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ABSTRACT

Development planning to meet the basic human needs for food,
clothing, housing, health and education, has been adopted in most
de?eloping countries, and particularly  in India. Forests and
forestry can make an important contribution to.meeting some of these
needs, and India has placed emphasis on man-made forests iﬁ her
develoément plans since these. forests offer a number of advantages
over natural forests. Man-made forests, however, regquire 1large
investmeﬁté which typically have long gestation periods. Iﬁ is,
thérefore, necessary that plantation projects be adequately evdluatedv
before investments’are made in order to avoid misallocation of scaree
resources. |

In this study, the technique of cost-benéfit analysis has been
used to evaluate the financial and social profitability of a

hypothetical Pinus radiata plantation project in. the Australian

‘Capital Territory (A.C.T.). The study is based on the’following

main assumptions:

1. That a forest estate of 14 000 ha would be developed over a 35

year pe?iod by establishing Pinus fadiata plantations at an annual
rate -of 406 ha. This .hyéothetical project would havé some
Similarities with existing_plantations in the A.C.T. |

2 Land for-thekproject has been assigned an opportunity cost of

- $30 per ha.
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3. . The project period for each plantation block of 400 ha has
been taken as 71 years (two rotations plus one year for advance

’

action).

4. A single silvicultural regime which is bsimilar- to some of
thoée used in A.C.T. forests has been assume'd,: ignoring differences
in site charactefistics_ between - forest blocks.v . This regime assumes
one pruning At age 10 and thinnings at ages 15,20,25 and 3Q years.
5, Because of data and . time constraints, this study considers
onlyA direct costs and benefits due to the projéct. External effects .
are, therefore, not explicitly'consideréd. The analysis 1is based on
money costs and pri.ces obtaining in vthe beginning ‘of 1979, except for
small logs (7-14 cn diameter) where slightly hléher real prices were
assumed. The cost-price structure used in this study is assumed to
hold during the éroject's life.

| The financial analysis looks at the commercial profitability
of -jthe pfojeéi from the point of view of the investing agency, with
net. present valué (NPV) as the criterion of profitébility. The
a’naiysis indicafes that the pfoject, which ;zould produce mainly
sawlogs, would »notv be commercially profi‘table,l given the assumptioné
of ‘the anablysis.b - The project profitability is ’particularly
sensitive to changes in discount rate and administration costs. |
| The social cost-benefit analysis considers the profitability
of the project from the viewpoint of society. The result of ‘this

analysis indicates the project may be socially profitable in
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contrast with the result of the financial analysis.>

Finally, this study 1ooks,at:the application of cost-benefit
analysis ﬁo-plantation forestry in the Indian situation.and discusses
the need_to detefminevthe true 30cia1vﬁalue of labour and foreign
exchange in a labour surplus econo@y beset with‘ﬁalance.of payment
difficulties. Ho&ever, the basic framework used for thé Anstralian

analysis remains much the same for the Indian application.
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CHAPTER 1

INTRODUCTION

Forests and forestry can contribgte significantly tq the social
and economic development of both the devéloped and 1less developed
areaé of thé world. Forests produce the requisite‘raw materials for
industries, contribute to a country's expofts -and create a large
voldme pf employment inv the primary, secondary and  tértiary
sectors. | They also providé material for direct usé.‘by
' agriéulturists, like fuel@ood, small timber aﬁd. grazing. | The
bepefits from forests in the matter of soil‘aﬁd water conservation,
recreation And wildlife have ﬁeen well recognised. However, while
many develbéed counfries'such as‘AustfaliA“ar; enjoying the fruits
froﬁ ‘the rolé forests play in their development, less developed
cquntries such as India are yet to fealise'equivalentvcqntributibns
from forests in their own development. To uhderétand why this is so
 in‘the Indian context it is éerhaps necessary to look‘more closely at

. : ;o
.the Indian situation and the development problems shé is facing, the
role that fofests and forestry can specifically élay in 1Indian
development, thé forest resources currently availablevvfor thisb

_purpose and the need for additional fofest projects and their

- evaluatione.

India'is a poor country with a per capita income of only US§550

(1977-78) and a large and rapidly growing population. Nearly two-

*In all other instances, $ in this study refers to the Australian
dollar.



fifths of the population is below the poverty line.* Poverty is
associated with conditions of considerable unemployment and
uﬁderemploymentv in the traditional sectors of the economy (e.qg.
subsistence agriculture). Employment in India is structural. in
origin; patterns' being determined by how  available resources,
particularly land andIWater, are owned and utilizgd. Land ownership
ié c@ncentfated in the hands of a few with just 4% of holdings
comprising 30.5% of the total area of agricultural Qpérations (see

Table 1.1). The main avenues for elimination of poverty under these

TABLE 1.1
CONCENTRATION OF LAND HOLDINGS IN INDIA

Tbtal number of operational holdings = 70 million

Size of " No. of operational hold- Area operated as per-
holding ings as percentage of total centage of total area
(ha) operational holdings of operational holdings
below 1 ~ 51% A - 9%
 up to 2** . 70% = 21%
2.4 o o15% ' 18.5%
4-10 C11% o ' . 30%
10 and above 4% - 30.5%

" ** TIncludes holdings below 1 ha.
~ Source : Natarajan, B. (1978).

Defined in the Draft Sixth Plan Report (Natrajan, 1978), to mean
a minimum expenditure of Rs61.8 and Rs71.3 per month

(approximately Rs9 = $1) for rural and urban areas respectively at
1976-77 prices. :



circumstances will necessa;ily be  related to land and its proper
utilization, togéether with improVed water management 'and bettér
utilization of the resources of the forests, fisheries vand animal
stocks. This can best be achieved through .labOur-intensiQe

techniques in deceﬁtrélized production units. India has implemented
development_planﬁing to help alleviate the préblems'of prerty éndv
the ineqpitable distribution of income and‘wéaith.. The problems of

economic development in India are discussed below.

1.1 Problems of economic development in India

~ For almost three decades india has beén following a‘policylof
planned ecohomic development. She has héé five‘fi#e-yéaf plans:and
three Qne-ygar pl#ns since 1951 and is now in thé middle of the Si#th
Five Year‘?lan.k The,majbr objeétives of planning since 1951 have
been to‘ achieve a high rate of" econémic growth; national . Self;
reliance iﬁ essential goods énd services, full employmenﬁ and the
_reduction of ecéhomic ineqﬁalitiés.

In tﬁé periodi1951~77 the Indian economy recorded‘an average
annual growth rate of 3.65% (Raj Krishna, 1980). o However,' the
steédily  rising pdpulatioh has reduced thev growth of per capita
vincome over the same period to less tﬁan 1.5% per year. The growth
rate ﬁaé hot only been low in tombérison‘with targeted growth rates -
indiéated in the economic.plans but'aléé with rates ééhiéved in post

other countries.

The aim of self-reliance ~is the substitution of domestic L

production, where possible, for imports. ~ This planniné‘objective

has been pursued with considerable success. Over the 23-year period



ehding in 1978, imports in only six industrial sectors of the econemy
exceeded 25% of the total supply in the economy (Raj Krishna,
1980). Examples are oil and gas, organic heavy chemicals and some
categories of machinery. This development is the outcome ofva long-
term policy to establish adequate indigenousv capacity in all the
basic sectors, partieularly metals aﬁd machinery, heavy chemicals,
energy and transport and: com@unications. The p01icy hes been
Criticized .fer -its alleged neglect of vrurelb development and  its
creation of a sﬁeltered high~-cost ihdustrial sector. quevei, this
A pqlicy has, on the whole, been‘beneficial (Raj‘K:ishna, 1980). " For
one thiné it has made many of the goode produced b& India cheapef in
the‘ long run than their imported coqntefparts. ' Steel is an
important vexample. ‘The reéulting frelativeiy low price of ‘many
Indian engineering products (e.g. .machinery, plant) has made _#t‘
éossible to export these products. Now engineering products form
the single largest 'group vof ail I@dian exports, surpaSSing the
traditional'fann‘pteducts sucﬁ as tea-and'teXtiles{ The policy of
ihport subétiti;ion has also helped generate the basic industrial
capacities_ which are the ep:e:equisites for qrowih in all other
 sectors. | o |
‘bne of Ehe,mosﬁ'éistﬁrbing‘aspects of e¢ohomic developmeht iﬁ
1India is that the numbers of unemﬁloyed.keep rising, contrary to the
third obﬁeetive of planning. "In 1978-the'neasure’of uneﬁployment
wae'16.85»million men-years'for’people between 15 and‘591years oange
' (Rej Kfishﬁa, 1980). In addition, a‘ furthef .fiQe million or so-
young people reach working age each year. Unemployment - and undere

emp1oyment among the 1low income groups"in Indian society are



rampant. Underemployment refers to empldyment in the traditional
gsectors (e.g. subsistence agriculture, cottage industries, etc.)
where the social value of thé margin§1kproauct of that employment is
less than the wage rate the government usually pays for public sector_
employment~(Dasgup£a et al, 1972). This wage fate will generall&-be
determinedbhy the advanced, capitalistic sectors of the economy.

.Thé ability of thé modern ‘1nduspria1 sector to ébsorb bthé
. uﬁemployéd‘ is limited. Even after _25 years' bf "planned. grow£h, :it
hafdiy employs 10% of the work force, witﬁ a new job creatioh'rate of
only about 0.75 million per yea-r (Raj Krishna, 1980). This,
clearly,vis inadequaﬁe‘éonsidering thebqnemployment statistics. The
planhers; théfefore, mist find other évenﬁesbfo tackle the problem of
unempioyment. At pfesent; indié's* young are drifting into
unémployment or are in ﬁnderemployment situétions. " One ihterestinq
feature of the Indiap economy, ho&éver. is that during the past seven
decades, the share of agriculture_ and allied sectéré (fofestfy,'
v fisheries» etc.) in the work force has ~been sfeady ‘at  72-75%.
ihbwevéf,‘Undéremploymentlis oftenrfound in'theséfsectors, eépecially
in subsistence agriculture. TheseAseétQts, perhaps, providé good
béées for déveloping programs to provide for increased eﬁpidyment.

The progfess towards achievingvthebfourth objective ; equitable
) distributibn of‘ incbmé and asseté - has been éxtreﬁely"poor. . In
1977-78, nearly half the population was below the poverty linel(Table
ieZ);v_ ﬁand holding in India is a}so coﬁcentrated as showp iﬁ Table
1.1.  Also, the 1971 share of the poorest 108 of Inc_lian"'house'holds:'
in the natidnal assets was only 2% while the top 10%‘accounted for

51% (Raj Kriéhna, 1980).



TABLE 1.2

PERCENTAGE OF PEOPLE BELOW THE POVERTY LINE IN INDIA¥*

1977-78  1982-83 1987-88
Rural 47.85 - 38.70 27.28
Urban 40.71 - 35.33 26.23

‘All India . 46.33 37.95 27.04

*Egtimates in the Draft Sixth Plan Report.

Source: Natarajan, B. (1978).

- The current (sixth) plan, addresses -itself particularly to the

problems of unempioymént and equity and has adopted thre§ objectives

forISOGiél justices They are;

(1)

to develop special measures for the promotion of empioyment and
incomes in rural areas, particularly among landless labourers,

tenants and marginal farmers; such measures to include public

. investment in labour-intensive rurél' works such as feeder

‘roads, market facilities, tree plantations, clinics and water

supplies; and to develop efficient cdttage and small scale

industries and provision of credit to purchase essential‘

- agricultural inputs such aS—fertilizer; seed and pesticides;

(ii)

(ii1)

to implement land reforms for redistribution of land to the
landless; and

the provision of basip_ minimum needs of food, housing,

clothing, education, clean water and health care for the enti:e

population, within a definite time frame.

~ A national science and technology plan has been = drawn up to

»prbvide a framework of action for meeting the basic needs of the poor



‘people in wvillages and towns by mobilising 1local talent and
resources. Thus, the emphasis of the Sixth Plan is on - rural

‘development.

1.2 Forestry in national development

‘Foréstry bhas an important role to play in meétiné the“basip
needs of tﬁe people- for fuelwood and’ fodder, timber ‘fo? ﬁouse
- cénstrucﬁionr and raw materials fdr  the‘ pyqduction» of paper, So
important for éducation, |

In rural India, where wmore than three-qdarters of the total
poﬁglationvfresides,b'fuelwood accounts for 60% of vthe ‘energy
donsumption (Singh, 1978).v _Wood‘is the preferred fuel because it v
can be used withquﬁ complex equipment and can bé acquired at little
coste. Besides, there is ofteh no altérnative to wood fuel or'othef
1oca11yvavai1§blé orgaQic fuel materials forvthe pPoOOY. | Commercial
fuéls, even whe#e avaiiable, réquire,cash outlays onvs£o§es thch are
geﬁerally beyond the ability of the poor to pay.

a In ‘manyv parts' of the .country, ~wood ié als§ the‘ principal
structura1 materiai for shelter and héuse construction.

At £h§ momént,v éi%eable quéptities’ of pulp and papef are
iﬁported' to meetb tbe lérowing demagas. in education and commgfce.
This is shown in' Table 1.3. _ Other fqrésf products vﬁhich India

vtradés afe~ saw- and veneer-logé, gums, resins} essential oils and
~»1ea§es. : Because‘of the high cost of these imports and'theblarge
population; per capita consumption of’paper‘in India is low. This
lbw per -capita consumption 'is also refleqtéd in the low levels in

veducatioh, paper being so important in the educational process.’
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1.3 Forest resources in India

In India, the forests are mainly state owned (more than 95%),
however,b-vthe local inhabitants ﬁave been given collection rights in
some forests for fuelwood, fruit, leaves, ‘etc. In 1970, these
forests provided léss‘ than 10% of the total fuelwood supply, or onj.y
13 million w> out of a; total consumption of 150 million m. »The
balance. camé from non-fbresi: sources such as shelte‘rbel‘tv:s, woodlots
and~othei"tfées on farm lands (Bannerjee, 1978; F.A.0.,1976). These
non—forést» sources of fuelwood are ‘d‘iminishing, .rapidly through heavy
kexplo’itatvion by a large and expanding population. In most parﬁs of
the ‘c0u'ntry, ‘heav'y explqitatioﬁ has ‘pu‘sllled the forests far away froni
- the centres of population. In view of the short distances lov'er 
which 'fuelwood can be transported egonomicaliy, -tﬁe possibilitiés of ‘
. suppiy bfro_m fuelwood rich areas to fuel@odd | poor areas are  also
limited. 'fhe -inadeq;late' suﬁply of fuelwood hés .forcéd the péople to ‘
it‘ls'ev animal dung' as fuel sincé o.ther. optiohs such as coal, lvcero:se"ne,l
' liqui_.fied‘petroleum gas and electricity are not available to them.
- The need to use dung for fuel, and not as fertilizer, leads to the
dgtériora‘tion vof. soii | structﬁt_‘é and fertility, especially when the
consumption of éther types of "fertilizer_ is .al'ready extfemely low.
IAnv I'ndia'., the annual .burning- of dung as fuel cthtitutes a loss
Vequivalent tb abouﬁ 45 million tonnesb,o"fr food grains valued at
Rsv36 000 ﬁillion .(Srix.rastava ‘abnd Panf, 1979).‘ Inv»the same country,
SiAng}‘x (1978), est‘imatingw the comparative‘ efficiency ofv different
»»domestic fuels, féund that fuelwood is almost the cheapest,‘and dung
' cakes the most expensive, form of ;enefgy.

Consequently, to avoid the ‘use of dung for fuel the supplies of
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fuelwood have to be augmented. In view of the foregoing discussion,
an increasing propdrtion of the fuelwood requirement will have to be
met from the forests proper, both natural and man-made.

The supply of ‘industriai wood from India‘'s forests has also -
been falling short of her domestic demand. In 1970,'thevdome5tic
deﬁand fof:industrial wood wﬁs abou£'1$.9 million m?(rfkas against
thebiécorded production of é ndliion m3(r) (Government 6f India, -
1976). :.Thus;vévep for indusﬁrial wood;vthe non-forest sources of
- supply afe important. » The estimated demand for industrial wood inv

India is preéented'in‘Table 1.4.

TABLE 1.4
' ESTIMATED DEMAND FOR INDUSTRIAL WOOD IN INDIA

(million m3(f))"

1980 1985 - 2000
" Low income growth ‘ - 25 30 : 47

High income growth - ‘ 27 . 35 64

Source: Govérnmént of India (1976).

At pfésent thé annual inCrément from India's foresté is
estimated to be 33 million m> (Bannerjee, 1978).. Allowing for some
inéccéssibléﬂareas~where extraction is not‘econbmid, the total énnual
‘yield.may barely be 30 millionvm3. Assuming that two-thirds of:the

'harvestable,volume_is'in the form of fuelwood, the yield may be taken

*Cubic metres in the round
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as 20 million km3 of fuelwood and 10 million m3(r) of industrial

wood. Against this the demand for fuelwood is expected to rise to

3 3

184 million m3 in 1980, 202 million m in 1985 and 225 million m

by
the year 2000 (Governmeﬁt of India, 1976).

Plantations of fast growing species near points of consumption
appear -td provide thé best soluﬁion ‘to the vfuelwood/ruraib‘wood
problem énd Iﬁdia has beéun such plantation‘projects, with programs
forbproduction and social fofestry.v

The"majbr aims §f production forestry (mainly élantations of
éucélypts, pines, bamboo and indigenous ﬁdrdwoédé) are'thevprOVisiOn
§f _raw materiéls “to industry, p@rﬁicularly the paper and building
v iﬁ&ustfies} and the provision of employment and suppoft to’ the
economy of backward areas. éocial forestry programs are aimed at
meeting thé energy needs of the»peoplé by réising fuelwood and fodder
plantations, the‘ common gpedies used ' being fromb the géneréf
» Eﬁcalyptus,» Casuarina- and Acacia{ | The _foresﬁ service also
encoﬁrages pebplé to plant treeé - on Vérivaté 1ands. by supplying

seedlings and offering technical guidance.

1.4 Plantétion forestry

‘In many developihg countfies, because of the urgent need _to
meet the fﬁelwoéd-and timber reQuiremehts of the rural people aﬁd_the
longéfibfe. ‘raw material requirements for paper manﬁfacture,'
increaéing emphasis is being‘placed on plantations‘of f;st growing
species to meet these requirements. In India, about 4.45 million -
'hectéres: of plantations are expected to Se established by ‘1980

"(Govetnment of India, 1974). Increasing emphaéis is being placed on
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plantations because of their capability for extremely high volumé
yields. For example, large-scalé establishments of exotic species
in New Zealand, South Africa and Chile have transformed an actua1 or
potential wood deficit into a surplus due to ﬁhe high yields of those

forests. In addiﬁion, man-made forests have other substantial

 benefits. These benefits are discussed in the following sections

(F.A.0., 1967).

,1.4}1'Produétion:benefits

There are éevetal vprqduction benefits = from plantation
establishment;
- (i) By correct choice of site and species, it is,possible to create

forests -onb sites which are both capable of producing satisfactory‘

rates of growth and yet are readily accessible to main markets.

Through wise'use of exotic species, planting need not be confined to

sites which previously carried natural forests = although an

. imporéanti consideration for fuelwood plantations - but may be

extended to less _fer;ile hut more Taccéssible‘ and sometimes more
cheaply plantabie grééslandés‘. In addition,  u§e of mére fertile
sites fof forest’ may be justified on .economic grounds if suitable'
fast growing species can be grown efficiently using short rotationé.
(i) Suitable end products‘ére'obtainable thrdugh the correct chéice
of species.’v | | |

(iii) The use of only a few épecies in even-aged stands leads to

homogeneous trees both in size and wood properties. This results in

easier handling, processingvand marketing.

{iv) Correct choice of sites and species permits higher growth rates

than natural forests, particularly in the tropics, sub-tropics and
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warm temperate zones with long growing seasons. High groﬁth rates
.ensure rapid establishment and large volumes per unit area. Many
tropical forests are often only capable of a mean annual increment bf
2 'm3 per hectare per annum. On the other hand, mean ~annual
_increxﬂenﬁs of fast growing eucalypts, poplars and pines may typically.
be 10-25 3 per hecﬁare per annume. |

(v)  shorter rotations in .plaﬁtations mean that__expehditure on
estéblishment, which is much higher vi:.han inA natural regeheration, can -
be récovéred in a short Vtime. In fact, raﬁes of réturn may be very
attractivbe. |
,v(vi) The production of large volumes per unit area in plantatioxis
méans‘ thaﬁ,‘ fof a given Yiéld, man-méde forests need considerably
less area.than'natural forest§.~‘1n éonsequencé, cgéﬁs of management,
prpﬁection, »harvestiﬁé and transport' per unit volume of wood
extra_cted are reduced‘.‘ | |
(vii)b.The simpler ‘éomposition and ‘stfucture. of most plantations
enables silvicﬁltural- treatments to ﬁe 'applied _én a largely
mechaniqal basis by semi-skbilled staff, “an "imp_orta"n.t factqr in

developing countries where silviCultural expertise may be scarce.

1.4.2 Protection and amenity benefits

~ In general, . nﬁn-mde vfprests. proi)ably have no particul'arvA
prot‘:ectioni advantages over natural vforestsv. In mal"ly“cases, the
even‘—aged‘ ‘m-obno-culttrx‘ral forest, particulérly if managed on a clear-
cutting systen, m&y be less efficient as a soil and 'water' conserver
and a balanéed' biological habitat for wildlife than a milti-species

natural forest. However, where natural forest 1is incapable of
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establishing itself, and the choice lies between man-made forests or
none at ail, the protective value of man-made forests may be high.
Instances of this are the use of various species of pine to afforest
sandvduhes in western Denmark and elsewhere in north-western Europe,
use of both pines énd. eucalypts to fix littoral dunes in  Tunisia,
shelter belté in hény exposed areas fhroughout the world and the use
of Alnus and othéf species for avalanche or torrent control in the
hiéh Alps. In suéh cases, the benefit ﬁhrough protection - of
valuable agricultural land, and even pfeservétion'of huﬁan lifé,‘mAy :

far-outwéigh any productive values.

