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FRAMEWORK FOR AN ADAPTIVE POLICY SIMULATION MODEL

Introduction

This section describes how some imporiant sectors of the five districls are each
separately integrated in order to assess their affects of the environmenl. Some
indicators have been devaloped to assess the impacts of different policy action on
the environment.

Conceptual Framework

Quantitative evaluation of alternative policies is of major concem to policy-makers.
Formulating appropriate agricultural and natural resource policies requires a proper
undarstanding of the internal characteristics of the area under study, ils sectoral
interactions, and relevant external relations. A complicated pattern of interactions
axists between the various sectors of these five districis,

The hill farming system is complex and crop production, animal husbandry, and
forestry are intricately linked. They simultaneocusly determine the living standards
of the farm families, income, and employment levels, as well as affect their
surrounding environment. Forest lands provide fuelwood, fodder, and timber.
Croplands provide food, fodder, and crop residue. However, crop lands also require
manure (and thus fodder) and litter from forest lands. Thus, livestock connect
these land resources by converting fodder into draught power and dung nutrient,
in addition to providing food and income 1o househalds.

Large parts of these districts are still isolated pockels which are insulated from
market forces. Transport network and communicalion facilities have not reached
many parts of these districts. Movement of people and farm products 1o urban
centres is difficult. Tourism plays an important role in some of these dislricts. Areas
that are relatively close to the road head are able o sell excess produce, but, by
and large, the majority of households are many days' walk away from the road or
market centres. Since such households are predominant in all districts, it is a major
assumption of this study that market forces are weakly active in these areas,
primarily because markets for many of the resources consumed and produced in
the areas are non-existent.

Traditional techniques used for policy analysis, such as single market studies,
frequently fail to evaluate the impacts of changing policy alternatives and
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exogenous assumptions over the broad range of economic variables and
performance measures. Single market sludies are limited in their abiliies to
evaluate cross commaodity effects. General equilibrium maodels are extremely
complex and require comphrehensive data, which are generally not available,
especially at the district level, as in this siudy. Recently, more altention has been
focussed on multimarket and multicommeodity models. Multi-market models extend
the more simplistic single market models to include distribution and some general
equilibrium analysis (Braverman et al. 1983). These models, by relating commeodity
and market factors, more realistically trace the effects of policy change in different
sectors than do single market studies. Environmental concerns can also be
integrated within this framework, depending upon the extent of information that is
already available. The essence of multimarket and multicommaodity models is a sal
of consistent equations reflecting the technological, behavioural, economic, and
institutional characteristics of producers and consumers, and market equilibrium
conditions for both commodities and factors. The system is useful for determining
different values of variables that can be influenced directly by policy. The system
of equations can be developed econometrically.

Adaptive policy simulation (APS) models provide alternalive, flexible methods by
which multicommedity and multimarket interactions may be evaluated. Indirect, feed
back, nonlinear, time-delayed, and other kinds of relationships can be dealt with
appropriately within a logical framework if APS models are used. Another
advantage of the APS model is that it allows the incorporation of many theoretical
and empirical results of partial studies (Mayers 1988; Jensen et al. 1991; Low and
Kelton 1982; Nijkamp et al. 1990; Braverman et al. 1987), i.e., the sysiem is
flexible.

This chapter cutlines the development of an APS model used in this study which
has the fallowing three basic components.,

+  The first part of the model involves the exiernal assumptions that define the
current state of technology in each district, the set of policy/impacis and the
behavicural parameters for supply and demand.

« The second component of the model includes the domestic supply and
demand of food and natural resource products (crop, forest products, and
livestock production), trade (import/expon), and some exogencus variables
(population, price, etc.) and their forecast over time.

«+ The third component of the model provides eslimates of various
perfarmance/sustainability indicators derived from the model to avaluate the
effects of policy shocks on selected performance/sustainability indicators.
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Major Assumptions

Some major assumptions of the model are as follow:

» producers and consumers are price takers in both the product and factor
markels, and

» relalive pricas of important products and factors will increase over time in
relaticn 10 national price rends.

The other assumptions that have been made are reporled in the respective
seclions that follow.

Linkages and Specification of Model

The APS model employed in this study establishes linkages between various
seciors through several behavioural, structural, and accounting relations.” The
model can thus provide information about the consequences of relative changes in
prices and other policy actions on preduction, consumption, natural resources, and
the environment. The ulimate impact of any policy interventions will be reflected in
income and other indicators of social wellbeing as well as the environment, e.g.,

carmying capacity.

The APS model consists of different sectors and sub-seclors. The districls
considered are essentially rural in nature. Some pocket areas classified as urban
are 100 small to have any significant impact and, hence, are not trealed separately.
The sub-sectors include agriculture, livesiock, forestry, food, trade, income, and
employment among cthers and are interrelated through exogenous variables

{prices, population) and also through supply and demand and market clearing
relationzhips.

Each sub-sector is represented by supply and demand relationships. The supply
side is defined in terms of factor prices and/or quanitities, thus allowing for policy
interventions. In certain cases, the supply side is composed of diaggregates, for
eéxample in the case of fuelwood, where a district's fuehwood demand is met by
supply from different sources (forests, shrublands, farmlands, elc) across different
regions (high mountain, mid-mountains, Siwaliks, etc),

The behavicural demand and supply equations Used in the model have micro-econemic Teundaions.
The parameter gsbimates used in e benavioun squations hive been borowed rom studies carmied
U by vanous scholars in the Nepalese conbexl. In limited cases, where such paramelers wene nol
available, sslimales for B ferad and rural India {non-food demand) have been used,
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The demand side of the model depends primarily on population size and growth.
Furthermore, income and prices are important determinanis of tha consumption
leveis of different commaodities. [ncome and prices are used to influence demand
depending on the availability of parameters. By incorporating incoma and prices on
the demand side, this study deviates from the traditional method commonly used
in Nepal where demand projections are based on per capita needs and population
growth, i.e., conslant coefficient method, Therefore, the method employed in this
study (on the demand side) addresses, for example, households' access lo foed as
consfirained by their income and relative prices (food security) as well as food
{calorie) needs (food sufficlancy),

The demand and supply systems in each subsactor can be further classified into
three main sectors, namely, food, natural resources, and other activiies/sectors.
The food sector consists of those subsectors that provide food to households, It
consists of the fuelwood, fodder, and timber resources as well as the different
subsectors that are related to land use. In addition, the model consists of other
sectors thal are related to these two sectors on bath the demand and supply sides
as wall. The other sectors include labour use, income, and trade which interact with
the other two seclors. Furthermore, some activities that are nol common across
districts are also includad in this seclor, e.g,, tourism in Rasuwa. Such activities are
discussed separately below. Finally, the environmental seclor consists of a set of
outcomes resulting from food, natural resources, and other activities as well as the
influence of the exogenous seclor, Cerlain indicators have been developed to
assess lhe environment, e.g., camying capacily. In this study, therefore, the
environment is viewed in terms of the outcomes of the integration of different
saclors and subseciors in an economy along with the influence of the exogenous
seclor, Each is discussed in tum below, Figure 2.1 illustrates a simplified
relationship between these major sectors. Figure 2.2 provides a more detailed
diagram of the sectors and subsectors and their linkages that are taken into
agccount in this study.

