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EXECUTIVE SUMMARY
 

A major problem in Sri Lanka, as in other developing
 
countries, is the heavy dependence on forest resources for
 
domestic energy uses in the face of continuous deforesta­
tion. The government of Sri Lanka's response to the fuel­

wood problem is encouraging, but most of the attention, to
 
date, has been focused on obtaining the maximum biological
 

production of wood fiber from fuelwood plantations with
 
little attention directed towards the costs associated with
 

that production.
 

The objectives of this report are:
 

1) to determine the investment feasibility of
 
growing woody biomass for energy in fuelwood
 
plantations under alternative site produc­
tivity conditions and management regimes in
 
Sri Lanka, and
 

2) to identify a procedure decision-makers in
 
developing countries can use to determine the
 
feasibility of establishing fuelwood plan­
tations.
 

The focus of this report is limited to the investment
 
analysis of fuelwood plantations. This analysis considers
 

only the fuelwood plantation component of the total energy
 

problem and does not directly consider land availability.
 

The results are limited to Eucalyptus camaldulensis fuelwuod
 

plantations. 

The analytical results include both a financial and an 
economic analysis. In view of the uncertainty associated 
with analyzing alternative investment schemes in fuelwood 

plantations, the f i nancial analysis includes a base case 
scenario of investment assumptions and a sensi tivi ty 
analysis of these assumptions. The economic analysis 
provides an estimate of the value of fielwood plantations to 
the Sri Lanka society. Both the financial and ec,onomic 
analyses use the maximization of net presen. value (NPV) as 
a decision criterion for determining the eff''icient ;all ci­

tion of resources. In estimating ft ure reven ties and ,'sls, 

the analysis uses real price apprneciat ion rates and ea Il 

di c(outIIt. rlo11 s. 



Eucalyptus camaldulensis plantations were established
 
ii Sri Lanka just over a decade ago. Site index was selected
 

as the quantitative measure for ranking the biological
 
productivity of these plantations. Curves are developed
 

that can be used by decision-makers to determine a planta­

tion's productivity. Yield tables describing biological
 

production in cubic meters/hectare at a given plantation age
 
by productivity class are constructed. The analysis assumes
 
two coppice crops follow the harvest of the initial planta­

tion. Management regimes considered in the analysis focused
 

on initial tree spacing within the plantation, the planting
 
system used to establish the plantation, and the activities
 

allowed during the maintenance of the plantal; )n.
 

Base case investment assumptions used in the financial
 

analysis are:
 

1) a discount rate of 10 percent;
 

"
 
2) 	 a stumpage price for fuelwood of Rs 55/m 

3
 

3) 	 an annual appreciation rate for fuelwood
 
stumpage prices of 11 percent for five years
 
followed by 5.5 percent through the harvest
 
of the second coppice crop;
 

4) 	 an average plantation establishment cost of
 
Rs4,629/hectlare. This cost varied by
 
management regime;
 

5) 	 an annual appreciation rate for plantation
 
establishment costs of 10 percent for five
 
years followed by 5.0 percent through the
 
harvest of the second coppice crop.
 

In addition, procedures are provided for varying each of
 
these investment assumptions in a sensitivity analysis
 
framework so a decision-maker can determine whether a change 

in an assumption results in a change in the preferred course 
of action. Base case economic analysis assumptions reflected 

approximations of' "shadow price" estimates for labor costs 

,And lower discount rates. 
The findings of the report are summarized in terms of 

the biological, financial, and economic analysis results. 

Maj(I Cone Ills i slSa e: 



Biological Analysis
 

Sit, productivity as measured by locally derived site
 
index curves ranges in site index from 9 to 14 in north
 
central Sri Lanka. 
On site index 13 lands, plantations established at 6' 
by 6' 5pacing with high initial survival rates produce
24.5 in/ha/yr at culmination of mean annual increment.
 
On site index 9 lan",, plantations established at 10' 
by 10' spacing with nigh initial survival rates produce
2.0 m3/ha/yr at culmination of mean annual increment. 

Financial Analysis
 

Fuelwood plantations on site index 11 and 13 lands
 
generally have positive NPV's and are, therefore,

financially desirable investments using a 10 percent 
discount rate. 
Investment assumptions are critically important for 
plantations established on lands classified below site 
index 11 if NPV's greater than zero are desired.
 

Fuelwood plantations established on site index class 11
 
and 13 land produced internal rates of return greater 
than 11 percent.
 

Economic Analysis
 

Fuelwood plantations on all site index classes have 
positive NPV's and are, therefore, economically desi­
rable investments from a societal perspective.
 
Fuelwood plantations on higher site index classes 
generally produced internal rates of return greater 
than 11 percent.
 

Chapter 7 identifies a procedure resource planners can use 
to determine the value of land for fuelwood plantations in 
Sri Lanka. 

he Intr'oduction on page 1 of this report ident 'i es 
the contents of each chapter and suggests which chapters
should be read in order to attain stated object ives. 



1. 	 INTRODUCTION
 

This report contains seven chapters. The first chapter
 

defines the problem and identifies the procedures that were 
used in the analyses. The second chapter develops biological.
 

production functions for fuelwood plantations in Sri Lanka.
 

The third chapter develops the investment assumptions that
 

are used in both the financial and economic analyses of
 

fuelwood plantations. The fourth chapter presents the most.
 

likely financial analysis results for fueiwoud plantations
 

in Sri Lanka. The fifth chapter displays changes in the
 

financial analysis results created by modifying the most
 

likely investment assumptions. The sixth chapter presents
 

an economic analysis result for fuelwood plantations in Sri
 

Lanka. The seventh chapter summarizes conc]usions ind
 

outlines steps that must be considered when using this
 

report as a tool in Sri Lankan fuelwood plantation
 

decision-making processes. Each of these chapters can serve
 

as a checklist for investment evaluations of fuelwood
 

plantations and represents a step in the analytical process.
 

To obtain a general overview of the report one should 

read Chapters 1, 4, 6 and 7. If the biological and/or 

investment assumptions are of interest to the reader, 

Chapters 2 and/or 3 should be read. The effect on the 

results of changes in investment assumptions is addressed in 

Chapter 5. However, the reader must be familiar with 

Chapter 3 before reading Chapter 5. individuals interested 

in applying this report's methodologies to fuelwood planta­

tion problems in Sri Lanka should read Chapter 7. 

For the reader who is unfami]iar with economic, and 

forestry terminology, a glossary of terms is provided in 

Appendix IV. 

1.1 	 The Problem
 

A major problem in Sri Lanka, as in other developing
 
countries, is the heavy dependence on forest resources
 
for domestic energy uses in the face of continuous
 
deforestation.
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In Sri Lanka, households, which account for about 60 to
 

70 percent of total energy consumption in this island nation,
 

rderive 85 to 90 percent of their energy needs from fuelwood.
 

In rural households, which ac-olint for about 80 percent of
 

Sri Lanka's population, the reliance is even greater, with
 

about 98 percent of the cooking energy needs being filled by
 

fuelwood (Eriksson 1979).
 

Firewood and other fuels associated with the traditional
 

modes of production and the domestic use of the lower income
 

group provide 60 percent of the total energy consumed in the
 

country (Goonatillake 1980). Petroleum products and hydro­

electricity associated with the more recent models of produc­

tion and domestically with the higher income groups provide
 

respectively 28 percent and 12 percent (Goonatillake 1980).
 

This heavy domestic dependence on fuelwood, coupled
 

with extensive land clearing for slash and burn (chena)
 

agriculture, and both legal and illicit tree harvesting for
 

construction and industrial fuelwood has reduced forest
 

cover in Sri Lanka from an estimated 44 percent (17.8
 

million hectares) of the total land surface in 1956, to an
 

estimated 22 percent (8.7 million hectares) in 1976 (The
 

People's Bank 1978).
 

The government of Sri Lanka (GOSL) and donor agencies
 

recognize the importance of this problem as evidenced by (1)
 

the national policy that planting fast-growing firewood
 

species be a major long-term objective of the forestry
 

sector, (2) increases in forestry department budgets for the
 

establishment of fuelwood plantations, and (3) donor agency 

grants for establishing fuelwood plantations (Perera 1977,
 

Perera 1979).
 

Although the response to the fuelwood problem is 
encouraging, to date, most of the attention has 
been focused on obtaining the maximum biological 
production of wood fiber from fuelwood plantations
 
with little attention directed towards the costs
 
associated with that production.
 

This is not to say that fuelwood plantations are not
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subjected to financial or economic analyses prior to
 
implementation, but rather, that such analyses are incom­
plete. Usually a pre-specified management regime is
 
analyzed from a single investment point of view without
 
determining whether or not alternative management regimes
 

are financially superior.
 

1.2 The Objectives
 

The objectives of this report are (1) to determine the
 
investment feasibility of growing woody biomass for energy

in fuelwood plantations under alternative site productivity

conditions and management regimes in Sri Lanka, and (2) to
 
identify a procedure decision-makers in developing countries
 
can use to determine the feasibility of establishing fuelwood
 
plantations.
 

Although the specific analytical results of the invest­
ment analysis depend on the biological and economic condi­
tions prevailing in Sri Lanka and are therefore applicable
 
to only that country, the analytical procedure could be
 
applied to analyses of fuelwood plantations in other
 

developing countries.
 

1.3 The Scope
 

The focus of this repo."t is limited to the investment
 
analysis of fuelwood plantations.
 

Because of this focus, the scope of the results has 

certain limitations.
 

This analysis considers only the fuelwood plan­
tation component of the total energy problem.
 

Although we recognize fuelwood is only a part of' the 

total' energy problem in Sri Lanka and other developin, 

countries, this report does riot directly address alterntive 

sources of energy. In order to understand and deal with ;i 
country's total energy problem, one should first completely 
understand each of the individual components. This repori 

provides an understanding of the investment conseqjuen(es ()I' 

fuelwood plantat ions, one of the iimportant1 components. 'lIe 
results associated with ftuelwood plantations can he diroel,lv 

compared with results ass:ociated wi th a 1ternat i ve sources of 
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energy. Such an undertaking, however, is beyond the scope
 

and intent of this report.
 

This analysis does not consider land availability.
 

Since the focus of the report is fuelwood plantations,
 

alternative uses of the land associated with these planta­

tions wei-e not considered. A profit-maximizing resource
 

owner would allocate his land to its highest valued use.
 

Existing and potential fuelwood plantation lands in Sri
 

Lanka and other developing countries, could, therefore, be
 

used for non-forestry uses such as grazing .r cultivated
 

agriculture, or for alternative forestry uses such as pulp­

wood or sawlog plantations. Allocation decisions could be
 

determined by comparing the results associaLed with fuelwood
 

plantations to similar results associated with alternative
 

land uses.
 

This analysis does not estimate the total plan­
tation acreage needed to meet the demand for 
fuelwood in Sri Lanka. 

The determination of the total plantation acreage 

needed to satisfy the fuelwood demands in Sri Lanka, if it
 

were to he useful, would go beyond merely dividing the
 

production per acre into an estimate of present fuelwood
 

consumption. Rather, it would necessitate determining
 

future fuelwod demands, alternative fuelwood supplies, the
 

degree of substitutability and availability of alternative
 

energy sources, and the future 3tate and availability of
 

fuelwood energy conversion technology, including stoves and
 

charcoaling processes.
 

This analysis is limited to Eucalyptus
 
camaldulensis fuelwood plantations.
 

Eucalyptus camaldulensis is the species predominately
 

planted in fuelwood plantations in Sri Lanka. These pianta­

tions are located in the dry zone of Sri Lanka (Figure 1-1).
 

This species was selected a number of years ago by the Sri
 

Lankan Forest Department when they first began establishing 

fuelwood plantations. This species has frequently been 

selected for fuelwood plantations throughout the world, and
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its environmental requirements and limitations are well
 
documented (Hillis and Brown 1978, Ayensu et al. 1980).
 

Although Eucalyrptus camaldulensis may not be the optimal
 

species for this purpose, the lack of information on other
 

species in Sri Lanka precluded the consideration of alter­

natives.
 

1.4 The Basic Procedures
 

The analytical results will include both a
 
financial and an economic analysis.
 

A financial analysis of a project focuses on measuring
 
the returns to an investor based on the costs and revenues
 

actually occurring to the investor. This reflects the
 

perspective of a private enterprise investor who is consid­
ering fuelwood projects in Sri Lanka. Therefore, prevailing
 

market prices are used to measure the relative values of
 

revenues and costs.
 

In an economic analysis, one takes a broader perspec­
tive by measuring the returns that accrue to society as a
 

whole. This more likely reflects a government agency's
 

perspective. In this analysis, market prices are replaced
 
with "shadow prices" intended to reflect the "real" values
 

to society of revenues and costs. The "shadow prices" may
 

differ from market prices because of various market distor­

tions resulting from taxes, subsidies, various government
 
controls, income distribution, and economic externalities.
 

In view of the uncertainty associated with analyzing

alternative investment schemes in fuelwood planta­
tions, the financial analysis includes a base case
 
scenario of investment assumptions and a sensiti­
vity analysis of these assumptions.
 
The decision to invest in fueiwood plantations entails 

the commitment of resources now in exchange for future 
volume yields and revenues. In an analytical sense the 
investment may be viewed as flows of costs and revenues over 
time. Analyses of' these flows of costs and revenues over 
time are based on predictions about future market conditions 
that determine the relevant values and costs. Since markets 
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are subject to unanticipated fluctuations, however, such 
predictions and corresponding analytical results must be
 

interpreted with caution. Such is the case in developed 
countries and perhaps to an even greater extent in devel­

oping countries.
 

In view of the uncertainti(s, this report presents a
 
base case financial analysis which reflects our most likely
 

estimate of future market conditions in Sri Lanka and a 
sensitivity analysis which reflects the result of fluctu­
ations around the base case assumptions. Since potential
 

investors in fuelwood plantations will have alternative
 

expectations of future market conditions, the base case
 
assumptions and results will not reflect all expectations
 

nor are they intended to do so. However, alternative 
economic expectations are considered and displayed in the
 

sensitivity analysis.
 

The sensitivity analysis also reflects the extent to
 
which assumptions concerning future market conditions are
 
critical. If, for example, the sensitivity analysis indi­

cates that a relatively small change in a base case assump­
tion results in a small change in the analytical results, 
the precision with whicn that assumption is estimated is not 
as critical as when a relatively small change in a base case
 

assumption results in a large change in the analytical 

results.
 

A base case economic analysis provides an estimate
 
of the value of fuelwood plantations to the Sri
 
Lankan society.
 
Ideally the base case market value assumptions used in 

the economic analysis would be documentabie "shadow prices." 
The empirical estimation of "shadow prices" for an economic 
analysis is a complicated orocess which has been done in 
only a few countries--Sri Lanka not being one of them. The 
di fferences between the values associ ated wi t.h market prices 
and "shadow prices," however, is merely (me of mU gnitudJe. 
Although these magnitudes are not known or documented in Sri 
rbanka, a range of market prices and economic assump,Vi ns are 
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in this study. A set of the economic assumptions
defined 


that reflect the results that might be obtained with the use
 

of "shadow prices" is presented as a base case economic
 

analysis.
 

Both the financial and economic analVses use the
 
maximization of net present value (NPV) as a
 
decision criterion for determining the efficient
 
allocation of resources.
 

In analyzing investments in fuelwood plantations,
 

alternatives are considered and a selection is made from
 

among the alternatives. The alternatives include the 

plantation's management regimes (tree spacing and planting
 

methods), and the plantation's harvest ages (the selection
 

of ages at which to harvest the original plantation and
 

subsequent coppice crops). Presumably, an investor selects
 

the alternative that yields the greatest return, i.e., the 

largest NPV. If the alternative with the largest NPV is 

greater than zero, that alternative is preferred and finan­

cially desirable. If the alternative with the largest NPV
 

is less than zero, then, it is the preferred alternative,
 

but it is not financially desirable.
 

The harvest age of fuelwood plantations in Sri Lanka
 

has been determined by establishing an arbitrarily selected 

target diameter or age for the plantation (Bollinger 1979,
 

The World Bank 1980, USAID 1980). When the plantation 

reaches the target diameter or age, the plantation is
 

harvested. In this analysis, the harvest age is not .re­

determined but is instead identified as the age when the 

harvest of the plant,,rlon and the subsequent coppice crops 

maximizes the NPV of the revenues and costs.
 

The determination of an optimal harvest age (r) is 

depicted in Figure 1-2. Given a management regime, the NPV
 

generally increases I / as the plantation reaches maturity.
 

'iThe NPV of a plantation may indeed decrease over time or
 
if it. increases may not become greater (,han zero. In 
those cases, the optimal harvest age would be zero and
 
one would not undertake the investment..
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In both the financial and economic analysis, the optimal
 

harvest age (r) occurs at the time of maximum NPV.
 

Establishment of a harvest age by means of a diameter 
target, unless by coincidence, will not be consistent with
 

the financial or economic harvest age and, hence, will not
 
result in as efficient an allocation of resources. Further­

more, financial and economic optimal harvests depend on the
 

management regime, the productivity of the land, and the 

investment assumptions used in the analysis. Therefore, a 

change in any -f these conditions may change the optimal
 

harvest age.
 

In estimating future revenues and costs, the
 
analysis uses real price appreciation rates and
 
real discount rates. 

Real appreciation rates and discount rates are simply
 
the nominal rates corrected for inflation. Consistent use
 

of real or nominal rates of price appreciation and discount­

ing will yield the same analytical results since the "effec­

tive" rate is the same in either case. However, by using
 

real instead of nominal rates, one does not have to predict 
the rate of inflation.
 

This procedure yields real internal rates of return. 
The use of nominal appreciation and discount rates would 

result in larger internal rates of return. 
Soil expectation value (SEV) will be determined
 
for the base case financial analysis.
 

A SEV analysis is a special case of a NPV analysis.
 

The SEV is the NPV of an infinite series of plantings and 
coppicings on a particular parcel of land. The NPV reflects
 

the discounted benefits and costs of the first plantation 
and subsequent coppice crops. SEV is derived from the 
rationale that the value of a parcel of land for fuelwood 

use is equal to the net value of the fuelwood crops the land 

can produce ad infinitum. 

SEV is usef'ul in determining how one might allocate 

land among alternative uses. When considering ?n investment 

in fuelwood plantat ions, the investor could compare the 
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value (SEV) of a parcel of land used as a fuelwood planta­

tion with the value (SEV) of the same parcel of land under 
an alternative use. The alternative use could include 
various agricultural crops or alternative forestry crops 

such as pulpwood plantations or sawlog plantations. The use
 
producing the largest SEV would be the preferred and finan­

cially desirable use.
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2. BIOLOGICAL CONSIDERATIONS
 

The Eucalyptus camaldulensis plantations were estab­
lished in Sri Lanka just over a decade ago.
 

All of the plantations were placed in the monsoon
 

forest and shrub lands located in the dry zone, which
 

averages less than 75 inches of rainfall aniually. Since
 

the soil types in Sri Lanka coincide with the major climatic
 

zones, the soils of the dry zone are predominantly Red
 

Earths. Red Earths are characterized by a generally loamy
 

texture, a humus content of 2-percent or less, partial
 

leaching, a pH of 7-8, good depth, and a low silica and high
 

iron oxide content; have a low waterholding capacity so they
 

tend to dry up soon after the rai:'s cease; and are a relatively
 

fertile tropical soil (Library of Congress 1.978).
 

Until 1979, plantation trees were planted at 10' by 10,
 

spacings. Recently plantations with 6' by 6' spacing between
 

trees have been established for fuelwood production. 2 To 

date, none of the p]antations have been harvested.
 

2.1 Quantification of Biological Productivity
 

Site index was selecteJ as the quantitative measure for
 
ranking biological productivity of Eucalyptus camaldulensis
 
plantations.
 

Individual Eucalyptus camaldulensis plantations in Sri
 

Lanka were not ranked in order of biological productivity. 

In assessing the biological and economical potential of 

fuel.wood plantations it was necessary that we rank the 

plantations by their productive capacity.
 

The Red Earths soil type does not occur uniformly
 

throughout thc dry zone but varies in producti ;i ty depending
 

on factors such as local rainfall and water-holding capacity.
 