1.5 Investment in man-made forests

Governmeﬁtsb of developing countriés are faced with .making
decisions on plantation investmentxfor timber and Qood’products’for ’
usevby‘their own communitieé and, in some instances, és a scurée of
_foréign exchénge earnings of as ak means Qf saving foreign
éXéhange.v In manyvcountries.majorkdecisions have to-ﬁe'taken Qn the
rQlév of forestry in»:rural areas, Vdedisioné which are .infricately
_lipked with those for agriculﬁufe and whicﬁ are of Qitalvimportance‘
for envifonmental control. |

 Forestry projects have sbme particular . fgapures vtﬁat
distinguisﬂ them froh most other pﬁblic.préjects‘(F.A.O., 1979):
(i) 'Eorésts have a llong‘ production period or period from
time'of initial iﬁvest@ent until time of retufn.
(ii) The tree is-both the production unit and‘the product.
(iii) Trees have the éharacteristic of 6ne-way flexibility‘in

productioﬁ. A tree can be left to grow, but once it is
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“harvested, the production unit is also destfoyed and it
can take a long time to build it back to a given
level.. Thus in forest management there is reasonable
flexibility in deciding when to harvest but 1little
fléxibiiity in yield manipulation if total volume is to
‘be‘mﬁintained or increasedg | |
(iv)‘FOrests are biological produbtion processes which‘ténd
to 'be- characterized by a great. deal ofk heterogeneity
within any givén system »contraéting with production
processes ‘involving maphinery and ;engineéring
control. Such forest and biological systems are’:
characterized by gieat_lv;riation in‘ output and by
substantial uncertainty. |
(v) Moéﬁ forests have multiéle uses, for example, tiﬁber
produqtion; wildlife vprotection, water-shed and soil
'protection,‘ aesthetics -and'-recreation. ' Thus _the
vprobléms of joint products, conflicting>objeétives andk
trade-offs between different uses take Aon partiéuiar

_importance in forestAproject'analyses.

1.6 Apéraisal of  plantation projécts

The large invéStment in fores£~plantation§, togethef with.theif
previously'discussed feaﬁurés, make it imperative that decisions.on
plantatioﬁ“projects be taken raftef adequafe ~projectr planning,
eﬁaluation,and énalysis. ' The.processléf prdjéct planning involves
the identification of various Vaiternatiyes fér‘ achieving a given

objéctive. Further consideration of these alternatives then follows
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to narrow the choice to those which best seem to meet the development
objective. Detailed désigns for these chosen alternatives are then
prepared. An appropriate economic approach for evalQatLon of the
‘aiternaﬁives " is cost-benefit | analy&is where acceptabiliﬁy ié
determined by the use of relé?antAcriteria. ‘Shch criteria relate to
how élternative 'Projectsb affect society in tefms~ of its objectiVes
(F.A.O., 1979). Ope-of the major‘§bjective5'f6r public projeqtsvis
to'increésé the aggregate éf goods and sefvices‘aVailablé to soéiety
fr§m fhe‘use of a’nation'é scarce resources. |

An aﬁalysis which looks at- a"project in  terms of iﬁéf
contribution to 'thé -aggregaté '6f Qobds _aﬂd'vsérviceé évaiiable to
society is called a social ‘gostébenefit' (SCB) ahaiysis. A SCB
analysis "is, in a sense, merely an extension of the concept of
financial analysis eicept that profitébility is‘judged from the point
of view of what is best for society from use of its limited resourﬁes
rather théh bjust .market' doliafs. ) This 1is called sécial'
: profiﬁabiiity:to distinguisﬁ it from commercial ﬁréfitability.
| | Both SCB.aﬁalySis and financiallanalysis are similar in terms
of gengrai procedures. However, they differ in terms éf‘what are
included asv:cqsts and benefifs ,éndv hdw costs and benefifsv ére
valﬁed; In a financial analeis, benefi;s are defined in terms of
aétual ﬁnﬁetary returns to a specific enﬁity.in society from whose
point of view the anaiysis'is,being'performed,‘ In a SCB analysisj
ﬁowéver, the concern is with what sociéty gives ﬁp aﬁd what:society
gains from é project. Thué; costs in a SCB analysis ére'referred to
as oppoftunity costs and project beqéfits arelbdefiped 'in; terms of

increases in goods and services available to society as a whole as a
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consequence of the project (F.A.0., 1979).

The aim 6f this study is to present the néthodology of cost-
. benefit analysis for appraising fofestry‘ plantatién ‘projectsv in
Iﬁdia. However, praétical data for the Indian situation are not
readily availables.. Iﬁ has,thereféré, been decided to use Austxa;ian'
daﬁa'as a starting point. This study uses data on forests §f.thg:
‘Austraiian Caéital Territofy (A.C.T.) to devélop a ﬁypothetical
»piantatién préjecif The project is based on thekcurrent plantati§n
managemen£ practiéés, of A.C.T. Fdrésts,' Department of  the Capital
Territory, hereafter reférred‘to ast.C.T.‘Forests;

»Thé S£ﬁdy Wili first outline‘thé use of cost-benefit analysis
on ﬁhis pérﬁiculaf project. The technique of cost-benefit analyéis
will be described and thbe‘n used to vexbamine the efficiency 'of
allocatingi fesoufceé. to such a projéét:. Both .financial ahd social
vcost4benefi£ analyses Qill Ee‘ cafried koutv<énd, the sepsitivity of
'projécﬁ profitability to changes in costs:and retdfns will als§'be
tested. |

Second, the applicatioﬁiof cost-bénefit analysisvto absimilar'
hypdthetical plantation project in India will be aiscqssed. | The
objectives of empioyment, . self—reliénce . and equitaBle income
'distribution, nofed‘in sectioﬁ 1;1 as importaﬁt considerations in
'V the'Indiap'deve}opment plans;'Will'be evaluated in the light'of such
" a project. ' The appliéation to the Indian situation will consider
.‘thé’ ﬁégessary- modifications. to the proceddres outlined er a
developed céuntry (Auétralia) so that the analysis cdnforms to thqse
Inﬁian bbjectives. Unfortunately, the péuciﬁy of the Indian daﬁa

means this discussion will be mainly qualitative. n
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CHAPTER 2

THE APPROACH TO SOCIAL. COST-BENEFIT ANALYSIS

Socieﬁyvdeéireé to allocate its limited resourceé so thai these
resources ﬁake the maximum possible cbntribﬁtion in Satisfying'social
wants for goods_vand services.. ’ Most  private 1nves£ment decision-
makers, however; are'nét concerned with the'wider social implications
of investmént but rather  with bthe effect of investment on private
profits ‘and s&les or on the produéer' status of thé investing
agency. - In other _words, .they are,}ooncgrned wiﬁh the commefcial'
rafher than theb soéial vprofitability éf a project. Hoﬁever, ‘to
‘decide on the worthiness of a project involving public éxpenditure,v
iﬁ‘is nécessaryAtq wéigh up thé:advantages’and disadvantages ofusuch
a project in terms of sociaL gains>andAloésés.: Therefore, a soci§17
cosi—benefit 'analysis rather thén a financiai analysis is required

since it looks at a project from society's viewpoint.

2.1 - Limitations of commercial profitability for public projects

SCB analysis differs from fihancial &nalysis simply because the
conditions for maximising social welfare th:ough,optimmnvproduction
and distribution of goods and services are not found in an economy in

practice. Lerner (1946) indicated vthe conditions for optimnm

resource allocation in an economy as;

(i)‘marginal social benefit (msb) should equal value of

marginal product (vmp), ensufing optimum distribution of
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goods and serviceér

(ii) value of marginal product (vmp) should e;iuél marginal
private rgvenue (mpr), the céndition for selling the
produét under conditions of perfec,t» ooﬁpetition;

(iid) rﬁarginal vprivate revenue (mpr)‘ shouid équal mafginal»
private éost (mpc), the profit maximisation rule for the
prod_uéer and the criterion for maximum e‘ffiiciencyv in
produéﬁioné

(iv) marginal private cost (mpc) v‘should equal value of
marginal factor (vmEf), ﬁthe ‘COndition for perfect
ﬁc.ompetitic'm ‘in hlyiﬁg the factoré of productkion; and |

(v) value of ‘niarginal factor (vmf) should -eéual -marginal -
social cost (msc), this condition bein‘g‘me’t if thé:é aré-

m;,» externalities, tax dis.tortions or public goodsQ

These five coﬂditions may be cohven‘iently abbreviatéd as

msb =vmp = mpr'% mpc = vmf = méc

bBe'ca‘mse these conditions are not met in practice, social ahd privaﬁe
benefits and costs differ. The important reasons for this divergence
ar‘:e: sununa'rised’belclaw‘. The discdésion j.s drawn ‘ma\inly from Dasgupta

and Pearce (1978).

_(‘i) Imperfect compétitidnf _Imperfgct céuipetitioh is almost :
alﬁay%s ‘likely to exist in the ,mé.rke,tplace, -' rather 'than ‘ 'perfect :
: ‘ c&ﬁpe_ﬁ;ﬁiﬁibn. Ir% t)‘1_e". Eroddct_lnéfket, : uhder J',tﬁpe'r»fectly ‘competit’ive

conditions, i:he ‘profit-fmaximisivng firm wi.ll ‘éq;ua‘te»maz'fginal revenue N
(MR) , not price, with mar‘ginnai"cost (MC) so that price wi_ll‘ be above

marginal cost as shown in Fig.2.1.
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DD is the familiar downward sloping demand curve. Under

imperfectly competitive conditions, the profit maximising price-

D
\
\
‘ P1
o
a
. P2
a
0

Q1 Q2 ‘ Quantity

Fig. 2;1 Price under 1mperfect
competition '

1iquantitg relationship P1-Q1 is determined by the intersection of‘MR'
ahd MC curres. h Under eonditions of perfect competition ﬁhere-MR is -
equated w1th price then the price-quantity relationship would be
P2-Q2, determined by the 1ntersectlon of the demand and supply (MC)
»curées. » Clearly, under imperfect competition society pays a higher
priee since Pl is higher than P2}'and less ‘is proauced, Q1'being lese
than Q2. | |

Similarly, ‘in .rhe resoﬁrces markéﬁ hnder’ conditions ’of
imperfect competitiqn, producers willv buy .resources to the point
where facﬁor priceé equal the marginal revenue preduct'which will he

~less than the valﬁe of the marginal. product.

(ii) Externalities. Even in a perfeetly competitive world
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'marginal costs willlnot reflect true social costs if‘external effects»
are present. An eXternality or external effect occurs whenever
(a) econbmic activity in the form of production or consumption
affeéts production or ﬁtility levels of other pfoducers or
consumers (inter-dependencé); and
(b) the effect is uncompensated.

Both these conaitions  must :obtaih for anf externality to
‘exist*. If,inter—depénden§e eiiétsL but the effect is compensated,
then‘fhevexternality is‘said to have Been 'internalised'.

Exﬁernai effects** mﬁy be either benefits or costé; In“the
fofmer case,>¢onditioﬁ (b) can‘bebrésﬁated,as-sayinq théi‘there is
;on-éppropriatiOn of benefits. In the latter case} tﬁe‘costé é#e
uncompeﬁSated (Dasgupta and Pearce, 1978). Some common examples of
‘ extefnal:effgCts of forestry projects are given below.

| A.pmojéct may train a labour force in a region bat ﬁhe reward
.for.that training may not be realised by the project alone‘for,'aftef
training,,the'workérs are free to utilise their trainihg on other
projects; - Similarly, a pfoject for wood produdtion may bproduce
'exﬁernalihénefits in the form of impfovements in‘soil dr watershed -
protéction services from the forest land; It may also iﬁprove
‘wildlife ’:habitat and provide ) recreational opportunities.
Aiternativély, a forest proﬁect could have detrimental effects Qith

‘regard to these protection and wildlife values'thereforé'generating

*Some authors regard the inter—depenaence condition alone as
sufficient for an externality to occur (Dasgupta and Pearce, 1978).
- ** Also frequently referred to as indirect effects.
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external costs. In many cases these external effects are unpriced
and are, thei:efore, difficult to enter into the financial anvalys'is of
a prqject and in consequence are often ignored. In any SCB analysis
where'_sogiety's welfare‘ is the concern, both external benefits. ana
. external césts have to be considered. In any' case of an exterhal
~ benefit, where the provider is n?)t éompensated, les# than the
.soci‘a'll'y oétitﬁmn amount of the generating activity will result from |
- private decisions. Conversely, v;lhenevevr én_ext'érnal cost; exists, an
individual decisién maker will _choose fo uhdertake mofe than..'the
socially o'pt:imum amount 6f _thdt' activity qener’ating" the exﬁerﬁél,
cost. A major problem in fesource and envirohmental policy is to
'deve'iép | property rights, laws or. inétitutions to prevent such -
misallocétion of reéources, from 'society's‘vi'ew. | |

The externalities described abové can be either Vtechnological
_ or peéuniary. A technological externality occurs when the project
j.n question alters the physical produc'tion possibilities of affected
. p'ro_ducérs ~or thé, utility function Lof Aaffécted consumers.‘ | A
pecuﬁiaty externality, on the 6ther hand, relates to a Vchange in 'tﬁe
output‘ ‘or. u_tiij.ty of a >'th-ixk'd party due to é change in demand.
‘I.nvcreésed. préduction éf sugarbeét, for 'ea':;ample,' .will result in higher
demand an‘d‘ ‘hence higher profif:s vforv, suppliers of agri_cuitpi:al'
mac‘hin'ery,. seed suppliers and be'et,'process»c‘)rs.” Thus,- -pecunia_ry
e-fvfeé'tsv éhw up ip~changed price”s and profits, but do ﬁot' alter the
téchnological _'possibilities of' production ‘(Dasgupta and Pearce,
1978»).! .A SCB anaiysis is only concerné’d with ’téchnoloéical
,ext‘ern'aliiti‘es aé they reflect real 'vgainvs- or losses. Pecﬁniary

effects, on the other hand, reflect cmlyr transfers from one section .
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of the coxﬁmunity to another, via changes in prices of products or
factorsf Therefore, these distributional items should be ignored i.nA
a SCB analysis as we are concerned with the value of the incremenﬁ of
output arising from a given investment and not with the increment in
value of existing assets (Prest and Turvey, 1965).

: Exée:nalities arise because éf.-the abseﬁce "of, or _failure to
properly‘vdefine and enforce property rights ‘in certain _éreésa‘of‘
-economic éctivity‘ ’ ?Thus fhe abéencé'of~pmoperty rigﬁﬁs to rivefSnv
‘and air séacekoften leads to (over) po}lution,bf them (uhless use - is
st;i¢t1y regu1a£ed) because no individual ﬁas the responsibilitf br
incentive to manége  and conserve the -common pfopefty. 0 In othgr

cases where rights are well-defined, the11aw may'not be enforced;

‘ (iii) Publié goods. Dasgupta and Peérce (1978) define a public good
as having the followiﬁg characteristics}‘ |
(a) ndn-excldsi§enes§;‘and
(b) non-rivalry invconsumption.v,

The.first characteristic implies that if a good ié provided to
one‘pefson it’is provided to othersbsimply.because the otﬁers cannot
be. excluded from.alsp consuming ite »Tﬁe non-:ivalry chéractefistic
implieé that consumpfion of the gobd by.any onebecondmic a§ent:does
not reduce the amount available for cénéumption -by. others in the
vdqmmdnity; ﬁniike a private good. .A private good, the normal type ~
Aof go§d discussed inbeconomic literaturg,bis rivai,in consumptioh aﬁd,
éxclﬁdable., | | | |

The converse of a public good is a public ‘bad', e.g. air

pollution. Public bads affect many users but here the element of
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ﬁon-exclusiveness- is 1less pronounced (Dasgupta and Péérce, 1978).
It is possible to devisé a system whgreby those who are willing to
pay for airfiiters_ and smog masks can reduce the nuisance to
themselves (Dasgupta and Pearce, 1978).

Public goods provide a particular kind of beneficiai.
eiternality; The scenic beauty of a forest landécape or environ-
mental protécﬁion are two examples' of public goods provided by a
. forestry project. | ‘ |

.Ffom the 'definition of a pﬁblic gpoa it follows Athat _the
marg;nai cost ‘of supplying the public good to an extra person is-
‘zero. The market‘demand curve for a public good isvobtainéd'hy_
vertiéally“ summiné tﬁe' individual demand curves rather 'than
horizontally ‘suriming them as in the normai p&ivate goodé case,'for ab
~public good is consumed in equal ampﬁnts by‘eéch person as shown in

Fig.2.2.

o Total demand
' ’ curve
: Market demand
D curve
© o
o O )
" , o " Individual
e Individual a demand curves
demand'curues ,
O . ‘ o .d2
Quantity. _ Quantity
‘(a) Demand curve for private (b) Demand curve for public

good : : good - '

Fig. 2.2
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The public goods case, where the areas under the individual
demand curves are being summed, involves the summation of consumer
sutpluses, a coneebt which is discussed underi(iV) below.

The characteristics ef joint usage and noh-exdlusiveneSs ﬁay
cause c_onsu’mers to understate their pref_eren_ces' for a public good.
For if a good is sﬁpplied to one individuai; it must be supplied to‘,
all so that any one individual can understate ‘the benefit to him of
securlng the goad. _ Therefore, an observation of total willingness-
to pay for a public good. would understate the true total willingness'
~to pay. Alternatively; knowlng that the cost of provision of the
‘public‘geodAmust be shared hf all, individaals With intense personal
‘interest in that good (e.g.;.landscape or defence) might gross1y
f overstate the percexved benefits. | In consequence the soéial ,t
benefits' of public 'QOods ~are difficult to assess by reference to .
'revealed preferences expressed in terms of monetary blds (Dasgupta
"‘and Pearce, 1978). " In such cases, political mechanisms (e.g.
brefefendums)Apfo&ide‘a'potential means for expression of these ;non-

market' preferences.

-(ivi‘Consuhers‘ Surplus. Thevmarket’value'of a ‘'good pfodﬁced by a
project gives a floo: value for the expeeted satisfactieh frqn its
’ veonSuhption.b" A consdmet may, in‘fact, expeet and enjoy a higher

level. of satisfaction than that indicated by the mafket ealﬁe.
.Therefofe, to»determine the total‘satisfaction from a preject, it is

necessary to:eeterﬁinevthe eXCess that consumers would be willing to
pay for its cutéut above what they would actually have_to pay. eThis 

excess is called the consumers' surplus.
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‘Fig. 2.3 Consumers' surplus

In Fig.2.3. line AB is the .doanard'>slopiﬁg 'demand curve and
represents'.tﬁe quantity of project output ,oonsuﬁers are ready to>i
consume at a given price.‘ If the market price is QP, they will buy
0Q uruts oft vit and pay'_'out an ambunf.’ PCQO.. However, some consumexis
vwoul_d ‘have paid wore tﬁan 0P for the product; their preferences”.are
-"recorded” on the demand curve above‘ the ruling price, OP.  This ié
the consumers' surplus and is represented by the area ACP in! Fig
> 2.3.; Therefore, in any market.situaéidn

total consumers' consumers' ) consumers'.
willingness to pay = expenditures  + surplus

‘The tpt‘al revenue recéived by _seliers in ‘a given marke,ﬁ r>nustb
equal‘ the total consumers'. expenditure._ - The actual cost to tﬁe
'seilers is the aggregéte of thevmarginél variable coéts indicated'by.
’ the supply curve, or area ODCQ (Sinden,énd Wbrrélly 1979). ”-Because
the.»producegs would "be willing to sell théir product at‘ thesék
mérginél costs, if necéésary, ﬁhe total reVenﬁe (PCQO) they obtain»
inéludes a producers' surplus, the afea'PCD. Thus, consumers' total

willingness to pay indicates the total‘benefits‘and producers' total
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costs indicate the vcost of produciﬁg these benefits (Sinden ahd
Worrell, 1979). ‘The total net benefit is therefore shown by area
.ACD in Fig.2.3. | |

In any market situation

net social 4
benefit = consumers' surplus + producers' surplus

Cq-Mércial prpfitability considers oﬁly, thé actual revgnues ‘and )
coSﬁs. | Coi_lseciue‘ntly it t'ake.é‘n(‘) accburﬁ: of conéumer_s' suréius. ‘,_I.t
‘is, Howe‘ier) a relevant consideratiog for a SCB-ana],ysis of public
projécts, | o

{v) I,ncomé. distribuﬁibn. In thé cl;a‘ssical ‘theory of 'pérfecf; "
‘ competitioﬁ and .privavté enterprise, _t';heA questions of what énd how_
much to produce in an economy - are de‘termined by- _consumers .'. '
_sovef_eignty, that 1s, resources aie alloéated Vin éccordance with‘
cohsuﬁle'r preference - what the consumer isu prepared to pay. _This',
' ’hbwever, -does ‘not fully reflect the intensity of -preference because
the amount qf‘_'n\onéy a person is willing to offer ":ln a market dep_ends
on his level of income. A rich man ‘n‘\ay offer a godd .deal of mon_ey
for trivia whil'e; a pi;or man may f-ind"it difficult to spendjeven very
sméll‘ amounts of money on essentials (Dasgupta et al, 1572). In
'bther ‘words, the_ pfice offered b. in the market does not ‘allow for
Adiffer;e_nces ‘in the marginal utilify o'fvin'come : $1 to a poor man may
yield ﬁnre ﬁtility than $1 to a richA man.. Therefore, markét price ‘k '
cann.ot be taken as a gﬁide to s<‘:ocia1> welf'ablre, for‘ it inelixdes ‘the -
infl\ience of income distribution on prices offered (Dasgﬁpta et al,

1972).