Exogenous Variables
Price

Foodgrain prices and othar important prices are forecasted over time up to 1958 on
the basis of a simple time trend relationship. The assumption made in forecasting
prices is that district prices will change according lo the national trend. Time-series’
data (1975-1885) collecied by the Depariment of Food and Agriculture Marketing
Services (DFAMS 1590) have been used for this purpose. Since district prices may
have been differant from tha national prices in the base year (1991), calibration 10
the intercept term of the regression equation was made using price information
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available for the district or the closest district in question as reported by DFAMS.*
In addition, some aggregale price saries have also been derived for each district
on the basis of each district's production and individual commaodity prices.® These
aggregate prices vary across districts and are used in the food demand sector.

Population
The population forecast made by the National Planning Commission (NPC) using

the maost recent Population Census (1991) has been directly used for each districl.
The high variant projection scenarios have been used.

Distnct Area

The land area of a district is assumed to remain constant throughout the study
period, bul land use within a district can change. The areas under Langtang
Mational Park and Shivapur walershed that fall within a district are assumed lo
have remained unchanged. In addition, natural resources from such areas are
assumed 1o be unavailable for harvesting and private consumption. Furthermore,
in some districls, whera the high Himalayas are located, the second grazing that is
allowed has been incorporated in the analysis.,

Figure 2.1: Relationships between the Major Sectors

Exogencus Varlables
- population
= factor & product prices

- land _
| .

Food Secior Malural Resource Seclor o Other Activities
- CIop - land u=aé = fusebaracd - eimployment
= livestiock - fodder - timber = income
- horiculiure  [€ - deforestation [ - trade
Envirenmant
o] - cafrying capacily
- load
- deforesiation

2 Time-saiies’ data on prices s not svailabls for 53 datvicts. Many of e series that exisl are sis nol
complsles (DFAMS 1050).

3 The cetals mre giver Lster in the appropriate section
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Food Sector

Agncullure

Supply Side. Six crops have been considered in each district, namely, paddy,
maize, wheat, millet, oilseeds and potatoes, These six crops account for over 90
per cent of the cropped area in most of the districts. Foodgrains are supplied by this
seclor.

Constant Area Forecast. Based on past trends, the cultivated area of each crop is
assumed lo grow over time at some constant rate, independant of prices. Such

indepandent or axogenous growth assumptions are shift factors. The conslant area
growth of each of these crops is forecasted using a simple trend (semi-logarithmy)
based on historical data reported by DFAMS 1990 (Equation 1).

Crop Area, = a, + b, Ln (Year) (1)
where i = crops (paddy, maize, millet, oilseeds, and potatoas)

Behavioural Yield Response. Crop yield was assumed to be influenced not anly by
the shift factor (i.e., the constant yield growth assumption®) but also by changes in

the relative crop prices in gquestion as well as the relative prices of competing crops.
To what extent farm households respond to changes in the relative prices depends
very much on the relative sirength of supply yield elasticities (own and cross
prices). Crop yield can also be influenced by changes in the relative quantity o
agricultural inputs (e.g., use rates of chemical feriliser, bullocks, and labour) an
changes in imigated area.” For base yield rates, an average yield rate has bee
used. The results are given in Chapters Three to Seven. The behaviou
equations describing the yields of different crops are specified in Cobb-Doug
form. Crop yield is assumed to be a function of the relative prices of crops, relativ
changes in area irrigated, and relative changes in the quantity of three variabl
inputs (labour, bullocks, and fertiliser). All crops are assumed to be imigated exce
millet, and fertiliser is assumed fo be used for all crops except millet.
estimating yield equations used are reponted below ‘(Equation 2).° Table 2.1
provides the values of the elasticities used in Equation 2. Separate elaslicities a
not available for each rural area considered. Bullocks input is not included in
valley's crop yield function since bullocks are not traditicnally used in the valley.

4 Mobe that the shift fackor coulkd ks negetive if some crop yields show negatie trends cver time

5 Quaniity elasticities Psd o be used in the absence of price clastices.

& Pole that for all the naral areas. the same paramaters are used in the yield function. No parameber
estimales for sach crop on a dsirict basis are avalabls Homever, Ihe variablss assoclated with
these parameters change acioes dslnichs.
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Production; The domestic (district) production of each crop is determined as the
cropped area (Equation1) multiplied by the crop yield (Equation 2). Net preduction
from domestic sources is domestic production minus allowances for seeds and
ather loss factors, including the milling factor (Table 2.2).

P R F L B
R S B L B R B LY G T S R ¢
i.t ' L B
| Jae=1 d -1 i,6=1 i, 8=1
Where:
Y, = yield of crop i (i=1,..,6);
BY,: = lagged yield rate of crop i;
P, = price of crop |; )
R, = irrigated area of crop i;
F, = ferliliser use rate of crop i;
T = labour usa rate of crop i
B, = bullock use rate of crop i.
Superscript are elasticilies (see Table 2.1).
Cultivation Cost Data on the cultivation cost per hectare were oblained from the

Irrigation Master Plan Report (DOl 1989) for the eastemn hilly and mountainous
regions and was adjusted to reflect conditions in the Bagmali Zone. Labour,
bullocks, seeds, manure, and peslicides were the major variable inputs used for
deriving cultivation cests. The prices for these agricultural inputs were oblained
from field visits and have baen forecasted to grow al the rate of the agricultural
GDP deflator reported in the Economic Survey (1590). Table 2.3 provides the per
hecliare use rate of inputs used in the study.

