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Interaction Of Food Production
Household Energy And Environmental
Change In Hill Environments:

/A Simulation Approach’

~Mahesh Banskota **

Introduaction

The ecological balance in the hills of Nepal is extremely fragile.
Rugged terrain, light erodable soils and uneven rainfail which are cha-
racteristic of the hills of Nepal are continuoulsy being subject to numerous
pressures. These pressures are rapidly disturbing the fragile ecological
bulance., Attempts to reestablish the ecological balance could be a losiug
battle as losses of natural resources through soil erosion, flooding,
draught, salinity and other physical changes are generally irreversible and
leave growing population with fewer means to mect their nceds.

Although the precise nature of the ecological stress in the hills
has not been carefully assessed, the implications of this process are
alarming. Increasing deterioration of hill environments in Nepal could
effect in various ways a large section of the population in the Indo-
Gangetic plains, where the number runs to over one hundred millien.
In the past these problems had been limited both in scale and extent
and some oppertunities existed for out-migration and extension of cul-
tivated area. Today, there remain few options.

* This paper is based upon the author's wunpublished doctoral disser-
tation entitled *The Nepalese Hill Agro-Eco -system : A Simulation Analysis
of Alternate Policies For Food Production And Environmental Change”,
submitted to Cornell Universily in 1978.

** Mahesh Banskota is currently an Associate Research officer with the
Centre for Economic Development and Administration, Tribhuvan Uni-
versity, Kathmandu,




46 The Himalayan Review

The Problem of Policy Choices

There exists a4 wide range of policy choices involving food, house-
hold enerpy and environmental stress in these areas. Lcological changes,
sudden increases in fossil-fuel prices, food shortages and declining food
production capacity, ineffectiveness of population control policies, rapid
depletion of natural resource snd other scarcities have cought analysis
ofl guard. Not only is there a lack of concensns even within diffcrent
aspects of some specific problem, but also  there 1s insuliic ent  under-
standing of these problems and their interrelationships with eich other.
While certain policies can easity artract decision aonakers to fuvour {hem.
ey may have seriously adverse side effects in unexpected quarters. The
vizic ] problew in policy decisions is the dack  of  awareness ol the
dedferent trate-oity faadverently made on account of 2 fuck of evaluatious
of alteruative policy cheices,

An unicrstanding of how the changing nafure of resource exploita-
tion and an evaluuation of its cuomulative jmpact upon food production
and environment seems to be immensely useful for understanding the
potentials for development. and in the design  of integrated develop-
ment eliorts. For this it is necessary to  link  conventional  economic
analysis of production activities with physical or resource modeis  that
can identify the nature of the changing resourc base on account of
ditfferent rural needs, Eguwally sigpilicant is tbe need to monitor the
environmental changes arising out ol different policies and demand con-
ditions so that it is possible to estublish some measures of trade-
ofl's.

Questions regarding agricuitura] technology choices have to be ass-
esscd from a production as well as environment perspective. Emphasis
41 alter with the churacteristics of a pacticular area and the time
frame involved. Discussions regarding energy clearly point out that it
is madequate to focus only on production because changes in the
household energy supply conditions will ultimately affect rwral produc-
tion as well. The increasing importance of inproving the local resource
base and the need to adopt betier technologies to exploit Lhese resou-
rees cannol be over-cmiphasized, While en the onc hand, there are pro-
blems of availability of some of Lhe important inputs, an uncritical
imposition of modern technology has aggravated problems of inequality,

upemployment cic, on the other. The role of physical resource, the
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nature of technology choices, the multipls use of local resources, the
interrelated problems of agricultural and rural development, as well as
the changing nature of rural environ ments require that we view rural
areas in ferms of a more comprehensive perspective.

Overview of Hill Agroccosystem

The overall model describing the hill agroccosystem has been built
from dilferznt submodels, Thz dillerent submodels are related to resou-
ree supnly, demand conditions and production activities. The link  bet-
ween the subtmedels cun be id ntified either by resource or by infor-
mation flows  For the current purposts of the study, a fairly simplified
picture of the hilf agro-e:osystem has been uwsed. This s shown in
Figeie k. Bach block in the diagram corresponds to a submeodel.