(vi) Taxation. In practice market prices may contain elements of>
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indirect taxes, or alternatively, subsidies. Where the product is

highly taxed, the use of unadjusted market prices will exaggerate the

maximu:ﬁ benefits, while the benefits .of a subsidized product would be
underiralu.ed (DaSgupta and Pearce, 1978). To correct for these

distortions, all outputs should be wvalued net of indirect taxes and

subsidies.
(vii) Ihcreésing_ returns.  The existence of increasing returns to -
scale mean that marginal cost will ‘be below average cost. "In the

case 6f a public ehterprise' monopoly, the use of marginal cost
pricing to value output will involve it in a financial 1loss. ~ But
the losses have to be financed and the methods. of financing will

themselves havé welfare effects (Dasgupta and Pearce, 1978). In

~ addition, industries with increasing returns (scale economies) have a

tendency bo'becgme nonopolies so that ptoblems mentioned in (i) above

. become relevant.

(viii) Rates of discount. The necessary condition for i:he adoption

- of a prbjeét is that the discounted (or present value of) benefits

should exceed :discouhted _costs.* Given the cost ’and' benefit
(private or social) streams of a project, the size of the present

valiue depends on the rates of. discount. ' The social rates of

"discount may differ from the commercial rates of interest for several

,reasons. These reasons are examined in detail in section 2.3.

*For superiority of the presentvvalue'rule and elaboration of other
measures of profitability, see Section 2.2.4. '
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2.1.1 Role of social cost-benefit analysis

In the preceding section, the important reasons for the
divetgénce between privéte and social benefits and costs were
diséuséed. Under these circumstances, SCB analysis is appropriate
for the evaluation of public pr.;ojects,' thé acceptability of a project
being determined by the use‘v'of rele§ant criteria. - SCB analysis_is .
mofe necesvsaxy ‘the ,'g‘reater' the extent.‘to thé;h project experjndit;ures

dit‘fex" from socialvcosts, and project benefits from .‘social‘ benefits

(Little and Mirrle‘es,b 1974). The essence of SCB analysis is that it

does not ‘accepi: that actual receipts adequately measure social

benefits, and actual expenditures social costs. But, rather, it ‘

_does accept_’ that actual receipts and expendii;ures can be suitably

‘ adjusted so that the difference between them will reflect the true

social gain (Little and Mirrlees, 1974). The prices used for making »

'such adjustments are called shadow pi:ices (See section 2.4).

A SCB analysis’ genefaily proceeds on the implicit assumption

that the existing distribution of income is correct from society's

: pbint of view; . Increasingly this assﬁmption is being questioned and

where eq\iitable income distribution is an objective " of ~a public

‘project, a further adjustment has to be made to actual receipts and

‘expenditures. _ This is taken up v'in some detail in Chapter 7:in £he
context of the Indian situation.
A disc':ussion of the measures of profitability commonly used in

project evaluation to determine the worthihess of a project follows.
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2.2 Measures of profitability

Cost-benefit analysis p;oceeds on the explicit assumption that
a project 1is deemed socially worthwhile if the social benefits .
generatéd exceed the social costs. . Several measures of
profitaﬁility (or selection criteria) aré used by préject evaluators
fof'determiﬁing the worthiness of a projeqt. A'discuséion of these

measures to help choose an appropriate selection criterion for this

study is given below. The discussion is largely drawn from Dasgupta .

and Pearce (1978).

2.2.1 Net present value

' The net present value (NPV) of a gmoject is the difference
between the discounted value of the stream of benefits and the
discounted value of the stream of costs due to the project. The

basic formula is

.NPV = GPV(B) - GPV(K?'

[l

where GPV(B) gross present value of benefits, and

GPV(K) = gross present value of costs.

- For a prbjecﬁ yielding a stream of benefits BysByreees,By

and a stream of costs KyoKyreear Ky

GPV(B) = Z 't_t ) t = 1,2,0..0.,!\; a.nd
' (1+1) , o :
) Kt .
GPV(K)= 2 t t = 1,2,.0:.0,!&
(1+1)

where i1 = rate of discount
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n = life of the project

]

t time period.
Formulated in this way, the worth of a projeét is expressed as a
unique, absolute magnitude, with costs aﬁd-benefits measured in the -
same units. The‘seleﬁtion criterion is to accept the project if its
NPV-‘is pésitive, or, if there are ‘alternative projects to choose
from, then to choose that with.the.gréétest positive ﬁPV.k

.Usuall}, dbnsﬁfaintS» exiét on the resources available for
investment in ‘the ‘public sector. When it is necessary to rank
projeéts iﬁ order éfvpreferenqe to seléct the optimal combination of
p:ojects such that thé-fotal combinéd.bost exhéusts a Eudget, then
'Qéluing bby NBV iis not necessarily the 'best criterion. In such
cases, the NPV criterion has to be modified to a benefit-cost ratio

KBCR) and projeétsvare then ranked by this ratio.

2.2.2 Benefit-cost ratio (BCR)

-~ BCR is the ratio of the gross present value of benefits to the

vgtdss present value Qf costs, i.e. g%%%%%. This ratio has sometimes
been employed as a seélection criterion in project evaluation. The
vgenefal’rule is
L ' - GPV(B)
A e B
(i) cqept a project if GPV(K)'>1

(ii)bln thevface of capital rationing, rank b§ the ratior
in the descending ofaer of value uﬂtil the Eapital budget is
exbagstéd. |
‘(iii) In chéosing between matually excluéive projécté,'select thé

project with the highest ratio.
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The BCR criterion 1is sensitive to the élassifiéation of a
project effect és a cost rather than a benefit, and vice versa.
Thus all costs can bebtreated as negativé benefits and all benefits

as negative costs. In the case of the NPV criterion, the result is
‘unaffected however‘thevdivision is méde. ﬂowever, the benefit-cost
ratio ,c:iterion will be affected by this' division vsince vit wili
affeb£ tﬁe magnitudes‘of the numerator ahd the denominator; :Also;
" the BCR cfiterion is inapprOpriate when appliéd‘to mutuaily excihsive
projects. foﬁ example, the NPV of project A may be more than that
ofvprojéct B ye£ B may have a higher ECR; In'genéral, the BCR
ciiterioﬁ is not appropriate qutside the rationing context‘diséussed

undevr 2.2.1.

2.2.3‘Intefna1 rate of return-(iRR)

The présent value and tﬁé.BﬁR qriteria require thekusé of‘some
: predetermined or guiding rate of-interesp to discount future benefits
and costs. An alterna£e cfitefioﬁ is to calculate the intereét ra£e> 
which would give the projeCt én NPV of zefo and then‘té‘éomparé this
solution’ raﬁe with a predeterminédn rate - of inﬁefest.’f“ In other

-words, the benefit and cost streams are presented in equation form as

B K

2 t t = y t t t= 1,2,ves,n (2.1)
S(1+1) (1+1) : v '
where i = rate of interest which solves the equation and is the

IRR

life of project

o)
]

t = time period.
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Once i is deﬁermined, the criterion forvaccepting or ranking
projects is according to the magnitudes qf theirviRRs, providing they
are in excess of the guiding discount (interest) rate. As with the
NPV ~criterion, it still remains» essenﬁial to choose an acceptabie'

discount rate.

2.2.4 Present value versus internal rate of return

» Many authors = (for eXamplé Baﬁmdl, 11965; Turvey, 1963;
.Hepderson, 1965; Mishan, i976; Dasqupta and Peafce,'1978§vGittinger,
1972) ﬁave»commentea on the rélati&e ﬁErits of'thesé two critéria.
The coﬁsensus appearék to favour the adoption of the present_‘value
'criterion,’at least for publid investment decisions. Some reasons-

given by Dasgupta and Péarce (1978) for dissatisfaction with IRR are;

(1) Sensitivity to‘economic life of projects. ‘ Wherevpmojects_with
differént beconomic .liveé’ are .beinq comparéd, the _IRR approach may'
ihfiate the desirabilityAbf‘é short life project, the IRR being a
funcﬁioq_of both the‘time pefiods invplved (t)iand tﬁe sizé offtﬁe
é&piﬁal cbsbutlay: (K) as shown in Section 2.2.3. The NPV, on the other

hand, is not affected by the absoluﬁe magnitudes of the outlay.

‘(ii) Sensitivity to time phasipg of bénefits;' Frequentiy projeéts.
have long gestation periods (e.g. plantations; dams etcs)e The IRR
wiii tend td_be 1ower-on'9uch projects when compared to projects with
a*f;irly éven distribution 6fvbehefits over timé, even though the NPV

of the former may be larger.



34

(iii) Mutual exclusion. - The IRR criterion is further complicated
when. used to compare mutually exclusive projects. The NPV and IRR
" may give different rankings of alternatives. Thus, project A may be
. preferred to‘ project B on thé basis of IRR but the WPV cr‘it'erionv may
sugéest B. The IRR rule is misleading here as it discrimiqates
égainst B because of the larger size of its cakpitalr outlay.  The

IRR, in such cases, needs to be supplemented by é;dditional rules.

(iv) Multiple roots. In computing the IRR it is quite possibie to
obtain more than» one solution as the IRR is the solution to a
polynomial equation. - This objection 1is considered by' many to

preclude the use of IRR as a decision criterion.

(V)‘.Chan.ge"‘s in. discount rates.’" It hés beep &rg\;ed that the social
‘rate of discount may change over time. The. calculat;gn of a uhique
~IRR, in these' céses; ~would not bermit_aﬁy éasy vcompariéon. The~ NPV
cr#.terion," however, does enable _discount rate changes tq be

‘incorporated easily into the calculation.

(ﬂv‘i)A Comparisén of different fotation,age's. If two alternatives<
‘maturing at- differeri# é‘ges are comparea, ~the IRR approach bi.mplicvitly
assumes t_:hat the entire return vfrom the earlie; maturihg alternative
can be reinvested during the rexﬁaining pe:;i.od at the same' rate. bIn
the timber growing'contéxt this implies that only capital is scarce
and the land, whether free or at ‘a cést‘, is available to complétely

utilize the available capital (Rustagi, 1976).
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2.3 The rate of discount

In the context of the NPV investment criterion, the discount
rate calculation defines a functional relationship that makes outputs
at different points in time commenéurabie with. each other by
assigning,to them equivalent bfesent*values (Feléstein, 1964). The
literature on the search for a social rate of discount ‘(i.e.? the '5
diécount raﬁe fbr evaluating social bénéfits‘and costs from public;y
fﬁnded.projects) is voluminous and'gfowing. >Sévér$1‘approéches have;

been advocated. These are summarised below.

2.3.1 Market rate of interest

IndiQiduals, as well'as societ§, show a time~preference ﬁhicﬁ'
favours present 'cqnéumption_ more ﬁhan future consumption. The
social time pfeferenée‘ (STP) rate is a norﬁative',meésurev of éhe
: relﬁﬁive ’ value of present and .fﬁturev consumpfions ﬁore
_ speéifically, the  socia1 marginal rate of substitution betweén
'consﬁmption'atvtime ﬁ and at time t-i is equal to 1+i, where i is the
.STP (discount) rate between those twq‘years (FeldStein, 1972).

In \a mixed economy the most obviouS’ indicatorv of‘ time
preference is the market rate of vinterest. In a perfectly
, campetitiveb system in which borrowipé: and lendiﬁg take .place, the
Ainteresﬁ rate aﬁjusts until it eQuateé simultaneously .the raté,.ofv
time preférence of all individuals in society’and,theAfate of return
on pfoduétive investment. This would Se a Pareto qpﬁimal solution
with the totél amount of‘ inyestment‘:ahd its distribution between.
public and private sectors being optimal. Thus, Hirshleifer et al

(1960) and other advocates of this approach argue that the social
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rate of diécéunt sﬁould be set equal to the marginal rate of return
on private investm‘ent before tax (i.e. market rate‘of interest).»

. The ubiquitous imperfections of the capital market should be an
adeqﬁate reas'bn for rejecting the use of ahy market interest rate in
a public ‘b policy decision. In particﬁlaf, one should note ’the
institutional imperfections ﬂnpeding access to credit}, the divergenc’e"

between lending' and borrowing rates, the interference of risk and

- uncertainty and related problems that give rise to the simultaneous

exi‘stenée of multiple interest rates (Feldstein, 1964). Hirshleifer
et al (1960) have suggested that government should take action to

push down the market rates of interest ‘to the social rate so that all.

" investment decisions, whether in the public or private sector, are

taken on the same basis. - It is .doubtfp.l if it is a practical

- possibility, however.

_Evgn if a perfectly functioning capital market is assumed or.
created as a result of government. action,» the ﬂquéstion reméins‘
whef;hei: the ﬁarket rate would "reflect, ‘social decisions when other
_assﬁmptiohs of perfect competition are not fullfillled. “Some viritefs,

for ve‘xainple Eckstein (1958), Marglin _'(1963') and Dasg(lpta et al

(1972), believe that society as a  whole, being perp'et;ua'.l, has a

lohger time horizon and, hence, attaches more weight to the future

than shqrt—lived : privéte individuals. ‘Thus, it is the lower social
rate which visv relevant for deﬁefminin’g’ thé ’-aliocation §f. society’.’s‘
curi‘rent. 'res'ourt_:es beﬁween consumption and inv‘estn;ent. An importarvlt--
exterﬁél effect has aiso been pointed aute. "Individuals mayi be ‘re.adyv ‘

to save (i.e. sacrifice for the future) only if others are ready to

" do the same. ~While such joint action is possible through public

/
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policy, there is no way of bringing it about in individual market.
behaviour'(Dasgupta et al, 1972). |

Thefefore, in. a non-optimal situation, the STP rate will be
different (1ower) »from the marginal rate of return on private
investment._ If the STP rate ié used, resourées would be drawﬁ,frém
the :pfivate sector and used in 1less efficient public projects.

Inefficient;resourcé allocation would,tesult. On the other hand, if

the market rate of interest is used, lesé public projects would be. -

undertaken and therefore less than socially Optimai provision would

‘be made for the future. Recognising these problems, some economists
.have proposed a discount (synthetic) rate betweeh thé- STP and the

' market rate.

2.3.2 Syntheﬁic rate of interest

Because of the impracticabiiity §f achieving an opﬁimal rate of
saVihgband investment, second best solutions in which the social rate
of.discount lies between the pure sociai rate of time preference and
the,marginai rate of return in'ﬁriVAte investment have been préposed

(Baﬁmol,'1968; Harberger, 1972). - If for each one dollar of public

_investment, © is drawn from private investment, and therefore

(1-‘6,) from current consumption, then the opportunity‘cost'of'one
dollar is

Op/i+(1-0)

the marginal rate of return on private investment, and

i the social réte of timéﬁpreference (STP).
We could thén use a synthetié discount rate given by

Op+( 1"‘9)1 .
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Amalgamation of the social rate of time preference with the
opportunity cost of cépital diverted from private investment as a
synthetic rate will distort the intertemporalMallocation of resources

since the selection of projects will be biased towards those whose

bénefits arise earlier (ceteris paribus) by us‘eb of a higher dichunt
rate’ (Eergu'son' and Reilly, 1976). The “approach  has been severely
cr'iticized by Hirshleifer et al (1_960') ‘on the grounds that Athe
_synfhei:ic interest raﬁe' finally derived hasb an unknown allowancé f‘or‘
riék pr’e_miu‘m_,‘in it (La&érd, ‘_1972).. Feldstein (1972) .makes out a
_cégent case agaif\st it by poi_.ntiné out several cases vwhere ;the'
approach br‘eakQ d_ov'm.v Besides, 'si‘:"atevv investments may ndt displace’

private investment.

‘ 2.3.3 The social rate of time_ preference and shadow price for capi£a1

“ It h_és been démonstrated above that one raﬁe of interest cannot
pe’;fdrm v‘tﬁof_vfunctbions in a ncﬁ-éptiﬁtal situation, ‘ ice., it ’cémriot
bse‘rve to oémpare benefits and éosts at different dates and also to
ﬁ\easure the opportunity cost 'ofv‘ priva'te‘ »capitanl ‘displaced by . the
project in question. 1t is, therefore, necessary to consider the
social rate of time preferénqé and to impute a éhadw price* »for .
vcapita;l._di‘vérted fl.:om‘alternative usés (Dasgupta et al, 1972). = The

STP rate is a measure of society's marginal rate of substitution of

*A shadow price is the price that an economist attributes to a good
or service on the argument that it is more appropriate for the
purpose of economic calculation than its existing price, if any,
(Mishan, 1976). '
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consumption in year t for consumption in year t-1. It may be

expressed as

i =exg _ ‘ (2.2)
where e = elasticity of marginal utility

g = rate of growth of per capit»av cbnsumption

i-= soéial rate of time preference.

‘In other words, the approach is to mximiée fhe NPV of a public
projeélv:v at' ﬁhe STP rate, but, in : evalgai:ing the social cost of a‘
public prdj'éct, an opport\vmity‘ cost (shadow pri;':e) reflecting the

' social Valué of resources in alternative investments replaces the.

money cost. The shadow price for capital is_giveri by

p = 2ld o (2.3)

i-sq
where o s = marginal propensity to savev

q ma'rg_linalv'rate‘ of return on ih\iestmépt.'

s vand d, v_therefo'r_e, ﬁavé to be éstiﬁtated for the ecorjx'omy as a
. whozlve.»,_ Inv this fofmulation, which follows Ddsgupta et al (1972),
‘presient consumption is taken as the numér_éix"e and a constémti value of
"‘STAP ié .‘ éésumed fhrough time._A A pub]{i?: _projeét :may displace both

‘marginal public and private investment in which case separate shadow

prices for government and private capital are required (lDaSgupta et

5_1_,’4972)." '.‘_'I‘hus a more elaborate formulation 6f Pinv which takes
these. factors into account is required. | However, the extent to

which such a formulation is an improvement over the above formula
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depends on the extent of differences between the public and private
propensi‘ties to save and the extent of differences between the publié
and'private capital productivities. The estimates of the propensity
1.:0 save and thev prodﬁctivity of capif:al» are, 1in general, highly
‘aggregated and it is difficult to distinguish between the pﬁblic and
private s and q (‘ﬁasgupta et al, 1972); - Therefore, in this study,
- the aggregated formula for pi‘,“" givep aone will be used. " The yalue :
of Pin\i will change over tirﬁe if any oﬂe- of the paré.meters, s, qor i
chahge over time. However, if the time horizon <$Ver which i e#ceeds.
_s.q: is | large, and this is ,as,sumeei in this étudy, >foi:mu'1a (2.3) will

remain a feaéonablé approximation to PNV (pasgupta et al, 1972).

2.4 -Shadow pricing»v“

_Thé causes 6f market failuré have alreaéy ‘been discussed in
. Section 2.1 ahd the use of a shadow price which reflects the ’tr\ie
é'ocial value of a gboci or sérvi_ce instead of ' _the- market p’rice' 'wés
suggested in Section 2.1.1. "tldethod.é of calculating shadoh vpric;es“
have. been outlined by Little and Mirrlees (1974) and Dasgupta _é__t_a}_
(1972).‘ Shadow prices are discussed in detail in Section 2.3.3 'énd,_

in the project context, in Chapters 6 and 7.

2.5 Inflation, taxes and subsidies

Most countries have an ‘experience of inflation and'_the only
.~rea1vi.stic assessment of thé future is that in‘flation will continpé
(Gittinge.r‘, 1972).  One nethoa of coping with inflation ir{-a project

analysis would be to inflate all costs and returns by the expected
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average rate of inflaﬁion. It may, however, be quite difficult to‘
forééast the'futuré rate of inflation.  For cost-benefit analyses,
it is simpler to assume that ‘the prices associatea. with costs and
with benefits will both increase uniformly as a consequence of‘
inflétion. and will not, therefére,f.cﬁange theig relative vaiues.‘
This méans tﬁat ail priées_ cén ‘be ‘expressed relative to the
vpufchasing power‘of the dollar at séme:particular'poinp in time; §Ay,
in EermS~éf>1980 doiiars; | | |

In a financial analyéis the inputs and outputs are valuédvin
tefms §f market érices which inclﬁde the .effects"of taxés‘ and’
subsiéies.v Taxes aﬁd subsidies, however, havevno‘placé in a sociai'
cost—beﬁéfit' analysis since they are merely .transfer"péyments -
society-in géneral will'be no-bettef or worse off as a result Ef
.théir impééiﬁion.A Therefore, the effects.'of. taxes and subsidies
should be excluded from the prices of goods and services to obtain

the true social worth of inputs and outputse.

2.6 'Apprbaches to evaluating indirect effects

Sindenﬁ(19é7) critically ré?iewéd the various‘appfpadﬁes thgt
 haVe been  taken to eyaluate »indiredf benéfits.‘v The p:incipal
apérﬁachesl are tﬁose based on actﬁal or‘ poﬁentialv cash :fiows,
-willingnesé_iq pay and impliqitvevéluation by - society. These are

briefly outlined below.

'2.6.1 Actual or potential cash flows

There are several methods for valuing indirect benefits using

this,approéch.
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(i) The cost of providing the benefit. The value of indirect
benefits ﬁés frequenﬁly been set at the cost of their provision or
;replecemeht (Sinden, 1967). An applieetion of this ﬁethod hasbbeen
the evaluation ef benefits from dams aﬁdveimilar>developments by the ‘
United States Bureau of Reclamation. ‘ In one‘of their analyses, ﬁhe
. development cests were estimated invdollars and an equivalenttam6Unt
was assigned to benefits. The United SeatesbNationaI Parks Service
has"used a similar method in seme of their werk; However, the
method oniy estiﬁates the cost of‘pfoéidiné the benefit -and makes no
~agsessment of the‘reaction t0'£he project (i.ee. total»Willinéness.to
: pay).efuthose who benefit.,“ Presumebly, the eost_of‘providing_the'
benefit .isA'the minimum value of the 5enefit, althouéh even this

assumes the benefit was provided in the cheapest possible waye.

(ii) bThe user expenditure method' Tﬁis method estiﬁates the
expehditu;e made by tourists when visiting a particular area. ;The
" method 15 1limited in thet'some of,thevexéenditure will be spent again
,outside the area to purchase ‘gequ' subsequently seld‘ to other
_‘recreetienisee. 'Deepite its obvious defecﬁs, this method has been ,
uSed,ie so@e’valuations and cae,be particularly useful in determining

the local impact of recreation (Sinden, 1967).