Table 2.1: Own and Cross Price and Input Quantity Supply Elasticities

1 refers 1o wheat yeld w.r L to potalo price

2 raders 1o whead yield w.r.L Yo cilseed price
3 reders bo potako yiekd wor L to whoat price
4 refers 1o clsend yeid w.rl o wheal prce
na refars bo nol applicabls

Source; Pudassing 1 Gid
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Elasticities with respect to
Crop prices Input quantities
Owini Crozs Irrigation | Fertiliger | Labour | Bullock

Crops P P P, I i L b

Paddy 0272 i na 0.130 0.250 0.250 0,050

Maize 0180 na na 0.043 0.048 0.160 0.150

Wheat 0282 002" 008" 0311 0.25 0.147 0.180

Miligt 0.050 na na na na 0.082 0.070

Folatoss 0.250 00107 na 0.150 0123 0.125 0.150
_Dizgads 0200 | nosgt 0275 0.030 0.087 0170
oles:
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Gross Margin. Gross margins for different crops were then derived simply by
sublracting the variable cultivation costs from gross farm revenua (gross crop
revenue plus value of by-products [DO] 1989). Gross crop revenue is the sum of
gross revenue of each crop. Gross revenue of a crop was obtained by multiplying
crop production by crop price. Assumptions regarding the quantity and prices of
crop residue are given in Table 2.4.

Demand Side. As with the supply system, the demand side of the model specifies
a set of demand response equations for different groups of food commodities
eonsumed in rural and urban areas, in order 1o project their future demand growth
pattern. The basic outcome of the model employed in this study is, therefore,
determined not only by the supply response but also by the consumption response
to prices and income.

The food demand of rural households depends on their dual functions, i.e., as
households and as firms (Singh, Squire and Krichner 1984). As households, their
demand depends on income, household size, and relative prices, but unlike other
(@.g., urban) consumers, their incomes also depend on changes in relative farm
prices because these also change their farm income through crop supply functions.

The present exercise limits itself to five types of food commeodities cereals (paddy,
wheat, maize, and millet); vegetables (potaloes), milk; maal; and oils and fats
(mustard oil and ghee). Meat and oils and fals are supplied by the livestock sub-
sector. The per capita domeslic consumplion of these food groups was derived
from the total production adjusted for losses and seed allowances.

The per capita demand of these food commodities is assumed to be a function of
relalive prices, per capita income, the strength of prices {own and cross), income
elasticities, and base period per capila availability. The demand parameters
required for this study were derived from a more recent demand study (Mudhbary
1988)."The parameters derived from this study are for low, average, and high
income households (Table 2.5). The demand functions used are also of the Cobb-
Douglas type. The specifications of the behavioural demand equations used in the
study are given in Equation 3.

Table 2.5 provides the values of the demand and price elasticities used in the
demand equations for different areas. It is worth noting that the income generated
by the model is introduced in the model's demand equations. Thus, for farm or rural
households, changes in food prices affect demand directly as well as indirectly
through income because changes in food prices will affect crop income and,
thereby, household income. The model works out the net sffect automatically

7 This i the only study of its kind cammied out in wdhbaary
Mepal. M unied thae Almost ldedl Demand
ﬂw-nwnm;::m-mmmmmdemuﬂnmmm
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Table 2.2: Loss Factor Assumptions

Grains o uirements Milling Loss Other Losses and

Damage |
Paddy | 53 kg/ha 38% 10%
Wheat | 120kg/ha 4% 10%
Maize 24kg/ha 3% 10%
Millet 20kg/ha 7% 10%
| Potatoes | 800kg/ha 0 15%

Source: DFAKMS [1850) Arniusl Bubstin on Food Aocounts (in Hepali)

Table 2.3: Input Use Per Hectare

Inputs Paddy | Maize | Wheat | Millet |[Potatoe |Oilsead
s

Labour {(mandays) 222 160 128 140 217

Bullocks (pairdays) 51 38 38 36 45

Fertiliser (kg) 18 16 24 na 14 ¢
Manure (MT) 3.62 3.87 3.75 2.50 T.80 2.16
Seeds (kg) 49 24 120 20 900

Others (Rs) 47 20 50 na 20 na

Holes: ra = not applcabis
Source: Basic data from irrigation Masber Flan {1585

Table 2.4: Quantity and Price of Crop Residue by Crops

Crops Paddy Maize Wheat Millet
Residue (MT/ha) 1.3 11 0.8 0.8
Price (R&/MT) =00 500 500 S00

Source! lrrigation Master Plan (1985)
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because changes in farm profits (gross margin) are fed in through income. Per
capita base consumption values of the different foods consumed were derived from
the availability section.

5
I PR e
BD,, = PFD, .,* |— ]‘iﬂ{._.&}‘u (3)
: Teq J=1 BR, .,
Where:

PD,, = per capita demand of ith food;

PD, = lagged per capita demand,

I, = per capita incomae;

PR, = price of jth food;

d, = income elasticity of demand for ith food;

e, = price elasticity of demand for ith food

{i=1...5; j=1...5).
Livestock
Livestock are a key component of hill farming systems, connecting crop lands and

forests by converting fodder into draught power and dung nutrient. Hill farmers who
cultivate land also raise livestock and depend heavily on forests to support both.
Given this interdependence, the livestock population can be linked with different
land categories (croplands, forests, and grazing lands). By linking livestock with
land use data, the model can capture the effects of changing land use pattems on
the livestock population and hence on livestock products and livestock income.

Table 2.5: Demand Elasticities’ Estimates

Elashertes wath Respect to Commodity Prices
Food Coenl | Vegetoles | Meat | Mk | Ods | Income
- Eslimated lor Low Incoama w
Coreal 1] 006 .05 [EE] 003 0359
Vegeiables 455 A48 028 40 96 012 1650
st A B O 435 -1.10 050 2815
kil i3 415 aig 1 5 0 dd 0.766
it ats 028 D08 o 020 T8 1421
_ Estrrates for w Incoeme Househokls _
Careal 063 0.05 010 .08 T 0308
Vegetables -1.06 A1.10 0.4 054 018 1.764
Meat 1.7 217 05 52 kT 2.480
Wik a1s 018 018 052 038 1227
|_OdluFts .45 £ 08 oz 404 £68 1.152

Hote: Low, sverage, and high income housebolds neler fo Rasuwa and Kablve: Sindiw; Muwakol, and Dhading
housahoids respectsvery

mm-,qm
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Livestock Population Forecast