Land Use Submodel

The land use submodel describes the levels of dillerent types of
land available in each pzriod as a result of the deman! for diflercat
lund based resources, whether it is for houschald energy, livestock
of cereal grain production. The purpose of this submodel is to identify
the stock of forest pa.ture and arable land in each peried. Changes in
~each land use category is d:termined by the stock in every period and
the inllows (additions) and outflaws. There are a wide number of variables
including policy decisions inﬂuehcing the inflows and outfows. For instance
in the case of forest fand, it is increased by the amouat of land to be
afforested and decreased by the extent of deforestation, In trying to
represent these inequation form, it is ascassary to consider other variables
and parameters also. The procedure is similar for other land use
categories,

Wood Supply Submodel

Wood supply is increased by the growth of trees and afforestation.
It is decreased every year by thc amount that is harvested and the
mortality rate of trees. The amount of new wood availuble can be derived
from the area afforested between peciods t-1 and t and the density of new
trecs which have been planted. Tn order to be able to add the new
tress to the old stock, il is necessary for the new trees to meet a
certain minimum number of vears to mature. If the time period is less
than this factor, supply of new wood for harvest would be restricted,
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Fodder Supply Submodel

Total fodder supply js derived from forests, pasture and arable
lands, Forest fodder supply is a function of the forest area and
the amount of fodder per unit area of forest. Tt is clear that we are
not considering the possibility for the annual growth of fodder. Pasture
fodder supply can be determined similarly. In so far as fodder supply
from arable land is congerned, this is assumed to be a function of
crop residues and, to simplify our analysis, it is assumed that this is
known,

Seil Erosion Submiodel

Soil erosion 13 the result of an interaction between a variety of
forces and physical conditions. Rainfall, temperature, wind, types of land
use, slope of terrain, seil chemistry and land wuse practices, efc., all
influence in varying degrees the levels of soil erosion. One approach
adopted for this study is the Wuter-Balance model, which utitizesthe concepts
of energy - flow, with the dilference that the flows are not of those of energy
but of silt. The advantage of this approach is that it can be directly linked
with the land use system,

On the basis of this approach, five major variables can be identified
to determine the levels of soil erosion. These are precipitation, evapotrans-
piration, runoff. water holding capacity of the soil and the extent of
land area. Evapotransptration in each successive period is made a
function of the levels of evapotranspiration in  the earlier period and
the area under forests. Potential runoll can then be evaluated on the
basiy ol the rainfall, evapotrauspiration, and soil moisture holding capacity.
To arrive at an  index of soil erosion, thig is multiplied by the arca
and the approvriate soil erosion coeflicient.

This is a simple approach to a very complex prohlem. The objec-
tive 18 not to be able to arrive at a prceise measure ol soil ero-
sion, but to develop a reasonable accounting systemy that can serve as
a proxy for environmentat deterioration. The construction of the model
is such that it responds primarily to changes in land pse in rural

areas,

ifousehold Energy Sobmodel

Firewood, dung and crop residues are the important types of con-
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ventional sources for household energy in rural areas. In the Nepalese
hills, firewood has been the most important source of household energ

for a long time. Because of the increasing pressure on  forests it 18
considered to be a major source of the problem in the fulure.

Per capita household energy demand refers to the energy required
by iadividuals for cooking, heating and, to a smaller cxtent, lighting. 1t
does not refer to the energy demand for agricultural production. Con-
ventionally the demand for encrgy has been postuluted in terms of
income and price levels. In the case of the Nepalese hills, however, a
simpler formulation 15 necessary on account of the lack of estimates
regarding rural income and prices and their eflects upon household
energy consumption levels,

Pet capita household energy demand in each period is postulated
as a function of some basc level of energy consumption and an aggra-
gate growth factor, Two alternatives are considered. One uses the posi-
bility for introducing biogas whiie the other does not. As the supply
of firewood is unable to meet total heusehold energy demands. use of
cowdung, and kerosene sater the system. Kerosene costs reflect the
opportunity cost of the loss of local based encrgy inputs {firewood and
dung). The model alse allows for a reduction in the amount of wood
being used by houscholds as the travel time increases,

Livestock Submodel

Qur primary interest 1n the livestock submeodel is to find the amount
of fodder demand, the supply of draught power and animal waste, Other
products like milk and meat uare also important, but these are mnot
considered.