Therefore, in this study, site index was 'he quantitative 

2/The Sri Lankan Forest Department used tree spacing based on 

distances measured in feet instead of metric units. Although 
all other plantation mrieasurement.s in this report are in 
metric units, tree spacing is described in feet to be con­
sistent with Forest. Department practices. 
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measure selected to assign plantations to biological produc­

tivity classes. Site index relates the height of the tallest 

trees in a plantation to the age of the plantation. The 

taller the trees for a given age, the more productive the 
plantation. It was selected because it provides a rela­

tively easy procedure for indexing biological productivity
 

and can be relaLed to climatic and edaphic factors.
 

Site index curves are developed for Eucalyptus 
camaldulensis in Sri Lanka. 

Several Eucalyptus camaldulensis plantations near the 

Puttalam and Habarane areas of Sri Lanka were visited. 
Diameter at breast height and total height were measured on 

individual sample trees within each plantation. In addition, 

plantation age and initial and current spacing between trees 

were recorded. 

The data for each of the sampled plantations were used 
to develop a height-diameter curve. The height associated 

with the mean diameter of the 250 largest trees per hectare 

in a plantation was estimated from the height-diameter 
curve. Site index curves were then constructed using these 
estimated height-plantation age data. A base age of six 

years was used in constructing the site index curves because 

of the age of the sampled plantations and to simplify cu.ml­

parisons with similar site index studies in India (Sharma 

1978, Sharma 1979). 

Nonlinear regression was used to estimate the site 

index curve coefficients from the sampled plantation data. 

The following height-age relationship was obtained for each 

site index: 
0 1748A)Hs = S(1.4478 - 1.2789e 

where: H is mean total height of the largest, 250 
s trees/hectare in meters 

S is site index in meters at base age of 
6 years 

A is plantation age in years 

e is base of the natural loga rithms 



14 

Figure 2-1. illustrates the height-age relationship for
 

site indices 9, 11 and 13. Eucalyptus camaldulensis planta­

tions in the Puttalam and Habarane areas of Sri Lanka had 

site indices ranging between 9 and 14. The results are 

similar to site index curves developed for Eucalyptus 

tereticornis in India (Sharma 1978, Sharma 1979).
 

Plantations with the higher site indices are asso'-iated
 

with Red Earths soils that have greater than average water­

holding capacity and in dry zone areas that. receive the
 

greatest annual rainfall. In the absence of existing
 

Eucalyptus camaldulensis plantations, these edaphic and
 

climatic factors can be used to estimate the biological
 

productivity of the land.
 

2.2 Quantification of Wood Fiber Yields
 

Yield curves are used to quantify biological production
 
within each productivity class.
 

The biological production through time of individual 

Eucalyptus camaldulensis plantations in Sri Lanka is not
 

documented. This information is needed by land productivity
 

class before the investment potential of fuelwood plantations
 

can be assessed. Yield curves relate the biological pro­

duction of a plantation ac. a given age to a specified pro­

ductivity class and are used as the basis for the investment
 

analysis.
 

2.2.1 Development of Yield Curves
 

The sampled plantation data and the site index curves 

were used tn estimate the diameter and height of the average­

sized tree in a plantation of a given age. The volume of 

this average-sized tree multiplied by the number, of trees 

per hectare in the plantation provided an estimate of the 

volume!/hectare at that, given age. By repeating th1is process 

for each year, the planl.at i yields through t.ime were 

deve lIoped. The specific procedumres arid assump tions associ­

ated with this process are described in the following para­

graphs. 

http:planl.at
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Figure 2-1. Site Index Curves for H"ucalyptus cainaldulcasis ill Sri Lanka 
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From a selected site index curve the height of the
 

largest 250 trees/hectare was estimated for a given age.
 

The sampled plantation data defined the following relation­

ship between the mean plantation height and the height of
 

the largest 250 trees/hectare:
 

Hm = 0.83H s 

where: Hs is mean total height of the largest 
250 trees/hectare in meters 

Hm is mean total height of the plantation 
in meters 

Using the previously constructed height-diameter curves and
 

the estimated value of Hm , a diameter for the tree of average
 

height was obtained. The estimated tree diameter and height
 

values were used to compute volume/tree in cubic meters 

inside bark (Veiga and Carvaiho 1972).
 

Yield curves were developed for plantations where trees 

were initially planted at 6' by 6' and 10' by 10' spacings. 

Sampled plantation data and Sri Lanka Forest Department data 

(Vivekanandan 1979) were used to estimate the expected Lree 

survival in plantations. Observed rates ranged from 65 to
 

100 percent survival with mortality generally occurring in
 

the plantation during the first two years. Improved nursery 

and planting procedures have reulted in the more recent 

plantations exhibiting hi ner survival rates. As a result 

of this analysis, yield curves were developed using 

approximately 74 and 94 percent survival rates. The combi­

nation of percent survival and tree spacing resulted in 

established plantations with 800, 1000, 2200, and 2800 

stems/hectare.
 

Figures 2-2, 2-3, and 2-4 illustrate yields by percent 

survival and tree spacing for three site index classes, 

respectively. Appendix 1 provides a tabular representation 

of these figures. Since the data used to develop these 

yield curves were solely based on 10' by 10' spacings, it. 

was necessary to reflect the i mpact of increased compelt it ion 

on the yi el(d curves by ro(1i1c ing the es t imat ed average diameter 

aldI Ijiht "if lr' ,Ps in dpnse pllantL ti on s. These yieid 
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curves compare favorably to values reported on similar sites
 

by Sharma (1978) for Eucalyptus tereticornis in India.
 

2.2.2 Yield estimates for Coppice Rotations
 

Since none of the Eucalyptus camaldulensis plantations
 

have been harvested in Sri Lanka, there is no information on
 

yields associated with coppice crops. The literature indi­

cates yields associated with the first coppice can vary from
 

120 to 80 percent of the original plantation yield (Myburgh
 

1967, Iillis and Brown 1978). These same studies also 

indicate subsequent coppices always yield less than the
 

original plantation by 10 to 40 percent, depending on the
 

coppice. Based on this literature and the assumption of two
 

coppices, yield for the first and second coppice crops was 
95 and 85 percent of the original plantation yield, respec­

ti 'ely.
 

2.3 Management Regimes
 

Figure 2-5 illustrats the management regimes considered
 

in each site class. All trees in a plantation were initially
 

planted and the first harvest was followed by two coppice
 

crops. In plantations with 10' by 10' spacing, both taungya
 

and non-taungya planting systems were evaluated. Under the
 

taLngya planting system, a farmer is hired to clear a site, 

plant the trees and maintain the site in exchange for a fee 

and the right to intercrop the land. Since intercropping is 

not possible in plantations with 6' x 6' spacing, the taungya 
planting system was not analyzed. Replanting occurred one 

year after the original planting when the initial survival 

was less than 94 percent. Replanting increased survival to 

94 percent. Weedings were conducted during the first, 

second, and third years of the initial plantat, ion and of 
each coppice. No intermediate removals were considered. 

The same yield curves were used for both Ihe 1aungya and 

non-taungya planting systems. When continued yields were 

desired following the harvest of the second coppice crop, it 

was necessary to replant the plantalion. 
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3. INVESTMENT ASSUMPTIONS
 

This chapter presents the assumptions used in the base
 

case financial analysis, documents the variation about the
 

base case assumptions and identifies the base case assump­

tions used in the economic analysis. The derivation of each
 

assumption is briefly discussed.
 

3.1 Base Case Financial Analysis
 

The assumptions necessary to undertake an investment
 

analysis include the discount rate, current values of
 

revenue, and cost items explicit in the management of fuel­

wood plantations and the duration and rate of value changes
 

of these revenue and cost values during the life of the
 

investment. Table 3-1 summarizes the base case assumptions
 

for the financial analysis.
 

3.1.1 The Discount Rate
 

The base case discount rate is 10 percent in real
 
terms.
 

The determination of an appropriate discount rate is,
 

at best, a difficult undertaking. Economic theory suggests
 

that the discount rate used in analyzing investments should
 

represent the investor's opportunity cost of capital, which
 

is measured by returns on possible alternative investments.
 

Since returns on alternative investments are often difficult
 

to determine and are not homogeneoLs between investments or
 

investors, the selection of an appropriate discount rate is
 

often an arbitraa'y and controversial undertaking. 

The empirical determination of a discount rate for this 

analysis was based on a comparison between a measure of the 

annual rate of inflation, the Colombo Consumer's Price 

Index, arid the annual rates used by major lending and savings 

institutions in Sri Lanka for the period 1976-1979 (Table 

3-2).
 

As measured by the price index, the average rate of 

inflation for this period was 6.33 percent. However, the 
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'fable 3-1. Summary of Base Case Assumptions for the Financial Analysis. 

Assumption 	 Base Case
 

A. Discount Rate 	 10.0%
 
B. Stumipage Price 	 Rs 54.75/m a 

C. Stumpage Price 	 11% for 5 years; 5.5% through the harvest of
 
Appreciation Rate 	 the second coppice crop 

D. Plantation Establishment 
Costs
 

1. 10' 	 x 10' spacing 
a. Non-taungya System 

i. Site Preparation Rs 1,668/Hectare 
ii. Planting 	 Rs 1,489/Hectare 

ii[i. 	 Weeding
 
First year Rs 247/Hectare
 
Second year Rs 680/IHectare
 
Third year Rs 445/Ilectare
 

iv. Protection Rs 45/Hectare/year 
v. Replanting Rs 308/Hectare 

b. Taungya System 
i. Site Preparation Rs 48/Hlectare 

ii. Planting 	 Rs 122Wtlectare 
iii. 	 Weeding
 

First year Rs 110/llectare
 
Second year Rs t39/Hectare
 
Third year Rs 445/Hectare
 

iv. Protection Rs 45/llectare/year 
v. Replanting Rs 140/flectare 

2. 6' x 6' spacing 
a. Non-taungya System 

i. Site Preparation Rs l ,668/Hectare 
ii. Planting 	 Rs 3,781/Hlectare 

Iii. 	 Weeding
 
First yuar Rs 247/llectare
 
Second year Rs 680/Hectare
 
Third year Rs 445/Hlectare
 

iv. Protection Rs 5/Hlectare/yea r 
v. Replanting Rs 855/lectare 

H3. Plvntation Establishment Cost 
Appreciation Rate 10% For 5 years; 5% through the harvest of 

the second coppice crop. 
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Table 3-2. Determination of a Real Discount Rate. 

Colombo Consumer' s 
Price Index-All Commodities* 

(1952=100) 
Long

Annual Annual Lending Rate of Annual Rate Paid on 


Percent The State Mortgage Term Accounts by the
 

Year Index Change And Investment Bank** National Savings Bank**
 

7.50
12.00
1976 200.7 1.21 


18.00
12.00
1977 203.2 1.25 


18.00
15.00
1978 227.8 12.11 


18.00
15.00
1979 252.3 10.76 


15.38
13.50
Average 6.33 


Central Bank of Ceylon. 1979. Review of the economy. Control Bank of
 
* 

Ceylon, Columbo, Sri Lanka. Appendix table 60.
 

Central Bank of Ceylon. 1980. Central Bank Bulletin 30(R). Appendix

** 

table 10.
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lending rate charged and savings rate paid were 
13.50 and
 
15.38 percent, respectively. Since the lending and saving
 
rates are the 
actual rates used, they include inflation and
 
are therefore nominal rates. The lending and saving rates
 
in the absence of inflation (real rates) are 6.74 and 8.51,
 

respectively.3/
 

Second, the annual rate paid by the National Savings
 
Bank and the annual rate charged by the State Mortgage and
 
Investment Bank are relatively low in 
risk compared to 
investments in fuelwood plantations. For example, the rate 
paid by the National Savings Bank is a guaranteed rate on 
12-month deposits. However, there are certain risks 
involved in fuelwood plantation investments. One faces
 
potential natural disasters, such as insect and disease
 
damage which may increase because of monoculture practices,
 
elephant damage, and the widespread problem of illicit tree
 
felling that can result in the loss of 
a portion or all of a
 
plantation. These risks translate into 
a need for a higher
 
return on investment in order to entice investors. Therefore,
 
the real discount rate used in this analysis is 10 percent.
 
This reflects an 8-percent institutional discount rate plus
 
a 2-percent risk factor.
 

3.1.2 Stumpage Price
 

The base case stumpage price for fuelwood is Rs 54.75/r3m
 
A retail fuelwood price was derived by averaging reported
 

1979 retail fuelwood prices from two sources--the reported
 
retail fuelwood prices in Sri Lanka by district (Table 3-3)
 
and the reported retail fuelwood prices in 1979 by month for
 
all districts (Table 3-4). The average of the retail prices
 
from both tables is Rs 136.88/m3 . However, in this analysis
 
we are concerned with the amount paid for standing timber
 

(stumpage prices) and not 
with retail prices. Stumpage
 
price is obtained by deducting the costs of harvesting and
 

/ lRate 1+ nominal rate
/RealR+ inflation rate -1.0) X 100
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Annual Average Fuelwood Prices by District, 1979. * Table 3-3. 


District (Rs/Cwt) Rs/m 3 l/ 

Colombo 12.19 169.47 

Kalutara 9.02 125.40 

Galle 7.89 109.69 

Matara 9.41 130.82 

Ratnapura 10.31 143.34 

Kegalla 9.01 125.26 

Kurunegala 8.46 117.62 

Puttalam 12.05 167.53 

Kandy 12.26 170.45 

Matale 9.06 125.96 

Nuwara Eliya 14.94 207.71 

Badulla 10.69 148.62 

Moneragala 7.30 101.49 

,Jaffna 14.39 200.06 

Vavuniya 8.95 124.43 

Mannar 7.36 102.32 

Anuradhapura 6.75 93.84 

Polonnaruwa 6.00 83.42 

Trincomalec 7.68 106.77 

Batticaloa 14.65 203.67 

Amparai 5.94 82.58 

lambantota 10.10 140.42 

Average 135.49 

St. Dev. 37.45 

Central Bank of Ceylon. 1979. Price and wage statistics: Recent
 

Vol. 1,
trends in retail, producer, and input prices and wages. 


No. 2. Colombo, Sri Lanka. pp. 1-88.
 

assumes 13.902 cwt/m 3 of fuelwood.
1/ Conversion from Rs/cwt to Rs/m 3
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Table 3-4 Monthly Average Fuelwood Prices, 1979. * 

Rs/Cwt Rs/ln 3 1/

Month 


January 8.55 118.87
 

February 8.86 123.18
 

March 8.85 123.04
 

April 9.26 128.74
 

May 9.30 129.29
 

June 9.51 132.21
 

July 9.86 137.08
 

August 9.36 130.13
 

September 10.64 147.92
 

October 11.52 160.16
 

November 11.61 161.41
 

December 12.02 167.11
 

Average 138.26
 

St. Dev. 16.66
 

Central Bank of Ceylon. 1979. Economic and Social Stalistic
 

of Sri Lanka. Vol. TI, No. 2. Colombo, Sri Lanka. p. 76.
 

1/ Conversion from Rs/cwt to Rs/m 3 assumes 13.902 cwt/m 3 of fuelwood.
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transporting the fuelwood to retail outlets from the retail
 

price.
 

The retail prices shown in Tables 3-3 and 3-4 are those
 

charged for fuelwood at urban wood depots, including the
 

GOSL's State Timber Corporation (STC) depots. The STC
 

prices are determined on a cost of production plus profit
 

basis. Thus, the retail pricc includes the costs of har­

vesting, transporting, loading and unloading the fuelwood
 

plus a 40-percent profit margin to the GOSL.
 

Since the difference between retail price and pro­

duction costs determines the stumpage value, the 40-percent
 

profit margin can be viewed as a residual stumpage value if
 

the GOSL. Because the fuelwood market is
the landowner is 


competitive, private fuelwood depot prices in Sri Lanka
 

Since the private
should be similar to STC depot prices. 


dealers face the same costs of production, their profit
 

margins should be similar. For these reasons, stumpage
 

values in the base case analysis are 40 percent of the
 

average retail fuelwood price.
 

3.1.3 Stumpage Price Appreciation Rate
 

The annual appreciation rate for fuelwood stumpage
 
prices is 11 percent in real terms for five years followed
 
by 5.5 percent in real terms through the harvest of the
 
second coppice crop.
 

An annual price appreciation rate for fuelwood stumpage
 

was derived from two sources--the reported quarterly fuel­

wood prices in Sri Lanka by district and the average quar­

terly prices in 1.979 for all districts (Table 3-5) and the 

reported monthly retail prices in 1979 for all districts 

(Table 3-6). These prices, expressed in nominal terms, were
 

converted to real prices by using the wholesale price index
 
4 /


Lanka.
for Sri 


Annual price appreciation rates were determined from 

these real prices by first calculating the quarterly and 

41/Retail price in real terms = 

retail price in nominal terms
wholTes'a-_e _price index x 100. 



Table 3-5. Determination of the Real Price Appreciation Rate from Quarterly Average Retail Fuelwood Prices, 1979. 

Nominal Retail Prices (Rs/Cwt)* Real Retail Prices (Rs/Cwt) I Quarterly Coefficient Annual 2/ 
Percentage of Percentage 

First Second Tlird Fourth First Second Third Fourtl, Change Determination Change 
DISTRICT Quarter Quarter Quarter Quarter Quarter Quarter Quarter Quarter (7) (r ) (2)

2 

Colombo 9.61 10.08 11.83 13.93 5.89 6.63 6.71 7.39 7.3 0.99 32.6
 
-i~lutara 9.70 8.10 8.77 9.61 5.95 
 5.11 4.98 5.10 -4.9 0.60 -21.1
 
Galle 7.20 8.02 6.46 
 8.88 5.29 5.06 3.66 4.71 -6.7 0.28 -29.6
 
Maitara 8.32 8.29 9.49 11.00 5.10 5.23 5.38 5.84 4.3 0.91 1:r.I 
Ratnapura 9.32 9.44 9.86 11.17 5.72 5.96 5.59 5.93 0.4 0.04 l.t 
Kegalla 8.14 8.32 8.60 10.33 4.99 5.25 
 4.88 5.48 2.1 0.27 8.7
 
Kurunegala 8.24 8.!8 9.02 
 9.63 5.05 5.16 5.12 5.11 0.3 0.16 1.2 
Puttalam 9.20 10.54 10.91 15.67 5.64 6.65 6.19 8.31 10.9 0.73 51.3 
Kandv 9.15 13.50 13.30 13.19 5.61 8.52 7.55 7.00 5.4 
 0.16 23.4
 
Matale 9.05 9.00 9.00 9.19 5.55 
 5.68 5.11 4.88 -4.9 0.80 -21.1
 
Nuwara Eliva 13.30 13.35 1b.87 21.29 8.16 8.42 9.57 11.30 11.0 0.93 51.8 1%
 
Badulla 9.76 11.69 10.39 10.92 
 5.99 7.38 5.89 5.79 -3.3 0.14 -13.9 to
 
MonaragaJa 6.98 7.42 7.50 N.A. 4.28 4.68 4.25 N.A. -0.4 0.01 -1.6 
Jaffna 13.80 13.19 13.49 16.64 8.46 8.32 7.65 8.83 
 0.4 0.01 1.6
 
Vavunia 9.89 8.22 8.61 9.08 6.07 5.19 
 4.88 4.82 -7.5 0.84 -33.5 
Mannar 7.10 7.11 7.67 7.64 4.35 4.50 4.35 4.05 -2.5 0.52 -10.4
 
Anuradhapura 7.30 7.43 5.75 6.59 4.48 4.69 
 3.26 3.50 -11.0 0.63 -51.8
 
Polonnaruwa 6.00 6.00 6.00 6.00 3.68 3.79 3.40 
 3.18 -5.5 0.79 -23.9
 
Trincomalee 7.01 7.71 8.18 5.00 4.30 4.86 4.64 
 2.65 -15.0 0.48 -74.9
 
Batticoloa 14.56 15.69 13.77 14.53 8.93 9.90 
 7.81 7.71 -6.8 0.54 -30.1
 
t&mparai 5.45 5.47 7.00 N.A. 3.34 
 3.45 3.97 N.A. 8.6 0.89 39.1 
11ambantota 9.72 9.35 9.82 12.12 5.96 5.90 5.57 6.43 1.7 0.14 7.0
 

Ave rage 5.37 5.91 5.47 5.90 2.1 0.28 8.7
 

Central Bank of Ceylon. 1979. Price and wage statistics: Recent trends in retail, producer, and input prices and wages. Vol. 1, 
No. 2. Colombo, Sri L.anka. pp. 1-88. 