The livestock sector is driven primarily by the four land uses categories, namely,
cultivated areas, forest areas, grazing areas (shrubs area + grasslands), and
adjacent non-cullivated inclusions (NCI). Regression analysis was conducted by
using cattle population as the dependent variable and land use data for 38 hill and
mountain districts of the Eastern, Central, and Western Development Regions as
explanatory variables. Afler estimating different models, a model that reasonably
caplured the relationship between calfle population and land use categories was
selected to integrate the livestock population with land use. The regression
equation (comected for heteroscadasticity) estimated was in double log form (Eq 4).
What Equation 4 basically states is that cultivated area has the strongest influence
on cattle population, followed by adjacent NCI, forest area, and finally grazing
areas. A ten per cent increase in cultivated area leads to almost five per cent
increase in cattle population, All the four types of land use categories affect cattle
population positively. Similar exercises could not be conducted for other types of
livestock since data were not availlable. However, for the few years of data on other
lypes of livestock population reported in the DFAMS 1990 report, regression on
other livestock population was conducted by considering cattle population as the
independent variable. Using these results, the olher types of livestock population
were linked with cattle population. As a result, changes in land use in a district
only lead to changes in cattle population but also 1o changes in other types
livestock population, and, hence, livestock products’ supply. The other types
livestock included are buffaloes, goats, sheep, pigs, and chickens. Pig and chi
populations are assumed 1o be independent of land use and are forecasted on
basis of time trends.

L(Pop) = 1.9516+0.4788*In(A_1)+0.2966"Ln(A_2)+
0.0298*Ln(A_3)+0.1310°Ln(A_4) (4)

The t-ratios are: intercept (4.21); (A_1), (3.79); (A_2), (2.10); (A_3), (0.
(A_4), (1.72).

R*=0.93; and where: Area_1 Area_2 Area_3.and Area_4 represent cultiv
non-cultivated inclusions, shrub and grass, and forest a
raspeclively.

Livestock Produets’ Supply

DFAMS (1990) collected data on livestock products' supply for each district
five-year paricd. Conversion ratios between livestock and adult population
livestock products were calculated to obtain livesiock products’ supply. Milk
rates were also derived to obtain milk supply. Ghee supply was also calcula
assuming that 30 per cent of the milk production goes into ghee production.
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milk to ghee production faclor was assumed to be four and five per cenl
respectively for cow and buffalo milk. Finally, wool production was estimated by
assuming that about half a kilogramme of woel can be harvested from each adult
sheap in a year.

Bullocks

Fifty per cenl of the cattle population are assumed to be males and out of this 66
per cent are assumed to be bullocks. The resulting bullock numbers were divided
by two to obtain bullock pairs. Each bullock pair was multiplied by 219 days
(working days) to amive at the bullock pairdays’ supply to be used in crop yield
response function and cost of cultivation.

Manure

Manure supply was obtained by multiplying each adult grazing animal by 1.13MT
manure/year (Irrigation Master Plan). The conversion factor of grazing animals of
adults is 0.66.

Matural Resources' Sector

The natural resources’ seclor consists basically of forest products that are
harvested by households fo meet their consumption needs, including those of
livestock. Matural resources refer to three forest producis, namely, fuelwood,
fodder, and timber. Since foresis are one type of land use category competing with
other land use categories (agriculture, grasslands, and others), the natural
resourcas were first developed in terms of land use to account for the land use
changes that occur over lima,

Land Use Dynamics

The forestry sector use data collected by LRMP {1986), the Forestry Master Plan
(MPFS 1988a, and 1988b, and 1988c), and the Water and Energy Commission
Secrelariat (WECS 1987). The forestry sector is the most complex and, as a result
of the lack of information, various simplifying assumptions have had to be made

which are discussed below. LRMP (1986) reported several different land-use
calegories, namely,”

natural forest: accessible and inaccessible:
area planted to forest:
shrublands:

grasslands:

¥y vr

& Hﬁhmwnmprmumnhmumwm.
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adjacent NCI;

MCH within gross cullivated area;
nel cultivated areas; and

other waste lands.

L T ¥ L

Land-usea changes in many hill districts of Mepal are closely associated with
deforestation. As the destruction of open access foresis takes place, forest land is
changed into shrub and grass lands and eventually into barren and agricultural
lands (Shrestha 1988). Nol all natural foresis in the hill districts are accessible.
Hence, Ihe accessible forests were first derived by using the accessibility factor
reported in MPFS (1888a), and this class of forest was assumed to have declined
al one per cenl per annum during the period from 1978 101989. From 1992
onwards, the exten! of deforestation was assumed to depend on firewood deficit
{explained below), The net reduction in accessible fores! area that takes place in
each district in the above manner leads lo change in land use, and this change
affects the environment, depending on the direction and magnitude of interclas
land transfers as a result of deforestation,

Given the lack of time-series' data on land flow betwean various categories, so
simplifying assumptions regarding inter-class land transfers have been made on the
basis of the field cbservations of experienced foresters and of case studies.
annually deforesied areas were assumed to have been transferred inlo differeni
land use categories in different ecological belts (Table 2.6). The reasons for making
the assumplions (Table 2.6) regarding the distribution of deforested area are
firstly, land in @ach region is assumed to remain constant throughout the period
under study; secondly, even though land use changes within the above classes ¢

land use lake place, the net resull appears fo be a declining trend in forest area,
and an increasing trend in other uses, although small; and thirdly, afted
deforestation takes place, the area generally turns into shrubland. Since the rate of
migration from the hills to the inner feraf (Siwaliks) has been high and the lerrail

less harsh than in the hills, a 50 per cenl conversion factor has been assumed
the Swwaliks in the case of agricultural land. In the mountain region, a lo
conversion factor was assumed because of relatively harsher terrain, A
to the above assumptions, land use in each class, therefore, changes over
with the total land area in each bell remaining constant.®

In addition, mapped cultivated areas, which are the sum of gross cultivated &
(Le., net cultivated plus NCI within gross) and adjacent NCI, also change over
Within gross cullivated area, the NCI within gross (NCIG) is assumed to remain
constani. This is because the area under NCIG includes trails, paths, imigatiof
channels, terraces, and so on within farm lands, school compounds, and othe
public use areas, and il is assumed thal such areas do nol change over time,

§ Also see Foresiry Master Plan [HMG/ADB/FINNIDA, 10883a, 19820) on these issuss for mone detalls,
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total forest area calculated is then the sum 1::-f accessible, inaccessible, and planlqd
forest area (presently zero in most cases),” ) :

Table 2.6: Assumption on Land Transfers due to Deforestation
by Ecological Belt

Land Class Siwaliks Mid-mis and Other
Shrublands 15% S0%
Grasslands 15% 15%
Agriculture S0% 20%
Adjacent NCI 15% 10%
Residual 5% 5%

Hoke: Other includes high meuntsins.