-

Population and Labor Supply Snbmodel

A very simple population submodel has been used, where the
total population in each period is made a function of s growlh rate.
Labor force is determined by the participation rate,

Cereal Grains Production Submodel

The production [unction approach is used lor estimating the cereal
grains production for each period. A generalized aggregate four variable
Cobb-Douglas production function has been used for this study.
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Moedel Application

The conceptual outline and logical structure for the model were
discussed earlier. The problem now is te develop the model into an
operationa! framework and then employ it to explore the implications
of alternate policies-some on the resources side, some on the houschold
energy side-for food supply, housebold energy mixes, and soil erosion,
Although it is possible to evaluate each of the policies or combinations
for its impact on each of the important variables, it is also possible
to explore the iradc-offs involved.

ft was argued earlier that rural development efforts had not adequately
taken into account the role of local rescurce supply and how this was
related to the general fullillment of basic needs--foed and energy. This
model has been formuleted so that some of the additional factors like
the changing mix of household energy sources, soil erosion and the
changng nature of land based resources, can be considered in addition
to the analysis of food production. This js not to minimize the role
of food production; as a matier of fact the model will explicitly show
how changes in food production can be related to the changing mix of
houschold energy sources caused by depletion of one or more land-
based resources. This analvsis attempts to expand upon the traditional
group of factors that have been used in analyzing production,

The central thrust of the study is to evaluate the scope for
productively integratingthe different rural activities in the hill environment.
This is mot an effort to establish the validity of an encrgy-intensive
approach to rural development or for that matter an ecologically-
balanced approach. While the impact of diffcrent policies and conditions
is evaluated, the primary objcctive is to underscore Lhe inter-relationships
of food production, local resources supply, household energy mixes and
environmental change.

Comparisons of the different policies and conditions are accomplished
by running the model for each time period according to that specilic
policy or condition. Evaluations can then be made either by comparing
the rclative rates of change for certain kcy variables or by comparing
tha dillcrent levels of certain groups of variables with other variables.
The model is run for a period of 19 years for each policy.
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A specific area in the central hills of Nepal has been selected as
the basic reference point in the quantification of the model. However,
as the calibration bad to be carried without the benefit of a lield
survey, daia far many of the parameters have been drawn from a varicty
of sources and conditions—-with some assessment as to their appropriateness
to Nepalese conditions. Thus, while the model does refer to a particular
arca, 1t has to be ireated as a hypothetical case, Another range of
estimates would exist for different parameters. There may very well
be the passibility of a mun lineur tvpe of charge in the case ol some
of the land--based resources. To have attempted to verify all of these
aspects would have been guite beyond the scope of wone study. Since
the overall functioning and interaction of the model is quile sensitive
to the values ol the parameters, the crucial roles of the valuesselected
cannot be overemphasized. If other estimates are used, the results will
no doubt provide a dillerent picture,

Nature of the Area

Because of the enormous variations in the micro-environmental
conditions in the hill areas it is necessary to select a smzll area that
is fairly homogenous. Tt was thercfore decided to select a smaller area
about which some information was available, The area is known as
Thak in the western region of Nepal and was the subject of another
stndy.! Furthermore, the study of the area hud attempted to review
the nature of poepulation resource relationships; it was felt that it
would he appropriate to evaluate guantitativeiy the changing conditions.

The basic information about Thak is presenicd in Table 1. Thak,
in many respects, represents a relatively beiter-ofl area:

“In Thak, there was nearly one hectare { 2.5ucres ] of all types of
land per man engaged in agriculture, compared to an average of  just
over one third of a hectare for the western hills as a whole; there
arc 0.64 acres per capita of cultivated arable land, as opposed 1o an
average of only 0.18 acres per capita in western hills generally. Like-
wisc,' the forest in Thak is renowned for its luxuriance and size. The
relative affluence. can be seea in their housing, personal possesions,
clothing and diet.” 2

1. Alan Macfarfane, Population and Resources. Cambridge: Cambridge
University Press, 1976,
2. Macfarlanc, op cit,, p. 293,
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TABLE 1
GENERAL INFORMATION ABCUT THAK (1969)

Population 1810
Forest (hectares) 320
Scrub and Grazing 140
land {hectares)

Arable land (hectares) 128
Buffaloes (No.} 167
Oxen {No.) 135
Cows {No.} 64
Average Fodder Consumption 10

(kg/day/Animal)

