 which is about 74 per cent
of the district's calorie demand. The carmrying capacity of cropland decreases
marginally over time because of the negative trend in calorie supply as a rasult of
the declining trend in crop productivity. More specifically, at present, one heclare
of cropland can support about 5.32 adults, whereas the demand pressure (i.e., load
per ha) is 7.2 adulls, and it is 1.25 times greater than the carrying capacity. This
indicates that a litlle over one hectare of cropped area is regquired lo support the
calonie requirement of one household, assuming an average size of 6.5 persons per
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household, The load on agricultural land will continue o increase as the population
increases, and this situation will deleriorate rapidly since more land cannol be
brought under agriculture. The carrying capacity is influenced by the total area
under agriculture as well as productivity. Since the area is unlikely to increase to
match the population growth, productivity enhancement can significantly improve
the camying capacity and appears o be a viable metheod for improving the resource
base and envirenmental siluation in the district,

Fuelwood The carrying capacity of both aggregate and forest lands in terms of
fuelwood was estimated, and the results are presented in Tables 7.30 and 7.31.
The results indicate that the carrying capacily of aggregate land (from which
fuebwvood originates in Dhading) presently meats 99 per cent of the total fuelwood
requirement, but the distict’s carrying capacity in terms of fuelwood is expected to
dedline over time at an annual rate of 0.15 per cent. More specifically, at present,
one hectara of land can support 2.87 persons, whereas the demand pressure is
about three persons per heclare. The projected camying capacity of land by the year
1998 is expected lo meel about 89 per cent of the fuelwood demand.

The carrying capacity of forest in terms of fuelwood (as reporied in Table 7.31)
further indicates that one hectare of accessible forest can support seven persons,
whereas the demand pressure is about 10 persons per hectare, This indicates that
the capacity of forests to support the fuelwood requirement of the population is
about 70 per cent, but this ability declines over time at the rate of 1,78 per cent due
io the decline in accessible forests, Since aboul 92 per cent of the population in the
district is concentrated in the mid-mountain region, the forests in this region will
experience a greater amount of pressure over time as the population grows.

Timber. The camying capacity of the district in terms of timber is slightly better than
that of fuetwood and fodder. The results presented in Table 7.32 show that the
carmying capacity of forests from which timber originates is now 1,16 times greater
than the estimaled demand pressure (i.e., load). The capacity of forests to meet
the growing demand for timber in the district, however, il continues to decrease
over time along with the growth in demand pressura at an annual rate of 1.77 per
ceni, given the fairly constant trend in timber production.

Fodder. The camying capacity of the land resources of Dhading from which fodder
originates has already exceeded the limit of sustainability. It should be noted that
grasslands in the Himal have also been included in the estimation of carrying
capacity. Table 7.33 shows thal the carrying capacity of the district in terms of
fodder is now 1.28 LSU per hectare, whereas demand pressure is 1.33 LSU, This
indicates that the fodder demand in the district is in excess (4% higher) of the
camying capacity and over time the carmying capacity improves marginally due to the
marginal increase in shrub and grassland as deforestation continues,
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Table 7.34 indicales the estimated carrying capacity of forests only. The resulis
indicate that the estimated carrying capacity of forests is currently 0.74 LSU per
hectare whereas the demand pressure (i.e. load) is three LSU per hectare. The
capacity of forests to meet the total fodder requirement in the district is, therefore,
only 25 per cent, and this will remain almost constant over tima. The estimated
carrying capacity of forests in the mid-mountains is even lower, given tha heavy
concentration of population in this region (Table 7.34).

Conclusion

Under the current state of technology and infrastructure, the performance of the
agricultural sector, upon which the economy of the district depends, continues to
remain fairly stagnant or show signs of negative growth over the peried considered.
The yield rates of most crops and livestock productivity are low and in a state of
decline, while the population is growing at an annual rate of 1.5 per cent, adding
prassure to the resource base of the district. The population growth exeris
unsustainable pressure on the nalural resource base and leads to deforestation
and environmenial degradation. The possibility of further expansion of the
cultivated land area to meet the growing food demand seems o be limited in future
unless at a high cost, i.e., environmental degradation.

Given the negalive trend in productivity growth and continuous deforestation in
addition to the population growth, the carrying capacity of the district in terms of
food and natural resource products, particularly fuelwood, fodder, and timber,
shows a declining trend over time. The estimated real per capita income of the
district is low compared to the other districts of Bagmati Zone and is expected {o
grow by less than two per cant annually over time. The deaclining share of income
originating from the non-agriculiural sector, on the cther hand, implies that future
plans and programmes for promating off-farm employment opporiunities in the rural
areas would have far- reaching effects on raising the income level and growih in the
district. On the whole, the fulure of the disirict depends upon how the food and
natural resource policies are coordinated with the population policy.

Policy Scenarios and Impact Analysis
Imtroduction

In this saction, the adaplive simulation model is used to analyse the impacts of
different policy scenarios against the baseline results discussed earier. The
population of Dhading district continuas to grow at about 1.5 per cent per annum
on the basis of the recent population census results, The population of the district
is already high in relation io the economic base, and it is believed that more and
more pecple are falling below the poverty line. The growth in population is also
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eroding the resource base of the district. The agricultural productivity is declining
and the increasing demand for fuelwood has resulied in forest degradation. The
livestock pressure has further compounded the problem. This saction, therefore,
attempts to evaluate some of these issues. Since some of the policies examined
have impacts that spread over a longer time period than 19598, the timeframe was
exlended to the year 2005,

Population Scenario and Impact

Dhading's population growth, according to the 1991 census, is about 1.51 per cent
compared lo the national average of 2.3 per cent. Despite this relatively lower
population growih recorded between the inler-census period from 1981-1991, the
economy of Dhading is fairly unsustainable, based on the results discussed under
the baseline scenano. Thus, a population reduction policy was examined within the
simulation model development for Dhading.

The population reduction policy is assumed 1o start in 1993 and continue untill
1898. Initially,enly a small reduction (growth rate) was envisaged and this was
allowed to decrease each year till it reached 0.605 per cent (in 1988). This was
made possible by reducing the annual growth by len per cent each year (beginning
in 1993), so that in 1998 the population growih rate would be 60 per cent that of
the inter-census growth rate of 1.51 per cent. Beyond 1998, the average growth
between 1993-1958 is assumed to drive the population of Dhading, The resulls are
given in Table 7.35.

The population growth under the baseline scenario was derived from the results of
population projection provided by the NPC (19592). The 1.514 growth ratle was
assumed to project population beyond 2001 under the baseline scenario. Under tha
policy scenano, the annual growth rate corresponding 1o the baseline scenaric was
assumed 1o decrease by ten per cent annually. The resulting growth rales are
provided in Table 7.35. The average growth rate of 0.908 per cent was then
assumed to be the population growth in Dhading after 1988. The average growth
of population beyond 1998 is higher than the growth rate in 1598, This is because,
after 1998, the population policy intervention stops and the growth rate is likely to
increase but perhaps not to the original level of 1.51 per cent. Hence an average
growth rate (1993-1998) was selecled to project population beyond 1998,

Table 7.35 also provides the net annual reduclion in population due to the policy
relative to the baseline scenario. Each year the reduction increases. The last line
of Table 7.35 provides the cumulative reduction in population of Dhading as a result
of the policy. By the year 2005, there will be 45,014 people less in Dhading as a
rasult of policy altematives. Charts 7.1 and 7.2 depict the results. The implications
of this reduction are reflected in both the food and natural resource seclors
simultaneously with the other policy interventions made and are examined below.
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Chart 7.1

Change in the Size of Population
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Crop Sector: Policy Scenanos and Impacis

For many years io come, the agriculiural sector will continue to play a predeminant
role in Dhading as almost the entire population of the district depend upon this
sector either direclly or indirecily for a living. Four different policy alternatives are
examined in the food sector. The first policy allernative consists of irrigation
development, whereby all potential irrigable area in the district is assumed o be
fully developed. The second policy assures a 25 per cent increment in the
application of chemical fertilisers. The third policy examines the irrigation
development and fertiliser policies jointly including the population reduction policy.
Since irrigation also makes it possible 1o increase the cropping intensity, the
additional area imgated is assumad 1o be brought under potato cultivation. The last
policy in the food sector assumes a reduction in unproductive cattle by the per cent.
The milk yield rates of these animals under the baseline scenario have been fixed
at 0.4 and 0.9 litres per cow and buffalo respectively. Along with the increased milk
yield rate assumption, it is alse assumed thal fodder consumption per LSLU
increases by 25 per canl.

Impact on the Food Sector

Crop Yield. Under the current state of agriculiural technology and infrastructure, the
productivity trends of both food and cash crops in Dhading reveal a bleak picture.
Mot only is the level of productivity low, but the growth trend is fairly stagnant or
declines marginally over the projected 1993-2005 peried. The lack of year-round
irrigation facilities and the low level of fertiliser use are principal constraints to
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improving both  the cropping intensity and crops yields in the dislricl.
Consequently, both irrigation and ferliliser policies are examined and Table 7.36
shows the forecasted change in crop yields, with and without policy interventions.