Finally, all the above categories of land use in the district's sub-regions (Siwaliks,
mid-mountains, high mountains, and high Himal) were added together to derive the
district land use classes. The resulting value was then deducted from the total land
area of the district to arrive at the residual land use class. Residual value was then
derived at the district level. Prolected areas or natural parks were treated

accordingly.
Forest Area Adjustments
cies’ ition

LRMP (1286) defined hardwood, conifer, and mixed wood as constifuting forest
composition. The area under each species was then derived for use as base year
weighls. Species' composition is gradually undergoing a change because most
useful and wanted planis and grasses are being harvested and grazed, and they
are being replaced by unwanted species and weeds such as Eupatorium.

Crown Cover

Three classes of crown cover exist (D2, D3, D4)". Crown cover is based on canopy
density. On the basis of base year values, projections were made for each type of
Crown cover forest. One assumption that warrants rethinking is that the crown

10 Infiormation on annual planded anea was not avalable for ol the disiricts and theredfons could not be
ssoourted for, However, the model developed has provisions to account for anea planied in the
foresiry sub-moded.

" D2, D3, mnad D4 rafer to 10-40%; 40-70%, and above TO% crown densities respectively.
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density of each lime period is assumed 1o remain constant throughout the
forecasted period based on the base year density. Over time the crown density is
also likely to change, with higher density forests being convertad to lower density
forests. The densities of planted and protected areas may improve over time from
low 10 high density. If appropriate assumptions or parameters can be provided, this
can be incorporaled into the model.

Water and Energy Commission (WECS 1987) reported the yield rates of forests of
different densities and composition on the basis of a 100 per cent crown density
assumplion. Factors have been provided lo adjust for species and density
compaosition in order to adjust the forests to 100 per cent crown density. The factors
are as follow:

- density class 2 = .25;

- density class 3 = .55; and

- density class 4 = .85,

By multiplying the areas under different density classes for each region by these
faclors one can amive at the 100 per cent adjusted, crown density forest area.

Forest Products’ Supply and Demand

Fuelwood

Yield Rate Assumptions, WECS (1987) reporied the fuelwood yield rates for
different forest species from forests and other lands as follow:

- hardwood forests - 5 air dry tonnes (adi)'ha;
- conifer foresis = 1.25 adit'ha;
- rilxed forasis - 3,75 adtha;
- shrublands - 0.69 adt/ha;
. grasslands = .10 adt/ha;
- NCI adjacent = 0.69 adt’ha; and
- farm trees = 3.5 adt/ha.
uehyvood n marn

The yield rates assumed above were multiplied by adjusted crown density areas
each forest species in each region. The sum of the values of fuelwood from
sources in tum gives the tolal fuelwood supply. The demand for fuelwood
estimated to be 588kg (290kg from forasts, 194kg from private trees, and 104kg
crop residue) per parson per year (MPFS 1088b). The total demand was
by mutiplying this value by the total population. The fuelwood balance was th
derived as the difference between supply and demand.
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Ecdder

Yield Assumplions. Fodder is supplied from various sources that have varying yield
rates. The yield rates assumed for fodder supplied from different sources are
defined in Table 2.7. Furthermore, it was assumed that one per cent of net
cultivated area will provide fodder in the Siwaliks and five per cent in other
mountain regions. Fodder yields from cultivated land were assumed to be 1.4
ToOMha and 1 TDMNha respecltively in the Shwaliks and other mountain regions
(MPFS 1988b and WECS 13987).

Supply and Demand.. Supply of fodder in a district is the sum of the production
{yield multiplied by area) from different scurces and sum across regions. Demand
is based on the number of LSU for grazing animals adjusted to the adult livesiock
population. Details on livestock projection are given later. The demand per adjusted
L5U was assumed fo be 0.6327 TDN/LSUyear (MPFS 1988a). Fodder balance is
the difference between supply and demand.

Timkbe:

Yield Assumption, Average timber yield rates assumption made on the basis of
MPFS 1988a (Table 2.8) wera used to project timber supply.

Supply and Demand. The total imber supply was calculated as the sum of the yield
rates times area under forest adjusted for density. The per capita timber demand
was assumed to be aqual to 0.079 cumfyear (MPFS, p 51) in all districts. The lotal
population multiplied by this per capita equals the total timber demand. The balance
is the differance betweean supply and demand.

Table 2.7: Fodder Yield Rates from Different Sources (MT/ha in TDN)

Siwaliks Mid-mts High Mountains

Forests 0.56 0.43 0.54
Grasslands 0.58 0.28 0.76
Shrublands 0.77 0.77 0.77
Adj NCI 0.24 0.24 0.24
Tree Plantation -- 1.44 1.44
Crop Residue:

paddy: 0.66 TDMMT of harvest

maize: 0.28 TODNMT of harvest

wheat: 0.28 TDNMT of harvest

millet: 0.61 TDNMT of harvest

Source: HMG/ADBFINMIDA 19858
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Table 2.8: Timber Yield Assumplions

Siwaliks Mid-mts and Others
0.714 cublc metres/na 10.288 cubic metres/ha

Source: HMGWADRFINNIDA 16880

Deforastalion

Given the biomass supply and demand, it is possible to provide an astimate of the
rate of deforestation that may occur. The difference between supply and demand
of biomass (fuelwood, fodder, and limber) can be negative or positive. If the
balance is positive, no pressure will be exerted on forests, hence, deforestation is
not likely to occur. if the balance is negative, i.e., thera is an excessive demand for
biomass, and this situation persists over time, forest degradation will take place and
eventually lead to deforestation. The process of degradation and dﬂfﬂmﬁ’!ﬂl'l
depends on blomass stock, annual incremental stocking rate, and excess demand
This study defines deforestation cccurring when the biomass stock is depleted o
mesl excess demands

The existing biomass stock at any time determines the annual stocking rate and,
consequently, the annual (sustainable) harvest rale. As biomass stocks depleled
over time, the annual slocking rate also depleted at a faster rate, thus reducing th
annual sustainable harvest rate. Deforesiation takes place when the excess
demand is met from the existing biomass stock. Therefore, it is essential 1o haw
an idea of the biomass stock per hectare of forest land for a given specie:
maturity, and crown density class. As already discussed above, all the accessibl
forest areas were adjusted o 100 per cent density assumption. The biomass yiel
assumption described above is the sustainable yield possible from the give
biomass stock adjusied to 100 per cenl density. In addition, an estimate of th
biomass stock per hectare of the adjusted accessible forest area is also neces
to get an idea of the rate of deforestation that is likely to occur.