Nominal Prices converted to real prices by the Wholesale Price Index - All Commodities (1974 100). 

1.631, 


N The indexes are: first quarter
 
second quarter 1.585, third quarter 1.763, and fourth quarter 1.885. Central Bank of Ceylon. 1979. Review of the economy.
 

Central Bank of Ceylon, Colombo, Sri Lanka. Appendix table 62.
 

Annual appreciation pcrcentage = ([1.0 larterly rate] 4 
- 1.0 x 10(1. 
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Table 3-6. 	 Determination of the Real Price Appreciation Rate from Monthly
 

Average Fuelwood Prices, 1979.
 

Real.
Nominal 

Monthly Average Wholesale Price Monthly Average
 

Fuelwood
Index-All
Fuelwood 

Prices
Commodities**
Prices * 	 3)
(Rsn
(1974=100)
(Rs~a3)
Month 


79.67
165.6
January 131.94 


84.45
161.9
February 136.73 


84.46
161.7
March 	 136.57 


89.26
160.1
April 	 142.90 


90.32
158.9
May 	 143.52 


93.78
156.5
June 	 146.76 


89.56

July 152.16 	 169.9 


82.40
175.3
August 	 144.44 


89.43
183.6
September 164.20 


96.62
184.0
October 177.78 


94.49
189.6
November 179.16 


96.71
191.8
December 185.49 


Monthly Percentage Change 	 1%
 

0.57
Coefficient of Determination (r) 


1/127
 
12.7%
Annual Percentage 


Central Bank of Ceylon. 1979. Economic and Social Statistics of Sri Lanka.
 

Vol. II, No. 2. Colombo, Sri Lanka. p 76.
 

1979. Review of the economy. Central Bank of Ceylon,
•* 	Central Bank of Ceylon. 


Colombo, Sri Lanka. Appendix table 62.
 

= ([1.0 + monthly rate] - 1.0) x 160.
Annual appreciation percentage 
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monthly appreciation rates and then converting them to an
 
annual rate. Quarterly and monthly appreciation rates were
 
determined by an exponential curve-fitting technique.5,
 

Annual rates of 8.7 
and 12.7 percent were calculated from
 
the quarterly and monthly rates, respectively (Tables 3-5
 

and 3-6).
 

The two annual rate estimates were averaged to deter­
mine the base case annual appreciation rate for fuelwood
 

stumpage prices of 11 percent.
 

The duration of the real stumpage price appreciation
 
rate is extremely difficult to estimate empirically. In
 
this analysis, pricc were appreciated at 11 percent for the
 
first five years followed by a 5.5-percent appreciation rate
 
through the harvest of the second coppice crop.
 

3.1.4 Plantation Establishment Costs
 
The plantation establishment costs for the base case
 

financial analyses are given in Table 3-7.
 
Plantation establishment costs vary with each manage­

ment regime and depend on the type of planting system 
(taungya vs. non-taungya), tree spacings (6' by 6' vs. 10' 
by .10') and tree sur'vival (replanting vs. no replanting). 
These costs are based on estimates supplied by the Sri ,k;ia 
Forest Department. 

Under the taungya planting system, a farmer is hired If) 
clear a sit.e, plant, the trees and maintain the site ill 
exchange for a fee and the right to int.ercrop the land. 
Therefore, the site preparat ion and planting cc st.s are' 

subslanti ally reduced si nec the si te preparat ion ('05 Is 
include only a boundary survey and the planiing cost.s 
include only the planting stock and the preparation of Iltie 
planting !ract. In Liis analysis, in oerpr.pping occurs fAl' 
two years, so the first two-year weedin g costs are dif ferent 
from the non ­I-.;angya systlem. 

Becal ;se "1f the di ferenee in rnumbe r of Lreesi'llC1 l',, 
the plant, ilg costs for stands planted al. -;'by G' sp ing 

P/See Appendix J1 for the r'mulation of this mathemaLival 
p rocdurre.i.( 



Table 3-7. 
 Plantation Establishment Costs. * 

Cost Item 


Site Preparation 


Planting
 

Planting Stock 


Track Preparation 


Hole Digging 


Weeding
 

First year 


Second year 


Third year 


Protection 


Replanting 


Non Taungya 

10'xl0' 
Spacing 


1,66S 


539 


305 


645 


1,489 


247 


680 


445 


45 


0 


Non Taungya 

10'x10' 
Spacing 


(replanted) 


1,668 


539 


305 


645 


1,489 


247 


680 


445 


45 


308 


Non Taungya 

6'x6' 

Spacing 


1,668 


1,495 


494 


1,792 


3,781 


247 


680 


445 


45 


0 


Non Taungva 

6'x6' 

Spacing 


(replanted) 


1,668 


1,495 


494 


1,792 


3,781 


247 


680 


445 


45 


855 


Taungya 

10'xl0' 

Spacing 


48 


539 


305 


384 


1223 


i0 


139 


445 


45 


0 


Taungya
 
10'xl0' 
Spacing
 

(replanted)
 

48
 

539
 

305
 

384
 

1228
 

110
 

139
 

445
 

45
 

140
 

* Based on plantation establishment costs estimated by the Sri Lanka Forest
 

Department.
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are greater. This difference results from increased costs
 
of planting stock, tract preparation and hole digging.
 

Replanting costs for the 74-percenl. survival alter­
native was 26 percent of the initial planting stock and/or 
hole-digging costs. Preparation of planting tracts for 

replanting was unnecessary.
 

3.1.5 Plantation Establishment Cost Appreciation Rate
 

The plantation establishment cost appreciation rate is
 
10.0 percent in real terms for five years followed by 5.0
 
percent in real terms through the harvest of the second
 
coppice crop.
 

Plantation establishment costs in Sri Lanka, for- both 
the non-tatingya and taungya planting systems, is extremely 
labor intensive (The World Bank 1980). Therefore, the real 
appreciation rate of these costs was estimated from avail­

able information on wage rates for unskilled agricl .1ura l 
workers.
 

Table 3- -,depicts a wage index for workers in agri­
culture in nominal terms for the period 1975 to 1979. Th i s 
nominal wage index wa-, converted to a real wage index and an 
exponential curve-fitting technique was used t.o, determine 

the annual percentage rate of change.G / 

The durat, ion of" the plantation establ:ishmenl csI 

appreciation rate is ext remely di fficult io estimate (mJ)i'­
ica Il y. In this analysis, eosts were apiprec iated al, 

10 percenl for the f'irst. fiye years t)olowed by a 5-pe"cerenl1 
appreciation rate thromgh the harvest of the secon(d coppico 
crop. T)'his is a (c(,losel'v;1.iv es t illltI(, hot. mOe c rlsi s1tell1. 

wil.l ourO ' es itl t s for Jri 00 ;ppp eil. i]o1e los. 

3.2 Sonsilivity Analysis 

A sonsi t'I i 1ty unri lysis s. i mates lhe magni tude ()f 
Clalnge runtI' lhe b)ase caIse resull, at I r iblittai le 1 a 1ri\'oll 

chang,e ill I]o ba);se caSo atssumptti l. liltl t',li4'I'llo, tItlug{ 


So e Ap 1ro nd i x I I f'r'tht, 1 'ttul tm 1.lis I 1'ae fr- 1 1 ,,f iI It,'t,; 1 i I 
1)r"-(]I 1-.
d 1 
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Table 34. Determination of Plantation Establishment Cost Real Appreciation
 
Rate.
 

Wholesale Price** 
Nominal Indox-All 

Wage Commodities Real Wage 1/ 
Year Index* 1974=100 Index 

1975 241.2 103.4 233.3
 
1976 246.4 111.9 220.2
 
1977 310.2 135.3 229.3
 
1978 451.0 156.7 287.8
 
1979 578.5 171.6 337.1
 

Annual Percentage Change 	 10%
 

Coefficient of D)etermination (r) 	 0.76 

Central Bank of Ceylon. 1979. Review of the economy. Central Bank 

of Ceylon, Colombo, Sri Lanka. Appendix table 64. 

** 	 Central Bank of Ceylon. 1979. Review of the economy. Central Bank 
of Ceylon, Colombo, Sri Lanka. Appendix table 62. 

I/ Real wage index . Nominal wage index
Rel-ae ndx Wholesale price index x 100. 
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change, per se, is not the critical factor. One knows from 

the mathematics of capital theory that changes in assumptions 

affecting the value of revenue and cost items have a linear 

impact on base case NPV's, and changes in assumptions affect ing 

the discount rate and cost and price appreciation rates have 

a geometric impact on base case results (Christophersen et 

al. 1978, Medema and Moore 19&0, Mills et al. 1976, Schweilzer
 

1970).
 

What is critical in the sensitivity analysis is whether 

a change in an assumption changes the preferred course if 

action. If a change in the preferred course of act ion 

occurs, the sensitivity analysis has identified an assumption 

that should be closely evaluated by the decisi un-maker. 

A second major use of sensitivity analysis is to inter­

polate or extrapolate results associated wi th alterna1ive 

assumptions, as demonstrated in the following examples. The 

NPV's based on a sensitivity analysis of three differenl 
/3 0 m3 ". 

price assumptions (Rs 50/m3, Rs 100/m and Rs 200/i0) are 

shown in Figure 3-1. The linear relatio.,nship between NI'V 

and price can then be used to interlpolate or extrapolat1 e the 
/NPV assoc i ated with other price assulmpl ions. 

The NPV's hased on a sensi ivity analysis of .lree 

diffevent, disc ount rate assumptions (2, 6 and 12 percen.) 

are shown in Filgure 3-2. The geometri c relat1 ionship between 

NPV and d1iscult rate can then be used I) inl.erpo)late o r 

extrapol a t the NPV assoc i a led wi o t di scouint 'aitodhter 

assumptioris." The seleci.on ii f appropr iatIe va lues of 1.the 

asslmpti.o ns used in the sensit ivi1y analyses shoilld enic.'iii­

pass ;i real st ic range (if va I ies ar()lund he b;se (,;ise 

asstlmpi. tinsh i s tWo ive wer(ei re)ort. , nll oir'IIa ['ius 

S(' f ()).1.(']each (in ()I Ile represert smi1 ;ssllltil. ). V :in 

o t imi 51.' i lilillpl i on ( 110' ijiuro FakrVb'l)le I ii v s m.O1jienits 

tha t 1 h i(' )svI) ;tll(I I1(! l li' a es,';imi is t icnssuiiIii]i jiu 

7/See Appendi: I I for 1he formulat i,on or !htis inalth.,ial i io 
p)roce'(duire. 

Svi 
])p"riw (ltodr . 

IAI for the formul Iual. ioi ifor this m"I.h, i:. I i 

http:seleci.on
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4J 
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Figure 3-2. Examnpl.e of Interpolation and Exturapol ation For AssmamprioJ.s with 

Cuometr fmpact on Nut Iresent Val.e . 
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(one less favorable to investments than the base case). A 

summary of these sensitivity analysis assumptions are given
 

in Table 3-9.
 

3.2.1 The Discount Rate
 

The discount rates used in the sensitivity analyses
 
were 6 percent and 14 percent in real terms.
 

Real discount rates ranging from 8 to 12 percent are
 

frequently used in investment analyses (Meta Systems, Inc. 

1980). For this analysis, given the often volatile economic
 

conditions prevailing in developing countries, 
we extended
 

the range of discount rates.
 

3.2.2 Stumpage Price
 

The stumpage prices used is the sensitivity analyses
 
were Rs 36.67/rm and Rs 92.23/im
 

The range of stumpage prices used in the sensitivity
 

analysis was derived from the fuelwood prices given in Table
 

3-3. The lowest reported price (Amparai District) and the
 

highest reported price (Nuwara Eliya District) were used in
 

conjunction with a more conservative conversion factor,
 

15.43 cwt/m3 , and the procedures in Section 3.1.2 to esti­
mate a pessimistic and an optimistic stumpage price assump­

ti on. 
The stumpage price used in 
analyzing a plantation
 

investment is location specific and reflects the retail 

p1ice at the time of harvest in the market area where the 
fuelwood will be consumed. The distance between the plan­

tation and the markets is an important factor since trans­
portation costs comprise a relatively large portion of the 
fielwood price in Sri Lanka. This cost becomes more signi­

ficant as petroleum prices increase. Since transportation 

of wood products in Sri Lanka costs approximately Rs 
2.G(8,,' /m ie Bo liinger' 1979, USAID) 1980) on a round-t rip 
basis, the reta il price is increased by that amount for each 

mi be lh , and the mprket.. Detailed conside r­ho tween sl.and 

alJns f transport atiorn 811"a beyond the scope of thisIf costs 

presen tation . lowever, given the linear relationshi p of NPV 



Table 3-9. Summary of Sensitivity Analysis Assumptions.
 

Assumption 	 Base Case 


A. 	Discount Rate 10.0% 

B. 	Stumpage Price Rs 54.75/m3 

Stumpage Price 11% - 5 years; 
Appreciation Rate 5.5% - end of 2nd harvest 

of the second coppice 
crop 1/ 

P. 	 Plantation Establishment Costs 1.00 x Base Case ­

i. 	Plantation Establishment Cost 10% - 5 y'ears 
Appreciation Rate 5% - end of 2nd harvest 

of the second coppice 
crop 

See 	Table 3-7.
 

Optimistic 


6.0% 

Rs 36.67/m 


11% 	- 10 years; 
5.5% - end of 2nd harvest 

of the second coppice 
crop 1/coppice 

.75 	x Base Case ­

6% - 5 years 

3% - end of 2nd harvest 


of the second coppice 

crop 


Pessimistic
 

14.0% 3
 
Rs 92.23/m 

7% - 5 years; 
3.5% - end of 2nd 
harvest of the second
 

crop /
 
1.25 x Base Case ­
10% - 10 years 
5% - end of 2nd harvest 

of the second coppice
 
crop
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to cost, the results associated with changes in the stumpage
 

price assumption created by transportation can be estimated.
 

3.2.3 Stumpage Price Appreciation Rate
 

The stumpage price appreciation rates used in the
 
sensitivity analyses were:
 

1) 	 11.0 percent for 10 years followed by 5.5 percent
 
through the harvest of the second coppice crop and
 

2) 	 7 percent for 5 years followed by 3.5 percent
 
through the harvest of the second coppice crop.
 

These changes in base case assumptions were selected to
 

demonstrate the impact of alternative appreciation rate
 

assumptions on the base case results.
 

3.2.4 Plantation Establishment Costs
 

The plantation establishment costs for the sensitivity
 
analyses are 75 percent and 125 percent of the base case
 
costs.
 

Data on Sri Lankan unemployment are incomplete. Accord­

ing to periodic assessments (Central Bank of Ceylon 1979),
 

the unemployment rate has dropped from a high of 24 percent
 

in .973 to 15 percent in 1979. However, no data are avail­

able on seasonal employment. Labor availability for plan­

tation establishment may coincide with the rice planting and
 

harvesting seasons. A 25-percent fluctuation in base case
 

costs reflects the impact of alternative plantation cost
 

assumption on the base case results.
 

3.2.5 Plantation Establishment. Cost Appreciation Rates
 

The plantation establishment cost appreciation rates
 
used in the sensitivity analyses were:
 

1) 	 6.0 percent for 5 years followed by 3.0 percent
 
through the harvest of the second coppice crop and
 

2) 	 10.0 percent for 10 years followed by 5.0 percent
 
through the harvest of the second coppice crop.
 

These changfes in base case assumptions were selected to 

d(lmonslx.l e the impact, (.f a l tenmatyive appreciation rate 

assummpt iors On the base case results. 
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3.3 base Case Economic Analysis
 

The base case economic analysis assumptions are given
 

in Table 3-10. These base case assumptions represent an
 

approximation of "shadow price" estimates for labor costs
 

and the discount rate. In an economic analysis, one may
 

also consider the non-market benefits of an investment
 

decision such as reduced soil erosion and watershed pro­

tection. However, due to the difficulty in quantifying
 

these benefits for a specific plantation they were not
 

included in the analysis.
 

3.3.1 The Discount Rate
 

The base discount rate for the economic analysis is
 
6 percent in real terms.
 

A 6-percent discount rate is substantially lower than
 

the financial base case analysis discount rate of 10 percent.
 

This lower discount rate results in higher NPV's and there­

fore makes investments in fuelwood plantations more attrac­

tive. The lower discount rate can reflect the GOSL's 'ela­

tively high priority on reforestation and, perhaps, a lower 

risk premium on these investments because of the diversifi­

cation and magnitude of the government's total investment 

profile.
 

3.3.2 Plantation Establishment Costs
 

The plantation establishment costs for the base case
 
economic analysis are 75 percent of the plantation estab­
lishment costs used in the base case financial analysis.
 

The reduced cost assmpti.. on used in the e(inoiI ic. 

analysis refllects the labor intensity of plantation esla)­

lishment costs and 1.he shadow pricing of labor. The GOSKI 

currently attempts Lo schedule its planting acttivit ies wheI 

labor is ava ilable--thaL is, be fore "r at er" peak p1 anting 

or harvestli ng seasons assoc i aled Wi Ehlagril I.irn I r ops. 

Tree plantV i vig, like ot he r a,gri cutl rura I c'olps, is ('lose ly 

Lied to the monsoon season. To the ex 1(1.on 1.tha. 1he G(ISL is 

successful iil iits schedll inrg effor.s, a shadow p)'io. O',r 
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Table 3-10. Summary of Base Case Assumptions 	for the Economic Analysis.
 

Assumption 	 Base Case
 

A. 	Discount Rate 6.0%
 
B. 	Stumpage Price Rs 54.75/m3
 

C. 	Stumpage Price 11% - 5 years; 

Appreciation Rate 5.5% - end of 2nd harvest 
of the second coppice crop.
 

D. 	Plantation Establishment Costs 0.75 x Base Case I/ 
H. 	Plantation Establishment Cost 10% - 5 years 

5% - end of 2nd harvestAppreciation Rate 

of the second coppice crop.
 

See 	table 3-7.
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labor less than the market price used in the financial 

analysis is warranted. 
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4. 	 FINANCIAL RESULTS
 

Fuelwood plantations on site index 11 and 13 lands have
 
positive NPV's and are, therefore, financially desirable
 
investments.
 

4.1 	 Net Present Value
 

The base case results for all the alternative manage­

ment 	 regimes by site index class are given in Table 4-1. 

This table compares NPV's of taungya versus non-taungya
 

planting systems, 6' by 6' versus 10' by 10' tree spacing
 

and the effect of replantlng plantations with poor initial
 

survival rates by site index classes.
 

4.1.1 Selection of the Preferred Management Regime
 

From the comparisons of management regimes within a 

given site index class, one can determine the preferred
 

alternative. A decision tree (Figure 4-1) is useful in
 

identifying that alternative.
 

The preferred regime within each site index class is 

that which yields the largest NPV. This regime is denoted 

by an asterisk in Figure 4-1. On site index 13, the pre­

ferred regime has 6' by 6' spacing. In these plantations a.i 

investor can afford to spend an additional Rs 4,922/hectare 

in establishment costs (13,924 - 9002) to ensure a 94-percent 

initial survival rate. Site index 11 has the same preferred 

regime. However, in these plantations an additional expendi­

ture of Rs 2,232/hectare could be spent to ensure a 94-percent 

initial survival rate. 

On site index 9, none of the alternative regimes have 

positive NPV's. An investor could minimize the investment 

loss on these sites by selecting a 10' by 10' spacing taungya 

planting system regime. 

4.1.2 Comparison of' Plant, ing Systems 

P1 tntLations established by the taungya planting system 

always produced a g{reater NPV than those established by a 

nun-ta unrgya system. On site index classes 11 and 13, the 



Ia'Ie 1-I. Rac (:."'e Ieults - Financial Analyi-is. 