Chart 7.2
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The estimated imigated area under the baseline trend in 1993 was 7,900 hectares
with a polential area that can be brought under irigation in the district at 10,839
hectaras. Bringing all the potential area under irrigation through the imigation
development policy, therefore, implies an increase in the irrigated area by 37 per
cent. Expansion in irmigation facilities will improve the yields of different crops,
depending upon the imigation elasticity parameters of crop response functions used
in the model. The resulls presented in Table 7.36 indicate that both the magnitude
and trend of crop yields improve significantly as a resull of these policies, bul the
increase varnes, For example, the magnilude of increase in crop yields due to
imgation is the highesi for wheat {10% increase over baseline yield) and the lowest
for maize (only 2%), whereas the long-run average growth rate of crop yield,
although less than one per cent, is among the highest for paddy (0.275%) followed
by potatoes (0.18%). The millet yield remains unaffected by this policy and thus its
negative yield frend persists even after introducing the irrigation policy.

The impact of the 25 per cent increase in the per heclare application of fertiliser on
crop yields is lower than that of the irrigation policy, whereas the long-run growth
trend in yields of crops under the fetliliser policy scenario is relatively higher than
under the irrigation policy. All considerations remaining the same, a 25 per cant
increase in the use rate of feriliser increases the yields of paddy and wheat by six
per cent and that of potaloes and maize by less than three per cent, given the
fertiliser elasticities assumed in the model. Since no feriliser is assumed o be
applied on millet, its yield trend is the same as under lhe baseline scenario.
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When both the irrigation and fertiliser policies are introduced jointly together with
an increase in the area ' under potaloes, the wheat yield increases the most (17%),
followed by paddy (10%), and the maize yield increases by less than five per cent
compared to the per hectare yield in 1993 under the baseline scenario. Despite
improvements in crop yield rates, it is interesting to note that the growth rales under
this policy are more or less the same or even lower than under the fertiliser policy.
This might suggest the relative merit of the feriliser policy over the irrigation policy
in terms of the long-run growth of crop yields. The population reduction policy has
no obvious impact on crop yields.

Food Availability. Since the population growth surpasses the growth in net food
production, the per capita availability of all food items, except oils and fat, in
Dhading shows a declining trend over time under the baseline scenario. It is,
therefore, equally important to reduce the existing growth rate of population in
order to realise the meaningful and sustained impacts of the supply side policy
interventions, such as feriliser and irrigation, and that of the livestock policy. The
forecasted trends in the per capita food availability, with and without policy
interceptions, are presented in Table 7.37.

The results indicate that, while the level of per capita availability improves modestly,
as a resull of the population reduction policy relative to the baseline sitluation, the
long-run growth in the supply of most food ilems, especially cereals, milk and meat
continues to show a declining trend. This indicates that the long run growth rate
of the per capita supply of cereals, milk, and meat in the district is even lower than
the reduction in population growth rate assumed under the population policy (0.9%).
The impact of raising the livestock productivity (yield rate of milch animals and
reduced number of unproductive cattle) on the milk supply is more visible for
obvious reasons. For example, the per capita milk supply would increase by over
two-folds and cils and fat by one and a hali-fold if the livestock policy is introduced.
Similarty, the introduction of the irigation and fertiliser policies has a stronger effect
on increasing the level of per capita food availability, particularly cereals and
vegetables, compared io the population policy. But it is interesling to note that the
population policy indicates a relalively better picture than other policies in long-term
growth. This might also sugges! that mere adoplion of a single policy is not
adequate for improving both the level and growth rate of food availability in the
district. When irrigation and fertiliser policies are introduced jointly along with the
population pelicy, the level of food availability improves considerably. However, the
leng-run growth rates of food items, particularly vegetables, milk, and meat are still
lower than the population growth.

1. Hobe thad this: ls? set of polcy alernatives a5 inciudes the population reduction policy, which & hot
expaclad io have an impact on the yield rates of crops
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Food Demand. The rural households' demand for food is assumed to be influenced
by any changes in the income and price of different food items. The food policy
scenano considerad in the preseni exercise, however, increases household income
(through increased crop production), and hence the per capita food demand
increases depending upon the growth in income and the magnitude of income
elasticity of the demand. The changes in the per capita demand of different food
groups forecasted under the five different sels of policy interventions are given in
Table 7.38. Price effecis are also built in the demand framework and food prices
increase at different growih rales.

The per capita demand for all food items under the baseline scenario shows a
marginally declining trend over time. The impact of the population policy on the per
capita demand, which results primarily from the change in the per capita income,
is not much compared to the baseline situation, since the per capita income
increasas marginally when the population growth decreases over time, other
considerations remaining the same. The case is similar under the livestock,
irrigation, and fertiliser policy scenanos. Since food is a necessity, its income
elaslicity is genarally inelastic, indicating that demand for food does not change
proportionately with the changa in incomae.

When both the irigation and fertiliser policies are introduced joinlly with an increase
in the cropping intensity (increased area under potatoes) and the population palicy,
the per capita demand for all food items, however, increases considerably in the
initial years and then begins to decline over time.

Food Balance, The per capita food balance situation, with and without food policy
interventions, in the district over the 1993-2005 period is présented in Table 7.39.
Under the baseline situation, the districi experiences a net surplus in careals,
vegelables, and meat, although the net surplus, especially in cereals and meat,
declines over time. With the population reduction policy, the rate of decline in the
per capita food balance improves considerably,despite the magnitude of surplus
under this policy more or less in keeping with the baseline situation. The livestock
policy improves the per capita milk balance considerably for obvious reasons.
Similarly, the irrigation and fertiliser policies have positive impacis on the per capita
food balance. When the population policy, combined with the irrigation and fertiliser
policies, are introduced jointly along with the expansicn in the area under polato in
neawly irrigated areas, the net surplus in the food balance is expected to decline
drastically. This takes place mainly due to a sudden rise in income which induces
increased food demand. From 1984 onwards, the surplus in food balance, however,
improves considerably, due to the decline in the per capita demand, as a result of
the gradual decline in income growth.

Calorie Balance, Table 7.40 (Chart 7.3) provides the forecasled calorie requirement
and supply situation in the district under each policy scenario. Under the calorie
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need and supply scenario, only cereals and polatoes are considered (see
methodology section for details). Furthermore, calorie requirement and supply are
independent of income and prices, and thus calorie requirement and supply are
diffarent from demand and supply, as the latter depend on income and prices, The
esfimated calorie supply meeis 74 per cent of the total calorie requirement in the
district, and this situation declines marginally over ime. With the introduction of the
population policy, the rate of decline in the calorie deficit improves because of the
modest decline in the per hectare calorie requiremant, as the load on a hectare
of land declines. Although the livestock policy increases the supply of milk and
meat, these food items are not considered in the estimation of calorie supply, and
hence the livestock policy is not seen to have any impact on the calorie supply and
requirement situation,

With the introduction of the irrigation and fertiliser policies, the magnitude of the
calorie balance in the district improves, bul the calorie balance situation under both
policies declines over time because the calorie requirement increases at a faster
rate than supply. This cleary indicates that implementation of the supply side food
policy alone is not sufficient fo improve the calorie balance situation in Dhading over
the long-run, unless the population growth is also curbed. In other words, a
combination of demand and supply policies is required to bring about a sustainable
food situation in the district. For example, over B8 per cent of the district's calorie
requirement can be expected o be met from the supply, when both the irigation
and fertiliser policies are introduced jointly along with the population reduction
policy. Under each policy altemative, the percentage of calories met from the
district's supply is much lower, Under the last palicy alternative, the calorie balance
situation, although not positive, nevertheless does not deteriorale as much as
under other policy options.

Impact of Trade

The manner in which both food and non-food trade in the district were forecasied
has already been described earlier, The impacts of policy alternatives on food and
non-food trade are examined in this section and the results generated by the model
under each policy scenario are presented in Table 7.41.

Food. Cumrently, the district is a net exporter of food in an aggregate sense, with the
export increasing at a rate of about seven per cent per annum under the baseline
scenario, It may sound puzzling at this stage lo say that Dhading exports
food when, in fact, the calorie requirement is not being met. Income and relalive
prices, which determine the per capita food demand, are subtracted from the per
capita food availability discussed above, The balance is assumed fo be traded.
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Chart 7.3
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Amaong the different food policy alternatives considered independently, the long-run
growth rate of the per capita value of food exports is found 1o be the highest under
the livestock paolicy (16.5%), followed by the population reduclion policy (10.7%).
The former policy results in a net increase in the milk supply and hence expors,
whereas the latter policy resulls in reduced demand growth over time and also
contributes 1o exports. The per capita value of food export under the irrigation and
feriiser policies also increases al the rate of over 10 per cenl annually compared
lo 6.7 per cent under the baseline scenario. Again, as the results indicate, the
impact is much more pronounced when both demand and supply policies are jointly
introduced. Under such combined policy alternatives, the per capita value (nominal)
of food export in Dhading is expected o reach Rs 2,210 by 2005 at an annual rate
of about 23 per cent, which is relatively much higher than under the other policy
opliens considered (Charl 7.4).