(iii) The'ﬁaiue added approach. "Value added" is the difference ‘
between the gross expenditure and thefcoetS'ef raw materials or semi—
finished pfoducts whidﬁ are incorporaﬁed in the final product. ThiS'
measdre is an improvement over fhe user expenditure uethod‘because it

excludes the'portidn of total expenditure which is respent outside
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the local area to buy in recreational goods and services.

(iv) Imputed values. An imputed value fdr a resource benefit‘ is
one which is derived from a é’imil-ar déterminable benefit
elsewhere. For example, in the evaluation :of fishery resources the
value §f units of sport fishing is pased on the dockside‘ pri;ﬁé" of
eqﬁivalent conunercially., caught i-fish. This -aépli-t:ation, héweyef,
t_e‘.nas‘bto ~impute value to. the fi.sh éaught r'ai»:herb tﬁ_an to the actiyity
(fishing) itself. | | |

| The above methods can be bcriticized:v on tl.le’ grounds t‘ﬁét,v f}i’.x:st,
there' is a- tendency‘ to value tﬁe vproduct, "e.g. the fish, or i;ﬁe
e:%per;diture father than the | ac.ﬁual’ ’bénefi"t‘ or act.ivity itseilf.
Second, they are not _ﬁased on the prinéiplé thét the ecoﬁomic value
of a berief-it- is mésured by the wiliinqness of conéumers to pay ‘fo.r
its c§nsumption. |

2.6.2 Methods based on willingness to pay

':,Knetsch ~and’ Davis (1966) point out,f. that use of vout'doovr
recreation dviffefsv only in ‘kih.d, not in principle from consumption
»pa.tte‘rlk'st ‘of vother goods and services. The most relevg‘nt economic
measure of recreation values is willingness to pa'yv' on the part"o_f.'the
co’n's‘ﬁmers for these services. | Total willingness to pay may be
détérmined by interviews or by estimating thé cost. of‘ »tbravel to a
recreatio.ﬁ aféa. ~ In both cases, c§nceptda11y; the attemi:t is to
‘ 'ﬁéasure the willingness to pay by consumers of outdoor’ recreétion
-services as if they we}re‘ purchasing these recfeation serviées in the

open market. This willingness to pay is measured by the area under -
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the demand curve. The demand curve is estimated’from the relation .
_betweeh the quantity of use of specific areas and the expenditure
required t§ use those areas.

' The essence of the interview method for measuring recreation
benefits is the usé of a properly.éon§tructed interview.appfoach to
elicit from recreationists information concerning the>naximum pricé
they 'would' pay in order to avoid being deprivedb of the use of a
particular area for whatever use theyvmake of it (Knetsch and Davis,r
1966). | | Consumérs:_ are appfoached directly - and,‘ through:

Aqués?ionnairés, are asked to relate their use of a facility  £0 ‘a
ranée of'entrance fees and altefnative activities;' In a survey in
Maine, Knetsch and Davis (1966) vac;upd the wii_npgness to pay of
. rec:eatibnists‘ to bé acceptably :and significantly’-relatedi to
explgnatéiy'vVariables such as inéome and vacquéintan@e with  the
area. ~They felt that the interviéw method provided a valuable
‘approach. . | |

" The theory of the travel cost nétho& ha§ been wéll éxpressed'by-
Sindén and,Worreil (1979). ‘»The cenﬁfal theme of the‘method is ﬁhat
the costb§f trave11ing to a place influences  the number of visits

made to‘it. This can be expressed'as a demand_functioh

Qi »’—_' f(TCi' Xi, sesey Xn) . N (204)
where Qi é'quahtlty of activity i taken per unit of time
‘by a given sample of people,
TC; = the travel cost in activity i, and

X to X are other explanatory variables.
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A de;nand curve for i is derived by 'plotting Q4 against TCy for a
range ‘of travel oosts. All opher variables are held constant at
theif means.
The tf:’avei cost method is based on the following assumptions;
,(iv)‘; all users obtain the same total benefit, and this is
' equal to the travel cost of thevvmaf_gina'l (most distant)
' user; | |
(i_.i). the_gionsumer"s surplus of the 'marginal user is zero;
(iii) f:ravel coet is-a reliable ,‘proxy for price; and
(iv) ‘people in all distance zones would consume the same
| quantltles of the activ1ty at given monetary costs. ->
The travel cost method oommonly anployed j.s also called The
‘!VVlethod for the Whole Experience, after Claweon and Knetsch (1966).
The method develops the data for a demand -curve by measuring the
number of wvisits: to the resource being valued and the travel cost of
-those v1511os. Assumption (iil) above - enables the substltution of
travel cost for price and travel expenditute is taken as a measure of
berie’fits. | A demand ‘curve relating the number of v1$1ts to the
travel cost per visit is plotted. The total willigness to pay, for
the use of vav resource is ‘then ‘estimated; the oonsumers' surpl.\'Jsb
indioates ~the net social b'enefj.t proyided’ by the resource beixvlg'
valued. | | » |
The metﬁodology for deterﬁining the whole experience can only
est‘imate the minimum value of the resource becaﬁse it"assum'es that
- users from. the most. dietant zone have no _consumers'r surp»lus'-and,
therefore, thefe is  usually no opportu‘ni'ty for . visitors to

demonstrate their maximum willingness to pay for the recreational
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opportunity itself_ (Si’nden and Worrell; 1979). Clawson (1959) Bad
an extended .mathodology in which the sécond probl_em did not occur.
He im;",es,tigéted the effect of changes in the entrance fees on the‘
total | numbéf ‘bo‘f visits and derived a new demand curve ‘for ‘the
recrgational opportuﬁity itself. This method, therefore, estimates
f:he maximut'n willingness to pay by simulating'whét people would >pay
for the }ise of f.he site itself, afte,r’ _ha'vingv paid‘Athe travel cost of
getting to it (Sinden and Vorrell, 1979). |

‘.A variant of the travel cost method »ié the use of trével
distance rather than‘ travel cost as a proxy for price in cases where
travel: costs were not s'iénif'icantv in explaining the :ecréatibn use.

Further developments of the 'tra'velA éost methbd have takén place
in an effort ‘tqboverlcome its ‘weaknesses; For ex.:ample, the ‘g'reater
the t‘r:.av:el» distance the éreaéer the likeliﬁood of thevr_e .being
aﬁtractive, subétitufe ‘sites in the intervening distance._ ’ A:Oné
apprqach to this >prob1em has been to addv a distance va‘riablé to the
”dexﬁénd function. Income of consumers can also affect t‘he slope and
position of the demand curve but in may not affect éll .reéreation'
actﬂivities".’ "Some atﬁempts have beeﬁ madé to adjust demand curves
for income effects (Sinden apd Worreil,' 1979). _"Another weakness of
'the "meﬁhod | poini:éd oﬁt by i:hese authors is the limiting assumption
v_that the dis-ui:ility‘of overcoming dis£§nce. is solely a functiOr_x of
mbney coétsj._ Howevér, the ﬁ:avél £ime (time costs)b can alsp_ be
‘impbr:'tant'b.‘ |

T.hé‘ travel cost method is suitébie whenever travel cost is a
"significant dgt‘erminant of use _ari'd the underlying assumptions of the

method can be accepted. The method has been applied to a range of
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situations in the U.S.A. with considerable success (Sinden, 1967).
It was also‘applied by Fefguson and Greig (1973) in a study at Mt.
Macedon, Victoria. They related the price of recreation (travel
. cost to the area) and the quaﬁtity bf recreation (ﬂumber of visitor
days) through a ‘demand curve 'and'anaiyse'd the effect of changes in

entrance fee on the total number of visits.

2.6.3 Implicit evaluation by society

Society also implicitly evaluates the uses of a resourde
'throuvgh political or mana‘gerial' decisions. Two methods can be us_e'd,

to quantify these implicit evaluations by society.

(_i) EValuatioh by ‘analogy. 'E\}aluation by analogy attemptsv to
correlate ,pa'st ménagerial or political decisions into a systematic
set of | monetary values. These values can then be applied to similar
éitﬁati_ons ‘where no "deci'sion,‘ has been made. A scheme  for the
determiﬁatidn of the a:éstheticb or special appeal éf’ single trees and'.
woqdlands was devisedv in Englaﬁd using _this -a-pproach.‘ The feétﬁr’es
: §f “each trée . or bwoodvland:wére noted with respect to iandsc,ape,‘ tree
‘for..my, lifej ékpectahcy and uniquenésé and | were ass.ignedf ordin#l
_numbefs from one tojvfour. These ‘values were. tﬁen vto‘taAllevd and
mulit'iplie.d by monetary ‘values ‘derived from pfeviouély independent.
valuations of _tfees/ and woods ('Siﬁden,' 1967). The method has‘
' serious diffit:ultieé- since it ‘assum.es vthat prév’ious decisions were
both ratio‘n‘al" and cbnsistent and Vbased ‘on the features measured. A

‘Besid_es, past decisions may also be restricted in the range of
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possibilities considered. Despite this, there may be situations in
which oonsistency is evident and the range of decisions is sufficient

to justify its application.

' (il'.) The opportunlty coet method. kIf the .management of a forest
tract fee_ls that. the present balance of ‘wildlife protection and.
timber production is optimal bin some’ social sense, then the value of -
wildlife is derived from the marginal rate of substitution of timber
boutput which is foregone at' the margin. : Gregory (1955) notes that
the opportum.ty cost ~concept does not presume to determine theb'
" intrinsic value of wildlife but. it does identify the value whieh'
'_ management sets ‘through its decisions. v Siniilax"ly, lf a fixed 'budget-‘ ’
is to bev spent on prbjects which yield vatet ~and recreational
benefite, it is usually necessar_y to reduce water yields. | Thus,'- the
- value oE recreation is .the 09portun1ty oost which is represented by
the -value of the ‘water which is fo‘regone. | |

In this chapter the theory of cost-benefit.analysis has. been
briefly reviewed to develop the background for the analysis of forest
. pla_nta,tlo_n : ‘_prOJects. The _literature on the methodology of
ev‘aluating indirect benefits, as summarieed hei:e, ,.is st_ll_ll at an
eal;ly etage,' and because of the‘ data and tlme constraints,k indirect ;
effects have not ‘been evaluated in thls' study. ' The next"chapterl
descr_ibes tne plantations .ln the A.C.T. which ‘form the vba‘sis of bthe

project_ under study.
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CHAPTER 3

DESCRIPTION OF PLANTATIONS IN THE A.C.T.

3.1 History of plantation management |

FOrest’.mnage;n’eni: in the A'.C'.T.'began in 5908. Its subseqdén;t:’
history can be placed into three phases as vfoll,ows.‘

Eérly plvantj.rig‘s"occﬁrred in the ,peribd 1908-1’925,. 'i‘hese weré
.nece‘sslavtvrily e)%plorétory' i:o establish 'ﬁhich spécies would thrive iﬁ
the area. T;G.C.,'Weston, who ‘was appointed a's‘ Officer in 'Chairgg 'o_f-
A affo;estdtidn in 1913,' kdor’ninate'd» rthis' bphase. ‘ -He‘ .madéb ,tfial
p‘lantingsr of numeroué ﬁrees in Westbourne Woods, and in 1915
established the first pine forests on Mount‘ St:oinlo. His work 1laid
é si;.rong fouridat;.ion for later‘ developfnents (Rodger‘ and Jacobs, 1955).

| ;rhe affqre_station phase, which follvowed‘ A: early plantings, _
, co\‘rer'ed »thek period - 1926-60. Its initiation followed from the
‘_'recommef;dation' of C.E. Lane~Poole, the Commonweaith .Forest::y Adviserk,
in a report to the Cbmmonweal’th‘ Go&ernment._ ‘ In 1925, . Lane-Podle,
_ »yrlc‘ecognivsin_g the limited commercial value of native eucalypt ‘forests,'
récommerided the planting of 20 000 acres’ (aboﬁt 8 000 ha) “of' _E_’ir_x_qi
»fadiata for . c'onuneréviél forestry. A planting _prég:amme of | 500 acres
(about 20‘0‘ ha) ‘per year; based on va 40 )‘(ea‘r rot'ati§n, was implement_ed '
in ‘i926‘. | |

édme of th;a_ early plaﬁtiﬁgs of 'this pefiod had other objects of
vvmanagemént apaft from wood produc"tion._ B Fo»r’ example, the Stromlo
forest was planted to improve‘ opefating c;'Onditior‘ls' for._‘ | t;.he'
observatoi:y and to c§ntrol soil erosion. Aﬁ the Cotter’D_afn, the

control of soil erosion and improved water quality were prominent
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considerations.

During the Depression the forests provided much unemployment
relj.ef and after World War II, lqcal forests provided the only timber
av'ailableb to the dev‘eloping_national capital. In 1954, the Minister
for the Interior approved an increase in the target.,plantation afea
to 40 000 acres (about 16 200 ha).

The - integraﬁion phase which commenced about 1960 involved_ ‘the
intégrétic;n of the mahagementn of A.C.T. forest res.ources 'withv that of 
ail other»v iands and natural resoqrcés with the aim being‘to maximisé
_bénefi‘ts to the 'c_émmunity. v In v1967>, Cabinet ‘rea.ffilfmed ’tﬁe 7

progfamme for 40 000 ‘acrés (16" 200 ha) -net‘of Pinus radiata and by

19’70»,' 31 OVO,O acres (about '12 550 ha) had been planted with éxotic
1 commercial species (Boden, 1971). " As la‘rﬂgé .quantitiés of wood‘-
became availablé from the plantétions, new in‘dustriesb were planned
and encouraged to make profitable uée of wood. 'Since 1970, the
- Commonweavl‘th' Government, through .'A.C.T. Fofests, has entered‘ into. a
nunmber ‘of‘ B ég‘reements with forest indusﬁry for the suppiy of" pine
lo.gs.‘ - Most agreéments are lohg-term, extending into the next
ceht‘irys' At present A.C.T. Forests' 1o‘gv supi)l_y commitmenf§ are | 177
000 m® per annum with most of the aémana;<134 oqo‘m3)'beiﬁg for logs
over 20 cm d_iameter; | ‘The maiﬁ huyer is Integratéd Forest Proﬁucts
(90 000 m3), a company producing blﬁood ‘and scantlings for hbuse
frames. . Other buyeré are local'sawmills catting specialist products

as well as "general buiiding materials, and firms utilisiﬂg roundwood,

‘particularly for treated posts and poles.
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3.2 'Plantation sites

A.C.T. Forests currently has about 15 000 ha of established
pine plantations out of which nearly 14 000 ha are of Pinus
radiata. These plantations are 'concentrated in the following four

forests (Map 1).

3.2:1 Uriarra plantation

This plantation, with compartments varyimj in age from 1 fo 40
years, is .spréad- over 4 000 ha »and‘ has the léfgest area of older
'stanc"ls among éll forests invthe A.C.T. v.It..contr‘i_butves néarly 40% 'to
the total supply of sawlogs to local .industrvy.v Tépégréphy in this
“planvt‘at»ién isv uhduiating ‘to steep withA ali:itude varying 'f:rom 6:10 .to>
1160 m above mean sea level.  Soils are generally a good deep gréj
to chocolate loam with occasional ‘outcrops 'of hardened shale and ;
sléte. overlying ignéous quaftz, porphyry of dior'ite: (Shoobridge,
1951). . It ié well drained and fe'fti’lé. . Trees here have put“»on_'_"
al‘mofst‘ ' twice as much volume ‘growth as in the Stfomlo planté’tion?.
Ra_:‘i.nf‘all is 71 cm per annum (Shodbridée, 1951). o

Two types of areas havg bee'n,v planted in Uriafra;

i) degvrAaAde_d grazing lands for .soill conservation purposes, and
ii) - dry to intermevdia.te 'sclérof)hyll eu'cal‘ypt forests.

Indigenous . eucalypts in the area“" v}ere Elicalyptué stuartina, _E_!_._

radiata, E. dives, E. .macrorrhyncha, E. macuibs-a, E. ‘ru.bida and E.
vimi'nalvisg‘ . The naﬁiv'e 'forest had an a%rerage' ', height of 21.35 m
rising to a maximum of 30.56 mvand with an a;refage diametef at breast
height (d.b.h.) ‘of 38.10 cm 'up to a maximum of 101.60 cm '(Shoobridge,

1951).
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3.2.2 waen plantation

This is the biggest block of plantation in the A.C.T. covering
an area of 4 500 ha. Plantation compartments vary in age from 1 to

40 years. Most of the planted area was old grazing land which had

been taken over by' wattles (Acacia spp.) before being reclaimed for

plantation purposes. Some poor, dry sclerophyll eucalpyt forest was

also clearéd for pléntat’ipn‘ establishment. According to -Shbob.rldge

- (1951), the species preéent ~'in that forest included Eucalyptus . -

melliodora, &_ rossii, _Ek_ polYanthemos, E. macrorrhyncha, E.'

maculosa, E. dives, and E. stuartina, with an average height of 12.20

nf r‘i'_sing to a ma}kimum to 21.35 m in the. »gullie's, and an average
d.b;ﬁ;’ 'of"25;4’0 cm, ~approximate1yQ He .a_lso noted“t;he general
absende of natural grasses, except iﬁ ‘é»lea:rinég‘s', ~qullies with‘dee'pér'
soils and mi#ter' éas_terl_y slopes.

Tihebygtopography of the area varies from unduléting» lowiandé. t6

rather steep, hilly country (on the north-eastern boundaries in

~particular), _.vintersect,e'd by some creekbeds and gullie’é (Byrbn,

1971). The altitude varies from 650 to 920 m. Both deep massive-

earths and uniform medium-textured soils are found, the latter being

‘charégteri‘stiéally ‘stoney and gravelly, shallow and of low natural

fertility. ' Generally however, shallow ‘sand'y-clay-'loams predominate

~in the area, except for the alluvial b'eds'(Byron', 1971)# Dra.inage

‘on_the s‘l‘opes_ j.s good and the rock is weil—broken‘ so that rootSj
penetrate easily ‘At,O an\oister’ subsoils (Shéobridgé, 195'1).A The
a§erage annual réinfall is 60 cm. o

v,It ié a lower‘ quality site ‘compared to the fwo western forests

of Uriarra and Pierce's Creek. HoWever, the form of the trees is
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excellent and, given the same site index, Kowen would produce the

most basal area increment across all forests.

3.2.3 Stromlo 'plaxitation :
‘This plantation, 2 500 ha in extent, was established on
grasslands}wh'ic‘h' originally carried open savanhah woodland primarily

composed of Eucalyptus melliodora, E. blakelyi and E. macrorrhyncha.

The ave_rage. annual »rainfall is 60 | CRe _‘ Topography is generally
‘undulating with‘ rather steeper slopes oh the low hills (Shoobridge‘,
1951_). - Pl}antetion_ comparﬁments vax}‘y‘ in‘ age from 1 to 55 yeef‘s.‘ _
bsoils are :acid' - yolcanice - of loy fertility and 'poor. | internal
drainage.  As the rainfall is also low, this forest has ‘the lowest

site quality of the four forests in this study.

3.2.4 Pierce's Creek plantation
The total area of ‘Pierce's Creek forest, including Gibraltar

Creek, is 4 000 ha with compartment ages varying from 1 ,to."40'

year’s. ' The plantation was establzishecl mainly on oleafed dry
sclerophyll forest. Some deqraded gr‘a‘zning ' lands were -also
planted. The orlglnal vegetation in  the area was. a Eucalygtus .

melliodora - E blakelyi alliance with an E. macrorrhyncha - E. rossii ‘

all:.ance ‘on. the higher country to the south (Pryor, 1955). 'The mean
| annoal fainfall j.s 78.8 am (Herbe‘rle,‘ 1968) and is fairly evenly
dlstributed although December is the driest month and October the
_wett_:est. .

" The eand'y soils are derived frorp granodiorite parent material _

_and' are of moderate fertility. They are slightly better drained
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than the soils in Kowen and Stromlo. Altitude in the forest varies
from 518 to 1160 m.
The following sections describe the plantation establishment'

and management practices for the four forests.

5.3 Nursery practice
ﬁxe mir_Sér_igs of A.C.T. Forests produce‘only about haif :of ihe:
required planting stock. The ba'iance l.is‘ obtaihe_d Erom the ‘Fére.stry
C,ommissic‘»'n‘ of WNew South Wales. |
The soil in the 'nurseryb is worked and mounded ﬁo form seed l;eds-
'abo‘ut 1.200m wide‘ wi‘th standard 'agricfxl’lt;xral' implen:lents attéched to 5
tractor. Séed‘ is btre.ate.dv ‘and selected by dropping it into a drum of
waters = Seed which confinues, to float after 24 hours is vdi.scardeidi .
. while the .'remainder is. readyv for sowing in the seed bed.  Sowing is
~ done ‘in September-October with  a Sténhay Seeder, a three-point
blin}.:age' implement  that plants a bed ba‘t' a .ti;tﬁe with seven .seedling.
-‘r':o_ws." ' Séedlinés are 'spabed with aboﬁt 40-45 pef metre. "i‘he beds
are covered with mulch of well-rotted sé&dust' or 'pi.ne litter énd_
‘w'ater'ed‘with a sprinkler. Germination étar;ts after about two weeks
‘and extends fof 7-10 days with a 90% success 'raﬁe Vén"'the a&é‘ra_ge.'
'Illrri.‘gation‘ at ‘this' | stage is critical for the éurv’ivél of
.seedlip’gs. , A pre-emez;gent weedicide, ba' mixtur_é of bGes“amil and
DActhai, is applied aé, a low volume spray from “a - tractor n.loun_te‘dA 2
'bobm. ' T‘nré-e beds are spi:ayed‘ a‘t’a time.v |
‘I‘he ‘s‘eedlvi_ngsv are ready fo;;' planting out in Jgne-fiuly (9-10-
months. 61&)’ wheﬁ ﬁhey sﬁould be 30-35 cm high.  Before lifting., |

’se'edlingsv are loosened by running a blade underneath the bed with a
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tractor.