It is likely thal the biomass deficil will somehow be mel by households to fulfill

biomass neads. Biomass is supplied by different sources and unfulfilled demal
will be met through the depletion of forest biomass stock, i.e., overexploitaliol
under an open access regime. Thus, on a hectare of forest land, the depletion @
slock over time will eventually lead to deforestation if excess demand contint
Therafore, the rate of deforestation will depend on the magnitude of unfulfill
excess demand for biomass. If the unfulfilled, excess demand equals the bioma
stock of a hectare of forest land, then one hectare of forest land will be deforaste
If, on the other hand, the excess demand is less than the biomass stock 0

24 MEI ISCUSSION PAPER



hectare, then deforestation will be less than a hectare. Likewise, if excess demand
exceeds one heclare of biomass stock, then deforestation will also exceed ona
hactare,

The model allows estimation of excess demand. The biomass (firewood, fodder,
and timber) yield issues have already been dealt with above. Now an estimation of
the biomass stock of a hectare of forest land is required. The eslimale of biomass
stock per heclare varies in Nepal, For example, in the Arun Valley in East Nepal,
where population pressure on forest land is not as severe as in most districts in the
Bagmati Zone and where forest density is also greater, the estimated average
biomass stock per heclare of forest land is fairly high (Table 2.9). In the case of the
districis in the Bagmati Zone, the population pressure is greater and forest density
iz lower for vanous reasons (see Mahat 1987). Thus, it can be assumed thal the
average biomass stock per hectare of forest land in the different districts of the
Bagmati Zone will be 25-50 per cent less than the estimated average biomass stock
of hill foresis (149MTiha) in the Arun Valley (Bhadra et al. 1991). If there is excess
demand, it leads 1o deforestation and the extent of area deforested is fed back to
the accessible forest area as a loop, and use changes due 1o this effect are
updated leading o new biomass supply estimates. This cycle continues over the
time frame of the model.

Other Activities

The three seclors discussed above do nol include all the economic aclivities of
each disirict. Other activities, such as labour use, rade, and income generation, are
also imporant. These activities and how they are linked 1o the above sector and
subsectors are discussed in this section. In addition, some activities that are not
commeon to all districts are also discussed in this section. Despite including all these
activities, the model has not been able to cover all the activities/sectors that exist
in a district. The major reason for this is the lack of information. For example,
Dhading's increasing success in vegetable cultivation has not been incorporated in
the model. The absence of such activities, especially if such activities are important
for recognising this limitation of the model when resulls are being interpreted.
Firstly, activities/sectors that are common to all districts are discussed and the last

two seclions deal with tourism and horticultural activities that are specific fo
Rasuwa.

Labour Use

Integration of this secior into the model enables us to derive important information
about the extent of labour use (employment) and its simple change estimate over
lime in a district. Integrating the labour use sector involves the following simple
methad of estimating labour availability and its utilisation in different sectors. As
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already indicated, population figures were oblained from the NPC. Cnly active
population was laken into account to determine labour supply. The parlicipation rate
was not considered. Each aclive household member is assumed to have at his/her
disposal 250 working days per year." The active members were multiplied by the
nomnal duration of work to derive the total labour supply in the district. Members are
assumed to allocate their time to crops, livestock, and other off-farm aclivities. The
total labour days used for crops was derived from the cost of cultivation data.
Households are assumed lo devote 100 mandays of labour to one LSU (NRB
1988). The other activilies are based on the distribution of economically active
population by occupation (NRB 1988). These factors for the low and average
income districts are reported in Table 2.10. |

flbl- 2.9; Estimated Biomass by Forest Type and Canopy Closure

Biomass Stock (MT/ha)
et i Class A | Class B | Class C _|Average |
Hill Forest 250 133 63 149
Lowar Slope Mixed Hardwood 303 180 102 198
Upper Slope Mixed Hardwood 248 162 105 171
Temparate 316 200 120 212

Mobe: Class A, B, and C refer io camopy closure of =75%, T5-50%, and S0-20% reapeclively.
Source. Bhadra e al, Table 49, p 57 (19591).

Table 2.10; Distribution of Economically Active Papulation

District Professionals | Office | Sales and | Produclion | Constrection | General
Sanices Labourens

‘Low Income 1.8 1.1 27 20 0.04 75

Average Income 16 1.8 38 4.2 1.00 8.7

Source: NRBE 1988

12 This s the normal duration of work in the hilly and mountainous regions of Nepal estirmated by
the Nepal Rasira Bank-Multipurpose Household Budge! Survey (NRB 1568),
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Food

The model's frade sector is compased of import demand and export supply. Export
supply consists of only food commodities that are domestically (in the district)
produced. The excess food thal remains after subtracting the total demand from the
folal supply is assumed 10 be exported. If, however, the balance is negative, then
that amount is assumed to be imported. It should be noted that food import/export
are affected by product and factor prices as well as income and population growth.
Stated differently, commodity prices and per capita income affect food demand, and
crop and factor prices and other inputs affect food supplies.

Mon-food

MNon-food import is driven by population growth, income elasticity of demand for
non-food, and growth in income. The extent to which import demand is influenced
by the growth in income depends upon the strength of income elasticity of demand
for non-food. ™ The growth rate of import demand was specified to equal population
growth plus per capita income growth multiplied by income elasticity of demand for
non-food (Equation 5). Base year, non-food import demand was then mulliplied
sach year by this growth rate to obtain the value of tolal non-food imports. Per
capita income growih was derived from the model explained below.

MRE 1988 reported the import content in monthly household expenditures broken
down into domestic imports and imports from India and the rest of the world (ROW).
The figures were added o arrive at the value of total non-food impart. Since the
survey refers to 1984, the per capila value of non-food imports was inflated by the
real income growth rate obtained from the model to arrive at the 1991 value. NRB
(1988) estimates for rural mountains have been applied in the case of Rasuwa and
rural hill estimates have been applied in the other four districts. To reflect the higher
economic status of the Central Development Region, the resulling value for 1991

was multiplied by a factor of 1.25 based on the per capita income diference derived
from NREB 1988,

The demand for nen-foed imports is assumed to be elastic. Engel's law states that
income elasticity of demand for a luxury is generally elastic, i.e., the demand for a
luxury is very sensitive to changes in income. Thus, we assume that non-food
imports are a hoawry relative 1o food, and also that im ports originating from the rest
of the world (ROW) are relatively more luxurious than imports originating from

13 The income elasticRty demand for nen-food is not available for Nepal, An estimate for rural
India, based on results reported by Ray (1857), has therefone been used
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India. Imports originating from domestic sources are assumed to be the least
inelastic bul more elaslic than food demand.