Mon-Food.

The exient to which the demand for non-food import is influenced by policy
interventions depends to a large extent upon the magnitude of growth in income,
resulting from the palicy interventions together with the strength of income elasticity
of non-food demand, other considerations remaining the same., The resulls
provided in Table 7.41 indicate that the value of non-food import under the joint
policy is much more pronounced than under a single policy, such as the irrigation
and fertilser policies. The per capita value of non-food impont under all policy
scenarios is, however, forecasted 1o grow by less than one per cenl over the
period. The value of non-food import under the single policy intervention does not
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change from the baseline scenaric. This is perhaps because the annual growth in
income, resulting from the policy intervention, which reduces over time, is not
strong enough 1o induce import demand growth over time, given that the income
elasticity of demand for non-food in rural areas, is also not highly elastic.

Im o r

Before examining the impacts of the policy interventions on employment, it is
important to emphasis that any increase in the total labour utilisation as a result of
a policy action, resulls primarily from the agricultural sector rather than from the
non-agricultural sector. It is, therefore, only under the joint policy that the additional
labour force (in terms of mandays) can be utilised in the crop sector due to
increased cropping intensity effects. While development of irrigation facilities
would also help to generate considerable employment opportunities, at least in the
short run, this effect has nol been taken into account in the present exercise. As a
result, the total labour ulilisation rate, under both irrigation and fertiliser policies,
remains more or less similar to the baseline situation. When the irrigation and
fertiliser policies, combined with the population reduction policy, are introduced
jointly, the labour use rate improves marginally to 85 per cent compared to 83 per
cent under the baseline scenario in 1993 (Table 7.42)

The labour use rate under all policy scenarios shows a declining trend over time.
But the rate of decline in the labour use rate under the combined policy, as well as
under the population policy, is, however, relatively lower than under the baseline
scenario. The additional labour that is utilised under the combined policy is the
result of the cropping intensity effect of the polalo season, but this has not been
included in the present exercise to simplify matters.

Impact on Income

All the policies examined above affect the per capita income. The estimated
nominal incomes criginating from all these sources were converted to real income,
using the weighted cereal grain price index at 1991 constant price as mentioned
in the baseline resulls described above, The resulis presented in Table 7.43
indicate that the real per capita income, which is estimated to be Rs 1,030 by tha
year 2005 under the baseline situation, would reach Rs 1,096 under the population
policy, Rs 1,180 under the livesicck policy, and Rs 1,422 when both the irrigation
and fertiliser policies are introduced jointly along with the population policy. Among
the single policy interventions, the livestock policy is seen be most effective in
increasing income in the shorl run, while the population policy shows positive
resulls over a longer period,
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Chart 7.4
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Data on the relative share of different sources of income in the total income, with
and without policy interventions, are provided in Table 7.44 (Chart 7.5). The
contribution of the crop sector to the tolal income, about 36 per cent under the
baseline scenario in 1993, is expected to reach 55 per cent when the combined-
imigation fertiliser, and population-policy is intreduced. The projected share of the
crop and livestock sectors’' income increases while non-agricultural income
decreases under each policy scenaric. The declining share of non-agricultural
income implies that the nominal money wage in the non-agricultural sector grows
atl a rate lower than the annual growth rate of inflation( price index) and, at the
same time, it was not possible to predict whether the non-agricultural sector's
empioyment would grow over time. It is further evident from the policy analysis that
the share of the livestock secior in the total income would increase significantly
from 39 per cent under the baseline scenario in 1993 to about 50 per cent under the
livestock management policy. However, the forecasted share of the livestock
sector in the total over time is expected (o decline, given the marginally declining
trend in productive livesteck, especially milch buffaloes, sheep, and goats.

Natural Resource Sector; Policy Scenanios and Impacts

Forests provide fuelwood, timber, and fodder. To meel these growing demands,
foresis have either been degraded or deforested. As a result, three different policy
alternatives are examined in the natural rescurce seclor. The first policy examines
a reduction in the per capita consumption of fuelwood by 10 per cent. Infroduction
of smokeless chule (sloves) has been found 1o reduce fuelwood consumption by
about ten per cent based on sludies on this issue. Secondly, a policy whaereby all
forests in Dhading are assumed to be brought under management is examined,
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Proper management results in fuelwood and fodder vield improvement. Thirdly, the
two polices are then examined jointly along with the population reduction policy.

Impact on Land Use

As the population increases, greater and greater pressure will be exerted on the
land resources to meet the food, fuelweod, and fodder demands. The ferlility of
existing agriculiural lands is dechning annually, resulting in a declining ferlility trend
over time. Forests provide nutrients to farmers' fields and meet fuelwood and fodder
demands. Each year, as the population increases, the land use dynamics also
change along with reduction in forest covers degradation of forests, increasing
areas under shrubland, and possibly agriculture. Thus, changes in population and
productivity result in land-use changes.

Table 7 45 provides data on the land use changes under different policy scenarios.
Since the livestock population also has implications on land use in terms of fodder
demand, the livesiock policy resulls are also presented in Table 7.45. Under the
baseline scenario, the area under forests is seen to decline with gains made by all
other land uses. The resulls do not change much under the population, livestock,
and demand reduction policies as a negative growth trend in forest areas continue,
However, when all forests in Dhading are assumed to have been brought under
managementi, the negalive growth trend is reduced by almost one-fourths
compared o the baseline scenario. The natural resource and population policies,
implemented jointly will result in a stationary silualion whereby the forest area will
ramain almost the same throughout the entire period. The nalural resource policy
includes boih the supply management and demand reduction polices basides the
population policy.? Clearly, the results indicate thal increasing the area under
forests is a difficult task.

Impact on Fuehwood

Table 7 46 provides data on the different sources of fuehvood and their shares.
Under the baseline scenano, foresis provide between 65-68 per cenl of the
fuelwood supply, followed by adjacent NC| and shrubland. Other land category
shares are relalively smaller. The populaticn reduction and livesicck policies do not
have ary appreciable impact on the relative confribution of different land uses 1o the
fuelwood supply. The Natlural Resource Policy (NRP) has the most profound
impact since the forest area as well as its contribution 1o the total fuelwood supply
INcrease,

2 This last policy will be referned 1o as the nabural resowce policy (MR P) hereafier
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Chart 7.5
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impact on Fodder

Table 7.47 provides similar results regarding the supply of fodder from different
sources. The cultivaled area's confribution 1o the total fodder supply is seen to be
the largest under all policy alternatives and its share continues to grow over time
under all the policy scenarios. Under the management and NRP allernatives, the
share of forests is seen o increase, although the negative growth trend conlinues.

Environmant and Carrying Capacity

Pressure on the Resource Base

Some indicators relating to the resource base were also developed. The different
policies affect these indicators in different ways, and they are highlighted in Table:
7.48. The values of these indicators under the baseline scenario are also provided.

Per Capita Cullivated Land. The per capila cultivaled land (ha/person) in Dhading
is already low (0.13 halperson), and, as the population grows, the list will decline:
io 0.11 ha'person by the year 2005, The different policy allematives do not have:
any significant impact on improving this indicator, The different reduction paolicy will
increase the value from 0.11 ha'person to 0.12 ha/person by 2005. The NEP will
field the same results. The persorvha indicator (which is opposite this indicator)
should be examined also over time. As is clear, the population density on
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agricultural land increases under all scenarios. Il should be noted that the
population density on the cullivated areas is the highest under the fuelwood
demand reduction and management polices. This is so because according to the
model, deforestation leads 1o an increment in agricultural land and, since no
deforestation occurs as in the case of these two policies, the population density on
the cultivated area increases. The NRP policy also reduces the density compared
to the baseline scenario.

Par Capita Accessible Forest, The per capita accessible forests in Dhading will
decline from 0.19 ha/person in 1993 to 0.15 ha/person by 2005 under the baseline
scenario. No changes in the forest area occur in comparison {0 the baseline
scenarno under the population policy, but, since the population growih decreases,
an improvement in the per hectare availability of accessible forests occurs. The
livestock policy has no impact on this ratic as is to be expecied. The demand
reduction policy has a positive impact. Both the population reduction and demand
reduction policies work on the demand side by curtailing the overall demand and
do not influence the supply side. The management policy has an impact that is
similar to the demand reduction policy. Finally, the NRP policy alternalives
influence both the demand and supply, and it can be seen from the results in Table
7.48 that the impact of this policy is the strongest (see growih rate). The population
density per accessible forest, which is also presented in the table, indicates the
growing pressure exerted by the human populaticn on the forest area.

Forest-Cultivated Area The foresi-cultivaled area ralio is also an imporiant
indicator, Forests provide leal litter for eveniual use as compost to supplement the
field nutrients. Thus, as the forest area declines, the supply of leaf litter will also be
reduced, and this has an impact on the soil fertility. A study (Wyall-Smith) has
indicated that about 3.5 hectares of forests are required 1o sustain one ha of
agricultural land. In the case of Dhading, this ralio is only about half and under the
baseline scenario it gradually geis smaller. Mone of the policies examined are
strong enough to improve this ratio to 3.5 hectares.