The seedlings may be root-wrenched once if they are growing
well. This is done by cutting the tap root‘ 8410 cmn below thg
surface witﬁ a tractor-mounted bar or a £hick wire. If this is done
it i# necéssary to irrigate immediately-to avoid_excessive wilting of
seedlings. = Lateral roo£ developmeﬁt,’hardening_of seeﬁlings'and’éﬁl
inc:ease in mycofrhizai.development are favoufable‘responses to root-_"
wrenghing. Howevef,‘ roqt-wfénching does temporarily siow dowh
seedlihg growth_and:can cause problems in‘obﬁainiﬁg planting stock of
the right siie‘by‘JﬁneQ In conseéuence i; may not always be done.

Thére is litﬁleidamagevto,seedlings in the7nurse:y from insécts;
and birds. Howevef, fungal diséases do-Caﬁse some losées. fﬁEfforts
~ to control these dise&ses‘are mainly by soil fumigation and croé" |
'rota;ion., in the nurseries of the Fbrestry Commissioh of New Soﬁth
» Wales crop rgtaéion and root-wrenching are routine practices; ’ |

The cost of production is $30 per 1 000‘seédlings;

3.4 cCurrent plantation éstablishmenf praétices
Current. plantation éstablishment, llike nbst. of the éreé‘ hcﬁ
_,ﬁnder kadiata;vpine; plaﬁtatiqns in ‘thé A.C.T., is on VpreviouSIy
degrade@ graiing land. Theréfore,v the pléntatibn éstablishmént
teéhniqués describéd hereﬁﬁder~are for such grazing lands; | |
éﬁfrenﬁly, soil'preparation is doﬁe by ripping using a bulie
dozer with'aJripper attachhent. 'Tﬁe operatibn is done ‘about a year
' .inkédvance of pianting and is'ﬁeneficiél in sevgral wayse. .Rippiﬁg:f:
loosens the_soil compacted by grazing, feduces run-offvconSiderany

and restricts weed competition. This enables seedlingé to get a
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good start; The bull-dozer usually makes 6n1y one pass ‘over the
area and the operatioh costs about $50 per ha.

Open~-rooted stock are planted by' hgnd in winter (June to
Auéﬁst) by making slits along the rip line. Rarely, but when
Qeather conditions are favourable, planting mayAalso be done in ﬁay-

‘aﬁd_September. Usually about 1 060 -1 200 seedlings afe_plantéd_>
per héctare'by contract labour ét an average,cost‘of $90 per hé.-

@§st soiis are &eficieht ‘ iﬁ'v phospﬁorus- and ,:nitrogehf
Thefefore, ammoni@n sulbhate (P - 118, N ? 12%) is:applied At or jﬁst
before pléntiné. - In the former case; individual.plants‘are g{ven
150'gfammes Qf‘fertilizér,.éppiied.ln a slit:neaf‘the élantp' In the

: léﬁter case, fertilizer.is spréad alongxthe rip line; Borak'mixture'
has a;so‘been used, especially on voléanic soils fe.g. Stfomlo), to‘
_overcéme boron -deficiency. It‘appéars to have a favourable effect
bn tﬁe élantation, especially in drougﬁt_Yeais.

‘«Spot _épplidgtion of a  broad' épéctrum ﬁerbicide. (tradg nAme
Velpar) is'dong by hand with a knapsack spray in éhe springifollowingf :
blanting to restrict weed competition. fhe treatment is generally a
once only 6per5tion.

The plantétion isbsurveyed in Maréh-Apfil‘fdllowingvplaﬁting’to
dgtérMine the éu:yival r;fe. : Refilliﬁg is done in winter, i.e. a
year aftgr planting, but'énlybif the sﬁrvival rate is below 80%.

| - In the.éecond and subsequent_rqtations, plénting ié nét'doﬁe as
néturailregénefatidn is‘adequate to‘réstock‘tﬁevfélled areé. . The
naﬁu;al'feéenerétion is thinned outvtwo:years after cléarfelling to
léave 660—700  stems per ha aﬁd is then pruned as in vthe, first 1

' rotation. - No fertilizer or herbicide is used.
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" 3.5 Plantation management

Pruriing is done witﬁ the aim of px‘:odu‘cing the mxiﬁum quantity
.of high quality wood’ per> tree. The operation is done by hand with -
shears and saws when the plantation is 8—1.0 years  old. Thé height'
to which stems are pruned varies from 2.2 m to 2.4 m; ﬁ

- Thinning -aims - to produce the maximum possible- quantity of
bigger logs (more than 20 cm diameter) "sin;:e "demand for -small-sized..
rﬁéter;i.al is _Alimited (Section 3.1). The plant;atioh is thinned from
beilow.3-5 tixﬁes at 4 to 8 year intervals starting at about acje 15~ -
20. j‘I;Ior.mally' four thinnings aré done at'S-year intérvais.'

"A.‘C.T.’ Forésts currently plans to stabilize 'the rotation length

of Pinus radiata plantations at 35 yearé. It uses a simulation

model of thes.e plantations to guide it's. _management decisions.
Growth and .‘yield vary among ﬂiff‘erent' forests because of the
differenges »jb.n site quality. The present. study, however, is based
~on the log yield obtainable from a 'typic’al'. hectare (which vmay» be. a

rngh average across all forests) of A.C.T. Forests.

3.6 The project in this study

'Thiis Study assumes a hypothetical forest estate of 14 000 ha

which would be developed by estabiighing 400 ha of Pinﬁs radiata
plantatiori annualljr over a 35-year period. A planning horizon of A
years (two rotations plus 'one ‘'year for advanced pla'nning).ih‘as ‘been
considered for 'eachv bipck (year vof.- planting) of 400 ha. Data
‘rega‘r‘ding costs, yieids and revenués gsed in this Astudy aré based o'n 

.those for A.C.T. Forests and are su:hrﬁarised in Chapter 4 and in
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Appendix Table A.1. All costs and‘reven‘ues (except those for. 7-14
cm diameter class material) are those prevailing at the beginning of
1979, This cost4price structure is assumed to hold throughout thé
project life. |

~Though this hypothetical project has 'been conceived on the
basis of the'A;C.T. data, it is in no way a réprésentation of A.C.T.
”»Forests'itse;f.‘ Foresﬁs in the A.C;T._havé been establishéd by a
variéty of méthods .over _Qarying sites ﬁsing .éeve;al silvicultural
';eéiméé. Thé,ratebof plantaﬁibn_activity has also beenbunevén with
~ the resuit'th;tjﬁheré_is now an ﬁnéveﬁ distributi@n of age classes in '
the foreéts; The projecﬁ in this study, on the‘ othe;% hand,
c§nsiders only the current methéd ofbestéblishméht>over oﬁe'uniform
" site tYpe and under one silvicuitural regime. . It does not c§nsidér
'paét " (sunk) = costs incurred in '*plantgtion establishmént and
ménagement. :The.results of this study, therefore(,cannotbin any way
. be takén as an>indic;tion.of the profitability.df‘A.C.T. Fdresté as

~an organizationm.
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CHAPTER 4

PROJECT COSTS AND BENEFITS

Before valuing costs and benefits it is first necessary to
idéntify them.  Any effect (cost or benefit) of the project shouid‘
be 'identified and measured on the basis of the difference in a given
situation with‘ and with‘outv the project.  The cpst_s and'bene_fits of a
project ‘fall into . threé ‘broad categorj.es F: direct, external or:
indirect, and .sec"ondary. A aiscussion of _thesé effec_té and tﬁeir

estimation in the project context follows.

4.1 Direct costs and benefits

Direct costs and benefits are those which enter into the
financial analeis of ‘a project, i.e., aré difectly traded for money
in a market. Direct cosi:s comprise the value of goods aﬁa sérviceé
needed to estab'l‘i‘sh, maintain and operate a project, and to make. the
-~ immediate produc;s ‘of the project available for ‘sale (Wwatt, 1973).
"Direét benefits of a projectv are the value of the in}u'ied.iate' products “
and services >arisin‘g from incurring the direct costs. ~ 1In the
context of tﬁis project, they 'ar;'e the vreve.nues :ealised frqm.the séle ‘
of logs. |

Ideally a physical flow table should be developed to idenfify
‘the various _inputs by éategoriés, ‘such as ﬁaanpbv}er, 1apd, equipment
apd. inater’i'abls that would be needed '6ver diff‘erent years of fhe
project life. ~ Similarly, to complete the physical“fllow table, the
resulting outputs should be identified in terms of when they would be

sold. ‘Later, unit values can be ass,igned to these inputs and -
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outputs to develop cash flows. This. two-step procedure is
partiqularly helpful iﬁ identifying the ‘relative importanqe of
-individual components of costs and benefitsband, later, in developing
sﬁadow prices for the social cost-benefit analysis.:

Diredt costs.and benefits of tﬁe project, based on those for

A.C.T. Fo:ests, are summarised below.

4.2 Direct costs

 Dpata regarding 'vphysical ’quantities IVOE iﬁputs; were nét :
available. ‘ Costs havé, therefore, been presented only in méneyﬂ
térms‘ for various  p1antation vopgrationsv and otﬁer compbnents ‘of'
direct projéct ‘costse. These costs have been divided into four
cqmponents - field costs, capital costs, administ:dtion costs and.

annual maintenance costs. -

4.2.1 Field costs

‘field costs comprise éhé labour costs, ﬁachine_costs and local
ovefhe#d costs incprred in establishihg Cand ménaging the
plantation. Overheéd costs includev'théb labouf ‘overheads guch as
annuai leave, sick leéve,:wet time, travelliﬁg time, public holidéyv‘
pay,,etc.,'and local supervision costs. FieldAcgsts are éiveh-in v'

detail in Appendix Table A.1.

4.2.2 Capital costs

The :costs of land, buildings, fire equipment, machinery and

roads are included under this component of direct costs.
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it ié necessary to consider 'explivcitly the value of land,vat.the
beginning and at the end of the project because the pr-oject‘NPV is -
not being calculated over an infj.nite series of rotations. However,
land in the A.C.T. is owned by the Governmeht and leased to .th'g ‘
public. One way of valuing the project land would be on the basis
of the rental cost of similar land. Therefore, even though -no re‘nt':
is to be '~paid, the rental equiv.alent‘ may be a convenient proxy to use
in the fiﬁéhcial analysis for the net vva‘lue of production fofgone.'
A study of 1land records and prices/rentals g:oﬁld help detéfmi-ne the
appvropriatel_rven.t.al fér_ project land‘. : Another measure of land 'valtue
is. t‘heu'net. .vél\;\e of p'robduction foregone directly due to ‘the project.
ITh‘is' Abptoaéh' can be ﬁsed both for financial kandvsocial cost—benefit
analyses. However, none of these approaches could be pursued i‘n
detail because of data: and‘time ‘conétraints. ‘Imputing a value tp
lana at' the end §f the project could be equally difficult. - It is
reasonabie»‘ to expect 'that daring " the lifé of t;he project’ the',real
valué‘iof land may éhange. 'rhis is be,caﬁse -the_alternative ‘uses of
land may c.;hangév during the project life and so the Qppvo.r.tﬁn'ity‘ cost
of land wii-l also change. i‘ This change ‘in price of land reflects a
true ch’a_ng'e in thé contribution of vland to production. an;i,bthereforv'e,
Shbu.ld‘ be taken into account. ,»Ne‘edless to say, it is extremely
diffi‘cult‘btvo‘-forése.ev fui:ure’ changés in the ‘}alue of land.
_ pre';rer, despite the difficulties mentioned above, it is necessary to
v plac-evproperv values on land both at the beginning, and at tﬁe end, of
 the project.
| ‘One way of sideétepping the question of changing land value, is

to va'ss{lme a constant value in real terms since this approach, which
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is normally used for other project costs and benefits, can be applied
to land values too. Reliable estimates of land‘prices/rentals could
not be obtained because of the previously mentioned constraints.
Discussions with managers from A.C.T. Forests 'revealed _that the
current price of oegraded grazing lands in the hilly'country close to
the forests may be about $30< per. ha. ‘This value for land has,
therefore, been assumed in this study.

The ,cost of buildings includes expenditure on housingi for
plantation workers, garages, iworkshops, ,stores,‘ general office
’ buildings,vete.' Precise data on the breakdown_of’capital costs are

not available.v ,Tne present (written doﬁn) _valne of the capital
assets of A.C.T. Fbrests is about $2.4 ndllion. : However,twith the
Vbimproyehent in transportation facilities there would be little need
in thevfuture for honsing the plantation ﬁorkers in the projeet area.

Therefore, housing costs were ignored while estimatino the capital
costs. DiscussionSVWith thevmanagers'from A.C.T. Forests and the
~work of Sar.(1978) were used as guides in»preparing these estimates.
: _‘Itv is ‘assume.d that, apart from logging roads, most of the capital
cost would be incurred durlng the first year of plantation establish-
ment. This cost has been taken as $200 000._ It hasvbeen further
assumed that another $60 000 would be incurred in year 5 and that
, thereafter $60 000 would be needed every 10 years for . replacements,
major overhauls, renovations, etc.'np to year 65.

The road costs are incurred just before the‘ commencement of
HarVesting,,_i;e., ‘first thinning;. - The expenditure is, therefore,
inourred in year 15 of piantation establisnment, a year beforebthe

start of harvesting. Based on the information supplied by A.C.T
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Forests, an average road density of 30 m per ha has been assumed.
The road costructioﬁ cost varied from $4 000 to $6 006 ﬁer_km. » Tbe
median figure of $5 000 per bkm has beep taken‘ as the road
cdn§truc£ion‘cost for the purpose of this'study.

. The EOsts oflland and the logging roads (apart from main roaas).
" can be easily allocated to a particular irearv of planting. Other
capitél'costs are distributed over the entife project and,cannoﬁ be

so éllocated.

4.2.3 Administration coéts
| Theée costs -inclﬁde ‘the_-salaries of and administrati&e”

- expenditure by the head office which can be directly attributed to
the development of plantations. Tﬁeyzalso'include-other overhead
cbsts‘such as renté,'stationery, pay roll tax,'wofker éompensation, >
etc. |

It 1wés .nécessary to keséimate. administration cééts since no
records of tﬁe'proportion of,ﬁime‘spent (b}'head offiqé staff)3iﬁ
cénnéction with the devélopment' of plantations were availéﬁle.'
Current administration ¢o§t§’6f A.C{T; Forests are in the region of
$700 000 annuaily.lb_ However, this expeﬂditure includes the coéts
‘ipcurred by‘ héad officg in activities not conﬁected directlyvbﬁith.
plaﬁtation nanagémenf, for exémple, developing trail bike and bther
recreational.ﬁ fagilities,' land managemgnt fof conserving the-
envirénmenﬁ; participation in the deliberations 6f iﬂter-departﬁenia;
comhiétees and.answering gOvernhént aﬁd pubiic inquiries;' | |

Discussion with managefs ‘from A.C.T. Forests revealed that

administration costs in Australia vary widely from state to State.
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Sar (1978) has taken them to be 20% of the direct field
expenditure. In this study, administration costs have been assumed
to bev25% of allkcosts (except land) which can be allocated to a
particular year of planting. These costé comprise the field costs,
: costs of logging and the .annual maintenance cosﬁs described below.

It'i§ 9bvious that little reliance éan be placed on this estimate of
administration coé£3s ‘ Therefore, the éensitiviﬁy of project
profitability to Qariation in thése, cosﬁs‘ has been assessed ,inb

Chapter Se

A4.2§4 Annual maintenance coéts'

.Thesé‘ costs comprise expenditure incurred in proﬁeCting' the
plantatioﬁs from fire, méintenance of fences, roads, etc. Based on
the information supplied by A.C.T. Forests these costs have been
taken . as $30>per ha pér yeaf starting from year 1 and terminaﬁing in

year 70.

4.3 Direct benefits

Daﬁéifegarding direct output (logs) are available in physical
tefms. The prbject vrevenues> have been developed by -multiplyih§
(109) vblume yields from_plahtations Qith unit prices. ‘The costs
inburred, in harvesting and transporting ‘the 'iogs to the mill bhéve
‘been developed in.a~similar,manner. The procedure is outlined in

the following sections.

4.3.1 Volume yield

The volume of lbgs, in different size classes, obtainable from
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a representative hectare of plantation at specific‘ages was developed
with the help of a simulation model of‘A.c.T.'Fbrests.* - The data
were supplied by A.C.T. Forests and are presented in Table 4.1. The
volume yield ¢or£esponds to an avérage“ site index** of 23 ‘
(approx.). Two categories;, high ‘(regime Ri,' and low (regime R,)
demahd fdr small-sizéq materia1>(7-14 cm class)‘werevincluded;

| At preéent_the demand for small-sizéd méterial is low and some
of this material is left in the forest. . That which is'éxtrACted is’
sold as fence poéts and case logs.  Current harvesting and sale of
this'naterial barely cover costs &ndrsémétimeS'eyen resuitvin a small
loés, especiéllﬁ in aifficult} terrain. A.Q.T; 'Forests"exPects,
however, thatAin the next few years; thé demand for wbod-chips for -
‘making pulp and particle board will risebsufficiently for the logging -
and sale of small logé to be eéénomic. ~ In such ciréumStances}bnnst
of the small—sized material would be extracted. Therefsre, this
expec;tation."has been &ilt into thé’ basic model described in Sect_ion. |

4.3.4.

4;3.2 Deli&ered prices of logs

The logs aref sold delivered to the mill under agreehents
between A.C.T. Forests and the local forest products industry. . The
mill door prices used for this study are based on the data suppliéd_

by A.C.T. Forests and are shown in Table 4.2.

* Developed by I.S. Ferguson, Department of Forestry, A.N.U.
** Defined as the mean height in metres of 40 tallest trees per
hectare at age 20. ' '
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The prices for small-sized material (7-14 cm class) have not

yet been

. an individual basis. A delivered price of $16.0 per m

firmly established. Sale of this material is conducted on

3 has been

assumed throughout this study.

TABLE 4.2

DELIVERED PRICES OF LOGS

" Log diametet class (cm’) : Delivered price ($/m3 log volume)

15

- 19 , | S ‘ = 17
20 -v24: o N A‘ 22
25 - 29 - S o
0-3 2
35 -39 | '  _ : 29
40 - 44 . ’ | 30
a5 + R - 32

Squrce '+ A.C.T. Forests, Departme‘r;t of the Capit;al Territorj(.

4.3.3 Logging costs

Net _rev'eriues from forest growing operations must be estimated

by deducting harvesting and transport costs from the prices received

for logs delivered to mills. Hariresting and transport of logs is

done on behalf of A.C.T. Forests by private operators under contract.

These costs (assuming easy to moderate terrain conditions) are given

in Table 4.3‘_.
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TABLE 4.3

LOGGING COSTS*

Operation . ' Cost (S/m3 log volume) -
Range Average Maximum
Early thinning. 13.5 = 17.0 14.0 . 17.0
(years 16,21) ' -
Late thinning 10.5 - 13.0 12,0 13.0
(years 21,26) : : :
Clearfelling ‘ 6.6 - 9.5 - 8.0 9.5
(year 36)

*Includes costs of harvesting and transport to mill.
Source : A.C.T. Forests, Department of the Capital Territory.

4;3;4. The b;sic model

The basic model for‘ this study assumes 4a high demand for
'small-siéed material (regime Ry, Table 4.1) and average: lbgging .
co#tsf - Therefore, under snch'cdnditiOns most of the small-sized
>materia1 is extracted from the forest. The ,fiow_ of costs and vf

revenues using this model are presented in Table 4,4.

4.4 | External effects

An:external or indirect effeét wés defined and discussed in
Secﬁion 2.5. | |

The é:incipal manégement objective of the piné -plantation
broﬂect ’in  the A.C.T. is commercial wood proddction. | Indifect:
benéfits | of the project ihcludev recreational opportunitigs,.
,conse£§ation-of the en§iroﬁment and présérvation of aesthetic valﬁes.