IDG, = PG + IR, ,"E (5)

where: IDG is the non-food import demand growth rate;
PG is population growth rate;

IR is the per capita income growth rate; and

E is the income elasticity of demand for non-food.

The base figures assumed for the value of non-food imports and the corresponding
elasticities for non-food imponts originating from domestic, India, and the ROW
were derived from different sources and are reporied in Table 2.11. The basis for
assuming the elasticity values was the astimate of such values derived for India
and Pakistan (Ray 1886 and Sarmad and Mahmood 1887),

Table 2.11:Average Monthly Household Expenditure and Income Elasticity of

Demand for Nen-food
s Expenditure (Rs) Elasticity
Domestic 27T1.75 0,20
India 83.59 1.30
Rest of the Waorld 51.66 2.00
Total 407.00

Source; MRS 1958

neome

Households are assumed to derive their income from crops, livestock, wage labo
occupational sources, and exports, Crop income is the sum of gross margin f
each crop considered in the model. Likewise, livestock income is the sum of g
margin from each livestock product. Off-farm employment (see labour use secti
above) also generates income. Income accruing from different off-farm ampl
cafegories is also based on NRB (1988) and has been adjusied to reflect the 1
income levels. Thus, the tolal household income is the sum of income a
from the various sectors discussed above.™ Per capita income and growth ra

14 In the case of some districls wherne additional infeemation an oher economic activities i
avallable, incomse sceruing from such activilies is 8850 included in the tolal district income. For
examphe, in A case of Rasuwa disiricl, incomes rom the towism and hodicullural seclons am
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ware also derived, Each year's per capila income feeds the equalions that
determine the import growth and food demand equations discussed below.

Tourism

The flow of tourists was forecasted by using the information reported in the Tourism
Statistics of Nepal (Equation 6). t was assumed that the number of lourists visiting
Langtang MNational Park (LNP) in Rasuwa district will be a fixed percentage of the
total number of trekking tourists that visit Mepal. Past trends indicate that the
average share is about 11 per cent.

The number of days a tourist stays in LNP is assumed to be seven days (Banskota
and Upadhyay 1989). It is futher assumed thal one fourist hires, on an average,
1.04 porters but only 60 per cent of the porters are assumed to be hired locally.
Aszsuming that a porier's wage was twice the agricultural wage, porter income was
astimated. A third source of local income from tourism in the district is the
expenditure of tourists on food and lodging. However, not all tourists visiting the
LMP use these faciities. Survey results indicate that only 70 per cenl of the tourists
depend on local food and accommodation (Banskola & Upadhyay 1989). In 1989,
the estimated food expendilure per day by a tourist in LMP was about Rs 1,000 and
an additional Rs 377 was spent on accommeodation. These figures were then
updated to match values for 1991. The total lourism income accruing to the local
people is then the sum of the total wages, food, and accommodation expenditure
made by a tourist during the seven days he spends in LNP."

Ln (TT) = 9.59 + 0.1077*Year (8)
(81.6) (11.9)

R,=0.93 and where: TT is the number of trekking tourists and t-values are
presented in parentheses.

Harticuliure

Rasuwa district is believed to have considerable potential for horticultural
development (Shrestha 1991)." At present, horticultural development in this district

aleo inchuded.

15 Some lourtsts spend time on the Helamba side of LNP which is locabed in Sindhupalchek district
Lack of infarmation on the number of lourists visiting LNP by this route and days spent prevented
U from sccomemodaling the bourism incoms flow for Sindhupalchol; district. The expenditune
valses used are feporied in Banskota and Upadhvyay (1989)

1B See Shresths [(1991), Hoticulural Development in Rasuwa'
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has only just started. Primarily apples, peaches, and walnuls were planted, Other
types of fruits are also cultivated in the dislrict.

The areas covered by apples, peaches, walnuls, and other fruits tolal 224, 69, 45,
and 184 ha respectively. This area is assumed o grow at two per cent per annum
based on three years' data on the area under fruits as reported by Shrestha.
Shrestha also provides the coslt of cultivation and returns per heclare. These
figures were used to derive the Rasuwa horicultural income. More details are
provided by Shrestha (1991).

Environmental Sector

A sel of indicators was also developed lo summarise the performance of the
districts. These performance indicators were derived from different sectors of the
adaptive policy simulation model and result from the interaction of the sectors and
subseciors, Thus, environment is observed to be an outcome of the various forces
at work in the food, natural resources, and other sectors of the disirict. Threa
different indicators of camying capacity were developed o assess the environmental
conditions.

Carrying Capacity in Terms of Calones

Calonas are suppled by the crop sector. Seed alowancas, milling losses, and other
losses incurred on the farm and during storage are taken into account to armive a
the net food availabiility in edible form. Calory suppliy is assumed to be derived
paddy, maize, millet, wheat, and potaloes. Calorie supplies from other source
which definitely exist, have not been taken into account. As a result, the calori
supply and demand reporied in this exercise are underastimated. However, sin
foodgrains provide most of the caleries to households, it can be reasonab
assumed that the calorie supply and demand derived by the model account for
large part of the calorie supply.

Each typa of food grain and potatoes provides a different calorie level (Table 2.1
The tolal of foodgrains and potatoes available in edible form multiplied by
calorie factor gives the total calorie supply of a districl. On the demand side,
adult is assumed to require 2,410 calories per day.” The district population
converted into adull units by using the adull consumption unit (ACU) of 0.
reported by DFAMS (1989) for the hill regions of the country. Then supply as
percentage of demand was delermined, and this reflects the calorie situation of
district in relation to its population expressed in adull uniis.

17 This 2,410 calorie requinement ped panson pes day is recommended by the FAD for the Soulh
Asian Association for Regional Cooperation (SRARGC).
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Table 2.12: Calorie Supply from Differant Foodgraing and Potatoes

—
il Foodgrains Calorielkg
Rice 3,450
Maize 3,410
Wheal 3,420
Millet 3,280
Potatoes a70

Source: DFAMS 1989

Furthermore, the calorie supply was divided by the total cropped area to arrive al
the per hectare calorie supply of a district. The calorie need was also divided by the
same area to amive ai the load on a unit of land cultivated o support the population,
given an adult's need of 2410 calories per day. From such an exercise, it is
possible to quantify the number of persons that can be supported by one hectare
of agriculiural land.