Shrub-Forest Area Ratio. The shrub-forest area ratio is an indicator of forest
degradation because, as forests degrade, they are first converted to shrublands.
The model allows for this interaction described in detail in the methodology section.
Under the baseline scenario, this ralio increases, The NRP paolicy has the strongest
impact relatively in terms of refarding this ratio.

Livestock Density. Livestock also exerl pressure on cullivated land, forest, and
grazing lands. These three indicators of livestock density are also given in
Tabla7 48. As expected, the livestock policy reduces the density compared to other
policies. The livestock density on grazing area increases 10 about 10 LSU under the
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NRP policy, despite this policy's overall posilive impact. The reason why density
increases is thal, as deforestation is controlled (under this policy), the land use
changes that occur do not contribute enough additional area to grazing lands to
kower the density. Despile the higher density of LSU under this policy alternative,
it has already been shown that the fodder supply will exceed the fodder demand in
Dhading, hence the high density under this policy scenario should not be a critical
issue.

Carrying Capacity, The impact of the different policy oplions analysed under the
natural resource sector has implications for the carrying capacity of land fo meet
food fuelwood, timber, and fodder needs. This section examines these impacis.

Food. The food sector analysis has already indicated that Dhading is unable to
supply enough calories to meet the population’s needs under the prevailing state
of tachnology. Only about 74 per cent of the calorie requirement is being met, and
this supply dwindles by nearly 0.7 per cent per annum to reach about 68 per cent
by 2005. To explain the calorie situation in a different way, currently about 7.22
persons{adults) depend on a hectare of agricultural land o fulfill their calorie
requiremenis. As the population increases over time, this load on a hectare
increases at aboul 0.6 per cent per annum, reaching 7.76 persons by 2005 under
the baseline scenario (Table 7.49). One heclare of cultivaled area (paddy maize,
wheat, millet and potatoes) can support only 5.32 adults and, since productivity is
declining, the carrying capacity also declines to 5.25 persons by 2005 under the
baseline scenaria.

The population reduction policy does not have any impact on the carrying capacity
of agricultural land but affects the load facior positively , as the total calorie
requirement declines in proportion to population reduction. The reduction in
population is just sufficient to maintain a constant calorie supply of about 73 per
cent throughout the period, as can be noticed in Table 7.49. Since the livestock,
fuelwood reduction, and forest management policies do not involve direct
interaction with the food seclor, the resulls in respect to agricultural land are similar
to those of the baseline. The more obvious impacts of these policies are discussed
b lare.

The changes that can be observed under the NRP are primarily the result of the
population palicy since the other combined policies (fuelwood reduction and forest
management) have no impact on agricultural land use. Under all policy
alternatives, the pressure on agricultural land is cbvious and exceeds the level that
the land can bear. A more detailed discussion of the impacts of other policy
alternatives on the agricultural sector has already been given above (food sector).

Fuetwood. The impacts of the alternative polices on fuelwood demand and supply
are given in Table 7.50. The carrying capacity indicates how many person's
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fuelwood requirements one hectare of forest land can meet, given that one adult's
fuelwood requirement is 588 kg per year. Under the baseline scenario, the carrying
capacity is seen 1o decline rapidly at about 1.7 per cent per annum. One hectare
of forest land can support 2.87 persons' fuelwood requirements per year, and this
capacity declines to 2.76 persons by the year 2005 from the figure of 2.99 persons
in 1983 at an annual rate of 1.42 per cenl. Each year the unfulfilled fuslwood
demand is mel by deforestation, which reduces the forest area. This is a cumulative
effect and each year more and more forest areas vanish, reducing the forest stock
as well as the overall supply of fuehwvood, timber, and fodder, consaquently resulting
in lower annual supplies,

The impact of the population policy reduces the incremental fuelwood dermand and
improves Dhading's fuelwood situation, As shown, 85 per cent of the fuelwood
requirement will be met by 2005, compared to 78 per cent under the baseline
scenano. However, despite this reduction, forests in Dhading will be unable to meat
the fuelwood demand and thus a continuous state of deforestation at about one per
cent per annum is predicted. Under the demand reduction policy, the fuelwood
situation improves in 1993 as a surplus of fuelwood occurs in Dhading. But this
situation does nol last long and as the population continues to grow at 1.51 per
cent, a fuelwood deficit is predicted to occur by 1999, resulting in deforestation
once again (Chart 7.6)

The forest management policy assumed thal all accessible forests in Dhading were
under proper management in 1993. The results were remarkable. According to
this assumption, fuelwood deficils occured in 1993, but as yield rates began io
increase with the management policies introduced, fuelwood surplus began to
occur from 1994, This situation continued throughout the forecasted period.
Finally,the NRP policy shows the combined effects of the population and fuelwood
demand reduction policies, as well as, the management policy. The growth in
fuehwood supply is also seen 1o be a healthy 1.71 per cent and is just the opposite
of the negative growth of 1.72 observed under the baseline scenario.

Forasts are the main source of fushwood. Howewver, forests are not the main
source of fodder as has already been pointed out earlier. Since foresis are an
important source of natural resource products, this section examines the carrying
capacity and load on forest land in Dhading.

For the district as a whole, the alternative policies are given in Table 7.51. When
forests only are considered, only 69 per cent of the fuelwood demand can ba met
and this situation deteriorates rapidly. By 2005 only 54 per cent of the demand will
be met by Dhading's forests.The carying capacity of forest land to meet the
fuelwood demand is about seven persons per hectare, whereas the load is 10
persons and this load will increase over time to reach 13 persons by 2005. The
population policy does relieve the burden to some extent as, 59 per cent of demand
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Chart 7.6

Fuelwood Supply as Percentage
of Demand: Dhading
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compared to 54 per cent under the baseline scenario will be met by 2005. Under
the demand reduction policy, the situation improves further as 63 per cent of the
demand will be met by 2005. The load reduces marginally. The impacts of the
forest managemeni and NRP policies are noleworthy. In the second year of the
policy intervention, about 75 per cent of fuelwood demand is mel by forests
compared to 68 per cent under the baseline scenario. The situation improves over
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time and by 2005 an estimated 91 per cent of the demand is to be met under the
management policy option and about 97 per centl under the NRP option (Char 7.8).

Deforestation. The fuelwood situalion in Dhading under the different policy
scenarios has serious implications in terms of deforestation. Under the population
policy, deforestation occurs at a rate lower than that under the baseline scenario.
The demand reduction policy halls deforestalion during the first few years, but,
eventually, deforestation increases since the stocking rate remains unchanged as
under the baseline scenario. The forest management and NRP polices are sirong
enough 1o completely stop deforestation. Table 7.52 provides the results regarding
the per capita fuelwood supply, deficits/surplus, and the deforested area under the
different policy options (Chart 7.7).

Chart 7.8

Impacts of Alternatives Policies on
Fuslwood from Foresis Ondy: Dhading

164
; i
= .14 ]
i T
f 4]
§ 80
&0
19%3 1865 1397 TR 2ad1 2003 2005
Tt
= Boga e Bggedalion  —— Qemond

== ugragenen —F— KEP

Under the baseline scenarno, the deforested area continues to grow rapidly at 1.72
per cenl per annum. According 1o the results, about 85ha will be deforested by
1993 and, by 2005, this area will have increased to nearly G00ha. The population
reduction policy retards this area to 377ha, The fuelwood demand reduction policy
retards deforestation until 1997, bul in 1998, 13ha would have been deforested to
meet the fuelwood deficit, and, by 2005 almost 262ha of forests will be deforested
and thereafier the forest areas in Dhading will be sustainable.

Timber. Forests provide timber also. The timber situation in Dhading appears to be
fairly good untill 1999 under the baseline scenario, but deteriorates thereafter,
resulting in annual deficits. The resulls are given in Table 7.53. The strongest
impacts result from the forest management and NRP policies.
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Fodder. Under the baseline scenario, the predicted growth in the livestock
population expressed in terms of LSU is almost stagnant. Table 7.54 provides the
policy impacts on the fodder situation in Dhading and the baseline scenario. Under
the baseline scenario, one hectare of land in Dhading supplies 0.8MT-TDN and a
madest improvement in this supply occurs over ime. The fodder supply per ha is
seen 1o be the highest under the forest management and NRP palicies.

The impact of the livestock policy on the fodder situation is also presented in Table
7.54. This policy assumes a ten per cent reduction in the number of unpreductive
animals, and, since the milk yield is allowed to increase by almost 100 per cant,
fodder requirements of cows and buffaloes increase by 25 per cent. This policy has
no impact on the fodder supply as expecled by the fodder demand (load) per
hectare increases to one MT-TDN. Greater pressure i3 éxerled on land by the
fodder demand. As a result, fodder supply as a percentage of demand declines
compared to the baseline scenario, although the reduction in the livestock
population does not make the growth rate negative. Over time, the fodder situation
is sean to remain almost constant under this policy scenario compared o the
baseline.

The fuslwood demand reduction policy has no significant impact on the fodder
situation, The forest management and MRP policies have strong impacts (as
shown in Table 7.54), although the impacts of these two policies are very similar.
The fodder situation in the districl improves over lime marginally under the latter
policy alternatives. The results regarding the fodder supply, when only forests are
considered as the source, are highlighted in Table 7.55.