1 Another ~indirect benefit may be Dbetter transport and access



TABLE 4.4
FLOW OF COSTS AND REVENUES OVER TWO ROTATIONS

FOR EACH BLOCK (PLANTING YEAR) OF 400 Ha*

($,000)
Year  Item ' Cost of Adminis- Total Revenue
o opera- - tration_ Costs i
tion Costs :

0 Land purchase 12,000 - . 12,00 -
0 site preparation 36.00  9.00 45.0 =
1 Planting 82,00 20.50 . 102,50 -
2 Tending  25.60  6.40  32.00 -
11 Pruning  64.00 16,00  80.00 -
15 Construction of - 60.00  15.00 75.00 -

. logging roads. g o f
16 1st thinning , 282.80  70.70 353.50  337.28
21 2nd thinning 240.24  60.06  300.30  334.36
26 3rd thinning 207.36 -~ 51.84 259.20  369.72
31 4th thinaing 244.80  61.20 306.00  489.88
##36  Clearfalling 1079.04  269.76 1348.80  3603.24
38 Spacing regeneration 90,00  22.50 i12;50 -
42 Pruning 64.00  16.00 80.00 -
51 1st thinning _ 282.80 70.70 353,50 337.28
56>J2hq thinning © 240.24  60.06 . 300.30  334.36 &
61 3rd thinning 207.36  51.84 259.20  369.72
66 4th thinning -  244.80  61.20 306.00  489.88
71 Clearfalling . 1079.04  269.76 = 1348.80 3603.24

71 Residual land value - - - . 12.00

* In addition the following costs are incurred;

(i) annual maintenance cost of $12 000 from year 1 to 70;
(ii) annual administration costs (@ 25% of (i)) of $3 000
throughout the project life; and
(1ii) capital costs common to the entire project, i.e. costs
B other than those on logging roads and purchase of land
_ (see Section 4.2.2). , '
**End of first and start of second rotation.
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facilities as a result of provision of logging roads. It is also
necessary to appraisevcarefully the indirect coéts that the project
may impose on society. Wheré eucalypt forests have been clea:ed for
pine plantations, the loss in wildlife values (if any), ‘increased
érésion before plantation establishment and the effect on water :"
quality and landscape need to be assessed. » Therefore,v only net
indirect benefits should be considered. |

,anntificqt;on of indirect effects depends on the availability

of'input/outpﬁtvinfdrmation which.describes the changes in:oqtput'

caused by the blantatibn project. Unfortﬁnately, this»input/output
inforﬁatidnris not available. Becausé_df time constraints little
can be done other than to outline an approach appropriate to the .
evéluation'of indirect effects. In Chapter 2 (Section 2.6‘ several:
methods for assesélng the indirectv'gffects 6f. a projéc£  were
disdussed.. While methods based on willingness to pay have general
appliéatioh) each method hés its specific role. A frequently stated
manageﬁent objective of A.C.T. Forests (e.g. for Kowen and Pierce's
Creek forests)>is to meet the fecreatién needs of the‘puﬁlic.‘. ;t
may be p§ssib1e to evaluate thé local impact of recreation by the
v UseriExPendiﬁure method.  Conservation of the envifdnment is anothér,
common _objeétive of managemenﬁ; In ‘thev Cotter catchment in’kthe
A.C.T., the supply of adequate quantitiésbbf quality water.iéfthe o
- mdjof objective. | Some of the other objectiveé are economic
utilization " of pine ‘forests and recreational develbpmenﬁ. . . Here,
possibly, the opportunity cost method'might be applied to determine
the ,trade—off between ‘watgr yield aﬁd Quality. In general, _the

demand curve approach appears practical because of its attempt to
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determine the amount the population is willing to pay for the
benefit. The opportunity cost; method tends to give sSome range of
actual alternative costs which may not be related to, or actually
measure,v the amount that the population is willing to pay (Sinden,
1967). N |

As >‘noted_ previously, 'lack of data and time ‘p,recluded the
| quantificaiion of inditectkbenefitsvand coétﬁ of the project. |

The édministration costs of A.C.-T. Fore’st;# also if\cilul.de : -
evxpenditure ',oh pro;:isionv’of services not directly ielated to"w.ood’ .
pfoduction such as the - development bof walking tra‘ils, traii bike
faciiit_iés,' erosion control, public service ‘_func‘tions not ‘connected'
with = ‘plantations | di_‘rectly‘, etc. v"‘.'l‘he diAff‘erence 'bétﬁeen ﬁhe
adinihistrétion_ costs ;directl’sr ielat;ed to wood production and the
tof;al administration costs may be taker_i as a rough measure ’ofb'_bt'he‘
'opporturiity cost of management fdr noﬁ-wood bénefits in the A.C.T.
_However; because of lack of déﬁa this approach could not be pursued

further.‘

4.5 . 'Secondary effects

While discussiné’: external . éffects in Chapter 2 it ‘was argued
" that pecuniary eff‘ects' shouid be eicludéd as they do not constitute
an element of benefit or cost..‘ '.Hdweve‘r, other non-technological
external -_éffects have been argﬁed éé- constituting propef ﬁenefifs or
costs.  These cqmprise output efféc‘ts,' which result because -of an
increased (of decreased) séale of'v‘acti‘vityvon the part of'v the third
parﬁy, and which are not offset by losses (or gai-ins)v elsewhere

- (Dasgupta and Pearce, 1978). Such non-technological out;.put effects
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occur in economiés’with underemployment. However, the inclusion of -
such output effects presupposes the continuation of less than full
employment, conditions which are extremely difficult to forecast.

Therefore, secondary effects have been ignored in this study.
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CHAPTER 5

FINANCIAL ANALYSIS OF THE PROJECT

ihe financial analysis develops the commercial profitability
of the project by_considering its direct costs and direct benefits.
These costs‘ahd Senefitsrhave already been estimated in Chapter 4.
Howevef, it is  necessary to choose an apprdpriate measure of
prdfitéﬁiliﬁy for expressing the WOfth' of a projecﬁ in pieciSe
terms. The following sections’discuss the choice of a measure of
profitability "and the discount rate for this study prior to the
_ actuél, determination of the project's commercial profitability ; or
worthineés.‘ __'Ip addition, a sensitivity analysis‘ for testing.vthe
senéitivityvof pfoject‘profitability to changes in some elements of

costs and benefits is performed.

5.1  The measure of profitabiiity for £his study -

. This étudy is concerned with  the question of éggggg}gq or
ggiggfing énvinvestment'prdposai for éommercial wo§d productionQ Any
one of the three néasures of profitability discusséd in,Chapterbz can
be used beéauée an internal raté of return gréater than the
predetermined'discountvratevgenerglly corresponds tova positive het
preseht value and to a benefit-cost ratio grééter than -unitj.
HqWeﬁer;»in view of the'difficultiés-associated with tﬁe benefit?dost
.ratio (see‘Cﬁapter 2) the choice is usually between the internal raté

of return (IRR) and the net present value (NPV), In the conﬁext of
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theipresent study, both measures, properly interpreted, should lead

to the same results, and the choice then becomes,' largely, one _of'

convenience (Henderson, 1965). | |
The NPV would appear to be the most convenient for use as a

measure of profitability for this study.

5.2 The discount rate for this- study V'

| The STP‘vrate-,, as noted in Chapter 2, can be interprel:ed as the
‘product of the elasticity of marginal _utili‘tyanu the rate of growth
of per capita consumption. Tha' fuﬁure -rate of urov}th of per capita
co‘nsumfstion"’cah Abe astimated from -the national development plan.
:Howavé'x;,' it is difficult to ’asl:imate the elasticity of _marginal'
'ut_ilify of aggregate consumption -wlth respect to -per caplta.
consumpﬁlon; | The value seems to be in the range 1 to 2.5 (Layard,
“1972). Ferguson and Reilly (1976) observe that this range, ‘when
multiplied by the growth rate of per capita oonsumption, gives too
wide a band (2.5% to ‘6.25%) of S_"I"P ‘rates for practical decl.sion
’ making' .and may introduce personal biﬂas.i and inconsist_ency in 'projeot
sele'Action.: i They concluded that the x;ate‘ of int‘érest, with allowance
for inflation, payable on Australian securities sold in overseas
mafkets cau be taken as a measure of S_T.Pv. " On this basis, they
‘arrive at a range of 4% to 6%.

'The choice of a discount rat'ev has important implications for
» thev profitability of public ‘J".._'nvestment for commercial wood production‘
.becausa of i1—_}1e usuallyA long investment horizon. o | A survey by
Schvleicher,(19'72) ‘showed that discount rates ranging from 6.5% to ,10%.

were being used by various European countries in cost-benefit
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analyses (Ferguson and Reilly, 19’76); ‘In the United Xingdom, the
bdiscount rate is 10% while France uses 7% (Perry, 1974). In the
U.S._A. the ratesi varied from 3% to 9% (Baumol, 1968). From the
range of values étated above, ‘aﬁd the foregoing discussion, it is
obvious that the choice of a discount fate’ is a difficult one.
‘Nonetheless,‘ a choice has‘ to be made, and in advance of project
eValuation fo maintain objectivity. |

In the financial analysis of‘ a projec_ﬁ for commercial wood
prodﬁctio‘n, the: proper rate of disco‘unt; should be similar tov the
market rate. of intéres’t" with allowances for risk, 'inflétion and
income-tax payments. Tl;xev commonly_' used estimate of pri;zai;e (and-
b'v'éociali) time pre'ferénce is the rate on long‘-_term governu‘lent' bonds,
reduced to allow for expected inflation and i_ncome4tax pa’jrmenté
"‘(Layard, 1972).. Theée bonds‘ ’a-re ge‘nerally considered risk free.
: Howgver, since “the future price level is uncertain, there. is, i}n
facf:, no t‘rﬁly. risk-free rate of 'intévrest, nor are there an} long-
term. bonds whose nominal yield is independent of unknd\kn future
interest rates, unless they are helcilb'to ma’turity.. ‘ NeVertheiess_, in
~unc§ftain and imperfect ‘capitail markets, it remains true t_h%t for the
>ordi'nary;‘1ender, the z;djustéd i‘o‘ng—term bdnd ;ate probably gives as
good ) evidénce as is posséib}l‘e‘ on his risk—ffee time . preference
(Layara, 1972). Baumol (1969) argues that this bond ﬁem is the
lower _limit of the STP because those th -do notb buir bohds ha‘}e a’
higher preference for consumption today than ‘l:uyers do.‘ ,. On the
.othér_ hand,__"ferry (1974) cites ﬁenderson and Mishan who argue tﬁat-
this yield ‘ivs the upper 1limit, as there is still some riskv in

bonds.  He therefore proposes the average bond yield of 5% in
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Australia during 1960-68 as the most likely measure of STP and opines
tﬁat‘ adjustment tb this rate should not be made for taxes and
inflation.

In the 1light of the above discussion;,; the sécialk rate of
discount (STP) will be taken as 5% in this study, being the median
Value of the range 4% to 6% s'uggested' by Ferguson andTRe‘jl.lly (1976) “
‘and coinc-iding with the figure suggested by Pei,ry (1974)._ Leslie
| (196 7) also_ suggesté a fate of 5% 'fof ‘c‘_;ov'ernment» forevst.ry project‘,s."
Thé »abovve‘ discussion é.lso Suggesﬁs that a discount rate in the
rieighbourhood of . 5% may be approptiate ‘for the financial evaluati.§n :
of the project. Aﬁ raﬁge of valueé fro:ﬁ. 4% to 6% will, however, be
conside:eci in the ‘financial evéluation "with. 5% - being considered ‘the
most likely vaiue. When allowaﬁce is made for risk, ‘inftlation ana
taxes, a discount rate of 5% ié not gxpect:ed to be vastly differént’
ffom the private market rates. | Moreove'r, thisv is the ratebl' of
’gove_:rnr»nent_ bd:rdwing and is theref_or;e the opportunity cost;'of.capital:

to thé government.

5.3 Calculation of net present value

As. me»n‘tioned‘ before, the proposed & fadiafa ‘plantationv would
bg 'est‘ablisrhed over an area of 400 ha each .yeair starting froni year 1-
-but-v fbl_ldwing advance plannivng~.-(’e.§.‘ ‘'site preparation) in year .0'..
, Sindé the rdtation pefiod is :35 yeafs, 35‘ pl#htgtion biocks _6f 400 ha
each w.ou;d be vestablish’ed, the last establishment being in yeér
35:. ’ ~ Each plantétion block would be managed _foi: two rotations (71
years in all, including one for édva,nce planniﬁg). The net pr.esént.

" value of the projecﬁ ('at year zero) would be the algebraic sum of the
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net present'velues of the above 35 blocks and the present value of
capital costs of the project (eetimated in Table 5.1).

Since thevcests and benefits for all planﬁation blocks are the
same, the net present‘value of each of theSe blocks, calculeted over .
a plenning.hdrizon of 71 years,‘weuld be the same. ‘Thue;‘there wiil
be an annual series of constant NPVskfrbm'yeer 0 to year 34 fer‘the
35 Blocks{ . The presene value (at year‘zere),of this series can be

calculated by the formula

N al(1+1) =1

(5.1)
i(1+)" '

_where a = annually recurring (annuity)_value,ii.e., NPV'F
of‘each block;v
n.=inumber'ef yeareﬁof CO@pounding 6r diecounting,
.34 in this case,‘and
.bi = the discount rates

The net present Qalue of the project, considering the basic
 model, hasibeen calculated by the'procedure outiinedvabove using a
computer programme*.k The results) shown in Table 5.2, show that at

the chosen discount rate (5%) the project. incurs a loss of $959 100.

This suggests that if the assumptions underlying the -basic model »,V

’hold, the project would not be profitable at a‘5% rate of discount.

5.4 Sensitivity analyses

"The identification and vdluation of costs and benefite of a

#Developed;by J.A. Miles, Department of Forestry, A.N.U.
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TABLE 5.1

PRESENT VALUE OF THE CAPITAL COSTS* OF THE PROJECT
($,000)
Year Capital Cost Discounted Present Value
4% 5% 6%
0 200.00 _ 200,00 200,00  200.00
5 ©60.00 n 49.30  47.02 44.84
15 60.00 33.31  28.86 25.03
25" ' 60.00 22,51 17.72 13.98
v35- 60.00 ' ©15.21  10.88 >7.81v
45 60.00 - 10.27  6.68  4.36
55 . 60.00 " 6.94 4.10  2.43
65 60.00 4.69  2.52 1.36
Total (rounded) 342,20 317.80 © 299.80

*Excludes the costs of land and logging roads which are
allocated to the relevant year of planting.

project invoive estimating the futuré. .Estimated future yalues are,
howe?er, uncerﬁain and thereforé it is neces;ary to recognizé
and to treat explicitly,the'qncertainty sﬁrrounding project estimétes‘
of future eyents and vaiues'(F;A.O.; 1979). 'Sensitivity,analysgs
wilL'be uSéd ih this sfudy to‘inco;porate the uncertainty, i.é.; t§
test the éénsitivity'of the NPV té alternative‘assumptioﬁs about the
value of inputs (costs) and outputs (benefits) and various techhical
relatiohshiésf

‘;The baéic ﬁbdel uses the moét_ likely valuesv of inputé and
outputs. fo make the‘analySis éomplete it is desirable to obtéin
soﬁe idea of the change in NPV as a result of changes in the valueé
of inputs,and outputs, especially those whose Values are reiétively

uncertain. The sensitivity of the basic model was tested under a



80

range of discount rates, and separately under each of the following
assumptions:
(1) Administration costs @ 20% of all costs which can be
allocated to a year of planting.
(ii) Administration costs @'30% of all costs which can be
ellocated to a year of planting;‘
(iii) Lower sales of smaller-sizedt(7-14 cm) meterial (tegimet
ii Rz; lable 4;1) and average cost of logoing. ' This has been
called the subsidiary model (Table 5. 2).
The results show the great sensitivity of the NPV to changes in
discount rate;-' While the proyect incurs a loss at 5% (NPV |

—$959 100), a fall of 1% in the discount rate (to 4%) results in an )

NPV of +$2. 4394 million (Table 5.2). In other words, the pro;ect is -

a highly profitable use of resources.if‘the appropriate discount rate
S is 4#. On.the'other hand, at 6% the project'snows heavy losses (uév
= =$2.5528 million). | |

Reduction of administration costs to 20% results in an NPV of
| -$12 800 at 5%. As this amount is insignificant, it may be said»g
that the'project just breaks even when the sdministrationvcosts are
 taken as 2Q§_inetead of 25%. On the othet hand, when administration
.costs‘ere increaSederom 25% to 36%, the‘project NPV at S%vbecomes “
-#1;8557 million,vi.eQ, the project incurs:a substantial loss. |

Under conditions of low»demandjfof the smaller-sized naterial,
the project NPV turns‘out'to be e$40§ 800 at the 5% discount'rate.
- Comparison with the basic:nodel'reveels that under conditions of low
v demand: the proiect losses are much'less than those undei conditions

of high demand (NPV= -$959 100). This can be explained as follows.



TABLE 5.2

NET PRESENT VALUE OF PROJECT UNDER VARYING COSTS AND REVENUES

($,000)
Discount Rate A
- a4y sy 6%
1. Basic Model ' ‘v v
| Value of annuity +143.3  =37.3  -146.6
Present value of series +2638.3  -604.0 -2106.4
Diséountedvcapital costs ~342.2 -317.8  -299.8
Project NBV | 42439.4  -950.1  -2552.8
2. Adminisﬁfation Costs @ .20%
© Value of annuity 421201 +17.8 -100.7
Present value of series +3905.0  +287.8 - -1446.9
Discountéd capital costs -342.2 = =317.8  =299.8
Project NPV | +3774.9  -12.8  -1847.4
-3+ Administration costs @ 30% _

" Value of annuity +74.6  =90.0  -187.8
' Present value of series +1373.1 -1457.9 ~2698.3
_Discounted capital costs = -342.2 317.8  -299.8
‘Project NPV +1105.5  -1865.7  <3185.9

4. Subsidiary model _
~ value of annuity ' +197.6  =5.2  =125.9
Present value of series 43636;2 - -83.8 -1808.9
Discounﬁed capital costs ~  =342.2 -317.8 : -299.8

Project NPV . +3491.5  -406.8 -2234.6
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An assumption was made in Chaptér 4 that the price of 7-14 cm
diameter class material would be $16 iﬁer > "regardleés' of the volumé
demanded. ‘ The average cost 6f logéing this méterial is $14vp§r m3
(Table 4.3). ‘vUndér conditions of low deméndrleés material of the 7-
14 size class is extraéted. .This‘reducés both costs and revéﬁueS'
but the total costs show a greater chénge because the administration
costs, which aré taken as 25% of all coéts allocatablebtd a year of
piantiﬁg, are. also reduced. Thié wﬁuld reduce the project loéses;'
therefore} |

Similar Sensitivity aﬁalyses can ‘bé donei for other  project

parameters if necessary.

5.5 Result of the analysis '

“The financial analysis haé sho#n that the proposed p&antatibn
.project woﬁld'not be commercially viable from the’point,of'v;ew of an
individuéilégency‘undertaking a commercial wbod'production projéct,
gi?éh_thé aSSumptioné ofvﬁﬁé‘basic'ﬁédeif‘ vAsvstressed beforé, ;he 
above :reéult‘vcann9t> in any way bé lﬁaken as a measure of the

profitability of A.C.T. Forests as an organisation.
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CHAPTER 6

- SOCIAL COST-BENEFIT ANALYSIS OF THE PROJECT

The social cost-benefit aﬁalysié.‘ dejelbps the social
profiﬁability 6f‘the project by'considerin§ its'costsvand benefits
from the \}iéwpoint. of society. '1 As poiﬁted out in Chaptéij- 4, the
iimitation of this study.is that’itvcdnéiders onL§ diréct;costs and -
benefits, i.e.. COsts ‘and benefiﬁs thich‘ arise only frbm wood
p¥oduction. - The -analysis, theréfote, will Be a’vconsiderable
>undérsté;emént‘6f th; trﬁe sociéi.benefit thch cculdbbe‘derivedtfrom
ﬁhe mnitiple use of the.plantatioﬁ, v Fo?vexample, W6od_productidn,
watétvproductiohband recreation ére»domplementéry forms of land use
in many>areas, Multiple use of areas may require some modification
of tﬁe ‘timber management regimé (it is already being done in the
AsCeT.) but a -proper mix of uses can géﬁerally be'found which wiil
yield‘a higher net social gain than any single use (Gregory, 1972).

Befprg undertaking the SCB analysis it»iis first heceséaxy td
estimaﬁé the soéial-coSts and sdcial bénéfiﬁs offthe project. The
eétiﬁates of  $ocia1 costs are dépendént on the shado& price of
ihvestment;yua ,concept that was discuésed' in 'Chapter 2, . The
following section deals‘with the caléulation of’tﬁé shadow price 6f

investment.

. 6.1 shadow price of investment |

The estimation of the social rate of time preference (STP):was

discussed in section 5.2 and a value of 5% was adopted. With the
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pinV  can be

decision on STé, i;he shadow price of investment,
estimated. Based on national income statistics, Haig (‘1.97'1) has
estimated the marginal propensity to save to be 0.19 (Ferguson and
Reilly, 1976). Thesé authors themselves suggest anfigure of 0.’1 2
fof the margihal raté of return before tax in pri‘vate iﬁvestmeﬁt,
after rﬁaking- ‘allowance for risk and i‘.‘nflation._ Taki‘n'g“ this- as the |
maréina-l b,rate of return on investment,

inv _ (1= 0.19) x 0.12 _
P = 0,05 - 0.19 x 0.12

3.6

"Therefvore, a value of 3.6 will be used for Pin.v in the SCB.

analysié.

642 Social profitability of the project

The .'a'im .of a p\lbiic préject\ is to maximise its net social‘ '
bene‘fit; that ,is to maximise tﬁe disébunté_d value of thekbenefits ne'tb
‘O_f the discounted value of the: costs. In Chapter 2, the ,ﬁet social
'_"bene.fit‘ Qas seen to be ihe sum of tﬁe consumefs" and pfoduceré'_
sur’piuseé. | |

The proj'éct under . study is quite small reiative td the total
wood resources of the reg'ion,» which iﬁciudgs the' State ‘bf New Soﬁth »
.WAies.' Therefore, tﬁé project output ‘will not cause bav significaﬁt
charbxge‘v .v in the Vblume ‘of Qood producfs available, nor in the marketi:’
. price o.f those products.  Under these circumstance‘s, the consumefs"
| surplus will not change significéntly and the net social benefit can
then be measured by the change in »produce‘r's' surpius only (Ferguson,‘

‘ 1973). With this assumption, the benefits and costs of the project
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relate strictly to the social revenues and -costs dérived from
producing wood.

The estimation of social costs and revenues is discussed in the

’foIloﬁing'seCtions.