Site Tree qiurvi~a_ Net Present Vah, md St -l ,_1A -cat l1at,_v e-st . 
Idex 1P.w I1 flat I/ Plant i" 2 / Initital Plantation Fiv t Coppice Second 

13 i 74 " 31 1, 1 . 196 16,1 

13 1W 71 1 2.5113 16 -"', I6r5 
1 10 nI,N 11 -­ 16 ,6 16 7S5 
13 lI, 911p T ,839 16 .(3 

13 I1 !)I N 120 16 1, ('13 if, 
13 1' 11 1 2,7,179 16 I .('R3 1, 7. 

11 I4 7. N -2.74! 16 1.IS 16 (5 
11 Ii 71 T 192 16 1.15 III 
11 In 9tR 'N -. 22 16 2SS I1," 115 
I 110 9111 I -9; 16 2156 I1 
11 13) 9. -2 .31II 16 -1 ];;16 115 
1 10 1. 1 45 ( S I I, I I 

9 In 7 -4.1. 'l 15-s7- 16 -279 
1.) 71 I - .591 iS S 7r1 1- 279 

9 10 9.IR is31915 -15 1 -t,7 

9 I1 0 1 . - 1.622 is -1 IS -S21 

II 91 N - .01! 151" -S71.7 
Iiil~ 91 "1 -1, 182 15 -.I 15 -27,7 

l3 {, 7' ' 2.87." 15 I 16] 1 1.'''3 
13 !1 1 N 1 S .15 2. .6 0 
IS3 6 t'1 '2 .€,1 15 5. 88 15 2 ,50 

II 6; 71 N -21.7 11 1 151 I ,l 

II 911 2.-. 3.3 is15 II 
I' I 1"1 2.1 In I I I 1., ,2 

6 - I 1. 15 "7 1 '_ 
.O "15 W,17 1I1 111.; 
," ". R I. I I I I llt 

1 n1sr I..," .. :I-.I.y ati.1N ,.6(04 . .~ 1 I- ;iitgva p1."alitInfl.'5.ct'5 

otl Net
 
'o,.pice Ir,-ent Value 

2,215 

16 ,.774 
16 2.570 

119 -f,,.5,297 
1 2,978 
It, 5..137
 

16 -2.580 
I, 2S 

36 -. 52 
I1, 275 
16 -2.1.1 
16 ,13I 

15 -'1.999 
15 -2.410) 
1 -3.!31 
15 -2.404 

1 -4.823 
l', .2,76,1 

15 1.0{12 
15 12.919 
15 13,0c2.1 

-41 
I 832 
Ii 1.914 

-5. t31 

1 1 -5.331 
1.1 -4.151
 



Initial Survival Rate Initial Survival Rate
 
94. 74
 

Survival Rate!/ 91, 91r2/ 74.
 
(Percent) II I I
 

qpacing 1liix l0' 6'x6' lI0 x lPIf1',' 6' x 6' 0' x 6'
(feet) I I I x 1 6
 

'l.anting System 3/ r N 
 T N N
 

%et Presentf Value 4 
(R5/Ilectare) I 
. Site Index 13 5,437 
 2,878 1.924" I 5,297 2,50 12,949 4,774 2,215 9,002 

Site Index II 
 415 -2.1,14 I.11' 
 275 -2,,52 832 28 
 -2.5R0 -418
 

3. Site Index 9 -2.264(°1 -4.823 -4,431 j-2.4nl4 -1.13' -f . 171 -2 10 -1,999 -! I:;1 

-- It may be unclear that the investor has control over the survival rate and, therefore, choice between the 71 and 01 percent initial:-irvi'al rates. ilhwe'er, th, difference between the NPV of the management regime with a 91 percent ini'ial survival rate and a 74percent initial survival rate i, a measure of the additional amount an investor could spend on establishment costs to insure the
higher survival rate. 

R denotcs the stand was replanted.
 
T* denotes a talungya and N denotes a noi. .,ungya planting system. 

I/- An aster:sk denotes the pr+-ferred and finan~cially desirable regime. An asterisk in hrackcts denotes the regime is preferred but 
not finanr:.allv de.irahle. 

-niure 1-I. I'referred i imv P'cision Irce For gas,- Case Rcsults - Financial Alssi 
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NPV's under the taungya system were positive, indicating the 

regimes are financially desirable. The non-taungya plantinf, 

system is financially desirable on site index class 13, but 

is not preferred since the NPV's are greater under the 

taungya system. Although the taungya planting system is 

preferred on site index class 9, it, is not a financially 

desirable alternative since the NPV is negative. 

These results are expected since the establishment. 

costs for the non-taungya planting system are greater,', but. 

the volume yieldv are the same as the taungyn system. 

4. 1.3 Compa rison of Tree Spacirig 

On site index class 13, 6' by G' spac igi is always 

associated with the largest NPV. The product ivi ty ass",c ­

ated with this site index class offsets the increased stand 

establishment costs of the non-taungya planting system. Oil 

site index class 11 , 6' by G' spacing is pre ferred ,nIly 

under the replanted and the 94 percent survival regi mos. IiI 

the poor survival and non-replanted regime, 6' by G' spaciiig 

is not preferred, and it also has a negative NI'V. on sil , 

index class 9, the 10' by 10' taungya regime is aiways 

preferred, but always has a negative NPV. Neither spacinfg 

produces revenues sufficient to offset the stand esltaibli si­

ment and mairteriance costs on th is site. 

An interaction between productivity and spacing was 

expected. In inore productive plantationis, increased pi" )­

duct, ion result i ng from narrower spacings can offset l.he 

increased coests assc'cilated wi.th the narrower spacings. This 

inte rae . ion)i was o)servcd inrthis s tudy. 

4.1.4 	 Compa rison of Replantirign 

in nearly every siturat ion, repiantinrg plan tations with 

poor initial suirvival is preferred to not r'e)lant,in g them. 

The except ion is the 10' by 10' spa..rig, rioni-tauugya i)lanLt inrig 

regime on sie.e index class 9J larid. on site index c lass 11, 

replan ted plarioa. i .hs at. 10 ' by 1(' spac i rig have eily a 

)osit,ive Nt'V under the tatlufru yn lplantirig systemll. (III si.te 
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index class 9, none of the replanting management regimes 

have positive NPV's.
 

An interaction between productivity and replanting was 
expected. In more productive plantations, increased pro­

duction resulting from greater numbers of trees can offset 

the increased cost of replanting. This interaction was
 

observed in this study.
 

4.2 Soil Expectation Values
 

A resource decision-maker confronted with the issue of
 

land use may wish to know the values associated with alter­

native land uses. The results of this report can be used by
 

that resource decision-maker to estimate the value of land 
for fuelwood production. Since land derives value from the 

goods it produces, the value of land is simply the NPV 

associated with the flow of revenues generated from it.
 

This NPV associated with the highest valued land use is
 

referred to as the soil expectation value (SEV). In this
 

analysis the SEV is the NPV for the first harvest and
 

subsequent two coppice crops plus the NPV's of all sub­

sequent harvests and coppice crops ad infinitum for the
 

highest valued fuelwood plantation use within a site index 

class.
 

The comparison of alternative land uses is beyond the
 

scope and intent of this analysis. The value of land for 
use as fuelwood plantations is given in Table 4-2. However,
 

SEV's derived for alternative uses of the land can be
 

directly compared with SEV's in Table 4-2 to determine if
 

fuelwood plantations represent the land use of greatest 

value. Only the preferred and financially desirable 

management regime is given by site index class in Table 4-S, 

since SEV reflects the highest valued fuelwood plantation 

use. Since none of the management regimes in site index 9 

plantations had positive NPV's, the value of that land for 
fuelwood plantation use is zero.
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Table 4-2. Soil Expectation Values 

Net Present Net Present Value 

Site 
Index 
Class 

Initial 
Survival 

Rate Spacing 
(feet) 

Value of First 
Harvest and First 

Planting Coprice Crops 
System (Rs/hectare) 

Two 
of Subsequent 
Harvests and 
Coppice Crops 

(Rs/hectare) 

Soil 
1Bxpectation 

Valtie 
(ls/hcct:rc) 

13 94 6 Non- taungya 13,924 299 14,223 

11 94 6 Non- taungya 1,814 -616 1,198 

9 .. 0 
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The contribution to SEV of all subsequent harvests and 
coppice crops is small relative to the NPV of the first 

harvest and first two coppice crops. On site index 11 this 

additional contribution is actually negative. This is 
caused by two factors. First, the revenues from subsequent 

harvests and coppice crops are discounted over long periods 
of time. Second, the original plantation establishment 

costs are predicted t~o be substantial when the plantation 
must be r',,stablished, since these costs are appreciated in 
real terms for the duration of the first harvest and first 

two coppice crops. 
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5. FINANCIAL ANALYSIS SENSITIVITY RESULTS
 

Investment assumptions are critically important for
 
plantations on land classified as site index 11 or less if
 
NPV's greater than zero are desired.
 

5.1 Net Present Values
 

The sensitivity analysis results for all the alter­
native management regimes by site index class are given in
 
Table 	5-1. This table compares NPV's of taungya versus
 
non-taungya planting systems, 6' by 6' versus 10' by 10'
 
tree spacing and the effect of replanting plantations with
 
poor initial survival rates by site index classes for
 
alternative base case discount rate, price, cost and appre­

ciate rate assumptions.
 

5.1.1 	 Effect of Changes in Assumptions on the Base Case
 

Decision
 

By comparing the NPV of the preferred management regime
 
under the base case assumptions to the NPV's associated with
 
sensitivity analysis assumptions within the same management
 
regimes and site index class, one can determine the effect
 
of an 	alternative assumption on the base case decision. A
 
decision tree (Figure 5-1) is useful in identifying assump­
tions 	that result in different decisions. For each manage­

ment regime, Figure 5-1 gives the NPV associated with the 
base case investment assumptions, the NPV associated with 
the assumption in Table 5-1 that resulted in the largest NPV
 
(the most optimistic investment assumption) and the NPV
 

associated with the assumption in Table 5-1 that resulted in
 
the smallest NPV (the most pessimistic investment assumption).
 

The preferred regime within each set of site index
 
classes-investment assumptions is that which yields the
 
largest NPV. This regime is denoted by an asterisk in
 
Figure 5-1. On site index 13, the base case preferred
 
regime is not altered by the most optimistic and pessimistic
 

investment assumptions. Although the actual NPV's are sub­
stantially different, the NPV's are always greater than
 



able 5-I. Sensitivity \nalysi' Results-
Net Present Value Associated with 

1ii OiintRate S nll~igt.r'.i IU~t , iIl,/llctare} Stumpage price Cost 

Site 
Index 
C:lass 

Spacing 
(feet) 

Survival 
Rate 
f..I f 

Plianting 
Sy.stem 

2I 

Baj.et 
a. ,:. I ., 

....---------------.-------.--------------. 

I1-,,/,w'/ 
36.,7 92.23 

Appreciation Appreciation 
. 
7
5xiase 1.25xHase ll%-lOyrs 7%-5yrs lO0-l0yrs 6%-Syrs 
tase las c 

/llcctare) -----------------------------------------------­

13 
13 
13 
13 
13 
13 

10 
10 
10 
It) 
10 
Il 

7.1 
74 
94R 
91H 
94 
91 

N 
1 
N 
r 
N 
I 

2,215 
4,774 
2,550 
5,271 
2,858 
5.437 

1 .857 
211,448 
19,638 
22,303 
19,958 
22,567 

- 1..111 
1,129 

-1,156 
1.53(, 
-959 

1 (,71 

-29 
1,83o1 
-551 

2,17(, 
-2-13 

3.129 

8, ;11, 
H1,875 
9.1 3 

11,831 
9,.111 

11 970 

3,883 
5,772 
4,309 
6,354 
4,541) 
6,429 

516 
3,745 

801 
4,210 
1,186 
4,385 

4,7>12 
7,352 
5,320 
8,047 
5,628 
8,187 

-1,374 
1,185 

-1,064 
1,663 
-756 
1,803 

1,739 
4,298 
2,148 
4,875 
2,456 
5,015 

3,055 
5,584 
3,438 
6,129 
3.735 
6,264 

II 
11 
I1 
I1 
I1 
II 

1i0 
10 
10 
10 
It) 
10 

7.1 
7.1 
94R 
94R 
94 
94 

N 
T 
N 
" 
N 
T 

-2,S80 
28 

-2,452 
275 

-2,144 
415 

3,211 
5,792 
3,994 
6,759 
4,313 
b,905 

-3,7o17 
-1,177 
-3,7t7 
-1,0175 
-3.470 

-940 

-3,91)7 
-1,348 
-3,971 
-I 244 
-3,663 
-I 1.1 

3-22 
2.,881 

6(7 
3,391 

975 
3,531 

-863 
1,026 
-706 

1,309 
-4­

y 

1,414 

-4,199 
-1,,()0 
-4,208 

-799 
-3,823 

-624 

-1.325 
1,234 

-1,134 
1,593 
-826 

1,733 

-4,308 
-1,749 
-4,326 
-I,599 
-4,018 
-1,459 

-3,006 
-447 

-2,938 
-211 

-2,630 
-71 

-1,660 
773 

-1,569 
1,122 

-1,272 
1,257 

l 

9 
9 
9 
9 
9 
9 

10 
10) 
10 
10 
10 
III 

74 
74 
9411 
94R 
!)4 
94 

N 
I 
N 
I 
N 
I 

.4,999 
-2,4410 
-5,131 
-2,144 
-4.823 
-2,2(1 

-4,1199 
-1SoIs 
-4,1115 
-1,2SO1 
-3,1916 
-1. 1I5 

-5,13 
-2.5) 
-S,2111 
-2,118 
-. .9113 
-2,172 

-5,723 
-3,161 
-5.1811 
-3,253 
-5.(,72 
-3.113 

-3,703 
-1.144 
-3,856 
-1,129 
-3,475 

-898 

-3,247 
-1,358 
-3,34o 
-1,295 
-3,109 
-1.220 

-6,868 
-3,69 
-6,971 
-3.562 
-6,S86 
-3.387 

-4,411 
-1,852 
-4,529 
-1,802 
-4,221 
-1,662 

-5,879 
-3,320 
-6,122 
-3,395 
-5,814 
-3,255 

-5,677 
-3,118 
-5.767 
-3.040 
-5,459 
-2,900 

-4,133 
-1,513 
-4,195 
-1,503 
-3,898 

-1,368 

13 
13 
13 

6 
( 
b 

71 
94R 
94 

N 
N 
% 

9,o1112 38,257 
12,949 5(,974 
13,924 51,934 

1,571, 
3,255 
.1,252 

3.211. 
S.-1)16 
1,617 

21.365 
28,628 
29,1,87 

11,26,1 
15,42o 
16,183 

7,064 
10,910 
12,1100 

14,227 
19,563 
20,573 

2,464 
4,648 
5.634 

8,829 
12,888 
13,865 

9,881 
13,859 
14,803 

I1 
11 
I1 

6 
6 
0 

74 
91R 
94 

N 
N 
N 

-418 
832 

1,814 

11,624 
16,819 
17,706 

-3,572 
-3,2(,2 
-2,41 

-3,288 
-2,(,57 
-1,7).1 

5,291 
8,117 
8,972 

1,854 
3,2 

,
2 

3,9114 

-2,690 
-1.539 

-458 

2,097 
3,887 
4,742 

-3,686 
-3,168 
-2,292 

-924 
440 

1,308 

431 
1,700 
2,524 

9 
9 
) 

6 
6 
6 

74 
9414 
94 

N 

N 

-5,131 
-5,33 
-.,451 

-1,772 
114 

1,016 

-6,278 
-b,592 
-5,737 

-0,658 
-6,847 
-,8. 

-2,949 
-2,224 
-119 

-3,173 
-2,1,8 
-2,210i 

-7,721 
-7,807 
-6,722 

-4,382 
-4,016 
-3,141 

-6,941 
-7,165 
-6,281 

-5,955 
-5,827 
-4,957 

-4,553 
-4,434 
-3,614 

I/ R denotes the stand weas replanted. 

Y F denotes a Taungya and N denotes a non-taungya planting system. 
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%et Present Value 4/ Ii
 
1.R/Ilectare)
 

I. Slte Index 13 
a. Base Case1) .Opt im ist ic 5,437 2,858 13,924 5,271 
 2.553 12,949 4,774 ,-9 ,0022,2 15


assumption 22,507 19,9158 51,934* 
 22,303 
 19,,38 5(1,!974c. Pessimistic 1 2,418 17,857 38,257 Ln 

assumption 1,671 5 1 .1, 
 1 . . 3,255 1,129 -1,401 1,576
 

2. Site Index I1 
.1. Base Case 415 
 -2.1-1 
 1.81-1' 
 275 -2,352 
 S32
 
31. Optimistic 28 -2,58o -418
 

assumption 
 17,71,'
-13 1,5 ,75' 3,99 1 
 If,.819 5
 
c. Pessimistic 5,792 3,201 11,624


assumpt ion -1,4593 '3 --,338 -2,4034 -1,59 -A ,326 -3,262 -1,749 
 -4,3(08 -3,686
 

-3- ;ite hi1des qa. Base Case 
 -2,24(') --,823 
 -.. 51 -2,44- -5.131 -5,334 -2,440 
 -4,999

h'.Optimistic -S.431
 

assumption 
 -898 -3,3l1.3 1.311, -1. 129 -3,31 114 
 -1,144 -3,247 -1,772
assumption -3.3871°1 -,58, 
 -3.722 - ,..-.2 -6.971 -7.8(37 -3,609 -6,868 
 -7,721
 

- It 9'ay Ie unticlear that the investor Ilas ConIl1 ,iv . ti,,' sirviv-ii ra, ind. therelfore, choice httween thesurvival rates. I!ow'ever, the difference between tile 
74 and 91 percent initial\1 tit the mnlagement rt'git. Witpercent initial survival rate is a measure 

a 91 percent i:itial survival rate and a 74of the additional amnunt an invettr couild spend on establishment costs to insure the higher
survival rate. 

21- R denotes the stand i,as replanted.
 

3/- I denotes a taungya planting system and N denotes a non-tainngya planting system.
4/- An asterisk denotes the regime is preferred anud financially desirable.


An asterisk in hrackets denotes the regime is preferred but not 
financialIly desirable.
 

Figure 5-1. Preferred Regime Decision Tree 
for Sensitivity Analysis Results.
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zero. 

On site index 11, however, the most pessimistic invest­
ment assumption changes both the preferred regime and its
 
financial desirability. 
The base case regime was associated
 
with a plantation established under a non-taungya planting
 
system at 6' by 6' spacing. The preferred regime under the
 
most pessimistic investment assumption 
was a plantation
 
established under a taungya planting system at 10' by 10'
 
spacing. In the first case, the 
plantation is financially
 
desirable and in the second case it is not. In this situ­
ation, the investment assumptions associated with the most
 
pessimistic results should be 
carefully evaluated in terms
 
of the assumptions associated with the base resultscase 

because the management regime 
 changes with changes in the
 

investment assumptions.
 

Similarly, on 
site index 9 lands, the most optimistic
 
investment assumption changes the preferred regime 
to a
 
non-taungya planting system at 
6' by 6' spacing and results
 
in the investment being financially desirable.
 

5.1.2 	 Effect of Changes in Assumptions on the Selection of
 
a Planting System
 

Table 5-2 shows the preferred planting systems associ­
ated with the base case and alternative investment assumptions.
 
Plantations established at 10' by 10' spacing always produce
 
a greater NPV under the taungya planting system. Regardless
 
of the management regime an,-
 investment assumptions, the
 
NPV's associated with plantations on site index 13 land were
 
always greater than zero. On site index 11 land, although
 
the taungya planting system was always the preferred alter­
native, the results are financially desirable for the base
 
case and optimistic investment assumptions and financially
 
undesirable under the pessimistic 
investment assumptions.
 
Therefore, investment assumptions associated with the estab­
lishment of plantations 
on site index 11 land should be
 
carefully evaluated.
 



2
Fable 5-2. Planting System Comparisons - Sensitivity Analysis.


Site * Survival Stumpage Price Costs (Rs/lectare)
Index Spacing Rate I/ Base Discount Rate (Rs/m 3 ) .75xBase 1.2SxBase 
Class (feet) (%) Case (6') (11%) (36.67) (92.23) Case Case 

13 10 74 T T 
 T T T 
 T T 

13 10 9-IR T T T T T 

13 10 94 T T T T T T T 

11 10 74 T r (T) (T) T T tr)
11 10 9.IR T 1 (M) (T) T T (T)
II 10 94 T T (T) (T) T T (T) 

9 10 74 (T) (T) 	 (1)) CT) (T) (1)
9 10 
 94R CT) Cr) ('r) (T) (T) CT) (T)
9 10 91 (T) (1i (T)T) cr) (T) 

V R denotes the qtant was replanted.
 