Conclusion

The pericd over which the policy analysis is conducted is imporiant. In the case of
Dhading, the timeframe was extended to the year 2005 to judge the impacts of the
different policy alternatives. The population reduction policy was seen to retard the
negative growth trend of all imporiant varables but was not strong enough to
reverse the frend, given that the pressure on the resource base already exceeds
the limit.

In the food and natural resource sectors, the policy impacis were seen 0 be the
strongest when a combination of demand and supply side policies were intreduced
jointly along with the population reduction policy. The results indicate that the
population pressure in Dhading is already very great, and, despite the positive
affects of the jointly conducted imigation, feriliser, and population reduction policies,
Dhading is not likely 1o meet the calorie requirements of its population by 2005.
This is not to indicate that the possibility does not exist, since other agricultural
technologies can still be introduced to raise the productivity level. Under the policy
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examined, Dhading can produce food to meet about 91 per cent of the calorie
requirement compared to the baseline projection of about 80 per cent. Scope,
therefore, exists to introduce other agricullural technologies that can boost
productivily to make Dhading self-sufficient in food produclien. For example the
option of introducing improved seeds has not been explored,

The natural resource base in Dhading was also seen to be fairly overioaded. The
fuelwood and fodder demands continue 1o increase as the population rises
unabated, Deforestation continues to exerl grealer pressure on the resource base.
The population reducticn policy alone was not sufficient to reverse deforestation,
although it was effective encugh to retard it significantly. The fuelwood demand
reduction policy was seen to be effective as a short-run policy, since deforestation
is reduced to zero, but, as the population continues to grow, deforestation is likely
o occur once after 1988, The forest management policy, which assumed that all
accessible forests were brought under management,was seen to halt deforestation
completely. The fuehwood demand reduction policy and supply management policy,
combined with the population reduction policy,was seen to be the most effective.
Under this policy scenario, deforestation comes to a halt and the pressure on
forests to meet the fuelwood and fodder demand conlinues to be sustainable,
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Table T7.1: Area Under Differant Crops [ha)

Year Paddy| Maize Millet | Wheat | Oilseeds |Potatoes
1875 36501 11000 2010 1015 180 310
1976 3650| 11000 2010 1015 180 310
1977 5650( 10450 1910 1050 170 310
1878 5600) 11000 2010 1010 160 300
1979 5600| S8900 2020 1050 180 330
1980 6490| 7350 2000 1100 150 250
1981 10060 73s0 2000 1100 150 250
1982 12660 7760 1480 4840 300 370|
1983 11140| 8800 3540 4000 270 560
1984 10270 14840 3200 4050 300 1200
1985 13000( 15000 3300 4500 300 1350
1966 12880 ( 14960 3200 4350 310 1360
1987 12740| 15010 3500 4560 380 1370
1988 12700[ 15000 3600 4870 320 1370
Mean 8014 | 11387 2556 2801 241 689
Std. 3568 2927 742 1772 76 485
CoefVar% 40 26 29 63 32 70

Table 7.2: Yield Rates of Different Crops (kg'ha )

Paddy| Maize| Millet| Wheat| Oilseeds| Potatoes
1975 2608 1815 1045 1160 489 2700
1876 2608| 1700 1045 1160 511 5084
1977 2303 1360 1042 1162 529 G000
1978 2321 1758 1025 1198 500 5500
1978 2105 1368 1000 1000 389 6000
1980 20781 1650 800 1145 533 E000
1981 2070 1600 1000 1200 531 6000
1982 2000 1242 1000f 1500 533 6000
1983 1803 914 1000 1600 583 6000
1684 1832 1300 800 1358 600 6500
1985 1750( 1500 1000 1251 633 5496
1986 1782 1472] 1000 1319 645 6000
1987 1952 1400 Lk 1369 487 by
1988 2184| 1538 1200 1368 856 7701
Mean 2100) 1459 1003 1271 545 6184
Std. 271 212 75 153 71 663
CoelVar % 13 15 7 12 13 1
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Tahble 7.3: Fertiliser Sale

Sale [MT) Sale per Cropped ha

1983 153 3]
1984 277 8
1985 201 13
19686 314 14
19487 318 14
1588 385 17
18649 410

15990 228

Source; AIC

Table 7.4: Livestock Population and Products

1984 1985 1986 1987 1988 | Growth
Population
Caitle 130818 | 132205] 133606 | 132710| 125490 «1.03
Buffaloes 83427 | 86105| B8863| #EITS5| B&T170 1.10
Milch Cows 18794 | 18998| 19200| 18460| 16830 -2.73
Milch Buffaloes 16224 18814| 159418| 20330 19190 1.29
Goats 138263 | 140572 142919 143460 166590 477
Sheap 1686 167820 17321 19%31| 18436 2840
Pigs 7671 8079 B502 ge2d| 11880 11.81
Products
Bufi Maat 1795 1854 1913 1815 1876 1.10
Cow Bilk G341 G408 G4TE Bros G192 -0.60
Goat Meat 273 278 a2 283 329 4,77
Buff Milk 16280 18782 17321| 19531 18436 318
Mutlon 4 4 4 4 10 25.74
Fork 108 115 121 123 17 12._n|:|_

Source: DFAMS 1990
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Table 7.5: Land Use Changes

Dhading Land Wse 1978| 1978] 1s8o0| 9988| 18RE| 1987 188%) i363| 1950
Mid-mountains janTral 13773136773 [ 13873 | vaaTra 1 aevra | i aerra) 1aeTra [ 1 0ET TS
Blatural Forests 4aTaz| Sansa| 43000 | 41740 41330| 0en| 405ce| 40104

Aot Forests 4472 | 44044 40001 Li740| 41332| S091e| 40500] 40n04
Change in Foreil Anea g ogaa| 43| 47| 13| -a0o| 405
Shrublands 18518 | 19130 | 16060 | 20436| 20645| 20852| 21058| 21258
Caracssdandy a4z Sa0e| Same| Seae| STE1| BA23| 5884|5045
Mapped Cullivabed BE37T3| 88507| eo640| 6520G| 62411 60535| 965 69774

A HE 2raza| 27473| 2Esav| 277an| ITYR4| 2TEIS| 27BS6| 2TEGT

Gross Cultivaled 4945 | 41035| 41123 41554 41637 #iTa0| 41802 41883

B W hin Taps| 74BE| 7anh| T4sE| T456| TaeBs| T458| 7486

het Cultivated daame| 2ases| eS| 4088 | B4171| 3454 3435| 34T
IAM Calculated 137322137300 | 137277 | 1371 70 [ 137140 | 137128 | 137108 | 1370684

High Mouriains 30042 | 38042 | 38047 | 38042 3803 | AA04D| 3804 | 2004
Matural Foresis Hars| eS| 21097 | 20154| 19986 16820| 18658( 19454
Accessiie Foresis 17e78| 17797 1TE19| 167S5| 16588 16422| 16258| 16085
Inaccessible Forests agg| aa0e| 33e0n| 3300| 33me| 33| aaEs| 3ae
Seublands anag| 4524|5013 S445| 5538 Se1q| sSemn| SIS
Grasslands SAO07| Sada| SA61| S860| 6015 6040] 6085 608D
happeed Cultiavaied 4073| SMT| SO0s1| S277| SMG| 5361|5402 G4
Adpecant M 1534 9552 1570 1e56) 1673a| 16E@| 1TOG| ivER

Grosa Culiated 3438 3465] 3402| 3621| 35am| 3&TI| MHE| IT0

M1 Within eoz|  eo2| sa2| ez 02| 6O2| s02|  EOZ

Mt Culiaied 2838 2BpE3| TROO| 30AD| 44| 30E0| 30o0s| M8

HiA Cadeuilated sosae| wes7s| a6asz?| MEEsE| 36B40| 36833 ISa1E| 6800
High Mimal 15a72| 15672 18672| 1s672| 18672| 15e72| isevz| 1587
Hatursl Fodests 1284 1284| 1284] 1284| 12eq| 1284|1284 1284
Inaccessinle Fomesis i284] 1284| 91284| 1284 1284] 1284| 1284 1284
Shrubdands 1655) iesa| 1856] 1656) 1658| 1656| 1684 1658
Grassiands 507 4may| asse| 4ma2| 4co| 4802 48s7|  4E0E

HH Calcuiated THIZ| TEaz| Teaz| Teaz| Teax| TeI2| TeX2| Ta32| TEAZ
Tstal

Farests e7ast | seaza| sszoz| emer| szeoz| e2023| s14es| eoeaz| eoazo)
Shruniands 25405 25710 | 26030| 2753T| I7EG0| 28i19| 284068| Zo6E0| ZBETM
Frasslands 15241 16035] 16128 16561 | 16658 16785| 18841 | 16326] 17011
Acgcent NCI smeez| 20075| 2008T| 2008s| 2osar| e505| 2esez| xes19| 20675
MG soe8| eo6a| aosa| eodAl sose| @068 BOG6| S068| mOsA
Met Cultivaled »315| 36432| 36547 IToT| IT:E| avaza| aresn| ATsaS| 3763
Dhading Calculabed 1e142 | 182102 | 102082 | 184888 | 181830 [ 189780 [ 181756 [ 181 T | 181880
Fresidusl 10345 | J0aes| 10425| 10819| i065T| 10684 10731 107SE| 10804
| Dhading {Given) 152487 | 192487 | 192287 | 152487 | 192487 | 160457 | 192487 | 192487 | 152487
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Table 7.6: Forecasted Ares Under Different Crops (hectares)