6e2e1 chial costs

As noted in Chapter 4, the project’costvs.have been divided into

four componehts: field, .cépital, adﬁinistratibn _and annuélv

‘maintenance costs.  These costs can be further broken down into

wages, éalaiies and supplements, equipment and material costé. In a
SCB‘aﬁalysis;‘the posﬁbof-using an input should be the yaluevforégohev
b§ not beingnable to ﬁse it:ih its next bes£ alternative ﬁse, i.é.
its opportunity cost. | |
'There.is little unemployment iﬁmthe A.C.T. and aéfconditibnS'of
€ull or near,fuli émployment are expécted to hold in the future, the»l»
éoing wage rété is considered a :easonable méasure of therpportunity 
vcostvof 1aboui. The actual equibment and material costs, likéwiée;;'
have begn IASSumed- to be reasoﬁable measures‘ of . theif 6pportunity
costs} | |
It was ﬁointed ouﬁ in Chapter 2 that funds’hsed in‘financing ‘
the.p?ojéct'had an oéportunit? ¢ost in te;ms of the benefits foréone
from élternative inVestments,; both 'iﬂ 1the' public and private
sectors. The shaddw’price of funds, P;nv, used in the projéctvwas

calculated to be $3.6/$ invested (Section 6.1). Usuaily resources

required for investment come out of both consumption and alternative

" investment. Since consumption is the. unit of account, $1 of
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consﬁmption currently forgone should be debited to the project
account as $1 (Dasgupta.gg_ii; 1972). In general, if the fraction
inv

a~ of a projedt's costs is drawn from investment and thé‘fracticn

a®" is taken out of consumption, the net present value is given by

n . B 'n inv. _inv con , K

NPV =’z t 't" 2 (a P ta ) t R 1,2,050..,!1.
=1 (1+1) t=1 (1+1)
Wherekl.at = the stream of benefits;

e
il

+ the stream of costS{

b
[

:rate of diécbunt;k And |
n = lifé'of‘projecﬁp

1The :édministration. costs df‘fthe project are bessentially_
incurred in the discharge of public service fdnctiéns;” Iﬁ has been
assuﬁed‘ Ehat' this part of theh'projéct's costs c§mes out of
consumption. vSince, as‘ noted above, goﬁsumption is thé unit of
éccéunt, administration costs have a shadow price of unity; - Fuﬁds_
.ito”méeﬁ all other costs are then drawh from investment and’théreféré
"haVe a shadow price of 3;6. ‘ ~Ih éther Qords. all_noney costs other
vthan administfatiOn‘coéﬁs have been multiplied by 3.6 and added tp
‘the édminiéﬁrétion .coété to determine fhé social costs of the
project. The‘flow'of‘sociél costs (bdsic’mbdel) for a block évaOO
| hé»is preseﬁted in Table 6.1. .

© 64242 Social revenues

In the financial analysis in Chapter 5, the project output was
valued on the basis of prices negotiated by A.C.T. Forests with log
buyers.\ One of the factors influencing these prices is the general

belief that the wood using industry,should be assisted by A.CQT,



TABLE 6.1
FLOW OF SOCIAL COSTS OVER TWO ROTATIONS:

FOR EACH BLOCK (planting yeaf) of 400 ha¥*

($,000)

Year Item Cost of  Administration Social
‘ ' ' Operation K Cost Cost
0 Land purchase 12.00 ' - 43.20
0 Site preparation 136,00 9.00 138.60
1 Planting  s2.00 20.50  315.70
2 Tending | 25.60  6.40  98.56
11 Pruning e 64.00 . ©16.00 246.40

15 anstructionvof o , ' o »
logging roads ~ 60.00  15.00 231.00
16 1st thinning 282.80  70.70  1088.78
21 2nd thinning  240.24 60.06 . 924.92
26 3rd thinning 207.36 51.84  798.34
31 4th thinning : 244.80 1 61.20 942.48
*%36  Clearfalling 1 1079.04 © 269.76  4154.30
38 Spacing regeneration 90.00 ‘ - 22.50 - 346.50
42 Pruning o 64.00 _  16.00 1246.40
51 1st thinning = 282480 © 70.70  1088.78
56 2nd thinning - 240.24 60.06 924,é2
61 3rd thinning 207.36 51.84  798.34
66 4th thinning 244.80 . 61.20 942.48
71 Clearfalling ' 1079.04 269.76  4154.30.
71,>Residuél land value -12.00 - , o =43.20

* In addltlon the follow1ng costs are incurred;
i) annual maintenance cost of $43 200 from year 1 to 70,
ii) annual administration costs of $3 000 throughout the progect
. 1life; and
iii) capital costs common to the entire project, i.e. costs other
~ than those on logging road and purchase of land (estimated
in section 6.3). —
** End of first and start of second rotation.
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forests. This approach to price setting is likely'to prevent demand
and supply from achieving equilibrium at a price indicative of the
true  social value of logs.‘ This ‘is implicit ~in A.C.T. Forests'
ciaim that the demand for logs is much higher than it can possibly
meet. It is further emphasised by the fact that a particular A.C.T.
mill is reported to have bought quality logs from outside the A.C.T.
at a price which is several times greater than the price it pays for,
similar logs from w1th1n-the A.CosTs
"Under' such ,circumstances‘ the prices (royalties) -charged by
A.C.T. AForests for logs cannot be taken as alsguideb to their true
social Values. It is, therefore,»necessary to develop social vaiues
(Shadow prices) foriiogs; | | |
‘The " shadow vprices 'for logs may :be estimated by using: the
residual value~approach._A It assumes that the world market price of
a similar product is more nearly the perfect market price than the
,domestic price. ‘In other words, the approach: assumes that the
project' odtput will substitute for imports of forest proddctS“of
equivalent end use (e.g. New Zealand Radiata ahd bregon pine){ The
shadow prices for logs. are then calculated by deducting from the duty i
‘free landed cost of imported forest products all costs of harvesting._
-processing and transport to the. main narket'of the_project,output;
'This‘approach has been taken, among  others, by’Reilly_(197é) and:sar
(19?8)... | Workiog backwards fromvfthe dutj tree landed vcostv of
imported ‘timber, the following costs are essentialiy considered in
—'arriving at the shadow prices for_logspor»stumpage;
a) tﬁe cost of‘transport from the port to the merchant's yard:

b)-the cost of transport of domestic production from sawmill



89

to the merchant's yard;

_C) the cost of sawmilling; and

d) the costbof harvesting and transportbof domestic p:oduction

to the sawmill. |

The first item of cost is added to the‘duty free_landed cost to
arfive at]the import replacement'cost»to the:merchant;-. FThe other
items of cost are »sdbtracﬁed from this impor§' replacedeot'.coec tog
determine the shadow price'of logs,‘haking due allowance fo: normal
profits. 'éawn timber is congerted_to,equivalent log volume Qith the
help of appropriate sawn recovery factors.'

.Inj'SOﬁe"analyses sawmill’ wastes k(e.g. slabs;; edgings-‘and’
offcuts) suitable for chipping are also shadow priced and added to>
the calculated shadow price. The shadow price of chippable sawmill
waste is caiculated as a residual by deducting from the free on board
(f.o.b ) price of chips all other costs of producing and transporting ‘
‘chips to the port (assuming that the chips have an export market).
There are several 'difficultieSs associated with this' method.
 First, the production-marketing-distribution chain from the port of
" entry to ‘the nerchant s yard on the one hand, and from stump to the
vmerchant's yardtongthe‘other, is very iohg. i It is quite likely that
eome-of theﬂlinks‘may be overlooked. - FSecood,*the sawmiils may not
:be efficient,-i.e. may not be'properly,designed orbwofking to full
capacity. | Third, it is diffieult'-to estimate the importeﬁe',
~merchants' ‘and sawmillers' mark-ups or:profits.‘ 7 Io any case, the
.whole execcise glooks at the | existing. production-mafketingf
kdistribution system - to determine the prices that the market .can -

bear. ~ The existing system may in no way be competitive‘ or.
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effiqient.

Since the intention is to establish the trué social value of
logs, and because of the time‘ constraint and the difficulties
mentioned in éursuing tﬁe aboveb approach, it has - been ‘decided to
treét the shadow priée for logs as anv‘unknown of the ahalysis,
Assﬁming the e#isting 'relétivé'-(moneY) _ﬁriCés for différent' iog
diameﬁer ciéssesuto.hold, the factor'ﬁybwhich the }og piices-should
Se muItipLied} so that the project NPV is apprdximételyv zero at 5% °
, aiscount rate:has beenndeterminéd; | This would-establisﬁ'the_floor

for the shadow price for logs.

6.3v”>Résu1t of the analysis

-On calculation, the multipliéation factor for shadow pricing
logs is found to be between 3.21 and43f22. i When the méney prices Qf
logs are mltiplied by 3.212the project NPV, at -a 5% discoun£ raﬁe,

’Works out to be =-$181 170 while in the latter case, when fhef
mﬁlﬁiﬁliqaﬁién:faétor is 3.22, the NPV31$ found to be +$44 060. The
muitiplication factor may thereforg beipbﬁndedito'3.22.  ‘

.The,project'ﬁPV, as in the case of the financial analysis,‘is
.thévalgeb:aic sum of ;he present value of an annualvserie§bof>NPV5 of

35 élahtati@n bloqkéAfromvyear'O'to 34 and the_preseﬁt (diScohnted)
yélue:of-prpjéct capitalkcosis, appropriately shadow priced. . The
éﬁadOW‘bapiﬁai costs have been calcﬁlaﬁéd by,nultiplying the actual
costs,ﬁy‘thé shadow priée of'investment, 3.6. TheSekdosts,‘tdgéther‘
with' their prééent value at‘ the sociai, raté ofb discount (5%), a;e

.given in Table 6.2.
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TABLE 6.2
PRESENT VALUE OF (SOCIAL) CAPITAL COSTS OF THE PROJECT
($,000)

YEAR 0 5 15 25 35 45 55 65

Actual ‘costs 200.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00
Shadow costs 720.00 216.00 216.00 216.00 216.00 216.00 216.00 216.00

Present value (year zero) of shadow capital costs at 5% = 1143,98

The calculation of the project NPV using the miltiplication
factor of 3.22 for shadow pricing logs is summarised below (all

figurés are in thousands of dollars).

Value of the armuity :  +69.10

Present value of series using v

- formula (5.1) : +1118.94

Discounted value of capital : - .
costs : =-1143.98

NPV .of the project :  +44.06

The ab6§e anaiysis indicétéé that if society is érepareé f:o
‘imputer‘vavlués to 'logé Athatv are 3-22 ‘times thé ’ejictual.pri‘ce‘s,v the
.projéct, givexi ‘the assumptions”of- thé _vbvasj.c mod’evl,b is a p'r§fitab1e
use _of_.r.:esroufces.‘ "I‘,hes.,é‘ iﬁputed fialué’s. are gi%rén iﬁ Table 6’.‘3.

“ Séver‘a_l‘ confi‘dential, unpublishéd studies have estimated kthe" :
v vshadovf prices of _g; radiata iogs to be _abo}utv‘ 2.5 to 6 fimes | the -
actual priéesa .Actqal prices in the A.C.T., theréfore, appear to bé
conser:vative_. . This may be due to se’vei:al factors, for example lack

of informatioh, monopoly power in bargaining or political influence.
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TABLE 6.3

Actual
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MINIMUM SHADOW PRICES OF LOGS

Delivered prices of logs ($/m3 log vol.)

Shadow

7-14 16.00 51.52
1519 17.00 54.74
20.24  22.00 70.84
25-29 24,00 77.28
30434_ $26.00 83.72
35-39 29,00 93.38
 40-44 30.00 96.60
45+ 32.00 103.04

Given the uncertainties attached to the'price miltiplier for shadow prices

and other uncertainties attached to other estimates,

the results suggest that

the project is marginal in social terms. Much would depend on the weight to

be given to any non-wood benefits involved.
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CHAPTER. 7

EXTENSION OF ANALYSIS TO THE INDIAN SITUATION

In Chapters 5 and 6, respectively, financial and social cost-

benefit analees of a Pinus radiata p1antation project in>therA.C.Ta
were carried out. It is now the intention, to transpose the
meth_odology. of the SCB "analysis i;o ' a' similar, but hypdthgtical,
_pfoject invlndia. Such a project wbuid fall under thé production
Aforeétry program in'India-discussed ﬁnaer Sectipn 1.3, | ﬁlantationg

of tropical pines (e.g. Pinus caribaea, P. patula) have been

-establishe‘d -in India but their main dbjectivé has been to ‘meetv the
domestic deﬁand  for' long~fibre puip' and not. for bsawlogs. The
‘6bjectiVés of such a.plantatioﬁ project, within tﬁe framework of‘the
iﬁﬁian'development plans (see Section 1{1), may therefore be;
(i) increased aggregate consumption, i.e. raising the average"
standard of living in India;
(ii) redistribution of incoﬁé_to the landless labourers and
vmafginal farmers; - o
(iii)"qreation of new employment oPPOrtuﬁities;n'and ,
(iV)‘ greater‘éelf-reliance through incréased domestic production of
pulp and paper and reduced imports. |
Thé,vfifst tw&‘ socigl objéctives are quite clear and
distinct.ﬂlb The lést two, howévér, are really a reflection of the
limited bébiiity of_vmarket prices - thev wage rate ‘and the foreign
exchaﬁgé fatea - to reflect true social costs and ‘benefits  with

réspect to ﬁhe aggfegate consumption objective. For example, more
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.,_employment opportunities may be desired. pfimarily for the
contribution that a large workforce ‘oould make to national income and
hence to consumption. : Only if additioﬁal employment is considered
desirﬁabler _fér its own sake should it be regarded asv a separate
objecti‘ve (Dasgupta et al, 1972).
However, such is noﬁ- the intentién in ﬁhe ~Indian plans. where
employment is not considered as an objective inv.itself (Govérnment of‘.‘
India, 1973). ‘ Likéwise, self-reliance (i.e.‘;’.mprove.ment in balance,
. of payments) is desired bedause_ the >savi;v;g. in foreign exchahge. s
per’?nit_ﬁs the country to import other v‘economif: resources from abroad
for improving the ‘standérd of .‘l_ivving_ of 1its people ",i;e. ' aggregaﬁe
cdnsuzﬁpti§n." Therefore,*self-reliance is ngtr desired for._ ité own
sak‘eg' i)ut forv tﬁe sake of aggregate _consumpf:ibr'l to >.whi'ch it »
contriibtite#,(Dasgupta et al, 1972)." | | | |
| v ‘In view of the foregoing, the methodology presented in kthis»

study considers the first two objectives only.

7.1 A 'Similaf project in India .

‘The Indian project 'des'ién would diffef frém the _Austr'alivanv
'ae_signr because of éiffe:ence§ in econémié' conditiéﬁs between the twq :
countries.' - . Any px;tsject, or project »- componeﬁt_:, can be undertaken
‘using- different technologies based oﬁ 'vary.ing fcombinat‘iohs of l,andv,"
'labou’r and capital cié’termined by the relai:.ive fact.orve.ndowmer;ts.; In
other- WOrdé, the production fiunct‘i”on' for plant_afion_ forestry is
_fiekibié," not fixed., ' For example., fofe‘s‘t'plant‘:ation projects can be:
‘estv:'abvii'sh’ed using ciiffefent establishment and maintenance practicés

or different combinations or intensitiés of inputs. . = Similarly,
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»harVesting operations can be labour-intensive with use of simple hénd :
tools or capital-intensive using sophisticated. mchinery and only a "
few men. ‘i‘he choice of appropriate technology  would depena on the
relative factor ‘costs. | If labour is relat'ively cheap compared to
capital, t}"nén labour- intensi‘ve téChnologies will general‘llyv have
llowerv avérage éoéts per uhit ‘of output than cz‘lpiktal inteﬁsive
ones. S»:i'._milva‘rly, ,bif_ the cost of an iﬁput is felatively high (e.qg.
fertiiizef) ‘coinpared with other inputs, ‘it is 1eés likely to prod_u.‘ce'
a favourable effect on a prdject's NEV. | |
vFInb».Invdia, @ere in sharp .contrast to Australia, labour is

_ reiati.v‘ely cheap and readily available, »labour-'in_tAensive technologies

are used to -establish plantations.v The use of machinery is
minimals - The site to be planted is cleared mandally about six
months in advance of planting. Sites are not usually ploughed.

Planting pits are 'dug} by hand using spades, pickaxes and similgr
‘lloéal hand téols. All works in adv_ance of i)laf\ting, usually terthgd
'adva'nc'e works, ére undgrtaken ‘in. the“agricultura.\l slack season when a ‘
A large workforce .can. be vorganiséd' to clear the brushwood andvprépare
the site. f§r pla'r;ting. ' Planting is done at ﬁhe break of monsoon .
rains in_'éumrher. | |
| . Feﬂ:_ilizer | is expensive since it is v/eryv mltch in demand‘v for |
.agricultural, use. .and part of"‘ the supply has to. be impofted.
,Conéequently it is notvfreely. used iﬁ plantatiéns although its'use in
nurseries ié' common. No herbicide i.é. used and spot weeding is - done
wiﬁh hand hoes. Pruning, fﬁinniﬁg and final ﬁarvesting are alsd
done manqally with simple hand tools, e.g. pruning 'saws, bill hooks, )

~axes and two-man cross-cut saws. Sometimes, power chainsaws are
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_ also used for harvesting but the practice is mainly restricted to
natural forests with large trees. The rise in oil prices, the hiéﬁ
cost of chainsaws “and the difficulties of maintaining them.‘in ﬁhe
forest have also contributed to their limited dsage.

The Project‘ output, as mentionede previously, -  would ‘also‘
differ from that in'the A.C.Ts and COesist nﬁinly ef:pulpwood érown
on a somewhat.shorter'rotation (25nyeers).‘ Fuel@ood would be an

1mportant by-product of the pmogect. In'ﬁuetraiia,eloppihgs'from:
-thinning and clear-falling operations are 1eft in the forest, whereas
in Indla they would be used for fuelwood. v Also, and unlike the'
A.C.T. situa;ion, there would be no need to delay thinning or carry_i.
vout'inon-coﬁmercial thinnings hecausev of the high- coets of the,, 
operation or limited markets. In vIndia, such materiai .woﬁldv be
saleable .as ifuelWood. | In fact, fuelwood may form 20-25% of'jthe
totel eutéut froﬁ a plantatien fores£ with pulpwood constituting the

remainder.

7.1;1 ‘Identifica£ion of prinCiéel inpuﬁs and ouﬁpues

In‘ﬁhe'analysie to foliqw, and es‘discqssed in Chapter 4, it
' will"ﬁe’fneeeesery to distinguish between “the diffefene 'tybee of '
labour and materialeinputs iﬁ,tﬁe Inaien situation. It will also ee
'neCeseary eo' aistinguish exéort earnings (or reduced imperts) efrom
vdemeetic:salee of'project,output:heceﬁse‘of the importehee‘ef’EOreign'
exehange io»a developing economy; This is elaborated in Seetion
7.i.2.

’Aveilablef resources can be grouped vinto the follewingf

_eategories:lekilled and unskilled labour,.domestic inputs'and‘outputs-'
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and foreigh exchange inputs and outputs. In any Indian forestry
project, unskilled labour would be the main input and may account for
70;-75% of the direct costs of the project; skilled 1aboqr and
materials would rﬁake up the r_erﬁaindef.. ' Skilled labour, apart frbm-
the professional staff andv ﬁechnicians, _would 1nclud_e ma_son‘s,
éarpentérs a.pd vehicle and equiptﬁerit dri_{rers.

| Maté.rials_ can be subd'ix.rided into those "xrwhiclh are imported (or
- would haye '.b_eeﬁ exported in‘ the. a;bsénée of the projéct‘) . and those
“which are prc;duced domesticallys  The common materials of the fitst.
kind are ‘st‘:evel fo? : construction; petr'ole‘um‘ products,’ po.lythene‘
granules for ‘thé manufactﬁre of . pvol_ypo’ts" for r#i;sing seedlings, e,tt_:".
Common dpmesti; materials woulldbvybe Seed,‘cement», pickaxes, spades and

'othér hand tools and e‘quipment;‘

7.1.2 Shadow price of foreign exchange

Sorbne, J'._‘nputs- ~and outputs of a project may be traded or be

potentially tradeable. However, trade is conducted in foreign
; curfency. In many developing countries, including India, foreign
‘exch'a'nge is controlled by the government. The various measures of

'ex(:hanQe cohi:rol ‘(és well as tariffs, quotas on h%\ports and sub_siidies.
_aﬁa taxés on e‘xpo,rtsv)‘ interfere wit‘h' free tradé ~and " there viél a
'-'dl.\_vrér'gence' bt-.ztween'”t;he official Aexchénge'rate and the ‘exchange rate
‘that _WOuld»'bbﬁain under free tradé,.  In othef.; wbrds, the official
exéhaﬁge rate does not Vadequatel_yv feflect the gains and losses to the
ec':onomg fro‘m? obtaining or givi?_zé ué ‘an additional unit of foreignv
ekChange. In geﬁeral' the §fficia1 .exchange‘ rate ié. overvalued.

There 1is, thus, scarcity of foreign exchange due to government
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contrel of the foreigﬁ exchange market. Un‘der these circumstances,
it 1s necessary to determine the true (shadow) price of foreign
exchange in a SCB analysis of the project. |

The sh‘adowv price of foreign exchenge, is a national parameter

and - its value is supplied by the Central Planning Organisatiovn

(CePeOs ) : It can, however, be estimated fairly readily by the
method outlined in Dasgupta et al (1972). Beyer (1972) has

estimated the probable rahge ef , the» foreign excﬁange s.carcity premium
in India as 33% to 60% (Sinha and Bhatia, 1976).  Thus an
~appro§riate premium on foreigﬁ exchange Based on the above estimate
sﬁould be‘ useé Qhen 'valuing, ihputs a’xv'u'iv outputs of the project in -

terms of foreign exchange.