Source : A. Macfarlane, Population and Resources,
(Cambridge: Cambridge University Press, 1976},
pp. 37-49,

This is somewhat of a disadvantage because Thak may not be a
typical hill area. However, since other areas have not be:n as accessi-
ble for informition as Thak has been, there is not much choice., From
a conceptual point of view, this need not be looked on as a handi-
cap as the focus of the study is on being able to integrate the diffe-
rent aspects of rural envirenment; rather than on being able to predict
a crisis point for the area in question, In a relatively worse area, by
way of natural endowment of resourees, the magnitude of changes and
impact will be more pronounced and adverse, but the basic structure
and logic of the postulated relationships would not change to any sub-
stantial degree.

Policy Choices

Although it is possible to assess the impact of a fairly wide range
of policies, only a few have been selected for the purposes of this
~exercise. The policies selected are directed at the different subsystems in
order to highlight the range ol choices available. While the direct im-
pact of a pelicy on the immediate subsystem may be quite apparent,
this exerc'se helps us to assess the further influence upon the aother
subsystems which are interrelated. Rather than exhaust the policy options
availabic just for one subsystem, the focus has been on evaluating the
cllects of different types of policies.
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The first anslysis involved a  continuation of current trends and
policies.  This implies a continvation of the present trends in some of
the subsysiems (like population and livestock growth) while in others, it
reliects the asswnptions of the most probable coaditions prevailing 1n
the futare (like the wicreasing substitution of duag for fuclwood as wood
supplies beccome scarce).

The sccond  policy was directed at reducing population growth
by  fifty percent  from the current 2 percent per  annum to §
pescent per annum,  bEven for a very small area like our hypothetical
example, a {ifty percent reduclion in population growth can be expecied
to be the mostoptunistic assumption regarding population control policies.

The third policy is directed at increasing the supply ol loeal resources--
an aflorestation  policy of 10 hectares p2r anhum. This represents an
annual anerease ot 3 percent in forest arca on the basis of the available
320 hectares  at the piesent, Tn terms of increases in wood volume also,
this corresponds to a net growth ol roughly 3.5 pereeat per  annum,
The benelits  of this policy accrue only  after seven yedars on account
ol the tree maturity constraint.

The fourth policy was dirested at the house hold cnergy sub-system
by exploring  the impact of introjucing biogas technolgy, This policy
option  assumed no time fags invelved in the energy  availuble from
biogas  plants including its uniform avaitahility to the entire population,
The first assumpiion is not vary ssrious as biegus plunts can be constructed
within a few months if all the nscessary malerials are  availuble and
the current model runs on an annual basis. Relaxing (he sscond assimption,
however, requircd  an evaluation of the faclorg inflacneing  the vse of
biegas  plants and this was not possible without the benelit of a field
SLIveY,

The 1ifth policy that was considered was increasing  the number
ol livestock  from the current average growth rate of 1.3 percent per
ennum to 2 percenl per annum, Although this mayv oot appoar at firsg
as a reasonable  policy for many of the hili arcas becuuse of the already
large  livestock population, it has been considered for lwo  reasons,
First, it was considered desirable to assess the relative mpact of changes
in livestock on the other subsystems and, second, because of comparatively
large forest area, further increuses in livestock may be a very acceptable
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decision for  many rural houscholds, including possibilities for increased
manure supply.

The sixth policy option deals with increasing arable Jaud, This may
be  brought aboul either by bringing more land under cultwvation or
by a more intensive use ol availabie land, In the current  case the
former  has been assumed. An annuad ancrese of 1.4 hectares has been
used as the policy and  this rtepresents a growth rate of  about one
percent per anoum, using the base fipure for arable land as 128 hcctases,
The dinal policy choice deals with the combination of afforestation
and biogas. This is simply combining what has already been discussed
under the respective policies above.

Fime Frame

The model has been run for 19 vears beginning from 1269. The
starting date of 1969 had to be used as this was the ycar for which
most  of the important basic data related. A period of 19 years was
also  selected on account of the special characteristics of the region,
Because it was relatively well endowed in some of the resources, eflicts
of the interaction would not be very clear for a shorter period of time,
For a less endowed region, however, a shorter time period would have
been appropriate.

ludicators

There are a number of important indicators that can bhe uced in
deseribing  the state of the hiil apro ecosystem for policy evaluation
purposes, In  preparing the output format for the computer program of
the model, it was necessary to select for display a small set of key
variables which  would be useful in examining the changes in the hill
agro-ecosystem [rom dHizrentl policy perspectives,

in so far as the present cxercise is concerned, our mu  inlerest
is in the following indicators.