Craps 1991 ez 1993| 1e04| 1s08)| 1e86) 1867
Paddy 13020 13262 13535| 13TT4| 13208| 14207| 14408
Maize 15347 | 15430 15525| 15607| 15684| 15758] 15828
Milet a043| aos3| anzz| a158| asz| 4224 4255
Wineat dozz| soos| s14n| sSzes| Saan| Sada]|  ss20
Culgands 20 342 385 a7 380 333 406
Paolaioes 1300 1400| 1428| 14s8| te88| 14ED| 4590
Teaal Cropped Area 30050 3o600| 40112| 40598| 41062| 41505) 41929
Total Cultivated Land 28377| 28TM| 2o06S| 20080 | 20660 20965| 30237
Area Uinder krigation msaa| Tras| 7eco| eose| E:9|  83A3|  BSSY
| Total Feriiser Se0| sep| &y esa) eéRo| TOT| T34
Table 7.7: Forecasted Yield Rates of Different Crops (kg'ha)

| Crops 1%01|  1992| 1953) 1984| 1995| 1%96| 1887
Packty 1ea8| 1995 10e8|  1983| 1883|1975 19e2
Kage 1493 t4s3)]  1488| 1404| 1489|1488 1489
Whsaat 1345  1344] 1344 1342 1338 133|137
Maket 1wa|  1oie|  tenn|  qodd|  toto] 1008  1o0| 1008|0060
Cvneeds 661 651 E62 561 8580 853 (2] 660| -0L060

pes 7a12| 7aop| TaiF|  vart]| 7agal 7Tam] 7aos| 7ae0| 0000

Table 7.8: Forecasted Changes in Crop Production (MT}

Crops 1981) 1992| 1963| 1994) 1935| 1996 1957 1HE'IGIWH
Paddy 26034 | 26520( 27052 | 27454 27760) 28060| 28555| 28810| 1.
Maize 22919 23050| 23212| 23309| 23360| 23413 23575| 236814 0.
Wheat 6623| 6767| 6914 T038| 7146| 7240 7379| T4T0| 1.5
hillet 4085) 4128| 4169| 4203 4232 4250 4297 4321 O7
Qilseeds 217 226| 235| 243) 251 250| 268 276| 334
Fotatoes 102597 ) 10437 10594 | 10733] 10860) 10091] 11167 11301] 1.2%
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Table 7.9: Forecasted Revenue, Cost, Gross Margins Per Hectare of Cultivated
Land Under Different Crops (Rs/ha)

Crops 1991] 1982) 1993| 1994| 1995) 1996| 1947 1WHL?mwﬂJ

Revenue

Paddy 12 13 14 16 7 18 21 23

Maze B 8 g 10 11 12 13 14

Vel B 8 ] 10 10 11 12 13

Millet ] L] 7 ] ] 10 1 12

Oilseeds 11 13 14 15 17 18 21 23

Potatoes 43 &6 1] 53 o8 B0 G5 7o

Cost

Paddy 10 10 11 12 13 14 15 16

Maize T ! 8 L] ] 10 1 11

Wiheat T 7 ] -] 8@ L] 0 1

Milel B 7 T ] a ] -] 10

Diseeds 4 6 -] 5 1] & T T

Potaloes 15 16 18 19 20 22 23 25

Per Hectare Gross

Margin (Rs/ha}

Paddy 2157| 26B4| 3267| 3883| 4523 5339 S184) TOEG

Maize B39| 1047| 1287 1522| 175T| 02| ZIdd| 2637

Wihveat 1375| 1451| 1545| 1824| 1891| 17v62| 1BET| 1962

Milst 321 -103 150| 427 Tiz| 1077| 1483] 1930

Oiseads 6054 TEB4| 8942| 10106| 11383 | 12837 | 14515 16324

Potatoes 27408 29375 31568 | 33841 | IG222| 38806 | 41830) 44853
Table 7.10; Forecasted Livestock Population

Livestock Type 1581 1892 1883 1594 1595 1596 1547 1958 | Growth

Cattle 106154 | 106157 | 106166 | 106160 106201 | 106227 | 106255 | 106258 005

iich Cow 14862 | 14B62| 14B63| 14B6S| 14BGE| 14872) 14B76| 14832| 0025

Bullocks gi2m2| 91285 21303 S1315] 91333 94385| 8#4383] @408 00ES

sk Toksl &TiTa| ETATY| ETAT2| ETITS| ATiTA| ETUB2| &TiEA| ATIB4| O0UDES

lich Bullalcusy 19130 19190 19180 19188 1918F( 19185 10183| 1016D| D009

Eheep 4580| 4G50| GG56| AGG0| 4643| 4633| 4A21| 460T| D3N

Gaoaly 188550 | 18E5TE | 165552 | 166506 | 166442 | 166360 | 166258 | 166137 | -D.050

P 12362 13934 14006) 15878 16850 17A22| 16794| 1976&| S5

Chizkens 147580 | 158023 | 168456 | 178000 | 188352 | 198795 | 210238 | 220881 G554

Tokal LSU 185360 | 186360 | 166370| 186372 | 166375 | 166370 | 166383 | 166388 | 000
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Table 7.11: Forecasted Annual Production and Growth in Livestock Products (MT)

Livestock Product | 1991 1992| 1993 1994 1995] 1996 1“?'1553 Growth
Cow Milk 1448 | 1448 1448 1448 1448 14409| 144914459 0.02
Buff Milk 3658 | 3658 3657 3657 | 3657 | 3657 | 3656 [(B656| -0.00
Ghee Supply 72 T2 T2 T2 72 T T2 72| -0.00
Net Milk Supply 3574 | 3574 | 3574 3574 | 3574 | 3574 3574 p5T4| 0.00
Buffalo Maeal 2624 | 2624 | 2624 | 2624 | 2625 | 2625 2625626 0.
Goat and Sheep Meat| 526| 528| 526| 526| 526| 525| 525 525 -0.0
Chicken Meaat 195| 209 22| 236| 250| 264 278 281 5.54
Pork Meat 122 131 140| 143( 158| 188| 177| 186| 5.8
Aagregate Meaat 3467 | 3400] 3513| 35356 | 2559 3581 | 3604 p627| O
Wool Production (kg) | 2051 | 2051| 2040| 2047 2044 | 2039| 2034 2028| -0.21

Table 7.12: Forecasted Cost and Returns from Livestock {Rs/animal)

Livesioek Cost and Returma 1999 15E2) 4%83] 1994) 1995 19G6| 1997) 1998 |Growth
Raising Costidnimal

Bunlors I2402 ) MET0| ITODE| TRSAT| 42478 45457 48644 52056 T.0N0
Sheep ard Gosl 16%25) 17466 15585 19BBA| 213TA| ZIBGZ| 24s4G| 2613F| 6842
Pugs 1853 2132| 24e0| zree| 3158| 3574 4033| 4538| 13292
Chétisns osa]  23T0] 704 MW7) M4TD| 3928| 4433]  446H 11!‘.‘5!
Mich Cow Bi50| &BBB| T157| TeS59| BiGG| &77I| ©a38s| 0050f TOET
Milzh Buffaln 12823 13729 14681 15707( 16B0G| 17089| 19237 20581| 6.500|
Cahe (excluding M) W0715| X2e66| 35170 ITEIT| &0279| 4310%| 46141 4enEm| TooT
Tatal 102438 | 109044 | 117835 | 126542 | 135778 | 1456883 | 158393 ) 167718 7207
Gross MarginfAnimal

Hufaloes B5THE| 42478 48509 | S6491| 64427 TITAE| A4250) G6118| 14.488
Sheep and Goals 18431 | 20671 23208| 2607%| 20334| 2254%| ITZ3] MTEZ| 12470
Pigs 1541 2356| 2023| 332g| 3094 4719 SS55)  ES1A) 18214
Pouliry SE20) 11381 13380| 15650) 18330| x| 24748 A4S 16427
Comri (Wil Ghee|) BEI0| 8513 10508 11603| 12807| 14i%z| 1558m| T1E2| 10347
Elaffalor (il (3 e P5855| 2050F| 39083| 34501| aTedd| 41718 4585T| SOa5| 9950
Todnl Gross Margin 101308 | 114859 | 130301 | 147429 | V6RE16 | 188817 | 213121 | 240840 | 13.072
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Table 7.13: Forecasted Per Capita Food Supply (kg/adult)