"7.1.3 Valuing inputs

-~ (1) Unskilled labour

B Unskilled labeur comes‘ froxﬁ the 7_ renks | ofv the landless
labouvrers,bvb sliare.' croppers. and marginal farmers .v_lhe ‘seek wege
emplerent ‘in the agricultural- slack , seasen to- suppiement their
iv‘pcrem’es. 'A :I:n economic terms, ‘the cost of laboui:‘ j.s the obpbrtunity‘v
cost of not employing that labour in the rnext be‘st alternetiVe, )
use. In_':a- éerfectly'_ competitive eéonoxhy, the market wage ravte.
shou].d equal the value of the marginal product of labour and in such
.. a ca’s'é, giveril‘that the. éavings rate 15 socially optimal, the market
wage is a kmea’sure of the epportunity cost of Lebour to ’the econorhy
aed the "project.' (basgupta _e;t_:'_ig_l_, 1972)’. |

- - However, these conditions are’ riot applicable to India ‘where

- unemployment (and underemployment) is widespread and where aggregate
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savings are below the socially optimal level. In such a situation,

the market wage is not the appropriate measure of the cost to society

~of hiring an unskilled worker on the plantation project, instead, a

shadow wage for unskilled labour should be used.  The shadow wage
would differ from the market wage for two reasons. First, the
market wage is higher than the value of output forgone by hiring an

unemploYed (or underemployed) individual. ‘This is ‘because of the

existence of minimum wage laws which keep the_.ma:'rket 'wage rates above

the levelsk 'cofresponding to lavbouvr pbroductivity,’

| Second., _f.he money .coét of labéur hired for a public préject is
financed ‘by a: -tréﬁsfer of funds from the private to the public sedtor
through fiscal ‘measu'res._ The mrg.inal-vpro'pevr‘lsity ‘tc‘) _mnsﬁme '. ot’ ‘
takpayers as a whole ‘is iov)ver than thaf of unskilled workers. 'Thus,'
élth‘ough. _this trangfer of funds w>i‘11v. J'_.hc'rease "current‘ aggregate
consumption, the reduc‘tion‘ in private im)e'istmenf;_ reduces the _presenf
value v’c')f_f »curA::‘ent plus future. ‘aggrégate conéumption; .‘ This is because
the aggregate consumption objective. places .a -weight on currght )
inVeSf:m?ni: N équal to the Aiscounted p:re's‘entv vvalue of. future
contfibutions to . consumption ‘attribhta.l_b]_.e‘ to thé marginal unit of
irives)ﬁjment (Dasgupta et al,. 1972). As sée'n in Chapters 2 and-6,i
‘th_is weigﬁt,'ghe : shadow price Pinv, isv l‘ikelybvto be more than one.

| ,Tﬁef fobllbwin‘g ére-sentétion' on'. é.hadow "wages is 'drawn .largely
from the work of Allal et al (1977). |

. The shadoﬁ‘wége of unskille;i' v]..abour, w*, is the algebraic sum

of the gains and losses referred to above, and can be described asv

follows. First, the shifting of a worker from his current

occupation to the project 'means'that his current output, valued at O p



100

will be sacrificed. The social cost of this forgone outéut,is equal:v
~to a decrease in aggregate consumption, the value»ob. Second, at
the proﬁect»the workef will also be paid a wage, W, thch is financed _"
‘by_a‘tax §n the private sector whose marginal pmqpensity’to saQe is
st. " In the absence of'the tax, w.ét would have beeﬁ invested'and 
(1-s%) v consuméd.» ' Thérefore the hnpésition‘ of the tax- cause$' a

loss in the aggregaté consumption of the private sector equal to

w(1-st) + w(st pinv)

"where' w = project wage rate

st = aggregate margihal propensity to save for the private
- sector
‘ Pinv'=,shadow price of investment, defined in section 2.3.3,

Third; there is a gain to the worker,:and theréfore to socliety, equal
to the wage rate, We Combinihg this gain with the above two IOSSes,
 the shadow-price of unskilled labour, w*, is given by

wk =0, + w.st (pinVoq) (7.1)

'Forﬁ@la (7.1) is based on two assump£i§hs:'
.(i) the marginal p:opensity toAsave Qf unskilied wofkers is equal
to zero (s¥=o0); and | o |
(ii).theiforgohe outpﬁt kob)'is the only‘cost to'soéiety ;esulting
from the employment of workers on a publicléroject.
While the firét assumption may be valid in somevcases; the second

assumption ‘is rarely tenable. Usually, an additional cost is
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involved in inducing a worker to change his current situation. An
,unem‘p‘]'.oy‘ed (or underemployed) worker will have to give up someb
leisure when he is employed full-time and may also have to sﬁay away
"from‘ ‘his famiiy if ‘the job require's that he 1live in a workers
camp. Tﬁis psychblogical cost, Pc." must be added to Op 'a'md‘
therefore the mrginal_» Supply price of labour, L, will be higher than
Op;vL=(.) p+_Pcf | The value of L is expected to lié between 0P and w as
the public sector wage |is influehced, by the wage in th_é.

industrialised sector and minimum ‘'wage - lawse. ‘ If both these

assumptions are relaxed, then formula (7.1) is modified to yield
wr = L{(1=8") + ¥ PP 4+ w((st-s¥)(P17V-1)) O (T.2)

‘where s” = the marginal propensity to save of unskilled workers.

Formula (7.2) however ignores income distribution
conSiderations_. In other wprds, it assumes that consumption byv'all
 sections of society is equally weighted. However, as reduction of

incdme- iné(iﬁali’ty has been taken  as 'one'of the objectivés of this
project, this assumption is no{:: Valid for this study. A vgreater
weight‘ should, therefote, be v,assi.gvnedvto' tﬁe éonsdm?tion of.bun'skAi]».ledv
workers. Ibf a wéighﬁ vof'_:-»\;, where u>o, | is étt,a’éh'ed to the
consumption of ‘unskilled workéré ‘and vthe aggregate éonsumptioﬁ of tax
‘payers is a'ési'gned a neutral wéight (i..e. a v}eight of zero), formul_é

(7.2) takes the form

wEx = w*.-‘«u(w-L)[H-sw) + ¥ Pim']v‘ : . ‘ - (7.3)
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- where w** = shadow wage of unskilled labour when income distributionk ‘
~is taken into account. |

u = weight on the consumption of unskilled workers.

Formula'(7.3) thgrefore; should bé used for the SCB analysis.v
in the‘Indian éituation. This formula shows thatﬁthe shadow Qagé.is
further 'iowérgd when: income distribution considerations are taken
intd éccount since both (w-L) and the»tefm in the square brackété $£e
positi&e. | |

‘The weight on the consuﬁption of unskiiled workers is é-
national _pa:ameter whose value is decided by the CfP.O._ _ The

calculation of the shadow wage requiresvthe estimation_of L, st, sV

and PV, the project wage, w, beihg bknown. ' st and‘ pinv vare
national parameters whose yéiues apply reéardléss of‘ the régidn,
‘Their va1ue§ can be obtaiﬁed from‘the C.P.0. or estiﬁated from the
natibnai .élaﬁ,:, In the absence of such estimates, théy may be

w

estimated along with L and s¥ as folloﬁs.

The shadow price of investment, Pinv' is given by .

Pi'rw:' (1-s)q

i-sq

where g = marginal productivity:pflcapital

-8 marginal propensity to séye

i = social rate of discount.
_Thev social . faté_ of‘ discount, as Was;vnoted in Chapter 2, ‘can “be
interpreted Vés the product of thei rate of gr§wth §f .pef' capita

consumption, g, and the elasticity of marginal utility with respect

- to per capita consumption, e. Lal (1972) has estimated e to be ~-2.3
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for India. Sinha and Bhatia (1976) mention a rang;e of values for e
between =1.8 and =1.95 for the United States, Japan énd Canada and

queétiori the eétimate of e given by Lal.‘ For example, if e, the

elasticity of marginal 'uﬁility with réspect to per | capita

consumption, ,' wais -2.0, this would imply that the social_signifiéancg,

of éxtfa donsumptién would declirvlev 2% with.eéch 1% increase in per

caprita’ bcionsu’mpt‘ion. In an econofny like In_dié'é.,__ where .the present':
level of - consumption is low and the increases "in' consvumptiov'n -are
maj.nly in terxrilsvof neceésities such as food, clbothvi'ng and hoﬁsiz{g, it
is difficuvlt to accept the suggest»iori’ that _an 1% incf:éase in avérage

consumétion '» would be associatéd- with a 2% decline in ‘social
sign‘i‘ficavrice‘ of this exf:ra conslimption. Although sPecifying the

: valué vv;hich _"s‘ocj.ety places now on the margiﬁal utility of c:;oﬂnsumption

iﬁ ‘f‘\'xt':ufe titn’e periods 1is purely a normative‘ judgement, it >would ‘be

diffiéult' to jus“l:rifyf a value for e which is_ higher than the

correspondiné 'vaiues for thé Unitéd Sv;tates“, Canéd_a apd. Japan (Sinha

vancyl Bhatia, 1977). | | |

The Draft Plan for 1978-83 (Anon., 1978) projects a rate of
growth of “ consumption of 3.18% for the period 1983-88. On this
bési_s, and 'in_tﬁe light of the ‘-above discussion, the"éocial‘.rate‘ of
discount :séems. to lie in the i:énge 5.53’1:0‘ 7.25%5 with 6. 0% as.»tﬁe
most likely value (e varying from -1.7 to =2.3).

Bekyer (1972) has provided 'éstimates of ‘various parémeters' fprf o
project aﬁalysis in India (Sinha and Bhatia, >1'9'.16). By taking
diffé’rent .values of the pafaineters i,. q iand s, he arrived at a Arfange‘
inv' | .

of values between 1.2 and 4.5 for P Using the ﬁ\ost likely

values, in his j\._l_dgement, he has suggested a range of 1.5 to 2.5 as
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the shadow price of investment in India.

It only femains to determine tﬁe value of s” and L to estimate
'_t‘he shadw wage of unskilled labour, w**, For a country the size of
Ihdia, giv'exi_ the constraints to labour mobility, regional variation
in 1labour ,productivi{:y' and  differing vur'xem"ployment - employment
patf;ebrns from one area to anotﬁer, the shad§w wage will need to be
calculated on a regional ‘ basis. : This wagev may also need to be
modified for the particular projeét' being analysed.

Thu‘s,v the value of L would have to be calculated for the
région from which . labour " would be drawn for the project vand within
thaﬁ region for different seasons ‘of the yeér. This  is neéessé;‘y,

because during the peak agricultural season the demand for unskilled

“labour is usually high. Conversely, the demand is low during the
“slack season. Estimates of s and L by' region and season, therefore, :
A\

will be required. - .8 can be estimated from household expenditure

surveys. In the absence of such surveys's‘" may be taken as zero or

as a fraction of st

, the aggregate marginal propensity to save of the
private sector.
The estimation of L requires knowledge. of the valueb of output

foregbne, (¢]

b and the psychological cost, P_. - 0p is difficult ‘tov

estimate as it requires a kﬁdwledge of the production functions in
the'bagricul}tur‘al sector fof which studieé hbavek to be undertaken. |
Also,. it is élmost: imposéible té estimgte the psychological cost;
Pge : In ma‘ny‘ cases, because of " lack | of tirﬁe and resources to
-unde;:ta-ke thése -studies, wages paidl in the rural area may be used as

a proxy for the supply price of labour, L. This will probably tend

to overestimate the true value of L.
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Once all the parameters have been obtainéd_ from the C.P.0. or
from field survey, the shadow price of unskilled 1labour can be

estimated ‘using formula (7.3).

(ii) Skilled labour

Skilléd workers are ‘usu‘ally ‘scarce in developing countries
and their’ _waqeé"tend vto be hiéh 'whenevéx; the private sector; competes
with the ‘;.)ublic sector to employ such ‘wquers. ‘In India, however,
there is qonsiderable unemploj(meﬁt v‘(or uﬁderémplojgment) of sk-illed"'
labour. Formula (7.2) can be readily 'modi.fiedr to est‘imate the
s'hai»iowv wage of ' skilled - labour: _’w*,l‘.‘.,w and s" here referring to

skilled 1ab6ur .

: (i__ii). Materials |
(a) Imported materials
»'A part of- tile sﬁpply of polythe‘nev granules required for

the'manufactﬁre of polypots i,é. imxported.' It canvbe assumed that, at:
the margi‘n, the raw" nateriais ‘.f-ovr.‘v fbe ~polypots. would be impoi':t.ed..
‘This raw _.ﬁlateriél vsh‘ould' be vglhed-on ‘the basis Of its ceief. priée_ .
@djus'ﬁe_d by ‘the shadow ‘pricve 6f foreign exéhaﬁge. .\ similar_
aﬁpréach should be followed in ’fespect of - p‘etrojll.eum. products and
fertilizers. | |

A.riother input' to iﬁhe project W6u1d be »steel for construction.
Usually the | guvant’ity " réquired is smia]'.‘l as faifly’ i_nten‘s‘iv_é use is
made of local mterialé such as bricks‘,“timber, bamboo anci grass in

the construction of workers' - camps, stores, garages, etc. In that
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case, the market price of steel can be used as a reasoﬁable
épéroximation‘of its shadow price, particularly since steel is mainly
manufactured - in the vpublic sector. o Howéver, if the cost is
substan£ia1, it can be estiﬁated on the basis of'export,price (ne£ of
fransPort costs) adjustéd_ by tﬁe shadow exchange rate on the
assumption tha£ in the. absence of the project steel would be
expéfted. This would be a realistic assumption as steei is a majdr
eXpoft item in India.

‘(b)‘questic materials

. Like steel, cement is also required for construction.
Again, and 'as noted earlier, the quantity is‘ not 1likely to be
'largé.»  Cement also, is haﬁufactufeﬁ mainly by ‘public sector
companies. rherefore, its market price, adjusted for ;transport
‘costé tovthe proﬁect site, can be taken as an approximate measure of
’its‘opportunity.cost.
| 'Seedvvis usually collected by the forest service or other

 government organisations. Its cost of collection can_bé taken as
its true éocial value. |

'_iﬁe  mar£et prices ofv-tools aﬁd eqﬁipment can be taken as-
" reasonable measures of the Opportunity cost of using them in the
.éroject‘as’the nérket is geﬁerally éompetiﬁivew Besides, estimation
- of thé_oppdrtunity cosﬁ of_pommodities»produced in the private sector
_;s diffiéult to carry out. This> additional work may not be
justifigd'if adjustments ﬁo market pfices are believed to be minor,
"eSQecially when these costs form a smali part 6f the total.cost of
~ the pféjgcf,‘

For the government to acquire the materials mentioned above,
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funds have to be transferred from the private sector to the
govefnment. The market or adjusted prices mast Ehen be corrected to
take account of tﬁe transfér. This can be done by'multiélying‘thé
,calculatéd prices (matket or adjustedf bf the factor |
A‘(1fst)v+'stlpinv
The result would be the aééregate consumption cost of
materi#léa ﬁote'that the ﬁransfer,cést of funds, represented by the

above factor, was also considered in the case of labour.

7.1.4 Valuing outputs

The direct voutputs-‘of' the project would be pulpwbdd‘ and
fuel%ood; | Sihce.woodpulp is imported, it can be assumed that a£ the
margiﬁ the:project oﬁﬁput wouid.substitute for imports. ' Pulpwood:
sﬁgmpagé,tﬁergfofe, shoﬁld'bé valued on the basis of the duty_free
landed cost of'woodpulp‘of equivalent end use. This cost shoﬁld be
mui;iplied b& the éhédcw' price  of foreign exchange to refléct its
rélatiQé sgafcity. To this must be added Ehe port handling_cpsts énd
the'coétg’invoiﬁed in transporting,itIFO'thé papér mill. From the':A
miil»doorAcost of imported pulprthu31ca1cu1§ted should be subtracted
- the,cbsts of |
ai‘ha:vesting anqvtrénspOrting]the plantation ocutput to the mill;
‘b)'éﬁlp”manufacture; YAnd
c) any other handling costs
to‘arrive at.the_shadqﬁ price of stumpage.

_Iﬁ ¢haptef‘ 1‘i£ was mentioned that shortage of fuelwood has
foréed peéple to ﬁse animai dgng as.fuél_to ﬁhe detrimenﬁ of soil .

fertility and  structure. Fertilizer consumption per hectare in
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Indian agriculture is considered to be one of the lowest in the
world. Fuelwood produced by such an afforestation project would
help in releasing dung for use as fertilizer. Estimates (Srivastava

and Pant, 1979) show that every year 458 million tonnes of wet dung

is u_séd as fuelwood' in India, which, at 5 tonnes per ha, could

fertilize about 91 million ha of agricultural fields yielding an
additional 0.5 tonne of foodgrains per h'e'cj:axe. The 1loss in
foodgraih Aproduction thus  works out to be about 45 million to_nnes,

valued at Rs36 000 million.  If we assume that five tonnes of wet

'duhg is equal to one tonne of dung cake (in which form dung is

burnt), the opportunity cost of using dung, in terms of foodgrain

autput forégone, can be estimated as shown below, based on the data
provided by Singh (1978).

The heating value of fuelwood in India is 4 702 kilocalories

(kecal) pei: kilocjram (kg) and v its heat utilization efficiency is

18.9%. The corresponding values for dung cake are 2 444 kcal per kg

~and 11.2%. ‘ Therefore, >the effeétive- heating value for fuelwood is

889 kcal/kg (4 702x0.189 = 889) and that for dung cake 274 kcal/kg

(2 444x0.112 = 274) giving a ratio of about 3.25:1.

As ,stéu:ed above, 5 tonnes of wet dung {or 1 tonne of dung

o ca.kes) can increase output of foodgrains by 0.5 tonne; the wvalue of.

this additional output is then Rs400( ----- "x 0.5 = 400). In other

words_, one tonne of fuelwood is worth Rs1_"' 300(3.25x400 = 1 300).

From this mst be subtracted the hafvestlng and transport costs to

arrive at the value of fuelwood ‘stumpage. The cost of collecting
dung and making cakes must ‘also be considered. . The 'prices' of

foodgrain used in the above estimation can be ' régarded as a
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reasonable approximation to their true opportunity costs because the
prices are set by the Agricultural Prices Cbmhission. It may be
mentioned in passing that the current price of fuelwood in some towns

in India is about Rs300 per tonne. B

7.1.5 External effects

The externdl’ieffects qf' the 'projeét ;‘ recreétion,. wiidlife"
protection,' soil 'énd  w§t§rshed. prqtection - wili depgﬁd 6n' thé
.1d¢ationvof the project.  The use of‘forests for recreation is not
vgreat in India at this time and this situation may obtain for some
time‘to’cbme. 1The main reason for'fhis iéfcnnsidered to bg the
generalvlowllével of income. Wildiife and soil protection benefits
from forests,»howéQef,‘coﬁld be im§§rtahtq The apProach'outlined»in.

Chapter 2 could be followed to value them.

l

7.1;6 Sbcial'cost-benefit anaysis
In the‘preceding sections the valuatign of inputs and gutpuﬁQ

- was ‘discﬁssed. ‘ kThe use of laboﬁréintensive techno;ogies. EOr .
plaﬁtatioh‘establi#hmebt'in India makes it imperative that the sﬁad§w<
priée] of labour '(pérﬁicularly unskilled labourf.vbe ‘estiﬁated‘
vcarefuliy;»i " The methodoi§gy foi' its estiﬁatipn was presentedv in
Seqtioh 7e1.30 Thé difficulties ihvolved'in.thé estimﬁtion of the
_supply pricé of labour, L, and the propensitf to save, sw,,necessaryv
fér'the calculation of thé shadow priCe of labour wére also noted.
Often; thg "studieé' reéuired to estiﬁate‘ these parameters canhot be
undertaken because of lack of time and re#ources. In practicé,.

therefore, it is sometimes not possible to adopt the above



methodology. Snbjective estimates for the shadow price of 1labour -
(both skilled and unskilled) couid then be made, based on local
- knowledge. For example, Sinha and Bhatia (1976), analysing an
irrigation project in India, assumed a shadow price (vof one-half the
niarket,, wage for skilled labour and zero for unskilled labour.
Similar estimates basen' on the unemployment situation‘_ and labour'
mobility could be made for the plantation progect.

>Havinq estimated the costs and benefits of the project to
.“society in terms of aggregate consumption, they should be discou‘nted
by the social rate of discount (6’&) to determine ‘the net social
benefit as discussed in Chapter 6. ‘

The sensitivity of | the results to changes in the discount
.rate, 'shadow pvrices of labour anci foreign exchange and costs and

benefits should be tested using sensitivity analyses.

‘7.2 - Summary
| In this essay, the methodology of eost-be‘nefit analysis for
eyaluating' | forest plantation'b projects in both develepee and
developing countries has been prese-nted. The‘ study developed a .
hypothetical plantation project based on. Australian data. This
preject was subjected to a financial analysis - which oonsidersv
‘mar)_tet. prices of “inputs and Q'utputs, - to determine its coxnmercial
profit,abi:lity'. ‘ The analyeis ,reveale’d that the propos'ed‘ projec’t '
.wb;ild not be ‘commerci'ally viable. |
ﬁoweyer, as discus‘seri in Chapter 2, projects involving p\iblic
expenditurev_ shonld be evaluated in terms ef their contribution to the

aggregate of  goods and services available to society.. A' social



dost—benefit analysis, which 1looks at the project from: society's
viewpoint by valuing project inputs and outputs in terms of social
losées and gains (i.e. wusing shadow prices), was theréf§rév
undgrtaken. _The_analysié, cafried out in Chaéter 6; indicated that
the proposed projeCt may be éocially profitable, .in contrast with tﬁé-
resultiof_the'financiél analfsis. | |

~ The study aiéo‘ exténded vthe methodology of cbsﬁ-benefit
analysis‘tovthe Indianvsituation wﬁefe the éc0nomy is characteriéed
by'ia . high 'raté’ of uneﬁployment (o; 1underémpioyment), Aincome»
inegdalities andjbalance of paymenﬁbdifficulties. These.features
neéeSsitated7 the éalqulaﬁion» of the .shadéw _prices of' labour and
“foréién'éxchéngevin the Indian,siﬁuation.- AHoﬁéver, because of the
éaucity. of the Indianlldata; this ‘discuSSion has been imainly‘
. qualitative. == Shadow pricing labour means assigning it a s§cia1
yalge lowef than Ehe'éroject;wage._ The aéjustment is thus negativé,
i.e. the social costiis lesé than the money wage actually paid; 6n
tﬁé"Othér hahd," shaaow'_pricing »of_ foréign, éxchange means thét iﬁ
terms bof the locai’ currenc§, thev fqreignv exchange iS"undervaiued.;
'This, adjustment ié;‘ therefore, positive, i.e. the sécial“cost of -
'importea inputs is ﬁigher’than actual piices paid, andvthe.social'
)benéfitsv'§f'lexporté, if any, . éré greater than the money fevenuéi
received.  The sﬁé&ow waQé §f’iabour caﬁ 5e further adjusted tb meet
thé'Indian‘objective bf equitabie ihcome distribution. Once these
gdjﬁstménts are haae; the rest of the analysis is similar for both

developed and developing countries.
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