-T denotes that the taungya planting system is preferred and financially desirable.
 
N denotes that the non-taungya system is preferred and financially desirable.
 
If T or N are in brackets, the alternative is preferred but is not financially desirable.
 

* Tl.a taungya planting system is not used at 6' by 6' spacings. 

Stumpage Price 
- Appreciation 

l11-10 yrs. 7%-5 yrs. 

T " 

T 

T T 

T (T) 
T (T) 
"I' (r) 


(T) 	 Jr) 
'r) Uf) 

(T) (T) 

Cost Appreciation
 
10%-10 yrs. 6%-S yrs.
 

T T
 
T T
 
F T 

(T) T 
(1) T
 
(r) T
 

j) (T) 
(T) (T) 
('r) (T) 
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5.1.3 	 Effect of' Changes in Assumptions on the Selection of
 
Tree Spacing
 

Table 5-3 shows the preferred tree spacing associated 

with the base case and alternative investment assumptions. 

On site index 13 land, 6' by 6' spacing is always preferred 

and financially desirable regardless of the management 

regime 	and investment assumptions.
 

On site index 9 land, 10' by 10' spacing is almost. 

always pr'eferred but. is never financially desirable. The 

exception occurs under a 6-percent discount rate assumption 

when 6' by 6' spacing is both preferred and desirable. On 

site index 11 land, 6' by 6' spacing is generaliy preferred 

and financially desirable under base case and optimistic 

investment assumptions, and 10' by 10' spacing is generally 

preferr'ed but. seldom financially desirable under pessimistic 

investment assumptions. Therefore, investment assumptions 

associated with 2he establishment of plantations on site 

index 9 and 11 land should be carefully evaluated. 

5.1.4 	 Effect of Changes in Assumption on Replanting
 

Table 5-4 shows when the added cost of replanting is 

preferred for base case and alternative investment assump­

tions. On site index 13 land, the added cost of replanting
 

is always preferred and is financially desirable except
 

under the most pessimistic investment assumptions. Under
 

the pessimistic assumptions replanting is preferred, but the
 

NPV is less than zero. On site index 11 land associated
 

with 6' by 6' non-taungya and 10' by 10' taungya management 

regimes, the added cost of replanting is again always pre­

ferred and financially desirable except under certain pessi­

mistic 	 investment qssumptions where replanting is preferred 

but, it 	is financially undesirable.
 

Regardless of the management regime on site index 9 

land and for the 10' by 10' non-taungya regime on site index 

11 lands, the added cost of replanting and its financial 

desirability varies from the base case result depending on 



2/ 
'['able 5-3. 'free Spacing Comparisons - Sensitivity Analysis. --

Stumpage Price Costs (Rs/Ilectare) Stumpage Price 
Site Survival 

Appreciation Cost Appreciation
Rate (Rs/nr ) 75xBase 1.2xBase ..

Index RateI/ Base Discount 

Class (%) Case U'. 14% 36.67 92.23 Case Case ]W%-lO yrs. 7%-5 yls. 10%-10 yrs. 6%-5 yrs. 

13 74 6N 6N uN 6N 6N 6N 6N 6N 6N 6N 6N
 

13 94k ON (N ON 6N 6N 6N 6N 6N 6N ON 6N
 

13 94 UN tN 6NN 6N 6N 6N 6N UN 6N bN
 

11 74 101 6N (1OT) (T1 ) UN 6N (101.) LN (101.) (lOT) IT
 

11 9-11 bN LN lOT) ( 1OT) 6N 6N (lOT) UN ( f11) 6N 6N
 

11 9-1 6N 6N (10T) (l11) 6N 6N (6N) 6N (101) 6N 6N
 

9 74 (1 l') (IOT) (IOT) (10T) (10) (10') (OT) (10T) (10T) (10T) (IOT) 

9 94R ( 10I) tN (IOT) (I0T) (l'oT) (IOT) (l01.) (101) (10T) (ior) (l1T) 

9 94 (lOT) UN (1 OT) (LOT) (101) (101) (10') (101) (1 OT) (10T) (10T) 

1/ R denotes the stand was replanted.
 

I2/ w; denotes the U' by UW spacing established under a non-taungya planting system is preferred and financially desirable. 

spacing established under a taungya system is preferred and financially desirable.
 

If bN or lOT are in brackets, the alternative is preferred, but is not financially desirable.
 
lOT denotes the 10' by 10' 



Tuble 5-4. Replanting Comparisons - Sensitivity Analysis. 

Site 
Index 
Class 

Spacing 
(feet) 

Planting,/ 
System -

Base 
Case 

Discount Rate 

6% 14 

Stumpage Price 
(Rs/m 3 ) 

(36.67) 92.23 

Costs (Rs/liectare) 
.7SxBase I.25xBase 
Case Case 

Stumpage Price 
Appreciation 

11%-10 yrs. 7%-5 yrs. 
Cost Appreciation 

10%-10 yrs. 6%-5 yrs 

13 
13 

10 
10 

N 
T 

R 
R 

R 
R 

(R) 
R 

(R) 
R 

R 
R 

R 
R 

R 
R 

R 
R 

(R) 
R 

R 
R 

R 
R 

11 
11 

9 
9 

10 
10 

10 
10 

N 
T 

N 
T 

(R) 
R 

(NR) 
(R) 

R 
R 

(R) 
(R) 

(NR) 
(R) 

(NR) 
(NR) 

(NR) 
(R) 

(NR) 
(NR) 

R 
R 

(NR) 
(R) 

CR) 
R 

(NR) 
(R) 

(NR) 
(R) 

(NR) 
(R) 

(R) 
R 

(NR) 
(R) 

(NR) 
(R) 

(NR) 
(NR) 

(R) 
(R) 

(NR) 
(R) 

(R) 
R 

(NR) 
(R) 

U11 ca 

13 6 N R I R R R R R R R R R 

11 6 N R R (R) (R) R R (R) R (R) R R 

9 6 N (R) R (NR) (NR) (R) (R) (NR) (R) (NR) (R) (R) 

21 

T denotes taungya and N denotes non-taungya planting system. 

NR denotes replanting is the preferred and financially desirable option. 
NR denotes not replanting is the preferred and financially desirable option-
If R or NR are in brackets, thle alternative is preferred but is not financially desirable= 
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the specific alternative investment assumption. Therefor"e. 

investment assumptions associated with the establishment.I' 
plantations on the less productive lands should be car',ful ly 
evaluated.
 

5.2 Interpolation and Extrapolation from the Sensitivity
 
Analysis Results
 

Interpretations associated with the sensitivit.y analysis
 
are not limited to the assumptions and results presentled in 
Section 5. 1. Interpolations between the assumptions used 
arid extrapolations beyond the assumplions used can be done' 
graphically and mathematically. 

5.2.1 Graphical Interpolations and Extrapolations 

An example of the graphical mechanism for interpolating 
and extrapolating results associated with the sensitiviLy 
analysis results is given in Figure 5-2. The graphical 
results associated with the sensitivity analyses for all the 
management regimes within each site index class 're given in 
Appendix III. 

Figure 5-2 displays the relationship between NI'V and 
alternative stumpage price, establishment costs and discoutnt 
rate assumptions. The horizontal axis is ca librated kheso 

three curves on the graph coincide at the base case ssuip-

Li on. 

The NPV resulting from a change in an assumpti lon'an b 
determined by f'irst selecting the appropr iat.e value to r lho, 
desired assumption on the horizontal axis. The po in, on he, 
vertical axis associated with the inte'sec. in of' t,h htwi-­
zontal axis and the curve associated with the assumt) I ion is 
the NPV t'o r the desired assumpt. ion. For example, iin Iigu' 
5-2 the NPV associat ed with a stumpage p'rice o t ,0 lKs,'m'" is 
approxima.ely zero. Using this pirocedur'o, an inr'it it e 
number of ecoromic assumptions can be loested and the anivly­

tical resullIts obtained. 
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5.2.2 	Mathematical Interpolations and Extrapolations 

Assumptions that are linearly related to NPV are 

approximated by the linear model: 

NPV = a + aIx; where NPV is net present value, 
x is stumpage price or 

proportion of establish­
ment cost, and 

a o , aI are model coefficients. 
Assumptions described by this model include stumpage price
 

and plantation establishment costs. The discount rate
 

assumption is geometrically relat-, to NPV and is approxi­

mated by the model
 

NPV = b0 + bI D + b2 D2; where NPV is net present value,
 
D is the discount rate in percent
bo , b1 , b 2 are model 

coefficients. 

The coefficients for both models have been determined 
analytically and the results for all the management regimes 

within each site index class are given in Table 5-5. To 
determine the NPV for a desired assumption, select the 
appropriate coefficients from Table 5-5, substitute the 

value of the assumption for x or D in the appropriate 

equation and solve for NPV. For example, using the 
mathematical procedure the NPV associated with a stumpage 

price of 40 Ro/m 3 for the management regime shown in Figure 
5-2 is: 

- 6,698 40 + (162.79) - (40) = - 186.80 Rs/hectire 

The equations in this section approximate the NIPV for 
alternative assumptions. Extrapolating discount rate 

equation estimates of NPV for discount rates greater than 

14 percent may result in overestimating the NPV. 

5.3 	 Break-even Analysis
 

Using the graphical or mathematsical interpolation and 

extrapolation procedures described in the previous sect ions, 
it is possible to do a break-even analysis. In a break-even 

analysis, the value of assumption that makes the NPV ofI lhe 

investment equal to zero is determined. This provides 



l.11,lc S-!. Coefficients of the Mathemat ical Models for Interpolation and Fxtrapnlation from the Senisitivity Analysis Results. 

Mathematical Model Coefficients 
Site Survival Plant ing Panttat ion 3Index Spacing Rate 1/ System 2/ StM P rice 3 

Establishment Costs. Discount Rate -

Class (feet) Iperceni) a 0 1 l hi b, 

13 10 74 N -6,698.41) 162.79 8,8SR.1.7 -(6.674 .0l 63868.-5 -9923.50 375.8113 in 74 T -4,313.31 16,4.00 8,.R17.6 -4,054.O0 66513.37 -9933.00 375.91I3 10 94R N -6,946.22 173.92 9.569.33 -7.016. 00l 70361.25 -10963.00 41R.19I3 WO 9111 -4.219.22 .3 *.28F.On173.92 9,5;, I 72782.87 -111906.S0 115.S3I I) 91 N -6,638.22 173.92 9,569.33 -6,708.00 70701.12 -10966.S0 ,18.22
14 t.) T -3.055.70 161.59 9,497.33 -.4, 088. 01 73319.50 -10964.50 417.62 

II Io 7.1 N -6,726.68 76.31 4,124.67 -6,672.)0 20598.75 -3772.25 14S.4.1
11 In 
II 

74 r -4.139.27 76.12 4.t070.00 -.1052.On 22986.12 -3720.50 142.4710 91IR N -7.026.47 83.41 4.518.(-7 -7,001.00 23283.62 -4177.0U 160.34II 10 944 T -3,601.59 75.03 4.477.6- -1.216 (.0 26111.25 -4188.00 1(.n.4)
11 10 94 N -6,718.47 83.44 4.54.3.67 -6.(616. O0 23619.12 -1179.75 160.34
I1 1) ')1 T -4,159.47 83.44 1.477.67 -.1,076.00 26268.12 - 4190.00 1(0.,17 

9 10 71 N -7,017.56 36.09 2.204.0110 -7.242.00 -I119.62 -659.56 27.16 
1I(0 74 T -4,458.56 36.09 2,133.00 -4.622.0n 1525.0n -669.00 27.25
ItW 9.1R N -7,290.55 37.59 2,114.67 -7,262400 -377.87 -802.50 32.72

11 I0 94R T -4,586.54 37.75 2,100.33 -4.5331.0 2659.75 -863.50 35.31
9 111 94 N -6,982.35 37.59 2,114.67 -6,954.00 -42.38 -805.25 ;2.729 10 '1 T -t,500.58 39.35 2,013.67 
 -4.3 4 . 0o4 2601.12 -815.25 32.84 

13 6 7.1 N -8,796.48 326.71 17,500.,7 R,392.00 123068.87 -18228.25 682.16
13 6 91R N -9,S48.00 413.43 22,113.00 -9,04.000 1,1132.12 -23671.75 8R5.34
13 6 0.1 N -8,687.43 415.57 22,235.nf -8. 1 .(,.IO 162082.75 -23671.50 885.56
 

11 6 74 
 N -B,314.82 15.1.09 
 8,670.n0 -9.(18.I0 46352.00 -74S4.50 277.75 
11 6 9IR N -9,777.78 193.98 10,453.,7 -0,602.00 63098.87 -9943.25 371.66
II 6 94 N -R,838.99 193.35 10,477.33 -8,724.01 63432.75 -9810.00 364.81 

9 6 74 N -9,094.35 66.68 3,.654.33 -9,096.00 8989.00 -2320.7S R7.88
9 6 9.1R N -9,893.22 83.17 41.,5.15.O -9.882.00 16112.25, -1457.00 130.9.1n 6 1) N -9.99)2.72 82.,13 4,563.00 9.(74. o 1,055..R7 -3157.25 130.66 

R1denotes the stand was replanted. 

I denotes ! 1.hurgya aridN denotes a non-tatng)'a planting system. 

3 1 he m:thtmatic l model is v - NPII = o+a x; where NPV = net present valre, x - the sttm nae Price or nlziatation estahlishment 
colt ' sumptit.. 0 1 

111.-'lt),e:t i-l nt..ti NP~l),"+.h 1 1.,2 whr NPX' net pre!sent value,. D - tltediscoutnt rate asshimpt inn. 

http:4,563.00
http:9.99)2.72
http:16112.25
http:9.882.00
http:9,893.22
http:9,096.00
http:9,094.35
http:63432.75
http:8,724.01
http:10,477.33
http:R,838.99
http:63098.87
http:0,602.00
http:9,777.78
http:46352.00
http:9.(18.I0
http:8,670.n0
http:B,314.82
http:23671.50
http:162082.75
http:22,235.nf
http:8,687.43
http:23671.75
http:1,1132.12
http:22,113.00
http:9,S48.00
http:18228.25
http:123068.87
http:R,392.00
http:8,796.48
http:2,013.67
http:t,500.58
http:6,954.00
http:2,114.67
http:6,982.35
http:2,100.33
http:4,586.54
http:2,114.67
http:7,290.55
http:4.622.0n
http:2,133.00
http:4,458.56
http:7.242.00
http:7,017.56
http:26268.12
http:1,076.00
http:1.477.67
http:4,159.47
http:23619.12
http:4.54.3.67
http:6,718.47
http:26111.25
http:3,601.59
http:23283.62
http:7,001.00
http:7.026.47
http:22986.12
http:4.t070.00
http:4.139.27
http:20598.75
http:4,124.67
http:6,726.68
http:10964.50
http:73319.50
http:9,497.33
http:3.055.70
http:10966.S0
http:70701.12
http:6,708.00
http:9,569.33
http:6,638.22
http:111906.S0
http:72782.87
http:4.219.22
http:10963.00
http:70361.25
http:9.569.33
http:6,946.22
http:66513.37
http:4,054.O0
http:4,313.31
http:6,698.41
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potential investors an estimate of the minimum values for 

each assumption that will result in the investment yielding 

financially desirable results.
 

Break-even values for stumpage price, establishment 

cost and discount rate assumptions are given in Table 5-6 

for all of the management regimes within each site index 

class. The establishment cost and stumpage price values 

were determined using the mathematical models in Table 5-5. 

In this analysis, the break-even value of the assumption in 

question is computed with the value of all other assumptions
 

equal to the base case values.
 

The break-even discount rates shown in Table 5-6 can be
 

interpreted as internal rates of returns for each of the 

management regimes. Plantations established on site index 

class 11 and 13 land would generally result in investments 

with internal rates of return greater than 11 percent, given 

the base case assumptions. 
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Table 5-6. Break Even Analysis Results.
 

Site Survival Planting Discount Stumpage Proportion 

Index Spacing Rate I/ System 2/ Rate 3/ Price 3/ of Estab. 

Class (feet) (%) (%) (Rs/ha.j Cost 3/ 

13 10 74 N 11.1 41.15 1.33 

13 10 74 T 16.1 25.43 2.17 

13 10 94R N 11.2 39.94 1.36 

13 10 94R T 14.3 24.26 2.24 

13 10 94 N 12.2 38.17 1.43 

13 10 94 T 14.2 19.11 2.32 

11 10 74 N 7.8 88.14 0.62 

11 10 74 T 10.0 54.38 1.00 

11 10 94R N 8.1 84.21 0.65 

11 10 94R T 10.3 48.12 0.94 

11 10 94 N 8.3 80.52 0.68 

11 10 94 T 10.7 49.85 1.10 

9 10 74 N 0.0 194.27 0.30 

9 10 74 T 0.0 123.46 0.46 

9 10 94R N 0.0 193.00 0.29 

9 10 94R T 0.0 121.25 0.46 

9 10 94 N 0.0 184.86 0.30 

9 10 94 T 0.0 114.15 0.47 

13 6 74 N 14.3 26.93 1.31 

13 6 94R N 15.3 23.10 2.45 

13 6 94 N 15.5 20.91 2.72 

11 6 74 N 9.7 57.64 0.95 

11 6 94R N 10.5 50.40 1.09 

11 6 94 N 11.1 45.72 1.20 

9 6 74 N 4.7 136.39 0.40 

9 6 94R N 5.6 118.95 0.46 

9 6 94 N 5.9 109.08 0.51 

R denotes the stand was replanted. 

2/ T denotes a taungya and N denotes a non-taungya planting systems. 

3/ Determined from mathematical models in Table 5-5. 
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6. 	 ECONOMIC ANALYSIS RESULTS
 

Fuelwood plantations on all site index classes have
 
positive NPV's and are, therefore, economically desirable 
investments from a societal perspective.
 

6.1 	 Net Present Value
 

The base case results for all the alternative management 
regimes by site index class are given in Table 6-1. This 
table compares NPV's of taungya versus non-taungya planting 
systems, 6' by 6' versus 10' by 10' tree spacing and the 
effect of replanting plantations with poor initial survival 
rates by site index classes.
 

Harvest ages associated with the management regimes are
 
substantially greater than the ages associated with similar 
regimes in the financial analysis (Table 4-Q). Harvests 
were delayed because of the relationship between the price 
appreciation assumption and the discount rate. 

6.2 	 Selection of the Preferred Management Regime 

The preferred regime within each site index class is 
the one which yields the largest NPV. This regime is identi­
fied 	 by an asterisk in the decision tree shown in Figure 
6-1. On all site indexes, the preferred regime is estab­

lished at 6' by 6' spacing. All preferred management. 
regimes have NPV's greater than zero. Comparisons among 
planting systems, tree spacing and replanting display the 
same 	 relat ionships that occurred in the financial analysis 

(Chapter 4). 

The lower discount rate and "shadow price" labor costs 
associated with plantation establishment result in stb­
stantially larger NPV's than those observed in the f'inanci al 
analysis. If the results associat ed with these "shadow 
prices" can be attributed to model distortions caused by 
taxes, subs i di es, various government1, contro ls, income di s­

tribution and/or economic external ities, they may bet. tor 
estimate the return to Sri Lanka of fuelwood plant I.i ,ll 
investments. Under this assum)tion, Table GI-2 shows tme 



Table 6-1. Base Case Results - Economic Analysis. 

Site 
Index 
Class 

Tree 
Spacing 
(feet) 

Survival 
Rate 1/ 
(%) 

Planting 
System 2/ 

Initial Plantation 

(Rs/ha.) (Years) 

First Coppice 

(Rs/ha.) (Years) 

Second Coppice 

(Rs/ha.) (Years) 

Total Net 
Present Value 

(Rs/ha.) 