Faod (Edibls Form) 1999] 1962| 1893) 1994| 1995 1996] 1997) 19968 Growth
Coreal Grains 148.43) 147082 14761 14678| 14558 14d40| t4asa|rezes| Qa7 d
Ment 1245 v2a4| 12y aEaE| 1202] 1] vss| 1aTi] 08
ik 1283 1283 1244 1228 12070 1EE) | 1154 1481
Dils and Fals 047 ©047) o047) 048 o088 048] o042 04| o110
| Vepetaties 2924| 2018] 27| 2000| 2690 2mes| 2e0a| mas| 2
Table 7.14: Forecasted Per Capita Food Demand (kg/adult)

Fead Elﬂhh- FuhEL 1991 19%2| 19%83| 195%4| 16495| 1996 1947 1HI[EuMh
Careal Grains 130,30 | 12830 12857 | 12640 12815 126.14) 12861 128,22 0055
Virgalables 24B5| 2250| F2ER| 2241 2212 2200| Z241| 21585) 0645
Maat an k| 33 .| 322 g, 1 A28 330 D822
Bl 2165 2082) 2061| 2043 023 2044| 14| 2008 D545
Ois and Fats 23] 215 2.96] 214 212 212 214 211 0444

Table 7.15: Forecasted Per Capita Food Balance Situation (kgladult)

Food (Edible 1991 1992 19683 1584 1985 1996 1997|1998 Growth
Form)

Cereal Grains 18.04 | 19.62) 19.04| 1837 17.38) 1627) 15.38(14.47| -5.344
Vegetables 438| 668) G648 668 687| 600 652| 6.88| 1.187
Maal B68) 005 890 884| BBO| 871| 8.53) 852 -0.872
Ml -8.16| -7.84| -B817| -8.18)| -8.16| -8.25| -B.67|-8.55| 08902
Oils and Fats -1.83| -1.68) -1.68] -1.67] -1.65] -1.64| -1.66|-1.63]| -0.603
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Table 7.16: Forecasted Changes in Land Use (%)

Land Use 1961 1992) 1993] 1994| 1995) 1996) 1997| 1998| Growth
Forasls 3310 A308) R07T) 302) 3296| 3288| I2T8| 3266 0248
Shrublands 1505 1506] 1507] 15.08] 1542] 1546] 1521 1527 0260
Grasslands BB4| &B4| BB4| BB85| 686| BET 8.8 B50| 0138

Adjacent NCI 1542 1542 1542 1542] 1543] 1544] 1545| 1545) 0052
Het Culvaled 1955) 19.86| 1956 1957] 1958] 1860] 1962| 1964] 0083
Others BO4 B0 804 8.04 B.05 B80S B.O5 BO0S| 0054
Totsl 10000] 100.00) 10003 100.00] 10000 100.00) 10000| 100.00) 0000

Table 7.17: Supply of Fuelwood from Different Sources (%)

Sources 1891 1992) 1993|1994 1995] 1996| 1997| 19598| Growth
Forests GF.91) &784] 6775| 6TES) 6753 6739|6723 ET05) 0209
Shrublands 1161 1160| 1181] 1163| 1188] 1171 11.76| 1183] 0373
Grasslands 075 075 s 0.7s 0.1 075 075 o7s| 0281

Adjacent NCI 1261 1260 12600 1261] 1262 1264 1266 1269) 0140
Mt Cultrvalad 6.1 i5.38 B.47 £.55 663 671 678 686 1152
Todal 9919 08516 2919) 95199] 9999] 9919 9918| GS918| 00N

Table T.18: Forecasted Fualwood Supply from Different Sources (ADT)

Sources 1981| 1092) 1993) 1994| 1595 1996] 1987 1958
Faresl Hardwood TABET| TAB3R| T4T60| T4629| 74445 74208| 7I910| 73556
Conder 4315|4314 432] 4308 L308( 4300] 4294 4285
Mixed 0T N062| 31037 | 0094 I0034) 30357 30761 0eds
Shrublands 18847 | 18854 18AT1| 1E901| 18043 18994 | 19062| 19142
Grazinglands 1292 1223 1343 A4 1298] 1218) 12| 1255
ddiacant NCI 20476 | 20477 20481 20487| 20455) 20506| 20513| H&35
Culvated Area 137 1318 1318 1318 1318 vax0| 13| 133
Crop Residus 10248 10389 10523 1084%| 10768 10882( 109%1| 11094
Totsl Fushwood Supply | 162353 | 162464 | 162514 | 162501 | 162425 | 162285 | 162080 | 161807
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Table 7.19: Forecasted Timber Supply and Demand {cubic metra)

1991 1592 1943 1684 1585 1856 1587 1998 | Growth
Timbser Supply 16135| 16129] 16114 18080 16055 16010| 15054 15887| -0.284
Timber Demand | 13924 | 14143) 14362 14583) 14806| 15030| 15258] 15483| 1514

Table 7.20: Forecasted Share of Fodder Supply by Sources (%)
Sources 1584 1992 1863 1854 1995 1996 1997 1988 | Grawth
Forasls 2581 2560| 2558| 2543 IF52E| 2513 a67| 2479) 0614
Shrublands 244 06| 2009 2084 2091 2080 M0090| 2052] D065
Grasslamds 474 477 475 474 472 4.1 471 470 b2z
Adjacant MCI 116 713 7.0 708 705 703 7.0 Toa| 0.AEr
Med Culipvaled 4111 4138] 4160] 4182 4203] 4223| 4242| 4260| D476
Table 7.21: Forecasted Fodder Supply by Sources (MT-TDN)

Sources 1994 1982) 1993 49904| 1995) 199&{ 1997 1998 Emwﬂ'i],
Forssts 2HETT| o668( 25647| 25610| 2S55E| Xh401| 25408) 25309 -0.265
Shiublands 21032 21040] 21058) 21062 | 21138 21198 21273| 21362| 0285
Grazinglands 4763 J4Ted| 47EE| 4TT0) 47TS] 4TBY| 478%| 474D| 0138
Adiacani NCI Tizz| TiE| T24) Tas| Ti28| T32| Ti3F| 43| 0053
Rizars and Bunds 2635) M815| 2636| 263T| 2639 2641 2643) 47| 0083
Fallow Grazings 2258 Z259| 2259 2G0| 2362| X2ed4| 2266( 2G| 0.083
Trise Fodder 5269) 5270| 527T1| S2T4| S5277| S5282| S2A7| S5293| O
Crap Residus 30744 AM168| 31588| I1946| 12305 I7646| 32072 33283 1.064
Tolal Foddar Supphy 99500 59526 | 100330 | 100714 [ 101082 | 101435 | 104775 | 102104 0351
Tola! Fodder Dwa_nd 103764 | 103764 | 103785 | 103766 | 10768 | 103770 | 163773 | 103776 0.002)

Table 7.22: Forecasted Population and Changes in the Size of the Active

Population
| Composition 1991) 1982) 19830 15654 1865 19| 1097| 1998
Economicaly Active Males B7T191| BBB41| 9MT15| 04324| 5551 95543 STaTi| 95032
Economically Active Femsles | 57338| S8363| 600SE| B1607| &2318| 62290| 63M0| 65143
Totnl Actrve Populaton 144579 | 147204 | 151783 155632 | 157660 | 157833 | 160581 | 161075
Total: Male 143555 ) 146102 | 148533 | 150575 | 153431 | 155855) 158370 | 160857
Tuotal: Femabs TR4R00] 136748 | 13ET1 | 140852 | 142652 | 144711 | 146748 | 1458600
Totnl Population ZTRAER | 282050 | 287244 | 294655 | 2R6123 | J00E0E | 05118 | J00657
Growth Rate o015 008 ooie| oois] omis| 0015 0015|0015
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Table 7.23: Labour Use by Sector ("000 mandays)

[ Labour Use & Activity | 1991| 1992| 1993 1984 1995| 1996| 1997| 1998| Growth
Labour Days Avalable 36145| 35801 37046 | 38983 39467 | 39458 mﬁfma 1195
Crops g875| eo7a| 7oe7| 7isE| T2e0| TINM raaaLmz RFY
Livestock 16637 | 16637| 16637 16637| 16638| 16638| 16638 [I6635] 0.002
Professonal Workars ss5) s55| s83| 599 606| e06) &17| G18| 1185
Office Workers 625| 66| o656 674] 682| 82| 04| 98] 1185
Seles and Service Workers | 1319] 1343] 1384 1422| 1440| 1438| 1454] 1469] 1985
Producticn Workers 1457 1484] 1530 1572| 15e1| 15| ie19| 1E24] 1108
Constucton, ek 7| 353 as4| aval ave| ave| 3ss| aer| 1145
{anaral Labourers ao1a| 3o74] Mes| 3258| 3208) azee| 3353l 33| 1185
Tolsl Labour Use 30834 | 31065| 31391/ 31680] 31872| 31951| Z2168 0553
Labour Uss (%) ps| 84| B3| &) 81 g1 om0 m 0535

Table 7.24: Forecasted Values of Food and Non-feod Imports (Rs'000)