Foodgrains Production, This indicator identities the amount of food-
grains produced every year. As the popuiation is kuown, 1t 1s possible
to caleulale  the per capita availability ol cereal grains in  each
period.
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Censumption of Dilferent Household FEnergy Inputs. There are four
indicators under this, one for each of the energy inputs to identify
the total amount of encrgy inputs being consumed by the population.
Since the total amount of biogas produced is the same for all periods
when this policy system is activated, the iandicator for the biogas coon-
sumption is 1n percapity {erms,

Index of soil Eresion. This indicator identifies a measure for the
nature of change with respect to soil erosion from arable land, This
index is in arbitrary uniis,

Apart from these the printout also shows the levels of forest and
fodder supply for each period.

It is possible to derive other indicaiors also, buf for current pur-
poses, these indicators will serve adequately to demonstrate the nalure
of chunge in the hill agro-ecosystem resulting from different policy
options,

NATURE OF RESULTS
Continuation of Present Trends

The starting point in testing the impact of alternate policies is to
see first what the overall picture is if present demand and  resource

exploitation irends are allowed to continue for the next 19 years, beginning
with 1969,

Figure 2 shows the changes in the levels of food production, for-
est area, population and the index of s0il erosion. Pasture and arable
tand have not been shown, as it has been assumed they remain
constant,

The population curve is the only one that increases continuously
for the entire 19 years (from 1969 to 1987) because no coastraints
have been introduced te check it.

The food supply curve shows three distinct stages. From 1969 to
1979 it is almost constant with a slight increase discernable. The total
production was 183 tens in 1969 and it reached a masimum of 186
tons io 1979 an increase of barely 3 tons, or an apnual rate of incre-
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ase of around 0.16 percent. There is a sharp decrease from 1979 to
1981 from 186 tons to 113 tons. This decrease has been caused by
the fact that wood supply is no longer able to meet the fuclwood
requirements  and households have begun to use animal waste for this
purpose, From 1981 there is a stcady decline in productien at the rate
of 0.4 percent per anount,

TABLE 2
PER CAPITA FOODGRAINS AVAILABILITY
UNDFR IMFFERENT POLICY OPTIONS IN 1987

_inky_
1969-Starting Condition 101
Continuation of Current Conditions 42
Reducing Population Growth 49
Alfllorestation 54
Riogas Technology Introduction 71
Increasing Livestock Growth 35
Increasing Arable Land 45
Afforestation and Introduction of Biogas 18

The per capita availability of food grains stands at about 101 kg
per person in 1969 (Table 2). It gradually declines over Lhe years,
reaching 83 kg in [98]1, the year of its highest production. There
alter the decline ts even sharper and in 1987 it stands at 42,4 kg in
this relatively advantaged area.

With respect to forest area the graph shows a confinuous rate of
decline until it is forced to stabilize at 12 hectares by our constraint.
It might be recalled that in 1969 the area started with 320 hectares.
Even at 29 acres, the neot growth provides 8.74 tons of wood per
annumns.

The index of soil erosion increases up to 1980, and  stabilizes
after that when there are no changes in  forest area. When we say
it stabilizes, this is to say that il is constant at the highest level
for the entire period. Since the soil erosion sub-maodel is sensitive to
changes in forest arca and the amount ol arable land, this result
is quite expected as there are no changes in the amount of arable
land.
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The 1979 81 period therefore emerges as the most critical one
and the changes here are more in the household energy sector. Let
us briefly examine this aspect as well.

Table 3 shows the changes in the mixes of houschold energy inputs
in total amounts for the rzgion in question. Fuelwood and dung consumption
of the area stand at 1569.42 tons and 6,22 tons, respectively, for 1969,
Total fuel wood consumption declines in absolute amount forevery year
on account of the impact of increased travel time, From 1981 there is
an increase of approximvtely 72 mimutes in travel time, 1t is possible
that this ellect has bheen somewhat exaggerated in the model.