Carrying Capacity in Terms of Fuelwood

The total fuelwood supply discussed above was divided by the different areas which
supply fuelwood to determine the capacity per hectare. On the demand side, the
per capita needs per year (0.588 air dry tonnes) were multiplied by the population
to determine the aggregate demand. The load per hectare was derived by dividing
the total dernand by the tolal area that supplies fuelwood. The load factor defines
the pressure on a hectare of land 1o meet the fuelwood demand and the capacity
defines the current fuelwood supply frem a hectare of land.

Carrying Capacity in Terms of Fodder

The fodder supply and demand per hectare of land, supplied from different sources,
were derived from the model. The total fodder need was obtain by multiplying the
per LSU need (0.6327MT of total digestible nutrient [TDN] per year) by the total
LSU. The figures were then converted into per hectare supply and demand. Per
hectare capacity and load were then determined in a similar manner to that
described above.

Calibration

After defining the structural relationship and allowing the model to forecast different
values, the resulls were calibrated to match the basic aggregate facls for each
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district and for the valley for 1991, Calibration is a8 process used to choose the
parameter values which fit the available information concermning an economy for a
base year (1991). The information souwrces used are vared and not all the structural
relationships defined fit the observed values exacily. Therefore, calibration is
necessary, Calibration involves two major tasks. The first is to ensure that all
equations used in the model hold; i.e, all preduction and demand equations as well
as market clearing equations must be satified for the level of income, prices, land
area, elc, usad in the madel. In the present exercise, 10 ensure that base year
observed values and values generated by the mode! match, simple interpolation of
the intercept lerm was carried oul.

Secondly, it is important to ensure thal thecretical requirements of demand and
production theory are met by the values of the selected variables and paramelers.
It is possible that the selecied parameters and variables may not guaraniee that
such requiremenis are nol violated in the base year by the functional forms,
variables, and parameters selected. Therefore, first of all, base year values that are
generaied by the production or demand functions must be non-negative [non-
negativity of quantities). Both approaches were used lo calibrate the model in the
present case',

Sensitivity Analysis

The role of sensivity analysis is to appraise the reliability of the resulls and 1
ensure that the results oblained from the full model simulation are not undul
sensitive to ermors of magnitude that might be expected in the basic dala;
assumptions, or parameters used. Sensitivity analysis was carried out to tesl the
robusiness of the model by allowing oulput and inpul prices to reduce and increase
by 10 per cant, one al a tme, separately and jointly, together with changes in somi
important selected parameters used in the model,

Policy Scenarios and Impact Analysis

The adaptive policy simulation model can be used to evaluale different polig
scenarios, therefore, it is useful for policy-makers. Given the struciural features @
the model, policy interventions can be made in different sectors and during tin
periods. The results of the interventions can then be compared with the baselin
scenano and evaluation and ranking of different policies can be carried ol
Selected policy interventions were analysed for each district,. The main polie
options that were evaluated are discussed below.

18 A delaiied dicussion of the calbration method s ghven by Beaverman st &l | (1983)
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Population

The population growth in some of the districis is already high and it exerts
increasing pressure on the district's carrying capacity, Food availability is balow
demand in mosl of the districts. The forests are already under stress and unable
to meet the firewood and fodder demands of the increasing human and livestock
pnpulatiuns. Unemployment or underemployment is already high and means fo
generate employment appear to be fairly limited in the present situation. Some
scope exists for generating employment in the agricultural sector, but, given the
already large population, it is unlikely that much of the underemployed and unused
labour can be further absorbed by the agricultural secior.

An exercise was conducied to examine the impact of pepulation reduction on the
economy and envirenment of Kabhre districl. The Eighth Five Year Plan envisaged
a one per cent reduction in population growth from the present level. Therefore, it
was assumed that, by the end of the Eight Five Year Plan, population growth in
gach district would be one per cent less than the current level. To achieve this
reduction, population growth was reduced gradually starting from 1993 and was
increased annually to reach one per cent by 1998, i.e., the year the Plan ends.

Crop Sector Policies

lerigation Policy

Food deficit is already a major problem in Kabhre, as stated above, and can
perhaps be considered o be the singlemost imporant indicator of poverty and
environmental degradation in the context of Nepal, Bringing more areas under
cultivation does not appear 1o be a viable option in the context of the districls
considered. Most of the cultivable land has already been brought under cultivation.
Land in the nen-cultivated inclusions (NCI) class can perhaps be brought under
cultivation if adequale investments are made, but invesiment constraints do not
make this option viable, Therefore, an irfigation policy intervention was examined.
lrrigated area is assumed to increase in the district based on the potential of
expansion estimated by LRMP. The impact of this pelicy is transmitted through the
yield function and spreads throughout the model. Crop production, food supplies,
and income all increase. Increase in income has implications for food demand as
well as non-food imports, ameng other things.

Eertiliser Pol
Fertiliser policy includes increased use rates on the crops by 25 per cent. The
‘Mpact of this policy is also realised through the yield functions. Also, additional

fertiliser costs incurred were deducted to arrive at gross margins. Here onwards,
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the effect will be transmitted in a similar manner o what is described above under
irrigation policy.

Irigation and Fediliser Policy
The irrigation and fertiliser policies discussed above were then jointly examined.
il

In this scenario, additional areas were brought under potato crops, The additional
area brought under potato crops is equal to the new irrigated area. The additional
area brought under imigation enables more areas to be brought under polfalo crops.
The reason for selecting potatoes is the fact that currenily potato yields the highest
gross margin per hectare.

MNatural Resource Policies
Forest Supply Management Policy

Mast of the accessible forests in the district are unmanaged. The Mepal-Ausiralia
Forestry Project has pointed out that old growth forests, which characterise most
of the accessible forasts, can yield greater amounis of fuelwood, timber, and fodde
from the first year of management. If appropriate management policies continue,
yield rates will further increase. Therefore, it was assumed thal a cerla
percentage of the accessible forests came under improved management,

d Daemand i i

Another policy alternative considered for the natural resource sector consists of
10 per cent curtailment in the per capita fuelwood consumption. Reporis ha
indicated that the introduction of new stoves has tended to result in redu
fuelwood consumption by 10 1o 25 per cent, depending on the continuation of
use of improved stoves by households.

Forest Supply Managemeni and Fuelwood Demand Policy

This policy consists of joint supply management and demand curtailment.

The above policy scenarios and their impacls were examined for most of
districts. The new policy analysis carried out has been menlioned in the re
chapters. The evaluation of the impacts of the above policy interventions
conducted against the baseline scenario. The time-frame over which policy im
evaluation was camied out is from 1993-1998 for most of the districts, except in
case of Dhading where the time-frame was extended to 2005.
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