ImporsExparts 1991] 1992 1o0a| 190a| 1905| 19es| 1se7| 1sse umrml
Growth Riate (%) pozo| oots| ooms| eots| ooe| oma| oos] oorr| .13
Tatal Food Expert 52807 | 76050 Bas63| 3823| 104270 | 113683 118364 | 133953 @793)
Totnl N-Food kmport 261454 | 266310 | 271225 | 276134 | 281040 | 205663 | 291022 | 206007 | 1766
Value of T-imports 314300 | 344378 | 355128 | 363057 | 305310 | 09632 | 409408 | az0s06| 3807
Per Capia Food Export wo| ame| me| s sz ws|  aes|  am| e9se
Per Capin Mon-food Import sa| odaz| see| o) oas| 51| ose|  ese| o24e

Table 7.25: Forecasted Nominal Income by Source (Rs'000)

Sources of Income 1991] 1982 1993) 1994| 1995) 1906] 1967) 1994
Crops BEB01 [102535 121042 [140259 160485 183098 212042 [219866
Livasiock 101318 114853 130201 147429 165816 [1BAE1T ﬁi:ﬂﬂ 40549
Professional Waorkers T105| TT40| 8539 038T| 10163 10878 11842 12710
Office Warkers T424| BOBB| 8923 S803| 10s35| 19367 12375| 13282
Sales and Servios Workers | 17368) 18921 | 20875 | 22947 24858| 26562 | 28949 | 31070| 8278
Producion Workers 1Z251] 13347 | 14725 16186 17535| 18758 | 20420] 21917
Cansiruction, elc 3493| 3805| 4158( 4515| 4990| 5348 5822 6249
General Labourers 23114| 25181 27TTEZ | 30539) 33083 | 35390| 38527| 41351
Tatal Dhading Income 256873 94516 36285 F-‘HH?E 428570 (450043 (543059 EOT004
Per Capils Incoma (Re) 930 1041] 1971} 1307| 1447 1587( 17BO| 1961
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Table 7.26: Forecasted Real Income by Source (Rs'000)

Sources f959| 1983] 4983) 4984| 198%5| 4q846| 48497 1838 Emuﬂq
Crops THT0E | 84569 S0850( 96148 | 100453 [ 102845 (119138 | 115167 | 4838
Livesiock aie70| 94767 | 57831101083 104458 | 108008 [111705 | 115563 | 3388
Professional Workers 6442| 6384| &416| B435| E3IGE| B220| E207| 6104| 0885
Office Warkers 6732| 6671| &705| G724| 0654| G500| G4BE| 6378 | 0805
Sakss and Sandos Workers| 15748 15605 15685| 15730) 15566| 15227 15473 14921 0,995
Producion Workers 1108 ) 11008 | 11054| 11096 10080 10741 10P0Q | 10525 ) -0.995
Canstuction, ebe FET| 3138 3154) 63| 13| 06| 3052 3001 D555
Ganeral Labourers 20558 | 20769 20875| H035| 20716| 20266| 20194 19857 0055
Tatal Dhading Incomea FI4TI|242901 252681 | 261204 | 26EI64 | 274857 | 264550 | 291535 | 2902
Par Capita Income [Ris) B43] 50| e8| 696| 906] o914 933 G4 10367
Table 7.27: Forecasted Income Shares by Source (%)
Sources 1809 1982  1943| 1964) 1945| 41688| 1947 1ﬂllﬂrﬂﬂ1
Crops. FI53) 481 3559 3IEE0| IT45| 1814 J904| 51| 1882
Livesiock X3 14) 3801 3872| E68) I85H2| Joz2H| I824) JA64| 0472
Professional Workers 274 263 254 2.45 247 2.27 218 209] -3.787
Office Workers 2AT| 275| 2eS5| 257| 248 237 228 219| a7e7
Sales and Sendos Workers| 671 642 €311 G02| 581| 554 533 512 3787
Production Workoars 473 453 4.3 435 408 391 ATE|  3E1] -3.TET
Consfruction, alc 1.35 1.4 135 14 1.47 1.11 1.07 1.03} -3.787
Ganaral Labourers 843 B5S B2E B0 ) 1.a7 709 681] 3787
Tobal 100 100 100 100 100 100 100 100] 0000
Table 7.28; Pedermance and Sustainability Indicators
Indicators 1991 | 1952 | 1993 1994 1995 1996 1597 1958) Growm|
Per Capita Cultivaled Land 14| o3| oas| ooas| o3| o3| oz oozl 1400
Fer Caplta Accessible Forest o020] o20] oas| oae| o1e| o8| oi1s| ois|  -LTH
Populstion Deraity Por Culivated Land Ta0| TEI| TEY 74| TeG| TAT| S0B| &1% 143
Fopulabion Dersity Per Accessible Forest s501| son| si7| 526 535| 545] ss5] 568 1,503
Foresl-Culhvaled Land Fiatio 148 148| 148 147 147 1.46] 146] 1.45 £.367
Shnib-Foresd Area Fatio 052] 052 052 o852 053 053 053 054 0555
LU Per Cultvaled Anea aaz]| aaz| aaz| aaz| aar| 1| 44| 44| 00081
LEU Per Forest Ares 250 259| 15| 300| 04| 20i| i@ ko4 o2&
L5 Per Grazing Area ore| avs| arr| orr| ore| ond] 873 an 013
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Table 7.29: Carrying Capacity of Agricultural Land in Terms of Calarie ('000)

Capacity & Load 1951 1992 1383) 1994] 1995 948)| 1ga7| 1998
Per ha Calorie Supply ws1| 3a4s| 3se0] 3a4n| 6| s3] dep2| e0d
Paxr Fa Colorie Demand S201| 57| S236] 5244 S2B5| 5289 SM5| S
Supply 5 % of Demand T4 Ml T4 Tk nl n nl n
Camying Capacity Fer ha 53 £32| 5% i 529 5237 28| &I
Curent Load 78] 720] 72| 75| vas| 7| 73s| 7

Table 7.30: Carrying Capacity of Land in Terms of Fuelwood (persons/ha)

Capachty & Load 1991) 1992) 1993) 1994| 1995| 1996| 1997| 1998 |Growth
Fuehwaod Supply 160 16m| 188| 188| 189) 188| 188| 188 -0134
Per ha Demand 170 173] 78| 178| 181] 84| 86| 189| 1.467
Supply 85 % of Demand so] o8| o5 es| s3] 92| 90| &9]-1577
Camying Capacity 2RY| 287| 287| 2&T| 287| 2587| 288 285 0134
Current Load 20| 294| 2859| 303] 308 31| 3N 3| 1467

Table 7.31: Carrying Capacity of Forest Land in Terms of Fualwood |personfha)

Capacity & Load 1991) 1992 1993| 1994| 1995 1996| 1987| 1998 |Growth)
Fualwond Supply 413 413 413 413 413 4.13 412 412 H.0x0
Par ha Damand 582 5.9 601 611 G2 633 644 BS7T| 1785
Supphy as % of Demand ™ Kt &5 &4 LT3 65 a4 63| -1.7TE3
Carmying Capacity 7ozl 7oz 7ozl 7o2| 7ozl 7oz| ro1| 7o1| 0020
Current Load G89] 1008] 1W22| 1038 WET| WTE] 1096] 1147 179
Table ¥.32: Carrying Capacityof Forest in Terms of Timber
Capacity & Load 1991| 1992] 1993 1994| 1995 1996| 1987 1998 |Growth
Timber Supgly Per ha 023 o229 029 029 Q29| 028 028] 028 0000
Per ha Demand 025 025 026 026] 027 0z 028 08| 1803
Supply s % of Demand 116 114 112 110 108 107 105 103 177
Camyng Capacity 580 5SH0| SB0| 5480| S5B0| SEO0| 580)] SE0| 0000
Cumant Load a0 504 247 526 535 545 5 55 565] 1.803
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Table 7.33: Carrying Capacity of Land in Terms of Fodder

Capacity & Load 1991| 1982| 1993| 1994| 1995| 1998| 1997| 1998|Growth)
Tiokal Foedder S55Mha 080| 080| 080 0B81) 081) 081 O0B1] O0E&2] 0382
Fodder Demand Per 083l o083 083 083| 0A3| 083] O0B3| O0EI| 0033
Supply 8z % of Demand a5 95 a7 g7 &7 04 58 GH| 0345
Camying Capacity 128 128| 120 128] 130] 130] 13| 131| osez
Cumrent Load 133] 133] 133] 133] 133] 133) 13| 13] 0033

Table 7.24: Carrying Capacity of Forest Land in terms of Fodder

Capacity & Load 1901 1992| 1043 1094| 1095 1008| 1907] 1998 {Growth
Tetal Fodder Supplyha 045| 045| 046| O04E| 046| 046 048] 045] 0020
Fedder Demand 187| 187| 187| 187| 187| 188 189) 189] 0287
Supply as % of Demand ¥ 23 25 25 25 25 4 24 0267
Camying Capacily 074 074 074 074 O74| OF4| OFE| 074 0020
Current Load 299 289 299| 300 301] 301 302] 304] 0287
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Table 7.36: Impacts of Alernative Policies on Crop Yields
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Table 7.52; impacts of Allsrnative Policles on the Per Capita Fuelwood Balance and Deforestation
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