The consumption of animal waste reaches a maximum 1n 1983 and
stays at this level on account of supply coustraints, As a matter of
fact it has cven declined as changes in fodder supply will'influence the
amount of wuste available. Affer wood runs out, the avaiiabie dung supply is
not able to provide the encrgy demand adequately and kerosenc enters the
system, 1¢ starts initially in ¥981 at 201 tons but iucreases to 284 tons by 1987,

It is clear from the continuation of present trends that the gloomy
state of the hill agro ecosystem will continue and reach a worse state,
As a matter of fact, if the information basc is accurate and there have
been npo significant changes, the Thak area may be beginning to feel
the pressures already.

Tmpact of Reducing Popalation Growth

One of the pelicy conditions tested was a reduction in population

growth from the current 29 per anuum to 1% per annum, The impact
is shown in Table 2 and 3,

Without any intervention, the 1987 population stands at 2585, while with
a reduction in growth rate, it is 2165, The starting level is 1810 However,
for most olher aspects like food supply, rate of decline in forest area,
etc., this situation does not differ from a continuation of current conditions,
Per capita food availability stands at 48.7 kgin 1987 which 1s only six
kg more than under the continuation of current conditions,

Total food preduction increases a little, at 0,19 percent per annum
until 1981 and dcorcases at 1.2 perceat per annum lor the next six
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TABLE 3
IMPACT OF ALTERNATES POLICIES TN 1987

Continvation of

Current Conditions Reducing Afforestation
Indicators 1969 1887  Topulation Growth Program
Papulation 1,810 2,585 2,165 2,585
Forest Area (ha) 320 12 5.2 23
Wood Supply (M#) 20,800.00 763.36 138.32 797.23
Arable Land (ha} 128 128 128 128
Index of Soil 15 26 26 26
Eresion
Foodurains (kg) 182,862.84 109,690,384 105,465.98 116,597.57
Fodder (kg) 3,160,000,00 1,560,484.11 1,527 789.47 1,663,089.65
Fuelwood (tons)  1,529.24 8.74 3.88 9.1¢
Dung (tons) 6.22 1,560.48 1,527.79 1,663.09
Kerosene (tons) 5.00 283.98 174.74 234.00
Biogas (per ¢.00 .00 0,00 0.00
capita, f13)
Increasing Tnereasing Introducing
Livestock Arable Biogas Allorestation
Indicators Growth Land Technology and Biogas
Population 2,385 2,585 2,585 2,585
Forest Area (ha) 12 12 22 37
Wood Supply (M3) 763.36 763.36 1,445.84 1,760,338
Arable Land (ha) 128 153.2 128 128
Index ol Soil 26 31 20 25
Erasion
Foodgrains (kg) 89,408,383  117,590.82 198,320.55 20209148
Fedder (kg) 1,534,630.71 1,812.484.11 1,612.982.40 1,737, 178.01
Fuelwood (tons} 3.74 8.714 16.56 20.16
Dung (toos) 1,534.63 1,685.55 0.00 0.00
Kerosene (tons} 29150 247 .60 720 718.78
Biogas (per 0.00 Q.00 65,122.50 635,122.56

capita, ft*)
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years. The rate of decline under this condition is greater than the rate
for the earlier situation. This is so because of the changesin the forest
levels in the fatter wyears, The forest under this condition stabilizes at
5 hectares while it was 12 hectares in the earlier case. The reason for this
is that the reduced pupulation made it possible to supply an addional year
with fuclwood as compared to the earlier case, and the effect of this was
to leave a smaller forest area

‘In so far as the index of soil erosion from arable land is concerned,
the effect is almost similar to that discussed under the continuvation of
“the current conditions. The peak level is reached cne year later.

Regarding the changes in the consumplion of househald energy source
mixes, consumption of animal waste does not reach the levels identified

under the earlier conditions and this is again the impact of the forest
area in the latter years. Forest area influences fodder supply which
influences animal waste,

The imports of kerosene are, however, much lower, [t begins in
1982 at 140 tons and increases by 1987 to 174 tonms.