13 
13 
13 
13 
13 
13 

10 
10 
10 
10 
10 
10 

74 
74 
94R 
94R 
94 
94 

N 
T 
N 
T 
N 
T 

6,692 
8,635 
7,193 
9,269 
7,432 
9,376 

26 
26 
24 
24 
24 
24 

7,623 
7,623 
8,303 
8,303 
8,304 
8,303 

26 
26 
24 
24 
24 
24 

6,050 
6,050 
6,637 
6,637 
6,637 
6,637 

26 
26 
24 
24 
24 
24 

20,365 
22,308 
22,133 
24,209 
22,373 
24,316 

11 
11 
11 
11 
11 
11 

10 
10 
10 
10 
10 
10 

74 
74 
94R 
94R 
94 
94 

N 
T 
N 
T 
N 
T 

811 
2,754 
1,021 
3,097 
1,261 
3,204 

23 
23 
26 
26 
26 
26 

2,692 
2,692 
3,061 
3,061 
3,061 
3,061 

23 
23 
26 
26 
26 
26 

2,157 
2,157 
2,440 
2,440 
2,439 
2,439 

23 
23 
26 
26 
26 
26 

5,660 
7,603 
6,522 
8,598 
6,761 
8,704 C\ 

9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
10 

74 
74 
94R 
94R 
94 
94 

N 
T 
N 
T 
N 
T 

-2,056 
-113 

-2,135 
-59 

-1,895 
48 

22 
22 
21 
21 
21 
21 

240 
240 
369 
369 
369 
369 

22 
22 
21 
21 
21 
21 

183 
184 
284 
284 
283 
283 

22 
22 
21 
21 
21 
21 

-1,633 
311 

-1,482 
594 

-1,243 
700 

13 
13 
13 

6 
6 
6 

74 
94R 
94 

N 
N 
N 

13,624 
18,286 
19,025 

21 
21 
21 

15,198 
19,844 
19,844 

21 
21 
21 

12,296 
16,060 
16,060 

21 
21 
21 

41,118 
54,190 
54,929 

11 
11 
11 

6 
6 
6 

74 
94R 
94 

N 
N 
N 

3,247 
4,949 
5,615 

20 
20 
20 

6,291 
8,338 
8,338 

20 
20 
20 

5,098 
6,765 
6,765 

20 
20 
20 

14,636 
20,052 
20,718 

9 
9 
9 

6 
6 
6 

74 
94R 
94 

N 
N 
N 

-1,976 
-1,574 

-894 

19 
20 
19 

1,777 
2,711 
2,716 

19 
20 
20 

1,424 
2,184 
2,188 

19 
20 
20 

1,225 
3,321 
4,010 

R denotes the stand was replanted. 

T denotes a taungya and N denotes a non-taungya planting system. 



Initial Survival Rate 	 Initial Survival Rate
j 
9414I 	 74v
 

1
Survival Rate	 94 I IR2/ 74% 
(Percent)94R 

Spacing I 
(feet) 10' x 10' 6' x '10 x 10' 6' x 6' 10' x 10' 6' x 6' 

Planting System- N N r N N N 

Net Present Valute- iiI 
(Rs/llectare) 1 	 J I 1 

1. 	Site Index 13 24,316 22,373 54,929* 24,209 22,133 54,190 22,308 20,365 41,118 

2. 	Site Index 11 8,704 6,761 20,718" 8,598 6,522 20,052 7,603 5,660 14,636
 

3. 	Site Index 9 700 -1,243 4,010* 594 -1,482 3,321 311 -1,633 1,225j 

Y 	 It may be unclear that the investor has control over the survival rate and, therefore, choice between the 74 and 94 percent initial
 
survival rates. However, the difference between the NPV of the management regime with a 94 percent initial survival rate and a 74
 
percent initial survival rate is a measure of the additional amount an investor could spend on establishment costs to insure the
 
higher survival rate. 

- R denotes the stand was replanted. 

Y T denotes a taungya and N denotes a non-taungya planting system. 

An asterisk denotes the preferred and financially desirable regime. An asterisk in brackets denotes the regime is preferred but 
not financially desirable. 

Figure 6-1. Preferred Regime Decision Tree for Base Case Results - Economic Analysis. 
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Table 6-2. Internal Rate of Return-Economic Analysis
 

Site Tree Survival Planting2, Internal Rate 

Index Spacing Rate - System of Return 

Class (feet) (%) (%) 

13 10 74 N 10.9
 
13 10 74 T 13.6
 

13 10 94R N 11.5
 
13 10 94R T 14.5
 
13 10 94 N 11.7
 
13 10 94 T 14.7
 

11 10 74 N 8.4
 
11 10 74 T 10.7
 
11 10 94R N 8.2
 
11 10 94R T 10.3
 
11 10 94 N 8.4
 
11 10 94 T 10.4
 

9 10 74 N 4.9
 
9 10 74 T 6.3
 
9 10 94R N 5.0
 
9 10 94R T 6.6
 
9 1 94 N 5.2
 
9 10 94 T 6.7
 

13 6 74 N 13.4
 
13 6 94R N 14.1
 
13 6 94 N 14.7
 

11 6 74 N 10.2
 
1 6 94R N 10.9
 
11 6 94 N 11.3
 

9 6 74 N 6.6
 
9 6 94R N 7.2
 
9 6 94 N 7.6
 

/ R denotes the stand was replanted
 

2/ T denotes a taungya and N denotes a non-taungya planting systew.
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internal rate of return on the investment for each management
 

regime by site index class.
 

6.3 	 Estimating Changes in Base Case Results Associated
 
with Changes in Economic Assumptions
 

The base case assumptions in the economic analysis
 

represent an approximation of "shadow price" estimates for 

labor costs and a lowered discount rate. Since empirically
 

estimated "shadow prices" do not exist for Sri Lanka, a
 

resource planner may wish to deviate from the economic
 

assumptions used in this report.
 

Chapter 5 demonstrated the use of mathematical 

equations to interpolate or extrapolate results associated 

with a change in a single economic assumption. In this 

section, the resource planner needs to interpret the effect 

on the base case result of simultaneously changing two
 

economic assumptions: establishment costs and discount 

rate.
 

The coefficients associated with the mathematical
 

models for all the management regimes within each site index
 

class given in Table 5-5 can be used to estimate the NPV Ifor
 

simultaneous changes in proportion of establishment costs 

and discount rate. To determine the NPV associated with a 

desired set of assumptions: 

1) 	 select the appropriate coefficients from 
Table 5-5 for the management regime in 
question,
 

2) 	 substitute the value of the proportion of 
establishment cost assumption for x into the 
appropriate equation, 

3) 	 solve for the NPV using step 2 (NPVE),
 

4) 	 substitute the value of the discount rate
 
assumption for 1) into the appropriate
 
equation,
 

5) 	 solve for the NPV us ing ste 4 (NPVD), 

6) 	 determine the NPV (NPV ) associated with the 
base case financial anlysis (Table i-1) flo-r 
the management regime in question, and 
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7) 	 estimate the NPV associated with the
 
simultaneous change in the two assumptions:
 

NPV = NPVD + (NPVE - NPVB)
 

Using the first management regime given in Table 6-1 as
 

an example, the NPV associated with a 7 percent discount
 

rate and establishment costs that are 80 percent of the base
 

case financial analysis establishment costs is:
 

NPVE 	= 8888.67 - (6674.00)(0.80) = 3,549 

NPVD 	= 63868.75 - (9923.50)(7) + (375.81)(72) = 12,819 

NPVB 	= 2,215
 

NPV 	 = 12,819 + (3,549 - 2,215) = 14,153
 

The equations only approximate the NPV for alternative
 

economic assumptions. The approximation is sufficiently
 

accurate to evaluate changes in base case economic results
 

attributable to alternative "shadow price" estimates.
 

http:63868.75
http:6674.00)(0.80
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7. CONCLUSIONS AND RECOMMENDATIONS
 

7.1 Biological Conclusions
 

* Site productivity as measured by locally derived site
 
index curves ranges in site index from 9 to 14 in north
 
central Sri Lanka.
 

On 	site index 13 lands, plantations established at 6'
 
by 	6' spacing with high initial survival rates produce

24.5 m /ha/yr at culmination of mean annual increment. 
On 	site index 9 lands, plantations established at 10'
 
by 	1 spacing with high initial survival rates produce

2.0 m /ha/yr at culmination of mean annual increment.. 
Following harvest of the initial plantation, subsequent.

coppice crops produce 95 and 85 percent of the initial 
plantation yields, respectively.
 

Plantations with a low initial survival rate can be
 
replanted one year after establishment.
 

7.2 Investment Conclusions - Financial Analysis
 

* 	Fuelwood plantations on site index 11 and 13 lands
 
generally have positive NPV's and are, therefore,

financially desirable investments using a 10 percent 
discount rate.
 

Investment assumptions are critically important for
 
plantations established on lands classified below site
 
index 11 if NPV's greater than zero are desired.
 

Fuelwood plantations established on site index class 11
 
and 13 land produced internal rates of return greater 
than 11 percent.
 

On site index 13, the preferred management regime is a 
6' by 6' spaced plantation established by the non­
taungya planting system. When necessary, replanting is 
financially justifiable to obtain a high plantation 
survival rate. Using a 10-percent rate, this managemenl. 
regime is financially desirable for a range of invest­
ment assumptions. 
On 	 site index 11 , the preferred management regime is ;j
6' by 6' spaced plantation established by the non­
taungya system. When necessary, replanting is finani­
cially justi fiable to obtain a high plantat ion survival 
rate . T his management regime is financially desirable 
under base case and opL imistic invest.ment assumptions. 
Iowever, under pessimistic inveslment1 assuampt1. iors, n](Ii 
of the management regimes are financially desirable, at. 
a 10-percent discount rate. 

On site index 9, the preferred management regime is a 
10' by 10' spaced plantation established by the Iamgya 
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planting system. When necessary, replanting is finan­
cially justifiable to obtain a high plantation survival
 
rate. A subsidy of 2,264 Rs/hectare is required for
 
this investment to have a positive NPV using a 
10-percent discount rate.
 

The taungya planting system was preferred to the
 
non-taungya planting system for all management regimes 
and investment assumptions.
 

The preferred spacing is 6' by 6' except for plantations
 
established on site index 9 lands. In these plantations
 
10' by 10' spacing is preferred.
 

Replanting to achieve high survival rates is generally 
justified except for site index 9 plantations under 
pessimistic investment assumptions.
 

7.3 	 Investment Conclusions - Economic Analysis 

* 	Fuelwood plantations on all site index classes have 
positive NPV's and are, therefore, economically 
desirable investments from a societal perspective. 

* 	Only plantations established at 10' by 10' spacing
 
under the non-taungya planting system on site index 9
 
land have NPV's less than zero.
 

Fuelwood plantations on all site index classes gener­
ally produced internal rates of return greater than 11
 
percent.
 

Harvest ages were substantially greater than those
 
generally observed under financial investment
 
assumptions.
 

7.4 	 Integrating Investment Analyses into the Planning
 
Process
 

Resource planners in Sri Lanka must determine how much 

land 	 should be placed in fuelwood plantations in order to 

satisfy the domestic demand for energy. This determination 

requires that alternative energy sources and land availabi­

lity 	issues be considered. Using this report, the resource 

planner can estimate the value of land for' fuelwood pro­

duction. The estimate can then be contrasted with estimates 

for the value of land under alternative uses lo determine 

land 	 avai lability. Biomass energy production per unit of 

available land in conjunct, ion with land availability and 

a lterna tive energy sources provides an estimate of' the energy 

that 	can be supplied from fuelwood plantations. 
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To determine land availability the resource planner
 

would:
 

1) 	 Identify potential fuelwood plantation locations. 
2) 	 Collect Eucalyptus camaldulensis plantation site
 

index data in the vicinity of each potential

fuelwood plantation location by measuring the
 
height of the largest 250 trees/hectare and com­
pute 	 the average height of the measured trees in 
the plantation. In the absence of Eucalyptus
camaldulensis plantations, determine the edaphic
and climatic factors in the vicinity of' each 
potential fuelwood plantation location.
 

3) 	 Use Figure 2-1, the average height and plantation 
age or edaphic and climatic factors, to estimate 
the productivity of the land for fuelwood produc­
tion.
 

4) 	 Use Chapter 4 to determine the value of the poten­
tial fuelwood plantation location for fuelwood
 
production.
 

5) 	 Use Chapter 5 to modify the initial results if'
 
changes in base case investment assumptions are 
warranted.
 

6) 	 Determine the desired use of the land by comparing 
the value of the land in a fuelwood plantation to 
its value in alternative uses.
 

7) 	 Use the tables in Appendix 1 to estimate biomass 
yields from lands designated as fuelwood planta­
tions.
 

7.5 	 An Investment Analysis Format
 

Resource planners in other developing countries can use
 

this 	report as a pattern for analyzing fuelwood plantations.
 

The chapter on biological considerations outlines a procedure
 

for estimating the productivity of land for fuelwood pro­
duction and for determining the b iomass fuelwood plantations 

can produce. Although these methodologies may not be possible 
in every situation, they do provide a framework for addressinfg 

important biological factors. 

The chapter on investment assumptions ident i fies t in;nicial 
and economic constraints and relationships tha1 must tbe 
considered in an investment analysis, develops a methodology 

for quantifying the identified relationships and provides a 
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framework for incorporating the relationship in an investment
 

analysis of fuelwood plantations. Chapters 4, 5 and 6
 

present methodologies for analyzing and interpreting the
 

results of a fuelwood plantation investment aralysis.
 

Importantly, Chapter 5 demonstrates how sensitivity analysis
 

is used to extend the base case interpretations.
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Appendix T
 

Eucalyptus camaldulensis Yield Tables
 



Table I-1. Eucalyptus camaldulensis Yield Tables by Site Index Class 
 10' by 10' Spacing, 74 Percent Initial Survival.
 

Site Index Class 

9 11 13 

Plantation Plantation Plantation 

Age 
(Yrs) 

Plantation 
Volume 

(m-S/ha) 

an 
Anual 
Growth 

(mS/ha/yr) 

Average
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m3/ha) 

Man 
Annual 
Growth 

(m3/ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m3/ha) 

Mean 
Annual 
Growth 

(m3/ha/yr) 

Average 
Tree 

Diameter 
(m) 

0 
1 
2 
3 
-1 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
iS 
19 
20 
21 

0.00 
0.0S 
0.48 
t.35 
2.69 
4.41 
6.50 
8.81 

11.23 
13.69 
16.12 
IS.46 
20.69 
22.78 
24.63 
26.53 
28.40 
30.31 
31.93 
33.05 
34.02 
35.00 

0.00 
0.08 
0.24 
0.45 
0.67 
0.88 
1.08 
1.26 
1.40 
1.52 
1.61 
1.68 
1.72 
1.75 
1.76 
1.77 
1.77 
1.78 
1.77 
1.74 
1.70 
1.67 

0.00 
0.01 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 
0.09 
0.10 
0.10 
0.11 
0.11 
0.11 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.13 

0.00 
0.21 
1.17 
3.16 
6.23 

10.32 
15.21 
20.65 
26.40 
32.27 
38.08 
43.71 
49.08 
54.13 
58.54 
62.98 
67.35 
70.56 
73.24 
75.61 
77.59 
79.00 

0.00 
0.21 
0.58 
1.05 
1.56 
2.06 
2.53 
2.95 
3.30 
3.59 
3.81 
3.97 
4.09 
4.16 
4.18 
4.20 
4.21 
4.15 
4.07 
3.98 
3.88 
3.76 

0.00 
0.02 
0.04 
0.06 
0.07 
0.08 
0.10 
0.11 
0.12 
0.12 
0.13 
0.14 
0.14 
0.15 
0.15 
0.16 
0.16 
0.16 
0.16 
0.17 
0.17 
0.17 

0.00 
0.46 
2.38 
6.37 

12.66 
21.06 
31.23 
42.70 
54.99 
67.68 
80.38 
92.82 

104.77 
116.09 
126.69 
136.55 
144.04 
150.61 
156.35 
161.32 
165.60 
168.00 

0.00 
0.46 
1.19 
2.12 
3.16 
4.21 
5.21 
6.10 
6.87 
7.52 
8.04 
8.44 
8.73 
8.93 
9.05 
9.10 
9.00 
8.86 
8.69 
8.49 
8.28 
8.00 

0.00 
0.03 
0.05 
0.07 
0.09 
0.11 
0.12 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 
0.19 
0.20 
0.21 
0.21 
0.21 
0.22 
0.22 
0.22 
0.22 

-2 

23 
24 
25 
26 

36.00 
36.50 
36.70 
36.90 
37.00 

1.64 
1.59 
1.53 
1.48 
1.42 

0.13 
0.13 
0.13 
0.13 
0.13 

81.00 
82.00 
82.50 
82.75 
83.00 

3.68 
3.57 
3.44 
3.31 
3.19 

0.17 
0.17 
0.17 
0.17 
0.17 

171.00 
173.00 
175.00 
177.00 
179.00 

7.77 
7.52 
7.29 
7.08 
6.88 

0.22 
0.22 
0.23 
0.23 
0.23 



Table 1-2. Eucalyptus canaldulensis Yield Tables by 
Replanted to D4 Percent Survival in Year 

Site 
1. 

Index Class - 10' by 10' Spacing, 74 Percent Initial Survival, 

Site Indcx Cias, 
-2 ii 13 
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t~h 
///ha/"r( 

Ceane1ean 
Tree 

Diametcr 

__.... ___-

P Ianz,. ion 
VoIuzqe 
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Tree 
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:nnual 
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Average 
Tree 
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C 

9 
16 

S!.JS 
00 
1.47 

3.03 
5.08 

- o0 
10.41 

i(?.l7 
i.77 

,.0~ 
.2 

0.4 9 
0.7 
1.02 

. 
1.49 
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i.SS 

0 
0')! 
0.03 
0.04 
0.05 

.06 

I).07 
0.08 
0.08 
0.09 
0.lu 

0..03.0.00 
0.21 
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3.31 
7.02 

11.88 

17.76 
24.36 
31.38 
38.00 
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0.00 
0.21 
0.61 
1.10 
1.0.00.07 
2.38 

2.96 
3.48 
5.92 
4.22 
4.43 

O.00 
0.02 
0.04 
0.06 

0.08 

0.09 
0.10 
0.ii 
0.12 
0.13 

0.00 
0.46 

2.50 
6.97 

14.25 
24.19 

36.39 
50.27 
65.24 
79.40 

0.00 
0.46 

1.25 
2.32 
3.56 
4.84 

6.06 
7.18 
8.15 
8.82
83.249.32 

0.0 
0.03 

0.05 
0.07 
0.09 
0.11 

0.12 
0.14 
0.15 
0.160.17 

11 
[" 
13 

19 

2 

:1.19 
25_J 
23.34 

... ...
3129. 
31.23 
33.00 
34 
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37.S0 
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1 
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.12 
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10.01 
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9.83 
9.67 
9.47 
9.26 
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368.11 
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0.19 
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0.20250 
0.21 
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0.210.21 
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Table 1-3. Eucalyptus camnpidulensis Yield Tables by Site Index Class 
- 10' by 10' Spacing, 94 Percent Initial Survival. 

Site Index Class
 

___ _9 1 113
 

Plantation 
 Plantation 
 Plantation
 
Mean Average Mean Average Mean 
 Average
!Plantation Annual 
 Tree Plantation Annual 
 Tree Plantation Annual Tree
Age I Volume Growth Diameter Volume rowth Diameter Volume Growth 
 Diameter
(Yrs) j (m/ha) (mn/ha/yr) (m) (mS/ha) (m /ha/yr) (m) (m/ha) (m3/ha/yr) (m) 

0 0.00 0.00 
 0.00 0.00 0.00 
 0.00 0.00 0.00 
 0.00
1 0.10 0.10 0.01 
 0.26 0.26 0.02 
 0.58 0.58 0.03
2 0.60 0.30 0.03 
 1.46 0.73 0.04 
 2.98 1.49 0.05
3 1.69 0.56 0.04 
 3.96 1.32 0.06 
 7.96 2.65 0.07
4 3.36 0.34 0.05 7.78 1.955 5.51 0.07 15.66 3.92 0.091.10 0.06 12.75 2.55 
 0.08 25.81 5.16 
 0.11
6 8.01 1.33 0.07 18.57 3.10 0.09 37.87 6.31 0.127 10.70 1.53 0.08 24.91 3.56 0.10 
 51.23 7.32 0.13
8 13.46 1.68 0.08 
 31.47 3.93 0.11 
 65.25 8.16 0.159 16.17 1.80 
 0.09 38.00 4.22 0.12 
 79.40 8.82 0.16
10 18.77 A 
 0.10 44.29 4.43 
 0.13 93.24 9.32 0.17
11 21.19 
 3 0.10 50.21 4.56 
 0.13 106.41 9.67 0.17
12 23.29 94 
 0.10 55.67 4.64 
 0.14 118.81 9.90 0.18
13 25.34 1.95 0.11 
 60.43 4.65 0.14 
 130.15 10.01 
 0.19
14 27.37 1.95 0.11 
 65.25 4.66 0.15 
 139.28 9.95 0.19
1 29.41 1.96 
 0.11 69.75 4.65 
 0.15 147.47 9.83 0.20
16 31.25 1.95 
 0.11 73.61 4.60 
 0.15 154.70 9.67 0.20
17 33.00 1.94 0.11 77.00 4.53 0.15 
 161.00 9.47 0.20
i 34.57 1.92 0.11 79.94 4-44 0.16 
 166.66 9.26 0.2119 35.74 1.88 0.12 82.44 4.34 
 0.16 171.40 9.02 0.21
20 36.81 1.84 
 0.12 84.62 4.23 
 0.16 175.42 8.77 0.21
21 37.80 1.80 0.12 
 86.00 4.10 0.16 
 180.00 8.57 0.21
22 38.S0 1.75 0.12 
 87.50 3.98 0.16 
 184.00 8.36 0.21
23 39.00 1.70 
 0.12 89.00 3.87 
 0.16 186.50 8.11 
 0.21
24 39.50 1.65 0.12 90.00 3.7S 0.17 188.00 7.83 0.22
 

25 39.75 1.59 0.12 
 91.00 3.64 
 0.17 189.00 7.56 0.22
26 40.00 1.54 0.12 
 92.00 3.54 0.17 
 1P0.00 7.31 0.22
 



Table 1-4. Eucalyptus camaldulensis Yield Fables by Site Index Class - lot by l0 Spacing, 74 Percent Survival, 
First Coppice Crop. 

Site Index Class 
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0.16 
0.16 
O.i6 
;1.16 
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0.00 
0.44 
2.26 
6.05 

12.03 
20.01 
29.67 
40.57 
52.24 

64.30 
76.56 
88.18 

99.53 
110.29 
120.36 
129.72 
136.84 
143.08 
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153.25 
157.32 
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lo4.35 
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lS.15 
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0.00 
0.44 
1.13 
2.02 
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5.so 
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6.54 
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0.05 
0.07 
0.09 
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0.11 
0.13 
0.14 

0.15 
0.16 
0.17 

0.18 
0.18 
0.19 
0.20 
0.20 
0.20 
0.21 
0.21 
0.21 
0.21 
0.21 
0.21 
0.22' 
0.22 

.22 



Table 1-5. EucalNyptus camaldulensis Yield Tables by Site Index Class - 10' by 10' Spacing, 74 Percent Survival, 

Second Coppice Crop. 

9 

Site Index Class 

11 13 

Age 
(Yrs) 

'lantation 
Volume 
(m/ha) 

Plantation 
Mean 

Annual 
Growth 

(mS/ha/yr) 

Average 
Tree 

Diameter 
(in) 

Plantation 
Volume 
(m3/ha) 

Plantation 
Mean 
Annual 
Growth 

(m3/ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m-3/ha) 

Plantation 
Mean 
Annual 
Growth 

(m3 /ha/yr) 

Average 
Tree 

Diameter 
(m) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
lo 
17 
is 
19 
20 
21 
2U 
23 

24 
25 
26 

0.00 
0.07 
0.41 
1.15 
2.29 
3.75 
5.53 
7.49 
9.55 

11.64 
13.70 
15.69 
17.59 
19.36 
20.94 
22.55 
24.14 
25.76 
27.14 
28.09 
28.92 
2.c 75 
30.60 
31.02 

31.19 
31.36 
531.45 

0.00 
0.07 
0.20 
0.3S 
0.57 
0.75 
0.92 
1.07 
1.19 
1.29 
1.37 
1.43 
1.47 
1.49 
1 50 
1.50 
1.51 
1.52 
1.51 
1.48 
1.45 
1.42 
1.39 
1.35 

1.30 
1.25 
1.21 

0.00 
0.01 
0.03 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.08 
0.08 
0.08 
0.09 
0.09 
0.09 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.11 
0.11 
0.11 

0.11 
0.11 
0.11 

0.00 
0.18 
0.99 
2.69 
5.30 
8.77 

12.93 
17.55 
22.44 
27.43 
32.37 
37.15 
41.72 
46.01 
49.76 
53.53 
57.25 
59.98 
62.25 
64.27 
65.95 
67.15 
68.85 
69.70 

70.12 
70.34 
70.55 

0.00 
0.18 
0.50 
0.90 
1.32 
1.75 
2.15 
2.51 
2.80 
3.05 
3.24 
3.38 
3.48 
3.54 
3.55 
3.57 
3.58 
3.53 
3.46 
3.38 
3.30 
3.20 
3.13 
3.03 

2.92 
2.81 
2.71 

0.00 
0.02 
0.03 
0.05 
0.06 
0.07 
0.08 
0.09 
0.10 
0.10 
0.11 
0.12 
0.12 
0.13 
0.13 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 

0.14 
0.14 
0.14 

0.00 
0.39 
2.02 
5.41 

10.76 
17.90 
26.55 
36.29 
46.74 
57.53 
68.32 
78.90 
89.05 
98.68 

107.69 
116.07 
122.43 
128.02 
132.90 
137.12 
140.76 
142.80 
145.35 
147.05 

148.75 
150.45 
152.15 

0.00 
0.39 
1.01 
1.80 
2.69 
3.58 
4.42 
5.18 
5.84 
6.39 
6.83 
7.17 
7.42 
7.59 
7.69 
7.74 
7.65 
7.53 
7.38 
7.22 
7.04 
6.80 
6.61 
6.39 

o.20 
6.02 
5.85 

0.00 
0.03 
0.04 
0.06 
0.08 
0.09 
0.10 
0.12 
0.13 
0.14 
0.14 
0.15 
0.16 
0.16 
0.17 
0.18 
0.18 
0.18 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 

0.20 
0.20 
0.20 



TaLble 1-6. Eucalyptus camaldulensis Yield Tables by Site Index Class 
-
10' by 10' Spacing, 94 Percent Survivals,
 
First Coppice Crop. 

Site Index Class 
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0.09 
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.IS 

6.94 

0.00 
0.03 
0.05 
0.07 
0.09 
0.10 
0.11 
0.12 
0.140.15 

0.16 
0.16 
0.17 
0.8 
0.18 
0.19 
0.190.19 

0.20 
0.20 
0.20 
0.20 
0.200.20 

0.21 
0.21 

0.21 



Table 1-7. Eucalyptus camaldulensis Yield Tables by Site Index Class - 10' by 10' Spacing, 94 Percent Survival,
 
Second Coppice Crop. 

Site Index Class 

9 11 13 

Plantation Plantation Plantation 
Mean Average Mean Average Mean Average 

Plantation Anual Tree Plantation Annual Tree Plantation Annual Tree 
Age Volume Growth Diameter Volume Growth Diameter Volume Growth Diameter 

(Yrs) (nS/ha) (!S/ha/yr) (m) (m3/ha) (m3/ha/yr) (m) (m3 /ha) (m3 /ha/yr) (i) 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0 08 0.08 0.01 0.22 0.22 0.02 0.49 0.49 0.03 
2 0.51 0.25 0.03 1.24 0.62 0.03 2.53 1.26 0.04 
3 1.44 0.48 0.03 3.37 1.12 0.05 6.77 2.26 0.06 
4 2.86 0.71 0.04 6.61 1.65 0.06 13.31 3.33 0.08 
5 4.68 0.94 0.05 10.84 2.17 0.07 21.94 4.39 0.09 
6 6.81 1.13 0.06 15.78 2.63 0.08 32.19 5.36 0.10 

9.09 1.30 0.07 21.17 3.02 0.08 43.55 6.22 0.ii 
8 11.44 1.43 0.07 26.75 3.34 0.09 55.46 6.93 0.13 
9 13.74 1.53 0.08 32.30 3.59 0.10 67.49 7.50 0.14 

10 15.95 1.59 0.08 37.65 3.76 0.11 79.25 7.92 0.14 
11 18.01 1.64 0.08 42.68 3.88 0.11 90.45 8.22 0.14 
12 19.80 1.65 0.08 47.32 3.94 0.12 100.99 8.42 0.15 
13 21.54 1.66 0.09 51.37 3.95 0.12 110.63 8.51 0.16 
14 23.26 1.66 0.09 55.46 3.96 0.13 118.39 8.46 0.16 
is 25.00 1a67 0.09 59.29 3.95 0.13 125.35 8.36 0.17 
16 26.56 1.66 0.09 62.57 3.91 0.13 131.49 8.22 0.17 
17 28.05 1.65 0.09 65.45 3.85 0.13 136.85 8.05 0.17 
1s 29.3S 1.63 0.09 67.95 3.77 0.14 141.66 7.87 0.18 
19 30.38 1.60 0.10 70.07 3.69 0.14 145.69 7.67 0.18 
20 31.29 1.56 0.10 71.93 3.60 0.14 149.11 7.46 0.18 
21 32.13 1.53 0.10 73.10 3.48 0.14 153.00 7.29 0.18 
22 32.72 1.49 0.10 74.37 3.38 0.14 156.40 7.11 0.18 
23 33.15 1.44 0.10 75.65 3.29 0.14 158.52 6.89 0.16 
24 33.57 1.40 0.10 76.50 3.19 0.14 159.80 6.66 0.19 
25 S33.9 1.35 0.10 77.35 3.09 0.14 160.65 6.43 0.19 
2o 34.00 1.31 0.10 78.20 3.01 0.14 161.50 6.21 0.19 



Table 1-8. Eucalyptus canaldulensis Yield Tables by Site Index Class - 6' by 6' Spacing, 74 Percent Initial Survival. 

Site Index Class 

1 13 

¢iantation Plantation Plantation 

Age 
Plantation 

VoluIme 
Annual 
Groth 

.-Average 
Tree 

Diameter 
Plantation 

Volume 

"can 
Annual 
Growth 

Average 
Tree 

DiLmeter 
Plantation 

Volume 

Mean 
Annual 
Growth 

Average 
Tree 

Diametei 
(m3 yYrs)in3 "'a-r) ma(r) (ni/ha) (ni/ha/yr) (mn) im/ha) (m 3/ha/yr) (i) 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
i 0.21 

1.32 
0.21 
0.(b 

0.01 
0.03 

0.58 
3.21 

0.58 
1.61 

0.02 
0.04 

1.27 
6.49 

1.27 
3.24 

0.03 
0.05 

3.60 1.22 0.04 8.60 2.87 0.06 17.17 5.72 0.07 
7.I 1. 0.05 16.73 4.18 0.07 33.45 8.36 0.09 

J 11.62 1.32 0.06 27.09 5.42 0.08 54.55 10.91 0.10 
16.64 2.77 0.07 38.98 6.50 0.09 79.18 13.20 0.12 
1.9 3.13 0.08 51.65 7.38 0.10 105.91 15.13 0.13 

27.16 3.40 0.08 64.44 8.06 0.11 1353.37 16.67 0.14 
9 32.16 3.5- 0.09 76.82 8.54 0.12 160.40 17.82 0.15 

10 36.77 3.68 0.09 88.39 8.84 0.12 189.81 18.98 0.16 
,140.20 .09 98.91 8.99 0.13 I 211.99 19.27 0.17 

44.53 -. 71 0.10 108.24 9.02 0.13 230.86 19.24 0.17 
48.38 0.i0 116.34 8.95 0.14 247.40 19.03 0.18 

14 51.91 3.71 0.10 123.23 8.80 0.14 261.50 18.68 0.18 
15 34.91 3.66 0.10 128.98 8.60 0.14 273.47 18.23 0.19 
i 
17 

57.30 
59.18 

358 
3.46 

0.10 
0.11 

133.66 
137.39 

8.35 
8.08 

0.14 
0.1d 

283.34 
291.40 

17.71 
17.14 

0.19 
0.19 

IS O.u4 3.37 0.11 140.27 7.79 0.15 297.70 16.54 0.19 
19 ol. 74 3.25 0.ii 142.41 7.50 0.15 302.50 15.92 0.19 

02. 39 
_, _ 3.00 

0.11 
U.i 

143.91 
144.40 

7.20 
6.88 

0.15 
0.15 

305.41 
307.50 

15.27 
14.64 

0.19 
0.20 

2.66 0.11 144.90 6.59 0.15 309.00 14.05 0.20 
,3.50 2.76 0.ii 145.00 6.30 0.15 310.00 13.48 0.20 

D 
63.50 
3.50 

2.o5 
2.34 

0.1 
0.1 

145.00 
145.00 

6.04 
5.80 

0.15 
0.1 

310.00 
310.00 

12.92 
12.40 

0.20 
0.20 

03 S44 0.11 145.00 5.58 0.15 310.00 11.92 0.20 



Table 1-9. Eucalyptus camaldulensis Yield Tables by Site Index Class 
- 6' by 6' Spacing, 74 Percent Initial Survival, 
Replanted to 94 Percent Survival in Year 1. 

Site Index Class 

9 11 13 

Plantation Plantation Plantation 

Age 
(Yrs) 

Plantation 
\olume 

(m3/1ha) 

Mean 
Annual 
Growth 

(m'/ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m 3/ha) 

Mean 
Annual 
Growth 

(m3 /ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m3 /ha) 

Mean 
Annual 
Growth 

(m3 /ha/yr) 

Average 
Tree 

Diameter 
(m) 

).00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

0.21 
1.38 
4.02 
8.18 

13.58 
19.81 
26.46 
33.14 
39.57 
45.54 
50.75 
55.61 
60.52 
65.09 
69.07 
72.19 
74.82 
76.78 
78.28 
79.21 
79.80 
80.20 
80.60 
S0.80 
31.00 

81. CO 

0.21 
0.69 
1.34 
2.04 
2.72 
3.30 
3.78 
4.14 
4.40 
4.55 
4.61 
4.63 
4.66 
4.65 
4.60 
4.51 
4.40 
4.27 
4.12 
3.96 
3.80 
3.65 
3.50 
3.37 
3.24 

3.12 

0.01 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0.19 
0.09 
0.10 
0.10 
0.10 
0.10 
0.10 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 

0.11 

0.58 
3.37 
9.47 

19.05 
31.60 
4(.28 
62.16 
78.36 
94.18 

109.09 
122.72 
134.88 
145.49 
154.56 
162.07 
167.95 
172.62 
176.23 
178.91 
180.79 
181.50 
183.00 
184.00 
185.00 
185.00 

185.00 

0.58 
1.68 
3.16 
4.76 
6.32 
7.71 
8.88 
9.79 
10.46 
10.91 
11.16 
11.24 
11.19 
11.04 
10.80 
10.50 
10.15 
9.79 
9.42 
9.04 
8.64 
8.32 
8.00 
7.71 
7.40 

7.12 

0.02 
0.04 
0.06 
0.07 
0.08 
0.09 
0.10 
0.11 
0.12 
0.12 
0.13 
0.13 
0.14 
0.14 
0.14 
0.14 
0.14 
0.15 
0.15 
0.15 
0.15 
0.15 
0.!5 
0.15 
0.15 

0.15 

1.27 
6.83 

18.94 
38.13 
63.67 
94.06 
127.51 
162.25 
196.77 
233.55 
264.4' 
287.74 
310.38 
328.97 
344.81 
357.91 
368.68 
377.15 
383.69 
387-90 
390.86 
393.00 
394.43 
394.86 
395.29 

395.71 

1.27 
3.41 
6.31 
9.53 

12.73 
15.68 
18.22 
20.28 
21.86 
23.35 
24.04 
23.98 
23.88 
23.50 
22.99 
22.37 
21.69 
20.95 
20.19 
19.39 
18.61 
17.86 
17.15 
16.45 
15.81 

15.22 

0.03 
0.05 
0.07 
0.09 
0.10 
0.12 
0.13 
0.14 
0.15 
0.16 
0.17 
0.17 
0.18 
0.18 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.20 
0.20 
0.20 
0.20 
0.20 

0.20 



Table I-10. Eucalyptus canaldulensis Yield Tables by Site Index Class - 6' by 6' Spacing, 94 Percent Initial Survival.
 

:Site Index Class 

11 13 

.......... o Plantation Plantation 
nv erate Mean Average Mean Average 

PIntatj i nnua Tree Plantation Annual Tree Plantation Annual Tree 
0- Volume 
Irs ijn3/ha) 

ro;tn 
tjn,' ljvr) 

Diameter 
(m) 

Vol,ime 
(t/ha) 

Growth 
(nm3/ha/yr) 

Diameter 
(m) 

Volume 
(m3/ha) 

Growth 
(mni/ha/yr) 

Diameter 
(m) 

.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.27 .27 0.01 0.74 0.74 0.02 1.61 1.61 0.03 
2 1.69 u.84 0.03 4.04 2.02 0.04 8.25 4.13 0.05 

1.35 0.04 10.82 3.61 0.06 21.85 7.28 0.07 
4 9.15 2.28 0.05 21.04 5.26 0.07 42.58 10.64 0.09 

14.76 2.96 0.65 34.08 6.82 0.08 69.43 13.89 0.10 
3.21.1553 0.07 49.03 8.17 0.09 100.78 16.80 0.12 
3."8 027.890S 6-1.96 9.28 0.10 134.79 19.26 0.13 

334.57 4.32 0.08 81.03 10.13 0.11 169.74 21.22 0.14 
- 40.93 -.5 0.09 96.58 10.73 0.12 204.14 22.68 0.15 

ii) 46.SO 4.oS 0.09 111.12 11.11 0.12 238.81 23.88 0.16 
II 51 71 4.70 0.09 124.33 11.30 0.13 269.85 24.53 0.17 
12 50 o 4.72 0.10 136.05 11.34 0.13 293.90 24.49 0.17 
17 01.50 473 10 146. 22 1i.25 0.14 314.85 24.22 0.18 
f4 ou.o o -.72 0.i0 154.87 11.06 0.14 332.90 23.7S 0.18 
i 3-.4 -1.u6 0.10 162.07 10.30 0.14 i 348.01 23.20 0.19 
i6 72.9S -1.56 0.10 167.95 10.50 0.14 360.65 22.54 0.19 

75.32 4.-3 0.11 172.62 10.15 0.14 370.79 21.81 0.19 
18 77.20 4.29 0.1i 176.23 9.79 0.14 378.89 21.05 0.19 
19 7. 50 - 13 0.11 178.91 9.42 0.15 384.95 20.26 0.19 
20 79.41 ,.97 o.1i 180.79 9.04 0.15 389.01 19.45 0.19 
i 79.30 3.S0 0.11 181.50 8.64 0.15 392.00 18.67 0.20 
22 SO.>0 3.65 0.11 iS3.00 S.32 0.15 394.00 17.91 0.20 

C.603.o 6.11 184.00 S.00 0.15 396.00 17.22 0.20 
24 SO.So 3.37 0.11 1$3.00 7.71 0.15 398.00 16.58 0.20 
23 81.00 3.24 U.11 15.00 7.40 0.15 400.00 16.00 0.20 

Si.C, 3.12 0.11 iS5.0912 12 0.15 400.00 15.5 0.20 



Table 
1-11. Eucalyptus canaldulensis Yield Tiables by Site Index Class 
- 6' by 6' Spacing, 74 Percent Survival,
 
First Coppice Crop. 