As compared to the continuation of current conditions, this situa-
tion is undoubtedly better, but the effects are net as dramatic as those
expected. Let us now see the situation under some of the other policy
conditiens,

Impact of Afforcstation Program

Another policy tested was the introduction of an afforestation pro-
gram of 10 hectares per annum. It should be noted that the tree
maturity constraint for new trees was set at seven years and so the
elfects of this program will be evident only after the first seven years
for every ysar of afforestation,

The general results are not very much different from those discu-
ssed under a program for reduction of population growth-mecaning that
it is better than a continuation of present trends, but does not show
any marked improvement im the performance of the overall system.
Table 3 shows the changes in food, forest areca and the index for
soil erosion, The food supply inereases at an annual average rate of
0.17 perccot until 1984, Under the earlier two conditions, bowever, it
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" increased only until 1980 and 1981, respectively, for a continuation of
current trends and a reduction in population growth. In 1984 the per
capita availability stands at 77 kg and reaches 45 kg in 1987. The
index of- soil erosion rises more slowly and the peak is reached only
during the last two years,

In terms of consumption of household energy inputs, the effect
is quite favorable as kerosene imports enter the system only during the
Jast two-three years at respectively 230 and 254 tons. The benefits of
afforestation are evident not only in terms of the inereased levels of
fodder supply and consequently a larger amount of waste supply in
“the latter years, but also in terms of more wood being available. Tt
would be possible to experiement here with trees of different maturity
periods and with varving mixes of fodder content. Luck of information
relevant to the Nepalese hills in this respect made this evaluation
difficult, '

Impact of Introduction of Biogas Technology

The impact of biogas introduction is most significant in terms of
food production. This is shown in Table 3. The big drop cvident
in all the earlier cases no longer exists, although a general decline in
foed production is evident after 1981, While in all the former cases,
food production did not exceed 188 tons, it reaches 190 tons. The
annual rate of increase until 1981 is 0.5 percent per annum. In the
last year the food production stands at 177 tons, giving a per capita
availability of 77 kg per annum, a figure which is much higher than
for any of the cases discussed so far,

Tn terms of other effects, however, the picture is not as favorable.
The decline in forests have proceeded at the same rates as before and
thare are substantial amounts of kerosene imports jn the latter yecars.

Impact of Increase in Livestock Crowth

Compared with current trends, this change is better in only one
respect, and that is that tood production incrases at an annual rate of
4% percent until 198), but thereafter it falls very sharply, reaching the
lowest levels (Table 3). Food production decreases rapidly in later YEATS
not only because of switch in the usc of animal waste, but also
because of the reduction in the number of bullock working days, which
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in  the current model is sensitive to the available fodder supply.
Impact of Increasing Arable Land

Another option explored was what would happen if we allowed arable
land to increase by 1.4 hectares per annum? A larger figure could have also
been used but the reason this was setected was that it is close to the historical
averag:, The general picture is shown in Table 4.3, and the overall picture is
almost similar to a continuation of current conditions with the only difference
being that soil ecrosion index is very high. The failure to register any
favorable impact on food production was probably because of the small
increases in land area, To have experimented with a larger area would
have been unrealistic for the simple reason that extension of cultivable
land in the hills is greatly limited.

Impact of Biogas and Afforestation

The impact of a combination of biogas and afferestation were also
cxplored and the results are shown in Table 2 and 3. Undoubtedly the
most favorable picture so far is evident in this case. There is no
decline in food production and it increases at an annual average rate
of 0.5%. At the end of 19 years, per capita availability of food
stands at 78 kg. The decline in forests is also somewhat slower and
the index of soil erosion rises less rapidly; the peak is reached only in
the last year.

The energy impact is similar to those discussed under afforestation
and biogas programs,

SUMMARY

Eight different scenarios have been reviewed so far and while
the general effect of most of the policies are discernible, it is not
possible to savs at this stage which represents the best outcome. In so
far as food production is concerned, biogas and afforestation do rather
well as compared to other pelicies, including a reduction in population
growth. This is however only a partial picture as the cost implications
of these programs have to be considered also.

Another aspect is the question who is going to pay for the kerosene
imports? There are significant levels of kerosene imports under many
alternatives and it is nmecessary to account for the costs associated wilh
the aspect as well,
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Other consideration may also be to find out which policy leaves
the largest forest area, although this by itself would not be very meaningful.

Interms of the objcctives, however, a farmework hds been developed
to look at the agro-ecostem in the hills in an integrated manner. Although
it is not possible to say that soms of the resulls were unexpected, the
mode] has traced the liak between the different systems and it is
now possible for us to asses the role of each system not only in terms of
its dynamic behavior but also in terms of its effects upon the other systems.
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