Site Index Class 
911 

13 

Plantation Plantation Plantation 

Age 
(yrs) 

Plantation 
Volume 

(mihaj 

Mean 
Annual 
Growth 

(m 3 /ia/yr) 

Average 
Tree 

Diameter 
(in) 

Plantation 
Volume 
(m3 /ha) 

Mean 
Annual 
Growth 

(n 3 /ila/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume 
(m3/ha) 

Mean 
Annual 
Growth 

(m3 /ha/yr) 

Average 
Tree 

Diameter 
(m) 

0 

2 

3 
4 
5 
6 
7 
S 
9 

10 
11 

0.00 

0.20 
1.25 

5.4S 
6.S82 

11.04 
15.81 
20.82 
25.80 
30.55 
34.93 
38.68 
2.30 

0.00 
(.20 
0.63 

1.16 
1.71 
2.21 
2.63 
2.9-
3.23 
5.39 
5.49 
3.52 
3.53 

0.00 
0.01 
0.03 

0.04 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0.09 
0.09 
0.10 

0.00 
0.55 
3.05 

8.17 
15.89 
25.74 
37.03 
49.07 
61.22 
72.98 
83.97 
93.96 

102.83 

0.00 
0.55 
1.52 
2.72 
3.97 
5.15 
6.17 
7.01 
7.65 
8.11 
8.40 
8.54 
8.57 

O.On 
0.02 
0.04 
0.06 
0.07 
0.08 
0.09 
0.10 
0.10 
0.11 
0.11 
0.12 
0.12 

0.03 
1.21 
6.17 

16.31 
31.78 
51.82 
75.22 

100.61 
126.79 
152.38 
180.32 
201.39 
219.32 

0.00 
1.21 
3.08 
5.44 
7.94 

10.36 
12.54 
14.37 
15.84 
16.93 
18.03 
18.31 
1.28 

0.00 
0.03 
0.05 
0.07 
0.09 
0.10 
0.11 
0.12 
0.13 
0.14 
0.15 
0.16 
0.16 

4 

15 
16 
1I 
IS 
19 

0 L 
21 
?" 

S45.96
49.31 

52.16 
-4.43 
56.22 
57.61 
58.65 
59.27 
559.75 
59.$5 

.4
3.52 

3.48 
3.40 
3.31 
3.20 
3.09 
2.96 
2.85 
2.72 

0.10
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

110.52 
117.07 

122.53 
126.98 
130.52 
133.26 
135.29 
136.71 
137.18 
137.65 

8.50 
8.36 

8.17 
7.94 
7.68 
7.40 
7.12 
6.84 
6.53 
6.26 

0.13 
0.13 

0.13 
0.13 
0.13 
0.14 
0.14 
0.14 
0.14 
0.14 

235.03 
248.42 

259.80 
269.17 
?76.83 
282.81 
287.37 
290.14 
292.12 
293.53 

18.08 
17.74 

17.32 
16.82 
16.28 
15.71 
15.12 
14.51 
13.91 
13.34 

0.17 
0.17 

0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
0.19 
0.19 

24 !3.32 
23 60.32 
16 60.32 

20.322.62 
2.51 

2.41 
2.32 

0.10 
0.10 

0.10 
0.10 

137.75 
137.75 

137.75 
137.75 

5.99 
5.74 

5.51 
5.30 

0.14 
0.14 

0.14 
0.14 

294.50 
294.50 

294.50 
294.50 

12.80 
12.27 
11.78 
11.33 

0.19 
0.19 
0.19 
0.19 



Table 1-12. Eucalyptus camaldulensis Yield Tables by Site Index Class - 6' by 6' Spacing, 74 Percent Survival,
 
Second Coppice Crop. 

9 1 
Site Index Class 

11 13 

Age 
(Yrs) 

SPlIditat ion 
Vo Lm e 
(~iha) 

ilintatin 
icLanll 

Annual 
6Growti 

(m3 /ha/vr) 

Ave rage 
I ree 

Diameter 
(m) 

Plantation 
Volume 
(m3 /ha) 

PlantaTion 
%Ican 

Annual 
Growth 

(m 3/ha/yr) 

Average 
Free 

Diameter 
(n) 

P I antation 
Volume 
(m3 /ha) 

Plantation 
Mean 

Annual 
Growth 

(m31ha/y;-) 

Average 
Tree 

Diamete: 
(m. 

4 
5 

6 

7 

1 
0.00 
0.18 
1.12 
3.11 
b.10 
9.88 

14.14 
18.63 
23IU9 

0.00 
0.18 
0.56 
1.04 
1.53 
1.98 

2.36 
2.66 
2.89 

0.00 
0.01 
0.03 
0.03 
0.04 
0.05 

0.06 
0.07 
0.07 

0.00 
0.49 
2.73 
7.31 

14.22 
23.03 

33.13 
43.90 
54.77 

0.()0 
0.49 
1.36 
2.44 
3.56 
4.61 

5.52 
6.27 
6.85 

0.00 
0.02 
0.03 
0.05 
0.06 
0.07 

0.08 
0.08 
0.09 

0.00 
1.08 
5.52 

14.59 
28.43 
46.37 
67.30 
90.02 

113.36 

0.03, 
1.08 
2.76 
4.86 
7.11 
9.27 

11.22 
12.86 
14.17 

0.00 
0.03 
0.04 
0.06 
0.08 
0.08 
0.10 
0.11 
0.12 

9 
10 

12 
1 

S 

13 

is 
19 
2 

1 

4 
25 
2 

27.34 
51.25 
3 61 
75.15 

41.12 
-14. 12 
46.67 

0.30 
31.34 
32.48 
33.U 

33.40 
_.55 

5.97 
33.9 
:.3.87 

3.04 
3.12 
3.15 

3.16 
3.15 
3.11 
34.7)3.04 
2.96 
2.86 
2.76 
2.65 

2.55 
2.43 

. -35 
2.2 
2.16 

0.08 
0.08 
0.08 

0.08 
0.08 
O.Os 
0.08 
0.08 
0.09 
0.09 
0.09 
0.09 

0.09 
0.09 
(1.09 
0.09 
0.09 
o.0S0.09 

65.30 
75.13 
S4.07 
92.00 
98.89 

104 .75 
109.63 
113.61 
116.78 
119.23 
121.05 
122.32 
122.74 
123. 16 
123.25 
123.25 
123.25 
123.25 -

7.26 
7.51 
7.64 
7.67 
7.61 
7.48 
7.51 
7.10 
7.87 
6.62 
6.37 
6.12 
5.84 
5.60 
5.36 
5.14 

4.93 
4.74 

0.10 
0.10 
0.11 
0.11 
0.12 
0.12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 

0.13 
0.13 

136.34 
161.34 
180.19 
196.23 
210.29 
222.27 
232.45 
240.84 
247.69 
253.04 
257.12 
259.60 
261.37 
262.65 
263.50 
263.50 

263.50 
263.50 

15.15 
16.13 
16.38 
16.35 
16.16 
15.88 
15.50 
15.05 
14.37 
14.06 
13.53 
12 98 
12.45 
11.94 
11.46 
10.98 

10.54 
10.13 

0.13 
0.14 
0.14 
0.14 
0.15 
0.15 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 

0.17 
0.17 
U.17 
0.17 

0.17 
.1 



Table 1-13. Lucalyptus camaldulensis Yield Tables by Site Index Class 
- 6' by 6' Spacing, 94 Percent Survival,
 
First Coppice Crop.
 

Site Index Class
 

Plantation 
 Plantation 
 Plantation

Mean Average 
 Mean
Plantation Average Mean
Annual Tree Plantation Annual Average
Tree Plantation Annual Tree
Age Volume Growth Diameter Volume Growth 
 Diameter Volume Growth
(Yrs) Diameter(mO/h (m3/ha/yr) (m) (m3 /ha ) (m3 /ha/yr) (m) (m3 /ha) (m3/ha/yr) (m) 

0 0.00 0.00 
 0.00 0.00 0.00 
 0.00 0.00 
 0.00 0.00
1 0.26 0.26 0.01 
 0.70 0.70 
 0.02 1.53 
 1.53 0.03
2 1.61 0.80 0.03 
 3.84 1.92 
 0.04 7.84 3.92 0.05
3 4.43 1.48 0.04 
 10.28 3.43 
 0.06 20.76 6.92 0.07
4 S.67 2.17 0.05 
 19.99 5.00 0.07 
 40.45 10.11 
 0.09
5 14.04 2.81 0.06 
 32.38 6.48 
 0.08 65.96 13.19 
 0.10

6 20.12 .35 0.07 46.58 7.76 0.09 95.74 15 96 0.11
7 26.50 3.79 0.08 
 61.71 3.82 
 0.10 128.05 18.29 0.12
8 32.84 4.11 0.08 
 76.98 9.62 
 0.10 161.25 20.16 0.13
9 38.88 4.32 0.09 
 91.75 10.19 
 0.11 193.93 21.55 0.14
I0 J4.46 4.45 
 0.09 105.56 10.56 
 0.11 226.87 22.69
11 49.12 4.47 0.09 118.11 10.74 0.12 

0.15
 
256.36 23.31
12 53.82 4.48 
 0.10 129.25 10.77 0.12 

0.16
 
279.20 23.27 
 0.16
13 58.42 4.49 0.10 
 138.91 10.69 
 0.13 299.11 23.01 0.17
14 62.76 4.4S 0.10 
 147.13 10.51 0.13 
 316.25 22.59 0.17
15 66.02 4.40 
 0.10 153.97 10.26 
 0.13 330.61 22.04 0.18
16 69.33 4.33 0.10 
 159.55 9.97 
 0.13 342.62 21,41 0.18
17 71.55 4.21 
 0.10 163.99 9.65 
 0.13 352.25 20.72 0.18
18 73.34 4.07 
 0.10 167.42 9.30 0.13 
 359.95 20.00 
 0.18
1) 74.57 3.93 0.10 
 169.96 8.95 
 0.14 365.70 19.25 
 0.18
20 75.44 3.77 
 0.10 171.75 8.59 
 0.14 369.56 18.48 0.18
21 75.81 3.61 0.10 
 172.42 8.21 
 0.14 372.40 17.73 
 0.19
22 76.19 3.46 0.10 
 173.85 7.90 
 0.14 374.30 17.Gl 0.19
23 76.57 3.33 0.10 
 174.80 7.60 
 0.14 376.20 16.36 0.19
24 76.76 3.20 
 0.10 175.75 7.32 0.14 
 378.10 15.75 0.19
25 76.95 3.08 
 0.10 175.75 7.03 
 0.14 380.00 15.20 0.19
26 76.95 2.96 0.10 
 175.75 6.76 0.14 
 380.00 14.62 0.19
 



Table 1-14. Eucalyptus camaldulensis Yield Tables by Site Index Class 
- 6' by 6' Spacing, 94 Percent Survival,
 
Second Coppice Crop. 

F Site Index Class 
11 - 1 

13 

P1 ant at ion Plantation Plantation 

Age
(r) 

Plantation 
Volume
(mS3/ha) 

,lean 
Annual 
Growth

(r,10/ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume
(m3/ha) 

Mean 
Annual 
Growth 

(m3/ha/yr) 

Average 
Tree 

Diameter 
(m) 

Plantation 
Volume
(m3/ha) 

Mean 
Annual 
Growth

(m'/hia/yr) 

Average 
Tree 

Diamete: 
(m) 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.23 0.23 0.01 0.63 0.63 0.02 1.37 1.37 0.03 
2 
3 

1.44 
3.96 

0.72 
1.32 

0.03 
0.03 

3.43 
9.20 

1.72 
3.07 

0.03, 
0.05 

7.01 
18.57 

3.51 
6.19 

0.04 
0.06 

4 7.76 1.94 0.04 17.88 4.47 0.06 36.19 9.05 0.08 

b 
7 

12.56 
18.00 
23.71 

2.51 
3.00 
3.39 

0.05 
0.06 
0.07 

28.97 
41.68 
55.22 

5.79 
6.95 
7.89 

0.07 
0.08 
0.08 

59.02 
85.66 

114.57 

11.80 
14.28 
16.37 

0.08 
0.10 
0.11 

8 29.38 3.67 0.07 68.88 8.61 0.09 144.28 18.03 0.12 
9 

10 
11 

34.79 
39.78 

43.95 

3.87 
3.98 
4.00 

0.08 
0.08 
0.08 

82.09 
94.45 
105.68 

9.12 
9.44 
9.61 

0.10 
0.10 
0.11 

173.52 
202.99 
229.37 

19.28 
20.30 
20.85 

0.13 
0.14 
0.14 

12 48.15 4.01 0.08 . 115.64 9.64 0.11 249.81 20.82 0.14 
13 52.27 4.02 0.08 124.29 9.56 0.12 267.62 20.59 0.15 
14 56.15 4.01 0.08 131.64 9.40 0.12 282.96 20.21 0.15 
15 
16 

59.07 
62.03 

3.94 
3.88 

0.08 
0.08 

137.76 
142.76 

9.18 
8.92 

0.12 
0.12 

295.81 
306.55 

19.72 
19.16 

0.16 
0.16 

7 
18 
19 

b4.02 
05.62 
ob.-

3. ,7 

3.65 
3.51 

0.09 
0.09 
0.09 

146.73 
149.80 
152.07 

8.63 
8.32 
8.00 

0.12 
0.12 
0.13 

315.17 
322.06 
327.21 

18.54 
17.89 
17.22 

0.16 
0.16 
0.16 

20 
21 

o7.50 
6-.3 

3.37 
3.23 

0.09 
0.09 

153.67 
154.27 

7.68 
7.35 

0.13 
0.13 

330.66 
333.20 

16.53 
15.87 

0.1t) 
0.17 

22 
23 

0,.17 3.10 
-..912.9S 

0.09 
0.09 

155.55 
156.40 

7.07 
6.80 

0.13 
0.13 

334.90 
336.60 

15.22 
14.63 

0.17 
0.17 

24 6S.68 2.86 0.09 157.25 6.53 0.13 338.30 14.10 0.17 
23 uS.$8 2.73 

2.63 
0.09 
0.09 

137.25 
157.25 

6.29 
6.05 

0.13 
0.13 

1 340.00 
340.00 

13.60 
13.08 

0.17 
0. 



Appendix II
 

Mathematical Estimation Equations
 



l-i. Fxponential Curve Fitting Method 

This pro,:edure uses a least squares solution to fit n pairs of data points 
t(Xi, Yi), i.= 1, 2 ... , n} where Yi >0, to an exponential function of the 
form 

b I X 

The parameters, b0 and bl, are estimated 

Z(Xi 'Cn Y ) - (EXi)(aCn Yi) 
n 

bl= 	 9 

11 

Where: 	 e is base of the natural logarithm 
f-n Y is the natural logarithm of Y 

This procedure [s used in Chapter 3 to estimate price and cost
 
appreciation rates (bl). The dependent variable Y would represent
 
price or cost values a a point in time and the independent variable
 
X would 	 represent the point in time. 



11-2. Linear Curve fitting Method 

This procedure uses a least squares solution to fit 3 pairs of data points 
{(Xi, Yi), i = 1, 2, 31 to a linear function of the form 

y = + axa 0 

The parameters, a0 and a,, are estimated 

zX. Y. - (ZX.)(Y.) 

a, 

l . '__ 

Z L A, 3Xa0 1
.3 3 

This proccurc is used in Chapter 5 to estimate the relationships between 
NPV and s tLupage price or establishmnent cost. The dependent variable Y 
would rcprc sent NPV for a given price or cost assumption and the independent 
variable X would represent the stumpage price or the proportion of estab­
lishment cO; i. 



11-3. Geometric Curve Fitting Method 

This procedure uses a simultaneous solution to fit 3 pairs of data points 

{(Xi, Yi), i = 1, 2, 31 to a quadratic function of the form 

Y = b 0 + biD + b 2 D2 

This procedure is used in Chapter 5 to estimate the relationship between 

NPV and discount rate. The dependent variable Y would represent NPV for a 

given discount rate and the independent variable X would represent the 

discount rate.
 

Fdr the 	three discount rates, these equations can be written
 

NPV 1 o = b0 + bl'lO + b2 100
 

NPV 6 = 	bo + b 1"6 + b? 36 

NPV 1 4 = bo + bl'14 + 02 196
 

The parameters, bo, b, and b2 are estimated
 

(NPVI-	 NPV 6 ) + (NPVl - NPV 14)b2 	 ~~32 Y4
 

b, (NPV 6 - NPV 14 ) + 160.b 2
 

-8
 

b= NPV - l - lOOb 2
1
 



Appendix III
 

Graphical Presentation of Sensitivity Analyses
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Appendix IV
 

Glossary of Terms 



appreciation rate 
 The rate at which the relatlive 
values of cost arid revenue items 
are changing over time. 

base case 	 The most likely estimates or
 
revenues, costs, discount rate
 
and appreciation rates.
 

coppice crop 	 The yield obtained from a forest 
that has been vegetativeJy
 
propagated.
 

culmination of MAI 	 Culmination of MAI (mean anmal 
increment) is the point in time 
where the average annual growth 
rate of a plantation in cubic 
meters per heitare is maximized. 

cwt. 	 Hlund red ieight. (onversi on f'ro)m 
cwt to m of fuelwood used i 
this report was 13.902 cwtIi. 
This conversion factor was 
derived assuming: (1) 19.6839 
cwt/tonne, (2) 50 ft /tonne If 
fueiwood, and (3) 35.3147 ft'/n' 

discount rate 	 The mechanism for expressing
 
future revenues and costs in 
present value terms taking inito 
consideration the opportuntly 
cost of capital and, if in
 
nominal Leris, the rat of' 
in ft at ion. 

economic analysis 	 An investment analysis wher the 
relalive wilies ,f costIs and 
benefits are dIet erilnired Iy
shadow prices. It reflects tho 
perspective of a governlmntI 
agency investor. 

financial analysis 	 An inovestnent analysis where thc 
relative values of costs and 
benef i Is are det e rmi ned by 
market prices. It, reUioels 1lin 
perspe(ct. iv' or a [)iv)'i\U I t Whl ar­
pri se i IV s I . 

financially desirable 	 An .inveslment is Uinan iia ly 
desirabl c if i. has a' tne 
prese t \alu Il {',:i I 1 1hanl U. 
Thus the ljt'oson . \'a lon(. ',f Inr~evenueI(s o)bta;]ine(d arp ro nlo 	 rll 

tha n I,the pits'n l v u p ,ij ' Ihli,
oo()Sl S i (( t'-rf4 . 



financially preferred 	 An investment is financially 
preferred if it has a greater 
net present value than the 
alternative investment. The net 
present value of the financ ially 
preferred alternative may be less 
than zero. 

GOSL 	 An acronym for the Government of
 
Sri Lanka.
 

ha 	 Hectare. One hectare is equi­
valent to 2.4710 acres.
 

internal rate of return 	 The discount rate which makes 
the present value of t he 
revenues acc ruing from an inos.­
ment equal to the present valie 
of the costs incurred. 

3
11 Cubic meter. One cubic meter is
 
equivalent to 35.3147 cubic
 
feet.
 

net present value 	 The discounted value of Ihe
 
revenues accruing from an invest­
ment minus the discounted value
 
of the costs incurred.
 

nominal rate 	 The discount, or appreciaLion 
rate which includes inflation. 

NPV 	 An acronym forC net presle1 
value. 

plantation 	 An artificially esl.ablished 
forest obt.ained by pl1ant ing tree 
seedl ings. 

real rate 	 The discount or appreciation 
rate which excludes irflat ion. 

Rs 	 Sri Lankan rupee. In Maroh 
1981, $1 U.S. was equivalent lo 
17.8 Sri LIankan rul)ees. 

SEV 	 An acronyim or soil expectation 
va lue. 



shadow prices 	 Prices which differ fr'om mior'1
 
prices and reflect the "real'
 
values to society of revenues
 
and costs. The shadow prices
 
differ from market prices
 
because of market distortions
 
resulting from taxes, subsidies,
 
various government controls,
 
income distribution, and/or
 
economic externalities.
 

site index 	 A system for classifying and
 
ranking plantations by their
 
productive capacity. Site index
 
relates the height of the tallest
 
trees in a plantation to their
 
age. For plantations of a given
 
age, the taller the trees, the
 
more productive the plantation.
 

soil expectation value 	 A special case of a net present
 
value analysis. The soil expec­
tation value is the net present
 
value of an infinite series of
 
plantation investments on a
 
particular parcel of land.
 

STC 	 An acronym for the State 'imber
 
Corporation.
 

taungya planting system 	 A system of tree planting where
 
a farmer is hired to clear a
 
site, plant the trees and main­
tain the site in exchange for a
 
fee and the right 1o irtercr'p
 
the land.
 

tree spacing 	 The distance, on a hor izont;al
 
grid, between planted trees.
 
Two spacings used in this
 
analysis were 6' by 6' and 10'
 
by 10
 

yield curve 	 The graphically presented relw­
tionship between the biological
 
production of a plantation in
 
cubic meters per hectare and Ih,
 
age of the plantalinn in years. 

yield table 	 A tabular relalionship between
 
the biological product iron o f a 
plantation in cubic meters pIe
 
hect,are and uregh o' lite 
planitat,ion in years. 


